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Foreword

The first BSAVA Manual of Raptors, Pigeons and Waterfowl was published
in 1996. And as the first Foreword noted, at some stage in their life most
veterinary surgeons will be asked to treat these birds. The truth of that
statement remains the same; however, time moves on and this new version of
the Manual has been produced. The whole book is a great improvement.

Only four of the original authors remain, and both the editors are new.
The senior editor (showing how times change) is John Chitty, who is well
known as an avian veterinarian and previous editor of the most recent
(and excellent) BSAVA Manual of Psittacine Birds; he deserves a medal
for his efforts! Michael Lierz will not be immediately recognized by most
UK practioners but is a very experienced avian vet, as well as a falconer
and falcon breeder. He is also a teacher in the University of Berlin and, in
addition to his other roles, runs an avian clinic within the university. His
editorship is a notable achievement for a man who does not have English as
his first language. Between them they have mapped out a comprehensive
set of chapters, each authored by an authority on their subject. They have
managed an excellent balance between experience and new information
and ideas.

The substitution of Passerine Birds for Waterfowl is an excellent one. Many
more general practitioners will be asked to see canaries and zebra finches
than ducks and geese, and a wealth of concise information about this huge
group of birds is very welcome.

As is the norm for more exotic BSAVA Manuals, the book is aimed at all
levels of knowledge. For the less experienced vets there are chapters that
cover basic knowledge, such as anatomy and physiology, husbandry and
handling. However, experienced avian vets will benefit from the information
provided by the many experts writing about their favourite subjects, for
example the ophthalmology and imaging chapters.

This manual has also benefitted greatly from the superior layout now
adopted for BSAVA Manuals, which includes the use of modern technology
to produce a wealth of coloured images beyond the means and scope of
the previous manual.

| am sure that the BSAVA Manual of Raptors, Pigeons and Passerine Birds
will find a place on most veterinary practice’s bookshelves, where it will be
of immense help for years to come.

Nigel Harcourt-Brown BVSc DipECAMS FRCVS
May 2008

vii
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Preface

The first incarnation of this book, the BSAVA Manual of Raptors, Pigeons and Waterfowl, was
published twelve years ago. While this new edition looks to update the previous one in terms
of raptors and pigeons, it features passerine birds for the first time.

This volume, therefore, attempts to summarise a huge diversity of different birds. Fortunately,
not all the three thousand plus species of raptor, pigeon and passerine are kept in captivity,
but the range is complex enough! Therefore, the book focuses on the more commonly
kept species and the problems seen in daily veterinary practice. Contributing authors have
considerable practical experience in their subject and we trust that this has resulted in a
practical and easy-to-use manual. More detailed information and references are also quoted
for those looking to study to greater depth.

The manual is divided into several distinct parts. The first four chapters describe the natural
history and captive husbandry of these groups of birds. They present a summary of the keeping
of these species in various countries, as well as the purposes for which they are kept.

The next section covers general clinical techniques. All three groups of birds are covered
in these chapters, as there is a significant overlap. Starting with transport and handling, the
section also includes clinical examination, basic techniques and diagnostic procedures —
clinical pathology and imaging — as well as anaesthesia and surgery. The surgery chapters
include basic requirements and descriptions of common techniques.

The third section is devoted to raptors. Given the wealth of knowledge now available on these
species, and the fact that they are usually high value birds (both financially and emotionally)
belonging to often well-informed falconers, this section is detailed and covers raptor diseases
by system rather than presenting sign. Raptor reproduction is covered in depth as captive
breeding is a rapidly expanding area.

The next two sections cover pigeons and passerines, respectively. These birds are normally
kept as flocks rather than as individuals so the emphasis here is more on flock medicine than
diagnosis and therapy of the individual bird. There has also, traditionally, been less veterinary
involvement with these species than with raptors. Therefore these chapters are more arranged
as per clinical approach to a particular presentation or problem. The final chapter covers legal
and ethical aspects of all the species.

The editors could not have produced this book without a lot of help. We are very grateful for
the hard work of all the authors — they have been very punctual, and have tolerated a lot of
editorial interference and changes of approach! Gerry Dorrestein has given great assistance
in editing the passerine chapters. We would also like to thank Marion Jowett and her team
at BSAVA for all their encouragement and technical assistance. We would like to thank Nigel
Harcourt-Brown for writing the Foreword and for all his help and advice — not only in editing
this book, but throughout the editors’ careers.

In particular we would both like to thank our wives and families for tolerating absentee

husbands/ fathers, and for their support and encouragement.

John Chitty and Michael Lierz
May 2008
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1

Introduction

John E. Cooper

Terminology

An understanding of terminology is important. The
word ‘raptor’ is an ancient one. It is Latin for a bird
withahooked beak and sharp claws and is perpetuated
in (for example) the French rapace and Italian rapaci.
In theory, the term could embrace a range of different
species, but in practice it is normally used for birds of
prey of the Orders Falconiformes (hawks, falcons,
eagles, vultures) (Figure 1.1) and Strigiformes (owls)
(Figure 1.2). Sibley and Ahlquist (1990) suggested an
alternative classification for raptors, based on DNA

studies, but such an approach to taxonomical detail
would not significantly alter the situation. There
remains some disagreement as to the contemporary
use of the term raptor, as it is taken from an Order
(abandoned in the Victorian era) used as a

classification of owls, hawks, falcons and vultures;
however, it is a word that continues to be used
regularly, as evidenced by the title of this Manual.
Other terminology reflects the nature and appearance
of these birds: for instance, the word ‘falcon’ comes
from the Latin falx (a sickle), probably on account of
the curved appearance of the talons.

n * al

Falconiformes. (@) Harris’ Hawks. Their sociability makes them ideal hunting hawks for falconers.

(b) Sparrowhawk. (e) Eurasian Buzzard. (d) Black Kite, the most common raptor in the world. (€) Merlin with
chicks. (f) Peregrine Falcon: the female is larger than the male. (b—e, © Michael Lierz; f, © John Chitty, reproduced from

BSAVA Manual of Exotic Pets, 4th edition) (continues)
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(continued) Falconiformes. (g) Saker Falcon. (h) Golden Eagle. (i) Eurasian Griffon Vulture.

Lierz)

Owls. (@) European Eagle
Owl. (b) Tawny Owl.

(c) Ferruginous Pygmy Owl:
weighing less than 100 g,
this is one of the world’s
smallest owls.

(a,b, © Michael Lierz;

c, © John Chitty)

The word ‘pigeon’ is taken to include ‘dove’
(Figure 1.3). The distinction between the two is
perpetuated in many English names, often implying
a smaller species or an ornamental variety, but is
artificial. These birds all belong to the Order
Columbiformes. Domesticated pigeons have been
described as our ‘oldest feathered friends’ (Powers,
2005) and have served the human race in a variety
of ways. Pigeons and doves are considered to
comprise nearly 50% of all birds kept in captivity
(Hooimeijer and Dorrestein, 1997).

4 Pigeons.
(a) Diamond

[ Dove.

(b) Eurasian
Collared Doves.
(c) Victorian
Crowned
Pigeon.

(a, © John
Chitty;

b, © Michael
Lierz,

c, © ML Jowett)

‘Passerine’ birds are members of the Order
Passeriformes, the largest group of birds (nearly 6000
of the 9000 known extant species) (Figure 1.4). The
word comes from the Latin passer, meaning ‘sparrow’,
and is a reminder of the fact that these are the
perching or song birds, many of them either familiar in
gardens or popular in captivity. Numerous passerine
species have been kept in captivity, some for decades
or centuries.

Another aspect of terminology is also important.
Because they have a long association with humans,
the three groups of birds covered by this Manual
have attracted their own descriptive words and
phraseology — part of the ‘culture’ of bird-keeping, an
understanding of which can be important when a
veterinary surgeon is dealing with these species and
needs to communicate with their owners. Examples
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Passerine birds. (@) House Sparrow, the ‘basic passerine’. (b) European Chaffinch. (¢) European Goldfinch.
(d) Bearded Barbet. (e) European Bee-eater. (f) Superb Starling. (g) Weavers, often kept because of the

beauty and complexity of their nests rather than for the bird’s appearance. (h) Sunbird, a nectivorous species. (i) Greater
Hill Mynah. (a,b,c, courtesy of Brian Stockdale; d,f,g,h,i, © John Chitty; e, © Michael Lierz)

concerning pigeons and doves and birds of prey,
respectively, are given by Hooimeijer and Dorrestein
(1997) and Cooper (2002) and in Chapters 2 and 3.
Terms relating to passerine birds are given in Chapter
4 and in most avicultural texts. It is not possible in one
Manual to cover this aspect in detail; reference should
be made to more specialized publications.

Biology and natural history

As with other ‘exotic’ species, an understanding of the
biology and natural history of a bird is important in
investigation, in diagnosis and in treatment. For that

reason, the best avian practitioners are usually those
veterinary surgeons who are keen birdwatchers, or
who keep birds in captivity themselves.

The main biological characteristics of raptors,
pigeons and passerines are given in Figure 1.5.

The behaviour of different species cannot be
discussed in any detail: there is much variation.
Whether a bird is generally solitary or social in the
wild influences how it should be kept in captivity or
housed when undergoing veterinary attention. Other
aspects of behaviour are relevant to feeding practices,
to captive breeding and to rehabilitation of sick and
injured birds (for the latter, see BSAVA Manual of
Wildlife Casualties).
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Feature Raptors Columbiformes Passeriformes
Falconiformes Strigiformes
Lifestyle Generally diurnal. Spend Mainly nocturnal. Spend much | Diurnal. Spend much of time on | Generally diurnal
much of time on land, of time on land, perching, orin | land, perching, or in flight
perching, or in flight almost noiseless flight
Diet Carnivorous — whole Carnivorous, including Herbivorous - seeds, leaves, Some species predominantly
animals, including mammals, birds, fish and fruit. Young birds fed on crop carnivorous (including insectivorous),
vertebrates, invertebrates invertebrates; rarely carrion. ‘milk’. Usually fed ad libitum in some herbivorous, some omnivorous.
and (some species) Generally fed only once aday | captivity or offered food several | Diet sometimes reflected in popular
carrion. Generally fed only | in captivity times a day terminology. In UK, those that eat fruit,
once a day in captivity nectar and insects are called ‘softhills’;
those with heavier bills (beaks) that eat
seeds are ‘hardbills’. Small birds have
high basal metabolic rate and need food
several times a day
Moult Usually annual, after Usually annual, after breeding Usually annual, after breeding Usually annual, after breeding season,
breeding season. In season. In sequence, gradual season. Moult patterns variable | but variations. Some tropical species
sequence, gradual. Large may moult more than once in a year
raptors such as vultures
may take 2-3 years to
complete moult
Reproduction | Sexual dimorphism Sexual dimorphism generally Close sexual monomorphism Sexual dimorphism often marked. Young
sometimes pronounced in slight but exceptions (e.g. but depends on species (e.g. altricial. Some species used as foster
markings and colour (e.g. Snowy Owl) and size often differences in colour in parents
Common and American distinct (e.g. Eagle Owl). Columbina spp. and in
Kestrels), often slight (e.g. | Young altricial appearance of cere in Columba
Buteo spp.). Size spp.); pigeon fanciers can
differences often usually readily sex birds used
especially pronounced: for racing. Young altricial
male Peregrine termed
tiercel because one-third
smaller than female.
Young altricial
Anatomy Hooked beak (bill) and Hooked beak and claws for Relatively slender beak for Much variability in beak shape,
claws (talons) for holding holding and eating whole holding vegetable matter; short | depending upon feeding habits
and eating whole animals animals claws
Crop present Crop absent Crop present Crop variable: not present in some
tropical softbills
Generally no grit in small Generally no grit in small Grit in large gizzard (thick- Grit in large gizzard (thick-walled) in
gizzard (thin-walled) gizzard (thin-walled) walled) hardbills; little or no grit in softbills
Caeca small Caeca large Caeca small or absent Caeca vary
Preen gland pointed with Preen gland rounded, no Preen gland varies, usually no Preen gland varies
feather(s) feather(s) feathers
Anisodactyl - perch with Owls perch with two digits Anisodactyl — perch with three Anisodactyl, palmate — perch with three
three digits forward, one forward and two back but are digits forward, one back digits forward, one back
back (Osprey semi- semi-zygodactyl - can be two
zygodactyl) toes cranial and two caudal or
three cranial and one caudal
(digit IV rotates)
Habitat in wild | Land birds (but some Land birds, a few adapted to Land or coastal birds. Good Predominantly land birds, some adapted
and use of species have adopted aquatic environments. Acute eyesight and hearing. to coastal and aquatic habitats. Good
special lifestyle involving catching hearing, good eyesight. Traditionally not thought to eyesight and hearing. Probably poor
senses fish or seabirds). Usually Generally poor sense of smell. | have well developed sense of sense of smell. Very well developed
excellent eyesight. New Vocalization varied, depending | smell, but recent research on vocalization, especially in songbirds
World vultures can detect upon species; some have racing pigeons suggests may (musical notes)
food by smell. Limited different calls (hoots, sharp use olfactory cues to navigate.
vocalization cries) for hunting and for Limited vocalization but
courtship distinctive quality. Magnetic
sense for orientation
Behaviour Essentially solitary, except | Solitary or in loose pairs Generally social, in flocks Vary; many are social, in flocks

during breeding season. A
few species social
(gregarious), e.g. Harris’
Hawk, Eleonora’s Falcon

except during breeding season

m Biology and natural history of the four Orders. The information given in this table is broad and general in its
scope. In each group there are exceptions, especially within the Passeriformes, which is a large Order and
within which many anatomical and behavioural adaptations are seen.
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Attention to the behavioural needs of captive birds
can do much to enhance their health and welfare.
Many of the stressors that birds encounter in captivity
can be minimized if the veterinary surgeon under-
stands how birds live and the ways in which they
respond to stimuli. Examples of stressors that can be
very deleterious include:

¢ Close exposure to humans. Birds have their own,
different, ‘fright, fight and flight’ distances and
allowance should be made for this by providing
accommodation of a suitable size, partly covered
(so that the bird can retreat from view) and
elevated so that the bird is in a high vantage
point, as most would be in the wild

e Unfamiliar or threatening sounds such as doors
slamming, dogs barking, cats climbing aviaries,
or people wearing bright clothing, speaking loudly
or gesticulating wildly

e Contact with members of the same species
where this may present a threat. A male canary
that is kept close to others of the same sex may
serve as a challenge. A large female raptor may
kill (and devour) a male if they are housed
together in unsatisfactory accommodation,
especially on a poor diet

¢ Incorrect environmental conditions. Birds can be
affected by a change in photoperiod; for example,
they may refuse to feed. Incorrect temperatures
can prove fatal to small passerine birds, which
have a high basal metabolic rate (BMR) and are
therefore particularly susceptible to hypothermia.

Longevity of a speciesis animportant consideration
in veterinary practice, where decisions have to be
made about the ethics of treating a particular condition
or prolonging the life of an apparently geriatric bird.

Chapter 1 Introduction

As a general rule, larger birds live for longer than do
small ones. Thus a large raptor, such as an eagle or
vulture, may survive for decades; a medium-sized
pigeon is likely to have a lifespan of less than a
decade; while a very small passerine bird may die
after just a few years (Cooper, 2003). Life expectancy
in captivity usually exceeds that in the wild.

It will be seen that, although they have much in
common as members of the Class Aves, the three
groups also show significant differences that are of
relevance to their care, examination and treatment.

One feature that the three groups do share is that
some members of each have long been associated
with humans. Certain pigeons and passerine birds
have been truly ‘domesticated’, in the sense that their
breeding and maintenance have been continuously
controlled by humans (Wood-Gush, 1985). Raptors
have only relatively recently been regularly bred in
captivity, but, with selection for specific traits and
changes in appearance and behaviour, a number are
clearly on their way to domestication. Insofar as pet
(companion) species, including passerine birds, are
concerned, the human—avian bond is increasingly
being recognized and discussed. An understanding of
what this entails can help the practitioner to deal with
both birds and their owners (Harris, 1997).

Although this Manual covers the three groups, it
must not be forgotten that only a relatively small
number of species from each Order are regularly kept
in captivity. Those genera that are in the latter cate-
gory and therefore likely to come to the attention of
the practising veterinary surgeon, including species
specifically referred to elsewhere in this Manual, are
listed in Figure 1.6. The nomenclature and taxonomy
are taken mainly from The Howard and Moore
Complete Checklist of the Birds of the World
(Dickinson, 2003).

Order Species Origins Adult weight (g) | Comments
Falconiformes Common Kestrel Eurasia (M) 250-320 Widespread species. Breeds readily in captivity
(F) 300-350
Peregrine Falcon Worldwide (M) 500-800 Used on its own, or as hybrid, for falconry
(F) 900-1000
Saker Falcon Palaearctic regions, (M) 730-950 Used on its own, or as hybrid, for falconry
eastern Europe to central/ | (F) 970-1300
eastern Asia
Gyrfalcon Holarctic regions Old and (M) 800-1320 Used on its own, or as hybrid, for falconry
New World (F) 1130-2100
Harris’ Hawk Southern USA, Central (M) 550-880 Most commonly used hunting hawk, due to unique social
and South America (F) 825-1200 structure
Eurasian Buzzard Europe and large parts of (M) 430-1000 Not very effective hunting bird but often used as training
Asia; some races migrate (F) 500-1400 bird for beginners
to southern Africa
Red-tailed Hawk North America (M) 900-1100 Excellent hunting hawk
(F) 1000-1400
Northern Goshawk Holarctic regions, Old and (M) 530-750 Excellent hunting hawk, but use limited to experienced
New World (F) 800-1200 handlers due to Accipiter temperament
Golden Eagle Nearctic and Palaearctic (M) 2800-4600 Much prized hunting eagle across its entire range
regions, extending to (F) 3800-6700
northern Africa and
southern China

m Some more detailed information about raptors, pigeons and passerine birds that are often kept in captivity.

(continues)
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Order Species Origins Adult weight (g) | Comments
Strigiformes Tawny Owl Eurasia 400 Widespread species; breeds readily in captivity
Barn Owl Ubiquitous (different 350 Breeds readily in captivity
subspp.)
Eurasian Eagle Owl Eurasia (M) 1620-3000 Large impressive species, often kept and bred in
(F) 22804200 captivity
Columbiformes Domestic Pigeon Europe 250-500 Derived from Rock Dove. Much variation in appearance
relating to whether used for racing or show (ornamental)
Eurasian Collared Dove | Europe and Asia 150-220 One of the ‘turtle doves’ (of which there are 8 spp.).
Popular in captivity on account of apparent gentle nature
and characteristic soft calls
Victoria Crowned Northern New Guinea Up to 2500 Largest living pigeon. Found in many zoological
Pigeon collections
Diamond Dove Australia 40-50 One of smallest doves. Commonly kept in avicultural
collections, especially alongside finches
Passeriformes Canary Canary Islands, Madeira 10-40 Many different varieties, e.g. Border, Norwich, Fife.
and Azores Selected for song, colour and shape
Zebra Finch Australia 10-20 Breeds readily in captivity. Many colour forms
Gouldian Finch Northern Australia 16-20 Popular with aviculturists. One of the ‘Australian finches’
European Greenfinch Europe 15-25 One of a number of finches that can be crossed with
canaries to produce ‘mules’
Java Sparrow South-east Asia 20-35 Popular aviary species. Several colour forms. Breeds
readily
Orange-cheeked Africa 10-20 Popular species; inexpensive and hardy
Waxbill
Greater Hill Mynah Asia 180-250 Typical ‘softbill’, feeds on fruit and insects. Popular pet,
good mimic

m (continued) Some more detailed information about raptors, pigeons and passerine birds that are often kept in

captivity.
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Raptor husbandry and
falconry techniques

Jemima Parry-Jones

Introduction

Raptors have been kept in captivity for many
centuries. While the original purpose was for
falconry, to obtain meat for the pot, they are now
kept for a more diverse range of reasons (Figure
2.1). This has great relevance to the clinician,

as husbandry has a considerable impact on
disease.

Methods of keeping vary according to purpose.
They are also frequently dictated by tradition and this
may vary from country to country. Falconers use
many terms that may not always be familiar to
veterinary surgeons (Figure 2.2).

Group Reasons

Falconers and raptor keepers

Hunting; demonstration flying and education; airfield and rubbish dump clearance; pest control; conservation
and commercial breeding of endangered species

Z00s Education (e.g. flying demonstrations); conservation and captive breeding of endangered species

Private breeders

Commercial breeding; conservation breeding

‘Pet’ keepers (mainly owls)

Limited flying; personal pleasure; ‘line’ breeding (e.g. for colour variants)

m Reasons for keeping birds of prey.

Accipiter Hawk of a group with short broad wings and relatively long legs, adapted for fast flight in wooded country. Includes Accipiter spp.
and related genera within the family Accipitridae, e.g. Northern Goshawk, Eurasian Sparrowhawk, Cooper’s Hawk

Austringer Flyer of short-wings

Aylmeri Most popular type of jess: bracelet joined by riveted brass ring

Bate, bating off Excitable or panicked flight attempt by tethered bird on fist or on block/perch

Bell Quality audible bell to assist in locating bird in flight or sitting still; can be place on leg (above jesses and ring) or on tail

Bewit Thin leather strap used to attach bell to bird’s leg

Block perch Perch used for falcons

Bow perch Perch used for hawks, buzzards and eagles

Buteo Bird of prey of a group with broad wings used for soaring. Includes Buteo spp. and related genera within the family Accipitridae,
e.g. buzzards, Red-tailed Hawk, Harris’ Hawk

Cadge Portable perch for more than one bird (usually a padded wooden frame)

Cast (noun) Two or more birds flown together

Cast (verb) 1. To regurgitate a pellet
2. To grab and hold bird for examination (see Figure 6.8)

Casting Indigestible part of diet

Cast off To release bird from the fist

Cope (verb) To trim beak or talons

Crab (verb) Term relating to one bird of prey footing (striking with feet) another

Creance Light line used to fly a bird during training

Crop, put over

Food to pass over from crop towards proventriculus

m Some useful falconry terms. (continues)
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Deck feathers Central two tail feathers

Diurnal Daytime hunting

Eyass Bird taken from nest in first year

Foot (verb) To strike with the feet

Furniture Collective term for jesses, bell, telemetry, etc.

Hack (verb) To allow eyasses to fly free for a few weeks before starting training

Hard-penned, State of plumage once a young bird has become fully feathered and the blood supply in the quill has dried up; or when bird has
hard down completed the annual moult

Gauntlet Traditional glove used on falconer’s left hand (unless left-handed)

Hood Close-fitting leather cap used to blindfold and calm (‘hoodwink’) bird

Imp Replacement of damaged feather by gluing new tip on to old broken feather

Imprinted Usually meaning birds raised by hand believing humans are their parents (but a range of imprinting exists)
Jack Male Merlin

Jerkin Male Gyrfalcon

Jesses Leather thongs around bird’s ankles for restraint

Keen, to be State in which a bird’s weight has been slightly reduced so that it responds well and is eager to fly or hunt
Lure Imitation bird on a line, used during training

Make in To approach a hawk that is on a lure or kill in order to pick it up

Man (verb) To tame a bird so that it will accept handling and training

Mantle (verb) To spread wings over food

Mews Building within which trained tethered birds are kept at night or during bad weather, or outside but under shelter
Musket Male Sparrowhawk

Mutes Droppings

Passage Applied to a bird taken from the wild

Rangle Indigestible material (e.g. stones) sometimes ingested accidentally; formerly given deliberately to clean out the crop
Rouse Vigorous shaking of feathers, usually just before flight

Stoop Attack method used by falcons — a steep fast dive

Swivel Rotating metal joint between jesses and leash

Telemetry Radio tracking equipment, often used when flying birds in case of loss of bird

Tiercel Male Peregrine

Wait on Falcons circling over falconer waiting for game to be flushed

Weathering Area where birds may be placed outside on perch during day to sun themselves

Yarrack Keen, i.e. hungry and ready for work

m (continued) Some useful falconry terms.

Tethered birds

In many countries the typical husbandry technique for
a ‘flying’ bird (i.e. one used for hunting, pest control,
or for demonstration purposes) is tethering to a block
(falcons) (Figure 2.3) or bow perch (hawks) during the
flying season, which is usually winter for hunting and
summer for public demonstration.

Blocks and bow perches are often covered in cork
or artificial turf in the belief that these materials will
reduce the occurrence of bumblefoot (see Chapter
16). It is important to keep perches and equipment
clean and well maintained to avoid injury to the bird’s
feet. The perch is generally placed outside during the
day (if dry) and in a covered bay at night or during wet
days (Figure 2.4). Ideally a bird should have access

essential water
bowls.
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m Classic husbandry of Steppe Eagle tethered on
bow perch in the day. Bays for tethering at night
or in poor weather are in the background.

to sunshine and rain, yet be sheltered from sudden
weather extremes. In countries where wild predators
are around, it is important to remember that tethered
birds must be kept behind netting.

The bird is tethered by a leash connected to
equipment (known as ‘furniture’ — see later) attached
to the legs. There is variety in the traditions and
methods used to accomplish this, but the basic
principle is to fit leather material to the legs to which a
leash can be attached via a swivelling metal joint.

The length of leash can vary according to species
of bird and its temperament; for example, a nervous
flighty bird on a long leash is very likely to injure itself
as it may attempt to fly, generating a good velocity by
the time it reaches the end of the leash. Fracture of
the tibiotarsus is very common in young Harris’ Hawks
for this reason, but this can be prevented by using a
short leash when initially training the bird.

Birds will be flown on most days. Ideally they are
flown every day when tethered. Zoo legislation in the
UK requires that all tethered birds should be flown at
least five days out of seven. In Germany tethered
birds must be flown every other day; other countries
have their own regulations.

Tethering allows for excellent observation and
good control of the bird, especially considering that
the well managed falconry bird will be picked up
several times a day so that the perch can be moved.
It will also be handled regularly when it is weighed,
examined and checked for body condition, and when
it is put away safely at night.

During the close season tethered birds should be
moved into an aviary and allowed to moult prior to
being caught up and tethered when being re-manned
(tamed) for the following season. However, there are
many variations on this, even within the UK.

e Many birds are now being housed all year round
in aviaries and are flown from the aviary (‘free-
lofting’). This is particularly true for owls and
vultures, many of which find tethering stressful. It
is also the method of choice for keeping of birds
in zoological parks, where tethering is positively
discouraged, though not banned in the relevant

legislation. It should be noted that it can be
potentially dangerous to handlers to free-loft
some eagles when in hunting condition.

e Some birds may be tethered to longer lines
allowing as much room for manoeuvre as in a
small aviary while maintaining the degree of
control permitted by tethering. This method can
be very useful for eagles (Figure 2.5) and Buteo
species. The line used is very specialized; it is
not simply a very long leash.

e Some birds are tethered and flown year-round
(e.g. for pest control, or for year-round flying
demonstrations) without a break for moulting. It
needs to be kept in mind that energy and food
content requirements are different in the moulting
period: if the condition of the bird is not watched
closely while flying and moulting, this technique
might carry the risk of poor moulting and feather
condition in the long term.

E Bald Eagles on line tethers: there is a bow
perch under cover and large block in the open.
Although the leash is short, it is attached by a moving ring
to a fixed long rod, allowing greater movement for the

birds without the dangers (to the handler/falconer) of flying
from the aviary. (© John Chitty)

Aviaries

Aviaries may be used for flying birds (as above) as
well as for breeding birds and for those displayed in
zoological collections. While there are some differ-
ences in design criteria (for example, an aviary in a
zoo must allow greater visibility of the bird than a typi-
cal private breeder’s aviary) there are many similari-
ties. Design needs will vary according to species (for
example, accipiters tend to require a much more
secluded aviary) and geographical location (e.g. pre-
vailing winds, ambient temperature) and the inter-
action between the two (such as keeping a tropical
species in a temperate climate, or vice versa).

The standards for an aviary should not be skimped.
Poor planning and poor-quality materials will result in
health problems.

Size

Some countries have legislated or recommended
minima; others have no limit on minimum size, saying
only that aviaries should be as large as possible. In
the UK the minimum requirement is that the bird is
able to stretch its wings fully in all directions.
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While large aviaries may be appropriate when
displaying birds to the public in zoos (for reasons of
perception, as well as allowing some increase in
privacy for the birds), this is not the case for all
situations. For example, when flying non-tethered
birds, larger aviaries may make management more
difficult. Additionally, birds may reach higher speeds
in larger aviaries when frightened, thus increasing the
occurrence and severity of injuries when hitting the
wall or roof (though round aviaries can be huge, as
birds tend not to hit the walls). In summary, it is fair to
say that aviaries should be as large as practicable for
good management of the birds.

Design

This will vary according to species and need. For
example, accipiters are nervous species and are
better in more secluded aviaries with solid sides and
limited viewing panels for them to see out (Figure
2.6). More confident birds (e.g. Harris’ Hawk) may be
perfectly content in more open aviaries. Nonetheless,
a balance should always be struck between privacy
and lack of disturbance, especially for breeding birds
(see Chapter 21), and good viewing and access by
the keeper.

Covered aviaries.

Materials

Walls

Walls may be solid (timber, fence panels, metal),
netted, meshed/wired, or a combination of these
materials, according to the species being kept and
their purpose. For example, keeping flighty birds in
wired enclosures is a recipe for disaster as they will
fly into the wire, causing feather, foot and facial
injuries. Netting or, preferably, solid wooden walls
(Figure 2.7) would be more sensible.

10

Indoor weatherings.

Where wire is used, the gauge (thickness of the
strands) should be the widest available, to avoid foot
injuries; plastic-coated mesh is definitely recom-
mended. Mesh size should be such that birds with
large feet cannot become entangled. The spacing
diameter depends not only on species size but also
on the size of wild birds that may attempt to get in,
and it should be small enough to prevent the entry of
rodents. All aviaries should be rodent-proofed, which
may require the lower parts of the walls to be brick.

Roof

Ideally, for security and shelter, a good part of the roof
should be covered (wood, felt, Onduline or Eternit
plastic roofing) but part may be open (wire or netting)
to allow access to sunshine and rain as the bird
wishes (Figure 2.8). In some cases double layers of
mesh, wire or netting may be used for roofs and walls
in order to reduce entry by other animals and conflict
between captive and wild raptors (especially grasping
injuries). However, in the event of an outbreak of
avian influenza in the area the roof should be able to
be covered to stop cross-contamination from wild
birds’ droppings.

m Part-netted, part-covered aviary. (© John Chitty)

Base

Many choose a concrete base for ease of cleaning
and rodent-proofing. Concrete should always be
covered with a substrate. It can be difficult to make
natural flooring rodent-proof; wire or netting walls
should be buried, or brick bases built.
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Perches

Perching should be selected on the basis of the
species being kept (falcons prefer ledges but
most other species prefer branch-type structures).
Falconers will debate the choice of material heatedly,
but the most important aspects are that the perches
should be well maintained and cleaned, or replaced
at regular intervals, and that they are the correct width
and design for the species being housed. If in doubt,
a variety of perches should be provided at each height
in the aviary. Many birds will select the highest perch
and so may be forced to use a perch that is not so
good for their feet. Low perching is not recommended
during winter (whether birds are kept in an aviary or
tethered) as the risk of wing-tip oedema and necrosis
syndrome is increased (see Chapter 24).

The traditional perching for disabled birds is either
very low, so that they can hop up on to it, or laddering,
so that they can climb up. Laddering perches are
often steep, narrow and put up in a corner, which is a
recipe for broken feathers. Large branches should be
used and set at the shallowest angle possible.
Because the branch is wide the birds learn to run up
it, keeping their bodies horizontal and wings out;
therefore it should be sited in the middle of the
enclosure, so that wings do not hit the walls, with
subsequent damage to the feathers, and the tail can
be held away as they run up.

Substrate
There are many opinions and choices regarding sub-
strates. Some of these are summarized in Figure 2.9.

Siting

Aviaries should be sited such that the bird is shel-
tered from prevailing winds and, thus, from the worst
of the weather conditions. External factors such as
disturbance (e.g. people, noise, potential predators
— especially cats) should also be taken into account,
as well as local building regulations and possible
annoyance to neighbours.

Nest boxes

Owls generally prefer nest boxes, as do smaller
diurnal species such as kestrels. Most larger diurnal
species are best with a high ledge in a sheltered
‘private’ part of the aviary (see Chapter 21). All nest
boxes and ledges should be in a dry position with a
soft substrate as a base to protect the eggs. Nesting
materials can be provided but care must be taken, as
rotting organic materials provide a high risk for
aspergillosis in young raptors.

Security

Theft is not rare and so good security should be
employed. As a minimum, all doors should be
padlocked. This is also to ensure against escape, to
prevent which double doors are essential (these
should always open inwards).

Heating

It is unlikely that any aviary can be adequate year-
round for all species. In temperate climates, for
example, small tropical raptors will probably need to
be brought inside during winter. Indoor heated rooms
attached to aviaries may be used instead. Few
external heating methods are satisfactory, but the
heated perches produced in the United States for
parrots work well, as do the heated wall plates used
by the Peregrine Fund.

Feeding in aviaries
Methods and equipment used in aviaries for feeding
are compared in Figure 2.10.

Substrate Advantages Disadvantages
Concrete Easy to clean Not good for feet. Unattractive
Bare earth Cheap Varies with wetness: muddy
when wet, concrete-like when
dry. Hard to replace. Risk of
endoparasitism, as will
harbour invertebrates and
parasite eggs
Sand Absorbent. Looks Need to maintain good
‘clean and equipment: sand trapped
attractive’. Cheap. | under jesses will cause severe
Easy to replace. problems. Gut impaction of
Low risk of birds fed on floor. May cause
aspergillosis and foot problems if bird spends a
endoparasitism ot of time on floor
Gravel Easytocleanand | May cause feather or foot
replace. Low risk damage if bird spends time on
of aspergillosis floor. Some birds will ingest
and gravel as ‘rangle’, causing gut
endoparasitism impaction; size of gravel
pieces must be large enough
to avoid this
Grass Attractive. Good Hard to clean. High risk of
for feet. Low risk of | endoparasitism. Grass is soon
aspergillosis killed off
Shavings, Attractive. Low risk | High risk of aspergillosis. Poor
mulch, bark of endoparasitism. | drainage. Risk of ingestion
chip Cheap and easy to | and gutimpaction
replace

Method Advantages Disadvantages
Place food None Disturbs birds
on perches Food falls to ground
Drop food Lack of Food falls on platform and
down tube disturbance for can become contaminated
onto breeding birds
platform
Use feed Excellent way to None
drawers feed - keeps food
out of sight and off
ground, and easy
to deal with
leftovers
Use plastic Keeps food clean Entrance to aviaries required,
dishes inside | and off ground leading to disturbance with
aviaries nervous birds

m Substrates used for raptors.

m How to feed in aviaries.

11
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Baths

All birds need to be able to bathe and drink on a daily
basis. They may not use the bath that frequently, but
they must have access to clean water all the time.
Baths should be large enough for the bird to get in
and extend its wings.

Baths need to be cleaned at least once a week in
the winter months and twice in the summer, depending
on the birds.

With tethered birds, baths should be removed at
noon in winter to ensure that the bird has time to dry
off before night, thus reducing the risk of wing-tip
oedema and necrosis syndrome.

Falconry equipment

Typical falconry equipment (Figure 2.11) includes the
following:

Weighing machine
Glove

Bag

Catch-up net

Jesses

Swivel

Leash

Correct perch for species kept
Hood if necessary
Creance (training line)
Lures

Travel box.

Jesses /

Swivel Aylmeri —

m Falconry equipment. This varies between
countries according to the falconry tradition. For
example, the lure shown here is not typical of that used in
the UK. (© Michael Lierz)
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Training

Falconry is the art of training a bird to hunt. Many
purist falconers do not consider that keeping a bird
and not hunting with it can be described as falconry.
However, the training procedure is much the same,
whatever the end result.

To train a bird (other than an imprint, i.e. a bird that
has become imprinted on humans from being reared
by hand), its weight is reduced to get the bird keen
enough to want to feed on the fist and overcome its
natural fear of humans. All raptors should be weighed
daily during training and flying, but they should also
be felt physically, around the breast muscles, to check
for condition.

1. The first step is to tether the bird, so that the
trainer does not have to chase it round an
aviary each day. Once tethered the work of
training begins.

2. To reduce stress levels in early training (and thus
reduce the risk of stress-related diseases), no
attempt should be made to try to persuade it to
feed on the fist immediately. The trainer should
initially wait until the bird is feeding while tethered
and then try to pick it up.

3. Once a bird is feeding readily on the fist, the
training consists of encouraging it to jump or fly
to the fist for food. This is done daily and the
weight and feeding of the bird are manipulated
according to the readiness of the bird to respond.

4. Once the bird is coming from a distance of
more than a leash length, a creance or training
line is used to control the bird before it is ready
to go loose.

The training diverges at this point:

e Buteo spp., owls and accipiters are kept flying to
the fist, with the distance increasing daily

¢ Falcons are introduced to a lure (a piece of meat
dressed with wings) on a line that is swung to
simulate a flying bird (Figure 2.12)

m Falcons exercised and trained to lures. Different
types of lure are used in different countries:
(a) rope lure. (continues)
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m (continued) Falcons exercised and trained to
lures. Different types of lure are used in different
countries: (b) pole lure. (b, courtesy of W Bednarek)

e Eagles are best not flown to the fist, but to a
perch or the ground. Calling a young eagle to the
fist for food can lead to aggression later on.

Time spent in the early stages of training manning
(holding the bird on the fist), walking with the bird and
introducing it to all that it might meet in the future (e.g.
dogs, children, umbrellas, wheelchairs, lawnmowers)
will make for a more settled bird in the long term.
Sitting inside in artificial light does not help much;
once taken outside, birds are inclined to be just as
wild as previously.

If a bird is being kept for hunting, the time to
introduce it to quarry is once it is fully trained and
flying free. It is necessary to have permission to hunt
over the land, to fly a bird at quarry species within that
species’ legal hunting season and to keep in mind the
laws of the land.

Telemetry

All birds should be flown with telemetry (radio tracking
equipment). There are now mounting methods and
weights of telemetry to fit almost any bird.

13
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Pigeon husbandry and
racing management

René Becker

Pigeon husbandry

History of pigeon domestication

All domesticated European pigeons descend from the
wild Rock Pigeon (Columba livia) of Asia and the
Mediterranean. Around 7000 to 8000 years ago
pigeons began to affiliate with humans, whose
buildings resembled the birds’ natural habitat in
respect of nesting and roosting places. Domestication
and selection for certain characteristics marked the
beginning of pigeon husbandry. The earliest accounts
of domesticated pigeons come from what are now
Iran, Syria, Israel and Egypt.

Much later, around 100Bc to ap100, the
domesticated pigeon spread across modern Greece
and ltaly and further into Europe. By then pigeon
breeding was already being practised on a large scale
in, for example, Italy.

The pigeon was highly symbolic and was used in
sacrifices; it was also used as a message carrier and
for the production of meat and guano as well as for
pleasure. Regional preferences generated wide
variety in the domesticated pigeon.

Modern husbandry

Pigeon husbandry differs according to the purpose
for which the birds are kept. There are four main
areas of interest:

e Since the beginning of pigeon breeding there
have been varieties in colour, physique and build,
which have been deliberately developed in
exhibition breeds

* Pigeon racing arose in Belgium, which is
therefore known as the original home of the
sport. Racing pigeons, bred in a variety of colours
and physiques, were developed in the mid 19th
century, with international exhibitions and the
creation of race standards for competitions

e Of lesser importance than for racing and as
carriers are pigeons bred for performance-flying
feats such as tumbling (turning over in the air),
staying in the air for as long as possible
(endurance) or flying at high altitudes

e The breeding of pigeons for meat production is
more widespread in the United States, where it
is practised on an agricultural scale, whereas
in Europe it is now less important and most of
the meat pigeons are consumed by those who
rear them.
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In addition, ever since their domestication pigeons
have been used as message carriers, especially by
the military.

Carrier and racing pigeon lofts

The quality of the environment within the pigeon loft is
an important factor in the health and condition of the
birds throughout the year. Humidity, temperature and
ventilation all influence their physical state. Healthy-
looking birds with sleek plumage and a good general
constitution reflect good accommodation. Poor body
condition and vulnerability to infection are conse-
quences of lofts with an insufficient air supply, high
exposure to dust, high humidity and inadequate
protection from fluctuating weather conditions (see
Chapter 30). This is particularly important in the case
of birds maintained permanently in aviaries, such as
those kept only for breeding.

Dovecotes on poles have been known from
ancient times (Figure 3.1) but do not play any part in
contemporary pigeon husbandry. They are only used
for smaller flocks on farms and in gardens. Instead,
birds are kept in lofts of different sizes and designs.
Often these are still in attics, garages or stables, much
as they were when the sport first developed, but the
most up-to-date lofts are free-standing (Figure 3.2).
Their construction allows for optimum ventilation,
while good insulation avoids fluctuations in tempera-
ture, providing an optimal and consistent climate
within the loft.

m Traditional dovecotes. {a) From the Arabic
region. (b) An English dovecote, from which
fancy doves are allowed to fly freely. (b, © John Chitty)
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m Modern free-standing systems. (@) A set-up
with several lofts, some with attached aviaries.
(b) The loft exits can be seen at the front. (b, courtesy of
E and R Schmolz)

The modern loft is efficient. It consists of several
compartments, in each of which different groups (e.g.
‘old’ birds, ‘young’ birds, breeding pairs) are housed.
The interior is fitted with perches or boards with an
individual space for each bird (Figure 3.3a). The
compartments for breeding stock and those for male
pigeons that are sent out racing have nest cells or
nest boxes built into the back wall in which the female
pigeon and her partner can be confined for breeding
(Figure 3.3b). The cell mimics the breeding caves of
wild Rock Doves and forms the male pigeon’s territory.
Each cell has an adjustable partition so that it can be
used for pairs or for single birds.

At the front of the loft are openings for each
compartment through which the birds enter and leave.
These ‘traps’ can be adjusted so that birds can enter
a compartment but not leave. Registration antennae,
triggered by an electronic-chip ring on the bird’s leg,
are installed to record the return of each individual
after a race.

Breeding pigeons

Pigeon breeding is relatively problem-free. Pairs form
quickly once males and females are brought together.
Egg laying commences after about 10 days of display
behaviour (during which the male will constantly seek
to urge the hen into his nest box). In the space of two
days, each female lays two eggs in a prepared nesting
bowl within the nest box (Figure 3.4a). These are
incubated in shifts by both partners for 17 days until
hatching (Figure 3.4b).

Interiors of modern lofts for racing pigeons.

(@) This arrangement has timber grating on the
floor. Pigeons can be prevented from leaving the cells.
(b) A breeding pair in their cell, which has a grating floor
above a conveyor belt for removing excrement.

m (a) Breeding pigeon with a clutch of two eggs.
(b) Newly hatched pigeon chick; hatching of
the second egg is imminent.
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Selective breeding

Exhibition and racing pigeons are bred selectively,
with each pairing carefully chosen for particular
breeding targets. For exhibition pigeons there are
breed standards to be met. With racing pigeons, two
important criteria are competitive flying strength and a
good homing instinct, but many racing pigeons are
also exhibited during the winter months and so colour,
wing shape and plumage quality are important. In
both cases, lineage is a major criterion. Some
breeders of racing pigeons keep a special stock of
breeding birds, used solely for the production of a
new generation; these are often the most valuable
birds in the loft.

To achieve selective breeding, males and females
are kept separately after the end of the previous
breeding period. Pairing usually takes place in the
winter or early spring and at this time each pair of
chosen partners is confined to a cell. Bonding is
established after a day or two and then the birds can
again move freely. The cell is now used for breeding.
Usually there will be several successive broods.

Management of young

After approximately 5-8 days each young pigeon (or
‘squeaker’ colloquially) receives a metal leg ring
stamped with an individual number supplied by the
breeder’s federation, so that the bird can be identified
clearly throughout its life. Further growth inhibits the
removal of the ring after a few days. The ring identifies
the individual bird and contains a country code, the
number of the local pigeon association, the year of
hatching and the individual number of the bird. All
rings are produced centrally, which allows the bird to
be traced back to its breeder. Each ring comes with a
passport, which is given to the new owner if a bird is
sold. Some fanciers also stamp their contact details
on a primary feather.

For show pigeons the ring contains only the
country code, year of hatching and the individual bird
number. Passports are not issued for each ring.

After approximately 25 days in the nest, during
which they are fed with ‘crop milk’ by both parents
(see Chapter 27), the young pigeons are removed to
a separate compartment for young birds. By now they
can eat independently and they begin to fly. After a
few more days they leave the loft for the first time and
explore their environment. This loft becomes their
homing loft, to which they will find the way back even
over large distances throughout their lives.

For racing pigeons the first ‘Young Bird’ races take
place in late summer (late July in the UK), when the
young birds, by then 3—6 months of age, are sent on
their first race, having been gradually trained in the
meanwhile to fly back to their own loft after a series of
‘tosses’. In the autumn the current year’s offspring of
exhibition pigeons are sent to their first shows.

Management of racing pigeons

Breeders
Breeders are either the offspring of successful parents
or have themselves achieved success, and they are
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often purchased for high amounts by the fanciers.
The birds are placed in a special breeding
compartment, with attached aviary. They do not
usually have access to free flight, since their sole
purpose is to breed.

Racers
Racers enter Young Bird races at the age of
approximately 3-6 months, as described above. In
the following year they settle into the Old Bird
compartment and remain there for several years. The
males are placed in compartments with cells, as
described above; each bird has its own cell, which it
quickly recognizes and defends as own territory.
Racing females are accommodated in a simply
furnished compartment with box-perches or shelves.

Many fanciers also let their racers raise offspring.
This happens in the spring before the beginning of
the racing season. Alternatively, to avoid placing a
strain on them for the coming season, the birds are
allowed to breed for only a few days and the eggs are
then removed.

Each year the older pigeons progress from Young
Bird races to Old Bird races.

The racing season

The timing of the racing season depends on the
region. In Central Europe, for example, it opens with
Old Bird races in April (usually the last Saturday in
April in the UK). The season continues until perhaps
late September.

At first the length of the races may be about 100
km; thereafter the distances are gradually increased
with each race, reaching perhaps 700 km by mid July
(which is also about the time of the first Young Bird
races). In many countries the majority of breeders
specialize in races of only 100—200 km, but there are
long-haul specialists who send their pigeons on flights
of up to 1200 km. The latter require specially bred
lines that have the physical constitution and
predisposition to master these distances.

The older birds are often prepared by being
separated according to sex during the week of the
race and trained daily in separate groups of males
and females by taking part in regular but time-limited
free flights. Just before the birds are placed into travel
baskets prior to a flight, partners can meet for a short
time (which will encourage them to return to the home
loft). Then they are separated and taken to the flight.
Prior to the flight the electronic chip-ring on the
pigeon’s leg (Figure 3.5) is registered and the docu-
mentation is completed.

The pigeons are placed in boxes or baskets of
approximately 20—30 birds. These are taken to the
release point in large purpose-built pigeon trans-
porters. In a single release there are usually several
thousand competing pigeons. When they return home
their arrival time is recorded (either electronically or
by ‘clocking in’). The data from different breeders are
collected and evaluated by computer and, after
several flights have been accomplished, champion-
ships and best performances of individual pigeons
are determined.
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(@) Rubber racing
leg-bands on a pigeon.
(b) An electronic racing
ring. The pigeon is
registered when placed
in the racing cabin and
again automatically
when entering the loft
after the race. (a,
courtesy of Alistair
Lawrie; b, courtesy of

"| E and R Schmolz)

On returning to the home loft a pigeon may see its
partner again and remain with it for some time. Usually
only one partner is sent on the journey, generally the
male. This is known as the jealousy incentive or
widower system, since the travelling males do not
usually see their partners during the week (Figure
3.6a). The method is not employed for young pigeons
(Figure 3.6b) and the sexes are not separated, since
the mating impulse is not yet present in most of the
young birds.

Delayed moult

In many countries it is common to retard the moult of
young pigeons, which often otherwise would begin at
start of the Young Bird racing season. Delaying the
moult means that the young bird is more competitive
with a more complete plumage. For this purpose the
photoperiod is shortened artificially by deferring
‘springtime’ to the middle of June and reducing the
day length to 10 hours of brightness by simply
darkening the loft.

Care of the racing team

As well as the basic requirements for successful
pigeon sport, which are primarily an efficient loft and
good-quality high-performance birds, the general care
of the birds is of crucial importance. This includes
appropriate nutrition, high standards of loft hygiene
and sound health precautions to keep the birds in top
racing condition.

Nutrition: Feeding should be adapted to specific
requirements according to the season (see Chapter
27). There are relevant feed mixtures for each phase
of the pigeon year, i.e. for young birds during rearing,
for the racing season, for the moult period and for the
resting phase in the winter. There is also a multiplicity
of different supplementary feeds to tackle nutritional
deficits. These are marketed as a package and
contain adequate nutritional elements for the
appropriate phase. The manufacturers also supply
appropriate feeding plans and recommendations.

Hygiene: Loft hygiene is a substantial factor in
maintaining the birds’ health, particularly in the racing
season. In general the loft should be cleaned daily
where the floor and the cells are lined with timber. In
modern systems the floor often comprises gratings,
which permit the excrement to fall through, so that
cleaning beneath the grating becomes necessary
only every few months. Sometimes there are conveyor
belts to remove the excrement (Figure 3.7).

General disinfection of the loft is common in
spring. In addition, disinfection measures are essential
after the treatment of parasitic and bacterial infections,
in order to break the infection chain. Choice of the
correct disinfectant is important.

(@) The widower system,
with females waiting in
their nest cells (which can be
divided) offering an added incentive
for racing males to come home.

(b) In contrast, the widower system
is not used for young racing
pigeons; they have no nest cells, just
simple box-perches. (Courtesy of

E and R Schmolz)
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Removal of droppings is an essential part of loft
" hygiene. (@) The bottom-drawer system

enables easy regular removal. (b) Modern systems use
automated conveyor belts. (Courtesy of E and R Schmolz)

As an alternative to wet disinfectant, a gas burner
is used in many lofts to ‘flame’ the floor and is
preferable during the racing season. This method is
used, for example, after treatment of coccidia. It must
be used with care, however.

Health: Pigeon breeders pay particular attention to
the health of their birds in the racing season. Hence in
early spring many will consult a veterinary surgeon,
who should determine the health status of the pigeons
and prescribe appropriate treatments to be carried
out before the racing begins (see Chapters 28 to 32).
Due to the stress of weekly flights and the high risk of
cross-infection from pigeons from other lofts in the
transport van, specific treatments are required both
before and after the flights in order to ensure the birds’
wellbeing. Sometimes these treatments are carried

out under veterinary direction but many breeders
have their own methods. Most have acquired a good
basic knowledge of potential health problems during
the racing season and will treat their own flock before
consulting a veterinary surgeon.

Veterinary examination prior to racing should
proceed as follows.

1. First the bird is handled (see Chapter 6) for a
general physical examination.

2. Plumage quality, body weight and condition and
any ectoparasite burden are evaluated (see
Chapter 7).

3. Crop swabs and faecal samples are taken.

4. The condition of the throat is checked (see
Chapter 31). The crop swab gives information
about the possible existence of Trichomonas
infection and allows an assessment of the crop
mucosa. For young pigeons in particular, the
faecal sample is examined to detect the presence
of Spironucleus spp.

5. Abacteriological throat smear is taken and is
assessed for any pathogens that might require
treatment. It also provides an overview of the
resistance situation within the flock and might
hint that the owner has been using excessive
antibiotic treatment.

6. A bacteriological and parasitological faecal
examination completes the analysis.

On the basis of the results the veterinary surgeon
draws up an appropriate treatment plan. During the
racing season this comprises regular treatment of
Trichomonas infection, because these organisms
often pave the way for further illnesses, particularly
bacterial throat infections. Depending on the bacterio-
logical result, antibiotic treatment may be carried out
before the start of the season. These treatments are
repeated frequently by many breeders during a short
period after a race, in order to regain good condition
in their animals; hence in many cases there is
inappropriate treatment. Parasitic pathogens found in
the faeces should be treated according to results of
the analysis.

The veterinary surgeon’s recommendations after
clinical examination before the racing season should
include regular examination of the birds during the
season, ideally every few weeks.

Tracing lost birds

Lost racing pigeons may be traced through the rele-
vant national pigeon racing association. In the UK this
is the Royal Pigeon Racing Association at The
Reddings, Cheltenham GL51 6RN (www.rpra.org) (tel.
01452 713529); there are also regional Homing Unions
in Scotland, Wales, Ireland, the North of England and
the North West. In Germany the equivalent national
association’s website is www.brieftaube.de
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Passerine bird husbandry and
show management

Brian Stockdale

Introduction

Sexing passerine birds

Passerine birds range in size from a few grams to
over 1.5 kg (see Chapter 1). They inhabit a wide
range of habitats and have a variety of diets. Their life
histories and reproductive behaviour are often unique.
They include some of the most colourful and melodic
songsters within the bird world.

For ease of description, passerine birds are divided
into two main types: hardbills and softbills. This division
reflects the nature of their diets, the former being
basically hard-coated seeds and the latter soft fruit
and insects (see Chapter 33); it has no bearing on the
physical strength of their anatomical bill.

The passerine species most likely to be seen in
general practice are finches of the Fringillidae family
(Canary, Greenfinch and Bullfinch) and of the
Estrildidae family of Asia, Africa and Australia (Zebra
Finch, Java Sparrow, Gouldian Finch and Bengalese
Finch) (Figure 4.1).

(a,b) Different colour
variants of
domesticated Canaries. The true
‘wild’ form is rarely seen.

(c) Zebra Finches are found in
many different colour varieties;
the natural form is seen here on
the left. (© John Chitty)

Whilst not possessing any external genitalia, male pas-
serine birds can sometimes be identified by the pres-
ence of a ‘cloacal promontory’. The caudal end of the
ductus deferens enlarges during the breeding season
into a mass called the seminal glomerulus, which
pushes the cloacal wall into a small projection. Females
do not develop this projection. Some species show
differences in direction of the cloaca, with females
pointing backwards and males pointing downwards.

Many passerines are sexually dimorphic and can
be easily sexed visually. Many others have more
subtle characteristics that may only be apparent once
maturity is reached or during the breeding season,
and experience is required to differentiate accurately
between the sexes. Species that appear to be sexually
monomorphic include the Canary; however, male
Canaries tend to have a rich melodic song when in
breeding condition whereas female vocalization tends
to be small chirps and whistles. Many softbill species
are also monomorphic (Figure 4.2) and DNA sexing is
practical in some of these species.

m Pekin Robin. The cock’s song is a means of
distinguishing between the sexes. Import bans
have led to a marked increase in economic value for the
Pekin Robin. (Courtesy of Kevin Eatwell)
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Careful observation of ‘pairs’ of monomorphic
birds will often give a good indication as to the sex of
the individual, especially if it is a male. The majority of
male birds, both hardbills and softbills, perform
courtship displays. Females will often perform
copulation-soliciting displays when in sight and sound
of male birds.

Breeding and management of
hardbills

Canaries typify the group of hardbill finches and can
be divided into three main types: those bred for their
song (e.g. Roller Canary); those bred for their colour
(see Figure 4.1); and ‘type’ Canaries (e.g. Border,
Gloster, Fife, Yorkshire and Norwich) bred to conform
to a prescribed size, shape and posture. Breeders of
Canaries and other finches that are commonly exhib-
ited are often referred to as belonging to ‘the fancy’.

Canaries can be bred communally in outdoor or
indoor aviaries (Figure 4.3a), but for serious fanciers
controlled breeding in box-type cages is necessary.
Many fanciers now have sophisticated purpose-built
bird rooms (Figure 4.3b).

Photoperiod
The breeding cycle of northern temperate birds, includ-
ing the Canary and European finches, is induced by an
increase in photoperiod. To bring their birds into breed-
ing condition earlier, most breeders in Europe house
their birds indoors and artificially extend the daily
photoperiod incrementally from December onwards,
lengthening the light period by about 15-30 minutes
each week until the required photoperiod of 14—15
hours a day is achieved. The use of natural daylight
bulbs also helps to increase reproductive activity.
Most fanciers attempt to get their hens to lay their
first round of eggs in late March or early April, which
is about 4-6 weeks earlier than they might naturally.
This ensures that, before the show season starts in
September, the young from the current year’s breeding
are of a good size and maturity and the adult birds
have completed their moult.

Housing

Canaries are usually bred in wooden box-type cages
with wire fronts. Whilst as much space as is practical
should be allowed, a pair will happily breed in a cage
50%x 40 x40cm (Figure 4.3c). For easier management,
access to food, water and grit is usually provided from
the outside of the cage.

Cage-floor substrate is a matter of choice. Many
breeders use shavings or sawdust in a deep-litter
system, cleaning out periodically between clutches.
This reduces disturbance to the incubating or rearing
hen. Another method is to use sheets of newspaper,
removing a layer as it becomes soiled by means of a
sliding drawer in the bottom of the cage. On the
Continent (though rarely in the UK), silver sand and
crushed shells are used to cover the bottom of the
cages. Some breeders use white or river sand from
construction sites or children’s play areas, but this
practice must be discouraged because of the risk of
toxoplasmosis from cat faeces.
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(a) A bank of aviaries housing passerine birds
undergoing rehabilitation for release into the
wild. (b) A modern bird room. The floor and all the
surfaces and cages are made from easily disinfected
material. Electricity and water are provided. Heating is
from tubular heaters situated under the cages and lighting
is both natural and artificial by means of ‘natural light’
fluorescent tubes (on a time switch for photoperiod
control). Additional ventilation is provided by a wall-
mounted extraction fan. In this bird room the nest-pans are
situated on the outside of the cages for ease of
management. A computer helps with data management,
breeding records, feeding etc. (e) This typical pet finch
cage held two Zebra Finches. Such cages are often small,
with inappropriate toys and vast quantities of seed.

(a, courtesy of Kevin Eatwell; b, courtesy of Alan Harper;
¢, © John Chitty)
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Nesting

Canaries construct open cup-shaped nests. Nest
bowls made from plastic or clay (materials easily
cleaned and disinfected between rounds of chicks) or
wooden trays form the base for the nest. A circular
piece of felt secured in the bottom of the nest bowl
provides anchorage for nesting material. The felt is
usually treated with an appropriate acaricide to
prevent red mite infestations.

Many breeders initiate the nest, hollowing out
nesting material and providing additional material for
the hen to refine the structure herself. Suitable
materials include: teased-out pieces of sisal, string or
hessian; strips of paper; cotton wool; or coconut fibre
(hay is now generally not used as nesting material,
because of the risk of contamination with fungal
spores and Toxoplasma oocysts). Care must be taken
when using animal hair or synthetic fibres, as these
can wrap themselves around the chicks’ legs and
cause the loss of toes.

In most designs, nest bowls are within the breed-
ing cage. Sometimes they are outside, in a small
box attached to the cage front (see Figure 4.3b).
This allows for easier access to the nest and causes
less disturbance when checking eggs and ringing
young birds.

Breeding systems
Sexual maturity in the Canary is usually reached
around 10 months of age.

Apair of birds can be kept together for the breeding
period, or a quality cock bird may be mated with a
number of hens. If both birds are in full breeding
condition, mating usually takes place within a few
minutes of his introduction.

Breeding as a trio, with the cock bird housed
between two hens and allowed to ‘run’ with each hen
for a period during the day, allows for easy
management. The sections of these triple-breeder
cages are divided by a removable slide.

Allowing a cock to mate with more than one hen
maximizes the genetic potential of the best cock
birds and also reduces the number of birds a fancier
needs to keep. Top studs usually try to breed from
all their hens in a season but use only a limited
number of cock birds, keeping some as backups.
Whilst not common, pair incompatibility does occur
and the birds bicker constantly or, occasionally, there
is actual trauma.

Egg laying, incubation and rearing
Canaries usually lay from three to five eggs in a clutch.
The eggs are pale blue, heavily mottled in green and
black. The last egg laid in a clutch is often a paler
colour, giving an indication that laying has finished.
In the Canary only the hen incubates the eggs.
Incubation starts with the laying of the first egg and
hatching would be asynchronous if allowed to occur
naturally. Canaries are not good at bringing up broods
of asynchronistically hatched chicks. Male parents, in
particular, tend to feed the most energetic feeders
and the smaller chicks get pushed to one side and
often squashed, especially in larger -clutches.

Synchronized hatching helps to ameliorate this
problem. To achieve this, breeders usually remove
the eggs the morning after they are laid and replace
them with plastic dummy eggs until the clutch is
complete. The removed eggs are kept in a cool place
(optimally 8—11°C) and then replaced in the nest on
the day when the fourth egg is laid; hatching will then
be more or less synchronous. This procedure is also
used when cage-breeding European finches.

At around 7-8 days of incubation most fanciers
test each clutch for fertility by ‘candling’, i.e. shining a
bright light through the egg to assess embryo
development. Blood vessels radiating across the
inner shell membrane can be detected in fertile eggs
but not in infertile ones, which appear clear. A clear
round of eggs is usually removed and the hen will
recycle, laying another clutch. Some fanciers allow
the hen to ‘sit’ for the natural incubation period,
believing that it better ‘tunes’ the natural hormonal
balance for recycling.

Incubation lasts 12-14 days. Being altricial,
passerine chicks are blind and naked at hatching but
grow quickly. Canary chicks reach around 50% of
their adult weight by 8 days and fledge at around 15
days. They are fed by both parents for a further 2
weeks or so, during which period the hen will usually
lay a second clutch.

A third or even a fourth clutch could be laid in a
season, but breeders usually take only two rounds of
young. Stopping the hens from breeding by removing
the nest (and denying access to the cock) hastens the
onset of the moult and prepares the birds for the show
season. In continental Europe only birds that are
hatched in the same year as the show are able to
enter competitions.

Reproductive problems

Reproductive problems are common in Canaries
bred indoors, with an overall fertility rate of 55—-60%
over the season. Losses include clear (i.e. infertile)
eggs, early embryonic death and ‘dead-in-shell’
(where the chick develops to the point of hatching
and then dies).

A high percentage of eggs laid in the first round
may be infertile. Hen Canaries generally come into
breeding condition before males and often lay a round
of eggs without mating. Clear eggs also represent
25-50% of problems in other rounds. Whilst manage-
ment and nutrition do play a role in infertility, the
author is of the opinion that genetic selection for other
traits, particularly size, has had an adverse effect on
natural fertility levels.

There are many possible reasons for dead-in-shell
embryos (see Chapter 33).

Rings and ringing

For the purposes of identification, most passerine
birds are ringed (Figure 4.4). In the UK this is a legal
requirement and captive-bred birds that are to be sold
or exhibited must be fitted with a closed ring. This ring
must be of the correct size as laid down by
governmental authorities and has a unique code
number and year of issue on it (see Chapter 37). As
closed rings can only be fitted when the chick is a few
days old, they are deemed testimony that the bird
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m Ringing. (a) Java Sparrow
chick 7-9 days of age, with
eyes just opening and quills starting to
appear. (b) The leg is grasped in a
position to apply the ring. {e) The ring is
pushed over the front toes, making sure
that all three forward-pointing toes are in
the ring. (d) Once the ring is over the
toes, it is gently pushed up over the

| back toe. (e) The ring will only slide as
far as the claw. Very carefully the toe is
pulled out of the ring. Once the toe has
been released, the ring is gently slid into

was captive bred and not wild caught. Ringing must
be done while the chick is still small enough to allow
easy passage of the ring over the tarsus. Canary
chicks are usually ringed around days 6-8.

One disadvantage of fitting closed rings is intrusion
into the nest, potentially causing a bird to desert her
brood. Breeders try to wait until the chicks are
defecating over the edge of the nest, as at this stage
the parents are much less likely to remove the ring —
with the chick attached — whilst cleaning the nest.

With foreign finches and Canaries there is no
stipulated need to fit closed (as opposed to split)
rings, though many breeders do fit them. Birds without
closed rings cannot be shown in many countries and
this should always be checked with the show standard
rules in the relevant country. Canary rings are colour
coded depending on the year.

Appropriately sized coloured or numbered split
identity rings can be applied at any age. These are
either plastic or light alloy and are expanded to fit
around the bird’s tarsometatarsal bone and then
allowed to reform in the case of the plastic rings or
crimped into shape with a small pair of pliers for the
alloy ones.

Breeding rules

Certain ‘rules’ govern the breeding of ‘type’ Canaries.
Canaries have two forms of feathering: a loose feath-
ering termed ‘buff’ and a tight feathering termed
‘yellow’, irrespective of the actual colour of the bird.
The feather form arises due to the physical structure
of the barbules. When breeding Canaries the aim
should be to pair ‘buff’ to ‘yellow’ to ensure a normal
feather structure. Pairing ‘yellow’ to ‘yellow’ produces
a tight contoured bird lacking a rounded shape.
Paring ‘buff’ to ‘buff’ (‘double buffing’) produces an
open-feathered fluffy bird which, again, will have
poor shape definition and feather quality; double
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position back down the leg.

buffing is also reported to predispose to the forma-
tion of feather cysts.

A similar ‘feather rule’, but for different reasons,
applies to the breeding of Gloster Canaries. Glosters
come as two types: consorts, which have a normal
head appearance; and coronas, which have a crest of
heavy feathering on their heads. The corona gene is
dominant and is lethal when homozygous; therefore
all phenotypic coronas are heterozygous. Pairing a
corona with a consort will result in 50% corona and
50% consort. Pairing two corona phenotypes gives
25% consort, 50% corona and 25% dead chicks. To
prevent such mortality, pairing corona to corona is
normally avoided.

Breeding foreign finches

Exotic finches can be kept and bred in outdoor
aviaries, or indoors in flights or box-type cages.
Depending on the species, they may be kept as
individual pairs or in colonies. Breeding exotic finches
is not as photo-dependent as breeding birds from the
temperate regions; breeding tends to be opportunistic,
depending on local environmental conditions. Ade-
quate warmth and a constant photoperiod (light to
dark 12:12 to 14:10) will encourage most types of
finch to breed throughout the year.

Nests built in the wild can be neat and compact, or
untidy and straggly, and the chosen site ranges from
ground level to tall trees. Several of the estrildid
species build cock-nests. These are double nests: the
first is where the cock bird roosts and through which
the hen must pass to get to the second, inner nest
where the eggs are laid.

In captivity, the majority of foreign finches are
adaptable and can be encouraged to nest in boxes
with holes, half-fronted boxes or enclosed wicker bas-
kets. To make nest inspection easier, boxes are often
mounted on the outside of the cage with lift-up lids.
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Some species, such as the Zebra Finch, require
little encouragement to nest; they become sexually
mature at 3—4 months of age and produce clutches
of up to eight eggs almost constantly. Other species
are more problematic. Mimicking the results of recent
rainfall by providing extra protein either in the form
of livefood or eggfood or as seeding grasses will
often encourage nesting. The added stimulus of
providing a nest box and nesting material, and giving
the birds extra bathing opportunities, will also
encourage breeding.

Fostering

To minimize chick loss and maximize breeding
potential, fostering of both eggs and chicks is often
practised.

In clutches where only one chick hatches, parent
birds often lose interest in feeding. Cross-fostering
of a single chick to another nest allows the original
parents to nest again. Fostering may also be done
with mule and hybrid chicks by giving them to a reli-
able Canary to rear, in the hope of preventing losses.

Many breeders of exotic finches keep pairs of
Bengalese Finches (see below) to act as foster
parents. This involves synchronizing the breeding of
the Bengalese foster parents with that of the other
finches. Whilst it may increase the number of young
reared, cross-species fostering also increases the
potential for the spread of disease between species;
and young fostered by an alien species are often less
inclined to breed with their own species. The loss of
innate parenthood is also exacerbated.

Bengalese Finch

The Bengalese or Society Finch is a domesticated
species and has no wild counterpart. Its ancestry is
not altogether clear, but it is probably a domesticated
variety of the Striated or Chinese White-rumped
Munia. Hybridization with other munias may have
taken place during its domestication, which is credited
to the Chinese several hundred years ago. The
Bengalese Finch comes in many colour varieties, and
is a popular show bird in its own right, but possibly its
biggest avicultural merit is its willingness and ability to
hatch and rear chicks from other species. Indeed,
such is the keenness of this little bird to rear young
that a ‘pair’ of male birds can be successfully used as
foster parents.

Breeding and management of
softbills

Very few softbills are kept as house pets. The Greater
Indian Hill Mynah and the Java Hill Mynah used to be
commonly kept as cage pets but are no longer freely
available and their popularity has declined.

Most softbills are kept in outdoor planted aviaries
or, in the case of less hardy species, environmentally
controlled conservatory-type aviaries. Many species
will happily live in mixed collections with finches
and doves and with other softbills of a similar size,
provided that they are given sufficient space.

Breeding

During the breeding season many softbills become
very territorial and readily attack other aviary
inhabitants. They are also renowned nest robbers,
stealing both eggs and chicks. If breeding is to be
seriously considered, most species are best housed
as individual pairs.

Pair compatibility is much more of a problem with
softbills than with finches. A pair of birds that have
peaceably shared an aviary in the non-breeding
season may, as the breeding season approaches,
suddenly start fighting and need to be separated to
prevent serious injury. Some species, such as
members of the starling family, which are cooperative
breeders, can be bred on a colony basis.

Softbills build a variety of nest types. Many are
hole-nesters; others build typical cup-shaped nests
lined with leaves, mud or feathers. Large quantities of
live food are usually required to encourage breeding
and for the successful rearing of young.

Colour mutations

Colour mutations (Figure 4.5) occur naturally within
any population of birds. Many more colour mutations
are present in wild birds in a heterozygous recessive
form, with the birds appearing phenotypically normal.
In exotic birds the majority of colour mutations are
autosomal recessives and inbreeding will soon bring
these mutations to the surface. With domestication,
artificial selection and aviculture, many of these ‘hid-
den’ colours have been revealed and colour mutation
strains of many species have become established.

Many cage bird species have lent themselves to
the establishment of new colour forms, especially the
Australian finches. Unusually the Gouldian Finch from
Australia’s Northern Territory (where it is under severe
threat of extinction) exists naturally in three colour
forms. The most common is the black-headed, a sex-
linked recessive mutation; the red-headed is a
sex-linked dominant mutation; and the least common,
the yellow- or orange-headed, is an autosomal
recessive mutation. Different coloured backs, bibs,
fronts and feather types have been developed to go
with these (and other) head colours.

Colour mutations in Java Sparrows: (@) one fawn
and four normal colour; {b) white. (© S. Nesbitt)
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In European birds, the Greenfinch has both base
(melanin) and pigment (bio-chrome) colour variations
and structural feather mutations resulting in examples
of lutino, cinnamon, pied, pastel, satinette and other
colour forms. Similar colour mutations are found in
the Blackbird.

Colour mutations play a valuable role in aviculture.
Novel and unusually coloured or feathered birds com-
mand a high price and many aviculturalists dedicate
their time and efforts to breeding and improving these
strains of birds into self-sustaining populations. The
normal-coloured birds have, to a greater degree,
become less of a commodity, placing less demand
on wild-caught stock. The irony is that many ‘normal’
birds are becoming less available in captivity and
also increasingly scarce in their natural habitat. The
common grey Java Sparrow, for example, was once
plentiful in the wild but is now officially designated as
endangered. Similarly, its avicultural value was super-
seded by a range of colour variants and moves are
now in place to re-establish the ‘normal’ colour form.

It is important for veterinary surgeons to be able
to separate true colour mutations from abnormal
feather coloration resulting from pathological meta-
bolic disorders.

Mules and hybrids

Hybridization between different species has been
recorded as occurring naturally in wild populations.
Creation of avian hybrids is largely deemed to serve
little worthwhile purpose in captive husbandry where
the sole merit of propagation of a species is in its pure
form, but hybridization between different species of
European finches, and between finches and Canaries
(the latter hybrids being commonly referred to as
mules), is a popular branch of aviculture. The purpose
of hybrid and mule breeding is to produce a quality
bird for showing or as a singing bird. Only male birds
are shown, as they present the best coloration.

Both hybrids and mules are sterile and their merit
is purely in their showing quality — with one very
notable exception. Hybridization between the now
critically endangered Red Siskin of South America
and the domesticated Canary produces a fertile F1
generation. The Red Siskin’s ability to impart its
colouring, the ‘red factor’, to the Canary has led to the
development of the coloured Canary.

Show training

The majority of bird shows in Europe take place
between September and January. Shows can be for
a range of birds, for a single species or for a particular
breed, and are divided into classes for age, sex and
colour. The standard of feather quality, body shape,
general demeanour and presentation are judged.
Fanciers usually have a show ‘team’; they exhibit a
number of birds at different shows as each bird
comes into prime condition. Exhibiting birds is
referred to as ‘benching’.

Juveniles hatched in the current year undergo a
partial moult prior to the show season, losing the
majority of their contour feathering but maintaining
their flight feathers (primaries), which are not replaced
until the following year’s moult. This gives rise to the
terms ‘unflighted’ and ‘flighted’ to differentiate between
those bred in the current year and older birds, and is
important for classification on the show bench.

Birds are generally exhibited singly in small cages,
each breed having its own specification for cage
design. Young birds are trained to become accustomed
to the show cage: either it is fastened to the door of
the stock cage and the young birds are encouraged to
‘run’ in and out, or the birds are caught up and placed
in the show cage for short periods of time.
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Anatomy and physiology

Ruth Maria Hirschberg

Integument

The integument is a complex organ which mediates
between an organism and its environment. In birds,
the most obvious roles of the skin are protection from
harmful environmental influences and thermoregu-
lation, both of which are achieved by various degrees
of cornification or pigmentation and through the devel-
opment of specialized integumentary accessory
organs, such as the feathers that cover most parts of
the body and are thus the most eye-catching feature
of the avian integument. The feathers form an insulat-
ing and protective body cover; a contiguous coat of
feathers enables streamlining and flight; additionally,
feathers play a role in behaviour and communication.

Specific localized skin modifications enable other
particular functions: the modified micro-anatomy of
the oral or nasal openings (i.e. different types of bills)
facilitates specific feeding habits, and different forms
of digital extremities (claws, talons or falculae) enable
specific locomotory modes in different environments,
as well as grasping capacities (for example, in birds
of prey or tree-climbing birds).

Feather patterning
Generally, the skin of the body can be subdivided into
distinct feather tracts (pterylae) and featherless
regions (apteriae). In both of these regularly alternating
areas the integumental layers are comparatively thin,
because the feather coat itself is protective (the
apteriae are protected by the contour feathers of the
pterylae). In contrast, the skin of the lower tarsus and
feet is generally covered by reptile-like scaly skin.
This general feather patterning can vary accord-
ing to environmental conditions or specific behav-
ioural characteristics. Most owls and a few diurnal
raptors have feather-covered tarsometatarsi, for
thermoregulatory reasons, and some owls living in
cold climates even have feathered digits. Vultures are
characterized by their sparse (plumes only) or com-
plete lack of feathering on the head and neck area,
presumably related to their feeding habits.

Skin layers

The epidermis, as the outermost layer of the
integument, is particularly adapted to withstand
various mechanical forces and hence produces a
resistant cornified superficial layer. This can contain
either soft or hard keratin, resulting from two different
keratinization procedures. Integumentary structures

exposed to high local mechanical stress, such as bills
and claws, undergo hard keratinization.

The two connective tissue layers of the skin are
the dermis, a predominantly connective tissue layer
with dense vascular and nerve networks, and the
subcutis, a more loosely arranged connective tissue
layer that may contain adipose tissue and is con-
nected to the adjacent outer fascial layer of the body.
The feathers (hard cornified structures) are the prod-
uct of a close dermo-epidermal interaction. Whereas
dermis and epidermis form the feather follicle, which
generates the form and structure of the feather itself,
the dermis and more particularly the subcutis form a
very complex modified dermo-subcutaneous appa-
ratus for anchoring and controlling individual feathers
or feather groups, respectively (Homberger and de
Silva, 2003). Feather coordination during flight is
enabled by specific dermal and subcutaneous
muscles, the latter forming the patagia of the wings.

Skin glands

The avian skin in general does not contain sebaceous
or sweat glands. Nevertheless, specific modified skin
glands may be found in specific locations, such as the
uropygial gland at the dorsal aspect of the base of the
tail (particularly well developed in birds living in
aquatic surroundings, but missing in some pigeons),
within the outer auditory canal, or the ventral glands
of the cloaca. The uropygial or preen gland is a
bilobed holocrine gland producing a lipid secretion
employed for feather maintenance. The sebaceous
function for the whole skin is ensured by specific
sebokeratinocytes that are an integral part of the
avian epidermal layers and prevent dehydration of
the skin surface. The missing thermoregulatory func-
tion of sweat glands is mostly compensated for by
heat loss via the respiratory tract and, in part, via the
feet. The skin of the feet, depending on the respective
species’ environmental circumstances and habits,
may consequently feature specific vascular modifica-
tions such as an increased number of arteriovenous
anastomoses and sphincteric arteries, thus enabling
adaptation to climate conditions.

Skin modifications
Scaly skin of the legs
The distal portion of the leg is covered by scaly skin.

Like feathers, the scales represent dermo-epidermal
modifications. While the epidermis of the scales
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features increased (mostly hard) keratinization and
cornification, the supporting connective tissue layers
attach the scales to the adjacent substratum such as
bones, tendons and joints of the foot, allowing for firm
grasp and ground contact. With regard to size and
shape, there are scutate (dorsal aspect) as well as
scutellate and reticulate (lateral and palmar aspect)
scales (see Figure 5.2).

Claw and toe pads

The avian claw comprises the modified skin covering
the tip of the distal phalanx. It is developed for
protection of the phalanx and, species-specifically, as
an organ for grasping (birds of prey), digging, climbing
and/or defence. Accordingly, the falculae of raptors
are curved sharply pointed claws or talons, in contrast
to the blunter and more compact claws of pigeons.
Ospreys have long sharply curved talons that
resemble fish hooks — appropriate for catching their
main prey, fish — whereas vultures have only slightly
curved talons that enable a sure grip and secure
balance while feeding on larger carcasses.

The epidermis produces the strongly cornified claw
capsule, while the connective tissue layers (dermis
and subcutis) of the claw provide specific anchorage
and force-transmitting structures as well as the clini-
cally important neurovascular supply of the claw
(Figure 5.1). The cornified claw capsule can be sub-
divided into a hard ‘claw plate’ and a softer ‘solear’
part. Some species, such as owls and nightjars, have
pectinate middle claws with scales that resemble the
teeth of a comb and these are used to preen and
straighten feathers. A few species display rudimentary
claws at the tips of the wings, including Bat Hawks,
Golden Eagles, most vultures, Secretary Birds,
Ospreys, Caracaras and Gyrfalcons and possibly also
(though very small) harriers and Black-winged Kites.

m Cross-section of a developing avian claw,
displaying the distal phalanx encased in the
heavily cornifying modified skin of the claw that thus forms
the cornified claw capsule with wall (W) and solear (So)
aspects. Also note the distal scutate scales and the digital
pads. (Trichrome stain.)

The toe pads (tori, pulvini) are specialized
circumscript local skin modifications on the palmar
aspect of the toes, featuring a particularly well
developed connective tissue layer that cushions
ground contact (Figure 5.2). Like the scales, the digital
pads are closely attached to the underlying bone
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m Plantar and medial view of the digits of a falcon.
Note the opposed position of the first digit and
the typically shaped claws, i.e. the talons or falculae. The
dorsal aspect of the toes and tarsometatarsus is covered
by scutate scales (ScS), while the side and plantar
aspects are covered by small reticulate scales (RS). The
metatarsal (MP) and digital (DP) pads feature prominent
surface modifications that enable a better grasp. The
claws comprise the hard (and in this case distinctly
pointed) claw plate (CPI) and the softer claw sole (CS).

structures via retinacular ligaments. In bird-catching
and some fish-catching raptors (like the Osprey), the
toe pads have wart-like projections — the spiculae —
which produce a sandpaper-like surface and thus
enable a surer grip on agile or slippery prey.

Bill

The bill, or rhamphotheca, represents the oronasal
opening and comprises the two beaks, i.e. the heavily
cornified skin covering the upper and lower jaws. The
nasal opening and the junction area towards the
feathered skin of the head are often modified. For
example, in pigeons there is a waxy covering
(operculum) on the nares; and the Cinclidae (dippers)
have a membrane for closing their slit-like nares. The
base of the beak of raptors is covered by a waxy
membrane that reaches up to the nares; also called
the cere, this is often hard and yellow. A characteristic
of falcons is the bilateral so-called ‘falcon-tooth’ or
‘tomial tooth’ of the upper beak (see Figure 5.12) with
a corresponding notch within the lower beak, enabling
the typical neck- or head-bite. A similar beak-tooth is
developed in predatory passerine species such as
the shrikes (Laniidae).

Brood patch

The brood patch in raptors, pigeons and passerine
birds is located at the caudal half of the ventral
apterium. Controlled by breeding hormones, the skin
of the brood patch may lose all the feathers and
become highly vascularized prior to laying. As the
skin is also densely innervated and contains many
thermoreceptors, the bird is able to control incubation
when pressing the brood patch against the eggs. In
pigeons, both males and females develop brood
patches, while in raptors and most passerine species
brood patches occur only inthe females. Re-feathering
of the brood patch is achieved with the next moult.
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Feathers

According to its different functions in different species,
the feather coat may contain different types of feath-
ers (pennae and plumae) in varying density and distri-
bution. All feather types comprise a dermo-epidermal
intracutaneous part and a cornified extracutaneous
part. The complex three-dimensional architecture of
the cornified cells of the feather can be detected not
only in the penna (contour feather; Figure 5.3) but also
in the less complex pluma (down feather). The shaft is
the central support of the feather, continued by the
vane with its barbs, barbules and barbicles. The barbi-
cles stabilize the vane of the penna by interdigitation
with the barbules of the next barb.
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Feather types
Feather types are illustrated in Figure 5.4.

Pennae: Contour feathers (pennae) form the majority
of the plumage and are characterized by a distinct
shaft and feather vane. There are different types of
pennae for different locations and functions:

e Tectrices (proper contour or cover feathers)
covering most other types of feather

* Remiges (flight feathers) at the caudal aspect of
the wing

* Retrices (tail feathers) at the base of the talil,
enabling navigation

e Ornamentrices (ornamental feathers) in some
birds only (e.g. some pigeons).

Chapter 5 Anatomy and physiology

m Feather types (European Goldfinch). From left to
right: rectrix (tail feather), dorsal view; remex

(flight feather), dorsal view; remex, ventral view; tectrix
(contour feather), dorsal view; tectrix, ventral view;
semiplume; plume.

Plumae and setae:

e Down feathers (plumae) are characterized by a
short or missing shaft and long soft barbs. They
are found under the contour feathers and form an
insulating undercoat, while semiplumes combine
both types of feathers (pluma and penna): they
are downy at the base and have the
characteristics of contour feathers at the top.

e Powder down feathers (pulviplumae) are
continually growing feathers whose apical barb
cells decay and thus form a fine white dust,
coating the whole bird. These are particularly well
developed and numerous in pigeons, causing the
‘waxy’ appearance of their plumage.

e Filoplumes are assumed to be sensory detectors
in close contact with Herbst corpuscles. Because
they occur in close association with contour
feathers, they are presumed to assess strains
and movements of the pennae during flight.

e Bristle feathers (setae) are protective feathers
comparable to the mammalian vibrissae and
occur around the eye, nares and ear.

Plumage colour

Variations in plumage colour provide camouflage and
sexual dimorphism as well as juvenile or adult
characteristics. Plumage coloration is accomplished
in several ways.

e Melanocytes produce brown, yellow and black
melanins that are dispensed to adjacent
epidermal cells of the feather.

¢ Reds and yellows are synthesized from dietary
carotinoid pigments that are then dissolved in fat
globules within the feather cells.

¢ White and blue are so-called structural colours
due to reflection and refraction of light through
airspaces and specialized cornified cells within
unpigmented or semi-pigmented feathers.

Moulting

As feathers tend to wear out, and because neonatal,
juvenile and adult plumages are usually different in
both colour and shape, the feathers are replaced at
regular intervals (see Chapter 24).
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Musculoskeletal system

The skeletal system of birds (Figure 5.5) is character-
ized by weight reduction in order to facilitate flight
and, in compensation, by strengthening structural
features. For example, the medullary cavity of partic-
ular bones (e.g. humerus (excepting oscine passer-
ines), femur (birds of prey) and some vertebrae) is
replaced by air-filled projections of the air sacs (see
‘Respiratory system’, below) in mature birds and thus
becomes pneumatized. The mineral content of avian
bones is higher than mammalian bones, which
explains why avian bones under stress tend to split,
rather than break as in mammals.

The term medullary bone describes a phenom-
enon of labile bone normally occurring in female
birds during the reproductive phase. Its formation is
controlled by oestrogens and androgens and physio-
logically it serves as a calcium repository for egg shell
production; thus phases of formation and destruction
alternate during the laying cycle. For further details,
see Chapters 11 and 21.

Skull

The upper jaw is formed by the premaxillary, maxillary
and nasal bones and, due to a craniofacial elastic
zone, it can be moved relative to the rest of the skull
via the ‘leverage’ system formed by the bones of the
palatal and zygomatic skeleton. The lower jaw
consists of two fused mandibles that do not articulate
directly with the skull. Upper and lower jaws may thus
move in different directions relative to each other.
Together with a species-specific muscular system,
this enables the bird to use the beak as a multi-
purpose tool adapted to its particular feeding habits
and other behaviour.
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Because of the wide visual field of birds the orbit
dominates the skull, while the neurocranium is less
prominent. The orbit and the upper jaw accommodate
the paranasal sinus system of birds, i.e. the infraorbital
sinus (see ‘Respiratory system’, below).

Vertebral column, thorax, thoracic girdle
and pelvis

Vertebrae

In most birds the existence of numerous and
highly mobile cervical vertebrae results in a very
flexible neck. In contrast, the vertebrae of the
trunk are inflexible and mostly fused, thus enabling
flight and the bird’s bipedal posture. The cranial
thoracic vertebrae form the notarium; the caudal
thoracic, lumbar and sacral bones fuse completely to
form the synsacrum (Figure 5.5). The coccygeal
vertebrae form the pygostyle and thus support the
tail feathers.

Thorax

The very stabile thorax sustains the cranial part of
the body cavity and comprises the thoracic verte-
brae (notarium), the ribs and the well developed
sternum. Each avian rib contains two parts, the
costovertebral and the costosternal bone, and the
ribcage is additionally reinforced by the uncinate
processes. Because the main flight muscles origin-
ate from it, the sternum features the carina, a high
ventral crest typical in flying birds (Figure 5.5). The
cranial visceral aspect of the sternum features a
pneumatic foramen through which it is pneumatized
by processes of the clavicular air sac (particularly
distinct in raptors).

Mounted skeleton of the
Eurasian Blackbird (lateral
view). Note the ossified
flexor tendon elements of
the lower legs (arrow).
Car = carina;

Co = coracoid; F = furcula
(fused clavicles);

Fem = femur;

Hum = humerus;

Not = notarium;

R = radius;

Scap = scapula;

Syns = synsacrum;

TMt = tarsometarsus;

TT = tibiotarsus; U = ulna.
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Thoracic girdle

The thoracic girdle is supported by the sternum and
consists of the matched scapulae, the clavicles
(generally fused, thus forming the furcula (excepting
some pigeons)) and the coracoid bones (see Figure
5.5). The coracoids act as struts, holding the shoulder
at a constant distance from the sternum. The scapulae
lie closely adjacent to the rib cage. The furcula acts
as a spring and stores energy when compressed
during the down-beat flight movement. All three bones
of the thoracic girdle articulate with the head of the
humerus, where their joined articular surfaces form
the triosseal foramen through which the tendons of
the supracoracoid and deep pectoral muscles pass.

Pelvis

The matched pelvic bones of flight birds generally do
not fuse to form a complete pelvic girdle, but fuse
with the synsacrum in order to stabilize the trunk, and
thus form the os innominatum. Together with the
synsacrum, the iliac bones form deep osseous
recesses (renal fossae) protecting the adjacent
kidneys, nerves and blood vessels. The caudodorsal
aspect of the acetabulum (socket of the hip joint)
features the so-called antitrochanter abutting the
femoral trochanter and thus preventing abduction of
the limb when the bird is in a normal standing position.
The pubic bone remains in part separate from the
ileal and ischiadic bones.

Thoracic, abdominal and caudal muscles

The ribcage and the abdomen are supported by thor-
acic and abdominal muscles that mainly act as respira-
tory muscles (see ‘Respiratory system’). The caudal
muscles direct the position and movement of the pygo-
style and thus assist the tail feathers during flight.

Wing

The wing comprises the humerus, the antebrachial
bones (radius and ulna) and the bones of the manus,
which are fused to form a three-fingered ‘hand’. While
radial and ulnar carpal bones remain separate, the
distal carpals and metacarpals fuse to form the carpo-
metacarpal bone. The first (alular) digit is quite mobile,
but the second (major) and third (minor) digits again
fuse to form an osseous clasp.

The wing as a whole is very mobile when flexed.
When extended it tends to move at the shoulder joint
and otherwise resists dorsal and ventral forces. The
shafts of the flight feathers are deeply anchored within
the dorsal aspect of the ulna (secondary flight feath-
ers) and manus (primary flight feathers) (Figure 5.6).

Flight muscles

Wing movementduringflightis achieved by contraction
of the pectoral muscle system (Figure 5.7). The
supracoracoid muscle, assisted by the major and
minor deltoid muscles, achieves lifting of the wing due
to the course of its tendons through the triosseal
foramen and insertion on the dorsocranial edge of the
humerus. Thus, contraction of these muscles rotates
the humerus, causing the elevation of the wing’s
leading edge. This allows the bird to maintain its
position in the air between down-strokes. The
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Primaries

Secondaries

m Schematic drawing of the wing, displaying
primary and secondary flight feathers and the
relevant musculoelastic elements of the wing (modified
after Nickel et al., 1977). 1 = propatagial tensor muscle;
2 = flexor carpi ulnaris muscle, and 3 = its elastic
ligament; 4 = secondary extensor muscle; 5 = elastic
inter-remigial ligament.

A ! Y.
\ 3t o

- =
ey i

m Schematic drawing displaying insertion and
action of the flight muscles (modified after

Nickel et al., 1977). The pectoral muscles (2) achieve
downward movement of the wing, whereas the
supracoracoid muscles (3) achieve lifting of the wing due
to diversion of fibres via the triosseous foramen (1).

H = humerus; C = coracoid; F = furcula (fused clavicles);
St = sternum, with prominent carina.

superficial pectoral muscle, in turn, has to achieve the
down-stroke of the wing during flight and is therefore
massively developed, representing approximately
15—20% of the body weight of the bird. During slow
flight and take-off, the dorsal muscles of the shoulder
girdle elevate the wing.

The patagia are specifically modified portions of
the skin spanning the area between the bones of the
forelimb that support flight movement. They are
supported by specific patagial muscles acting in
synergy with the extensor muscles, and by elastic
tendons that maintain the aerofoil shape of the wing.
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Most important is the propatagium, ranging from the
shoulder via the elbow to the carpus. While the elbow
displays a wide range of movements when flexed, the
radius and ulna allow pronation and supination.

Wing shape

The shape and length of the wings are characteristi-
cally adapted to species-specific flight and hunting
patterns. Species that extensively use rising air cur-
rents for soaring, like most eagles and buzzards, have
broad wings. Hawk eagles and most hawks are
described as shortwings and display fast and very
manoeuvrable flight modes. Falcons with high speed
and long-distance flight patterns have comparatively
long wings.

Leg

The leg is comprised of the femur, the tibiotarsus
(fused tibial and proximal tarsal bones), remnants of
the proximal fibula, the tarsometatarsus (fused middle
and distal tarsal bones together with the fused
metatarsal bones), the separate primary metatarsal
bone and the digital bones (see Figure 5.5).

Depending on locomotion, stance and feeding
habits, the digits display a specific alignment. With
the so-called anisodactyl position in pigeons, passer-
ines and raptors the first digit or hallux (displaying the
biggest claw) faces caudally, while digits II, 11l and IV
face cranially. The opposition of the first digit with
regard to the remaining digits allows a firm grasp and
perching position, even on thin branches. The Osprey,
like owls, is able to move the fourth digit into a caudal,
opposed position (i.e. zygodactyl), which enables a
firm grasp on its slippery, wriggling prey as well as
‘aerodynamic’ prey transport during flight.

The length of the tarsometatarsus and the toe
length are related to the typical hunting behaviour of
respective raptor species. For example, members of
the accipiter family (woodland birds preying on other
birds) feature long toes that may easily slip under the
plumage to grip their prey, and equally long and
slender tarsometatarsi to thrust their feet deeply into
thick brush where their prey is hiding. Other raptors
with different hunting techniques (e.g. Peregrine
Falcon) also feature long toes for gripping prey but
have comparatively short tarsometatarsi. Thus lengths
of toes and tarsometarsi are a means to distinguish
different raptor species.

A typical passerine feature is the enlarged
opposible and independently mobile hallux together
with an evolutionary loss of most of the small muscles
of the forward toes that together enable a balanced
grip while displaying a marked simplicity and thus
economy in digital structure.

Leg muscles

The main muscle mass of the leg is positioned close
to the body and so many muscles have long insertion
tendons. The locking mechanism between the flexor
tendons and their sheaths maintains grip with a
minimum of muscle activity when the toes are flexed.
This flexor tendon mechanism is also engaged in
tightening the grip of the toes of raptors in order to
hold their prey securely. The digital pads of these
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species contain numerous mechanoreceptors that
presumably trigger contraction of the flexor tendons
after the first prey contact.

In some species (raptors; passerines such as
woodcreepers), many leg tendons are converted into
ossified bony rods. This conversion occurs almost
exclusively in muscles that flex the leg and the toes. It
is therefore suggested that these tendon ossifications
are an adaptation to prevent stretching of the flexor
tendons in those birds that feature heavy and
prolonged loading during either (vertical) climbing
(Bledsoe et al., 1993) like woodcreepers, or catching
and transport of heavy prey as in some raptors. In the
latter, some antebrachial and tarsal ligaments and
cartilaginous structures are likewise ossified, thus
forming sesamoid bodies. (For a detailed description
of the pelvic limb anatomy in raptors, see Harcourt-
Brown, 2000; Einoder and Richardson, 2006.)

Body cavity

Birds do not have a diaphragm, and thus the thoracic
and abdominal cavities merge.

The pleural cavities are created during early
development, but due to the high dorsal position of
the avian lungs the visceral aspect of the lungs and
the parietal body wall fuse, so that the dorsal and
lateral aspects of the lungs are directly connected to
the body wall whereas the ventral aspect fuses with
the so-called horizontal septum.

The peritoneal cavity is further subdivided into four
separate hepatic cavities and the intestinal cavity
(Figure 5.8). Structures that divide the originally unitary
peritoneal cavity are the hepatic ligament and the dor-
sal mesentery. The intestinal peritoneal cavity contains
the gastrointestinal tract from stomach to rectum, the
gonads and the spleen. The kidneys and reproductive
tract lie within the extraperitoneal space, whereas
the gizzard is situated retroperitoneally. There is a peri-
cardial cavity encircling the heart. In addition to these
‘classic’ serosal cavities are the air sacs, derived from
bronchial projections. These air-filled cavities are
connected to the respiratory system (see later).

Lungs

Bronchus

,,,,,
~
~

™ Horizontal
septum
Oesophagus Hepatic
ligament

A\

Sternum Falciform ligament

m Schematic drawing of the body cavity. A = air
sacs; L = liver.
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Digestive system

The avian digestive system shows a great diversity
according to different feeding and dietary habits. The
morphological variations include gross anatomical
differences such as form, size and length of the differ-
ent regions of the digestive tract. In particular, a rela-
tion between length of intestines and type of food
consumed is detectable (diet high in vegetable fibre:
long intestines; protein-based diet: short intestines).
The form of the stomach, especially the relation of
proventriculus and gizzard, also seems to depend on
feeding habits.

Thus, species living mainly on hard vegetable
fibres such as seeds (e.g. pigeons and many pass-
erine birds) have developed specifically adapted
modifications of the oesophagus (crop, extensive
mucus glands, etc.) and stomach (e.g. a well devel-
oped gizzard), have longer intestines and often,
but not always, have distinct caeca for microbial
digestion (Figure 5.9). Species living mainly on fruits,
which have easily accessible nutrients, display less
differentiated stomachs, shorter intestines and
mostly rudimentary caeca. Raptors, living on meat-
or fish-only diets, generally have a well developed
proventriculus and only rudimentary gizzard but a
well developed pancreas (for protein digestion),
medium-length to short intestines and generally only
rudimentary caeca.

m The gastrointestinal tract of a pigeon. Note the
complex arrangement of the jejunoileum.

C = crop; CR = colorectum; G = gizzard;
P = proventriculus; Pa = pancreas within the duodenal
loop.

The relation between caecal length, or caecal dif-
ferentiation, and food preference is not always a direct
one, as avian caeca also fulfil other functions than
microbial digestion of vegetal fibres. Thus, at first
glance surprisingly, the seed-eating pigeons and all
passerines — even the distinct seed eaters among
them — feature only comparatively small caeca. On
the one hand, this may be compensated for by the
otherwise very typical and thus very efficient charac-
teristics of the ‘seed-eater’ gastrointestinal tract (well
developed crop, distinct two-chambered stomach,
long intestines). On the other hand, recent studies
suggest that the small caeca of passerine birds may
be non-functional in microbial fibre digestion but do
play an important role in fluid and osmoregulation
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due to their extensively enlarged mucosal surfaces
(Reyes and Braun, 2005): this comparatively short
caecum type is presumably involved in reabsorption
of electrolytes and water from urine, which is trans-
ported in a retrograde direction from the cloaca to the
colorectum and on to the caecum (see below). As the
caeca are also important for absorption of proteins, it
is not surprising that, for example, owls (regardless of
their low-fibre diet) display comparatively well devel-
oped caeca.

Generally, passage of feed is very flexible and may
be adapted to nutrient content and degree of intestinal
filling. Thus, food may be soaked in proventricular
gastric fluids and move in a retrograde direction to the
crop, where the food is then pre-digested. Likewise,
the direction of bowel movement may change from
ortho- to retrograde (e.g. bypassing the caeca).

Oropharyngeal cavity

The oropharyngeal cavity has a wide opening towards
the nasal cavity (palatopharyngeal choanae), the
rostral part of which may be obstructed by the tongue
during inspiration. The tongue has mainly extrinsic
muscles and is specifically adapted (density of
mucosal papillae, flexibility, etc.) to the species’
feeding habits. The number of oral and adjacent
salivary glands is likewise adapted to the diet; for
example, fish eaters display less developed and fewer
salivary glands than seed eaters.

Oesophagus and crop

The oesophagus is situated on the right side of the
neck and may form a diverticulum, i.e. the crop or
ingluvies (lacking in owls) (Figure 5.10). The mucosa
(degree of cornification, formation of a papillary body,
density of glands, distribution of muscular elements,
etc.) varies, presumably according to the diet. For
example, many raptors feature disseminated smooth
muscle elements within the oesophagus and crop
that may be related to regurgitation of pellets. These
muscular elements are lacking in the Osprey, a
species that very seldom forms pellets. The Peregrine

" ‘ol e =

m Pigeon dissection showing the prominent crop
(C), the position of the heart (H) within the

pericardium and the two liver lobes (L). T = trachea.
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Falcon, a species that plucks and gorges on its prey
and thus mainly feeds on comparatively lubricated
meat chunks instead of whole fur- or feather-covered
(and thus dry surfaced) prey, has no mucous glands
within the cranial part of the oesophagus or within the
crop. As raptors commonly have comparatively large
salivary glands, the number and density of mucous
glands within the oesophagus is generally reduced
compared with passerine birds and pigeons.

The crop is dilatable and serves as storage space,
either for transport or where the digestive tract is
already full. As mentioned above, pre-digestion may
occur within the crop due to saturation of food with
gastric fluids after retrograde oesophageal movement.
In pigeons, the involvement of cellulolytic crop
microflora in the degradation of dietary fibre has been
suggested (Shetty et al., 1990).

Pigeons have a well developed bilateral crop
situated cranial to the thoracic opening. Most
passerine birds have a unilateral crop that may be
situated at any location within the cervical part of the
oesophagus but in most species lies to the right and
close to the cranial thoracic aperture. Many raptors
have a unilateral crop that is only distinct when filled
and it may be situated either close to the cranial
thoracic opening or further proximal within the cervical
part of the oesophagus.

By storing food within the crop, pigeons may
postpone a major part of digestion until late in the
night and use the extra heat from digestion-related
thermogenesis for heat that otherwise would have to
be generated by active (and extra energy-consuming)
thermoregulation via shivering.

Crop milk

The pigeon crop has another unique role. Under the
influence of prolactin, desquamated epithelial cells of
the crop are employed as a nestling food, described
as ‘crop milk’, produced by both the male and the
female parent. Chicks are fed on pure crop milk during
the first week or so of life. Thereafter it is mixed with,
and then replaced by, predigested adult food.

Stomach

The stomach is subdivided into a proventriculus (pars
glandularis, producing hydrochloric acid and pepsino-
gens), an intermediate zone or gastric isthmus
(mucous glands), the gizzard (pars muscularis) and
the pyloric part (mucous glands, gastrohormonal
cells). As noted above, the differentiation of proven-
triculus and gizzard depends on dietary habits.

e Seed and foliage eaters display a distinct division
between the proventriculus and a well developed
gizzard. The muscular tunic of the gizzard is
highly developed in order to allow a grinding
movement. The grinding surface of the gizzard is
formed by the koilin layer, a hard keratin-like layer
covering the mucosal surface, which is only so
pronounced in birds with a high-fibre diet (see
Chapter 9). The koilin is produced by a secretion
from the gizzard tubular and surface glands that
hardens in contact with hydrochloric acid from the
proventriculus. The counterpart for the grinding of
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seeds is formed by uptake of small stones (‘grit’)
that are pulverized over time and use.

e Birds with a high-protein diet (raptors, including
carnivores, fish eaters and insectivores) have a
rudimentary gizzard with thin muscular tunic and
nearly no koilin layer.

¢ The stomach of seasonal fruit eaters (some
passerine birds) has structural characteristics
that fall between those of the seed eaters and the
protein eaters.

Raptors, and some passerine birds such as
crows, regurgitate casts or pellets (residuals of prey
material) that are formed within the gizzard. In con-
trast to those of owls, raptor pellets contain almost
no bony material.

Intestines

The length of the intestines and particularly the
characteristics of the caeca are closely related to feed
type. In general, the intestines are proportionately
shorter than in mammals and are continuously villous.
Distinctions of intestinal sections are defined according
to their blood supply, the aperture of the bile in relation
to pancreatic ducts and the location of the Meckel
diverticulum (residuary of the omphalic sack).

The duodenum is U-shaped and receives the
opening of the bile and pancreatic ducts localized
within its ascending part. The jejunoileum allows
digestion under the influence of bile and pancreatic
enzymes and is thus the longest part of the intestines.
It is longest in seed eaters (pigeons, passerine birds)
and thus is arranged in varying folds and loops.
Pigeons have a complex arrangement of the jejuno-
ileum, with a turban-like coiled part and a shorter
‘classical’ supraduodenal loop. Most raptors have
a double-coiled ileojejunal loop.

The matched caeca flank the ileum and are
connected via the iliocaecal ligament. They are
comparatively small in pigeons and passerines, and
vestigial in most raptors (excepting owls), and may
incorporate lymphatic tissue. The colorectum (Figure
5.11) is very short and runs straight towards the
coprodeal part of the cloaca.

m Pigeon dissection showing the loops of the
small intestines tilted cranially, thus revealing
the course of the colorectum (CR), and the position of the
testes (T) and the caudal division of the kidneys (K).



http://vetbooks.ir/

Pancreas

The pancreas produces digestive enzymes (exocrine
part: amylases, lipases, proteases) and metabolic hor-
mones (endocrine part: insulin, glucagons, somato-
statin). It features three lobes: the dorsal and ventral
lobes are situated within the mesentery of the duo-
denal loop, while a small lienal (splenic) lobe runs from
the cranial part of the pancreas towards the spleen.
Each lobe has its own excretory duct opening into the
ascending part of the duodenum. The splenic lobe
contains most of the endocrine pancreatic tissue.

Liver

The liver is a bilobed parenchymal organ that lies
adjacent to the sternum, ribcage, pericardium and
lungs as well as the stomach and upper intestinal
loops (see Figure 5.10). The liver is the main meta-
bolic organ of the body and additionally produces the
bile that enables digestive fat emulsion. Each liver
lobe is drained by a bile duct that reaches the ascend-
ing duodenal loop. The right bile duct may dilate to
form the gall bladder (lacking in pigeons and some
passerine species but particularly well developed in
most carnivorous and fish-eating raptors). The avian
liver receives blood via two hepatic arteries and two
portal veins.

Respiratory system

Upper respiratory tract

The upper respiratory tract (nares, nasal cavity,
paranasal sinus) provides a ‘strainer system’ for the
respiratory air intake. While the nares act as
mechanical filters, the increased surface of the
mucosa covering the nasal conchae and paranasal
sinus acts as a micro-filter system that also warms
and moistens the air.

Nares

The rather large osseous nasal openings are reduced
in size via the often slit-like nares of the upper beak.
Protective structures of the nostrils are setae
(Turdidae, Muscicapidae, corvids), waxy membranes
(raptors, Cinclidae) and cartilaginous opercula
(pigeons). The nostrils of falcons contain a specific
baffle that presumably regulates the amount of air
entering the nasal cavity during high-speed flight
(Figure 5.12). It has also been suggested that, in an
as yet undetermined way, this cone or central tubercle
extending from the nasal septum is used in olfaction,
or as an indicator of air speed by sensing changes in
pressure or temperature produced by different
external airstream velocities.

Nasal cavity

Within the nasal cavity, generally three rostrocaudally
arranged nasal conchae are developed: the rostral,
the middle and the caudal conchae, but the latter is
lacking in pigeons and many raptors. The rostral
concha is generally covered by cutaneous mucosa,
receives secretions of the nasal gland and therefore
is responsible for filtering, warming and moistening
the respiratory air. The middle concha has a
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m Head of a falcon. Note the prominent cone or
tubercle (arrowed) within the nostrils that acts
as a baffle during high-speed flight. The bill displays the
species-specific shape, with the characteristic ‘tomial
tooth’ of the upper beak. The proximal part of the upper
bill forms the yellow waxy membrane of the ceres.

mucociliary epithelial covering as well as lymphatic
tissue and is mostly responsible for defence. The
caudal concha is covered by olfactory epithelium,
which, in those species lacking this concha, is situated
within the nasal fundus.

Paranasal sinus

The connection of nasal cavity and paranasal sinus is
situated in the caudal aspect of the nose, mostly
hidden by the caudal concha. The avian paranasal
sinus is represented by the infraorbital sinus. It is
defined by the maxillary and nasal bones (osseous
part of the sinus) as well as by a membranous part
under the eye globe within the orbita. Thus, the
eyeball ‘rests’ on an air-filled cushion.

Lower respiratory tract

The air then passes through the wide choanae
(palatopharyngeal opening) to the larynx. The avian
larynx displays a less refined construction than that of
mammals: while it can open and shut during
deglutition, it is not employed in sound creation. It
opens into the windpipe or trachea, which in turn is
stabilized by complete cartilaginous rings (which may
calcify). The trachea ends at the bifurcation, which is
situated at the thoracic opening, quite a distance
away from the dorsally situated lungs.

Syrinx

The structures of the bifurcation form the syrinx
(Figure 5.13), a movable structure responsible for
sound creation that is particularly well developed in
passerine birds and pigeons. The skeletal elements
of the syrinx comprise the caudal tracheal rings
(trachealsyringeal cartilages) andthefirstcartilaginous
elements of the two main bronchi (bronchial syringeal
cartilages) as well as a middle cartilaginous ‘partition
wall’, the pessulus (lacking in larks), between the
openings of both bronchi.

The tracheal syringeal cartilages are modified to
form the so-called tympanum. The space between the
last tracheal and the first bronchial cartilage is spanned
by a membrane-like connective-tissue structure, the
lateral tympaniform membrane. Likewise, the space
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m Pigeon dissection showing the syrinx. Note the
trachea (T) and its bifurcation, and the dorsal

position of the relatively small lungs (L). The specifically
shaped tracheobronchial junction forms the syrinx (S).

between the pessulus and the respective first medial
bronchial structure is spanned by a membrane, the
medial tympaniform membrane. The tension of both
membranes is regulated via intrinsic and extrinsic
syringeal muscles. Thus, similar to the tension regula-
tion of the laryngeal vocal folds in mammals, sound or
voice may be modulated in the avian syrinx. In pigeons
and passerines the tympanum may be specifically
modified and display both complete and incomplete
tracheal rings. The system of tracheo-syringeal mus-
cles is most derived in oscine passerines while sub-
oscines, and even more so pigeons, show a less
complex vocal organ. While mockingbirds and Wood
Thrushes, for example, have seven to nine pairs of
syringeal muscles, pigeons have only one pair.

Bronchi, air sacs and lung
Behind the syrinx, the two principal or primary bronchi
enter the left and right lungs, which are situated within
the dorsal aspect of the ribcage and closely connected
to the thoracic wall and the horizontal septum. The pri-
mary bronchi cross the lung and then open into the
major air sac, i.e. the abdominal air sac (Figure 5.14).
During lung passage, numerous secondary bronchi
arise from the primary bronchi, giving rise to smaller
and smaller airways (the parabronchi or tertiary bron-
chi) (Figure 5.15), all of which are variously intercon-
nected but finally pass though the lung and again into
major bronchi that then empty into the air sacs.
Besides the abdominal air sac, there are cervical,
clavicular, cranial thoracic and caudal thoracic air
sacs (Figure 5.14). Each air sac originally develops in
a pair, but the cervical and clavicular air sacs fuse
during early development and thus become unpaired
in the mature stage. In passerine birds, the cranial
thoracic sacs may even fuse with the clavicular sac.
The cervical and clavicular air sacs enter the
vertebrae, humerus (excepting oscine passerine
birds), sternum (particularly in raptors) and other soft
tissue structures situated in the neck and shoulder
region (e.g. the axillary air sac diverticulum). The two
paired thoracic and the two paired abdominal sacs
are situated caudoventral to the lung and ‘push’
between the body wall and the peritoneal sacs.
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m System of air sacs (modified after King and
McLelland, 1984). The right side displays
opening of the major bronchi supplying the respective air
sacs. The colours indicate functional grouping into caudal
(blue) and cranial (green) compartments. 1 = unpaired
clavicular air sac with axillary diverticle (1’) and the recess
pneumatizing the humeral bone (1”); 2 = cervical air sac
with vertebral recesses (2) pneumatizing the cervical
vertebrae; 3 = cranial thoracic air sac; 4 = caudal thoracic
air sac; 5 = abdominal air sac; L = lungs; Tr = trachea.

m Cross-section through avian lung. (Original
magnification x 25; H&E.)

Because the air sacs develop from bronchial pro-
cesses and thus contain smooth muscle within their
lateral walls (i.e. adjacent to the body wall), and due to
their respective positions close to the thoracic and
abdominal wall or wing, they act as bellows to pull air
through the lungs. The respiratory movements of the
body wall elevate and depress the sternum and also
expand and contract the rib cage. These movements,
or the neck and wing movement, respectively, expand
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and contract the air-filled sacs and thus cause circula-
tion of the respiratory air, while the volume of the lungs
is not influenced. Although there is no diaphragm, the
movements caused by contraction of the inspiratory
thoracic muscles and the shoulder girdle increase the
internal volume of the bird, drawing air into the air sacs
during inspiration, while expiration is caused by con-
traction of the expiratory thoracic and the abdominal
muscles. These active respiratory muscle movements
may be impaired in sternal, ventral or (even more so)
dorsal recumbency during anaesthesia.

The complex system of airways — from the bronchi
connected to the abdominal and caudal thoracic air
sacs back to the secondary bronchi within the lung,
then on to the cranial thoracic, clavicular and cervical
airsacs and back into the lung — allows a unidirectional
path through the majority of the lung tissue for the
majority of the respiratory air (Figure 5.16).

Gas-exchange tissue

Final gaseous exchange takes place in the smallest
section of the airway, the air capillary. Originating
from a central parabronchus, the air capillaries of one
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pulmonary lobule arise from numerous atria and form
an anastomosing three-dimensional network through
which the air passes and finally again reaches a
parabronchus. Between the air capillaries, blood
capillaries form a matching network, thus allowing for
a close area of contact enabling gaseous exchange.
The parabronchi contain cartilaginous shards and
smooth muscle whereby airway size is controlled.
Comparable to mammalian pulmonary alveoli, the air
capillaries are covered by a phospholipid-containing
surfactant. Because they are much smaller (3—10 pm,
smallest in passerines) than their mammalian
equivalent (35-50 ym), a greater oxygen diffusion
gradient is encouraged and the risk for pulmonary
oedema is decreased in the avian lung. Additionally,
the blood—gas barrier is one-third thinner in birds than
in mammals. As there are no blind-ending parts within
the gas-exchanging tissue of the avian lung, there is
no dead space (residual air volume) during the
respiratory cycle and nearly all the air is involved in
gaseous exchange. The avian lung also has a 20%
greater volume of capillary blood per gram organ
weight than the mammalian lung.
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All the features of the avian respiratory system
make gaseous exchange in birds far more effective
than in mammals and allow ‘full-blooded’ flight
under conditions (e.g. at great heights with low
oxygen pressure) that would result in extreme
hypoxia in mammals.

Urogenital system

Urinary tract

The kidneys (Figure 5.17) lie in the renal fossae
formed by the synsacrum and the iliac bone and are
thus well protected. Each kidney is divided into a
cranial, middle and caudal division (or ‘lobe’) by blood
vessels passing the kidneys (Figure 5.18). As in
mammals, the kidneys are responsible for maintaining
the water and salt content of the body and dispose of
metabolic waste products via ultra-filtration of the
blood. The organ has a distinct outer cortical and an
inner medullar layer and is subdivided into lobules.
Birds have no renal pelvis butinstead display branches
of the ureter.

Pigeon dissection showing the position of the
kidneys (K), the adjacent testes (T) and the

ureter and the spermatic duct running towards the
urodeum of the cloaca (C). L = lung

m Schematic
drawing
displaying the vascular
system of the kidney
(modified after Baumel,
1993). The encircled
areas show the
localization of the renal
valve that enables
redirection of venous
return. 1 = descending
aorta and cranial vena
cava; 2 = cranial portal
vein; 3 = external iliac
artery and vein;

4 = caudal portal vein;
5 = caudal renal vein;
6 = ischiadic artery and
vein; 7 = internal iliac
vein; 8 = median sacral
artery and caudal
mesenteric vein.
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Nephrons

The nephron is the functional unit of the kidney. It
consists of a capillary glomerulus (Figure 5.19) that
forces the primary urine into the Bowman’s capsule
and on into the nephronal tubule system, where water
and salts are exchanged according to a counter-
current system with the concomitant peritubular
capillary system of the kidney. Two different types of
nephron can be found in the avian kidney: the ‘avian’
or medullar type (as described above) located within
the medulla; and the ‘reptilian’ or cortical type located
within the cortex and containing a less-developed
glomerulus and no nephronal loop. The latter type is
unable to concentrate salts in the tubular system.

L
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tubules and |
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m Cross-section of the kidney at high
magnification, displaying one lobule. (Original
magnification x 50; H&E.)

Uric acid

The end product of avian nitrogen metabolism is uric
acid (rather than urea as in mammals). Uric acid is
formed in the liver and excreted via both glomerular
filtration and tubular secretion. Mixed with salts, uric
acid forms spheres that in combination with mucus
become a colloidal solution within the ureter, thus
preventing the insoluble urates from precipitating
within the body.

Renal portal system

The development of a renal portal system (see Figure
5.18) is another distinct feature of the avian kidney.
Blood from an afferent venous system (i.e. the renal
portal vein), as well as the blood of the efferent venous
flow from the glomerulus, drains into the counterflow
peritubular capillary plexus that surrounds the neph-
ronal loop. Thus, the secretion efficiency of toxic
metabolites via the tubular system is enhanced com-
pared to mammals. Approximately two-thirds of the
blood entering the kidneys is derived from the low-
pressure venous system, whereas the high-pressure
blood supply for glomerular filtration is achieved by
input from the three renal arteries (cranial renal, exter-
nal iliac, ischiadic). The renal portal vein collects
blood from the external iliac, ischiadic, internal iliac
and caudal mesenteric veins via a ring-like portal sys-
tem. The venous blood thus collected from the hind
leg and the caudal parts of the body and body cavity
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then drains via the portal vein into the peritubular cap-
illary system, allowing excretion of urates from the
caudal part of the body. A valve within the portal ring
is able to shunt the venous blood either away from or
through the whole kidney or only parts of the kidney.
The smooth muscles within the shunt are innervated
by adrenergic (relaxation) and cholinergic (contrac-
tion) nerve fibres, and it has been suggested that in
times of exertion, such as during flight, the valve is
open and blood from the hind limbs is directed to the
central circulation (Burrows et al., 1983). A clinical
implication of this renal shunt system is that injection
of drugs into the legs may therefore lead to toxic lev-
els within the renal tissue, or even to direct excretion
of the drug without achieving working dosages in
other parts of the body (see Chapter 8).

Urine

The urine of birds is comparatively viscous, due to its
high mucus content and the colloid dispersion of uric
acid crystals. It flows through the ureter towards the
urogenital division of the cloaca: the urodeum. Via
retrograde peristaltic movement, the urine may then
be transferred into the coprodeum and even into the
colorectum and the caecum, where it may be stored
until defecation and further concentrated due to water
and salt reabsorption in the bowel (particularly in birds
living in arid or semi-arid surroundings).

Genital tract

Male

In contrast to mammals, the avian male gonad
remains at its site of origin, i.e. next to the adrenal
gland and medial to the cranial division of the kidney
(see Figure 5.17). The size of the testes may vary
with sexual activity phases. Avian testes have no
connective tissue capsule and are thus pliant and
display a well developed superficial blood vessel
system. Sperm, produced within the testicular semini-
ferous ducts, is moved via efferent ductuli to the
caput epididymidis, which is situated medial to
the gonad.

It is difficult to identify separately the epididymis
and ductus deferens (as in mammals) of the spermatic
duct, because the whole sperm-transporting con-
voluted duct then runs in one direction. Generally, the
part situated immediately alongside the gonad is
termed the epididymis and the remaining descending
part is called the ductus deferens. The caudal part of
the spermatic duct enlarges distally to form the sperm
receptacle or seminal glomerulus. The latter is
particularly well developed and convoluted in
passerine species. The duct opens into the urodeum.
The external projection caused by the seminal
glomerulus during the nuptial phase is called the
cloacal promontory, and enables male passerine
birds to be sexed. Copulation and insemination are
achieved via a vestigial non-protruding phallus when
the cloacae of the male and female are pressed
together in the mating process. After copulation,
sperm are stored within mucosal folds of the female
genital tract (see below).
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Female

In most female birds, only the left side of the repro-
ductive tract is fully and functionally developed.
Rudiments of the right oviduct may occur in the form of
fluid-containing cysts originating from the urodeum.

In certain falconiform birds the female may
possess paired ovaries and reproductive tracts.
Paired ovaries and genital tracts, whereby the right-
side organs sometimes appear to be only vestigial,
have been reported for the genera Accipiter, Circus,
Falco, Buteo and Aquila. Paired ovaries may also
occur in pigeons and some passerine birds but are
considered less frequent and therefore ‘abnormalities’
in these species. The condition may lead to mis-
sexing by mistaking paired ovaries for testes.

Ovary: The ovary is closely attached to the body wall
via a short and heavily vascularized mesovary and
(like the testis) lies next to the adrenal gland and
medial to the cranial division of the ipsilateral kidney.
Itis also in close contact with the adjacent abdominal
air sac.

Prior to and particularly during the mating season,
the surface of the ovary is covered with many follicles.
These are small in immature birds and are enlarged
by incorporation of yolk material in adult mating birds.
The follicle comprises a thin epithelial covering
suspended on a stalk of blood vessels, nerves,
smooth muscle and connective tissue fibres, and the
large oocyte (egg cell) containing the characteristic
yolk material. Because the follicle cover displays a
thin non-vascularized ‘equator’ line (i.e. the stigma), it
opens at this weak spot and releases the oocyte
during ovulation. The oocyte is then ‘grasped’ by the
capacious cranial opening (infundibulum) of the ovi-
duct. Oocytes that have not been grasped by the
infundibulum are generally reabsorbed.

The emptied follicle tissue, or calyx, regresses
after ovulation and an avian post-ovulatory follicle
develops rather than a corpus luteum. Vertebrate
groups in which viviparity has not evolved (as with
birds) generally exhibit a predominantly pre-ovulatory
pattern of progesterone production (Callard et al.,
1992), while the post-ovulatory follicle is suggested to
contain relaxin-like peptides (Brackett et al., 1997).
The regression of the avian post-ovulatory follicle is
extremely rapid; for example, in pigeons all post-
ovulatory follicles have disappeared at the beginning
of the next laying cycle (e.g. after 25-30 days).

Oviduct: The oviduct is responsible for egg-cell
impregnation as well as for the production of the
numerous layers ensheathing the egg cell that
collectively form the avian egg. The ‘classical
morphological subdivision of the female genital tract
into oviduct proper (tube), uterus and vagina is applied
and defined by the particular egg layer produced in
each division (Figure 5.20). The oviduct is suspended
from dorsal and ventral ligaments that maintain the
extensive oviduct vasculature, and its size depends
on seasonal sexual activity. The avian oviduct has a
highly regulated size—function relationship consistent
with the high maintenance energy cost of this organ.
Accordingly, the oviduct regresses during late
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oviposition ‘from the top down’ as soon as the more
proximal regions have completed their function while
the distal regions still retain an oviductal egg (Williams
and Ames, 2004).

Cloaca

The cloaca is the terminal portion of both the uro-
genital tract and the alimentary tract, each of which
forms a compartment of the cloaca: the urodeum
and the coprodeum, respectively. The outermost
compartment of the cloaca is the proctodeum,
which, together with the dorsal and ventral vental
labia, forms the vent, i.e. the opening for urogenital
and alimentary tracts.

e The coprodeum is the cranial cloacal
compartment and is generally not distinctly
delineated from the rectum. Delineation from the
adjacent urodeum is achieved by a distinct
muscular fold that ‘shields’ the urodeum and
proctodeum from faecal contamination in healthy
birds: if the coprodeum is full of faeces, eversion
of the copro-urodeal fold through the urodeum to
the outside enables defecation. During egg-
laying, the copro-urodeal fold is contracted and
thus prevents contamination.

e The urodeum contains the openings of the
genital tract and the urinary tract. While the
ureter opens dorsally into the urodeum, the
papilliform opening of either vagina or ductus
deferens is situated ventrolaterally.

Delineation from the last compartment of the
cloaca is again achieved via a contractible
uro-proctodeal fold.
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e The proctodeum contains the dorsal access to
the cloacal bursa (see ‘Lymphatic system’,
below) and can contain a variety of tumescent
mucosal structures, including the already
mentioned vestigial non-prudent phallus. The
dorsal and ventral vental labia may contain
mucous glands, and form the outer opening.

Cardiovascular system

Birds have to be able to sustain sudden and prolonged
high levels of muscular activity. Thus, the avian heart
is relatively larger and beats faster (200-800 beats/
min) than that of mammals of equal size. Birds have
a high cardiac output combined with a higher arterial
blood pressure (180/140 mmHg).

The four-chambered heart lies ventral to the lung
and cranial to the liver (see Figure 5.10). It is sur-
rounded by the pericardium, which is attached to
the sternum via sternopericardiac ligaments and the
hepatic peritoneal sacs. The right atrioventricular valve
is a muscular flap on the free wall of the ventricle; all
the other valves are similar to those of mammals.

The arteries and veins are broadly similar in dis-
tribution to those of mammals. Two venous anasto-
moses are distinct:

¢ Ajugular anastomosis at the head—neck border
allowing the blood in the left jugular vein to be
shunted to the much larger right jugular vein

¢ An anastomosis between the femoral and
ischiadic veins allowing the femoral vein to be the
main venous return of the leg (Figure 5.21).

Birds have a right and a left cranial caval vein
while the caudal caval vein reaches only up to the
cranial renal divison. There is no azygous vein within
the thorax. Passerine birds feature only the left
carotid artery.

m Dissected hindlimb of a falcon to show
superficial and deep vascular structures, with
associated nerves, on the medial aspect. (@) 1 = external
iliac artery and vein; 2 = ischiadic artery and vein;

3 = medial femoral vein. (b) 1 = ischiadic artery and
nerve; 2 = ischiadic vein; 3 = caudal tibial artery and
lateral plantar nerve (tibialis nerve); 4 = cranial tibial artery
and right profundus fibularis nerve. (continues) >
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@ (continued) Dissected hindlimb of a falcon to
show superficial and deep vascular structures,
with associated nerves, on the medial aspect. (e) 1 =
medial femoral vein; 2 = ischiadic vein; 3 = caudal tibial
vein; 4 = superficial plantar metatarsal vein.

Details of renal circulation have been described
above. At times of maximum energy demand, the
blood can even bypass the kidney altogether.

Blood cells are illustrated in Chapter 9.

Lymphatic system

The central lymphatic organs of birds are the bone
marrow and the thymus, and also the cloacal bursa
(which is unique to birds). Peripheral lymphatic tis-
sue can be found within the spleen and within the
walls of the respiratory and gastrointestinal tracts
(aggregated mucosal lymph nodules known as organ
‘tonsils’ are found within, for example, the caeca,
stomach and lung). Macroscopic lymph nodes are
generally not developed.

The thymus can be found along the length of the
neck, lying directly beneath the skin, and may be
lobated. It is the source of T-lymphocytes. The cloacal
bursa is situated in the dorsal wall of the proctodeal
division of the cloaca, from which it can be probed. It
is the source of B-lymphocytes. Both the thymus and
cloacal bursa undergo fatty involution with the onset
of sexual maturity.

The spleen lies within the dorsal mesentery
between the proventriculus and the gizzard. Apart
from its lymphatic function, the spleen may also be
responsible for recycling of aged erythrocytes, though
this is mainly achieved in the liver in birds.

The lymphatic ducts drain into the caval veins.
Within the trunk, they usually accompany the major
arteries, whereas within limb and neck regions they
follow the major veins.

Endocrine system

The hypophyseal and the epiphyseal glands are simi-
lar to those of mammals. They are responsible for
controlling seasonal or diurnal cycles and affect sub-
ordinate hormone glands. Light is the most powerful
stimulus and can affect the system via three different
pathways in birds: the eyes, the pineal gland and the
extra-retinal photoreceptors located in the brain,
which in turn communicate via rhythmic synthesis
and release of the hormone melatonin. The matched
thyroid glands are situated close to the trachea at the
level of the coracoid bones. The parathyroids and the
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ultimobranchial body can be found in close proximity.
The adrenal glands are medio-cranial to the cranial
kidney division. Corticosteroid-producing (interrenal)
cells (cortical in mammals) and adrenal cells (medul-
lary in mammals) are intermixed in birds. For the pan-
creas, see ‘Digestive system’ and Figure 5.9 above;
for the gonads, see ‘Urogenital system’ above.

Nervous system

The avian central nervous system is similar to that of
mammals, although the brain is not as large as in
mammals of comparable size.

While the cortical cortex is poorly developed, the
optic lobe is huge, and the total cross-sectional area
of the optic nerves is greater than that of the cervical
spinal cord, as can be expected in macrophthalmic
animals. The olfactory region, on the other hand, is
generally poorly developed.

Passerine birds are characterized by their com-
paratively large brain size, advanced capacity for
learning and overall behavioural plasticity and there-
fore display appropriate anatomical features of the
nervous system. For example, oscine passerines (i.e.
‘typical’ songbirds) feature characteristic oestrogen
receptor-bearing cell areas in the forebrain that are
presumably related to the steroid-dependent differen-
tiation of vocal control areas (Gahr et al., 1993). Food-
storing passerine species display an enlarged
hippocampal complex, i.e. the area of the brain that
enables a map-like representation of environmental
landmarks used for navigation, as an adaptation
associated with the use of a specialized memory
capacity (Krebs et al., 1989). Pigeons, particularly the
homing pigeon, likewise feature specific function-
related characteristics. Two conflicting hypotheses
compete to explain how a homing pigeon can return
to its loft over great distances (Mora et al., 2004;
Gagliardo et al., 2006): one suggests the perception
of atmospheric odours (via the olfactory branch of the
trigeminal nerve) and the other the perception of the
Earth’s magnetic field (via superparamagnetic mag-
netite crystals within the afferent trigeminal nerve ter-
minals of the upper beak and the ophthalmic branch
of the trigeminal nerve) as mediators for homing.

Structural features of the avian spinal cord are
comparable to those in mammals. Typical avian
peculiarities are that the length of the spinal cord
equals that of the vertebral column (i.e. there is no
cauda equina) and that there are marginal nuclei
within the peripheral white matter that are likely to be
ventral commissural neurons projecting information
across the cord. The so-called glycogen body within
the lumbosacral cord is thought to regulate vascular
reflexes and to secrete neuropeptides.

Both brain and spinal cord are ensheathed in the
meninges. The epidural space is filled with a gelatinous
rather than a liquid substance.

Special characteristics of the avian lumbosacral
spinal cord (i.e. enlargement around the large
glycogenbody and a system of lumbosacral meningeal
canals that look like and may function in a similar
manner to the semicircular canals in the inner ear)
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have recently been interpreted as a sense organ for
equilibrium that matures rapidly after hatching in
semi-precocial birds such as the pigeon and is
assumed to play a role in the control of locomotion on
the ground (Necker, 2005).

Cervicothoracic and lumbosacral swellings of
the cord represent the origins of the brachial and
lumbosacral plexus for the spinal nerves supplying
wing and leg. Nerves from the lumbosacral plexus
run between the kidneys and the pelvis before reach-
ing the leg.

The autonomic nervous system is comparable to
that of mammals. A typical avian characteristic is the
structure of the cervical part of the sympathetic nerve
system: the vertebral nerve (running along the cervical
vertebral column) that carries sympathetic nerve
fibres to the neck region contains numerous segmental
cervical ganglia in birds and thus forms a ‘neck
division’ of the sympathetic trunk.

Senses

Vision is a bird’s most important sense and only the
eye is discussed here in detail.

The eye and vision
In most birds, the weight of the eye exceeds or at
least equals that of the brain.

The structure of the avian eye (Figure 5.22) is
adapted to the bird’s need for three-dimensional ori-
entation during flight and to behavioural peculiarities.
The eye has small rostral chambers (the anterior and
the posterior chamber in anatomical terms) and the
cornea is thinner than in mammals. The caudal por-
tion of the eye (the vitreous chamber, containing the
vitreous body) is much larger and is species-specifi-
cally shaped.

e Slender-headed day-active birds (e.g. pigeons)
have a discus-like flat posterior chamber, with a
resulting short eye axis.

e Day-active bird species with broader heads (e.g.
day-active raptors; many passerine birds, such

as sparrows) have a conically shaped posterior
chamber, allowing the retina to have all-round
visual acuity (rather than a single region of acute
vision as in mammals).

¢ Night-active raptors, such as owls, have a tube-
like posterior chamber with a distinctly concave
middle region.

In all bird species, the optical axis of both cornea
and lens converge towards the middle of the eye, in
order to support binocular vision.

The bulb of the eye and its internal muscles are
stabilized by osseous scleral platelets that adhere to
the cornea. The ciliary body suspends the lens and
contains two striated muscles. Thus, birds have
conscious control over the iris.

The lens s softer than in mammals, enabling quick
accommodation, and itis also transparent to ultraviolet
light. The lens accommodation is controlled by a
sclerocorneal muscle that forces the ciliary body
against the lens, increasing the curvature of the lens.
The shape of the lens is related to behaviour of the
species. The insertion area of the ciliary body is
shaped as an annular pad that is particularly well
developed in day-active raptors, such as hawks, and
reduced in night-active species. The anterior face of
the bi-concave lens is much flatter in day-active birds
compared with night-active species.

The avian retina is comparatively thick and
avascular. Density and distribution of cones and rods
is again related to habit: day-active birds display more
cones than rods, and vice versa in night-active
species. Each cone has its own ganglion and the
brain receives a one-to-one signal, thus enabling
excellent visual acuity. In contrast, several rods are
synapsed to a single ganglion, allowing even small
amounts of light to trigger an impulse and thus
enhancing night vision. The retinal area with the
greatest density of rods (area centralis) represents
the centre of maximum optical resolution. It may
contain a slight concavity, the fovea centralis. The
structure of this central fovea is characteristic in
different bird species.
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e Seed-eating birds possess a single, round central
fovea near the optical axis of the eye. This
presumably allows the bird to concentrate firmly
on an object and its position.

¢ Bird species living in spacious surroundings
possess a horizontal area centralis with a
single fovea. Presumably this allows for using
the position of the horizon as an optical
reference point.

e Day-active raptors possess a pair of central
foveae: one close to the optical axis, the other
on the temporal aspect of the eye. This allows
precise assessment of distance (environmental
landmarks) and relative velocity of moving
objects (prey) during flight. The temporal fovea
is sited in such a way that the image is
projected to both the left and the right eye.
Thus, these species presumably have
stereoscopic binocular vision.

The eyes of diurnal birds of prey possess more
sensory cells in the upper hemisphere (which
perceives images from the ground) than in the lower
hemisphere (which perceives images from the sky).
Thus these birds tend to invert their heads either near
the belly or over the back when they want a better
overhead view (Brown, 1997).

The pecten oculi is a thin pleated structure within
the vitreous chamber that is associated with the optic
disc and the optic nerve. The pecten is a densely
vascularized and heavily pigmented structure with
many melanocytes. It may function as an intraocular
‘shade’ against glistening sunlight and is probably
involved in supplying nutrients and oxygen to the
relatively avascular posterior segment of the eye.

The cornea is protected by the upper and lower
eyelids (which may have setae) as well as a
predominantly transparent (particularly in day-active
birds) nictitating membrane (i.e. the third eyelid).
Eyelid movement, achieved by palpebral muscles,
spreads the secretion of the lacrimal gland of the third
eyelid; it is then drained by the tear duct originating at
the nasal angle of the eye. By way of eye protection,
many raptors close the nictitating membrane prior to
striking their prey. Falcons use their third eyelid as an
ocular protective layer during stoop flight, comparable
to the osprey closing the third eyelid under water.
Pigeons employ all three eyelids to blink.
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Handling and transport

Aidan Raftery

Capture

Basic equipment for capturing and handling birds
includes:

e Towels: paper or cloth
— Paper best (disposable) but only useful for
small birds
— Towels need to be washed and autoclaved
between uses
e Gloves: avoid if possible (with exception of
raptors, where only one glove is needed) as they
reduce dexterity; more likely to result in injury to
patient and handler
* Hoods: if used, should be provided by the
falconer (difficult to sterilize)
* Nets:
— Need to be of appropriate size and mesh
diameter for each patient
— Must be easy to sterilize
— Should have padded rim, flexible on at least
one side.

Good organization is essential: prolonged attempts
to capture a bird will cause additional stress (this is
especially crucial for smaller and more critically ill
birds, which more easily go into shock); and incorrect
or clumsy attempts at restraint will put both bird and
handler at risk of injury.

Capture therefore needs to be planned in advance
and executed smoothly, with a calm approach that
generates the minimum of stress. Ideally the bird
should not realize the handler’s intentions until it is in
their grasp.

e If the bird is to be captured from a cage in a
consulting room, all windows and doors need to
be closed securely in case the bird escapes into
the room.

e Similarly there should be no possibility of
escape from an aviary during capture attempts.
Double-door systems with doors opening
inwards are strongly recommended; otherwise
there is a high risk of escape when entering or
leaving the aviary. Hanging cloth or plastic strips
at the entrance is not an effective alternative to
double doors.

e Asuitable transport cage should be ready for the
bird after it has been captured.
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Capturing raptors

Raptors are often kept in aviaries. Hunting falconry
birds are usually kept on a perch or block (see Chapter
2). Trained birds are easily captured by their handler.
The recommended capture method is the least
traumatic possible for the bird in its situation.

Perches and blocks

To facilitate capture, falcons are often hooded first.
Birds kept on a perch or block can be asked to step
on to a gloved hand by grasping the leash or jesses
and placing the gloved hand either in front of or behind
the bird. Once on the glove the bird can be cast with
a towel by an assistant.

Aviaries

A trained raptor loose in an aviary may step on to a
gloved hand, or sometimes the feet can be grasped
and then the bird is secured in a towel.

Towels: Capture may sometimes be achieved by
simply throwing a towel over and then wrapping the
bird with it. All raptors (including owls, but not vul-
tures) may flip on their backs to defend themselves,
in which case:

1. Using one hand, dangle a towel towards the
bird’s legs.

2. The bird will grasp the towel and can be lifted into
the air.

3. With the other hand (which needs to be gloved)
grab the bird’s feet, turn it around and secure
its wings.

Nets: If a capture net is necessary (and this should be
only as a last resort), the approach should be calm.
The lighting should be reduced for diurnal species;
conversely, increased lighting may help in capturing
nocturnal species. The net must be deep enough to
contain the bird if it is used to push the raptor to the
ground; or, if being used for trapping, it needs to be
deep enough to be flipped 180 degrees to close the
net. The mesh should be of a size that avoids
the bird’s limbs or digits becoming entwined. Once
in the net, the bird is immediately secured by placing
a towel round its body to prevent it from flapping its
wings and injuring itself or breaking feathers.
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Capturing pigeons

Exotic pigeon and dove species kept in aviculture are
usually calm birds that readily become tame, but
some aviary species will panic and shed feathers,
especially if capture attempts are prolonged. Similar
principles as described below for passerine birds
apply. Free-flying exhibition varieties and racing
pigeons are usually easily caught by their keeper
when in the loft.

Capturing passerine birds
Passerine birds are usually kept in either an aviary or
a cage.

Aviaries

Catching birds in an aviary can be very difficult. If
possible, the lighting should be reduced and then the
bird should be calmly driven away from its co-
inhabitants into a separate area or ideally into a trap.
The capture needs to be quick and smooth.

e Capture traps, built into the aviary, are areas into
which the birds can be corralled and which can
then be closed off from the main body of the
aviary. Sometimes they can then be detached
and function as a transport cage.

e Towels are often used as visual barriers to enable
corralling or capture.

e Hand nets (Figure 6.1) may also be used. The
net should be small (rim 15 cm in diameter for
finches) and its mesh, ideally nylon, must be the
correct size for the species, both to prevent
escape and to prevent limbs becoming
entangled. Risk of injury in small birds is reduced
if the rim is padded and flexible. The net must be
deep enough to contain the bird and able to be
flipped through 180 degrees to ‘bag’ it.

e Mist nets may be needed in large heavily planted
aviaries if there is no built-in capture trap. Mist
netting is much more stressful to the birds, which
can be critical for those already in poor health.

m A good quality bird net, with soft mesh and a
padded rim. (© John Chitty)

Cages

The lighting should be reduced and most of the cage
furniture should be removed. Capture is best achieved
with the aid of a disposable paper towel, or for larger
birds a cotton towel. With very small birds, however,
the towel may impede safe restraint. For most
passerine species the use of gloves is unnecessary
and is more likely to injure the bird.
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Transport

Transport methods depend on the species, the bird’s
size and its training. In general it is best to assume
that travelling is a stressful experience and attempts
should be made to reduce the stress as much as
possible. This will have the greatest effect on the
smallest species, especially if they are ill.

The journey should be planned so that the bird’s
time spent in an unfamiliar container and in travelling
is minimized. Thus the bird should be transported as
soon as it is placed in the container and arrangements
should be made to ensure that facilities at the end of
the journey (be that a new enclosure or provision of
veterinary care) are ready for the bird as soon as it
arrives.

It is best to transport diurnal species at night, and
nocturnal species during the day, when they will be
inactive. Travelling at night in the summer months
may also result in a more favourable ambient
temperature. Large fluctuations in temperature during
transport should be avoided and the container should
be kept darkened and protected from direct sunlight,
and should be well ventilated. Precautions should be
taken to ensure that the bird is not breathing in engine
fumes or other noxious gases during the journey and
that it is protected from any startling loud noises.

All containers need to be secure. If a container is
to be reused for other birds, the best material is plastic
as it is impervious to water and is easily cleaned,
disinfected and dried. Cleaning is very important:
faeces and food contamination can act as fomites as
well as supporting fungal growth to produce fungal
spores and other dust that may be inhaled.

Transport of raptors

Raptors should always travel individually, in closed
darkened boxes with plenty of ventilation (Figure 6.2).
The box should be constructed of plastic or some
other material impervious to water. Traditional wooden
boxes can get damp and go mouldy, which results in
spore formation as the box dries out, leaving the next
bird at risk of inhaling fungal spores.

(a) Harris’ Hawk in a

travelling box.
(continues)
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(continued)

(b) Raptor
transport boxes
can be
fashioned out of
anything. The
important issues
are that they are
easily cleaned
and disinfected,
have a perch,
are secure and
dark, and the
tether can be
secured on the
outside.

(b, © John
Chitty)

Container design

e The bird should not be touching the top or sides
of the box and it is important to ensure that there
is no risk of damage to feathers, especially wing
tips and tails, from contact with the floor or sides.

e A tail guard is recommended to protect the tail
feathers. This can be made from X-ray film or
cardboard and fixed to the tail with tape that
comes off easily without damaging the feathers
(Figure 6.3). Alternatively a rubber band can be
used to keep the tail feathers together so that
they protect and support each other.

e A perchis usually provided for trained birds, but

untrained and wild birds travel best without a

perch as they will sometimes lie down. Where a

perch is provided it must be of a suitable size and

provide an adequate grip.

The floor should be of a non-slip material,

preferably with a soft surface (e.g. carpet,

which gives a good grip and can be removed

for cleaning).

If possible the walls should be also be lined with

removable carpet or other padding.

m Tail guards may be fitted to travelling raptors to
prevent damage to the deck feathers.
(© Michael Lierz)

Management for transport

e Spraying with water before transport will calm
some nervous birds.

e For the transport of healthy raptors for less than
36 hours, food and water are not required (with
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the exception of areas where ambient
temperatures are above 25°C, when water
should be provided during the journey).

e |n most cases, birds that are fitted with jesses
will have the leash attached to make it easier to
capture them. However, hooded falcons are
often transported without a leash to avoid
trapping themselves.

e Trained falconry birds are often transported
hooded and simply perched in a car on a cadge
(Figure 6.4).

(a) Use of a cadge to transport hooded falcons.
The leash length and spacing between the
birds should be such that, if the hood comes off one of the
birds, it will not be able to reach and attack other birds.
(b) Smaller carrying cadge. Hooding is an effective
means of calming travelling raptors. (b, © John Chitty)

Transport of pigeons

Most show and racing pigeons are relatively calm
birds and there are fewer problems in transporting
them. Specialized transport containers are available
commercially (Figure 6.5). Alternatively, for short
journeys and following the principles set out above,
many containers (e.g. disposable cardboard boxes)
can be utilized as improvised transport boxes. In
summary the container needs to be secure, darkened,
well ventilated, with enough room to stand up and
something to grip on the floor (perches are not
provided in pigeon transport boxes). There should not
be enough room to flap wings as this makes injury,
especially feather damage, more likely.
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m Pigeon in travelling box. (© John Chitty)

Transport of passerine birds

Passerine birds are usually transported either in small
cardboard boxes or in specially designed transport
cages (Figure 6.6).
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m Bali Starling brought to the clinic in a travelling/
show cage. (© John Chitty)

e Cardboard boxes are satisfactory if the journey is
to be a short one, but species with sharp strong
beaks will need the security of a transport cage
even for short journeys.

e Transport cages for passerine birds usually
contain a small perch and the opening is often
very small, designed so that a normal-sized hand
can fit in without leaving any big gaps for the bird
to escape through during the capture. This is
problematic for those with big hands or when a
towel is used for the capture.

Container design

e Provision of perches will make birds more
comfortable and will keep the tail feathers from
being soiled and damaged.

e There should not be enough space to allow flight
within the container, as this would greatly
increase the chances of injury during transport.

e For highly strung species, the top of the container
should be padded.

Management for transport

¢ The inside of the container should be as dark as
possible but with enough light so that the birds
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can find food or water if they are being
transported during the day.

e Food can be scattered on the floor and water is
best provided as pieces of fruit or as moist
sponges.

e It can often be less stressful if breeding pairs are
transported together.

e Small birds of the same species can be
transported in groups, but only compatible birds
that will not fight should travel together. Each
bird should have enough space to be able to
assume normal posture and to groom itself
unimpeded by other birds.

Handling

It is essential that the veterinary team is proficient in
handling the species that are being accepted as
patients. Familiarity and proficiency with handling
techniques will reduce stress for the patient and
reduce the risk of injury to both bird and veterinary
staff. Skilled handling will instil the owner with confi-
dence in the veterinary clinician, resulting in a mutu-
ally beneficial client—clinician relationship. Additionally,
good handling skills are essential if a good clinical
examination is to be completed.

Handling raptors

In all raptors and owls the feet are dangerous; vultures
(Figure 6.7), eagles, owls and falcons will also bite. In
general it is safest to regard both bill and feet as
dangerous and properly restrain both.

Restraint of a large vulture requires control of

the head primarily, as these species can inflict a
nasty bite. The handler is wearing an eagle sleeve in
addition to a glove. In Gyps species, as here, the feet are
not a significant threat, but in some (e.g. Torgos spp.) the
feet are dangerous too and therefore at least two handlers
are always needed. (© John Chitty)

Trained raptors will usually be presented to the
veterinary surgeon on the glove, with the falconer
holding the leash short, i.e. ‘on the fist’. From this
position the bird can be cast using a towel (Figure
6.8). The bird is approached from behind and grasped
with a towel large enough to control the wings
adequately. Effective restraint of the wings is especially
important to prevent damage to them, which in a
falconry bird may end its usefulness to its owner.
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b 5 A

m Casting a hooded falcon. The bird is approached from behind with a towel which is placed around the body
restraining the wings. The feet are controlled simultaneously between the small and ring fingers. The bird is then

positioned to facilitate examination. (© Michael Lierz)

The bird is held with its back towards the handler’s
chest. The feet should be also held, either one in each
hand or, preferably, both feet in one hand with a finger
between the legs. Those with small hands may find it
difficult to restrain larger birds safely.

It is possible to restrain smaller species by holding
wing and tail feathers and feet in one hand, with the
second hand securing the head and neck. However,
raptors in this situation will often damage their own
tail feathers by grasping them. Some falconers will be
unhappy with this restraint method and it should be
avoided.

Hooded birds are much easier to restrain. The
hood will only be removed to allow clinical examination
of the head.

Risks to the handler

e Hawks and falcons may inflict wounds with
both their beaks and talons.

e Wultures (which also have dangerous beaks)
may regurgitate foul-smelling stomach
contents. The regurgitation is a stress
response, often before handling, and is not
desirable. Therefore ideally handling should be
planned around feeding times.

e Pigeons may defecate during handling.

e Passerine birds may stab or bite with the beak.
Ability to cause injury depends on beak type
and size.

Removal from container

Aviary raptors are often presented in a transport box
with a side door. They should be restrained with a
towel as described above. A cardboard box opening
at the top is the most common improvised transport
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container. In this case the room lighting should be
turned down (except in the case of owls) and the bird
is captured from the box by placing a large towel over
the opening and collapsing it on to the bird (Figure
6.9). The feet and wings can then be controlled
through the towel. Gaining control of the feet is very
important before attempting to lift out the bird.
Sometimes a gloved assistant may be needed to
reach beneath the towel to capture the feet so that the
bird can be safely lifted from the container, with the
primary handler controlling the wings. Alternatively,
with a large bird, the primary handler grasps a leg in
each hand and the assistant holds the bird’s head.

m Using a towel to capture a Red-tailed Hawk from
an improvised transporter (a cardboard box).

Occasionally a bird will lie on its back and defend
itself with its feet, making capture and restraint more
difficult. In this case the feet should be grabbed with a
gloved hand and then the bird is supported upright
whilst an assistant uses a towel to cast it, simul-
taneously controlling and protecting the wings.
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Releasing a raptor’s grip

If a handler is impaled by the talons of a raptor, the
bird should be released. (This is one of those
occasions that proves the importance of proper
preparation and securing of windows and doors
before attempting capture, so that the bird cannot
escape from the room.) If the bird struggles, its
grasp will tighten and an assistant will be needed
to release the grip. The first task is to straighten
the bird’s leg to relax the tendon-tightening
mechanism. Forcible disengagement from the grip
of a large raptor such as a Golden Eagle is
extremely difficult.

Handling pigeons

Pigeons are submissive and do not peck or scratch.
They can be held in a similar fashion as recommended
below for passerine birds, with the head projecting
between the thumb and the index finger, with or with-
out the use of a towel. More commonly these birds
are held with the legs extended backwards between
the middle and index fingers, with the thumb control-
ling the tail feathers and the wing tips (Figure 6.10).
The other hand should be cupped to support the front
of the body. Racing pigeons are used to being hand-
led and their owners often prefer to catch and restrain
the bird themselves. If necessary they are often cap-
able of holding the bird for clinical examination.

Restraint of a
racing pigeon.
(© John
Chitty)

Handling passerine birds
Passerine birds vary in size but the most commonly
presented species weigh less than 50 g. The most
common holding technique is to control the head by
having it projecting between the thumb and the index
finger. The bird’s back lies against the palm of the
hand, with the remaining fingers controlling one wing
and the other wing controlled by folding in the base of
the thumb (Figure 6.11a). The other hand is used to
control the legs which, being longer and thinner, are
much more prone to iatrogenic damage than psittacine
legs. The two feet should not be held against one
another but kept separate, to avoid trauma caused by
rubbing together if the bird struggles (Figure 6.11b).
An alternative holding method is to have the head
projecting between the index and middle fingers,
which leaves the thumb free to control one wing and
the remaining fingers to control the opposite wing
(Figure 6.11c).
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(a) Canary held using the most common grip.
(b) The correct method of securing the feet,
with a finger separating the legs. (€) The ‘ringer’s grip’,
demonstrated on a Greenfinch. (¢, © John Chitty)

Use of a small towel (preferably a disposable
paper towel) will help to control the wings and for the
tame bird is less likely to make it fearful of the handler’s
hands. Positioning of fingers is similar whether a towel
is used or not. Larger birds will be more easily caught
and held with a towel (Figure 6.12).

m Restraining a Greater Hill Mynah using a towel.

Most birds will not struggle if held firmly but gently,
but they should not be held across the sternum (if
movement of the sternum is restricted the bird will be
prevented from breathing). These methods of restraint
facilitate a good clinical examination, with most areas
that need to be examined being accessible.
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7

Examination, triage and

hospitalization

Romain Pizzi

Accepting an avian case

Signs that may not be an emergency when described
in a dog or cat could well be so in an avian patient.
Simple written guidelines are the best means of
ensuring that urgent cases are correctly prioritized,
especially in large practices with several reception
staff. Attempts should always be made in avian cases,
with the possible exception of chronic or ongoing
problems, to see birds within 24 hours. As a guideline
for receptionists, birds with signs listed in Figure 7.1
should be seen as soon as possible.

*  Any change in breathing pattern

Noisy breathing, ‘whistling’ sounds when breathing, change in

voice

Unsteady on feet or collapse

Nervous signs, twitching, or seizures

Acute injuries, or bleeding

Depression, appearing fluffed-up, change in normal behaviour

(Figure 7.2)

Suspected egg-binding or cloacal prolapse

o Changes in the appearance of mutes (faeces/urine in raptors) or
droppings (faeces/urine in pigeons and passerine birds)

*  Failure to turn the crop over (empty) or changes in casting time/
appearance (raptors) (Figure 7.3)

e Anorexia

m Emergencies that receptionists must schedule
to be seen as soon as possible.

m Egg-bound Zebra Finch. Note closed eyes and
fluffed feathers and the fact that the bird is on
the floor of the cage. This bird is severely ill and such a
presentation should be considered an emergency.

(© John Chitty)

A falcon’s normal
fresh casting,
consisting of fur and
feathers.

It is important for staff and clients to recognize
that birds will normally hide signs of ill health as an
anti-predator response. Disease may be far pro-
gressed or of a life-threatening nature, even if the
owner has only noticed mild or acute-onset clinical
signs. If in any doubt the rule should be to check with
the veterinary surgeon who normally sees avian
cases in the practice.

Receptionists also need simple guidelines on
how owners should best transport their bird to the
surgery (see Chapter 6) and what owners should
bring with them.

e For raptors a mute (faecal) sample, travel box
and a falconry glove should be brought in with
the bird. While the practice should have its own
basic falconry equipment, such as bow and block
perches for overnight stays and longer periods of
hospitalization, leather falconry gloves are more
difficult to disinfect adequately and it is often best
to use the owner’s own glove when hospitalizing
a raptor.

* Pigeons should be brought in a transport box,
with a fresh pooled faecal sample from the loft,
as well as a sample of the feed in a clear plastic
bag and any supplements given. Pigeon keepers
should also be encouraged to bring any
antiparasitic treatments and other medications
they may be using, so that the active ingredients
(rather than trade names) can be confirmed.
Photographs of the lofts are helpful in assessing
the husbandry and hygiene of the flock.

e Passerine birds are best brought in their normal
cage, which should not be cleaned out (to allow a
gross examination of the droppings). If the birds
are kept in an outdoor aviary, a pooled faecal
sample should be brought. While suitable for
parasitology, this unfortunately will not preserve
the gross appearance of the droppings, which
can yield useful additional information (see later).
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It is wise for receptionists to enquire on arrival if an
avian case is judged to be an emergency. If there is any
doubt, a veterinary nurse can perform a quick assess-
ment if the veterinary surgeon is busy. This will prevent
the scenario of a patient dying in the waiting room while
waiting to see the veterinary surgeon because no-one
was aware that it was an urgent case.

History and assessment of
husbandry

When presented with a sick bird, there is an immediate
inclination to perform a clinical examination. Triage is
clearly the priority, but once any life-saving interven-
tions have been performed, it is essential that a
comprehensive history be taken.

The history is an essential part of any health
assessment and in less urgent cases it can often
largely be completed in the reception area by means
of a questionnaire (Figure 7.4), while the veterinary
surgeon is occupied with other clients.
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Confirmation bias is best avoided by taking as
complete a history as possible before performing a
clinical examination. This will prevent unintentional
leading questions that will appear to confirm or
reinforce a premature presumptive diagnosis that
may be incorrect.

Clinical examination

The clinical examination of any bird presented to a
veterinary surgeon is the most important part of
any diagnostic work performed. No amount of time
or money spent on other diagnostic tests such as
ultrasonography, radiography, haematology and
biochemistry or endoscopy can compensate for
an incomplete or poorly performed examination,
as all other work should be based on its findings.
While some aspects of avian behaviour and anat-
omy can make examination different or more diffi-
cult, the basic principles remain the same as for
any other animal.

Raptor History Form

Please fill this in while you are waiting to see the veterinary surgeon

Date: Surname:
Species: Age:
Gender: Length of time owned:

Source of bird (captive bred/wild caught):

Hand or parent reared:

Flying weight: Moulting weight:
Current activity: Flight performance:
Aviary type:

Perching (block/bow/indoors/free flight):

Perch surface material:

Disinfection frequency and agent:

Mutes and casting appearance:

Other birds kept:

Type of quarry bird is flown at:

How often bird is flown:

Diet (chicks/quail/rats/other):

Diet storage (freezer):

How is frozen food defrosted (air thaw/water/overnight)?
Supplements given:

What is the problem you are seeing the vet for today?
When did you first notice signs?

Has the bird had any treatments at home for this?

Previous illness in this bird:

Other health problems in other birds this year:

Any other questions you would like to ask:

m Examples of history forms for raptors, pigeons and passerine birds. (continues) >
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Pigeon History Form
Please fill this in while you are waiting to see the veterinary surgeon

Date: Surname:
Age (squab/young bird/adult): Length of time owned:
Source of bird (bred/bought in): Type of bird (breeder, racer, show):

Flight performance if racer:

Loft types (stock/racing/widowhood/young bird):

Floor space:

Number of birds in loft: Perch number:

Stocking density (if known):

Flooring (slats/mesh/litter/scraped):

Disinfection frequency and agent:

Other birds kept:

Diet (please describe):

Any supplements given:

Routine vaccinations and other drugs:

What is the problem you are seeing the vet for today?

Is this an individual bird or a flock problem?

When did you first notice any signs?

Has the bird had any other treatments at home for this?

Any other health problems in other birds this year:

Any other questions you would like to ask:

Passerine Bird History Form
Please fill this in while you are waiting to see the veterinary surgeon

Date: Surname:
Age: Species/breed:
Purpose of stock (display/breeding/showing): Length of time owned:

Source of bird (bred/bought in):

Enclosure (cage or aviary): Enclosure size:

Site (indoor/outdoor): Contact with wild birds:
Perch type: Number of perches:
Flooring type (soil/litter/concrete):

Other enclosures:

Disinfection frequency and agent:

Bird species and numbers kept:

Diet (please describe):
Any supplements given:

What is the problem you are seeing the vet for today?

Is this an individual bird or a flock problem?

When did you first notice any signs?

Have the birds had any treatments at home for this?

Any other health problems in other birds this year:

Any other questions you would like to ask:

m Examples of history forms for raptors, pigeons and passerine birds.
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The purpose for which a bird is kept (racing, show-
ing, hunting, working, breeding) must always be keptin
mind when the examination is performed. Falconry
birds that are kept only for breeding, need different lev-
els of performance and hence physical perfection com-
pared to the same species used for hunting. The
financial value of the bird must also be taken into
account. While the decision making as to levels of
treatment is the owner’s to make and not the veterinary
surgeon’s, care must be taken not to limit treatment
options offered on presumed cost. Falconers may have
a very strong bond with a bird, even if it is not particu-
larly valuable in financial terms. Racing pigeons can be
surprisingly valuable; and owners of show canaries
may also highly value a particular individual and be
quite prepared to pay for extensive diagnostics and
treatment. In contrast, some working falconry birds are
worthless to their owner if not totally fit for their purpose
and may have a relatively low replacement cost, miti-
gating against protracted treatment.

Remote observation

Aremote examination of the bird’s behaviour is useful,
and of course easiest using binoculars if making a
site visit. Birds have excellent eyesight and will alter
their behaviour if they are aware of being watched, as
an anti-predator response.

In the surgery, looking through the keyhole in the
consulting room door or via a peephole can help. An
alert raptor may revert to looking fluffed up and sleepy
once left alone in the room, or may even been seen to
droop a wing or favour one of its legs on the perch.

With a group of passerine birds in a cage, remote
observation through the keyhole may help to show
whether all the birds are showing signs of ill health
when the owner has only noticed the most severely
affected bird. Fluffed-up sleepy birds, a bird being
bullied by healthy cage mates or sitting on the cage
floor, and even slight dyspnoea may all become
apparent when the birds are unaware that they are
being observed.

Weight and body condition

Determining body weight is not just important for
calculating drug dosages but is an essential part of
the clinical examination. This should always be
coupled with body condition scoring, judged by
the pectoral musculature and prominence of the
carina of the sternal keel. Symmetrical thin pectoral
muscles and a prominent keel may indicate that the
owner has been starving birds too much, or flying
birds too light. In contrast, asymmetry of the pectoral
muscles (while uncommonly seen) generally indi-
cates a chronic injury.

e Falconers normally weigh their birds at least once
a day and have a flying weight for a particular
bird. This is a weight at which a bird is sufficiently
hungry to hunt, but it can be misleading and is
only appropriate after a few seasons. Too low a
weight in small raptors, particularly males, can
lead to hypoglycaemia, manifesting as weakness
and collapse. During a flying season a bird’s
flying weight may change and falconers may not
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notice that a bird is gradually losing body
condition until this affects its performance.

* Pigeon keepers may be aware of small changes
in a bird’s body condition, as they associate the
pectoral muscle mass with the bird’s
performance; many check condition when they
handle any birds.

* Few keepers of passerine birds will check body
condition and they may be unaware that a bird is
emaciated, as the body feathers will hide this.

Sexual dimorphism

¢ Size sexual dimorphism is marked in many
falcons, with some small tiercels weighing almost
half that of the largest females. Other species
show less size dimorphism but have dimorphic
plumage in adults. Short-wings (hawks) often
have an overlap in weights of males and females,
with sexual dimorphism only obvious at
extremes. DNA sex determination (or
laparoscopic examination of the gonads, see
Chapter 13) may be needed.

e Pigeons are generally sexually monomorphic,
with gender determination based on behaviour,
although experienced fanciers may sex birds
based on the male’s often rounded or bolder
head. In some cases males may have a
hypertrophied cere (Figure 7.5).

e In Canaries during the breeding season males
have a cloacal promontory, caused by the
swollen end of the ductus deferens (the seminal
glomerulus) pushing against the cloacal walls.
The cloaca points in a direction perpendicular to
the tail. In contrast the females have a flatter
vent, with the cloaca pointing in the same
direction as the tail. However, this is only easily
distinguished by the experienced keeper or
breeder. Other elements of the history (e.g. a
tendency to more developed or complicated
song) may indicate that the bird is a male.

Know the normal!
This cere hypertrophy
can be normal in a
male pigeon. While it
will restrict vision and
affect flying ability, it
is deemed desirable
in some show breeds.
It also enables easy
visual sexing.
(Courtesy of Aidan
Raftery)

Physical examination

The safe and effective handling of any bird is essential
to the ability to perform a full clinical examination (see
Chapter 6). It is also an opportunity to demonstrate to
an owner one’s knowledge and ability to deal with
these patients. The same applies to the knowledge
and use of falconry and pigeon racing terminology
(see Chapters 2 and 3).
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Ophthalmic examination
This is described in Chapter 25. Figure 7.6 shows a
normal pigeon eye.

m Normal pigeon eye. (Courtesy of Alistair Lawrie)

In cases of conjunctivitis, so-called ‘one-eye
colds’, and rhinitis in pigeons, owners should be
warned of possible Chlamydophila infection and its
zoonotic potential. Chlamydophilosis can manifest
with a variety of clinical signs, or in conjunction with
other disease, and should always be a considera-
tion. In contrast, Mycoplasma species are a common
cause of conjunctivitis and upper respiratory tract
disease in finches and canaries.

Upper respiratory tract

Nostrils and the periocular sinuses should be
examined and palpated to differentiate chronic
sinusitis from ocular disease. Raptors have an
operculum in their nostrils (see Chapter 5) that should
not be confused with a rhinolith. Diagnostic sinus
flushing with physiological 0.9% saline or needle
aspiration may be performed (see Chapter 20). The
choanal slit on the dorsal aspect of the mouth should
be examined for any discharges that may also indicate
upper respiratory tract disease.

Beak and oral cavity

e Overlong and untrimmed beaks in falconry birds
may be predisposed to chips and cracks. They
may also be an indication of chronic illness and
deranged metabolism, or inadequate nutrition.
Injuries to the cere may also lead to weaknesses
and splits in the beak. Falcons normally have a
tomial tooth and notch bilaterally in the lateral
rhamphotheca (upper beak); this helps with
gripping and tearing food and should not be
removed by overzealous trimming.

* Pigeon squabs normally have a relatively soft
pliable beak, which should not be confused with
a fracture or metabolic bone disease.

e Misshapen beaks may be seen in passerine birds
that survive polyomavirus infection as fledglings.

Trichomoniasis and nematodes

Thick caseous plaques in the mouth or pharynx of
pigeons are most commonly due to trichomoniasis
(Trichomonas gallinae), referred to by keepers as
‘canker’. Confirmation of the diagnosis is best
performed by examination of very fresh saline wet
preparations under microscopy for motile protozoa.
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Examination of rapid-stained air-dried smears is
useful in eliminating other causes, such as Candida
albicans. Trichomonads may be difficult to visualize
in chronic cases, and treatment may need to be
presumptive.

Trichomoniasis is particularly common in falconry
birds fed or hunting pigeons, such as Peregrine
Falcons, and is referred to as ‘frounce’ by falconers.
Oral trichomoniasis lesions may also be reflective of
more extensive lesions extending lower down in the
gastrointestinal tract.

Parasites such Capillaria and Syngamus nema-
todes may also be apparent in the pharynx or larynx
(see Chapter 18). Some raptors may show an open
mouth gape when cast for examination, which should
not be confused with dyspnoea. Breathing should be
checked for any audible clicks or other abnormal
sounds that may indicate respiratory tract infections
or parasites, with an Aspergillus air sacculitis always
being of particular concern in raptors (see ‘Cardio-
respiratory system’, below).

Ear

Examination of the external ear can help to detect
birds (particularly owls) that have experienced cranial
trauma (Figure 7.7). The posterior aspects of the
scleral ossicles are apparent in the ears of most owls.
Occasionally bacterial infections or trichomoniasis
may affect the ear.

Haemorrhage in the ear of a Tawny Owl due to
cranial trauma.

Gastrointestinal tract

Palpation of the crop should be considered in
conjunction with the owner’s history of when a bird
has last been fed. Owls do not have a crop.

The crop should empty completely within a few
hours of feeding, or crop hypomotility/stasis should
be suspected, with resultant sour crop. This often
manifests with a sour or rotten oral smell. This is most
often a secondary problem, and the underlying cause
must be determined. Thickening of the crop usually
indicates an ingluvitis.

Pigeons with squabs will normally have a thickened
crop wall due to their production of crop milk, which
consists of lipid-laden desquamated epithelial cells.
This occurs in both males and females and should not
be confused with an ingluvitis.
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The abdomen should be palpated. Masses, as
well as gizzard fill (in raptors), may be evident.

‘Black spot’ caused by circovirus in Canaries
results in abdominal distension and a swollen gall
bladder visible through the skin in nestlings. Hepato-
megaly may be visible through the skin in young
Canaries suffering from atoxoplasmosis. Macro-
rhabdus ornithogaster can also result in the liver being
visible due to proventricular dilatation.

Regurgitation generally does not occur normal
in passerines.

The cloaca should be assessed for soiling of
surrounding feathers and prolapses. An otoscope or
endoscope can be used to examine the cloaca of
anaesthetized birds (see Chapter 13).

Cardiorespiratory system

In assessing the cardiorespiratory system particular
attention should be paid to rate and rhythm. A neona-
tal stethoscope is particularly useful. Dysrhythmias
may be difficult to detect due to the rapid heart rate of
birds. These may be due to numerous causes, pri-
mary cardiac disease, or systemic disease such as
septicaemia or shock. The heart rate (Figure 7.8) can
be very variable in the same bird, due to factors such
as stress or exercise and training, and it can be diffi-
cult to assess during the clinical examination, because
of the unnatural surroundings and stress caused by
handling. Murmurs are occasionally discernible in
birds, but their significance can be difficult to deter-
mine. Changes in the viscosity of the blood, due to
anaemia, can also cause a physiological murmur.

Body weight Resting heart rate Restrained bird
heart rate
25¢ 274 500-600
100 g 206 400-600
3009 163 250-400
500 g 147 160-350
1kg 127 150-300
2kg 110 110-180

m Guide to approximate normal avian heart rates
(beats per minute).

Careful auscultation of the respiratory system is
essential. The avian lung has a rigid, faveolar struc-
ture, in contrast to the mammalian alveolar structure.
This means that abnormal sounds heard on ausculta-
tion need different interpretation to those in mammals.
For example, not having alveoli, birds do not develop
crackles, but birds with an air sacculitis may demon-
strate a clicking sound on auscultation due to adher-
ence or friction of the inflamed air sac surfaces.

The syrinx is found at the tracheal bifurcation at
the base of the heart. Voice or song changes can
indicate tracheal parasites such as Sternostoma
tracheacolum or Syngamus trachea, foreign bodies,
or Aspergillus granulomas. These may lead to acute
respiratory distress, and should be treated as a life-
threatening emergency.
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Chlamydophila infection should always be a
consideration in birds showing signs of respiratory
disease, especially in pigeons.

Musculoskeletal system
Careful palpation of the bones and joints of the wing
and leg are important, as well as checking for normal
range of joint flexion and extension, and that this is
symmetrical in both wings and legs. The shoulders
should be palpated for symmetry. While the humerus,
clavicle and scapula are all easily palpable, the cora-
coid lies deeper within the pectoral musculature.
Extending and releasing the wings also helps in assess-
ing passive recoil and elasticity. Fractures may not be
easily palpable, with only loss of symmetry and func-
tion causing one to suspect these important fractures,
which may hold a guarded prognosis even in valuable
birds. Radiography will often be needed to confirm
coracoid fractures. The junction between the notarium
(fused thoracic vertebrae) and synsacrum should also
be palpated for any signs of pain or instability.
Examination of the feet is important in raptors.
The plantar surface of both feet should be examined
for signs of bumblefoot (see Chapter 16). The plantar
foot surface is easily examined by using a wire
speculum, such as that used for opening parrots’
beaks, to keep the toes extended while the plantar
surface is examined. The plantar base of each talon
should be carefully checked for swelling or injuries, as
this is the site of flexor tendon attachment.

Feathers

The condition of any bird’s feathers is of paramount
importance, and note should be made of broken
feathers and whether these are associated with
so-called fret marks (Figure 7.9). They may indicate
low nutritional status, stress, or other underlying
systemic disease.

m Numerous fret marks (arrowed) due to poor

nutritional status.

Most raptors have relatively long tails, and distal
damage to all the remiges (tail feathers) may indicate
that a bird has been spending time on the ground
rather than perching.

Examination of droppings

Examination of droppings (known as mutes in
falconry) is a useful source of additional clinical
information (Figures 7.10 and 7.11). The droppings
voided from the cloaca consist of three separate
parts: faeces, urates and urine.

53


http://vetbooks.ir/

Chapter 7 Examination, triage and hospitalization

m Normal droppings. (a) Normal pigeon droppings
(right) consist of a semi-solid greenish faeces part
and a white urate part attached; abnormal loose faeces (left)
can be caused by polyuria or diarrhoea, but differentiation
between the two conditions is difficult. (b) Normal hawk
mutes: note the shape; this is known as ‘slicing’ and the
distance and shape of the slice can be taken as a measure
of good health. {€) Normal softbill dropping, much softer
and looser than a raptor mute. (d) Normal raptor mutes: note
that the presence of some fluid and colour is not always
abnormal. (a, courtesy of M. Pees; b, © John Chitty;

¢, courtesy of Geoff Masson)

Urates

The urates should be moist and a clean white in
colour. Birds on high-protein diets, such as raptors,
produce a larger urate portion in the droppings than
do seed-eating passerine birds.

¢ Dry chalky urates are often an indication of
dehydration.

e Green-stained urates (Figure 7.12a) are due to
biliverdin leaching out of the faeces and are an
indication that bile pigments are not being
resorbed from the intestinal tract and reused by
the liver. This is seen in starvation (Figure 7.12b)
or aspergillosis in raptors.

e In pigeons, biliverdinuria is often seen with
Chlamydophila infection.

Abnormal droppings. (a) Mild enteritis in a

raptor. (b) Malabsorption after treatment for
Pseudomonas infection. {(e) Reddish orange mute seen
10 minutes after the bird had received a multi-vitamin
injection. (a, © Michael Lierz; b, courtesy of Tom Bailey;
c, courtesy of Chris Lloyd)

While parasitological examination is of obvious
importance (see Chapters 18 and 31), the macro-
scopic appearance of the droppings themselves,

though not diagnostic, can give some further clues to
underlying disease and disorders. The faeces may
also give an indication of what the bird is actually eat-
ing and whether this differs from what the owner
claims to be feeding.
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m Green droppings. (a) Biliverdinuria from a
falcon with lymphoma; this may be seen in
many cases with severe liver damage. (b) Anorexia or an
empty gut will produce a dark green faecal portion and
some colour in the urine (a, © John Chitty; b, © Michael
Lierz)
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e Bacterial hepatitis can cause green urates in Dry droppings without a urine portion (anurea)
passerine birds. may indicate severe dehydration or renal disease, or
¢ Pink discoloured urates are associated with blood a functional obstruction, such as egg binding.
or haemoglobin loss via the kidneys. This may
indicate renal disease or haemolysis. Faeces
Urine ¢ Melaena, just as in mammals, indicates
Polyuria (Figure 7.13) is a common, relatively non- haemorrhage in the cranial gastrointestinal tract
specific finding, but may occur with heavy metal (Figure 7.14a,b). Fresh blood in the faeces
toxicities such as ingested lead in raptors or in (Figure 7.14c¢,d) is usually indicative of bleeding
renal disease. from the cloaca or uterus, or anticoagulant

rodenticide toxicity.

¢ Raptor faeces are often malodorous, which is
normal and not an indication of enteritis. In
passerine birds, malodorous faeces or diarrhoea
(to be differentiated from polyuria, Figure 7.15)
may indicate bacterial enteritis.

e In pigeons, voluminous soft green faeces with
watery urates and excess urine can be seen with
coccidiosis in young pigeons, as well as with
trichomoniasis and pigeon paramyxovirus
(Figure 7.16). Haemorrhagic diarrhoea is
occasionally seen in salmonellosis or severe
nematode infection.

-
= 1 (c)

(a) Melaena in a falcon, resulting from gastric
ulceration. Contrast with fresh red blood in the urine,
where the blood is evenly distributed through the urinary portion,
generally indicating renal blood loss. The presence of blood clots
in the urine (much more common) indicates cloacal or uterine
damage or may be seen in coagulopathies (e.g. rodenticide
toxicity, see (d)). (b) Fibrinous haemorrhagic faeces, indicating
coccidiosis in a falcon. (€) Haemorrhagic enteritis: fresh blood in
the faecal sample often indicates clostridial enterotoxaemia.

(d) Haematuria in a raptor. The presence of clots (in contrast to
the lack of clots in (c)) shows that the blood comes from ‘below’
the kidneys, most probably from the cloaca or uterus. This is
typically seen in coumarol toxicity. (a, © John Chitty;

b,d, © Michael Lierz; c, courtesy of Tom Bailey)

Pigeon paramyxovirus
infection indicated by a pool
of urine surrounding a core
of dark green/black material.
(Courtesy of Tom Pennycott)

iy [n |2 L
Abnormal passerine droppings. (@) Diarrhoea

in a Greenfinch. (b) Polyuria in a Zebra Finch;
compare the normal and abnormal droppings on the
paper. (© John Chitty)
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* Undigested seeds in the faeces may be seen
with Macrorhabdus ornithogaster infection and
has been reported in nestling finches with
Cochlosoma flagellate infections.

* Aerated stools, described as having a popcorn
appearance, are reportedly seen in birds with
enteritis due to a Giardia infection.

Triage and emergency medicine

Preparation for the arrival of a critical avian patient
can save crucial time. It can also minimize handling
and thus stress to the bird.

Before the bird’s arrival a warmed oxygen
enclosure should be prepared. Warmed fluids,
intravenous catheters and an air sac tube should also
be prepared, to limit handling time and stress.

Avian emergencies should be seen immediately,
in a quiet area away from predatory animals such as
dogs and cats. An initial rapid triage assessment
should be performed and any life-threatening condi-
tions such as severe haemorrhage attended to.

Triage is the initial assessment of a patient’s
condition, and the identification and treatment of
life-threatening conditions. While the basic principles
of triage apply to all animals, there are some obvious
differences in the management of birds to that of
domestic mammals. The ‘ABC’ of triage and emer-
gency stabilization (airways, breathing, and circula-
tion) (Figure 7.17) is just as useful as in other animals,
but in birds it is important to remember that simultane-
ous cardiorespiratory arrest is common.

A Airways ET or air sac tube placement

B Breathing Oxygen supplementation
Manual ventilation 1 breath per 4-5 seconds if
intubated/air sac tube placed

Doxapram 10-20 mg/kg i.v. (or sublingual)

Intravenous catheterization and fluid
administration (see Figure 7.19)
Adrenaline 1 mg/kg i.v., sublingual or
intratracheal

Cardiac massage

m Triage priorities.

A — Airways

In birds with dyspnoea due to tracheal trauma, foreign
body inhalation or tracheal parasites, placement of an
air sac tube (see Chapter 10) will help to stabilize the
patient before the primary problem can be safely
addressed. The patient is best briefly anaesthetized
with isoflurane/sevoflurane for tube placement, as
this provides oxygen as well as limiting stress. Once
the tube is placed, birds will lighten in anaesthetic
depth and may awake unless the anaesthetic system
is connected to the air sac tube. Gaseous exchange,
and hence anaesthetic agent uptake, is primarily in a
caudal to cranial direction in the avian lung (see
Chapter 5).

© Circulation
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B - Breathing

Clinically dyspnoeic or collapsed birds may be placed
in an oxygen enclosure while treatment is instituted.
Care should be taken to monitor birds when removing
them from oxygen enclosures once stabilized, as
some can rapidly become dyspnoeic again.

In contrast to mammals, simultaneous cardio-
respiratory arrestis common in birds and so respiratory
rate and rhythm should be monitored carefully. In
cases of respiratory arrest, positive pressure
ventilation is instituted via an endotracheal or air sac
tube, either manually by closing the valve and
compression of the T-piece bag, or via a mechanical
ventilator. Unlike in mammals, the rigid faveolar avian
lung structure is not damaged by over-inflation, as the
air sacs are inflated instead. These are much more
resistant to damage, but can be ruptured if markedly
over-inflated. Ventilation should be performed at one
breath every 4-5 seconds (see Chapter 10).

Doxapram can be administered intravenously (or
sublingually if intravenous access is not possible) at
10—20 mg/kg to stimulate respiration. It is most often
of very limited application except in cases of
anaesthetic overdose.

C - Circulation
Maintenance of cardiac output and circulatory volume
is essential to ensure adequate tissue oxygenation.
The mainstay of this is fluid therapy (see below). For
routes and administration techniques, see Chapter 8.
Control of haemorrhage is an important component of
maintaining circulatory volume. Shock can also result
in a reduced effective circulatory volume and poor
peripheral vascular perfusion. The latter may be
evaluated by the ulnar vein filling time (after occlusion).
A filling time of >0.5 seconds is indicative of poor
peripheral vascular perfusion, usually accompanied
by decreased turgor of the vein. Other signs may be
tachycardia, tachypnoea and either pale mucous
membranes or injected mucous membranes of the
mouth, conjunctiva and cloaca in cases of septic
shock. These birds are usually extremely lethargic or
depressed, even moribund, and need immediate
intravenous fluids and broad-spectrum antibiosis.
Chronic infections, toxicities or nutritional
deficiencies may result in birds presenting with
anaemia. This will result in clinical signs similar to
those seen in shock, such as oral and cloacal mucous
membrane pallor, and in more severe cases lethargy,
tachycardia and tachypnoea. Determining the packed
cell volume (PCV) before instituting fluid therapy is
essential in evaluating prognosis and response to
therapy. In extremely anaemic birds care should be
takennottobe overzealous with crystalloid intravenous
fluid administration, as this can cause haemodilution,
critically reducing the oxygen-carrying capacity even
further. Extremely anaemic birds are best placed in
an oxygen enclosure and more cautious intravenous
fluid rates selected.

Emergency medication

Figure 7.18 lists emergency drugs and medication
that should be ready to hand in any avian clinic, along
with suitable dosages and routes.
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Drug Dose and route Notes
Adrenaline 1 mg/kg i.v., sublingual Cardiac arrest
Allopurinol 10 mg/kg oral q12h Use in gout is highly controversial in raptors (see text), and maintenance of

hydration is essential

Amoxicillin/clavulanate 150 mg/kg i.m., i.v.

Atropine 0.2-0.5 mg/kg

Butorphanol 0.1-4.0 mg/kg q6-12h Good analgesia

Carprofen 2-5 mg/kg oral, i.m. g24h Care in dehydration and renal dysfunction

Dexamethasone 2-6 mg/kg i.m., i.v. Cranial trauma, but should be used with extreme care due to
immunosuppression

Diazepam 0.25-1 mg i.m., i.v. Control of seizures. Low dose once daily for 2-3 days can be used as appetite
stimulant in raptors

Doxapram 10-20 mg/kg Anaesthetic overdose

Edetate calcium disodium | 35-50 mg/kg s.c.,i.m. g12h

Lead and other heavy metal toxicity

Enrofloxacin 15 mg/kgi.m. g12h Irritant injection, can cause significant pectoral muscle damage (care in
working/racing birds). Can cause regurgitation
Furosemide 0.1-6 mg/kg oral, s.c., i.m., i.v. Some species very sensitive — ensure birds are not dehydrated or
q6-24h hyperuricaemic
Hyaluronidase 100 1U/litre Speeds absorption of subcutaneous fluids (if intravenous not possible)
Kaolin/pectin 15 ml/kg oral

Marbofloxacin 10 mg/kg i.m., i.v. g24h

Meloxicam 0.1-0.2 mg/kg q24h Analgesia and reduction of inflammation
Metoclopramide 0.3 mg/kg oral, i.m., i.v. Sour crop/GIT hypomotility

Prednisolone sodium 10-20 mg/kg i.v., i.m. Acute head trauma, if used give within 4 hours of injury
succinate

Vitamin K 0.2-2.5 mg/kg oral, i.m. q6-24h Anticoagulant toxicity

m Emergency drugs and medication to be kept in the avian clinic.

Fluid therapy

Dehydration is less obvious on clinical examination
in birds, but an assumption that presenting sick
birds are likely to be 5-10% dehydrated is reason-
able. PCV and total protein (TP) are useful for a
rapid assessment and for monitoring the response
to fluid therapy.

Hyperuricaemia is important, as it can rapidly
result in precipitation of uric acid tophi in the renal
tubules and to acute tubular necrosis. The use of
allopurinol, a xanthine oxidase inhibitor, is highly
controversial in the treatment of hyperuricaemia (on
initial biochemistry) and the prevention or treatment
of gout. A dosage of 50 mg/kg used in healthy Red-
tailed Hawks led to a severe hyperuricaemia and
induction of renal uric acid tophi deposition (renal
gout) (Lumeij et al., 1998). When a dose of 25 mg/kg
was used in the same species there was no
nephrotoxicity, but also no significant effect on plasma
uric acid levels (Poffers et al., 2002). If allopurinol is
to be used, lower dosages are recommended
and maintenance of hydration, preferably via an

intravenous or intraosseous route, is essential. This
author prefers not to use allopurinol in raptors at all,
relying instead on intravenous fluid administration as
the basis of prevention.

Intravenous, intraosseous, subcutaneous and oral
routes (see Chapter 8 for techniques) are all useful,
depending on the severity of dehydration, the species
and the underlying pathology present. Suggested
fluid administration rates are set out in Figure 7.19;
Figure 7.20 gives a ‘Quick guide’ for critical patients.

Crystalloids and colloids

Some authors recommend intravenous boluses of
crystalloids up to 30 ml/kg given over one minute, fol-
lowed by shock rates of up to 90 ml/kg/h. While useful
in rapidly expanding the circulatory volume, care is
needed with these rates in anaemic birds or in birds
suffering haemorrhagic shock. A rapid decrease in
oxygen-carrying capacity due to haemodilution could
further destabilize a bird. Initial bolus administration
of colloids (e.g. Haemaccel, Hetastarch), followed by
infusion of crystalloids is recommended and reduces
the crystalloid requirements by 40—-60%.
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Isotonic crystalloids

Initial intravenous bolus administration | 10-30 ml/kg Slowly over at least 1 minute

Shock rate Up to 90 mlkg/h First hour only

Rehydration Fluid deficit (ml) = estimated dehydration Given over 6-12 hours

(%/100) x body weight (g)
Maintenance requirements 50 ml/kg/day
Other fluids

50% dextrose 1 mikg Slowly

Colloids (Haemaccel, Hetastarch) 5-15 mlkg Slowly, q8h up to 4X; hypoproteinaemia, decrease fluids to
1/3 to 1/2 maintenance

Oxyglobin 10-15 ml/kg Significant blood loss

Heparin 0.25 ml/10 ml blood Add to whole blood for transfusions

m Intravenous fluid administration rates.

It is always best to weigh patients accurately and calculate fluid volumes carefully. However, there will be emergencies when time will be of the
essence. These very rough guidelines are given for such emergencies, but the author cannot be held responsible for any losses incurred.

For a critical raptor
These rates are suggested for a Harris’ Hawk weighing approximately 800 g.

o Give an initial 4-8 ml of a colloid mixed with 10-20 ml of a crystalloid, preferably via a syringe driver over the first hour, otherwise by a slow bolus
injection over several minutes. Continue crystalloids at a rate of 8-10 ml/h for the following 8-12 hours. Colloids can be repeated every 8 hours if
needed.

o Alternatively, 0.5-0.8 ml of 50% hypertonic dextrose can be given initially in hypoglycaemic birds. Dextrose must be strictly intravenous, and
must not be used if the electrolyte status is not known. This is followed by intravenous crystalloids at a rate of 10-20 ml for the first hour, then

reduced to 8 ml/h for a further 12 hours. If no colloids or dextrose are given, crystalloid rates can be up to 40-60 ml for the first hour.
* [f subcutaneous fluids are used, give 40 ml of an isotonic crystalloid split between four sites.
o Iforal fluids are given, 20 ml should be administered in anorexic or critical patients, and up to 40 ml in stable patients.

For pigeons

* [fintravenous access is possible, administer 2-4 ml of a colloid mixed with 4-12 ml crystalloids given as a slow bolus over several minutes or
infused over the first hour by syringe driver, followed by an infusion of 4-6 mi/h for 12 hours of a crystalloid fluid.
o Otherwise either an oral bolus of 5-20 ml of 5% dextrose solution by crop tube, or subcutaneous injections of 5-20 ml of warmed 0.9% NaCl, not

exceeding 5 ml in one site, can be used.

For passerine birds

Give sick Canaries 1-2 ml of 5% dextrose orally on admission.
Never give dextrose subcutaneously.

m Quick guide to fluid volumes for critical patients.

While the majority of authors report administration
of colloids as intravenous boluses at 5-15 ml/kg,
avian blood has a lower TP than mammalian blood
and hence a lower colloidal osmotic pressure. In
pigeons this is 8.1 mmHg, compared with about 25
mmHg in mammals. Commercial colloid solutions
generally have an osmotic pressure of 20—25 mmHg
and so it may make more physiological sense to
administer colloids mixed with crystalloids via a
syringe driver more slowly over the first hour (Gunkel
and Lafortune, 2005).

Dextrose

Hypertonic 50% dextrose solution can be useful,
especially in hypoglycaemic raptors, but it can
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Oral and subcutaneous fluids are usually the most practical in passerine birds.

Use isotonic fluids such as lactated Ringer’s solution or 0.9% NaCl saline subcutaneously. Try not to exceed 0.5 ml in one site for a Canary.
If giving irritant drugs (e.g. enrofloxacin) subcutaneously, diluting the drug in the fluids will help to limit irritation.
The jugular can be used for intravenous bolus administration of 0.5-1 ml of isotonic fluids in the most severe cases.

worsen a bird’s condition dramatically in the light of
electrolyte disturbances. Many raptors appear to
present as alkalotic (McKinney, 2003), with an
associated hypokalaemia. Hypokalaemia may also
be seen with gastrointestinal or renal disease (see
Chapters 23 and 31). Intravenous dextrose will
cause insulin release from the pancreas, which
will shift potassium from the extracellular to
intracellular compartment, exacerbating any existing
hypokalaemia. Electrolytes should be measured
before administration of intravenous hypertonic
dextrose, and potassium chloride can be added
to fluids to correct deficits (0.1-0.3 mEqg/kg).
Hypertonic dextrose should not be administered
subcutaneously.
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Blood transfusion and haemoglobin colloid
These are needed in cases of significant blood loss.
The most common cause of acute blood loss is
trauma. Birds are more resistant to circulatory volume
loss than are mammals, and this is particularly so in
athletic flying species such as falcons and pigeons. In
one study some pigeons were able to survive blood
loss equivalent to 9% of their body weight (Kovach et
al., 1969). While Jenkins (1997) believed this to be
equivalent to their entire circulatory volume based on
Sturkie’s avian physiology (1986), and hence their
survival being due to redistribution of fluid from the
intracellular compartment, other authors have
reported the circulatory volume in racing pigeons to
be higher, at 16.3% of body weight (Campbell, 1993).
Whichever authority is to be believed, this still
illustrates athletic bird species’ remarkable innate
resistance to haemorrhagic hypovolaemia. Birds with
an acute drop in PCV to below 20%, however, do
need urgent circulatory volume and oxygen
transportation support.

Oxyglobin: Oxyglobin is a purified polymerized
bovine haemoglobin solution that has colloidal
properties as well as the ability to transport oxygen. It
has been used successfully in birds with crystalloid
administration, as a bolus over several minutes.

Blood transfusions: Whole blood transfusions are
limited by the availability of donors. In raptors it has
also been demonstrated that in heterologous
transfusions, such as from pigeons, the erythrocytes
may unfortunately be relatively short-lived (Sandmeier,
1994), so blood should be collected from the same
species (homologous transfusions) or from species
that are as closely related as possible. Blood types
have not yet been described in birds, limiting the
application of cross-matching before transfusions
(Gunkel and Lafortune, 2005), though there have
been reported attempts at rough cross-matching by
mixing donor erythrocytes with recipient serum and
observing for any signs of gross haemolysis or
agglutination.

Subcutaneous fluids

Subcutaneous fluid administration is often a viable
option, especially in small passerine birds with gastro-
intestinal disease. Absorption in less than 30 minutes
is reported in small birds. Volumes up to 50 ml/kg can
be given, and 10-15 mi/kg can be given in a single
site, though some sources advocate up to 25 ml/kg
in a single site such as the precrural fold. Hyaluron-
idase can be added to enhance absorption.

One advantage of administering subcutaneous
fluids is that irritant drugs such as enrofloxacin and
edetate calcium disodium can be diluted in them, or
even injected into an existing subcutaneous fluid
pocket to reduce tissue irritation.

Oral fluids

Oral fluids are well tolerated and absorbed in all
but the most critical cases, or those suffering severe
gastrointestinal tract disease. An excellent choice is
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5% dextrose, as it is absorbed rapidly from the gastro-
intestinal tract without creating an influx of fluid into
the intestinal tract, which would cause exacerbation
of the dehydration. It is also helpful in correcting hypo-
glycaemia. Isotonic crystalloids are also suitable.
Rates of up to 50 ml/kg are reported, but lower rates
should always be used in critical patients. Rates of
10—20 ml/kg are used except in owls, where a lower
rate of 8 ml/kg given more frequently may be more
suitable, due to their lack of a crop.

Stabilization and further
examination

Care after fluid therapy

After fluid therapy has been initiated, the bird may be
placed in a warmed oxygen enclosure and kept dark
and quiet, with regular checks every 10-15 minutes
to monitor treatment response (Figure 7.21).

m A Common Kestrel kept in a darkened oxygen
enclosure.

Cranial trauma cases

The exceptions to keeping birds warm are cranial
trauma cases. These birds should be kept in quiet,
dark surroundings at a moderate to cool temperature,
as keeping them warm will cause cerebral
vasodilatation, with a resultant increase in intracranial
pressure. While steroids have been given in cases of
acute cranial trauma, their use remains controversial.
If steroids are used, care should be taken due to the
risks of immunosuppression, and only short-acting
drugs such as prednisolone sodium succinate should
be chosen. It is also prudent to use prophylactic
antibiotics as well as itraconazole to help to prevent
aspergillosis, a particular concern in sick, stressed
and immunocompromised raptors.

Stabilization period

If a bird is already sufficiently stable it is advisable to
take blood and at least perform a blood smear
evaluation and PCV, and if possible some biochemistry
tests (see Chapter 9), before initiating fluid therapy.
The blood smear will help to demonstrate more
marked inflammatory responses and blood parasites.
These initial test results will also allow assessment of
the bird’s response to treatment.
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If instigating treatment of a pigeon with a fluoro-
quinolone or tetracycline, it is prudent if possible to
store some faeces for later Chlamydophila poly-
merase chain reaction (PCR) testing, as these drugs
rapidly halt the shedding of elementary bodies and
may lead to false-negative test results.

Once the bird has been initially stabilized to a
degree, a more thorough physical examination and
further diagnostic procedures may be performed.
Brief anaesthesia and radiography may be indicated
even if a bird is not entirely stable, for example in a
collapsed bird, or a bird demonstrating seizures that
are suspicious for lead toxicity from the history. In
contrast, fractures are usually perceived as an emer-
gency by owners, but apart from analgesia and some
initial immobilization, these can usually wait until the
bird is as stable as possible before there is a need for
radiographs and any attempts at fracture repair. An
exception is open fractures, which must be covered
with sterile dressings and broad-spectrum antibiosis
started to prevent the development of osteomyelitis.

As emergency avian patients will already be
immunosuppressed, itis advisable to consider starting
antibiosis during the stabilization period. In the case
of susceptible raptor species it is also advisable to
institute prophylaxis for aspergillosis with itraconazole
at 10 mg/kg once daily.

Cardiorespiratory resuscitation

In the case of cardiorespiratory arrest, once an
endotracheal tube or air sac tube is in place to
establish an airway (A), the bird should be manually
ventilated at 1 breath per 5 seconds (B), and
adrenaline administered either intravenously or, if
this is not possible, sublingually, while ‘circulatory
pumping’ (C) is performed. Even a Canary can be
intubated by using a intravenous catheter, attached
to a cut-down 2 ml syringe barrel, and a connector. If
this is not possible, a mask and cardiac massage
may be sufficient.

Many texts describe cardiac massage with chest
compressions over the sternum as the technique of
choice, but in the author’s experience, and considering
the anatomy of the avian chest, this is rarely beneficial.
In fact, many biologists use chest compression as a
euthanasia technique in small passerine birds in the
field. Instead, once adrenaline has been administered,
venous return may be induced by placing the bird in
dorsal recumbency and rapidly pumping the bird’s
legs cranially and caudally, holding the tibiotarsi. With
this technique the author has been successful in
resuscitating numerous birds, from small passerine
species to large raptors. Another succesful method is
to perform cardiac massage by inserting a finger
below the sternum into the chest cavity.

Monitoring

Pulse oximetry

Pulse oximetry has limitations in the monitoring of
critical avian patients. Cardiac and respiratory arrest
are most often simultaneous in birds, and by the time
changes are noticed via the pulse oximeter it may be
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too late. As well as encouraging retrospective rather
than proactive monitoring, using a pulse oximeter can
distract one from monitoring vital signs properly, and
high heart rates and poor contact can mean that most
of the time is spent adjusting the probe rather than
actually monitoring the patient.

ECG monitoring

Electrocardiographic monitoring may be more useful
in critical cases, or when anaesthetizing emergencies
for procedures such as radiography or endoscopy. It
should be remembered that the mean electrical axis
of ventricular depolarization, the (Q)RS complex, is
negative in birds due to depolarization starting
subepicardially, in contrast to mammals (see Chapter
10). There is controversy about whether birds have a
Q wave, and the entire ventricular depolarization
complex’s appearance is variable between different
avian species, which means that different species
cannot be compared.

Hospitalization

All of the species discussed in this Manual should
preferably be hospitalized out of sight and sound of
predatory animals such as dogs and cats, and, in the
case of pigeons and passerines, out of sight of rap-
tors as well. Although many working raptors are well
used to dogs, it helps to limit stress and further
immunosuppression of sick birds if they are kept in a
quieter environment.

It is also wise to keep predatory birds (raptors)
away from small mammals such as rabbits. Besides
stress to the small mammals, there is also the risk of
the raptor flying at the perceived quarry and potentially
injuring itself in the cage. Furthermore, hospitalized
rabbits are provided with hay and occasionally straw,
and while the risk is small if changed daily, these
could act as a source of Aspergillus spores for
inhalation by an immunosuppressed raptor.

Wooden perches should preferably not be used
for raptors. These are difficult to clean and disinfect
adequately, and when moist (after cleaning) can
encourage fungal growth, with the risk of an Aspergillus
airsacculitis developingin already immunosuppressed
birds. Leather-bound perches as used by many
falconers are also difficult to disinfect adequately
between birds. While Astroturf-covered perches are
good for the prevention of bumblefoot in debilitated
birds, these too can sometimes be difficult to scrub
clean adequately between different birds. A solution is
to make these Astroturf strips easy to remove (by
using cable ties) and soak them in disinfectant
between different patients.

Normal kennels may be used for raptors, but the
front should be covered with cloth to decrease stress
and prevent birds from injuring themselves if startled.
Perspex-fronted kennels are better than bar-fronted
kennels, in which a bird’s limbs can become injured. If
admitting falconry birds briefly as day-patients for
diagnostic or clinical procedures, the use of the own-
er’s own transport box or bow perch is often best and
poses the least stress and disease risks to the bird.
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Being perching birds, most raptors have relatively
long tails. If not kept perched, or if they are ill, birds
spending time on the ground will rapidly soil and break
their remiges (tail feathers), which is clearly an
important concern in these performance birds. It is
essential to apply a tail guard in any raptor hospitalized
for more than the briefest period (see Chapter 6).

Hygiene and warmth

Good hygiene and daily cleaning of cages is essential
in debilitated and hence immunosuppressed birds.
Between birds, disinfection is needed not only of
cages and the furniture, such as perches, but also of
crop tubes, specula and any other equipment used
for more than one bird.

Natural branches can be used for perching
passerine birds and simply disposed of after
hospitalization rather than being reused.

If a dedicated avian ward is available, warming the
entire room significantly is often best. If this is not
possible, a source of warmth is needed. Commercial
hospitalization units or incubators will keep small
birds warm and also help to isolate individuals,
preventing the spread of infectious agents to other
birds in the ward. Orthodox metal wire bird cages will
not keep sick birds warm or isolated, and will allow
the spread of diseases such as chlamydophilosis in
the hospital. Perspex oxygen cages are a simple
alternative: they are easy to clean and disinfect and
will isolate individuals, as well as being usable as an
oxygen cage if needed.

Feeding and nutrition

There may be a temptation to feed a critically ill raptor
on admission, but in many cases mild dehydration
and reduced gastrointestinal motility may rapidly lead
to crop stasis and ‘sour crop’. Feeding should only be
instituted once a bird's dehydration has been
addressed. Even if birds do eat on their own, sick
birds or those recovering from trauma have increased
energy requirements and may need supplementary
tube feeding.

Hil’'s a/d diet is useful for feeding debilitated
raptors and has an energy concentration of 1.1
kcal/ml. This is obviously reduced if the diet is
mixed with water for ease of tube feeding. In the
absence of a commercial avian enteral formula,
vegetable baby foods may be tube-fed to pigeons and
passerine birds in practice.

All birds should be weighed once or twice
daily to check that no weight loss has
occurred.

Volume and frequency of feeding

The basal metabolic rate (BMR) of birds is the
minimum amount of energy needed for daily
maintenance.

* BMR (kcal) = 78 x (weight (kg))°® in non-
passerine birds (raptors and pigeons).

e BMR (kcal) = 129 x (weight (kg))®7® in passerine
birds.
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Maintenance energy requirement (MER) is the
BMR plus the energy needed for normal physical
activity, digestion and absorption. In healthy birds
MER is approximately 1.5 x BMR. In addition, birds
recovering from trauma or disease have higher energy
requirements, approximately 1.5-2 x normal MER.
These formulae may be used to calculate the quantities
and frequencies needed for feeding a hospitalized
bird. Figures 7.22 and 7.23 give some rough limits for
the volumes and frequencies of feeding possible.

Healthy bird Severe illness/trauma
Harris’ Hawk 10% 15-20%
Pigeon 15% 20-30%
Canary 25% 40-50%
@ Guide to daily feeding requirements as a
percentage of body weight.
Species Volume (ml) Minimum frequency
Harris’ Hawk 20-45 q8-12h
Peregrine Falcon 20-60 q8-12h
Racing pigeon 1.5-8 q6-12h
Finch 0.2-0.5 q4-6h
Canary 0.3-1 q4-8h

m Guide to tube-feeding volumes (data from
Quesenberry and Hillyer, 1994). In debilitated

starved birds, the frequency should be higher.
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Basic techniques

John Chitty

Injection techniques

The following sections apply to all raptors, pigeons and
passerine birds unless specifically stated otherwise.

Intramuscular injection

This is the most common route by which injectable
drugs are given to captive birds. In general injections
are given into the pectoral muscle mass rather than
the leg because:

e The pectoral muscle mass is larger

e There are concerns over the presence of a renal
portal venous system resulting in effects on the
drug pharmacokinetics.

The smallest gauge of needle should be used with
respect to the viscosity of the drug and size of bird. In
general needles of 23 gauge or smaller are used,
though 21 gauge needles may be used in larger birds
when injecting viscous drugs and 25 gauge needles
may be more appropriate when injecting non-viscous
substances in passerine birds.

1. The feathers should be parted and the skin
cleansed.

2. The needle is inserted into the mid to caudal
portion of the muscle (Figure 8.1) and the
substance is injected into the middle of the
mass, i.e. passing caudal-to-cranial parallel
with the sternum.

Pectoral muscle mass (in an emaciated Hobby).
The shading shows the area favoured for
injections and for microchips. (© John Chitty)

3. Prior to injection the operator should draw back
to ensure that the substance is not being
inadvertently injected into a blood vessel. It is
especially important to avoid the venous plexus
between the muscle layers.

Care should be taken with irritant substances and
volume.

e Irritant substances. Certain drugs, e.qg.
enrofloxacin and certain long-acting
oxytetracycline preparations, may be extremely
irritant. Post-mortem examination of birds that
have received multiple intramuscular injections of
these compounds may show extensive areas of
bruising. In the live bird, high levels of plasma
creatinine kinase may be seen following even a
single injection of an irritant drug.

e Volume. Injection of 0.1 mlinto a 500 g bird is
equivalent (on a weight-to-weight basis) to a
single injection of 14 mlin a 70 kg human.
Although this argument is extremely simplistic
and the pectoral muscle mass is comparatively
much larger than any in humans, care should be
taken with injecting large volumes as this may be
a source of pain in an already sick bird.

Therefore, repeated injections of irritant drugs
should preferably be avoided and the oral route should
be used as soon as practicable, especially in falcon-
ers’ birds or racing pigeons (to avoid potential effects
on performance). If this is not possible, or if it is felt
that oral absorption would not be reliable, the intra-
muscular route should be used but injection sites
should be varied. In these cases, and where injection
volumes are small, use of leg muscles is acceptable.
The cranial tibial muscle should be used (Figure 8.2).

Large volumes of drugs (>1 ml/500 g) should
be split between sites or placed subcutaneously
if possible.

Microchip placement

This is an effective means of identifying the individual
bird in a way that is difficult for bird or person to modify
or damage.

The microchip should be inserted into the left
pectoral muscle mass (see Figure 8.1) as per British
Veterinary Zoological Society recommendations. This
may be done with the bird conscious or anaesthetized;
the author recommends that all birds <200 g should
be anaesthetized for this procedure.
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m Caudal tibial muscle mass (Eurasian Buzzard).
The shaded area is used for intramuscular
injection. (© John Chitty)

It should be noted that microchipping may be
inappropriate for very small passerine birds, due to
the difficulties in placing a large chip in a very small
muscle mass without causing damage. Subcutaneous
placement may cause less damage (though skin
closure will be required); however, it is easy to find
and remove microchips placed subcutaneously.

Prior to insertion the bird should be scanned in
case it is already microchipped. There have been
many guidelines issued by different authorities in
different countries on implantation sites. As a result,
microchips may have been implanted in the right
pectoral muscle, the base of the neck or either
thigh. The whole bird should be scanned before con-
cluding that it is not already microchipped. If in
doubt the whole bird should be radiographed, as
this is the only way to prove conclusively that there
is no microchip present.

1. The feathers are parted and the skin is prepared
aseptically.

2. The needle is inserted in the caudal third of the
muscle mass and directed cranially so that the
microchip is placed in the approximate middle
of the mass between superficial and deep
pectoral muscles. It is extremely important not
to place the microchip too far cranially, so as to
avoid a large plexus of nerves and blood
vessels in this region. Placement of microchips
too deep into the muscle mass has been
associated with reports of microchip migration
and subsequent interference with the tendons
of the shoulder.

3. Occasionally, haemorrhage may be a problem.
This may be avoided by stretching the skin to
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one side so that the holes in skin and muscle are
not aligned. The skin hole may be closed with a
suture or with tissue glue.

4. Digital pressure should be placed on tissue
overlying the needle as it is withdrawn, to reduce
the chance of the microchip being withdrawn with
the needle.

Implanted microchips should be read when-
ever the bird is examined. If the chip cannot be
detected, the bird should be radiographed.

Subcutaneous injection

This is a very useful route for fluid therapy and large-
volume drugs. However, irritant drugs should not be
injected subcutaneously instead of intramuscularly as
there is a risk of skin necrosis, especially where large
volumes are given.

Absorption from these sites is rapid and large vol-
umes of fluid (up to 20 ml/kg) may be absorbed within
15 minutes. This absorption rate may be increased by
adding hyaluronidase at 150 units/litre.

The injection site is prepared as described
above, the ideal site being the large precrural fold
(Figure 8.3).

Care should be taken not to enter the body cavity
inadvertently while injecting.

Precrural fold (arrowed) in a Hobby. The area
has been plucked. (© John Chitty)

Intravenous injection and blood collection
Intravenous injection and blood collection sites are
shown in Figures 8.4 to 8.9.

Wetting the skin with a spirit-soaked swab
improves visualization. Wetting the feathers will
keep them out of the way, but care must be taken
not to overdo this as hypothermia may result. In
passerine birds care must be taken not to cause
toxicity, as the birds will preen their feathers immedi-
ately afterwards.

In most cases, two operators are required for
bleeding or injecting conscious birds, apart from very
small passerine birds (where the simple one-handed
holding technique described in Chapter 6 greatly
facilitates the procedure).
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Site Restraint Pros Cons Tips
Right jugular | Bird should be restrained or Easy. Large volumes | Very difficult for left-handed operators, though left | Anaesthesia may
vein anaesthetized and neck can be taken. jugular may be utilized in larger species. Handling | be recommended
(Figure 8.5a) | extended. Parting of feathers Haemostasis may be difficult in larger species (eagles, vultures) | for this technique.
reveals the vein running under a relatively simple. or in large falcons (e.g. female Gyrfalcons) whose | Gentle digital
large apterium. Placement of digit | Restraint may be muscular neck can be hard to extend. Struggling pressure applied
at base of neck raises the vein stressful to sensitive | birds may cause laceration of the vein and fatal afterwards to
or dyspnoeic birds subcutaneous haemorrhage; general anaesthesia | avoid haematoma
may therefore be appropriate formation
Superficial Bird is restrained or Easier for left- Fragile vein and may be hard to draw large To facilitate
ulnar/basilic | anaesthetized and placed on its handed operators. volumes, especially in smaller birds. Haemostasis | haemostasis a
vein back. One wing is extended and Restraint relatively can be hard to achieve and bird should be drop of tissue glue
(Figure 8.5b) | the vein visualized. Operator simple, especially in | released to allow it to calm down and its blood may be helpful
raises vein with free hand larger species pressure to drop. This is preferable to prolonged
handling. Unlike jugular venepuncture, this
haemorrhage is unlikely to be fatal and at least is
readily visible; however, small losses may cause
a lot of mess and distress to owners. Occasionally
a haematoma may form along with a slight wing
drop that may last a day or two
Superficial Bird is restrained and leg Superficial, simple to | Haemostasis difficult Tissue glue may
plantar extended. Operator can raise the | visualize and raise. facilitate
metatarsal/ vein with free hand. Chicks can Restraint easy, haemostasis or a
caudal tibial | be leftin ‘sitting’ position with feet | especially in light temporary
vein in front of them. Restraint is juveniles/chicks. In dressing may be
(Figure 8.5¢) | normally minimal, but in adults chicks, excellent site applied
the leg must be fixed to avoid for catheter
operator injury placement
Toe clip Inappropriate in raptors, where damage to talons
is undesirable and lack of access to other veins
unlikely

m Venepuncture sites in raptors.

(b)

Intravenous injection and blood collection sites in raptors. (@) Jugular vein
(b) Ulnar vein (Tawny Owl). {e) Venepuncture of the caudal tibial vein (White-headed Vulture). (a,b, © John
Chitty; ¢, courtesy of the Hawk Conservancy Trust)

g ; (c)

(Peregrine Falcon, anaesthetized).

Site Restraint Pros Cons Tips
Right jugular Vein does not lie under an apterium and is very
vein hard to visualize (even after feather removal)
(Figure 8.7a) as skin is so thick, therefore rarely used
Superficial Bird is restrained or Restraint simple Fragile vein and may be hard to draw large To facilitate haemostasis a drop
ulnar/basilic | anaesthetized and volumes. Haemostasis can be hard to achieve | of tissue glue may be helpful.
vein placed on its back. One and bird should be replaced in carrier to allow Bending the needle prior to
(Figure 8.7b) | wing is extended and the it to calm down and blood pressure to drop. venepuncture greatly facilitates
vein visualized. Operator This is preferable to prolonged handling. This the technique
raises vein with free haemorrhage is unlikely to be fatal and at least
hand is readily visible; however, small losses may
cause a lot of mess and distress to owners

m Venepuncture sites in pigeons. (continues)
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Site Restraint Pros Cons Tips

Superficial Bird is restrained and leg | Superficial, simple | Very fragile and only possible to draw small Only of use where other veins

plantar extended. Operator can to find and raise. volumes. Haemostasis difficult damaged or where very small

metatarsal/ raise vein with free hand | Easily visualized. volumes of blood required.

caudal tibial Restraint is easy Tissue glue may facilitate

vein haemostasis

(Figure 8.7¢c)

Toe clip Bird is restrained and a Easy Unsuitable for collection for biochemistry/ Only of use when collecting very

(Figure 8.7d) | nail cut short enough that haematology due to contamination from tissue | small volumes or single drops.
the nail bed is fluid or from urates/faeces on claw. Impossible | Vein should be cauterized
penetrated. To increase to collect large volumes. Technique may cause | afterwards; silver nitrate or
bleeding, nail should be pain. Haemostasis important, as is risk of potassium permanganate are
cut in opposite manner to introducing infection appropriate. Attention should be
that described for nail paid to welfare aspects of this
trim (see later) technique

m (continued) Venepuncture sites in pigeons.

e |

Intravenous and blood collection sites in the pigeon. (a) Even in this sparsely feathered juvenile, the thickness of

m the skin hinders finding the jugular despite wetting the skin. (b) Ulnar/basilic vein. (€) Caudal tibial vein.
(d) Nail: the ‘quick’ is clearly visible. (© John Chitty)

Site

Restraint

Pros

Cons

Tips

Right jugular vein
(Figure 8.9a)

Bird should be restrained
using one-handed ringer’s
grip and the neck extended.
Parting of feathers reveals
the vein running under a
large apterium. Placement
of digit at base of neck
raises the vein

Easy. Relatively large
volumes can be taken.
Haemostasis relatively
simple (< 150 g).
Restraint may be
stressful to sensitive or
dyspnoeic birds — these
should be anaesthetized

Very difficult for left-handed
operators. Struggling birds
may cause laceration of the
vein and fatal subcutaneous
haemorrhage; general
anaesthesia may therefore be
appropriate. Some operator
experience is necessary

Gentle digital pressure applied
afterwards to avoid haematoma
formation

Superficial ulnar/

Bird is restrained or

Easier for left-handed

Vein far too small to be of

In small finches, a drop of blood

basilic vein anaesthetized and placed operators. Restraint practical value in smaller may be obtained for smear by
(Figure 8.9b) on its back. One wing is relatively simple species, can only really be needle prick of ulnar vein
extended and the vein utilized in larger passerines
visualized. Operator raises
the vein with free hand
Superficial Too small to allow taking of a | Needle prick allows collection of
plantar full sample in these species drop or two for blood smear etc.
metatarsal/
caudal tibial vein
(Figure 8.9¢)

Venepuncture sites in passerine birds. (continues)
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Site Restraint Pros

Cons Tips

Toe clip Bird is restrained and a nail | Easy
cut short enough to
penetrate nail bed. To
increase bleeding, nail
should be cut in opposite
manner to that described for

nail trim (see later)

Unsuitable for collection for
biochemistry/haematology
due to contamination from
tissue fluid or from urates/
faeces on claw. Impossible to
collect large volumes.
Technique may cause pain.
Haemostasis important, as is
risk of introducing infection

May be of use when collecting
very small volumes (e.g. for
sexing) or for obtaining single drop
for blood smear (e.g. screening for
atoxoplasmosis). Vein should be
cauterized afterwards; silver nitrate
or potassium permanganate are
appropriate. Attention should be
paid to welfare aspects of this
technique

8.8 (continued) Venepuncture sites in passerine birds.

[y

Intravenous injection and blood collection sites in a Greenfinch. (@) A modified ringer’s grip allows access to the

m jugular vein. (b) Ulnar/basilic vein. (e) Caudal tibial vein. (© John Chitty)

The size of needle and syringe used for collecting
blood will vary depending on size of bird (e.g. 2.5 ml
syringe and 23 gauge 5/8” needle for blood collection
from the jugular vein of a 1 kg Harris’ Hawk; 1 ml
syringe and 25 gauge 5/8” needle for collection from
a pigeon’s ulnar vein; 0.5 ml insulin syringe with
27 gauge needle for collection from a Canary’s
jugular vein). For haematology collection the largest
needle size that can be used safely should be
selected where possible, so that damage to blood
cells is avoided.

As with mammals, blood up to approximately 1%
body weight may be safely removed (e.g. up to 10 ml
from a 1000 g Harris’ Hawk; up to 0.2 ml from a 20 g
finch). It is important to note that this figure is based
on healthy birds; the proportion should be slightly
reduced for sick or dehydrated birds.

Injected drugs should be given slowly to avoid
embolic effects.

Intravenous catheter placement
In some cases, placement of an intravenous catheter
may be considered either for continuous or bolus fluid
therapy, or where repeated use of intravenous drugs
is required. Either the right jugular or basilic vein may
be used, but the former may be more difficult to
maintain without extensive dressings and the latter is
preferred in birds larger than 300 g. In raptors
(especially chicks and juveniles) the caudal tibial vein
may be used (Figure 8.10). Most passerine birds are
too small for this technique to be attempted with any
degree of ease.

The catheter can be taped or sutured in place.
When placed in the basilic vein, extensions can be
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m Intravenous catheter placed in a raptor’'s caudal
tibial vein. (© Michael Lierz)

used allowing an injection port to be positioned on the
dorsum of the wing, giving easier access. Where
repeated access is to be used the catheter should be
heparinized at the start and finish of the dosing.

Intraosseous injection
This is an alternative route for continuous or bolus
fluid therapy. Fluids are injected into the medullary
cavity of either the ulna or the tibiotarsus (the
pneumatized humerus must not be used!). Uptake
into the main circulation is virtually instantaneous,
due to the central venous sinus.

In each case the bird should be anaesthetized
(unless extreme urgency is required) and the site
should be prepared aseptically.
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A needle is introduced into the bone. This can
either be a specialized bone needle (Cook UK,
Letchworth) or a standard injection needle (18 gauge
1.5” for birds > 700 g; 21 gauge 1” for birds between
200 and 700 g; 23 gauge 1” for birds < 200 g). The
technique is more tricky in small passerine birds
(< 100 g) and there is a greater risk of iatrogenic bone
fracture, but with care it can be accomplished using a
25 gauge 5/8” needle.

e Ulna. The dorsal condyle just proximal to the
carpus should be identified. With the carpus
flexed, the needle is driven through this
proximally into the medullary cavity where it can
be ‘felt’ in situ. To confirm correct positioning, a
small volume of fluid may be injected while
watching the basilic vein, where the fluid bolus
may be seen. Alternatively, radiography may be
used to confirm needle position (Figure 8.11).

e Tibiotarsus. The cranial cnemial crest is identified
just distal to the stifle and the needle is inserted
through this distally into the medullary cavity. As
the ‘tibial plateau’ on the lateral side is wider than
the medullary cavity, the needle should be
inserted from the craniomedial aspect of the
proximal tibiotarsus. This route may appear to be
simpler than the other, but it is more difficult to
confirm that the needle is in place other than
‘feeling’ it within the bony cavity.

m Plucked wing of a Hobby. The positions of the
radius and ulna are marked. The needle is

inserted through the dorsal tuberosity of the ulna. (© John
Chitty)

In either case the needle is finally taped or
bandaged in place.

In this author’s opinion these sites are easier to
access and maintain than the intravenous route.
However, as the fluid needs to be given under pres-
sure some specialized equipment is required; this may
be either a syringe pump or ‘Flowline’ apparatus
(Arnolds, UK). Alternatively the needle may be capped
and bolus fluids given at intervals.

Care should be taken when placing this equip-
ment in osteoporotic birds as iatrogenic fractures
may result. It is advised that it should not be left
in place for more than 3 days as there is some risk
of osteomyelitis.
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Crop tubing

This is a simple and effective means of providing oral
drugs or fluids, or for feeding sick birds (Figure 8.12).
Plastic or metal tubes may be used. Metal tubes
(straight or curved) are available commercially in a
range of sizes suitable for birds from small finches to
large raptors. They should be used with care, as
oesophageal perforation is possible with rigid tubes.
Compared with parrots, there is much less chance of
any of the species in this Manual (with the exception
of large eagles and vultures, in which a metal tube
should always be used) chewing and breaking the
tube. Therefore, a number of different tubes commonly
found in veterinary practice may be used or adapted
for this purpose (Figure 8.13). Metal Spreull needles
used for ear flushing in dogs and cats also make
excellent crop tubes for small raptors, pigeons and
larger passerine birds.

m Crop tubing a raptor. Note the extension of the
head and the position of the tube over the glottis

and along the right side of the mouth. (© John Chitty)

Species | Tube

Raptor Dog urinary catheters ideal

Tubes of a variety of lengths should be kept, allowing
use in a range of species

Itis vital that the cut end is filed and heated to make a
smooth edge - cut edges can cause a lot of damage

Pigeon Jackson cat catheters are ideal in their normal shape
(minus stylet!) or with the end removed and smoothed
(as above)

Alternatively a dog catheter may be cut and smoothed

as above

Passerine | Jackson cat catheters may be used for larger species
birds (e.g. mynah bird). Lachrymal cannulae excellent for
smaller species but should be used with some care as
they are more rigid than other plastic tubes

m Crop tubes used in practice for raptors, pigeons
and passerine birds.
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As a general rule, the largest tube size possible
should be used to help to avoid glottal insertion.

1. The bird should be restrained in a towel and the
bill opened using the thumb and index finger
placed in the commissures of the beak. In very
large raptors (eagles or large vultures) a mouth
gag may be used.

2. The neck is extended and the tube is passed
on the right side lateral and dorsal to the
glottis. This is much easier than in parrots
as none of these species have such a large
fleshy tongue. Should resistance be
encountered or the bird become distressed,
the tube should be withdrawn and the process
attempted again.

3. Prior to administering the fluid bolus, the tube
should be felt within the crop.

4. Fluids should be pre-warmed and given slowly to
avoid regurgitation. The volume should not
exceed 20 ml/kg in each dose, but the process
may be repeated as soon as the crop empties.

Greater care should always be taken with owls.
They do not have a crop; therefore the tube is placed
into the distal oesophagus and a smaller volume of
fluid should be given (up to 12 ml/kg) as a bolus.
Gentle palpation of the abdomen may indicate if the
bird can tolerate a bolus of fluid. Similarly it is more
difficult to assess whether or not the tube is in the
oesophagus, not the trachea. The neck should always
be palpated prior to the injection of any fluid. This
should permit the finding of two tubes: the trachea
(having complete rings) and the stomach tube. If in
doubt the stomach tube may be gently moved so it
can be felt more easily.

Anaesthetized birds should be allowed to recover
fully before being given fluids or medication by
crop tube.

The above technique may also be used to obtain
a diagnostic crop washing. The tube should be
inserted and warmed isotonic saline passed into the
crop. A small volume is aspirated and submitted for
cytology, culture/sensitivity, etc.

Beak trimming

Pigeons and passerine birds
It is very rare for pigeons to require beak trimming.
Occasionally congenital deformities or injuries may
result in displacement and misalignment of the beak.
In these cases the soft beak is easily trimmed or
maintained using small nail clippers.

It is also relatively unusual for passerine birds to
require beak trimming. Misalignment may occur, as in
pigeons, but it is rarely necessary to do more than
trim back the tips of the beaks with a sharp set of
clippers. In larger passerine birds a small Dremel
grinder may be useful for reshaping a beak.

In the event of over-trimming, bleeding tissue may
be cauterized using heat or chemicals (e.g. potassium
permanganate).
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Raptors
Trimming (or coping) of the beak is frequently
performed in raptors.

As in other species, the principal natural means of
maintenance of beak shape are:

e |ts own action (wear of upper against lower beak)
e Grinding of the beak against substrate or against
bones etc. in prey.

Overgrowths in raptors may occur due to:

e Malformation in young birds (rare)

Damage to beak and/or cere such that beak

growth is affected or permanent deficits in beak

tissues result. This may be from trauma or
disease (e.g. bacterial or parasitic infection)

e |atrogenic. Unnecessary or badly done beak
trims may damage sensitive tissues, resulting in
worsening of the problem

e Abnormal keratin metabolism (e.g. malnutrition or
liver disease). It is important to make a thorough
assessment of any adult bird presenting with an
overgrown beak (Figure 8.14). Malnutrition,
resulting in lack of sulphur-containing essential
amino acids, is rare in birds being fed whole
carcasses, but it may be possible that some birds
do suffer from inability to process these
compounds. If such deficiencies are suspected,
methionine may given as a supplement and the
effects assessed

e Lack of bone in the diet. Some falconers feel that
this may result in inadequate wear of the beak.
However, this is rarely proven and beak changes
may reflect dietary imbalance more than a simple
lack of solid material.

m Beak dystrophy in a Harris’ Hawk. Note the
smoother newer beak growth near the cere,

reflecting some response to an essential amino acid
supplement. The beak is elongated, reflecting abnormal
wear between the two beaks. (© John Chitty)

As in parrots, the principal aim is not just to trim
the beak but to reshape it with the ultimate aim that
the beak will be able to ‘maintain itself’. With this in
mind it is essential that the normal anatomy of the
beak is known for that species, before undertaking
the procedure (Figure 8.15).
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(a) Normal falcon
beak (Common
Kestrel). Note the
tomial ‘tooth’,
which must be left
intact when
coping the beak.
(b) Normal hawk
beak (Eurasian
Buzzard), which
lacks the ‘tooth’.
(© John Chitty)

It is rare that the reshaping can be done using clip-
pers alone. Many experienced falconers will under-
take this procedure themselves using small clippers
and a set of files. Either good quality files (those used
for sharpening dental instruments are excellent (S
Girling, 2004, personal communication)) or low-torque,
low-speed grinding tools (e.g. Dremel Minimite) are
ideal for beak shaping. Grinding pieces in a range of
different sizes and shapes make the job much easier.

Many falconry birds can be coped conscious while
cast. However, general anaesthesia is indicated
where extensive reshaping is required or where the
bird is not calm and easily handled.

Beak layers should be taken back carefully and
slowly to avoid entering the sensitive underlying
tissues. If haemorrhage is encountered, the area
should be cauterized with potassium permanganate
or silver nitrate and no further tissue should be
removed in this region.

Nail/talon trimming

In all cases, any underlying causes for nail
overgrowth should be identified and corrected.

Chapter 8 Basic techniques

Pigeons and passerine birds
It is very unusual for pigeons to be presented with
overgrown nails for trimming.

Finches are frequently presented with very over-
grown (sometimes curling) nails. The reasons for
this include:

e Perches. Perch width should be appropriate to
the bird’s size and individual preference.
Overgrown nails may be seen in conjunction with
pressure lesions on the feet

e Failure to perch properly (e.g. due to arthritis)

e Malnutriton or liver disease. Abnormal keratin
metabolism may result in an adult bird suddenly
developing overgrown nails.

Raptors

While it may seem perverse to consider trimming
talons as long sharp talons would seem essential for
successful hunting, raptors are sometimes presented
for trimming.

¢ In some ‘handling’ or display birds the falconer
may request the tips of the talons to be removed
and blunted to reduce the chances of injury to
inexperienced handlers.

e In other cases, it may be felt that overlong
talons may be contributory to self-injury and
bumblefoot (though these theories are largely
discredited).

e Some falconers may request blunting of talons in
young birds that are too aggressive when
grabbing at the lure; they feel that these may be
predisposed to self-injury.

e Some cases may be due to malnutrition or liver
disease, as described above.

e ltis also possible that, following injury, a talon
may grow back abnormally and so not wear
down correctly.

Equipment and method
In this section the word ‘nail’ is used for both nail and
talon, for ease of reading.

In general, specialist bird-nail clippers or very
small cat-nail clippers may be used. In raptors a
grinding tool (e.g. Dremel Minimite on high speed)
can be very useful. In the latter case the nail can be
shaped using the grinder but care must be taken not
to damage the skin of the foot. Haemorrhage is less
likely, as the heat from the grinder will aid in cauterizing
the nail (Figure 8.16).

Where clippers are used the nail should be cut
from side to side (Figure 8.17). This results in the nail
being squeezed over the artery and haemorrhage
being reduced. It will also reduce the chances of the
nail splitting.

The artery is often found near the end of the nail.
It is easy to see and avoid in white nails but less so
in black nails. Therefore small amounts should be
taken off each nail until either a desired length is
reached or bleeding starts. There is no ‘set length’ to
achieve when clipping nails but each case should
be judged individually.
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m Nail cutting in falcons. Some falconers like very long talons (a) to be ‘blunted’ at the end of the flying season, as
in this Harris’ Hawk (b). The talon is not drastically shortened but merely blunted. {e) A grinding tool is excellent
for this purpose (here being used on the talon of a Hobby). (© John Chitty)

m Clipping a finch’s claw. Note the side-to-side
squeeze so that bleeding is minimized should
the blood vessel be cut accidentally. If a blood sample is
required, the clippers should be applied ‘top to bottom’.
(© John Chitty)

There is usually no need to perform this procedure
under general anaesthesia, unless the nails are
grossly overgrown and haemorrhage will be unavoid-
able in bringing the nails back to a normal length. In
these cases anaesthesia avoids the need for pro-
longed restraint.

Haemorrhage may be stopped by use of silver
nitrate powder/sticks or potassium permanganate
powder/crystals. Some practitioners advocate press-
ing the end of the talon into a bar of soap in order to
seal the blood vessel and cleanse the lesion. The bird
should be closely monitored until bleeding stops.

Just as in dogs, there is no set time for a re-clip,
which should be done as required. Many birds will
never need a clip.

Ring removal

A variety of identification rings may be attached to
birds’ legs. Damage to these rings by the bird’s beak
is very unlikely in these species and longer metatarsal
bones than in parrots means that ring problems are
less common. However, where a ring of inappropriate
size has been placed an underlying pressure necrosis
of the skin may result; this can progress to a deep
infection or abscess. Other external causes, swelling
or crusting of the underlying skin or movement of a
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ring into an inappropriate place (e.g. over the
intertarsal joint) may result in constriction of and
damage to underlying tissues. Further swelling results
in increased constriction and severe damage to
underlying structures, which can cause loss of the
foot unless the ring is removed.

It is important that the legal consequences of
removing an identification ring are considered and
that appropriate action (e.g. placement of a microchip)
is taken where this is necessary (see Chapter 37).
Any removed ring should be retained and returned to
the owner. Where possible, cutting should take place
away from the engraved area so that the identification
remains clear. It is also vital to keep accurate records
of the procedure, signalment of the bird, and the
number of the removed ring.

Removal of a ring, even in finches where light
rings are used, is not always simple. Heavier rings
on large eagles can be extremely difficult to remove.
Routine equipment found in clinics may not be
appropriate, as many clippers, cutters and saws will
damage underlying tissues directly or by causing
twisting of the ring during cutting. The latter may be
the most common cause of iatrogenic fractures
during this procedure. The risk is greatest in finches,
where thin rings are easily cut using conventional
nail clippers, but injury is common when the use
of inappropriate tools causes ring twisting and
leg fracture.

It is recommended that practices seeing birds
invest in specialist ring cutters (e.g. from Veterinary
Instrumentation, Sheffield, UK, or Veterinary Speciality
Products, Boca Raton, Florida) and a Dremel tool
with cutting burs for removing tougher rings. When
using a cutting bur it is vital to avoid heat damage to
the underlying tissues. The ring should be surrounded
with wet swabs and regularly checked for overheating.
If it feels hot, cutting should be stopped and the ring
cooled with water before recommencing.

Small pliers, narrow-jawed bulldog clamps or old
artery forceps may be used to grip and bend the cut
ring away from the leg. Where specialist cutting
equipment cannot be obtained a small hacksaw blade
may be used to cut steel rings, but it should be noted
that this technique is extremely difficult to perform
without damaging underlying tissues.

To reduce patient struggling, it is recommended
that ring removal is always carried out under general
anaesthesia.
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This technique is used to replace rectrices and
remiges damaged during hunting. It has been used
for many centuries in falconry, especially for accipiters,
which frequently damage these feathers when
crashing through hedges and bushes during hunting.
It can also be used in feather-chewing raptors that
have damaged the remiges such that they can no
longer fly. It is rarely, if ever, performed on pigeons or
passerine birds.

The technique is simple but fiddly (Lierz, 2000).
Trained and hooded falconry birds will often be imped
while conscious, as they are calm and still. Less
experienced veterinary surgeons may prefer to
anaesthetize the bird, ormay approach an experienced
falconer for help.

The best source of new feathers is from the same
bird and falconers should always be advised to keep
moulted remiges as they may come in useful later (it
is often a mark of the experience of the falconer if
they already do this). Failing this, feathers from the
same species should be used. However, there is a
disease risk in imping feathers from one bird to
another. Feathers can be sterilized using ethylene
oxide or they can be frozen prior to use in order to
reduce contamination.

If desperate, feathers from a different but similarly
sized species may be used.

1. The stump of the damaged feather is trimmed so
that the exposed end is smooth.

2. The replacement feather is trimmed to fit’ on to
the end of the old calamus, creating a new
feather of the same length as the original. For
this reason the equivalent feather must be used if
possible (i.e. P1to P1, P2 to P2, etc.).

3. The replacement is grafted on to the old.

i. Anplastic or dowelling rod (or small-diameter
knitting needle or kebab skewer) is trimmed or
whittled so that it fits snugly into the base
feather at one end.

ii. The other end is similarly trimmed to fit into
the calamus of the new feather.

Chapter 8 Basic techniques

iii. Cyanoacrylate (tissue) glue is applied to each
end and the rod is inserted into the calami.
This stage must be done quickly before the
glue dries. It is extremely important that the
apposition of the old and new feathers is
exact and that the replacement feather is
oriented correctly (Figure 8.18).

Surprisingly, these grafted feathers can be very
strong and quite capable of allowing flight.

Broken blood feather

This is a common problem and should be the primary
differential for any bird presented with profuse
bleeding.

It is important that the bleeding is controlled in the
correct manner. While ligation of or application of
haemostatic compounds to the affected feather may
be effective in the short term, these feathers frequently
bleed again and often become infected. This may
trigger feather chewing (in susceptible species) and
in some cases dystrophy or cyst formation.

The feather should therefore be removed as soon
aspossible. Itis generally done with the bird conscious.
The damaged blood feather is grasped and pulled out
slowly while slightly twisting the feather. Any residual
bleeding from the follicle is controlled by gently
squeezing the follicle for a few seconds. This technique
stops haemorrhage by twisting and stretching the
artery that enters via the base of the feather. It also
stimulates the development of a new feather.

It should be noted that there are distinct regional
preferences in approaching this problem. Forexample,
falconers in Germany are opposed to removal of
bleeding feathers and prefer to leave the damaged
feather in situ. Hyaluronidase is injected into the base
of the feather to stimulate detachment and thus
replacement. This illustrates the importance of
inexperienced veterinary surgeons conversing with
falconers and reading falconry texts when beginning
to deal with these species: traditions are very strong
and falconers can be very sensitive.

Lierz)

Imping. (@) A bamboo stick is glued into the new feather shaft using
two-component glue. (b) The bamboo stick is now inserted into the old
feather shaft. Note the paper below the feathers to avoid glue spoilage onto
underlaying feathers. (€) All feathers to be imped are inserted. The glue needs
about 5 minutes to harden, which allows the feathers to be rotated into the correct
positions. (d) A correctly imped wing; the repair is not noticeable. (© Michael
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Euthanasia

Euthanasia of the sick bird is an option for the clinician
where therapy is not possible, practicable or affordable
and the bird is suffering.

Whatever the indication, euthanasia must be car-
ried out in a humane manner and the decision taken
with sensitivity for the owner. The human—bird bond is
rarely as intense as with parrots and their owners, but
many falconers are very close to their birds.

* |deally euthanasia should be by intravenous
injection of pentobarbital. It may be useful to
induce anaesthesia prior to this injection. If
owners are to be present, it may be prudent to
consider health and safety aspects of waste
anaesthetic gases. Sedation using intramuscular
ketamine may also be used.

e Where the body is required for post-mortem
examination, euthanasia may be achieved by
overdosage of the volatile anaesthetic agent.

e Intracoelomic injection of pentobarbital cannot be
recommended. It may result in rapid death, but it
often does not and these injections may be

associated with considerable pain to the bird.
They may also disrupt internal anatomy, thus
affecting necropsy findings.

¢ Intracardiac injection of pentobarbital may be
achieved in smaller passerine birds, but
inadvertent intrapulmonary injection may cause
unnecessary distress to the bird.

In the field situation, such as severe injury to a
hunting raptor, other methods may be considered. In
these cases a physical means of euthanasia may be
more appropriate to reduce bird suffering than
transporting it for injection.

e Cervical dislocation is rarely easy in larger
raptors, but a sharp hard blow to the head will
render the bird unconscious or dead very quickly.

¢ Passerine birds and pigeons may be easily and
quickly euthanased using cervical dislocation.

Reference

Lierz M. (2000) Imping feathers in birds of prey. Exotic DVM 1(6), 13-15
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Clinical pathology and
post-mortem examination

Gerry M. Dorrestein

Haematology

Sample collection

Sites and techniques for venepuncture are illustrated
in Chapter 8. When a live bird is presented for
euthanasia and post-mortem examination it is a good
habit to collect as much blood as possible from the
right jugular vein: this will provide haematological and
biochemical values in addition to the necropsy findings
and it is useful to practise collection technique,
especially in small birds. Heart puncture is mentioned
in the literature but this may lead to organ damage
and obscure pathological changes in the heart muscle
or pericardium.

Many passerine species are extremely small and
only tiny amounts of blood may be safely obtained.
Obtaining a few drops of blood from the jugular vein
means that a smear can be made; the rest may be
collected into one or two heparinized capillary tubes.
These may be spun and a PCV obtained. The buffy
coat thickness may also be assessed. The tube may
then be broken to obtain plasma for measurement of
total solids and one or two biochemical tests. Some
practices have machines that are able to perform a
large number of tests on a single drop of blood.

Blood smears

Blood smears should be made with fresh non-
heparinized blood as heparin interferes with staining.
Fresh blood can be obtained either from a needle
used to obtain the sample or from blood collected

directly into a non-heparinized microhaematocrit tube.
EDTA-treated blood can also be used (Figure 9.1).
The smear is made using the standard two-slide
wedge technique or by using the slide and cover glass
method (see BSAVA Manual of Clinical Pathology).
After spreading the blood the smear is air-dried.

Tests

A general blood examination includes a complete
blood count (CBC) and plasma uric acid, bile acid,
calcium, enzyme activities (Figure 9.2) and protein
electrophoresis (Figure 9.3). Electrophoresis may not
be available from all laboratories or may take several
days. If such tests are not available or are not practi-
cable, levels of total protein, albumin and globulin
(and albumin:globulin ratio) may be obtained by other
means. The CBC includes packed cell volume (PCV),
red cell parameters (counts, size, haemoglobin
measurements), white blood cell count (WBC) and
the percentages of heterophils, lymphocytes and
monocytes (Figure 9.4). Laboratory reference ranges
for biochemical and haematological parameters are
given in Appendix 3.

Additional tests are selected based on the clinical
findings and the results of the general screening and
other laboratory tests. If there is uncertainty about
sample type and handling, the laboratory performing
the analysis should be contacted. This is especially
true for the analysis of toxic agents, where the choice
of the container (zinc) and anticoagulant (lead) may
significantly influence the values.

Heparinized blood

EDTA and clotted blood

Smaller sample required as it gives more plasma

Large sample required

Total protein is higher

Less serum available
Fibrinogen absent

Separate immediately*, as cells break down, releasing enzymes
and electrolytes

Allow to clot for an hour at room temperature and centrifuge in a gel tube

Can post. Plasma should be separated

Can post

Potentially poor cytology, so prepare air-dried smears

Good cytology

m Comparison of heparinized and EDTA-treated blood for histology and biochemistry. * Unless requiring
haematology and biochemistry from same sample (main changes affect electrolytes; these should always be

tested patient-side or on separated posted samples).
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Plasma proteins
NB Heparin raises protein by approx 5 g/l due to presence of fibrinogen

Albumin Synthesized in the liver. Decreased in chronic disease, liver failure, starvation
Globulins Increased in chronic hepatitis, acute/chronic infections
Enzymes

Alanine aminotransferase (ALT) | Present in many tissues. Elevated by non-specific cell damage; non-specific

Alkaline phosphatase (ALP) Present in duodenum and kidney; low hepatic activity; tissue-specific isoenzymes. Increased by cellular activity;
elevation normal in juveniles and during egg-laying

Aspartate aminotransferase Present in liver, heart, kidney, skeletal muscle, brain. Increased in liver/muscle disease, vitamin E/selenium

(AST) deficiency. Increased by haemolysis. Last to elevate and last to recover in liver disease. Combine interpretation
with other tests, e.g. CK.

Gamma-glutamyl transferase Present in biliary and renal tubular epithelium. Increased by hepatocellular damage, some renal disease. In most

(GGT) species: <5 [U/l = normal; 5-10 IU/l = questionable; >10 1U/l = abnormal. Combine interpretation with other tests.

Lactate dehydrogenase (LDH) Present in skeletal/cardiac muscle, liver, bone, kidney; tissue-specific isoenzymes. Increased in hepatic necrosis,
haemolysis, muscle damage. Non-specific. In liver disease levels rise and fall more quickly than AST.

Other indicators of liver disease

Bile acids Rapid, sensitive increase and decrease in liver disease. Fasting may affect levels. In most species: <75 pmol/l =
normal; 75-100 pmol/l = questionable; >100 pumol/l = abnormal.

Bilirubin Many species cannot convert biliverdin to bilirubin. <10 pmol/l = normal. <5 umol/l = colourless serum.
Carotenoids can mimic jaundice

m Biochemistry interpretations.

Change in fraction Associated with
Decreased albumin Decreased production (such as liver insufficiency), increased (gastrointestinal) loss (such as enteritis),
or increased use (such as chronic inflammation)
Elevated a-globulins Acute inflammation or infection, reproductively active female
Elevated fp-globulins Acute inflammation or infection
Elevated y-globulins More chronic inflammation or infection

m Common abnormalities on plasma protein electrophoresis.

Blood cell morphology: {a) red blood cells;
{b) heterophil; (e) lymphocyte; (d) monocyte;
(e) eosinophil; (f) thrombocytes. (Diff-Quik, original
magnification X1000) (© John Chitty)
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Cytology

Cytological evaluation is always an adjunct to other
diagnostic procedures. In the clinic a cytological
examination of swellings, discharges from eyes, nos-
trils and wounds, fluids, mouth and cloacal swabs,
and faecal smears can give much additional informa-
tion about the nature and the aetiology of a process or
sign. At PME, cytology is an invaluable tool for defin-
ing the presumptive diagnosis and for starting treat-
ment in a flock situation. It is an indispensable tool for
a rapid investigation of possible bacterial, mycotic or
yeast infections (Figure 9.5) or even viral disease.
The diagnosis of many protozoal infections depends
on demonstrating the organisms in impression smears
of a selection of organs. Cytology is also useful for a
quick differentiation between tumour and inflamma-
tion. However, the veterinary surgeon should be
aware of the limitations of diagnostic cytology: it does
not always provide a definitive diagnosis; it does not
give information concerning the architecture of the tis-
sue (cells in the same smear may have originated
from different areas of the organ or lesion), the size of
the lesion, or the invasiveness of a malignant lesion;
the cells observed may not necessarily represent the
true nature of the lesion (e.g. an impression smear of
the ulcerated surface of a neoplastic mass will reveal
only inflammation and infection). Cytopathology
should not compete with histopathology; the two
should complement each other in achieving the final
diagnosis. It is important to note that occasionally one
is unable to characterize the cells in a specimen and
that a repeat smear or biopsy and histopathological
evaluation may be required to define the lesion.

A successful cytological examination is only possi-
ble if four conditions are achieved:

Representative sample

Good quality smear

Good staining technique

Correct evaluation of the cytological findings.

Gouldian finch
with yeast-
related
enteropathy:
(a) wet mount;
(b) stained with
Hemacolor®.
Arrows point to
bacteria;
arrowheads
point to yeasts.
(Original

d magnification:
(a) X40;

(b) X100)

Sample collection

e Abdominocentesis, tissue and bone marrow
biopsy, crop wash, nasal flush, sinus aspiration,
tracheal wash, air-sac wash and urine collection
are possible collection methods.

e |tis important that cytological specimens are
taken from fresh sources, since cells degenerate
rapidly following the death of the patient or
removal of the tissue.

e Cytological samples of the alimentary tract of live
birds can be using a cotton swab or crop
aspiration. Postmortem samples of the alimentary
tract are obtained by scraping any lesions with a
cotton swab or spatula blade. The material can
also be used for microbiological culture and
microscopic examination.

Fine-needle aspiration

Fine-needle aspiration often provides a good sample
for a rapid presumptive diagnosis without radical
tissue removal, and this can be performed in the
examination room.

Direct smears

Direct smears can be made from aspirated fluids, e.g.
ascites or cyst contents. They can be made using the
wedge method or the coverslip method commonly
used for making blood smears. A ‘squash-prep’
procedure should be used to make smears from thick
tenacious fluid or from fluid that contains solid tissue
fragments. Fluids that have low cellularity require
concentration methods to increase the smear
cellularity. Sediment smears made after slow-speed
centrifugation (500 rpm for 5 minutes) of the fluid or
smears made with cytocentrifuge equipment will
usually provide adequate cytological specimens.

Contact smears
Impressions of organs should be made from a freshly
cut surface, which should be fairly dry and free of
blood. This can be achieved by gently blotting the sur-
face on a clean paper towel. Impression smears can
then be made by gently touching the microscope slide
against the surface of the mass. It is important not to
use too much pressure and to air-dry the slide quickly.
Several imprints of the same organ should be made
on each slide. If the imprints show poor cellularity,
more cells may be obtained by scraping the mass
with a scalpel blade to improve exfoliation of the cells.
The impression procedure can be repeated, or more
smears can be made from the material remaining on
the scalpel blade. When a mycotic process is sus-
pected, this is the only technique to use to ensure that
fungal hyphae will be present on the cytology slide.
In a standard PME, impression smears are made
from the cut surfaces of liver, spleen and lungs, and
also from rectal scrapings. Extra impressions are
made from macroscopically altered organs.

Fixation and staining

Once a sample has been collected and a smear
made, the specimen must be properly fixed to the
slide. If smears are to be sent to a diagnostic
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laboratory, they must be air-dried, properly packed
(broken slides are fairly common) and accompanied
by a distinct identification and case history.

The method of fixation depends on which staining
procedure is to be used. Fresh air-dried blood smears
and cytology slides are adequate for Romanowsky
stains (e.g. Giemsa) and many rapid stains. Two or
more slides should always be made, leaving at least
one unstained in case special staining is needed.

Cytologists use a variety of stains and staining
methods including: Giemsa — for cells; Gram — for
bacteria; acid-fast — for Mycobacterium; modified
Giminez — for Chlamydophila; Stamp — for Chlamydo-
phila; Prussian blue — for haemosiderosis or iron
storage; and Sudan Il — for fat globules. Proper fix-
ation must be applied if specific stains are used. To
obtain this information the diagnostic service should
be contacted.

The cytological descriptions in this chapter are
based primarily on slides stained with a modified
rapid Wright's stain (Hemacolor®, Merck). The great
advantage of rapid stains is a short staining time
(usually 20 seconds), which allows quick examina-
tion of the specimen and provides satisfactory stain-
ing quality. These stains are suitable for use in
veterinary practice where a simple staining pro-
cedure is desirable. Many rapid stains also provide
permanent reference smears for comparison with
other cytological specimens

Although there are many different recommend-
ations for parasite handling, storage and fixation, the
author recommends that all parasites should be
collected in glycerine alcohol (9 parts 70% ethanol
and 1 part glycerine).

Microscopic examination

Once smears have been stained and dried they are
ready for microscopic examination. For a reliable
evaluation of haematological or cytological changes it
is often necessary to consult a haematologist or
cytopathologist. The recognition of many aetiological
agents is often easy, however, and can give a
presumptive diagnosis.

Scanning and low magnifications (X100 or X250)
are used initially to obtain a general impression of
the smear’s quality. At these magnifications, the
examiner is able to estimate the smear’s cellularity,
to identify tissue structures or large infectious
agents (e.g. microfilariae, fungal elements) and to
determine the best locations for higher-power
examination. Oil immersion (X1000 magnification) is
used to examine cell structure, bacteria and other
small objects.

In addition to viewing cellular structure, the cyto-
logist should determine background characteristics
(e.g. iron granules), the amount of peripheral blood or
stain precipitation present, the thickness of different
areas in the smear, and the distribution of the cells.

e The background characteristics may be useful in

defining the nature of the material being
examined. Protein aggregates create a granular

76

background with the rapid stains. Bacteria,
crystals, nuclear material from ruptured cells and
exogenous material (e.g. plant fibres, pollen and
talcum or starch crystals from examination
gloves) may be seen in the non-cellular
background of the smear.

e Excessive peripheral blood contamination of a
specimen will dilute and mask diagnostic cells;
this will make interpretation difficult.

e Stain precipitate on the smear should not be
confused with bacteria or cellular inclusions.
Stain precipitate varies in size and shape and
will be more refractive than bacteria or most
cellular inclusions.

e The thickness of the smear will affect the
appearance of the cells and the quality of the
smear. Thick areas do not allow the cells to
expand on the slide, so they appear smaller and
denser when compared with the same cell type
on thinner areas of the smear. Therefore,
examination of the cells in thick smears should
be avoided. The cellular distribution should also
be noted.

Microbiological culture

Frequently avian veterinary surgeons are requested
to collect samples from multiple-organ systems for
microbiological culture. Choanal cleft and cloacal
aerobic cultures are often included in routine labora-
tory screening for birds, but any tissue or fluid can
potentially be sampled. It is most important that the
sample is taken only from the intended site, as cleanly
as possible.

A sterile swab of appropriate size should be used,
moistened with sterile water or non-bacteriostatic
saline. Biopsy or necropsy tissue and fluids may
require different sampling and handling, depending
on the material. A routine rapid stain of tissue from the
sample area will give an indication of which
microorganism can be expected and will help in
selecting the proper culture media. In an in-house
laboratory, but also after receiving back the results
from a reference laboratory, the stained smear can be
used for interpretation of the findings. Cultures must
be interpreted carefully, and the significance of a
given organism’s growth should be based on clinical
history, physical examination, and other supporting
diagnostic tests.

Collection and culture media should be appro-
priate for the suspected microorganism. For routine
aerobicandanaerobicbacterialcultures,commercially
available sterile swabs and appropriate transport
media should be used. Blood agar (Figure 9.6) and
MacConkey agar plates are standard media for
most in-house aerobic bacterial cultures. The blood
agar plate should be inoculated first, as MacConkey
agar inhibits most non-enteric Gram-negative rods
(except Pseudomonas) and all Gram-positive
microorganisms. Most Gram-negative enteric bac-
teria (e.g. Escherichia coli, Klebsiella, Salmonella)
grow well on MacConkey agar.
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m Growth of Escherichia coli) on blood agar and
selective brilliant green phenol agar.

Viruses, certain bacterial organisms (e.g.
Chlamydophila, Mycobacterium, Mycoplasma), many
fungi and protozoal organisms require special culture
media and the reference laboratory should be
contacted for specific collection, handling and
transport instructions. In general, if there is uncertainty
about the need for special culturing techniques, fluid
and tissue samples can be frozen. For longer storage
an ultrafreezer at —70°C can be found at many
diagnostic laboratories. With the exception of most
dermatophytes and Malassezia sp., all medically
important fungi (including Aspergillus and Candida)
will grow on blood agar incubated aerobically at 37°C.
Sabouraud's and malt dextrose agar are used
specifically to inhibit most bacterial proliferation and
to promote fungal growth (Figure 9.7).

Aspergillus fumigatus:
(a) conidia on
conidiophores in wet
mount; (b) growth on

| malt agar after 48 hours.

Diagnostic tests for infectious
diseases

Chlamydophilosis

Most birds with clinical signs of Chlamydophila psit-
taciinfection suffer from an acute hepatitis. In pigeons
and captive raptors, however, chlamydophilosis can
be endemic without much in the way of clinical signs,

but occasional fatalities. Plasma chemistry can
demonstrate elevated liver enzymes in clinical cases
and a decreased albumin:globulin ratio due to hyper-
globulinaemia on plasma protein electrophoresis.
CBC shows leucocytosis.

In-house test procedures for C. psittaci involve
cytological staining or specific antigen detection.
These tests detect shedding of C. psittaci in swabs
from the conjunctiva, choana or cloaca. In an
impression smear of the swab, the organisms stain
red with Stamp’s or Machiavello’s stain (modified
Ziehl-Neelsen).

Commercially available enzyme-linked immuno-
sorbent assays (ELISAs) can detect Chlamydophila
antigen in the swab sample. Most were originally
developed for the detection of human Chlamydia
trachomatis and C. pneumoniae, but are also suitable
for Chlamydophila psittaci. Immunofluorescence (IF)
tests are also available.

The disadvantage of cytological staining and anti-
gen detection tests is that they only detect organisms
that have been shed. False-negative results can
occur due to intermittent shedding, or inhibition of
shedding by antibiotic treatment. Specialized labora-
tories provide polymerase chain reaction (PCR) tests
for C. psittaci DNA. Serological tests measuring anti-
bodies against C. psittaci are also available. Serology
is not useful for immediate diagnosis in an individual
bird, though high antibody titres are an indication that
Chlamydophila is present. When using serology,
paired sera are mandatory to diagnose an ongoing
C. psittaci infection.

As chlamydophilosis represents a significant
zoonotic risk, it is recommended that at PME, after
opening the body cavity, an examination is made for
the presence of this infection before proceeding fur-
ther. In many cases there are visible lesions at PME,
such as pericarditis, air sacculitis and hepatitis
(hepatomegaly, often with serofibrinous deposits over
the surface). In some cases, however, no such lesions
are apparent. The spleen, or the yellow material at
the affected air sacs when present, is the organ of
choice when testing for chlamydophilosis. An impres-
sion is made, air-dried and stained by modified
Ziehl-Neelsen and examined under a high-power
(X100) objective. Chlamydophila organisms appear
as clusters of tiny magenta bodies within the blue-
green staining cytoplasm of the host cells. The tradi-
tional confirmatory test has been culture examination,
but this has been largely replaced by the PCR test.

Circovirus infection

A PCR is available for the detection of DNA from
pigeon circovirus. The assay is performed with liver
tissue fixed in 70% alcohol. A positive PCR in a dead
nestling confirms that circovirus may be the causative
agent of mortality. If an adult bird without clinical signs
tests positive on PCR, it is possible that this is due to
a transient infection. The virus can be seen using
electron microscopy but cannot be cultured.

At PME juveniles demonstrate hepatic necrosis
and often secondary infections such as bacteraemia
or an acute aspergillosis. Bursa, bone marrow and
liver samples should always be taken at PME; some
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of each tissue should be frozen, some of each fixed
in buffered formalin and some fixed in 70% alcohol
to be sent for PCR. If there is a financial constraint,
bone marrow samples should be tested by PCR
first. On histology, basophilic inclusion bodies are
seen in the bursa.

In Canaries and finches, specific circoviruses are
found that are related more to psittacine circoviruses
than to the pigeon circovirus. In Canaries, the typical
basophilic inclusions can also be found in the intestinal
muscles. The extentof distribution of these circoviruses
amongst passerine birds is not yet known.

Polyomavirus infection

Avian polyomavirus (APV) infection has been found
in birds of prey and passerine species, including
Canaries, but not in pigeons thus far. APV can be
detected with a PCR. Viraemia can be seen in blood
samples and the virus can also be found in cloacal
swabs. After the virus is no longer present in the
blood, it can still be shed in the cloaca for up to sev-
eral weeks; however, such shedding is intermittent
and DNA can thus can be missed. If a bird dies from
APV infection, PME will demonstrate haemorrhages
and hepatic necrosis. In young birds the bursa can
sometimes be enlarged (Figure 9.8). Intranuclear
inclusion bodies are found in different organs, but
mostly in the spleen and the glomerulus epithelial
cells of the kidneys. These two organs should always
be collected at PME, but especially when APV infec-
tion is suspected.

m Enlarged bursa of Fabricius (arrowed) in a
Canary with polyomavirus. (Courtesy of Peter
Coutteel)

Tests for specific conditions in
raptors

Polyuria/polydipsia (PU/PD)

Primary polyuria is directly related to renal disease.
Systemic disorders such as diabetes mellitus, stress,
liver disease, hypercalcaemia or psychogenic poly-
dipsia can cause secondary polyuria. Targeting labo-
ratory examination of these patients includes urine
analysis (Figure 9.9), CBC and plasma biochemistry.
Further differentiation between primary and second-
ary causes of polyuria requires blood examination.
For an accurate diagnosis of the cause of PU/PD,
additional diagnostic procedures such as radiography,
endoscopy and biopsy are often necessary.
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Parameter Normal value in parrots
Specific gravity 1.005-1.020
pH 6.0-8.0

Protein Trace amounts
Glucose Negative or trace
Ketones Absent
Bilirubin Absent

Urobilinogen 0.0-0.1
Blood Negative or trace

m Normal urine parameters. NB These values are
for parrots as data are unavailable for other
species. It is likely that other species will have similar
normal parameters, but caution should always be
exercised when extrapolating from one family of birds to
another.

The urine of a bird with polyuria can easily be
collected from a fresh dropping on a non-absorbent
surface. Standard urine-stick tests can be used for
the detection of glucose, haemoglobin and protein.

¢ The avian glomerulus is impermeable to most
proteins, including albumin. Therefore no protein,
or only a trace of protein, should be present in
avian urine. Glomerulonephritis can result in
marked protein loss. Tubular damage can induce
a mild proteinuria.

e Inthe normal avian kidney, all glucose is
resorbed in the proximal tubule. Therefore tubular
diseases can cause distinct glucosuria.
Glucosuria can also occur when hyperglycaemia
is present and the absorption capacity of the
tubules is exceeded.

e Haematuria may be present with inflammatory
or neoplastic diseases of the kidney, ureter
or cloaca.

Uric acid and urea

Uric acid, the major nitrogenous waste product of
birds, can be measured to evaluate renal function
(blood creatinine concentrations are not reliable in
birds). Approximately 90% of uric acid is secreted
through the proximal tubules; only a small portion is
filtered by the glomeruli. It is believed that, as in
mammals, the avian kidney has substantial excess
capacity. Elevated plasma uric acid levels in the
raptor can be related to postprandial high levels, to
damage of more than 50% of the proximal tubules
or to severe dehydration.

Determination of plasma urea may be beneficial
in differentiating kidney disease from dehydration.
Urea, synthesized by the liver, is excreted by
glomerular filtration, and reabsorption increases
with dehydration. Increased plasma uric acid with
normal plasma urea is likely to be indicative of
renal disease. Elevation of both plasma uric acid
and urea indicates dehydration, but renal disease
may still be present.
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Glucose

Plasma glucose can be measured to investigate
other possible causes of PU/PD. If the sample will
be stored for longer than several hours, it is advis-
able to separate plasma and blood cells to prevent
lowering of glucose levels.

Occasionally birds demonstrate transient hyper-
glycaemia; therefore birds with hyperglycaemia
should be tested again after 2 days. Often, stress
hyperglycaemia cannot be distinguished from
diabetes mellitus (DM), but repeated measurements
of glucose levels >55 mmol/l are likely to be associated
with DM. Determination of blood glucagon and insulin
may also be important in diagnosing DM, but tests for
these hormones are not routinely available. Histology
of the pancreas showing atrophy or inflammation of
the pancreatic islets confirms DM; thus, endoscopic
or surgical biopsy may be a more important means of
confirming diagnosis.

Calcium

PU/PD due to hypercalcaemia can be caused by egg
laying, excess of dietary calcium or vitamin D3, or
malignancies. When performing a PME on a bird with
hypercalcaemia, attention should be paid to the status
of the ovary and oviduct. Oversupplementation with
calcium and vitamin D3 can lead to dystrophic
calcification of the renal tubules. PME of these
patients should also focus on hyperplasia or neoplasia
of the parathyroid glands.

It is important to note that total plasma protein
levels markedly influence plasma calcium concen-
trations. Total plasma calcium measured in most
laboratories consists of an ionized fraction and a
protein-bound fraction. About one-third of total plasma
calcium is protein-bound and biologically inactive;
therefore, elevated protein concentrations can falsely
increase total calcium while the biologically active
calcium concentration remains normal.

Green/yellow urine

Green to yellow urine can indicate anorexia or liver
disease. Biliverdin is the most important bile pigment
in birds. Anorexia leads to a higher concentration of
faecal biliverdin and thus to a greenish discoloration
of the faeces (see Figure 7.12); diffusion of biliverdin
pigments from the faeces may result in green
discoloration of the urine. Over 90% of bile is resorbed
in the jejunum and ileum and enters the enterohepatic
cycle. In birds with impaired clearing capacity of the
liver, increased excretion of biliverdin results in a
green staining of urates and urine.

Determination of avian plasma enzymes can give
information on current liver damage (see Figure 9.2).
Elevations in plasma enzyme activities are related to
leakage of enzymes from damaged liver cells, but do
not necessarily indicate impaired liver function.
Damage of liver cells is usually related to hepatitis or
liver neoplasia. On the other hand, chronic liver
fibrosis or lipidosis produce little acute hepatocellular
leakage and damage. Plasma enzymes useful in the
detection of liver cell damage include aspartate
aminotransferase (AST), gamma-glutamyl transferase
(GGT), and glutamate dehydrogenase (GLDH).

e PlasmaAST is a very sensitive indicator of liver
cell damage. However, specificity of this enzyme
is low, because AST is also present in muscle
tissue. Trauma, injections or rough handling can
also lead to elevation of plasma AST. To
differentiate between liver and muscle damage,
plasma creatine kinase (CK) can be measured.
CK has a high sensitivity and specificity for muscle
damage. If both AST and CK are elevated, muscle
damage is present and liver disease is not proven.

e Although GGT is a specific indicator of liver
damage, avian GGT activity is low.

e GLDH is the most liver-specific enzyme, but its
sensitivity is low. GLDH is located within the
mitochondria of the liver cells. Elevated plasma
GLDH activity indicates severe liver cell damage
and necrosis, which can occur with viral, bacterial
or mycotic hepatitis.

Determination of plasma bile acid concentration
provides information on the clearing capacity for bile
acids by the liver. Impaired liver function with elevated
plasma bile acids can be caused by pathological
changes such as liver fibrosis or lipidosis. It should be
emphasized that in these severe liver diseases,
normal plasma liver enzyme activities can be
measured if no acutely damaged liver cells are
present. Radiography, ultrasonography and endo-
scopy can be helpful in liver disease, but biopsy is
essential to establish a definitive diagnosis.

The dyspnoeic bird
CBC and biochemistry alone cannot reveal specific
respiratory diseases but can add information to other
tests such as radiography, tracheoscopy and endo-
scopy. Acute and chronic inflammation of the respir-
atory system can lead to leucocytosis and changes
in plasma protein electrophoresis (see Figure 9.3).
Heterophilia is the first haematological change
seen in inflammatory disease, followed by lympho-
cytosis and/or monocytosis in more chronic stages of
disease. Stress responses can also induce hetero-
philia. Therefore, the WBC should be reviewed care-
fully against the recent history. An increase in the
heterophil:lymphocyte ratio may be a measure of
physiological stress. On plasma protein electrophor-
esis, birds with aspergillosis often demonstrate eleva-
tion of globulin fractions, which causes a decrease in
the albumin:globulin ratio. It must be emphasized that
elevation of globulins represents non-specific inflam-
mation or viral, bacterial, parasitic or fungal infection.
In some cases of dyspnoea, especially in older birds,
no abnormalities are found with routine diagnostic pro-
cedures except for an elevated PCV. If other causes
for high PCV are ruled out, it is possible that the bird
has lung atrophy; in such cases PCVs of 60% and
higher are found repeatedly. The diagnosis can only
be confirmed with lung biopsy or on PME.

Gastrointestinal problems

Blood panels do not specifically identify gastrointestinal
diseases, though inflammation may be detected with
CBCandplasmaprotein electrophoresis. Biochemistry
may reveal underlying diseases of other organs.
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Faecal assessment should be part of every avian
clinical examination and is mandatory in the bird with
gastrointestinal disease (see Chapter 18). Parasites
can be detected in fresh faeces using direct saline
smears and flotation. Cytology may indicate abnormal
bacterial flora and yeast infection. Bacterial and fungal
culture can identify the causative pathogen.

In the regurgitating avian patient, a crop swab
should be obtained. A direct smear, cytology and cul-
ture can be performed to detect flagellates, bacteria
or yeasts.

Determination of plasma amylase and lipase may
be helpful in the assessment of pancreatitis, and pan-
creatic necrosis or carcinoma but pancreatic biopsy
is necessary to diagnose pancreatic disorders.

The ADR raptor

The ‘Ain’t doin’ right’ bird might be presented for one
or more of the following problems observed by the
falconer:

e The bird is not flying at its usual performance
level given its appetite, weight and condition

e |t tires easily

e It does not gain weight in spite of increased
feeding

e |tis losing body condition/weight.

Clinical examination will confirm whether body
condition is as the falconer describes and whether it
is or is not appropriate for that stage of the season.
The differentials for this type of presentation are many
and a thorough investigation is required, including
clinical examination, radiography and endoscopy.
Laboratory work is also of vital importance. While
some tests will be dictated by the results of other
tests, the following are recommended as part of a
minimum database:

e CBC, protein electrophoresis, AST, CK, uric acid
(often best performed after starvation for 12—24
hours), sodium, potassium, calcium (total and
ionized), GLDH, bile acids

e Faecal parasitology (ideally on a pooled sample
collected over 3 days).

In some cases there will be minimal changes on
blood tests. In these cases it may be necessary to
perform repeated tests at 5—7-day intervals to assess
progress of any pathological condition.

Post-mortem examination

A complete PME is often the best method for
evaluating and understanding a disease process. The
ultimate goal is to take that information and experience
and to apply it to living patients. In addition to the
obvious goal of determining a cause of death, a PME
can thus provide the clinician with valuable information
concerning case management and therapy. In some
cases a PME is essential due to potential legal
actions. To obtain the maximum value from a PME,

80

consultation with a pathologist and histopathology are
necessary. In an ideal situation with no economical
restraints, clinicians would be able to submit whole
birds to the pathologist for PME and histopathology.
In many cases the clinician will have to do the PME
and select tissues for submission. If so, the procedure
must be carried out in a safe fashion respecting
relevant legislation and good practice. To make a
diagnosis the pathologist uses the clinical history
(including haematology, blood chemistry, morpho-
logical techniques, therapeutic measurements), the
gross description of the lesions, culture results and
other data, as well as the cytological and histological
appearance of the lesions. Absence of any of these or
incorrect submission of tissues will hamper this
process. The quality of information received from
examination of the samples is directly proportional to
the quality and choice of the specimens submitted
and the information that accompanies them.

Where a bird has been euthanased, an indication
should be given as to how this was performed.
Injections of barbiturate euthanasia solutions can
create extensive lesions; the best method of
euthanasia is an overdose of an inhalant anaesthetic
gas as this leaves the least amount of artificial
changes to the body.

e The PME should be performed as soon as
possible after death.

e To promote rapid cooling of the carcass,
thoroughly soak the plumage in cold water to
which a small amount of soap or detergent has
been added to aid complete wetting of the
plumage and skin. It also prevents spreading of
spreading of infectious material by feather dust.

e |f the carcass is going to be sent to a pathological
laboratory, place it in a plastic bag, squeeze out
all excess air, seal or tie the bag, refrigerate, and
contact the laboratory for further instructions.

e |f the carcass has been cooled immediately upon
death and can be submitted to the laboratory
within 72—96 hours it should be refrigerated (not
frozen) and packed with sufficient ice or cool
packs to keep it cold until arrival at the laboratory.

e |f delivery to the laboratory is expected to be
delayed beyond 96 hours, the carcass should be
frozen immediately, rather than simply
refrigerated. Frozen tissue specimens or
carcasses must be packed with ice packs (or
other frozen coolants) to keep them frozen until
arrival at the laboratory. Freezing will leave
artefacts and is suboptimal for histopathological
examination; it also decreases the likelihood of
success in isolating some bacteria (e.g.
mycoplasmas) or demonstrating some
parasites stadia.

e If the carcass is extremely small (e.g. embryos,
nestlings or very small adult birds) the entire
carcass may be submitted for histological
examination. This is best accomplished by
opening the body cavity, gently separating
the viscera, injecting some formalin into
the duodenum and fixing the entire carcass
in formalin.


http://vetbooks.ir/

Chapter 9 Clinical pathology and post-mortem examination

Whether the practitioner is performing the PME
or simply collecting diagnostic material, prepar-
ation must be systematic. The correct selection
of material for further examination and correct
method of sampling, storage and shipping of mat-
erial will increase the quality of results tremendously.
When adequate time to do a proper PME or ade-
quate facilities to carry out the procedure correctly
and safely are not available, it is likely that mistakes
will be made, systems missed or hygiene and
safety compromised. In that case it may be prefer-
able to submit the carcass to a specialist pathology
laboratory.

A written report of the PME findings helps the
clinician to keep track of the disease status of a bird
collection.

Preparation

To perform the PME, it is advisable to use a well lit,
well ventilated area (preferably under a fume hood) in
a designated room and to wear adequate protective
clothing and gloves. Aerosols from feathers, faeces
and exudates can be infectious. If there is any
possibility of azoonoticdisease (e.g.chlamydophilosis,
mycobacteriosis) a mask and possibly more extensive
protection should be worn. It is also important to
contain the feather dander and faeces in cases of
avian polyomavirus, circovirus and other viral
infections, so as not to contaminate the premises,
clothing or adjacent birds.

Disinfectant solutions should be readily available
for cleaning up after the PME, but neither these
solutions nor their fumes should come in contact with
tissues being collected, as they may lyse cells and
destroy microorganisms needed for culture. Tissues
that are to be cultured and blood or tissue cytological
smears should not be exposed to formalin fumes, as
this could severely distort staining and interpretation.

Equipment

Itis helpful to have two sets of instruments designated
for PME and not used around living birds. Both sets
should be thoroughly cleaned and sterilized after use.
One set is used for opening the bird and the other to
collect internal organ samples for culture and viral
diagnostics. Each instrument pack should include:
two scalpel blades and handles (one for cutting, one
forburning organ surfaces before taking a microbiology
sample); thumb forceps; and scissors. In one set
there should also be a rongeur-type instrument for
cutting bone and removing the brain. A set of
ophthalmic instruments and a head loupe are
invaluable for small birds, neonates or dead-in-shell
embryos. Other useful equipment includes a gram
scale, a hand-lens or dissecting microscope, and
absorbent papertissues. In addition to the instruments,
there should be to hand:

¢ 10 % neutral buffered formalin (= 4%
formaldehyde)

e 70% ethyl alcohol for wetting and disinfecting
the feathers and skin and for collecting samples
for PCR

e 70% ethyl alcohol mixed with 10% glycerine for
collecting parasitological specimens

¢ Abottle with saline (0.9% NaCl) with a pipette
(for parasitological examination) and

e Appropriate containers.

Other equipment for ancillary diagnostic proce-
dures includes:

e Syringes and needles to obtain samples for
serology, haematology or cytology

¢ Clean glass slides for impression smears

e A stain set for cytology (e.g. rapid stains and
Stamp or Macchiavello)

e Clean glass slides and coverslips for wet mounts
(parasitology)

e Burner for heating and sterilizing wire loops and
one scalpel blade before taking a sample for
microbiology

e Sterile swabs or culture tubes with appropriate
transport media for bacterial or fungal culture

e Transport media or material for PCR of
Chlamydophila, mycobacteria and viruses

e Petri dishes or freezer-proof tubes or small
zipper bags for submission of tissues for viral
isolation.

Figure 9.10 suggests equipment layouts for PME.
Before the PME, glass slides, sealable bags and
formalin jars should be labelled with the case number
or owner’s name and details of the tissues enclosed,
in an effort to save time and prevent interruptions in
the flow of the PME.

m Lay-out material and instruments for a PME:
(1) two scalpel blades and handles; (2) one pair

anatomical and one pair surgical forceps and two pair
scissors; (3) bone-cutting forceps; (4) containers with 10%
buffered formalin; (5) saline with pipette for wet mounts;
(6) clean marked glass slides for cytology and wet mounts
(parasitology); (7) burner for heating and sterilizing a
scalpel blade and wire loop for culturing; (8) culture media
for bacteriology and mycology; (9) wire loops for
microbiological sampling; (10) container with disinfectant
for the instruments; (11) aluminium foil plates for holding
small organs or tissues; (12) waterproof marker;

(13) preprinted labels; (14) copy of PME work-form and
checklist; (15) paper towels for cleaning in between;

(16) ruler.
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Record keeping: A digital camera might be useful
for documentation of gross lesions or where litigation
is possible. In the latter case, there should always
be a label showing the bird’s laboratory reference
number and the date. Blue or green paper should be
used as a background for the carcass or organs,
and a plastic ruler or disposable paper measuring
tape provides a scale. Generally it is better to take
photographs during the PME, ideally having an assist-
ant to help rather than having to remove gloves before
using the camera. In many cases it is possible to per-
form most of the PME using forceps and scissors,
without touching the carcass.

To record findings during the PME, scribbling
paper can be used that can be discarded with the
carcass after finishing the examination and writing the
final report.

PME protocol
The particular routine used for gross PME of birds
can vary, but what remains the same is that all organs
are examined. The use of a checklist will ensure this.
All findings should be documented and this checklist
should become part of the medical record.
Impression smears are a useful adjunct to a com-
plete PME. In the author’s protocol two sets of impres-
sion smears are made from liver, spleen, lung and
rectum. Organs with pathological changes are auto-
matically added. The choice of tissues for histopath-
ology can be determined by several philosophies:

e Economic reasons. This is a poor rationale. It is
better to collect samples of everything (all
organs, the grossly normal and abnormal) and,
after consulting the pathologist, send in the
selected tissues and keep the others ‘just in
case’. Then, at the very least, the diagnosis does
not get cremated with the carcass

e Completeness. This is especially valid for a
scientific research. All tissues listed in Figure 9.11
should be collected

Standard selection for | Additional tissues (depending on
routine examination gross lesions observed at necropsy)
Lung Skin, including feather follicles
Heart Trachea
Kidneys Air sac
Proventriculus Thyroid glands
Ventriculus Parathyroid glands
Duodenum Adrenal glands
Spleen Oesophagus
Liver Crop
Pancreas Small intestine
Rectum
Caeca and cloaca
Gall bladder
Gonads

Pectoral muscle

Bone marrow

Cloacal bursa

Thymus

Brain

Ischiadic (sciatic) nerve

m Tissues routinely collected on PME for
histopathology.
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e A standard selection (first column in Figure
9.11) completed with a choice based on the
PME findings. This list is practical and will in
most cases lead to sufficient diagnostic
support.

The priority is to collect tissues from organ systems
that appear to be involved in the problem, based on
clinical signs and gross lesions. When lesions are
present, the sample should include some normal
tissue as well.

Normally selected tissues are fixed in an adequate
amount of 10% neutral-buffered formalin (volume 1 to
10) for histopathological examination. The best
method is to fix the tissues or organs in large pots so
that they can fix in a large quantity of formalin. Before
viscera are posted (after 12—24 hours fixation) they
should be drained off and the fixed tissues placed in a
bag or container, which is wrapped in formalin-soaked
tissue paper. This method gives good fixation for a
large volume and is cheaper on postage. Any
specimen must be <5 mm thick for good fixation. For-
malin will not penetrate well into the brain through the
unopened calvarium or into the marrow of bone unless
the bone has been cracked. Wet formalin-fixed tissue
may be conveniently stored and shipped in plastic
heat- or glue-sealed bags.

Tissues for histopathology should not be frozen,
but tissues for toxicological analysis (Figure 9.12)
should be frozen.

Collect liver, pancreas, kidney, brain, muscle and

fat and freeze individual samples separately.

e Also collect crop or proventriculus or ventriculus
samples and freeze.

e |f needed, other gastrointestinal areas should be

collected in separate non-metal containers; they

may be frozen at —20°C after being wrapped in

aluminium foil.

Toxicological testing requires some idea of what toxin is being
considered. This information often comes from the history and
histopathological findings. It is essential to check with the
toxicology laboratory for submission of the most appropriate
tissues and amounts.

* The most common toxins tested are heavy metals, such as lead
and zinc. Usually liver and kidney are required for this analysis,
though zinc accumulates in the pancreas preferentially.

*  Poisonous plants can be found in the digestive tract and
submitted to a botanist or to a university botany department for
identification.

* Polytetrafluorethylene (Teflon) and other toxic inhalation products
are rarely detectable in tissues and the diagnosis is usually made
with history of exposure, the presence of pulmonary oedema and
haemorrhage, and exclusion of other causes of death.

*  Mycotoxins may be implicated in the case of multiple birds
suffering liver damage.

*  Aflatoxins can be detected in foodstuffs, but usually by the time
chronic liver damage is evident the offending foodstuff is often no
longer available.

* In cases of acute toxicosis, freeze samples of the feed along with
liver and kidney, pending further investigation.

m Toxicology.
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¢ Freezing for virus isolation is best done at —70°C.
If this cannot be accomplished, the tissues for
viral isolation should be placed in sterile
containers on wet ice and sent by rapid mail.

Pending the diagnostic work-up, most commer-
cial laboratories can hold tissues frozen at —70°C
if asked.

History

Before starting the PME itself, it is important to
make a differential list of clinical diagnoses and be
aware of the affected organ systems based on clinical
signs and laboratory findings. This list will help
determine what samples are needed for supporting
or confirming a particular diagnosis. Most clinical
signs are not visible in a dead bird. For example,
torticollis, which is essential for the differential
diagnosis of PMV infection in pigeons or passerines
and which would indicate that the pancreas should
be collected for histology. The most relevant data
should be summarized on the PME work sheet. The
differential list should identify the most important
organ systems involved.

When an owner comes in with a dead bird, the
same information and history about the case should
be taken as for a live patient coming into the practice.
This includes: identification (species, age or purchase
date, leg ring or microchip details); information about
housing, feeding and any environmental changes;
observed clinical signs; medical history; and pertinent
laboratory data (when available).

In many cases a bird is presented dead with a
history of sudden death. This history should be
evaluated in light of the gross changes seen, so that
tissues can be selected properly:

¢ If there are changes suggestive of chronicity, the
gastrointestinal tract and liver may be the primary
problems

e |f the bird appears to be in good condition and
there are no gross changes, organs such as the
heart, respiratory system, brain and endocrine
glands need to be examined, as disease of these
organs is often the cause of acute death

e |In the absence of any clinical or gross indication
of which organs to select and if there are
limitations due to economical considerations, liver
and spleen are recommended, as these organs
are involved in many systemic disease problems

* In birds under a year old it is essential that the
bursa of Fabricius be examined, as it is an
indicator of the condition of the bird’s immune
system and is often involved in viral infections
(see Figure 9.7). This organ often contains
specific viral inclusion bodies of circovirus not
seen in other organs

¢ The cage or packing material should be
inspected for the presence of parasites or other
relevant information.

In cases where litigation is possible and the PME
is done in the clinic:

e Document everything seen thoroughly

e Save leg band(s) and microchips

e Take photographic evidence of all stages of the
PME, even if no changes are seen

e Collect many different samples

e Store the carcass afterwards in the freezer until
the case is closed

e Send a complete set of tissues to the laboratory
and save a duplicate set

e Save material for possible toxicological analysis

¢ Do any other ancillary tests indicated, such as
microbial studies and PCRs.

External examination of the carcass

1. Record the identification details (band number,
microchip).

2. Palpate for obvious swellings or fractures and
confirm that all joints are fully mobile.

3. Check for proper bone mineralization by
attempting to bend a long bone. In females,
radiography is useful for assessing medullary
bone.

4. Record information about general body condition,
weight, muscle mass, joints, integument (including
beak and nails), plumage (for defects, ectopara-
sites, faeces), body orifices (eyes, ears, nostrils
and vent), uropygial gland (absent in some
species), trauma and abnormalities (Figure 9.13).

Be aware that abnormal plumage results in
extreme energy loss because of the lack of
insulation.

Judge the feeding status by checking the
muscles on the keel and assessing the filling of
the crop and intestines.

5. Take survey radiographs when heavy metals are
suspected (e.qg. rifle bullets or ingested lead).

Finding Diagnosis

Tests

Broken or frayed feathers (Ra,Pi,Pa)

Housing problems, feather picking, delayed
moult, mites. Differentials: handling problems

History, information diet

Fret marks (Ra,Pi,Ra)

In wing and tail primaries

Blood feathers, plucked and in the follicle,
along with any skin lesions

Collect and place in formalin for histology

Changes of the skin and nares (Pa,Ra,Pi)

Cnemidocoptes infestation, yeast infection

Wet mount, cytology, culture, histology

m Examples of alterations found at external examination in raptors (Ra), pigeons (Pi) and passerine birds (Pa).

(continues)

>
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Finding Diagnosis

Tests

Bruising (Ra,Pi,Pa) Trauma

n/a

Skin haemorrhages (Pa)

In juveniles related to polyomavirus infection

Histology of spleen and kidney

Thickening of the joints (arthritis) of the Salmonellosis

wings

Cytology, culture, histology

The unfeathered portion of the legs and the
feet (Ra,Pi,Pa)
mutilation

Avipox lesions, bumblefoot, herpesvirus
pododermatitis, ectoparasites and self-

Wet mounts, cytology, histology of abnormal tissues

Examine the site of the uropygial gland at
the base of the tail (in some species
absent) (Ra,Pi,Pa)

neoplasia

Often a site of chronic inflammation and

Cytology, culture and histology

Conjunctivitis and sinusitis(Ra,Pi,Pa)

Chlamydiosis, bacterial or fungal infection
(For chlamydophilosis see liver lesions)

Stamp stain, cytology, bacterial or fungal culture

Conjunctivitis (Ra,Pi,Pa) Avipox lesions

Cytology, histology and culture

Lens cataract or panophthalmy Toxoplasmosis

Cytology, histology

Abdominal or other swellings (Ra,Pi,Pa)

Tumours, egg-related peritonitis

PME

m (continued) Examples of alterations found at external examination in raptors (Ra), pigeons (Pi) and passerine

birds (Pa).

Preparation of the bird

Small birds are wetted and plucked; all other birds
should be wetted with 70% alcohol before the PME.
This is done to allow for better visualization of the
skin, to part the feathers to permit incision of the skin
and to prevent loose feathers from irritating or harm-
ing the prosector (from zoonosis) and contaminating
the viscera.

The bird is positioned on its back. In small birds
the wings and legs are pinned to a dissecting board
with nails or needles; large birds are fixed on a metal
tray with pieces of rope. A useful tip is to pin or bind
the legs over the wingtip; this keeps the feathers out
of the way.

The bird should be transferred to the safety cabinet
if one is available.

The necropsy
General considerations are as follows:

e Post-mortem tissue changes must be
distinguished from true ante-mortem lesions.
The amount of time between death and PME,
and the ambient temperature, are factors that
must be considered. Post-mortem changes
can affect subsequent histological examination
of tissues

e Arelative lack or excess of blood contributes
to the size, colour and consistency of any
organ. Colour changes may occur before or
after death. The differences will be noted
with experience

e The consistency of an organ may be affected by
ante-mortem conditions and by the amount of
time between death and the PME.

e Tissue loss may lead to symmetrical or
asymmetrical changes in organ size and weight.
Loss can indicate necrosis or atrophy and
excess tissue may be due to hypertrophy,
hyperplasia or neoplasia
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¢ Ornithologists and biologists weigh the bird and
organs, and take standard ornithology
measurements: beak to tail (if plumage is good),
chordal or tibial length. Weighing should be done
before the carcass is wetted. They also score
condition. In pet birds, condition is based only on
the amount of pectoral muscle present —
cachectic (absence of muscle) to fully trained
muscle (and some stages in between) — and the
amount of body fat.

General procedures for conducting a thorough
PME include the following:

e Use a gram scale for measuring body weight and
weighing organs

e Open all tube-like structures

e Cut all parenchymatous organs in slices of
1.5-2 mm to find small focal lesions

e Keep tissue for formalin fixation at least 3-5 mm
in thickness (10 mm maximum)

e Keep ratio of tissue to formalin at 1:10

e Collect tissue samples continuously during the
PME to prevent desiccation — do not wait until the
gross examination is finished

e Remember to collect and submit specimens from
a broad spectrum of organs and systems

e Routinely collect heart, lung, liver, spleen,
kidney, gonad and adrenal, proventriculus and
a piece of intestine (duodenum and pancreas)
for histopathology

e When suspecting a viral problem, freeze the
tissue as soon as possible at —70°C (or
temporarily to —20°C) or collect tissue on wet ice
until shipment.

Step 1. Subcutis

1. Make a midline incision in the skin along the
sternum from the mandible to the cloaca. Take
care to avoid the oesophagus and crop.
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2. Reflect the skin using rat-tooth forceps and a
scalpel to expose the subcutis and fat, crop,
pectoral muscles, keel, abdominal wall, and
medial aspect of the legs.

3. Note: colour of the muscles; fat deposits;
abdominal volume and liver size; subcutaneous
haemorrhages; oedema; abscesses; bruising or
evidence of injections in the pectoral muscle; and
parasites in the subcutis or pectoral muscle.
Especially when the bird has been force-fed, look
for signs of regurgitation (air sac) or feeding via
the trachea, crop perforation or crop burnings.
Judge the amount of food in the crop.

Examples of breast muscle and abdominal
pathology are given in Figure 9.14.

Finding Diagnosis Tests
Wasted muscles Chronic History and other
undernourishment. pathological
Differentials: gastric findings
bleeding (Figure
9.15), aspergillosis
Pale parallel stripes Leucocytozoon spp. Cytology stripe
in leg muscle or or sarcosporidiosis reveals the
breast muscle (sarcocystis) bradyzoites
A large dark spot Swollen liver Diagnosis: see

distal to the keel at
the right side in the
abdomen

later

Swollen abdomen

Hydrops ascites, liver
leucosis, liver
amyloidosis (Figure
9.16), distended
intestines

Diagnosis during
continuation of the
PME

m Breast muscle and abdomen: examples of

pathology.

m Haemorrhages in the gizzard of a falcon.

Amyloidosis and
hydrops ascites
in a Gyrfalcon x
Lanner falcon:
(a) liver
amyloidosis and
hydrops in situ.
# (b) spleen
amyloidosis;

(c) lungs with
severe oedema
(d) kidney
amyloidosis.

Step 2. Body cavity (in situ)

1.

Starting at the level of the coracoid bone, make
a longitudinal incision through the pectoral
muscle down either side of the thorax.

Grasp the sternum with thumb forceps and
slightly elevate, maintaining tension on the
abdominal wall.

Using a scalpel blade, make a transverse incision
just caudal to the edge of the sternum, being
careful not to lacerate the liver.

Remove the keel and pectoral muscle in one
piece by cutting with heavy rongeurs, scissors or
poultry shears through the ribs, coracoid bones
and clavicle, and notice the air sacs that are now
being exposed. Be careful not to cut the
brachiocephalic arteries, particularly in freshly
dead birds, or blood will enter the lungs via the
thoracic air sacs.

The exposed organs should now be examined
visually in situ (and a picture taken) before they
are any further disturbed.
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Because chlamydophilosis represents a sig-
nificant zoonotic risk, it is recommended that
at this point an examination is made for the
presence of this infection before proceeding
further:

e If the bird has a history or lesions
suggesting Chlamydophila psittaci infection,
microscopic examination (impressions of
spleen or air sac, stained with a modified
Ziehl-Neelsen) should be performed before
proceeding further with the PME

e If the smear proves positive for
Chlamydophila it is questionable whether
one can justify completing the PME in a
clinical setting. The carcass should be
wrapped up in disinfectant-soaked paper
towels and transferred to a polythene bag
for safe disposal or storage in the freezer for
confirmation by a referral laboratory.

6. Compare the in situ view with radiographs if
available and confirm or reconsider the
conclusions and abnormalities seen on them.
Special attention should be paid to the situation
of the air sacs when the diagnosis of (mycotic) air
sacculitis (Figure 9.17) has been made: normal
air sacs appear as glistening transparent
membranes. This is also the time to verify clinical
diagnoses relating to heart conditions, calcium

(a) Mycotic air
sacculitis in situ
due to
aspergillosis in a
Capuchinbird.
(b) Subacute air
sac aspergillosis
in a Goshawk.
(e) Subchronic
air sac
aspergillosis in a
Goshawk.
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endocrinological diseases (parathyroid), thyroid
gland and liver problems, and to note the
pancreas in the duodenal loop, hydropic changes
and severe gastrointestinal problems. Be aware
of artefactual lesions caused by injection of
barbiturates or other euthanates as brownish
discoloration, often with crystalline deposits.

7. Take smears from any abnormal material or
exudate, also from the air sacs when alterations
are seen. If abdominal fluid is present, collect it
with a sterile syringe for analysis and make a
smear (cytospin).

Examples of air sac and pericardial pathology are
given in Figure 9.18. For examples of liver pathology,

see Step 6.
Finding Diagnosis Tests

Opaque and wet Chlamydophila Cytology of collected

air sac or with infections material stained with

fibrin material modified ZN, IFT, PCR
See also clinical findings
and liver pathology

Opaque air sacs Bacterial Rods or cocci in cytology

often with purulent | infection smear; culture and

deposits sensitivity test
Air sacs and/or Fungal infection | Wet mount showing
pericardium hyphae, scraping of the

covered with
several white/
yellow plagues

material as stained smear,
culture (Sabouraud’s
medium)

Air sacs solid with | Chronic fungal
white/yellow infection, mostly
material aspergillosis
Air sacs, especially | Sternostoma Magnifying-glass and wet
cervical and tracheocolum mount
prescapular, with infestation
small black dot
occasionally seen
in canaries and
Gouldian finches
Air sacs filed with | Forced feeding Wet mount and histology
food
Suppurative Bacterial Cytology of collected
pericarditis infection material stained with
(including modified ZN, IFT, PCR
Chlamydophila) | See also clinical findings
and liver pathology
Pericardial sac Inanition, Muscle wasting, oedema
filled with fluid cachexia, and gelatinous fat tissue,
(hydropericardium) | polyomavirus (in | spleen and kidney
juveniles) histology
Pericardium and Visceral gout Macroscopy, wet mount
other serosae with | (Figure 9.19) with crystals (polarized
white mucoid light); often in combination
chalky deposits with nephritis
See also clinical blood
values if PU/PD
(Filarid) worms in Serratospiculum | Macroscopy, wet mount
air sac Spp. Faecal examination
(Cyathostoma Collect worms in 70%
spp.) alcohol with 10% glycerine

m Air sac and pericardium: examples of
pathology.
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Deposition of
uric acid
crystals in the
pericardium of a
White Bellbird.

Step 3. Thyroid, parathyroid glands and thymus

1.

Identify the thyroid and parathyroid glands
located cranial to the heart and lateral to the
trachea adjacent to the carotid arteries bilaterally
and collect for histology. Normal parathyroids are
barely visible.

Look for the thymus in juvenile birds laterally
and at both sides of the neck, cranial to the
thyroid gland, as multiple grey lobes, and collect
for histology.

Examples of pathology of the thyroid, parathyroid

glands and thymus are given in Figure 9.20.

Finding Diagnosis Tests
Swollen spleen | Chlamydophila | Cytology of collected material
together with infection stained with modified ZN, IFT,
air sac opacity PCR
Swollen spleen | Herpesvirus Liver necrosis with
with white foci infection or intranuclear inclusion bodies
Sarcocystis or protozoa, cytology,
histology, IFT, virus isolation
Normal sized Reovirus Histology, PCR
totally necrotic | infection
spleen
Swollen and (Bacterial) Cytology with bacteria, culture
pale red spleen | septicaemia
Swollen and Atoxoplasmosis | Cytology, histology
dark spleen
Multiple Mycobacteriosis | Similar foci in other organs; on
irregular yellow cytology non-staining rods;
foci in the acid-fast staining positive
spleen Differentiation of avian-type,
avian/mammalian-type or
mammalian strains by culture
or PCR
Large firm Neoplasia Cytology, histology
spleen
Enlarged Salmonellosis, Similar foci in the liver;
friable spleen yersiniosis cytology with rod-shaped
with multiple (Figure 9.22) bacteria; culture
miliary necrotic
foci
Small grey Lymphoid Cytology, histology, virus
spleen depletion identification
stress, viral
infection

m Spleen: examples of pathology.

Finding Diagnosis Tests
All species, especially | Metabolic bone Macroscopy,
juveniles, parathyroid | disease histology
hypertrophy
‘Abscesses’ next to Salmonella, Rod-shaped
trachea Escherichia coli or bacteria in
other bacterial cytology, culture,
infections in thymic histology
remnants

m Parathyroid gland and thymus: examples of

pathology.

Step 4. Spleen

1.

The spleen can be found by grasping the

gizzard with forceps, elevating and incising
through the attached membrane/air sac and

then rotating it towards the right side. This
exposes the spleen in the angle between the
proventriculus, gizzard and liver.

Evaluate the size, colour and shape and note any
pale foci.

Remove and measure the spleen and divide it
into samples: one each for virology,
Chlamydophila diagnostics, bacteriology and
histopathology. The normal form can be round to
elongated, depending on the species (not
congested; no blood reservoir in birds).

Make impression smears from a fresh cut surface
after blotting to remove excess of blood.

Examples of pathology of the spleen are given in

Figure 9.21.

Splenomegaly
with necrotic foci
in a Canary with
subacute
pseudo-
tuberculosis.

Step 5. Heart and large vessels

Special attention should be paid to the heart when
clinical signs such as respiratory distress were obvi-
ous, the radiograph shows cardiomegaly or hepato-
megaly or when a hydrops ascites was present. A
normal heart shows coronary fat and no epicardial
vascular congestion.

1.

After noting the pericardial lesions, heart blood
can be collected using a sterile syringe and
needle for bacteriology.

Remove the heart and large vessels and cut
across the apex to check for an ‘open’ lumen and
to assess the thickness of the ventricular walls.
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Finding Diagnosis Tests
Vessels
Yellowish raised intimal plaques on the wall Arteriosclerosis Macroscopy, histology

inside the large vessels; vessels stiff

Mineralization of large vessels

Renal disease or hypervitaminosis D

Clinical renal panel, kidney pathology

Heart
Epi- or endocardial haemorrhages Septicaemia or agonal event (polyoma, circovirus Continue PME
(passerines))
Gelatinous serous pericardial fat Starvation, chronic illness Continue PME
Pale foci or streaks in myocardium Degenerative myopathy Histology

Related to vitamin E/selenium deficiency

Changes (inflammation, necrosis) in the
myocardium

Myocarditis

Caused by septicaemia or viral disease (e.g. West Nile
virus) or toxoplasmosis

Cytology, histology, microbiological
isolation, continue PME

Cardiomyopathy with muscle cysts

Sarcocystis or Leucocytozoon

Cytology, histology

Enlarged lumen of left ventricle and only little
difference in thickness of ventricle walls

Heart failure

Congestion of the lungs and/or liver

m Large vessels and heart: examples of pathology.

Open the heart and large vessels in the direction
of the blood flow.

Look for thrombi, valvular endocarditis lesions
and pale areas in the myocardium. Remember
that the right atrioventricular valve in birds is a
muscular structure.

Open the large vessels to look for atherosclerosis
(mainly aorta, pulmonary artery or carotids).

Examples of pathology of the heart and large

vessels are given in Figure 9.23.

Step 6. Liver

1.

2.

Evaluate the clinical pathological results for liver
disease.

Separate liver from the viscera by holding the
hepatic peritoneum in the forceps and cutting it
with scissors.

In a freshly euthanased bird, blood spreading into
the carcass after cutting the portal vein can hide
many changes. In such cases it may be better to
wait some hours before doing the PME, or
remove the blood from the vein using a syringe.
Examine the liver for evidence of swelling,
discoloration, inflammation, congestion and
diffuse or focal lesions (Figure 9.24).
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Liver with
necrotic foci in
situ in Canary
with subacute
pseudo-
tuberculosis.

5. At this point, also aseptically collect liver
samples: one sample each for bacteriology,
virus isolation or DNA probe (PCR) testing,
Chlamydophila testing and histopathology.

Sear a small area of one lobe of the liver and
take a sample using a wire loop or sterile
Pasteur pipette for bacterial culture. If there are
discrete lesions, try to take a sample through
the edge of a lesion.

6. If there are no on-site culture facilities, remove
one lobe of the liver, using a sterile scalpel blade
and forceps, and transfer it directly into a sterile
sample pot. Hold the sample in a refrigerator at
4°C until it can be posted, preferably with an ice
pack in an insulated container together with the
other samples (each in its own sample pot).

7. To make cytological preparations: hold a small
part of the liver in forceps, blot off any excess
blood using filter paper and make impression
slides from the cut surface on to two or three
microscope slides. Stain one with Hemacolor®
and, when appropriate, one with modified Ziehl—
Neelsen (for Chlamydophila). The third slide can
be used for an extra staining or send to a
laboratory for confirmation by immunostaining for
Chlamydophila. Take a separate sample from
abnormal foci.

8. Use any remaining tissue for toxicology, if
indicated.

Examples of pathology of the liver are given in
Figure 9.25.

Step 7: Gastrointestinal tract
With the heart and liver removed, the gastrointestinal
tract is more accessible. The size and appearance of
the crop, proventriculus, gizzard, duodenum and
pancreas should be noted, but it is best to leave
detailed examination of these organs until later.
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Finding Diagnosis

Tests Comments

Enlarged red variegated Hepatitis
liver with pale areas

Cytology with many inflammatory cells; Elevated activity of liver enzymes
microbiology, material in freezer,

histology
Enlarged liver with Hepatitis from Chlamydophila infection, Cytology, culture, histology Often highly increased enzyme
necrotic foci herpesvirus or adenovirus infection activity and yellow urates
Very extensive acute liver | Peracute or acute hepatitis caused by Macroscopy, cytology, histology, Often highly increased enzyme
necrosis bacterial septicaemia, polyomavirus, virology, culture activity and yellow urates
herpesvirus

Focal yellow proliferation Mycobacteriosis
with often central necrosis

Similar foci in other organs, in cytology No increased enzyme activity or
non-staining rods, acid-fast staining yellow urates

Small round necrotic foci Salmonellosis or yersiniosis (Figure

Cytology with rod-shaped bacteria;

9.25) culture, histology
Evenly enlarged (often Leucosis, amyloidosis (see Figure 9.16) | Macroscopy; other organs often
variegated) pale liver included; cytology and histology
Evenly enlarged (often Degeneration Cytology, hepatocytes with vacuoles;
variegated) pale soft liver histology
Normal form but Anaemia Cytology, histology Look for trauma or blood mites
yellowish-pale liver
Enlarged orange-yellow Fatty liver, lipidosis Macroscopy, cytology, histology with Little increased enzyme activity
liver Sudan 1l stain
Small pale firm liver Chronic liver fibrosis Histology No increased enzyme activity,

but yellow urates

@ Liver: examples of pathology.

1. Sever the oesophagus where it passes between
both bronchi and reflect the gastrointestinal tract
to the right side of the bird, or caudally over the
tail, to view the adrenals, gonads, kidneys, bursa
and lungs. Do not cut the rectum.

2. If the intestines cannot be reflected because of
peritoneal adhesions, check for a possible point
of entry of infection, such as perforation of the
gizzard or accidental damage to the intestine
following laparoscopy.

3. In a case of egg peritonitis there will be masses
of yellow inspissated yolk interspersed between
adhering loops of intestine.

Step 8: Genitourinary system

The adrenals (orange to yellow) are often obscured
by active gonadal tissue and so it is easier to collect
the cranial division of the kidney with the adrenals
and gonad(s) attached for histopathology.

1. Sex the bird visually. In most avian species, only
the left ovary and oviduct develop in females, but
in many raptors the right ovary and oviduct are
developed at least during the first year of life.
Both testes develop in male birds. The gonads
may be pigmented.

2. Record the general size of the follicles and notice
discoloured, inflamed or shrunken follicles. If
these are found, sample for bacteriology,
including selective media for Salmonella spp.

3. If the oviduct is hypertrophied, open it to look for
exudate and tumours, and collect samples for
cytology, bacteriology and histopathology as
needed.

Examples of pathology of the genital tract are
given in Figure 9.26.

Finding Diagnosis Tests
A swelling inside the Egg binding, egg Open the oviduct
oviduct concrements

Irregular swellings Tumour Macroscopy, cytology
related to kidney or and histology
gonads

m Common genital tract: examples of pathology.

The kidneys are nestled in the renal fossae of the
synsacrum, with the lumbosacral nerves plexus lying
deep to the caudal division of the kidney. The ureters
run down the ventral surface of the kidney bilaterally.

1. Especially when clinically the uric acid
concentration in the blood was elevated or when
visceral gout was diagnosed on observation in
situ, pay extra attention to the kidneys.
Differentiate between renal pathology and
dehydration: this is best done by viewing the
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dorsal side (after removal of the kidneys) under a
dissecting microscope and evaluating the amount
and location of the urates in the tubuli.

2. In addition to kidney/adrenal/gonad tissue
collected for histopathology, aseptically collect
renal samples for virology (polyomavirus—
paramyxovirus infection), toxicology (lead,
zinc, herbicides) and bacteriology (if exudate
is present).

3. After removal of the kidneys, evaluate the
lumbosacral plexus, especially in cases of pelvic
limb weakness or malfunction. Sample these
nerves into formalin for histopathological
evaluation.

Examples of pathology of the kidney are given in
Figure 9.27.

Finding Diagnosis Tests
Pale normal sized Urate congestion, | Histology (fixation
kidneys with a fine dehydration. 100% alcohol, not

reticular pattern of DDX: herbicide formalin - uric acid
white urates over intoxication crystals will dissolve)
surface and in tubules

(use magnifier or

dissection microscope)

Irregular pale swollen ‘Renal gout, Histology (fixation
kidney with white foci nephritis 100% alcohol)

often combined with

visceral gout

Irregular swollen Bacterial infection | Cytology, culture,

kidney with multifocal histology
abscessation
Enlarged hyperaemic Acute nephritis Histology
kidneys
Pale swollen friable Kidney Histology
kidney degeneration
White firm small Chronic kidney Macroscopy;
kidneys fibrosis histology
Granulomas Aspergillus spp. Scraping of the cut
surface of the
granuloma
Hemacolor®, culture
(Sabouraud’s agar),
histology
Irregular swelling and Tumour. Causing | Cytology and
growth clinical leg histology
paralysis by
pressure on the
sciatic nerves

m Kidney: examples of pathology.

Step 9: Respiratory tract

Examine the lungs in situ before removing them. Pay
especially careful attention to this organ system when
clinically there was an obvious dyspnoea.

1. If the lungs appear congested or show discrete
lesions, they should be cultured for bacteria and
fungi. Samples are best taken with the lung in
situ using a hot scalpel to sear the surface.
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2. If a viral condition is suspected (e.g.
paramyxovirus), place lung tissue plus a portion
of the trachea in a sterile container and store at
4°C until posted to a reference laboratory with
other sampled organ tissues (brain and
duodenum with pancreas).

The lungs are fixed in place within the avian
thoracic cavity and are not freely moveable. Removal
requires gentle teasing of the lung tissue away from
the ribs. In many cases lungs have changes in the
dorsal part only and these can be missed if the lung is
not removed. The avian lung is one tissue in which
gross lesions may appear quite significant, but on
histopathological evaluation turn out to be just passive
congestion. Conversely, grossly normal lungs may
contain significant histological lesions. Therefore,
lung should always be included for histopathology;
and because lesions can be focal or multifocal, it is
best to include a large portion of at least one lung.

3. Cut through the lungs at intervals; make an
impression smear of the lung (along with
impressions from liver, spleen and a smear from
the intestines). This impression of the lung is
also used to evaluate the blood cells for
pathological changes and blood parasites
(Plasmodium, Haemoproteus (Figure 9.28) and
Toxoplasma pseudocysts).

Haemoproteus in
a blood smear
from a Buzzard.
Hemacolor®;
original
magnification
X100.

4. At this point, open the bird’s beak; insert a large
pair of scissors into the oropharynx and cut
through one side of the mouth.

5. Reflect the mandible and examine the oropharynx,
including the choanae, the tongue and the glottis.
Notice any large amount of mucous material and
diphtheritic changes; e.g. pox lesions.

6. Insert a pair of sharp scissors into the glottis and
cut down the trachea both dorsally and ventrally,
dividing it into two longitudinal halves. It is
important to do this carefully and cleanly,
checking in particular for haemorrhage, exudate,
foreign bodies, granulomas and parasites, items
of inhaled food and also for white caseous
fibrinous material adhering to the mucosa, in the
syrinx or bronchi. Such material is usually
mycotic and, if present, should be examined
microscopically (stain crushed preparations) and
cultured on Sabouraud’s medium.

Examples of pathology of the lung and trachea are
given in Figure 9.29.


http://vetbooks.ir/

Chapter 9 Clinical pathology and post-mortem examination

Finding

Diagnosis

Tests

Lung

Dark-coloured grey lungs

Lung oedema. Often the result of a chronic
circulatory problem or acute cardiac failure

On cut surface transparent sero-hemorrhagic fluid,
affected tissue sinks in water, cytology, histology

Dark-coloured wet red lungs

Lung congestion. Watch for congestion in other

organs and acute alterations of the heart

- DDX polytetrafluoroethylene (Teflon®) toxicosis,
acute mycotic infection and Sarcocystis infection

From a cut surface only blood; Affected lungs float
in water, the lungs are supple and evenly bright
red, cytology, histology

Dark firm lungs often variegated and
focal changes

Pneumonic foci, mycobacterial infection

Affected areas firm and sink in water, cut surface
cytology (inflammatory cells); histology, culture

Diffuse pneumonia (in combination with | Bordetella avium Culture (fastidious grower), histology
tracheitis and bronchitis)
Dark, supple, collapsed, dry lung Atelectasis On cut surface only a dark colour of surface of

lung and dried up

Scattered through the lungs white—
yellow foci

Aspergillosis (Figure 9.30), mycobacteriosis

Wet mount with hyphae, acid-fast rods (in routine
rapid staining, non-stained rods); culture,
histology, PCR

Irregular scattered necropurulent
pneumonic foci with a hyperaemic zone

Bacterial pneumonia e.g. Salmonella spp. or Yersinia
spp. Pasteurella spp.

Cytology and culture

Trachea

In the syrinx white caseous—fibrinous
material

Syringal mycosis

Wet mount with hyphae, culture (Sabouraud’s
agar), histology

In the trachea red or white worms

Syngamus spp., Cyathostoma spp.

Black dots

Sternostoma mites

Mucous and fibrin

Avipox

Microscopic examination of the material, histology

See also examples in crop/intestines (e.g. trichomoniasis, avipox, candidiasis)
See also examples on external examination

m Respiratory system: examples of pathology.

Mycotic
processes
(arrowed) in the
lungs of a
Capuchinbird
with subacute
aspergillosis.

Step 10: Gastrointestinal tract

1. Going back to the pharynx, extend the cut
downwards for the length of the oesophagus and
into the crop, looking for lacerations and
punctures, peri-oesophageal abscesses,
parasites (e.g. Capillaria) and other
abnormalities. Note that in pigeons the crop is
thickened during feeding of the nestlings (see
Chapter 27); do not confuse this with any

pathological changes.

2. When any abnormality is visible, take a mucosal
scraping for a wet mount and for a stained smear.

3. The crop contents can be collected in a plastic
bag and frozen, if there is any suggestion of a

toxic ingestion.

4. At this point, the oesophagus distal to the crop
can be transected. Caudal traction of the distal

oesophagus and sharp dissection of the
mesenteric attachments can be used to remove
the entire gastrointestinal tract.

5. Continue the dissection to make a circular incision
around the vent, leaving a margin of intact vent
skin and the bursa of Fabricius attached to the
tract. The bursa is present in young birds, usually
less than 6—12 months of age, and is located
dorsal to the cloaca (see Figure 9.8). The bursa
should always be collected when it is present and

divided in half for histology and freezer (PCR of
circovirus or polyomavirus).
6. Open the distal oesophagus with scissors,

continuing into the proventriculus and gizzard
(with koilin layer; Figure 9.31).

7. Examine the wall (mucosa and serosa) for
pathological changes and gastric worms and
the contents for amount, foreign bodies and
heavy metals.

Gizzard with green
koilin layer due to
reflux of bile.
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8. Collect and freeze the contents for possible
toxicological analysis.

9. Rinse the mucosa with water and make wet
mount and dried smears of mucus and/or
mucosal scrapings.

10.Do not separate the proventriculus and gizzard.
The isthmus is a common place for avian gastric
yeast (Macrorhabdus ornithogaster) and gastric
carcinoma. Collect a large specimen of
proventriculus, isthmus and gizzard (all in one
piece), containing at least one large serosal
nerve and blood vessel, for histopathology.

11. Open the pylorus and proceed into the duodenal
loop. The largest limb of the pancreas lies in the
duodenal loop mesentery while the small splenic
pancreatic lobe is located adjacent to the spleen.

12.Collect a transverse section through the
duodenal loop with pancreas attached (Figure
9.32) in formalin (for lymphoplasmacytic
pancreatitis (PMV), inclusion body pancreatitis
(herpesvirus, adenovirus), pancreas necrosis
(avian influenza, West Nile virus), vacuolar
necrosis (zinc)) and one piece for toxicology

(zinc, with liver and kidney).

H Duodenum with
pancreas (P).

13.Continue opening the intestine through the
jejunum and ileum to the rectum.

14.In neonates, the yolk sac and stalk should be
evaluated for the degree of absorption. Collect a
sterile sample of the yolk material for culture,
make a stained smear and place the yolk sac
membrane into formalin.

15.Collect opened untouched sections of intestine
for histopathology.

16.Make wet mounts of intestinal contents (usually
two different sides) and stained smear of
mucosal scrapings for microscopic evaluation
(parasites and ova, oocysts, cryptosporidia,
flagellates (Giardia), yeast and motile bacteria)
and bacterial culture (see Figure 9.6).

17.0pen the cloaca to look for papillomatous lesions,
cloacoliths, trauma and inflammatory lesions.

To summarize, intestinal samples should include:
wet mounts (diluted with saline) from at least two dif-
ferent sites; smears for quick stain and possibly for
acid-fast stain; contents for aerobic and possibly
anaerobic (spores in cytology) or Campylobacter cul-
ture. Tissue and ingesta for virology (EM negative
contrast, virus isolation, or PCR) should also be
collected.

Examples of pathology of the gastrointestinal tract
are illustrated and described in Figures 9.33 to 9.36.
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Candidiasis in a

| Gouldian finch.

Trichomoniasis.

1 (@) Gross lesion

in a Bengalese
finch.

(b) Trichomonas
columbae in a
crop smear from
a pigeon.

Tetrameres

| fissipinain a

Wood Pigeon:
(a) proventriculus
— serosal side.
(b) proventriculus
— mucosal side;
(e) worm egg
(50-58 x 22-29
um) in faecal
sample.


http://vetbooks.ir/

Chapter 9 Clinical pathology and post-mortem examination

Finding

Diagnosis

Tests

Crop

Thickened wall with white material
(Turkish towel)

Yeast infection, candidiasis (see Figure 9.33)
In juvenile birds

Wet mount smear, cytology, culture

Thickened wall with grey/yellow material

Trichomoniasis (= frounce (Ra))

Especially in juvenile birds, sometimes with
trapped air bubbles. In adult birds flagellates
can be present without changes

Wet mount, cytology (see Figure 9.34), and histology

Local red mucosal thickening Papillomas Histology
Stomach (proventriculus and gizzard)
Empty proventriculus with excess of Avian gastric yeasts (Macrorhabdus Wet mount and cytology

mucus, especially at isthmus region,
often with petechiae

ornithogaster)

Thickening of proventricular wall with red
filling” in glandular lumen

Tetrameres (see Figure 9.35)

Wet mount, parasitology, histology

Irregular thickening of mucosa of
proventriculus

Gastric worms (e.g. Dispharynx nasuta)

Wet mount, parasitology, histology

Irregular koilin layer that is difficult to
remove from wall

Endoventricular mycosis

Deep scraping wet mount, cytology, culture

Empty stomach with black staining of the
mucous

Gastric haemorrhage (see Figure 9.15)

Wet mount, cytology and histology

Intestines

Haemorrhagic black contents in entire
small intestine

Haemorrhagic diathesis (massive leakage of
blood into intestine)

History (fasting for longer period), macroscopy

Thickened wall with or without blood in Enteritis Wet mount and cytology; parasitology; microbiology
lumen
Thin wall with haemorrhagic contents or Ascaridiasis Demonstration of worms at gross PME or larvae in wet

stuffed with worms

Beware: rarely Ascaridia in small seed-eating
passerine birds

mount

Thickened areas of bowel or multifocal
granulomas

Mycobacteriosis

In cytology non-staining rods, acid-fast staining
positive, histology, culture or PCR

Intestines with part or whole seeds

Gastric problems, e.g. Macrorhabdus, yeast
infection

Wet mount, cytology (also of the stomach), culture,
histology

Haemorrhagic content

Lead intoxication, Clostridium infection,
Pseudomonas infection, Giardia spp.

Lead in gizzard; lead analysis liver and kidneys;
cytology, culture

Cloaca

Congested swollen red mucosa Papilloma Histology
Pancreas

Irregular pancreas with haemorrhages Paramyxovirus pancreatitis Histology

Avian influenza
Especially in finches with torticollis

m Gastrointestinal tract: examples of pathology.

Step 11: Nasal and infraorbital sinuses

1. Check the nasal and infraorbital sinuses by
cutting through the upper beak caudal to the 3.
nostrils and inspect the conchae for symmetry

uncontaminated samples from the sinuses,

and so cultural examination is always of

and presence of mucus or purulent material.

2. Collect material for culturing and compare
the result with the findings in a stained smear
from that material. It is impossible to collect

doubtful value.
Collect material for histological examination when
there are pathological changes.

Example: The presence of turbid mucus suggests
bacterial or mycotic sinusitis. Confirmatory tests would
be wet mount cytology and culture.

93


http://vetbooks.ir/

Chapter 9 Clinical pathology and post-mortem examination

Step 12: Neurological examination

The brain and spinal cord can be very important in the
diagnosis of some diseases. It is always essential to
open the skull when clinically neurological symptoms
were found or in the history the bird could have flown
into a window before being found dead.

1. After removing the skin, examine for evidence
of traumatic injuries. Beware of areas of
haemorrhage within the calvarium, which are
common agonal changes and do not imply
head trauma.

2. The dorsal calvarium should be carefully
removed with rongeurs. Visualize the brain in situ
for any obvious abnormalities, such as
abscesses, which should be cultured, and
intracranial or submeningeal haemorrhages.

3. Remove the brain by inverting the skull and
transecting the ventral and cranial attachments.
When this is difficult, especially in young or small
birds, open the cranium and place the skull in
fixative and send the brain in situ to the
pathologist. When indicated, collect a portion of
the forebrain for virology and toxicology, before
fixing the rest in formalin.

4. To inspect and collect spinal cord, cut the
vertebral column with cord in situ into several
pieces and fix in formalin. This process will allow
easier removal using rongeurs, with minimal
damage to the less fragile fixed spinal cord.

5. In birds with a head tilt or neurological disease,
fix a large portion of the petrous temporal bone
containing the middle ear and send it to the
pathologist.

Step 13: Musculoskeletal system
Bone marrow is most easily collected from the
tibiotarsus for both cytology and histology.

1. Clean the bone and use rongeurs to break the
bone.

2. After collecting bone marrow for a smear, fix the
bone marrow in situ in formalin.

3. Once fixed, the previously fragile bone marrow
can be dissected out and examined histologically.
In bone marrow, leukaemic or aplastic processes
and occasionally circovirus inclusions or TB
lesions can be found. Bone marrow is also an
excellent place to look for circovirus, especially in
birds whose bursa has involved.

4. Samples of skeletal muscle should be collected
for histopathology when changes are seen or
suspected based on clinical biochemical
indications (CK). Muscular lesions may include
trauma, haemorrhage, degeneration,
mineralization and injection or vaccine site
reactions. Myositis, degenerative myopathy, and
Sarcocystic infection can be diagnosed
histologically.

5. In tropical finches, orange-coloured muscles are
often seen; the cause is still unclear.

6. The muscles of the legs and ischiadic nerve
running on the posterior surface of the femur
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should be examined, especially when clinical
paralysis of the hind legs was seen.

7. Finally, check all the major limb joints. Any bone
or joint lesion demonstrated radiographically
should be opened and sampled for culture and
histopathology. Be aware of the medullary bone
changes in breeding females. The flexibility of
bones (tibiotarsus, ribs, etc.) can be used to
assess poor mineralization when calcium
deficiency is very advanced. The rachitic ‘rosary’
at the costochondral or costovertebral junction
and deformation of the keel or other long bones
are obvious lesions of metabolic bone disease.

8 Other findings in the joints are nematodes
(Pelecitus), bacterial arthritis (stained smear and
culture), and articular gout (large deposits of
urate crystals).

Final activities

This completes the gross PME and the remaining
parts of the carcass can be placed in a plastic bag and
frozen until diagnostic testing has been completed.

e Examine wet mounts as quickly as possible.
Warming (maximal body temperature) before
examination will help in detecting moving
flagellates.

e Stain any exudates and impression smears
collected.

¢ When chlamydophilosis is suspected, send a
collection of liver, spleen and lung for
Chlamydophila diagnostics (modified ZN, PCR
and fluorescent antibody test).

e Send tissues, exudates or swabs for bacterial or
fungal culture as indicated. With the exception of
samples for Campylobacter (which does not
survive freezing well), these samples can often
be frozen if not sent for culture immediately.

e Apool of parenchymal tissues (liver, spleen, lung,
kidney (inclduing adrenals and gonads) and
brain) and a separate pool of intestinal contents
should be refrigerated or frozen for possible virus
isolation or DNA probe testing.

e Select a group of formalin-fixed tissues with
lesions or a group of tissues that commonly
contain histological lesions that could lead to
diagnosis and submit them for histopathology.
This often includes tissues such as heart, liver,
kidney, spleen, lung, bursa (always when
available), duodenum, pancreas and
proventriculus/ventriculus. Save the remaining
formalin-fixed tissues just in case the diagnosis is
not made with the first set.

e Samples collected for ancillary diagnostics
should be packed, labelled and stored properly
until shipment. See that each sample is provided
with the essential documentation.

e Make a detailed PME report (Figure 9.38),
including establishing connections to the clinical
findings, and use this to document the samples.

Try to establish a relationship between the
clinical history and the post-mortem findings.
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PME Report Form and Checklist

1. Bird species, weight, age/leg band number, sex, and summarized history.

2. Date of PME, your name.

3. Macroscopy:

External examination

General body condition: muscle mass: robust, well muscled, moderately muscled, thin, emaciated, depot fat

Feathers/integument/ectoparasites

Palpation of skeleton

Body openings/oral cavity

Internal examination

In situ description (take pictures)

Fat/subcutis/body wall

Body cavity (air sacs/pleura/peritoneum)

(Para)thyroids, thymus

Spleen (size, colour)

Heart, aorta, other vessels

Liver

Reproductive system (gonads, reproductive tract)

Respiratory tract (nasal/sinus, choanal, larynx, trachea, syrinx, air sacs, lungs)

Urinary tract (kidneys, ureters) and adrenal glands

Digestive tract (beak, tongue, oropharynx, oesophagus, crop, proventriculus, gizzard, duodenum and pancreas, small
intestine, yolk sac, caeca, rectum (colorectum), cloaca, bursa of Fabricius, vent)

Special senses (eyes, ears, nares)

Musculoskeletal system: muscles, skeleton (sternum, ribs, vertebrae, long bones), bone marrow, joints

Brain, pituitary, spinal cord, meninges, peripheral nerves

4. Wet mounts (crop, rectum, etc.)

5. Cytology (liver, spleen, lung, rectum)

6. Chlamydophila examination

7. Tentative (differential) diagnosis

8. Ancillary diagnostics: bacteriology, mycology, virology, parasitology, toxicology, others

9. Tissues saved:

10. Tissues submitted for histopathology:

11. Material for further examinations (tissues, tests):

Bacteriology

Virology

PCR

m PME report form and checklist.
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Anaesthesia and analgesia

J. Jill Heatley

Anatomy and physiology

Avian respiratory and cardiovascular physiology is
reviewed here only as it applies to anaesthesia and
management of the anaesthetized avian patient.
Chapter 5 gives a more comprehensive description.

¢ The trachea and glottis (Figure 10.1) are
characterized by complete rings of cartilage and
lack of an epiglottis.

* Mucus produced by the trachea is generally
viscous and may be copious, becoming
thickened and tenacious via drying of cold
anaesthetic gases.

e The lack of epiglottis facilitates intubation but
predisposes birds to aspiration upon efflux during
and immediately after anaesthesia.

e Small birds (<100 g) are generally not intubated
for anaesthesia because of an increased risk of
mucous plugging the endotracheal tube.

The glottis of a
pigeon.

® Avian air sacs do not function in gas exchange
but act as gas reservoirs. When the patient is
placed in dorsal recumbency, the viscera may
compress the caudal air sacs, resulting in
reduced air sac volume and ventilation.

¢ Diverticulae of air sacs (pneumatization) in
cervical vertebrae, vertebral ribs, sternum,
humerus, pelvis and femur, can affect
anaesthetic depth during repair of these areas.

e Surgery in areas of air sacs or diverticulae

during coelomic, soft tissue or orthopaedic
surgery may result in escape of anaesthetic
gases into the surgical field. Use of cautery,
laser and radiosurgical devices should be
limited in these cases.

® Both inspiration and expiration require active
movement of the ribs and sternum via cervical
thoracic and abdominal musculature. An absence
of keel movement reflects a lack of gas
exchange; thus it is preferable to position the bird
so as to have least effect on respiration.

e Intermittent positive pressure ventilation (IPPV)
during anaesthesia is almost always indicated
during even the shortest anaesthetic episode.

A rate of at least 2 breaths per minute is used to
assist the spontaneously ventilating intubated
bird, while a rate of 10-15 breaths per minute is
recommended in the apnoeic bird (Paul-Murphy
and Fialkowski, 2001). Common negative effects
of controlled ventilation seen in mammals, such
as decreased venous return and respiratory
alkalosis, have not been reported in avian
patients placed on a mechanical ventilator with
an intact respiratory system.

Preanaesthetic assessment and
examination

Preanaesthetic assessment of avian patients varies
depending on species, clinical presentation and the
clinician’s preference and experience. In debilitated,
anaemic or fractious patients, or those in respiratory
distress, anaesthesia may be necessary, after a brief
observational examination, to complete the physical
examination and to facilitate the collection of samples
for a minimum database. Avian patients with respira-
tory difficulty may actually be relieved from the stress
of respiration and restraint via rapid anaesthetic
induction with 100% oxygen.

The preanaesthetic assessment should include
a risk assessment of anaesthesia in the patient,
which may be modelled after standard American
Society of Anesthesiologists guidelines. Anaesthetic
risk should be communicated to the owner, prefer-
ably in writing, prior to anaesthetizing the bird. The
owner should consent both verbally and in writing
to anaesthesia and/or pain control for their bird.
Clients should also be informed of any off-label use
of drugs in their birds.
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Restraint and handling

Appropriate handling and capture techniques (see
Chapter 6) avoid injury to the handler and injury or
death of the patient, and reduce patient stress by
effecting a quick capture and anaesthetic induction.

Examination

The primary aim of the preanaesthetic examination is
to determine the patient’s cardiopulmonary status.
Patient size and temperament will affect the ability to
measure some parameters. Performance of the pre-
anaesthetic examination one day prior to the anaes-
thetic event facilitates patient acclimation to the
hospital and may decrease stress, allowing the patient
to show any additional signs of disease. Chapter 7
describes the examination.

Minimum database

Prior to anaesthesia or a planned prolonged anaes-
thetic episode, collection of the minimum database
is based on clinician preference, species, patient
size and monetary limitations. The object of the mini-
mum database is to assess the patient’s ability to
tolerate anaesthesia and anaesthetic drugs, espe-
cially those that require liver or kidney action for
removal from the patient. Often it may be foregone
in lieu of a full diagnostic work-up during a brief
anaesthetic event to facilitate venepuncture and
radiography in the sick avian patient. It may also be
foregone in very small or fractious species, or those
with immediate life-threatening illness in need of
surgical intervention.

Fasting

The decision to fast is based on many factors,
including species, size, physiology, projected length
of the anaesthetic event, type of procedure, diet
and the patient’s clinical condition. Water should con-
tinue to be provided to the patient until 1-3 hours
prior to the procedure. All ingestible non-food objects
should be removed from the enclosure to avoid pre-
anaesthetic ingestion.

Preanaesthetic fasting is indicated to avoid or
decrease regurgitation reflux and subsequent aspir-
ation and secondary asphyxiation or pneumonia.
Fasting is also indicated to reduce the volume of the
gastrointestinal tract to facilitate gas flow through the
respiratory tract. Birds undergoing lengthy anaesthetic
procedures may be more prone to passive reflux,
which is facilitated by deep anaesthetic relaxation of
smooth muscle.

Recommendations concerning preanaesthetic
fasting extend beyond species size alone. Raptors,
with the exception of vultures, produce a pellet or
casting (see Chapter 16) generally once a day. Pellet
egestion usually occurs at night in owls and in the
early morning in diurnal birds of prey. Anaesthesia
should be delayed until the raptor has cast or lacks
casting material in the gastrointestinal tract. Thus
raptors should either be fed a meal devoid of casting
material prior to surgery, or be monitored and only
taken to surgery after casting.

Food should be withheld from raptors for at least
6—12 hours. As casting may take as long as 16 hours
in the larger species, this length of fasting, or more, is
appropriate (Figure 10.2).

Pigeons tend to have extensive crops and
regurgitate when stressed by handling. These
species also tend to be heavy bodied when compared
with raptors or passerine birds of similar mass and
can tolerate a relatively longer fast.

Passerine birds are generally small; they have a
relatively small crop and a high metabolic rate and
they suffer rapid depletion of glycogen stores. Thus
fasting for longer than a few hours is seldom
recommended. They may also be more prone to
hypoglycaemic shock and have a decreased ability to
detoxify and eliminate anaesthetic agents. In
anaesthesia of passerine species, preoperative and
perioperative administration of glucose as well as
monitoring blood glucose should be considered. In
the bird with a critical condition and poor body
condition, fasting may be entirely unnecessary.

Factor Fast? | Duration of fast

Examples, comments

Species prone to regurgitation or with | Yes
extensive crops

As long as possible based on body
condition score and weight

Vultures, Barn Owl, other raptors; pigeons; crows,
mynahs

Surgery of neck, cervical oesophagus | Yes
or crop area

Until crop empties

Tracheal laceration, crop fistula, laceration repair

Body condition score 1/5 No None Stabilize prior to procedure
Body condition score 2/5 Yes Short Stable, eating well, gaining weight
Body condition score 3/5 or greater Yes As indicated based on body condition

score, species and weight

Body weight > 1 kg Yes 12—48 hours Red-tailed Hawk, Golden Eagle
Body weight 600-1000 g Yes 6-12 hours Small hawks

Body weight 400-600 g Yes 4-6 hours Pigeons, good body condition score
Body weight 200-400 g Yes 2-4 hours Pigeons; stable passerine birds
Body weight < 200 g, stable Yes 1-2 hours Small passerine birds

Body weight < 200 g, unstable No None

m Factors for consideration when determining appropriate preanaesthetic fasting.

98


http://vetbooks.ir/

In the face of crop stasis or inability to wait for
crop emptying, the crop may be gavaged and the
contents aspirated. However, this action may be
limited by diet and temperament in some species.
Should preanaesthetic fasting be desired but unat-
tainable, or the fasting status of a bird uncertain but
the anaesthetic event a certainty, precautions can be
taken to avoid aspiration in the event of regurgitation
or reflux (Redig, 1998):

e Intubate the patient

¢ Block the pharynx with gauze sponges of
appropriate size

¢ Incline the patient’s body with the head up

¢ Restrain the patient in a vertical position during
recovery

e Invultures, apply digital pressure to the upper
neck in the oesophageal region during mask
induction to reduce regurgitation.

Approach to analgesia

Physiology, perception and recognition

of pain

While the intensity and quality at which birds feel pain
may be unclear, birds have similar nociceptive
nervous system pathways to mammals and so are
likely to experience similar pain sensations to
mammals. Opioids and prostaglandins both modulate
pain pathways in birds as in mammals, and birds have
similar pain receptors.

It is incumbent upon the avian veterinary sur-
geon to recognize signs of pain in birds. Further,
practitioners should assume that pain is present
and alleviate pain when dealing with any condition
expected to cause pain. Should the lesion, disease
or procedure cause damage to tissue, cause pain in
any species, or cause abnormal behaviour (includ-
ing a lack of normal behaviour), analgesia should
be provided. Examples of clear indications for use
of analgesics in the avian patient include burns,
fractures, luxations and lacerations. In addition to
humane reasons, treatment of pain facilitates
return to normal function and decreases healing
and recovery time.

Behaviours associated with pain may be difficult
to interpret, as they are affected by age, gender,
species, breed, strain, individual and social
behaviours, environment, the type (acute or chronic)
and source of pain (visceral or somatic). Predatory
species may be more likely to exhibit pain behaviours
than prey species. The clinician should be familiar
with normal and abnormal behaviour for the species
and be aware that social dynamics may affect
behaviour. In flocking species, the overt exhibition of
behaviours associated with pain may result in
expulsion from the flock or predation. Thus the flight-
or-fight response along with stoicism, immobility or
hiding pain, categorized as conservation/withdrawal
responses, are natural behaviours for survival in
many species. Immobility may provide a greater
likelihood of escape from predation, decrease damage
associated with pain and provide temporary analgesia
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when pain cannot be avoided or lessened through the
bird’s actions. Conservation/withdrawal responses
are associated with chronic pain and are typified by
the sick bird fluffed at the bottom of the cage.

Behavioural abnormalities associated with pain in
birds range from increased activity, which is generally
associated with acute pain, to subtly decreased
activity occurring in response to chronic pain. While
there is no reliable or universal indicator of pain in any
species, clinical signs associated with pain in birds
may include but are not limited to:

e Change in temperament, aggression or passivity

¢ Impaired, reduced or abnormal mobility, including
immobility and lameness

e Abnormal posture, especially hunched or
crouching and head pulled in towards the body;
reluctance to assume normal posture, including
standing and perching

e Wing flapping or clamping

e Escape reaction (jumping, foot lifting, wing
flapping)

¢ Restlessness, anxiousness, struggling,
excessive movement, insomnia

e Constipation, decreased food or water intake,
reduced environmental pecking

* Increased respiratory rate, blood pressure

e Vocalizing, or reduced vocalization

e Chewing, biting or feather picking at the
painful site

e Decreased activity including preening, beak
wiping and head shaking

¢ Decreased interest in surroundings or
conspecifics.

Pain control

Treatment of pain should include a variety of
methods. While specific drug types and admini-
stration techniques are discussed below, these do
not supersede or abolish the need to attend to the
basic principles of pain management. There must
be appropriate physical, environmental and behav-
ioural management.

e The underlying source of pain should be
determined and eliminated or ameliorated
(e.g. stabilizing a fracture, luxation or open
wound).

e Dehydrated, anaemic, hypoproteinaemic or
emaciated patients should receive appropriate
fluid and nutritional support.

e Appropriate environmental modifications to
alleviate pain might include providing appropriate
perch surfaces and locations and appropriate
bedding, diet, environmental temperature and
ambient noise for the species.

e Anxiolytics, tranquillizers and muscle relaxants
may be administered to reduce fear, anxiety and
muscle tension, thereby reducing central nervous
system activity.

Preferred methods of pain control allow lowered

drug dosages and inhalation anaesthetic to achieve
better effect.
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e Balanced or multimodal analgesia (use of
multiple types of analgesic that affect different
aspects of pain pathways simultaneously)
provides more effective pain control than the use
of a single analgesic (Hawkins, 2006).

* Analgesic synergy (the use of multiple analgesics
to reduce the total necessary dose of each drug)
reduces each analgesic drug dose and the risk of
drug toxicity. For example, a centrally acting
opioid might be combined with a peripherally
acting non-steroidal anti-inflammatory drug to
take advantage of this effect.

* Pre-emptive analgesia requires administration of
analgesics prior to a noxious stimulus to prevent
sensitization of the CNS, thereby reducing the
potential for pain and inflammation during
recovery (Hawkins, 2006). In pre-emptive
analgesia, opiates, NSAIDs and local
anaesthetics may be used in combination pre-,
intra- and postoperatively. In pigeons undergoing
orthopaedic surgery, those patients treated
pre-emptively and postoperatively returned to
normal behaviours more quickly than those only
treated postoperatively.

Analgesics

Analgesics for use in raptors, pigeons and passerines,
and a comparison of their mechanisms of action are
included in Figure 10.3.

Opioids

Opioids mediate pain though receptors such as y,
and § found in the central and peripheral nervous
systems.They are indicated for alleviation of moderate
to severe acute pain such as that induced by trauma
or surgery. They have anaesthetic-sparing effects;
they reduce the amount of gas anaesthetic necessary
to induce or maintain general anaesthesia and are
therefore indicated as premedicants for balanced or
pre-emptive analgesia.

Opioids investigated or used clinically in birds
include morphine, butorphanol, buprenorphine, fen-
tanyl and codeine, but investigation has been lim-
ited primarily to Psittaciformes and the domestic
fowl. Of these opioids, butorphanol is currently the
analgesic drug of choice in birds, based on studies
in Psittaciformes.

Drug Species Dose (mg/kg) Indication Comment
Class and route
Mechanism of action
Buprenorphine Raptors, pigeons®* 0.01-0.05 i.m. Pre-emptive Anecdotally effective in pre-emptive
Opioid q8-12h anaesthesia, possibly | pain control raptors and pigeons, not
Partial p agonist, 8-12 h duration clinically effective in some other avian
K antagonist species e
Butorphanol Current drug of choice for 0.5-4im.,iv. Analgesia, pre- and Reduces inhalant anaesthetic
Opioid alleviation of avian pain based | g2-4h postoperative, necessary to induce and maintain
Mixed agonist/antagonist, | on clinical studies and pre-emptive and avian anaesthesia Dose-related
weak [ antagonist and consistent neurophysiology in balanced sedation respiratory depression may be less of
strong k agonist pigeons and pharmacokinetic a concern with butorphanol than with
studies in owls and hawks pure p agonists ek
Raptors'e 0.5-0.2 most Hyperalgesia may be caused at doses
common of 6 mg/kg
Raptor" 1-4i.v., i.m., orally > 1 mg/kg dose may cause
0.3-11i.m. recumbency
Carprofen Raptor" 1-2q12h Analgesia,
Proprionic NSAID anti-inflammatory
Weak COX-1/COX-2
inhibitor Birds® 1-4 s.c., orally, Analgesic Short-term use, less than 7 days
i.m. q12-24h
Ketoprofen Birds® 1-5i.m. g8-12h Analgesic Dosing based on physiological action,
Proprionic NSAID analgesic effect has not been clinically
Potent COX-1 inhibitor assessed
Raptors, pigeons, waterfow!” 1i.m. g24h Analgesic
x 1-10 days
Meloxicam Birds® 0.1-0.5s.c., orally | Analgesic Long half-life in pigeons ~4 hours®
Oxicam NSAID q24h
Selective COX-2 inhibitor
Piroxicam Birds' 0.5 orally Treatment of chronic Moderate improvement of lameness
Oxicam NSAID osteoarthritis
Selective COX-2 inhibitor

Analgesics. (?Clyde, 1994; ® Lawton, 1996; ¢ Hawkins, 2006; “Paul-Murphy et al., 1999; ¢ Paul-Murphy et al.,
2004; f Paul-Murphy and Fialkowski, 2001; ¢ Redig, 1998; " Huckabee, 2000; ' Machin, 2005b; I Curro et al., 1994;

“Picker, 1994; ' Paul-Murphy and Ludders, 2001; ™ Paul-Murphy, 2006; " Beynon, 1996; °Baert and DeBacker, 2003.)
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Nalbuphine may also be of clinical use in birds in
the near future (Hawkins, 2006). Tramadol is an orally
administered opioid with few side effects that has
shown promise for use in pigeons (Myers, 2005).

Clinical use and pharmacokinetic studies of
standard opioid formulations in birds indicate a
clinical effect of 2—4 hours. Side effects common to
opioids include cardiac and respiratory depression,
gastrointestinal tract slowing, constipation and seda-
tion. Most opioid analgesics are administered
parenterally, based on liver metabolism and sub-
sequent poor oral bioavailability in mammals, but this
effect has not been investigated in birds.

Opioids should be used cautiously in combination
with isoflurane anaesthesia, based on the combined
potential for respiratory depression. Many opioids
may be reversed with antagonists but this will also
result in cessation of analgesic effects.

Non-steroidal anti-inflammatory drugs
NSAIDs are commonly used for pre-emptive analge-
sia and relief of traumatic and post-surgical pain.
Those used in birds include aspirin (acetylsalicylic
acid), carprofen, celecoxib, dimethylsulfoxide, flunixin
meglumine, ibuprofen, ketoprofen, meloxicam, piroxi-
cam, phenylbutazone and tepoxalin.

NSAIDs cause analgesia and reduce inflammation
via inhibition of cyclooxygenase (COX) enzyme
isoforms, which prevent production of prostaglandin,
a local mediator of inflammation. COX-1 and COX-2
isoforms both function in antinociception but COX-1 is
constitutive, rather than inducible, and functions as a
cytoprotectant throughout the body. While newer
drugs focus on blocking solely the COX-2 enzymatic
pathway rather than COX-1 or both pathways, the
most efficacious analgesics may be mixed inhibitors,
blocking both COX-1 and COX-2 pathways.

Flunixin, ketoprofen and carprofen are potent
analgesics in avian species. The analgesic effects of
flunixin and ketoprofen may last up to 12 hours
(Machin, 2005a). However, flunixin meglumine causes
a variety of toxic side effects in birds, including renal
failure even at low doses, and has fallen out of favour
(Paul-Murphy and Ludders, 2001). Other common
side effects of NSAIDs include prolonged clotting time
and gastrointestinal ulceration.

NSAIDs may be administered intramuscularly or
orally. Few pharmacokinetic or analgesic studies have
been performed with NSAIDs in birds and allometric
scaling for drug dose determination appears inappro-
priate. All dosages should be interpreted and applied
cautiously based on clinical judgement and response
of the animal. NSAIDs should be used cautiously in
birds as class, species, gender and temporal physio-
logical state may cause differential toxicity, with pos-
sibly fatal consequences. For example, recent vulture
population declines in Asia have been linked to
ingestion of the NSAID diclofenac used in cattle.
When feasible, assessment of perfusion, hydration
and kidney function should occur prior to NSAID
administration. All patients undergoing NSAID treat-
ment should be monitored for renal output, hydration
and faecal blood. Aspirin (acetylsalicylic acid), flunixin
meglumine, phenylbutazone and ibuprofen will not be
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further discussed here as better alternatives exist
based on lack of serious side effects and availability
of easily administered formulations.

Carprofen and ketoprofen are analgesic, anti-
inflammatory and antipyretic.

e Carprofen shows good anti-inflammatory activity
and, perhaps because of weak COX inhibition, it
has a wide margin of safety. It may be
administered for short-term relief of pain in birds.

e Ketoprofen was only poorly bioavailable in quail
when administered intramuscularly or orally and
displayed a very short half-life (Graham et al.,
2005). In ducks, a decrease of inflammatory
mediators persisted for 12 hours after ketoprofen
administration (Machin and Livingston, 2002).
Ketoprofen is available in topical gel, oral tablets
and injectable formulations, but only injectable
and oral formulations have been investigated for
use in birds.

Celecoxib, meloxicam and piroxicam are selective
COX-2 inhibitors.

e Piroxicam provides mild to moderate relief from
pain associated with degenerative joint disease
and may also be indicated in other chronic
inflammatory conditions of birds.

e Meloxicam may have a greater margin of safety
based on its COX-2 activity. This drug’s
pharmacokinetics have been investigated in a
variety of avian species, including pigeons.
Clinically, it is effective for treatment of pain
associated with osteoarthritis in birds and is often
used as an avian analgesic based on ease of
administration and dosing. It is available as an
oral suspension and in injectable form.

Dimethylsulfoxide (DMSO) has not been studied
as a sole agent for analgesia and anti-inflammatory
treatment in birds but is used clinically as an anti-
inflammatory and as a carrier of other medications. It
may be given topically or orally and may lack many of
the undesirable side effects of other NSAIDs.

Local anaesthetics

Local anaesthetics used in avian species include
bupivicaine, lidocaine and benzocaine and EMLA
cream (eutectic mixture of 2.5% lidocaine and 2.5%
prilocaine) (Figure 10.4). Information about local
anaesthetic use in birds is sparse and anecdotal, with
controlled scientific investigation of these drugs
limited to domestic fowl and ducks.

These drugs block ion channels and prevent gen-
eration and conduction of nerve impulses. They are
most often used in topical applications for minor pro-
cedures (catheter placement, endotracheal intuba-
tion), for local infiliration at the surgical site for
pre-emptive analgesia (placement of air sac tubes,
intraosseous catheters, laparotomy), or for local nerve
blockade (nerve infiltration prior to transection
decreases prevalence of phantom limb syndrome).
Local anaesthetics control local pain but do not
lessen the stress of handling or physical restraint.
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Drug Dose (mg/kg) | Route

Comments/indications

Lidocaine #° <25 Local infiltration

Local anaesthetic, treatment of arrhythmias, duration unknown in birds, 60-120 min in
mammals, preoperative. Dose >4 mg/kg may cause toxicity, seizures in raptors

Bupivicaine <2.0 Local infiltration Combine with DMSO for topical application, 4-hour duration in domestic fowl
Prilocaine/ Unknown Topical application | Avoid toxicity via prolonged contact time or application to open follicles, damaged skin
lidocaine (EMLA ©) or mucous membranes. Calculated dose should not exceed 2 mg/kg lidocaine topically
Benzocaine ! Unknown Topical application | For small bird minor wound repair. Apply minimal amount to avoid likelihood of toxicosis
Microencapsulated Unknown Topical application | Indicated in non-penetrating traumas, decreased risk of secondary infection

ammonia ¢

m Local anaesthetics for use in avian patients. (* Ludders, 1994; °Hocking et al., 1997; ¢Huckabee, 2000; 9 Glatz
et al., 1992; e Hawkins, 2006; Clubb, 1998; 9Harrison et al., 2006)

The use of sedation or general anaesthesia should
be considered for use in combination with local
anaesthetics in the avian patient.

Based on pharmacodynamics and the physiology
of the avian blood—brain barrier, the duration of action
of local anaesthetics in birds may be less while the
sensitivity to toxicity may be greater than in mammals
(Hocking et al, 1997). Signs of local anaesthetic
toxicosis in birds include distress immediately after
injection, recumbency with outstretched legs,
drowsiness, depression, ataxia, nystagmus, muscle
tremors, seizures, vomiting, hypotension, cardiac
arrhythmia and arrest (Machin, 2005; Hawkins, 2006).
Response to local anaesthetics may vary dramatically
based on the individual, health status and species.
Most commercially available local anaesthetic
preparations are highly concentrated. To lessen the
risk of toxicosis when administering local anaesthetics
in birds, a variety of techniques, used in conjunction,
are recommended:

e Calculate the total patient dose and administer
no more than this amount

e If necessary, dilute the total patient dose to
facilitate local administration

e Use insulin or skin-testing syringes with zero-
volume hub attached needles to facilitate
appropriate volume and dose administration in
the desired region.

Preanaesthetics and sedatives

Administration of preanaesthetics may be foregone
in many avian patients to avoid repeated capture
and restraint and is generally unnecessary for most
avian patients. However, preanaesthetic admini-
stration of sedatives, anxiolytics and pain control
agents may be indicated in the fractious, anxious
or excited bird.

Some preanaesthetic agents have an anaes-
thetic-sparing effect and thereby decrease negative
cardiovascular effects of the primary anaesthetic
agent, such as hypotension or incidence of arrhyth-
mia. Commonly used classes of preanaesthetic
agents in avian species include benzodiazepines
and the opioids, but parasympatholytics are also
occasionally indicated. Acepromazine is no longer
in common use.
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Parasympatholytics

Parasympatholytics (anticholinergics such as atro-
pine) are not routinely indicated for avian anaesthe-
sia. Useful properties include reduction of respiratory
and salivary secretions, inhibition of gastrointestinal
motility including the crop, and prevention of vagally
induced bradyarrhythmia. Whether the reduction or
further thickening of respiratory secretions in the
avian respiratory tract is beneficial (due to reduced
chance of endotracheal tube blockage) or detrimental
(based on increased viscosity of tracheal secretions
causing an increased chance of endotracheal tube
blockage) remains controversial (Paul-Murphy and
Fialkowski, 2001; Gunkel and LaFortune, 2005).
Because of this concern, use of parasympatholytics
as preanaesthetic agents is usually forgone in smaller
avian patients, which usually have high resting heart
rates. However, preanaesthetic or anaesthetic brad-
yarrhythmias or prevention of cardiac dysrhythmias
stemming from the oculocardiac reflex of ophthalmic
surgery are indications for anticholinergic administra-
tion. Prevention of reflex bradycardia may be difficult
if the anticholinergic is administered as a preanaes-
thetic and is no longer active during the surgical pro-
cedure (Abou-Madi, 2001). Slight differences between
drug activities exist; glycopyrrolate is a more selective
anti-secretory agent that is more potent and of longer
duration of action, but atropine is preferred for cardiac
emergencies because of its fast onset, despite its
shorter duration of effect (Heard, 2000).

Anaesthetics

Inhalation anaesthesia is preferred for use in birds, as
it gives rapid induction and recovery, ease and rapidity
of control of anaesthetic depth, recovery independent
of organ transformation, and improved oxygenation
due to administration of oxygen with anaesthetic
gases. Cardiorespiratory depressant effects are less
than those of most injectable drugs.

Injectable anaesthetics as a sole anaesthetic
agent are generally reserved for field use or limited to
certain procedural indications where gas anaesthe-
sia is impractical or impossible to administer. None-
theless, injectable anaesthetics, used alone or in
conjunction with gas anaesthesia, are still routinely
used in a variety of avian procedures and, rarely,
may be preferable to the use of gas anaesthesia.
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Injectable anaesthetics

Advantages of injectable anaesthetics (Figure 10.5)
include low cost, ease of portability, availability,
minimal necessary equipment, rapid administration
and induction of anaesthesia, and the possibility
of remote administration. Disadvantages include
biotransformation and elimination dependent on
organ function, narrow margin of safety, the need
to obtain an accurate weight prior to drug admini-
stration, cardiopulmonary depression, prolonged or
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violent recovery, lack of adequate muscle relaxation,
difficulty in maintaining an adequate plane of
anaesthesia for surgery, problematic anaesthetic
reversal and variation in individual, species or
class response.

Historically a variety of anaesthetics have been
used in birds, sometimes with serious untoward
effects. Use of barbiturates, chloral hydrate,
alphachloralose and phenothiazines will not be
discussed here.

Drug Species Dosage (mg/kg), route | Comments/indications Cautions
Atipamezole Raptors® 5 x medetomidine dose | Alpha-2 adrenergic antagonist
i.m., i.v.
Most birds 0.25-5.0 i.m.
Atropine Birds ™ 0.02-0.08 i.m., s.c. Preanaesthetic
Raptors¢ 0.2 i.m., sublingual, Pre- or intraoperative bradycardia
intratracheal
Birds® 0.04-0.1i.m., i.v. Premedication, bradycardia,
gastrointestinal reflux, excessive salivation
Diazepam Raptors' 0.5-1.0i.m., i.v. pm Sedative
Birds® 0.2-0.5i.m. Preanaesthetic sedative
Pigeons, most 0.2-1.01.v. Preanaesthetic sedative
avian species®
Passerines? 0.5 orally Anxiolysis and food acceptance in new 1 mg/ml oral suspension
captives
Flumazenil Birds® 0.05i.v. Reversal of benzodiazepines. Bolus or Make sure additional agents,
. . preferably titrate to effect such as ketamine, have
MOSt birds, 0'02_.0'03 Lm. dissipated prior to reversal
pigeons® 0.05i.v.
Quail, most birds® | 0.1 i.m. Midazolam reversal 6 mg/kg Average of 1.6 minutes recovery,
no relapse sedation
Glycopyrrolate | Birds® 0.01-0.02i.m., i.v. Premedication, to decrease respiratory Increased viscosity of tracheal
. . secretions and prevent or alleviate secretions may predispose to
Birds® 0.01-0.03 i.m., i.v. bradycardia endotracheal tube blockage
Propofol Pigeon! 14i.v. Probably high-end dose, loss of voluntary Cardiopulmonary depression
reflexes occurs in 2-7 minutes common especially during bolus
) . : : induction. Intubation, assisted
Red-tailed Hawk! 3.4-561i.v. Induction ventilation, supplemental oxygen
Red-tailed Hawk! | 0.4-0.5/min CRI recommended. _
; ) - Propofol best suited to short field
Great Horned Owl! 2.7-4.1i.v. Induction procedures or induction agem
Great Horned Owll | 0.4-0.7/min CRI only. .
Prolonged recovery in Great
Barn Owl 4-12i.v. Induction, anaesthesia over 14 minutes Horned Owls and Red-tailed
Barn Ow 0.5/min CRI Haviks
Raptor® 1.33-14 i.v. Anaesthesia
Ketamine/ Raptor K4.4,X22iv. Field anaestheic protocol; not superior to Cardiac depressive effects and
o ! o ;
xylazine Faloon, hawk K25-30, X2 im. gas anaesthesia difficult recoveries
Owl K10-15, X 2i.m.
Turkey Vulture K10, X 0.5-1.0 i.m.

m Injectable preanaesthetics, anaesthetics, sedatives and reversal agents. Information included in this table
includes anecdotal as well as nociceptive and pharmacokinetic data. Caution should be used when
extrapolating drug dosages between species, as individual, gender, class and species differences exist, especially in
patient reactions to opioid and non-steroidal inflammatory drug categories. Different levels of analgesia, toxicity or other
adverse affects may occur in different individuals, genders, species or classes. (2 Pollock et al., 2005; ® Abou-Madi, 2001;
¢Gunkel and LaFortune, 2005; “Redig, 1998; ¢Heard, 2000; 'Huckabee, 2000; ¢ Massey, 2003; "Day and Roge, 1996;
"'Fitzgerald and Cooper, 1990; IHawkins et al., 2003; * Carpenter, 2005; ' Zenker et al., 2000; "Kreeger et al., 1993.)

(continues)
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Drug Species Dosage (mg/kg), route | Comments/indications Cautions
Ketamine/ Eagles, Vultures K3-8,D0.25i.v.
i k
diazeparn Falcons K 8-15, D 0.5-0.1 i.m.
Raptors K10-401i.v.,, Induction or surgical anaesthesia Rapid bolus may cause apnoea,
D1.0-15im.,iv. arrhythmia and risk of death
Ketamine/ Pigeons K 1.5-2.0,
medetomidine* M 60-80 ug/kg i.m., i.v.
Raptors K 2-5, M 25-100 pg/kg
i.v. lower dose
i.m. higher dose
Midazolam Quail® 2-6i.m. Sole sedative Peak sedation at 10 minutes for
highest dose. No cardiovascular
effects seen at any dose
Birds® 0.1-0.5i.m. Preanaesthetic sedative
Telazol European Buzzard' | 40-80 orally Immobilization after 30-60 minutes Powdered form of the drug:
(tiletamine/ immobilized by 30 minutes; birds
zolazepam) given oral solution didn’t reach
immobilization until > 60 minutes
Great Horned Owl, | 5-10i.m. Immobilization for 30 minutes, some Prolonged (4-5 h) recoveries with
Screech Owl™ decrease in heart rate at higher end of catalepsy, opisthotonus, ataxia
dose
Xylazine Raptors' 1-2.21im., iv. Sedation, anaesthesia Not for use in debilitated raptors
based on cardiac depression
Yohimbine Raptors' 0.2-0.2i.m. i.v. Reversal of xylazine

m (continued) Injectable preanaesthetics, anaesthetics, sedatives and reversal agents. Information included in this
table includes anecdotal as well as nociceptive and pharmacokinetic data. Caution should be used when
extrapolating drug dosages between species, as individual, gender, class and species differences exist, especially in
patient reactions to opioid and non-steroidal inflammatory drug categories. Different levels of analgesia, toxicity or other
adverse affects may occur in different individuals, genders, species or classes. (*Pollock et al., 2005; ® Abou-Madi, 2001;
¢ Gunkel and LaFortune, 2005; Redig, 1998; ¢Heard, 2000; 'Huckabee, 2000; ¢ Massey, 2003; "Day and Roge, 1996;

' Fitzgerald and Cooper, 1990; 'Hawkins et al., 2003; * Carpenter, 2005; ' Zenker et al., 2000; ™ Kreeger et al., 1993.)

Ketamine and ketamine combinations

Ketamine is a dissociative anaesthetic that also pro-
vides pre-emptive or postoperative analgesia of
sharp superficial pain. As an N-methyl-p-aspartate
antagonist, ketamine can prevent or abolish receptor-
mediated nociceptive pathways in the central
nervous system. As a sole agent ketamine is not
adequate for laparotomy or orthopaedic surgery,
because it does not control dull visceral pain.
Further, ketamine as a sole anaesthetic agent in
avian species may result in poor muscle relaxation
and muscle tremors in the anaesthetic period,
followed by recovery marked by incoordination,
excitement, head shaking, wing flapping, myotonic
contractions and muscle tremors.

Ketamine is generally administered in combination
with an alpha-2 agonist or a benzodiazepine to
improve muscular relaxation and depth of anaesthesia
to palliate the excitatory effects of ketamine and to
provide sedation and pain control in recovery.

Determination of a ketamine dose conforms to the
principles of allometric scaling: larger birds (>1 kg)
need a comparatively smaller dose (10-20 mg/kg)
than smaller birds (<50 g) (70-80 mg/kg) to achieve
similar anaesthetic effects. After intramuscular
administration of ketamine, anaesthetic induction
should occur in 5-10 minutes and anaesthesia
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should last 5-20 minutes, depending on the dose
and size of the bird (Paul-Murphy and Fialkowski,
2001). Administration of ketamine to vultures should
be avoided as they have been reported to show
undesirable effects such as salivation, excitation and
convulsions (Samour et al., 1984).

Alpha-2 agonists
Alpha-2 agonists include xylazine and medetomidine.
They are seldom used for avian anaesthesia but are
occasionally indicated for field or remote immobiliza-
tion. They have been used for anaesthesia in pigeons
and a variety of raptors. These drugs are usually used
in combination with other injectable drugs (dissocia-
tives or benzodiazepines) in avian anaesthesia.
Alpha-2 agonists provide muscle relaxation,
sedation and analgesia, which can smooth induction
and recovery from anaesthesia. Specific antagonists
are available to reverse the effects of alpha-2 agonists,
allowing for rapid anaesthetic recovery. Atipamezole
may be used to reverse effects of medetomidine,
detomidine and xylazine. Yohimbine has been used
to reverse the effects of xylazine in raptors (Degernes
et al., 1988; Freed and Baker, 1989). Tolazoline has
also been used to reverse xylazine when used in
combination with ketamine in vultures (Allen and
Osterhuis, 1986).
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Alpha-2 agonists have multiple negative effects in
avian species that bar their use as a sole anaesthetic
agent. All alpha-2 agonists are cardiopulmonary
depressants. Decreases in heart rate, respiratory rate,
blood pH, hypoxaemia and hypercarbia can result
from xylazine or medetomidine administration (Samour
et al., 1984; Degernes et al., 1988). Alpha-2 agonists
can cause prolonged cardiac impulse intervals and
cardiovascular arrhythmia and instability, which can
lead to fatality when coupled with hypoventilation and
hypercarbia (Paul-Murphy and Fialkowski, 2001).

In the avian patient, apprehension or excitement
may override alpha-2 agonist sedative effects. Should
an alpha-2 agent be chosen for preanaesthetic
sedation or anaesthetic induction, it is essential that
the bird is handled quietly, quickly and calmly with
minimal struggling. Then the patient should be
induced in a subdued environment for best results.
Raptors may be hooded (if they are trained to accept
the hood) if no induction chamber is available.

Medetomidine: Medetomidine alone appears to be
an unacceptable sedative in avian patients. High
doses of medetomidine in pigeons resulted in seda-
tion without immobilization; high dose combinations of
ketamine and medetomidine seemed adequate for
surgical anaesthesia in pigeons but caused serious
cardiovascular effects (Uzun et al., 2003). Anaesthetic
combinations of medetomidine/ketamine and keta-
mine/diazepam in pigeons also yielded unfavourable
results: unreliable levels of anaesthesia and violent
wing flapping resulted from the use of medetomidine
with ketamine; and inadequate analgesia and pro-
longed recovery resulted from use of the ketamine/
diazepam combination (Lumeij and Dennik, 2003).

Benzodiazepines
Benzodiazepines for use in raptors, pigeons and
passerine birds include diazepam, midazolam and
zolazepam. Benzodiazepines are characterized by
anxiolytic, hyponotic/sedative, anticonvulsant, muscle
relaxant, amnesic, hyperphagic and anaesthetic-
sparing effects. They do not provide analgesia but
minimal cardiovascular effects make them an option
for use in birds with cardiovascular or other diseases.
Other indications for use of benzodiazepines in birds
include anxiolysis in wild-caught or newly introduced
aviary birds, reduction of preanaesthetic anxiety and
postanaesthetic recovery excitement, and facilitation
of handling for brief non-painful procedures. Best
effect is seen when these agents are administered
10—20 minutes prior to the procedure and the patient
is not disturbed while the drugs take effect.
Diazepam is not water-soluble and causes pain
and unpredictable results when given intramuscularly
(Abou-Madi, 2001; Gunkel and LaFortune, 2005).
Struggling, dysphoria, incoordination, ataxia and pro-
longed recovery can result from administration of
diazepam and other benzodiazepines (Heard, 2000).
The lower the dose of midazolam administered, the
shorter is the duration of sedation. In wild passerines,
anxiolysis and diet acceptance are improved with
administration of an oral solution of diazepam
(Massey, 2003).
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Alfaxalone/alfadolone (Saffan) was formerly used
successfully in raptors in field situations but is no
longer available. The replacement alfaxalone prepar-
ation has not yet been fully evaluated in birds.

Reversal of benzodiazepines can be achieved
with flumazenil, which is preferably titrated to effect
to reduce negative excitatory or dysphoric effects
while avoiding reversal of anxiolysis, sedation and
muscle relaxation.

Telazol: Telazol, the combination of tiletamine (a dis-
sociative anaesthetic) and zolazepam (a benzo-
diazepine), is no longer popular for use in birds with
the advent of isoflurane anaesthesia. Advantages of
telazol for use as an immobilizing agent include low
cost, small delivery volume and the options of intra-
muscular or oral administration. It is a safe and effec-
tive immobilization agent in Great Horned Owils,
Screech Owls and the Eurasian Buzzard. Disadvan-
tages include prolonged (2-4 hours) sometimes
agitated recoveries and a short surgical anaesthetic
time; in Red-tailed Hawks administration fails to
cause unconsciousness and causes increased
salivation and cardiac and respiratory rates (Kreeger
et al, 1993). To the author’s knowledge, telazol
has not been investigated for use in pigeons or pas-
serine birds.

Propofol

Propofol, the ultra-short-acting non-barbiturate iso-
propyl phenol, has been used for anaesthesia of
several owl species, pigeons, Red-tailed Hawk and
Common Buzzard.

Propofol provides a dose- and rate-dependent
smooth, rapid onset induction in raptors, along with
good muscle relaxation of short duration. Intravenous
catheter placement is usually necessary for initial
administration and continued infusion of this drug.
Slow administration for induction may limit the onset
of apnoea and respiratory depression typical of this
drug (Hawkins et al, 2003) and the slow infusion
method requires continued vascular access, hence
the intravenous catheter. To the author’s knowledge,
intraosseous injection of this drug for anaesthesia of
birds has not been reported, but could theoretically be
feasible in small birds, such as passerine species,
when venous access is limited.

Properties of this anaesthetic that make it particu-
larly suitable for field use include portability, low
anaesthetic cost, and the lack of effect of ambient
temperatures on drug properties. Propofol facilitates
surgery of the respiratory tract when inhalant anaes-
thesia is unfeasible (Mama et al., 1996). In some rap-
tors a prolonged and difficult recovery characterized
by head twitch, myoclonus and opisthotonus lasts for
hours, though all birds recover without continued CNS
abnormalities. Prolonged recoveries in Great Horned
Owls and Red-tailed Hawks were attributed to low
volume of distribution, differing hepatic metabolism of
phenolic compounds and low clearance rates of phe-
nolic compounds in these species (Hawkins et al.,
2003). In mammals, a balanced anaesthetic protocol
that includes anxiolytics and pre-emptive analgesics
is used to ameliorate excitatory effects and to provide
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a drug-sparing effect at induction and during continu-
ous rate infusion, but a combined protocol has not
been investigated in birds. The longer the constant
rate infusion, the greater the likelihood that birds
may suffer agitated recoveries. This characteristic,
coupled with the relatively short induction and effect
of propofol, may limit the drug’s use in avian patients
to induction or short procedures.

Some reflexive responses in raptors may differ
slightly from the expected during the use of propofol.
In one study, jaw tone and laryngeal reflex were
immediately abolished upon induction with propofol,
as was the response to feather pluck, but the third
eyelid reflex was not lost during CRI. The pedal or
toe pinch response was the last reflex to disappear,
as expected.

Inhalation anaesthesia

The major disadvantage of inhalant anaesthetics
remains the necessity for specialized equipment for
delivery and scavenging of anaesthetic gas; however,
small desktop units suitable for field use have been
devised (Redig, 1998).

Halothane, methoxyflurane and nitrous oxide have
been used in birds historically, but have been replaced
by isoflurane and sevoflurane, which are safer for
the staff and the patient, have fewer negative cardio-
vascular and pulmonary effects and have shorter
induction and recovery times. Although isoflurane is
currently the most commonly used inhalation anaes-
thetic in birds, sevoflurane is rapidly gaining in popu-
larity and its use is only limited by cost and familiarity.
The use of desflurane and enflurane may become
more common in the future.

* [soflurane is the preferred anaesthetic agent in
avian species, on the basis of cost, rapid
induction and recovery, the ability to change
anaesthetic plane and minimal metabolism.
Further, it does not sensitize the heart to
catecholamine-induced arrhythmias.

e Sevoflurane has less solubility and therefore a
shorter recovery time but requires a higher
delivery percentage for induction, due to lower
potency. Unlike desflurane and isoflurane,
sevoflurane does not cause respiratory tract
irritation, resulting in a less stressful induction.

* Desflurane provides a faster recovery time than
sevoflurane or isoflurane but is unlikely to
become widely used, because respiratory tract
irritation and laryngospasm dictate the use of
specialized equipment for delivery.

All anaesthetic gas exposure carries risk of genetic
damage to those exposed (Hoerauf et al., 1999).
Therefore appropriate precautions should be taken,
such as intubation or tight-fitting mask induction to
minimize anaesthetic exposure, good ventilation to
dilute anaesthetic gases and appropriate protective
wear. Soaking systems (table, room) for the removal
of waste gases are recommended. Pregnant women
should avoid exposure to anaesthetic gases, either
by avoiding anaesthetic events altogether or by
wearing protective equipment.
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Anaesthetic circuits and equipment

Choice of anaesthetic delivery system is based on
bird size and includes non-rebreathing systems,
paediatric circles and adult circle systems.

e For birds <2 kg, non-rebreathing systems (Ayre’s
T-piece, Bain coaxial circuit, Bain block) are used
and require a minimum of 500 ml/minute for
effective delivery of anaesthetic gas to the patient.

e For birds weighing 2—7 kg, non-rebreathing
systems or a paediatric circle system may be
used.

e For birds >7 kg (very large raptors), a standard
adult circle system may be used.

These large systems require a gas flow of
1 I/minute for effective anaesthetic delivery. Therefore
for most passerine, pigeon and raptor patients, a non-
rebreathing system will be required. Non-rebreathing
systems have the added benefits of reduced dead
space, lessened resistance and ability to change the
anaesthetic depth more quickly, because of the fast
gas flow rate. The author prefers a Bain block, which
allows use of a mechanical pop-off valve, assessment
of pressure in the avian body during mechanical respi-
ration and separation of the bag from the rest of the
anaesthetic tubing to allow better visualization of bag
movement during respiration.

Paediatric mechanical ventilators or those specially
designed for the use of small exotic species (Vetronics,
UK) are of advantage if used in birds. Mechanical
ventilators provide consistent intermittent positive
pressure ventilation to the patient and safe and
effective anaesthetic delivery. Pressure-controlled
ventilators deliver a certain pressure during each
inspiration, while volume-controlled ventilators deliver
a certain volume with each inspiration. Each type of
system has advantages and disadvantages.

e Hypoventilation may result from a system leak or
when the coelom is opened in a volume-limited
ventilation system. Benefits of volume-limited
systems are conservation of anaesthetic gas and
alarms for endotracheal tube occlusion.

e Hypoventilation may occur with use of the
pressure-limited system in cases of airway
occlusion or lessened respiratory system
compliance. Unfortunately, hypoventilation may
be difficult to detect. Pressure-limited systems
are preferred for use in the avian patient
undergoing coelomic surgery, because this
system controls anaesthetic depth by continuing
to provide anaesthetic gas despite leakage into
the surgical field.

Anaesthetic administration and induction

Anaesthetic induction with anaesthetic gas without
other premedicants is commonplace in avian
medicine. Birds may be induced in an induction
chamber or, preferably, via facemask (Figure 10.6) to
avoid excessive waste of anaesthetic gases to the
environment. The mask should cover both nares and
the mouth in passerine species, because the right
and left paranasal sinuses do not communicate. In
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(a) A variety of facemasks, some with
modification for use in avian anaesthesia.
(b) Mask anaesthetic maintenance is generally preferred
for small birds in which endotracheal tubes may become
occluded by thick tracheal secretions. Note the cotton ball
placement for appropriate neck positioning to facilitate a
patent airway.

most situations the entire head of the patient can be
introduced into the anaesthetic mask, which may
require modification to fit the patient’s neck properly
and allow good visualization of the head. This whole-
head method has the added benefit in some raptors
and large-billed passerine species of neutralizing the
bill as a weapon.

All anaesthetic gases should be adequately
scrubbed by using systems that vent gases for
appropriate disposal. Options include vacuum
systems, soda-sorb canisters, or merely routing the
waste anaesthetic tubing outside the building.

Preoxygenation is ideal but should be weighed
against patient stress and struggling during restraint.
The two main methods of facemask induction are the
low-to-high protocol and the high-to-low protocol
(Gunkel and LaFortune, 2005).
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* In the low-to-high protocol, birds are
preoxygenated and then the anaesthetic gas
percentage is increased incrementally over a few
minutes until induction is obtained. This method
reduces the risk of anaesthetic overdose but
increases the risk of the excitatory phase of
induction and slightly increases induction time.
The low-to-high induction is recommended for
use in birds which are already depressed or
obtunded and very small species. These patients
induce more quickly and, because of their
physiology or iliness, are less likely to undergo
the excitatory phase. Further, these patients
often induce and maintain a suitable anaesthetic
plane prior to reaching the highest anaesthetic
percentage setting on the vaporizer. Therefore
this method allows the anaesthetist to titrate the
lowest acceptable anaesthetic dose while
avoiding apnoea in the critical patient.

e Inthe high-to-low protocol, the patient receives a
high initial dose of anaesthetic until the first signs
of induction occur (eyelid closure, relaxation of
legs and wings, regular respiration). At this point,
the vaporizer settings are reduced to a
maintenance percentage. This method reduces
struggling, lessens the time of induction and
reduces the chance of the patient experiencing
the excitatory phase. However, the possibility of
overdose is greater and the anaesthetist must
monitor induction closely to avoid apnoea.
Additionally, while the likelihood of the excitatory
phase is reduced, it can occur, especially in
larger (>1 kg) species. Thus this method is
generally reserved for the large, apparently
healthy bird in good body condition but may be
equally indicated for the fractious patient.

Intubation: In all but short non-invasive procedures
lasting less than 20 minutes, and in patients >100 g,
endotracheal intubation should be performed.
Intubation of patients <100 g may be performed with
modified intravenous catheters or specially designed
endotracheal tubes, but the risk of tube occlusion is
greater in these diminutive patients.

Intubation for continued administration of anaes-
thetic gases to avian patients has several advantages.
It allows control of respiration, rescue from apnoea
and control of anaesthetic depth through IPPV; it
reduces loss of anaesthetic gas to the environment,
prevents aspiration of reflux and allows placement of
monitoring devices for end-tidal CO, to determine the
patient’s ventilation status.

Intubation of the avian patient is made relatively
easy by the lack of an epiglottis and teeth. To avoid
damage to the complete tracheal rings of the avian
trachea, intubation with an uncuffed endotracheal
tube, or a cuffed endotracheal tube without inflation of
the cuff, is preferred. Stability of the endotracheal tube
within the trachea is also key to avoiding tracheal
damage and inadvertent extubation during the anaes-
thetic episode. Use of stepped cole tubes or those that
gradually increase in diameter may help to occlude
the trachea at the glottis to avoid gas escape to the
environment while also avoiding tracheal damage.
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Thetubeis generally taped in place after intubation,
thereby affixing it minimally to the maxillary beak or
gnathotheca but also the rhamphotheca if necessary
(Figure 10.7). Affixing the tube solely to the gnatho-
theca provides stability, while allowing for visualiza-
tion of tube placement and the oral cavity for
monitoring during the anaesthetic episode. Extuba-
tion is also facilitated by this method.

(@) Multiple options for avian endotracheal
intubation. Cuffed tubes are not inflated:;
stepped tubes are inserted into the glottis until their wider
part creates a partial seal. (b) An intubated pigeon.
(c) Intubation of a Great Horned Owl, showing the
endotracheal tube secured to the lower beak.
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Air sac cannulation: This is an effective means of
induction and maintenance of anaesthesia in pas-
serine birds and pigeons. It allows escape of anaes-
thetic gas and can be used for resuscitation or
ventilation in a bird with tracheal obstruction. Caudal
thoracic air sac cannulation appears to be accept-
able in all species.

1. The patient is induced via facemask and
appropriate pain control via systemic routes
and a local anaesthetic block at the incision
site is provided.

2. With the bird in lateral recumbency, a central skin
incision is made in the triangle created by the
thigh musculature caudally, the ribs cranially and
the ventralmost spinal musculature dorsally.

3. After the initial skin incision (which may be made
with a cautery device), haemostats are bluntly
and blindly introduced into the coelomic cavity.
Care should be taken not to damage internal
organs by overzealous introduction of the
haemostats.

4. The tube is then placed in the coelomic cavity
and a feather or thread may be placed near the
tube aperture to visualize and confirm air flow of
respiration though the tube.

5. The inflation of a cuffed endotracheal tube
facilitates stabilization of the tube inside the
coelom. Externally, the tube may be stabilized to
the body wall with suture or a tape flange to the
skin (Figure 10.8).

6. Anaesthetic gas may then be introduced via
attachment of the anaesthetic circuit to this
tube. The surgeon should beware anaesthetic
gas escape from the trachea when this method
is used.

m Air sac perfusion anaesthesia. The tube is
inserted into the caudal abdominal/thoracic air

sac cranial to the leg, then connected to a T-piece.
(© John Chitty)

Patient support and monitoring

Adept and continuous monitoring is crucial for recov-
ery and survival from the anaesthetic event. The most
valuable ‘equipment’ in this respect is a dedicated
anaesthetist to monitor the patient’s vital signs, assess
depth of anaesthesia and facilitate recovery. Attention
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directly to the patient, especially its respiratory qual-
ity, should be the primary concern rather than the
variety of alarms created by equipment. Monitoring of
pulse rate (and quality) and the quality of reflexes and
muscle tone are also key in determining the patient’s
anaesthetic plane (Figure 10.9). Reflexes vary based
on the species or anaesthetic used. Respiratory rate,
depth and quality, as gauged by an anaesthetist, are
the best single indicator of avian anaesthetic depth
(Edling, 2006). Additional equipment commonly used
for monitoring the patient undergoing anaesthesia
includes the capnograph, the Doppler, the pulse oxi-
meter, the electrocardiogram, the manometer (for
determination of indirect blood pressure) and temper-
ature probes.

Patient size | Monitoring

<100 g Respiration observations, reflex observation,
external stethoscope auscultation, intermittent
Doppler, ECG

100-500 g Above, plus capnograph, audible Doppler
respiratory monitor

500-1000 g Above, plus blood pressure determination
(intermittent), pulse oximetry, oesophageal
stethoscope

1-7 kg All of the above

m Recommendations for avian anaesthetic
monitoring. Use of monitoring devices must be
weighed against: application time; ease of application and
monitoring; and acceptability to the patient. Devices
should provide the ability to monitor vital signs. They
should not cause undue harm to the patient nor interfere
with anaesthesia or resuscitation attempts.

Thermal probes (thermometers with an appropri-
ate range for avian species) are always indicated for
monitoring body temperature of avian anaesthetic
patients (40—44°C). Cloacally or thoracic oesopha-
geally placed probes work equally well for determina-
tion of core body temperature, with the exception of
birds with flaccid vents or those with large food-filled
or otherwise flaccid crops.

Cardiovascular monitoring

Cardiovascular monitoring may be challenging,
because of a high normal heart and pulse rate, small
appendages, difficulty in accessing the thoracic
oesophagus and the keel and pectoral musculature’s
hindrance of auscultation.

¢ Qesophageal or standard stethoscopes for
auscultation of the heart beat can be useful in
larger patients but it should be remembered
that the heart beat may be the last indicator
to become abnormal prior to death, providing
little time for reaction and correction of
anaesthetic issues.

e Similarly, an electrocardiograph may be used to
monitor electrical activity and rhythm of the heart,
but electrical activity of the heart will persist well
past apnoea and possibly past patient death.
Standard ECG clips may be replaced with sticky
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patch leads or clips attached to needles
subcutaneously inserted to avoid undue trauma
to the patient and facilitate better readings.

e An 8 MHz Doppler probe placed over the
tibiotarsal artery or radial artery can provide
auditory recognition of the rate and quality of the
pulse. Clips fashioned from tongue depressors,
cotton wool balls and a rubber band may facilitate
placement of this probe for continuous use during
the anaesthetic episode (Figure 10.10).

o e Mg,

m Close-up of Great Horned Owl with a Doppler
probe held in place over the radial artery via a

‘clip’ created from tongue depressors, rubber band and a
cotton ball.

Determination of blood pressure may also be
performed during surgery and has been described in
detail elsewhere (Lichtenberger, 2005). Briefly, the
method for determination of non-invasive blood
pressure in birds involves placement of the Doppler
flow probe on the artery of an appendage distal to the
placement of an inflatable cuff attached to a
sphygmomanometer (Figure 10.11). The cuff is then
gently inflated until the pulse is no longer audible. As
the cuff is then slowly deflated, the point at which the
pulse returns to audible is the systolic blood pressure.
This measurement is generally repeated and an
average taken over three to six measurements.
Generally, avian systolic blood pressure should be
maintained above 90 mmHg. Low blood pressure in
the anaesthetized avian patient may be an indication
for bolus fluid delivery to counteract poor organ
perfusion during the anaesthetic episode.

Pulse oximetry may be used in birds, but can only
provide trends of oxygenation, as no calibration curve
taking into account the photometric behaviour of avian
haemoglobin has been determined for birds; further,
pulse oximetry monitors effectively in calm birds but
readings fluctuate during surgery, dysrhythmia or
blood loss (Schmitt et al., 1998). Use of this monitoring
technique is further limited by placement sites and the
high avian heart rate. Hence pulse oximetry is best
suited to short non-invasive anaesthetic procedures
in healthy, large birds.

Capnography is a non-invasive method to deter-
mine the expired CO, as an estimate of appropriate
ventilation in the anaesthetized bird (Edling et al.,
2001). This monitor provides values that estimate the
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m Determination of systolic blood pressure in a
pigeon using a sphygmomanometer, with

inflatable cuff (A) placed on the tibiotarsus, and a Doppler
probe (B) placed on the dorsal metatarsal artery. C = foot;
D = sphygmomanometer tube.

partial pressure of carbon dioxide and therefore the
patient’s ventilation. Estimation of appropriate ventila-
tion is important, because birds do not have signifi-
cant functional residual capacity and because inhalant
anaesthetics used in birds at doses necessary for
surgery cause substantial respiratory depression.
End-tidal carbon dioxide should be maintained within
the range of 20-40 mmHg via IPPV, mimicking that of
the conscious bird. A capnograph used in combina-
tion with pulse oximetry is recommended in the criti-
cal avian anaesthetic patient.

Anaesthetic episode support

Every anaesthetized patient’s plan should include
consideration of fluid therapy (see Chapters 7 and 8),
analgesia and sedation to provide a tranquil induction
and recovery, and thermal support.

Thermal support

Thermal support should be provided to all avian
patients undergoing an anaesthetic episode. Hypo-
thermia of the anaesthetized patient may have severe
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consequences and can result in patient death.
Hyperthermia also can result in the death of an
anaesthetized avian patient.

A number of factors may contribute to heat loss,
including the large surface area in relation to body
mass in small birds and the rapid flow of anaesthetic
gases, especially with non-rebreathing circuits,
through the respiratory system. In pigeons, the type
of anaesthesia circuit used (Bain non-rebreathing,
heated air ventilator, or unheated air ventilator) did
not affect the core body temperature of the patient
(Boedecker et al., 2005).

Surgical preparation, although necessary, contri-
butes to patient heat loss because of the length of
preparation, feather loss and the type of scrub used.
Although the surgical field should be adequate, exces-
sive removal of feathers should be avoided. Alcohol
should not be used as a surgical skin preparation: it is
irritating to tissue, can be toxic when absorbed though
the skin, facilitates heat loss, and is flammable when
used with some laser and electrosurgical units.
Warmed water or saline and chlorhexidine scrubs are
preferred in avian preparation.

To prevent heat loss or maintain core body tem-
perature, two methods are used: passive insulation
and active warming. Passive insulators commonly
used in avian medicine include plastic bubble wrap,
plastic drapes, or, in large patients, standard drapes
or towels.

Active warming: Except in very short anaesthetic
procedures in larger avian species, active warming is
required in addition to passive warming techniques.
Active warming devices include convective heating
systems (forced-air warmers), radiant heating devices
(infrared heat emitters and heat lamps) and conductive
heating systems (warmed inspired gases, circulating-
water blankets, heated surgical tables). These
warming devices differ in their ability to maintain body
temperature in the anaesthetized avian patient
(Phalen et al., 1996):

* Devices that produce warmed inspiratory
anaesthetic gases may be technically difficult to
use in avian patients and do not contribute to the
maintenance of core body temperature

¢ Radiant-heat energy sources maintain core body
temperature more effectively than circulating-
water heating pads

e External forced-air warming systems maintain core
body temperature for longer (30 minutes) than
circulating-water blankets or infrared heat emitters

e Core avian body temperature drops in the
anaesthetized patient after 30 minutes,
independently of the thermal support system
used, with the exception of a radiant-heat energy
source in one study

e Death has been caused by a heat lamp that
produced point heat of 120°F (48.9°C) at the
table interface (Hofmeister and Hernandez-
Divers, 2005).

In practice, multiple methods of thermal support
are generally applied while simultaneously monitoring
body temperature.
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Anaesthetic | Reflexes present Reflexes absent Expected physiological parameters Comments
plane
| All None Sedate, lethargic, eyelids droop. Breathing
Induction Palpebral, pedal, cere, voluntary deep or shallow, rapid and irregular based on
movement of third eyelid patient excitement
Il All None, eyes closed Feathers ruffled, head hangs down, arousable Excitatory phase may occur
but does not resist handling. Increased third here; more likely in large
eyelid movement birds
I Palpebral, pedal and cere present | Lack of voluntary movement, | Rapid, regular, deep respirations, no response Preferred plane for minor
Light but slow. Corneal, withdrawal, no response to postural to sound. Some jaw tone present non-painful procedures
pain on feather pluck changes
v Comeal present but sluggish Palpebral, pedal, cere Good muscular relaxation, slow deep regular Preferred plane for surgery
Medium withdrawal, pain of feather respirations. Little jaw tone.
Surgical pluck
\ None, lack of corneal Al Respirations slow and shallow to intermittent. Death ensues, emergency
Deep Pupillary dilation pending

m Stages of avian anaesthesia based on monitoring of physiological parameters, including reflexes.

Recovery

Recovery should be carefully monitored. The patient
may be allowed to awaken in a quiet warm padded
area or may be held bundled in a towel. Whatever
method is chosen, the patient needs to be monitored
for ventilatory depth, quality and rate. Thus lateral or
ventrodorsal recumbency are generally preferred for
recovery; these positions also facilitate ventilation.
Generally, extubation is recommended when the
patient begins to move the head, swallows, or has
adequate neck tone. Reflexes and general muscle
tone will also guide the extubation decision, based on
the anaesthetic plane (Figure 10.12).

Common problems in the recovery period include
hypothermia, endotracheal tube occlusion and regurgi-
tation. Appropriate patient and equipment preparation,
patient support and monitoring throughout the anaes-
thetic period and during recovery should avoid or
lessen the likelihood of encountering these problems.

Management of anaesthetic
emergencies

An overview of the expected clinical signs and appro-
priate clinical response and prognosis for each type
of anaesthetic emergency is given in Figure 10.13.

Emergency Clinical signs Treatment Prognosis
Apnoea Lack of respiration based on keel Confirm apnoea, intubate. Confirm level of anaesthesia by checking Good if appropriate action is
movement muscle tone and reflexes. Turn off anaesthetic gas or reverse taken in a timely manner
anaesthetics. Give IPPV. Confirm pulse and heart beat. Administer
dopram, repeat in 2 minutes if no appropriate response occurs.
Consider administration of adrenaline and atropine after 2 minutes
Endotracheal Difficult, slow or non-existent expiration Remove endotracheal tube and replace if necessary. Provide 100% Fair to good if appropriate actions
tube blockage | Slow recovery oxygen and reduce anaesthetic gas amount if recovery is feasible. are taken in a timely manner
Duration of expiration prolonged Use of pre-emptive anticholinergics is controversial
Upon mechanical sigh or inspiration, air
sacs fill normally but during expiration air
sacs empty slowly or not at all
Hypovolaemia | Loss of blood and fluid, poor perfusion Volume replacement with warmed isotonic fluids, colloids or blood as | Fair dependent upon volume lost
as evidenced by thready or weak pulses | indicated, preferably i.v. or intraosseous Birds may lose up to 30% of their
blood volume before experiencing
shock
Vomiting, Liquid from mouth, in anaesthetic mask Hold head downward to drain liquid, clean oral cavity with gauze Fair to guarded
regurgitation or, worse, in endotracheal tube sponges or cotton-tipped applicators. Ensure choana is completely Bird should be monitored for
cleared of debris. Suction endotracheal tube and consider signs of aspiration pneumonia
replacement of tube after oral cavity is cleaned Antibiotic treatment may be
considered
Hypothermia Body temp below 38°C (100°F) Thermal support, monitoring Good to guarded
Cardiac arrest | ECG flatline, lack of pulse, extremity Intubate and give 100% oxygen and IPPV, discontinue or reverse Guarded to grave
pallor anaesthetics. Alternate keel compression and caudal coelomic
compression to simulate normal respiratory rate. Administer atropine,
adrenaline and doxopram and dexamethasone i.v. or intratracheally

m Common avian anaesthetic and perianaesthetic emergencies and appropriate clinical response and prognosis
(Wheler, 1993; Ludders, 2001).
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Drug Species Dosage (mg/kg) Route Indication

Adrenaline (1:1000) Birds 0.5-1.0 mg/kg i.m., i.v., intraosseous, Cardiac arrest
intratracheal

Atropine Birds 05 i.m., i.v., intraosseous, CPR
intratracheal

Dexamethasone Birds 2-6 im.,iv. Shock

Doxapram Birds, raptors 5-20 i.m., i.v., intraosseous, Respiratory arrest, apnoea, CPR,
intratracheal respiratory depression

Prednisolone sodium succinate Birds, raptors 10-30 q15min pm im.,iv. CPR

m Emergency resuscitation drugs (Pollock et al., 2005).

With the advent of safe and effective inhalant anaes-
thetics for use in birds, anaesthetic emergencies are
now less common. Typical perianaesthetic emergen-
cies include apnoea, endotracheal tube blockage,
hypothermia, regurgitation, hypovolaemia due to
intraoperative haemorrhage or fluid loss, and cardiac
arrest. Emergencies are preferably avoided by appro-
priate planning and availability of materials, equip-
ment and drugs.

e Endotracheal tubes of appropriate length and
diameter for the patient should be prepared prior
to induction of any patient, irrespective of the
expected anaesthetic episode length or route of
induction.

e Oxygen and calibrated delivery equipment should
also be immediately available.

e Appropriate anaesthetic emergency drug doses
should be determined for the patient and written
down, and also preferably be drawn up in
appropriate syringes ready for immediate use.

e There should be an avian emergency kit, where
all necessary drugs, syringes, dosages based on
weight, and endotracheal tubes, which can be
brightly coloured, are kept in the same place.

Avian cardiopulmonary resuscitation
Cardiopulmonary resuscitation may be challenging
and is often hampered by the bird’s small size and
the keel bone, which restricts access to the heart
for auscultation, injection or cardiac massage. The
standard principles used in mammals are applied.

e Inthe event of respiratory or cardiac arrest an
airway is established.

¢ While apnoea is common in the anaesthetized
avian patient, cardiac arrest is not and generally
signals the death of the patient.

e |f the patient is already intubated, airway patency
should be ensured.

e |PPV is begun at a rate consistent with that taken
from the bird prior to anaesthesia.

e After breathing is initiated, the cardiovascular
status is assessed and keel compressions and
alternate compressions of the body cavity can be
used to promote proper circulation.

e Vascular access, if not already obtained, should
occur and then emergency drugs may be
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administered, based on the arresting system
(Figure 10.14).

e If vascular access is not already obtained, some
drugs may be administered intramuscularly or
intratracheally.
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Radiography

Michael Pees

General considerations

Radiography is an important and well described
diagnostic technique in birds. It provides useful
information about the size, shape and radiodensity of
the inner organs. Due to the air sac system, most of
the organs are outlined against each other (air as a
negative contrast medium), facilitating radiographic
assessment. Therefore radiography is one of the
most often used imaging techniques in birds.
Indications for radiological examinations are wide-
spread and include cases of skeletal abnormalities,
soft tissue swelling, dyspnoea and diarrhoea as well
as poor performance and weight loss.

A radiographic examination is quickly done and
assessment of the radiographs can be made after the
examination without stress for the bird. A standard
radiographic examination with two views can be per-
formed within two minutes, causing no more stress
than would an induction of anaesthesia. However, due
to the necessary restraint of the patient (especially in
dorsal recumbency), there might be an increased risk
of circulatory problems in birds that are very sensitive
to handling and fixation. In these cases anaesthesia
might be indicated. For most other cases, radiography
can be performed without anaesthesia, either with
manual fixation or with special fixation devices. These
devices are regularly used in countries such as the
UK, where non-manual restraint of the bird for radio-
graphy is practised whenever possible under the guid-
ance of a radiation protection adviser (RPA).

There is also an increased risk of circulatory col-
lapse in birds with clinical signs of severe dyspnoea
and/or swollen abdomen, and the indication for the
radiographic examination should be considered
carefully. In these cases, stabilization of the bird
(fluids, heat, oxygen) before taking the radiographs
is recommended.

In general, equipment necessary for the
radiographic examination should be prepared in
advance, inorderto reduce the time forthe examination
as much as possible.

Equipment

Requirements for the X-ray machine are high. Due to
the small size of most pet birds, it is necessary to use
lower kilovoltage (kV) to achieve a good contrast. A
high milliamperage (mA) is useful to allow short
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exposure times and therefore reduce movement
artefacts. For most pet birds 40—45 kV is adequate,
and exposure times should be not more than 0.05
seconds in the conscious bird. The recommended
focal—film distance is between 80 and 100 cm. Grids
should not be used.

The screens used for avian radiology should pro-
vide as much detail as possible, but at the same time
allow short exposure times. For this purpose, high-
definition screen—film combinations have proved most
useful. Single emulsion films can provide more details
but need longer exposure times and are therefore of
limited value in birds. Modern mammography films
can combine high detail resolution and acceptable
exposure times. It might be necessary to check
whether the automatic processors used in the prac-
tice are suitable for development of these films.

With ongoing technical development, the use of
digital radiography will become more important and
affordable. An important advantage is the possibility
of post processing of the recorded images. High-
definition digital radiology is currently used mainly for
human mammography and there is considerable
potential for its use in veterinary medicine — especially
avian medicine — though there are huge quality differ-
ences between the machines that are available.
(Dental machines for very small birds are not recom-
mended, as results appear poor in comparison.)

It must be always be remembered that original
data are necessary for assessment of the results,
particularly with referrals where enhanced digital
images have been submitted. Editing and magnifying
techniques cannot replace poor equipment and
examination techniques.

Positioning and views

In order to achieve good diagnostic results, one of the
most important requirements is the correct positioning
of the bird. Poor positioning can lead to worthless or
even misleading radiographs. The patient’'s body
should be as stretched as possible to reduce
overlapping of different structures.

There are three important standard views: the
ventrodorsalview, the lateral view and the caudocranial
view of the wings. For skull radiography, special
projections might be necessary. The bird can be
restrained either manually or using a commercially
available fixation plate.
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Manual fixation is the most commonly used
method of restraint outside the UK (Figure 11.1). A
disadvantage is the radiation exposure for the
veterinary surgeon, making it necessary to narrow the
examination field as much as possible. This is a
limiting problem, especially in small birds such as the
Canary. The use of lead gloves or plates for protection
of the hands is always necessary. For restraint the
bird is fixed at the head with one hand, while the other
hand holds the legs as distally as possible.

Acrylic fixation plates to restrain the bird in dorsal
or lateral recumbency allow whole-body radiographs
as well as the examination of the head and the toes,
which is difficult with manual restraint (Figure 11.2).
Several devices are available commercially. They are
all based on a system of collars of different sizes for
the fixation of the bird’s neck, and laces for the fixation
of the legs.

m Radiographic examination in a raptor using a
fixation plate. (@) For the ventrodorsal view the bird
is placed on its back, with the legs pulled distally. (b) For the
lateral view, the bird is turned 90 degrees and the wings
stretched dorsally.

Chapter 11 Radiography

Ventrodorsal view

For this projection, the bird is placed in dorsal recum-
bency, and the legs are stretched as much as possi-
ble (Figures 11.3 to 11.5). This is difficult especially in
large, healthy birds since they normally try to pull their
legs to the body. The aim should always be to super-
impose the keel over the vertebral column. With this
position the right and the left parts of the body are
displayed symmetrically. Improper positioning compli-
cates the assessment of the organ sizes, especially
of the liver, the heart and the proventriculus.

The ventrodorsal projection is of special value
for the assessment of the skeletal system
(pectoral girdle, wing bones, hip joints, legs),
the abdominal air sacs, the liver and the
cardiac silhouette.

m Radiographic examination in a raptor, manual
fixation, ventrodorsal direction. NB. The holder
should be equipped with suitable PPE; the gloves have
been removed here merely to show the hold more clearly.
The legs should be pulled as distally as possible. Ideally
the keel should be superimposed on the vertebral column.
The wings can be spread using lead plates or lead
gloves.
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Common Buzzard:
ventrodorsal and lateral
views. This bird had been
fasted for 5 days.
(A = sternum, B = cervical
"8 vertebral column,

.| C = notarium,
D = synsacrum,
E = pygostyle, F = humerus,
G = scapula, H = coracoid,
| = clavicule, J = femur,
K = patella, L = tibiotarsus,
M = fibula; 1 = trachea,
2 =lung, 3 = oesophagus,
4 = proventriculus,
5 = gizzard, 6 = intestines,
7 = heart, 8 = liver,
9 = kidney; not visible:
X1 = Gonads, X2 = Spleen.)
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m Racing pigeon: ventrodorsal and lateral views. This bird was
fed only hours ago. Note the full crop and distended
abdominal shadow. (1 = trachea, 2 = lung, 3 = crop,

4 = proventriculus, 5 = gizzard with grit, 6 = intestines, 7 = heart,

8 = liver, 9 = kidney, 10 = gonads.)
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Lateral view

This view (Figures 11.3 to 11.6) is best obtained
directly after the ventrodorsal radiograph. The bird is
turned through 90 degrees by an assistant, with the
same fixation as for the first view. The wings are
carefully stretched dorsally and placed under the fore-
arm of the holding person (manual restraint) or placed
under some lead plates/sandbags (fixation plate). For
this view, the aim is that both hip joints and coracoids
should be superimposed. Insufficiently stretched legs
can make this view impossible to interpret.

The lateral projection is important for the
assessment of the skeletal system (skull,
spinal column, ribs, sternum, synsacrum), the
gastrointestinal tract, the lungs, the air sacs,
the cardiac silhouette and large vessels, the
spleen, the kidneys and the gonads.

Caudocranial view

This view displays a second plane for the assess-
ment of the wings (Figure 11.7). The bird is held
manually in an upside-down position directly over
the edge of the table. The wing is placed over the
screen in maximum extension, with the cranial part
as close to the screen as possible. Afterwards the
wing position is adjusted to achieve a caudocranial
projection through the bones.

The caudodorsal view is important for the
assessment of the wing bones and joints.

7 = crop.)

Chapter 11 Radiography

Canary: ventrodorsal and lateral views. (1 = trachea,
2 =lung, 3 = gizzard, 4 = intestine, 5 = heart, 6 = liver,

m The head of a Goshawk, lateral view.
(A = maxilla, B = cranium, C = palate,

D = mandible, E = vertebral column, F = scleral ring.)
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The wing of a Common Buzzard:

(a) ventrodorsal and (b) caudocranial view.
(A = humerus, B = ulna, C = radius,
D/E/F = carpometacarpus (D, Radial carpal bone; E, alar
digit; F, major metacarpal bone), G = phalanx;
1 = propatagium, 2/3 = muscles, 4 = feathers.)

Assessment and interpretation

Due to the size of the patients, most radiographs are
whole-body radiographs. The ventrodorsal and the
lateral view are commonly used for a general over-
view and normally provide sufficient information.
Assessment is according to guidelines published for
mammals. The author prefers to start with assess-
ment of the skeletal system, followed by the respira-
tory tract and then the digestive, urogenital and
cardiovascular systems.

For correct interpretation, an adequate knowledge
of avian anatomy is essential. The basic anatomy is
similar in most birds but there are peculiarities in
many species (e.g. an angled trachea in the Indian
Hill Mynah; an extended intestinal tract in pigeons)
and of course huge variations in the dimensions of
the skeletal system.

Skeletal system and joints

For the assessment of the skeletal system, both
standard views should be used. Due to superimposi-
tion of different structures, assessment of the pectoral
girdle might be challenging. In cases of alteration of
the wing bones, an additional caudocranial projection
is strongly recommended in order to have a second
plane for radiological assessment. In every case of a
suspected alteration of the skeletal system, a com-
parison with the contralateral bone might be helpful.

e The normal bone is presented with a thin smooth
cortex and less radiodense inner structures,
depending on the pneumatization. This
pneumatization varies between species. Bones
with bone marrow (e.g. tibiotarsus, radius, ulna)
appear more radiodense than bones connected
to the air sac system (e.g. humerus).

118

e As a physiological condition, medullar bone can
be present in sexually active females. In these
cases, some bones (especially the humerus,
femur and tibiotarsus) are presented with a
radiodense content caused by additional
calcium storage.

Common pathological findings are old and new
fractures, osteomyelitis, osteoarthritis and bone
deformations. Neoplasia is uncommon but possible.
Luxations are common after trauma.

e Osteomyelitis can arise from the medullary cavity
of the bones. It is often the result of an open
fracture, and can lead to osteolysis. In birds with
osteomyelitis, an increased medullary bone
density is commonly found in the area of
infection. The surface of the bone often becomes
roughened. If osteolysis is present radiolucent
areas can be observed. If the joints are affected
by the infection, there is often a soft tissue
swelling visible, and examination of joint fluid can
be helpful to secure the diagnosis.

e Bone infection can also be caused by
Mycobacterium (tuberculosis) and might result in
focal decalcification and hyperostosis in the large
bones, especially the humerus, radius/ulna,
femur and tibiotarsus.

e Bone deformations and pathological fractures are
commonly the result of improper husbandry and
are diagnosed mainly in nestlings.
Osteodystrophy in adult birds is usually caused
by malnutrition. In both cases, the cortical bone is
thinned and/or less radiodense.

e In fractured bones, callus formation can be
observed radiologically after approximately 14
days. There is normally a massive periosteal
reaction, depending on the dislocation of the
fractured bone parts.

Respiratory system

e The cartilaginous/ossified rings of the trachea
can be seen especially in older birds. The syrinx
can be assessed in the cranial thoracic region
and is most visible in the lateral view.
Assessment of stenosis within the trachea or
syrinx (e.g. granuloma, foreign body) is
sometimes challenging.

e The lung parenchyma is best visualized in the
lateral view. It is visible in the dorsal part of the
coelomic cavity as a honeycombed structure.
This pattern is caused by the parabronchi being
viewed end-on. Infection of lung tissue can be
seen as focal (e.g. aspergillosis) or diffuse—
homogenous (e.g. bacterial infection)
radiodensities. These alterations often involve the
caudal part of the lung tissue. Sometimes
abscesses or granulomas can form well defined
radiodense areas within the lung.

e The size of the air sacs varies significantly
depending on the respiratory cycle and the size
of other inner organs. In healthy birds, delineation
of the different air sacs is often difficult.
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Radiographic alterations of the air sacs include
focal or diffuse radiodense areas (e.g.
aspergillosis) and thickened air sac walls (e.g.
aspergillosis, obesity). ‘Air trapping’ occurs in
cases of severe aspergillosis, with increased
pressure within the air sac leading to massive air
sac extension.

Digestive system, liver and spleen

e The liver can be assessed in both views.
Assessment of the size is best in the ventrodorsal
view. However, the ‘hourglass’ shape as
described for psittacine birds (formed by the
heart, liver and intestines) is not as typical in
pigeons and raptors. In pigeons the size of the
intestines is larger, whereas in raptors the size of
the intestinal shadow depends on the time of
feeding. Afilled intestinal tract can spread the
liver shadow, leading to a larger appearance of
this organ. In cases of liver enlargement, the
proventriculus (gizzard) can be displaced dorsally
(caudally) and the air sacs can be distended.
Contrast studies might be necessary to outline
the shape of the liver.

e The proventriculus, gizzard and intestines can be
assessed in both views. In pigeons, the gizzard
normally contains certain amounts of grit, but grit
overload is always a sign of intestinal disease.
Even though the normal intestinal shadow in
pigeons is larger, in cases of intestinal infections
a swelling of the intestinal loops can sometimes
be diagnosed. In raptors, the size of the
proventriculus, gizzard and intestines is strongly
dependent on the food content, and interpretation
is difficult. Foreign bodies can be seen only if
they are radiodense.

e The spleenis usually only visible in the lateral
view, depending on its size. An enlarged spleen
is always an indication of infectious disease,
especially chlamydophilosis.

Urogenital tract

e The kidneys are located in the caudodorsal part
of the coelomic cavity, embedded in the pelvic
bones and around the vertebral column. They
can be assessed mainly in the lateral view. They
appear smaller in pigeons than in raptors and
passerine birds. Kidney enlargement is often
visible in the cranial part of the kidneys.
Sometimes it can be difficult to differentiate
kidney enlargement from active gonads.

e The gonads are situated cranioventrally to the
kidneys, with their size strongly dependent on
the sexual activity of the bird. Sex differentiation
is only possible radiologically if eggs are
present, or, in some cases, if both testes can
be seen. Depending on the reproductive status,
the size of the female reproductive organs can
increase enormously and fill a large part of the
coelomic cavity. In this case a displacement of
the other organs and the air sacs occurs
physiologically.

Chapter 11 Radiography

Radiologically detectable alterations in the uro-
genital system include neoplasia, calcinosis of the kid-
neys, and egg binding with egg shell alterations (see
Chapter 21). Gout (urate deposition) is barely visible
radiographically unless secondary calcinosis occurs.
An increased density of the kidneys can be associated
with gout but can also be caused by dehydration.

Cardiovascular system

e The heartis situated in the cranioventral part of
the coelomic cavity, with the pericardium
connected to the inner surface of the sternum. It
can be assessed in both views. Measurements of
the cardiac silhouette have been published for
geese and psittacine birds, both indicating that, in
the ventrodorsal view, approximately 50-60% of
the width of the thorax can be considered as a
normal heart size. However, radiological
assessment of cardiac alterations is of limited
value, and ultrasonography should be performed
in every case of suspected heart disease. In
falcons during the flying session, the cardiac
silhouette tends to appear slightly larger in
comparison to birds during resting periods.

e The vessels can best be assessed in the lateral
view. An increased radiodensity of the great
vessels indicates possible atherosclerosis.
Diagnosis of atherosclerosis is challenging and
should always include blood chemistry.

Contrast radiography

Contrast studies (Figure 11.8) are useful procedures
for obtaining additional information.

m Lateral view of a racing pigeon 2 hours after
oral administration of barium sulphate (20 mli/kg).

The gastrointestinal tract is demonstrated, with a crop
containing food, a small proventriculus and a gizzard
containing grit.

Indications include:

e Examination of an organ’s size, shape, content
or position

e Determination of an organ’s function

e Assessment of the size of neighbouring organs

e Examination of the thickness and condition of
hollow structures.
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Typical indications therefore include the demon-
stration of alimentary tract lesions (e.g. constipation,
obstruction) and organ displacements. Contraindi-
cations are severely debilitated or dehydrated birds
and suspected perforations in the gastrointestinal
tract (barium sulphate). Starving the bird for some
hours is advantageous to prevent regurgitation (emp-
tied crop).

Barium sulphate

Barium sulphate is the main contrast medium for
gastrointestinal use in birds, in a suspension with
concentration between 25 and 40%. The suspension
should be warmed to body temperature and can be
diluted with water. The contrast medium is given via
crop gavage in a dosage of 20 ml/kg body mass.

e ltis important to hold the bird upright for
approximately one minute after the application, in
order to prevent regurgitation and aspiration, as
massive lung damage can occur.

e An additional fluid substitution is recommended,
especially in birds with diarrhoea or fluid loss.

* Anaesthesia should be avoided after the
administration of contrast medium.

Passage times vary greatly between different
species and between individuals (Figure 11.9). First
radiographs should be taken 5 minutes after admini-
stration, with further radiographs depending on the
passage time. In the UK, if horizontal beam radio-
graphy is to be used the RPA should be consulted.

Pigeons Canaries Raptors
Crop 0 0 0
Ventriculus 5-15 5-10 10-15
Intestines 30-60 10-20 30-120
Cloaca 60-120 30-45 90-120

m Approximate time (minutes after administration)
of organ demonstration after application of
barium sulphate (20 mi/kg body mass) via crop gavage.

Alternatively, barium may be placed directly into
the proventriculus by means of a tube from the mouth.
Where imaging of the crop is not required, this
technique saves time and number of exposures. The
first plates should be taken immediately after placing
the barium.

Air

The use of air as a negative contrast medium is
described but rarely administered. Nevertheless it
is used wherever present for the interpretation of
radiographs (air sacs; air within crop/proventriculus/
intestines).

lodinated contrast media

lodinated contrast media can be given for gastro-
graphy, sinography, urography, angiocardiography
and myelography. Use for gastrography is indicated
in cases of suspected perforations. It is administered
in a dosage of 10 ml/kg body mass (solution containing
250 mg iodine/ml). In comparison with barium
sulphate, the opacity is less and the passage time is
much faster. Sinography can be indicated in cases of
chronic sinusitis, suspected foreign bodies and
obstructions. Dosages of 0.1-1.0 ml (solution
containing 150—250 mg iodine/ml) are instilled directly
into the nares or the sinus. After the examination, the
contrast medium should be flushed out with sterile
saline solution.

Angiocardiography, urography and myelography
have been described in birds but to date these
techniques are not standard procedures and further
studies are necessary to evaluate their role in avian
medicine.
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Advanced non-invasive
imaging techniques

Michael Pees and Michael Lierz

Ultrasonography

Examination of the heart, liver, spleen, gastrointestinal
system and urogenital system has been described.
There are still limitations because of the anatomical
peculiarities of birds (particularly the air sac system),
but ultrasonography provides unique information for
some indications, especially the examination of the
cardiovascular and the urogenital systems. Although
sonographic presentation of the inner organs in
healthy birds may sometimes be difficult, organ
enlargements and fluid accumulations in diseased
birds improve the image quality significantly.

Equipment
Due to the relatively small size of many birds and their
high heart rates, there are some special demands.

e Probes with small coupling surfaces (micro-
curved or phased-array probes) are the most
suitable for coupling.

e An ultrasound frequency of at least 7.5 MHz (the
author’s recommendation is 10 MHz) should be
used to obtain images of sufficient resolution.

e The ultrasound examination should be recorded
(digital motion loops or video sequences) to
reduce the time of the examination, so that the
assessment can be done afterwards without
further stress for the bird.

e For echocardiographic examinations, the device
used should provide a frame rate of 100 or more
frames/second to get images from defined
cardiac stages (systole and diastole). This is
important due to the high heart rates in birds. A
Doppler function (colour and spectral Doppler)
and an electrocardiography (ECG) trigger option
are useful for the examination.

For small birds, a stand-off might be
necessary for the examination (the easiest
way is to fill the finger of a latex examination
glove with some water-soluble acoustic gel
and use it as a stand-off).

Patient preparation and approaches

In order to reduce artefacts from the filled gastro-
intestinal tract, the bird should be fasted before
examination.

e |In passerine birds the fasting time should be not
more than 2 hours (though fasting is not normally
necessary in softbills).

e Pigeons should be fasted for 12 hours and
raptors up to 48 hours.

Except for Doppler echocardiography, anaes-
thesia is not necessary. However, in birds that are not
used to handling and if the procedure takes more than
a few minutes, sedation can help to reduce stress and
facilitate the examination. The patient may be held by
an assistant in either dorsal or lateral (using the flank
area) recumbency or in a standing position. In patients
with clinical signs of cardiac disease or dyspnoea, the
examination should be performed with the bird in an
upright position.

There are two possible approaches for ultrasound
examination in birds: the ventral approach behind
the sternum and the parasternal approach behind the
last rib.

e For the ventral approach the transducer is
coupled in the median line directly behind the
caudal end of the sternum (Figure 12.1).

m Ultrasonographic examination of a
Sparrowhawk. The transducer is placed in the
median line behind the sternum. Feathers should be either
parted or plucked in the area of contact.
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e The parasternal approach can be used in
pigeons and some raptor species. For this
approach, the scanner is placed between the
last rib and the pelvic bones on the right side
of the bird.

Since feathers impede the contact between
scanner and skin they have to be plucked or parted.
This is easier after the application of some commercial
water-soluble acoustic gel.

Examination procedure

In comparison with other techniques, ultrasound
assessment is much more subjective and more
dependent on personal experience. It is advisable to
use an examination protocol. The authors normally
start the examination of the body cavity with the
evaluation of the liver, followed by the heart, the
gastrointestinal system and finally the urogenital
system.

Liver

The transducer is first directed cranially to visualize
the liver tissue (Figure 12.2). The liver parenchyma
appears coarsely granular, with a uniform texture
throughout. Intrahepatic vessels are visible as
anechoic channels. In species with a gall bladder
(e.g. falcons) this structure is generally visible as a
round to oval anechoic structure. In fasted birds the
gall bladder is generally enlarged.

m Ultrasonographic examination in a racing
pigeon, ventral approach. The healthy liver
tissue (A) is of average echogenicity and homogenous

structure. The intestines (B) can be demonstrated with
hypoechoic walls and hyperechoic content.

The transducer is swept until the whole liver has
been examined. Typical findings are an enlarged (or
reduced) size, irregular swollen edges, an increased
echogenicity of the parenchyma or focal parenchymal
lesions and dilated liver vessels. If necessary,
ultrasound-guided biopsies may be taken according
to the procedure in mammals.

Heart

The heart is visualized behind the liver with the probe
directed craniodorsally. After identification of the
heart, the transducer is swept laterally to visualize the
organ section by section. First the sagittal view
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(perpendicular to the sternum) is examined, then the
transducer is rotated 90 degrees to obtain a second
plane of view. Before measurements are taken, the
probe has to be adjusted to the maximum extent of
the ventricles.

The heart can be examined using B-Mode (2-D
echocardiography). The size of both ventricles, the
wall thickness of the interventricular septum and
the contractility of the ventricles can be measured
(Figures 12.3 and 12.4). Reference values have been
reported for pigeons and raptors (Figure 12.5). The
use of Doppler echocardiography is documented for
some raptor species, and blood flow velocities have
been measured (Figure 12.6).

Common findings in birds with cardiovascular
disease include arrhythmias, hypertrophies and dila-
tations/wall thinning of the ventricles and alterations
of the pericardium, including pericardial effusion,
often combined with ascites and liver congestion.

m Ultrasonographic examination in a Common
Buzzard, spectral Doppler examination, ventral

approach. The velocity of the aortic outflow is
demonstrated (C). A = left ventricle; B = left atrium.

m Ultrasonographic examination in a Common
Buzzard, ventral approach. The liver (A) is used
as an acoustic window. The heart is demonstrated with the
left ventricle (B) and the left atrium (C).
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Parameter Diurnal Pigeons
raptors?® (Schulz, 1995)
(Boskovic ef
al., 1999)
Ventromedial | Parasternal
approach approach
Body mass (g) 720 £ 197 434 + 52
Length systole (mm) 147+2.8 179+1.0
o | Lengthdiastole (mm) | 16.4+2.7 20114
)
£ | Width systole (mm) 6.3+1.1 52+04
>
G | Width diastole (mm) | 7.7£1.2 74+06
Width fractional q
shortening (%) not given 272+45
o | Length systole (mm) 12727 not given
)
E Length diastole (mm) | 13.9+2.5 99+0.8
=
.‘é Width systole (mm) 21+£0.6 not given
S
Width diastole (mm) 25+0.8 40+05
Thickness systole 19406 3.8+ 0.1
(mm)
(2]
=
Thickness diastole
(mm) 1.9+0.5 3302

m 2-D echocardiography: important measured
and calculated parameters in raptors and

pigeons (mean value + standard deviation), IVS =
interventricular septum. @ Including Common Buzzard,
Sparrowhawk, Goshawk, Red Kite.

Parameter Falco spp. Common Buzzard
Diastolic inflow left 0.21+£0.03 0.14 £0.01
ventricle (m/s)

Diastolic inflow right 0.21£0.04 0.14 £0.02
ventricle (m/s)

Systolic outflow 0.95+0.07 1.18 £ 0.05
aortic root (m/s)

m Velocities of intracardiac blood flow, values
obtained under anaesthesia. (Data from Straub
etal., 2001).

Gastrointestinal system

For the examination of the gastrointestinal system,
the transducer is swept to the left side of the body
cavity. The gizzard is easy to identify due to its large
muscles and possible content of grit or food (Figure
12.7). The proventriculus can be seen occasionally
on the right side. The small intestines can only be
demonstrated clearly with high examination
frequencies (at least 10 MHz). The peristalsis, wall
thickness and wall layers can be assessed.

Common findings in birds with gastrointestinal
disease are increased or decreased peristalsis as
well as an enlargement of the intestines and the
intestinal wall.

m Ultrasonographic examination in a racing
pigeon, ventral approach. The gizzard is always

easy to identify due to the hyperechoic content
(A, grit) and the hypoechoic wall (B). Beyond the gizzard,
no structure can be demonstrated (acoustic shadowing).

Urogenital system

The urogenital system, lying behind the intestines, is
examined starting with the presentation of the kidneys.
The kidneys should be scanned in a cross-section to
identify the tissue. In healthy birds, they are not
recognizable in most cases. With pathological situa-
tions, such as an increased kidney size (swelling),
tumours or ascites the demonstration of kidney tissue
is usually possible. If identified, the whole extent of
the organ can be demonstrated in a longitudinal
section.

The visibility of the testes and ovary depends on
the status of sexual activity: immature and inactive
gonads are normally not visible in the ultrasound
image. Therefore sex determination with transcuta-
neous ultrasonography is only possible in female
birds with large follicles or eggs present. The use of
intracloacal ultrasonography in birds has been
described, but is limited to larger species and special
equipment (Hildebrandt et al., 1995).

In birds with urogenital tract disease, common
alterations found in the ultrasonographic examination
include organ enlargements, cystic alterations of the
ovary and the kidneys, eggs without calcified shells
and thickening of the oviduct (inflammatory processes
and laminated eggs) and tumours.

Computed tomography

CT is an advanced radiographic technique that pro-
vides unique information about the inner structures of
the body (Figures 12.8 to 12.11). It is a three-dimen-
sional non-invasive technique with cross-sectional
scans. These scans provide information without dis-
turbing superimpositions of the organs. The bird is
examined in either an axial or longitudinal direction,
with 0.5-2 mm slice thickness. The X-ray absorption
is calculated for small volume elements and displayed
as individual grey shades. Densitometric measure-
ments, given in Hounsfield Units (HU), can be used to
identify and assess the tissues and organs.
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m (a) Plastination of a falcon in sagittal view. (courtesy of HC Biovision). (b=d) CT scans: (b) plain scan;

(c) 50 seconds after contrast medium; (d) with lung filter applied. 1 = conchae; 2 = orbit; 3 = cerebrum;

4 = cerebellum; 5 = spinal cord; 6 = paravertebral ganglia; 7 = lung; 8 = spleen; 9 = external iliac artery; 10 = kidney;
11 = cloaca; 12 = tongue; 13 = optic nerve; 14 = trachea; 15 = oesophagus; 16 = heart (a = left ventricle; b = right
ventricle; ¢ = right atrium; d = left atrium); 17 = liver; 18 = ventriculi (e = proventriculus; f = ventriculus); 19 = intestinal
loops; 20 = air sac.

(a)

(a) Plastination of a falcon in transverse view. (courtesy of HC Biovision) (b-d) CT scans: (b) plain scan;

(c) 50 seconds after intravenous iodine contrast medium; (d) with lung filter applied. 1 = left ventricle; 2 = right
ventricle; 3 = right atrium; 4 = left atrium; 5 = left pulmonary artery; 6 = right pulmonary artery; 7 = spinal cord; 8 = lung;
9 = breast muscle; 10 = humerus; 11 = oesophagus; 12 = vessels.
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(a) Plastination
of a falcon in
transverse
view. (courtesy
of HC Biovision).
(b-d) CT
scans:

(b) native
scan; (e) 50
seconds after
intravenous
iodine contrast
medium;

(d) with lung
filter applied.

1 =right liver
lobe; 2 = left
liver lobe;

3 =lung;

4 = gorta;

5 = spinal cord;
6 = hepatic
lobe;

7 = stomach;

8 = femur;

9 = mesentery.

(a) Plastination
of a falcon in
transverse
view. (courtesy
of HC Biovision)
(b-d) CT
scans:

(b) plain scan;
(c) 50 seconds
after intra-
venous iodine
contrast
medium;

(d) with lung
filter applied.

1 = tibiotarsus;
2 = intestinal
loops;

3 = ventriculus;
4 = aorta,

5 = spinal cord;
6 = kidney;

7 = air sac wall.
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In order to reduce movement artefacts and stress,
the bird should be anaesthetized for the examination.
The use of fixation plates (as described in Chapter
11) is also possible.

For the examination the bird is placed in dorsal or
ventral recumbency. Small birds can be positioned
with the longitudinal axis crosswise to the gantry table
and examined with longitudinal (sagittal) scans.
Larger birds (raptors) should be scanned in axial
(transversal) scans, with the longitudinal axis parallel
to the table.

In the authors’ experience, common indications
for the use of CT are respiratory diseases (especially
sinusitis, pneumonia (Figure 12.12) and air sacculi-
tis), skeletal abnormalities (Figure 12.13), liver and
kidney alterations and space-occupying processes.
In these cases, CT is a valuable technique that
provides more sensitive information in comparison
with conventional radiography. The technique allows

m CT of a Eurasian Kestrel, axial view. A
radiodense area within the left lung tissue can
be seen (arrowed). A = pectoral muscle; B = heart;

C = humerus; D = spinal column.

m CT of a Eurasian Kestrel, three-dimensional
reformation. A fracture of the spinal column is
demonstrated (arrow).
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accurate localization of organs and lesions. For the
diagnosis of respiratory disease (e.g. aspergillosis) it
is very useful to assess the trachea and syrinx as well
as the structure of the pulmonary tissue, giving
detailed information on the extent of the disease.
However, references for CT examination are still rare
and systematic studies are necessary to evaluate the
potential of this technique.

Magnetic resonance imaging

MRl is a recent technique based on measurements of
the tissue response to a magnetic field stimulus.
Since this response is different depending on the
biochemical properties of the tissues, a two-
dimensional section through the body can be
produced. Since the signal intensity depends mainly
on the proton response in the tissue, MRl is of special
value for the assessment of soft tissue and fluids.
Depending on the type of signal measurement,
two major weightings can be used to assess tissue:

e T1images (fat as bright signal; fluid as dark (low)
signal)

e T2 images (fluid bright; fat as grey (medium)
signal).

Bone tissue is of low signal intensity (dark).

The main indication for MRI examinations in birds
is soft tissue enlargement (e.g. suspected neoplasia
or inflammatory processes). In the authors’ experi-
ence, MRl is useful for the examination of the kidneys
(Figure 12.14), liver, eye, central nervous system and
all cases of space-occupying processes (neoplasia,
granulomas (Figure 12.15), abscesses).

MRI examinations are much more time-consuming
than CT and this is the limiting problem for its use in
avian medicine. A standard examination normally
takes 20—45 minutes. Since anaesthesia is required,
and the bird has to be held in a fixed position, there is
an increased risk of circulatory collapse, especially in
weakened patients.

m MRI of a Goshawk, T1-weighted. A = pectoral
muscle; B = lung; C = heart; D = liver;
E = intestines (with fat); F = kidneys.
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m MRI of a Peregrine Falcon, T1-weighted. A
granulomatous mass could be identified on the

pectoral wall (diagnosis: mycobacteriosis). A = pectoral
muscle; B = lungs; C = heart; D = granulomas.

Another problem is the detail resolution, which is
low in comparison with CT and radiography, making it
difficult to assess organs, especially in small birds.

However, since the MRI technique is unique and
provides information different from all other imaging
techniques, it should be taken into account at least in

special cases, after the failure of other diagnostic
means. With ongoing technical progress, this tech-
nique will probably become more important for birds
in the future.
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Endoscopy, biopsy and

endosurgery

Michael Lierz

Introduction

The first routine use of endoscopy in birds occurred in
the late 1970s for sexing monomorphic species. In
the past few years it has become important for
diagnostic purposes (including biopsy) and more
recently for endoscopy-guided surgery. The direct
visualization of organs allows a direct assessment of
the organs (size, shape, colour, surface, early
alterations) and is therefore superior to radiography
as a diagnostic tool for a certain organ. However,
endoscopy does not replace radiography: the latter
allows an overview of the whole body of the bird, while
visible alterations can be differentiated by endoscopy.
In addition, radiography gives valuable information
about the risk of endoscopy (e.g. in ascites) and gives
guidance as to the site of entry, depending on where
a pathological alteration has been detected.

As endoscopy is an invasive technique and
sudden movements of the bird must be avoided to
prevent tissue trauma from the tip of the endoscope,
the patient needs to be anaesthetized.

Using endoscopy as a diagnostic tool is a simple
procedure; the difficulties lie more in interpretation of
the images, especially with the many different bird
species and their anatomical perculiarities. The
veterinary surgeon should take every opportunity to
practise the technique, beginning with dead or
euthanased birds, followed by a necropsy to under-
stand the results of endoscopic evaluation.

Technical requirements

The existence of air sacs in birds provides a unique
opportunity to employ endoscopy as a diagnostic tool
without the need for insufflation. Therefore the
technical requirements are low. It is advisable to
acquire a complete endoscopy set-up from one
company, so that all parts are compatible.

Basic equipment should include:

Working channel
Biopsy and grasping forceps.

e Curved small forceps

e Scalpel blade or small scissors

e Resorbable suture (1—1.5 metric (4/0-5/0))

e Haemostatic agents and vascular clips and suture
e Light source (xenon or halogen light)

e Light cable

e Endoscope
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Endoscope selection

In avian endoscopy, rigid endoscopes are the first
choice as they are of use for most indications. Flexible
endoscopes might be used in gastroscopy (crop,
proventriculus, ventriculus) but these procedures can
often also be done with larger (25-30 cm) rigid
endoscopes. Endoscopes with several single lenses
are cheaperbutthe image is of lower quality (especially
contrast). Endoscopes with rod lenses (HOPKINS)
are more expensive but of better quality and are
recommended. Equipment from different manufac-
turers should be compared so that the best quality
(border sharpness, depth of focus) can be selected.

Specifications

¢ Diameter and length:

— Diameter 1.9 mm: smallest with acceptable
image

— Diameter 2.7 mm: best compromise between
excellent image and small diameter for small
patients, useful for most indications in avian
practice (recommended)

— Diameter 4 mm: excellent image, especially
for photo-documentation; superior for larger
patients (Figure 13.1).

e Length: variable, not less than 13 cm; 19 cm is
standard and recommended.

e For passerine birds: 1.2 mm semi-rigid
endoscopes.

* Viewing angle:

— 0 degrees: straightforward, similar view if
turning around its optical axes, superior for
photo-documentation

m Different endoscopes, top to bottom: 1.9 mm,
2.7 mm, 4 mm diameter. The inset shows 0 and
30 degrees viewing angles. (© Michael Lierz)
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— 30 degrees forward oblique telescope, allows
visualization of a larger area by rotating the
endoscope around its own optical axes
(recommended as first choice).

Biopsy forceps:

¢ Flexible forceps matching selected working
channel.

e 1.8 mm diameter.

e Elliptical mouth: grasps deeper into tissue.

e Round mouth: not as deep as elliptical mouth
(recommended).

¢ Flexible grasping forceps for granuloma and
foreign body removal.

Accessories:

e 22 gauge flexible infusion—aspiration needle, with
Teflon cover for puncturing of cysts or direct
application of medication (Figure 13.2).

e Photo-documentation including videos:

— Essential for forensic cases
— Useful to show results to bird owner.

e Equipment for endoscopy-guided surgery
(Figure 13.3a).

* Mobile endoscopy unit including light source,
camera, monitor and digital storage system in
one unit, very useful for home visits.

¢ Diode laser for endoscopy-guided procedures.

e HF-electosurgery unit for endoscopic use.

e Fixation plate for birds, for correct positioning of
the patient (Figure 13.3b).

Cameras: Generally the use of a camera and monitor
system is vital for endoscopy-guided surgeries. The
direct view through the endoscope is adequate for
routine use in small animal practice to evaluate
pathological alterations in the patient. However,
images of alterations of the gonads when sexing a
bird are regularly requested by clients (especially if
the bird is for sale) and for such purposes a commercial
digital camera can be used, though professional
systems are of great advantage.

Trolleys: The motivation to organize equipment for a
short endoscope is often low. Having all the equipment
ready for use on a trolley is invaluable: the equipment
can be removed easily from the surgical theatre
(which helps to protect the equipment) and all the
components can be managed with a single electrical
switch. However, these trolleys are expensive and
are not essential for the practice.

Care of equipment
Endoscopes are very sensitive to bending and torsion.
They should only be used within a working channel.

Cleaning and disinfection
The manufacturer’s recommendations should be
followed.

e Heat sterilization is not advisable, even if
recommended by the manufacturer; it may lower
the lifetime of the endoscope (heat expansion
and retraction of lenses may loosen them).
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A Teflon tube with
a flexible 22
gauge needle
makes the
precise
endoscopic
application of
medicines and
the performance
of aspiration
biopsy (e.g.
cysts) easily
possible.

(© Michael Lierz)

(a) Basic set of equipment for endoscopy-

guided surgery in birds, connectable to a
radiosurgery unit. 1 = monopolar sling; 2 = monopolar
scissors; 3 = monopolar grasping forceps; 4 = bipolar
coagulation forceps. (b) Fixation plate for birds, specially
designed for endoscopic procedures. (© Michael Lierz)

e Gas sterilization is uncommon, as it is large scale.
¢ Disinfection bath:
— Disinfectant and duration of bath according to
manufacturer’s recommendations
— Clean before (e.g. blood, tissue material)
— No permanent storage of endoscopes within
the bath: will lead to precipitate on the lens
(milky picture) and may decrease flexibility of
forceps and scissors.
¢ Rinse equipment with sterile water after
disinfection bath (to avoid irritation in next use).
e Dry with sterile towel or alcohol.
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Preparation and contraindications

Pre-endoscopic fasting is required as the bird is
anaesthetized and because the gut should be emptied
to allow a better visualization of the abdominal cavity.
Preoperative preparation, especially if dealing with
sick or traumatized birds, is similar to that required for
other surgical techniques.

Obesity may reduce the view in the body cavity,
which can increase the risk of organ damage by the
endoscope or other inserted equipment. In moulting
birds removal of growing feathers can lead to bleeding,
which can also reduce the view. The most important
contraindication to laparoscopy is ascites. Insertion of
the endoscope may allow the abdominal fluid to enter
the respiratory tract, thus drowning the bird.

Laparoscopy

The choice of endoscopic approach to the body cavity
depends on the diagnostic goal. For sexing and in
routine diagnostic cases the approach is from the left
side, as in most birds females have only a left ovary.
A right-sided approach is chosen if alterations on that
side are suspected from radiography. However, it is
highly recommended that all organs within the body
cavity should be assessed, as unsuspected lesions
can be present. The approach can be between the
last two ribs or, preferably (as more flexible for explo-
ration of the whole cavity), caudal to the last rib.

1. The bird is placed in lateral recumbency on its
right side, with the wings extended dorsocranially.
The left leg may be pulled either cranially or
caudally.

2. To allow surgical preparation and disinfection,

a few feathers over the intended incision area
are plucked.

3. For orientation, an area with the last rib as cranial
border, the iliotibialis muscle as caudal border
and the spine as dorsal border is visible (Figure
13.4a). The incision is made in the middle of this
area, starting 0.5 cm ventral to the acetabulum.
The iliotibialis muscle, which can mask the
correct approach, is pushed caudally with the
forceps or a trocar (Figure 13.7b) to visualize the
fascia. By increasing the pressure with the
forceps or trocar the abdominal wall and the
underlying air sac are penetrated, accompanied
by a ‘pop’ when penetration is complete. The
procedure is similar if the approach between the
last two ribs has been chosen. Instead of the
fascia, the intercostal muscle is penetrated.

4. In either method, the preferred caudal thoracic air
sac is reached (Figure 13.4c). In some cases this
air sac is missed and the abdominal (Figure
13.4d) or cranial thoracic air sac is penetrated.
Penetration of fascia and air sac must be
performed vertical to the body wall, with a
cranioventral orientation of the forceps, as a dorsal
orientation might damage the kidney and lead to
fatal bleeding. The necessity for a blunt instrument
cannot be overemphasized, since it is difficult to
control the exact level of penetration during this
‘popping through’ step, and serious damage with
accompanying haemorrhage can occur if a sharp
trocar or other pointed instrument is used.

5. After insertion, the endoscope is held at its tip
by thumb and forefinger, with the ball of the
thumb on the bird or the table (Figure 13.5). This

m Laparoscopy. (@) Internal organs to be evaluated through the entrance (E). 1= lung, 2 = heart, 3 = liver,

4 = intestine, 5 = kidney, 6 = spleen, 7 = proventriculus. (b) The arrow shows the direction of the endoscope for
full exploration of the body cavity. 1 = lung, 2 = heart: 3 = liver, 4 = intestine, 5 = kidney, 6 = gonads and adrenal gland,

7 = spleen, 8 = proventriculus, 9 = ventriculus. (e) Triangulation from behind the last rib (A) with the cranial border of the
iliotibialis muscle (B), identifies the site of entry into the body cavity (C). (d) The iliotibialis muscle is pushed caudally using
curved forceps. Increasing the pressure punctures the body wall and either (e) the caudal thoracic air sac or (f) the
abdominal air sac is entered. (© Michael Lierz)
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m In larger birds, or those with opaque air sacs, the
abdominal air sac may need to be punctured in
E;’r:zjelﬂ of the order to obtain a clear view of the triangle
endoscgpe. involving the adrenal gland, the gonad and the
The hand cranial division of the kidney.
should be in 7. Cranial to this triangle, the caudal aspect of the
contact with left lung will be visible. Necessary further
the bird. punctures of air sacs do not harm the bird as
(© Michael they quickly self-close. Ventrally, the kidney,
Lierz) the ureter, and uterus or ductus deferens are
visible. Further ventrally, intestinal loops can be
seen. Turning the view cranioventrally, the
proventriculus/ventriculus, liver and in some
cases spleen are visible (Figure 13.6b). Pulling
the endoscope back into the caudal thoracic
air sac, the air sac, liver, proventriculus and the
lung opening to the air sac can be detected
(Figure 13.7a). Depending on the bird’s size,
this lung entrance allows a retrograde scoping
of the lung, including smaller bronchi (Figure
13.7b,c).
allows permanent contact with the bird and 8. Slowly pushing the endoscope cranially, the
prevents an uncontrolled deeper insertion of cranial thoracic air sac is entered and further
the endoscope or instruments (causing parts of the lung and liver, along with the
potentially severe tissue damage) in case of beating heart, are visible (Figure 13.8a).
bird movement. With practice, the endoscope can be slowly
6. First, the caudal thoracic and abdominal air sacs guided further cranially towards the heart base
are visible. In small birds with clear air sacs, the (Figure 13.8b). As well as the main vessels,
gonads may be visualized without further the brachial plexus can be investigated
advancement of the endoscope (Figure 13.6a). (Figure 13.8c).

(a) First view after entering
the abdominal air sac;

a = kidney; b = gonad (ovary);

¢ = intestine; d = adrenal gland;

e = uterus, ureter. (b) Looking slightly

more downwards. 1 = spleen;

2 = adrenal gland; 3 = kidney;

4 = intestine; 5 = proventriculus.

(© Michael Lierz)

(a) First view after entering the caudal thoracic air sac. 1 = liver; 2 = proventriculus; 3 = lung; 4 = retrograde

entrance to the lung; 5 = hole in air sac, made by surgeon to enter the abdominal air sac. {(b,e) The connection
between the caudal thoracic air sac and lung allows a retrograde internal exploration of the lung, evaluating the
honeycomb structure. Such a view is not possible performing a tracheobronchoscopy. (© Michael Lierz)
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(a) Overview after turning the endoscope cranially. a = liver; b = heart; ¢ = heart fat; d = lung. (b) Pushing the
endoscope further cranially. 1 = heart; 2 = left brachiocephalic trunk; 3 = space for pushing the scope further
cranial to the thyroid gland. (e) Passing the heart to evaluate the bird further cranially, the brachial plexus can be seen.

(© Michael Lierz)

9. Guiding the endoscope over the heart base even
more cranially, the trachea can be seen.
Following the trachea, the thyroid glands are
visible (Figure 13.9).

10. After endoscopy, the skin is closed using one or
two single knots or tissue glue.

(a) Direction of
the endoscope to
evaluate the
thyroid gland;

1 = heart,

2 = left brachio-
cephalic artery,

3 = thyroid gland.
(b) The same
view; 1 = thyroid
gland,

2 = trachea.

(© Michael Lierz)

Direct liver approach

The bird is positioned in dorsal recumbency. The
abdominal wall is entered through the ventral midline.
Alayer of fat may be present just under the skin in the
area directly caudal to the caudal aspect of the
sternum. Aloop of duodenum with the lobe of pancreas
(Figure 13.10) is located above (ventral to) the liver.
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Within the
duodenal loop,
the pancreas
(arrowed) is
visible.

(© Michael Lierz)

Gonads and sexing

DNA methods allow non-invasive sexing of many
monomorphic avian species but, other than the
determination of gender, no additional information is
achieved using this technique. Using endoscopy it is
possible to investigate all organs, which is of impor-
tance especially during pre-purchase examinations.
In addition it is possible to assess gonad activity and
functionality (physiological breeding performance).
When dealing with rare avian species the result is
usually more reliable than using DNA methods, since
accidental or deliberate manipulation by dealers or
owners (e.g. sending a feather from a different bird,
contamination by feather dust of a different bird) are
possible using DNA methods.

Gonads are visible ventrally at the cranial pole of
the kidney (see Figure 13.6). In most avian species
only the left ovary is present, but in some juvenile
females the rudimentary right ovary can still be seen.
In close contact to the ureter, the ductus deferens or
the uterus is visible. Gonad size varies according the
bird’s breeding status and allows judgement about
previous breeding (laying) activities. The size of the
testes can increase by several times during the
breeding season in some species (especially pigeons
and passerine birds). The physiological appearance
of the gonads varies enormously between species
and it is important to know the particular species prior
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to performing the procedure. In questionable cases of
the sex or presumed abnormalities, the right body
side can be viewed for clarification.

Females

From the ovary a suspensory ligament crosses the
cranial pole of the kidney towards the dorsal body
wall. This ligament is the main evidence for sexing, as
in juvenile birds (chicks) the ovaries are difficult to
detect (Figure 13.11a). This ligament must be care-
fully assessed when examining breeding birds, as in
case of damage or absence the breeding perform-
ance of the bird is questionable. Removal of this liga-
ment is a procedure for sterilization in female birds.
The left ovary may be flat with a cobblestone appear-
ance in birds with inactive ovaries, or may appear as
a cluster of grapes with follicular development. The
ovaryis generally of yellowish-white colour. Sometimes
pigmentation occurs (Figure 13.11b). Inflammation of
follicles may be present, reducing the bird’s reproduc-
tive performance (Figure 13.11c).

Males
In males the above-described ligament is absent
(Figure 13.12a). The paired white (in some species
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pigmented) testes are usually oval (Figure 13.12b)
with two or three vessels crossing the surface. In birds
with clear air sacs, both testes may be visualized
from the left lateral approach. In rare cases (hermaph-
rodites) both ovary and testis are visible (Figure
13.12¢). Testicular biopsy is a very valuable tool for
the investigation of infertility in breeding birds.

Tracheobronchoscopy

The anaesthetized bird is placed in a standing position
with the neck extended (which is most important). For
a very short procedure the time between the ‘cut-off’
of the anaesthesia and waking of the bird is long
enough for evaluation. For longer procedures, air-sac
perfusion anaesthesia should be chosen (see Chapter
10). The diameter of the endoscope should be a
maximum of two-thirds of the tracheal diameter,
allowing the bird to breathe or air to pass in case of
perfusion anaesthesia.

After placement of a beak speculum (to prevent
damage to the endoscope) the tongue is pulled
cranially and the endoscope enters the larynx (Figure
13.13). The endoscope can then be advanced gently
from the larynx into the trachea up to the bifurcation.

m Sex determination in females. (@) In juvenile females the suspensory ligament (1) of the ovary is already visible
(2 = kidney; 3 = ovary; 4 = adrenal gland). The gonads are sometimes very difficult to distinguish as they are
very small in juvenile birds. (b) In some species the ovary may be pigmented. (e) A swollen discoloured follicle is a sign of

folliculitis. (© Michael Lierz)

m Sex determination in males. (@) Although the gonad is very difficult to assess in juveniles, the missing
suspensory ligament indicates a male bird (unless it has been removed for sterilization). 1 = kidney; 2 = adrenal
gland; 3 = juvenile testis. (b) Sometimes both testes (a) are visible (b = adrenal gland; ¢ = kidney; d = intestine).

(c) In very rare cases of hermaphroditism, both testis and ovary are visible. (© Michael Lierz)
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Tracheoscopy.
(a) Correct
positioning,
extending the
neck and using a
beak speculum.
(b) The opening
of the trachea is
located at the
base of the
tongue.

(© Michael Lierz)

Gastroscopy

Gastroscopy allows evaluation of the oesophagus,
crop and proventriculus. Prior to gastroscopy, a fast-
ing period is important to prevent a reduced view due
to food. As the oesophagus, crop and proventriculus
are hollow organs, expansion is necessary for a
detailed investigation.

The bird is positioned in ventral recumbency, with
the head lower than the body (Figure 13.14). In
addition it is recommended that breathing and

m Correct positioning of a falcon for gastroscopy.
Intubation and a head position lower than the

body avoids aspiration of fluid. (© Michael Lierz)
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Expansion

Expansion can be performed using insufflation
with air or fluids (water, saline). As an air-
insufflation pump is expensive, water pressure
due to a gradient, or cheaper aquarium pumps
can be used. Mucosal structures float when fluids
are used, which makes them better assessable;
water also allows removal of food or mucus.

A working channel with two taps, one as a
water inlet and the other as an outlet, is needed.
In addition a third channel for biopsy or grasping
forceps is recommended.

The water inlet tap is attached to a normal
infusion tube, which is connected to an infusion
bottle at a higher level. A second infusion tube is
connected to the water outlet, ending in a
collecting bin. The two taps are used to regulate
the amount of water within the digestive system,
expanding the organ for examination. To avoid
aspiration, the water should not be rinsed out of
the oral cavity. It is vital that the water is warmed,
as cold water leads quickly to hypothermia.

Endoscope within a working channel for fluid
expansion of hollow organs. a = taps; b = working
channel for additional instrument; arrows = fluid
direction.

Air insufflation has some safety advantages
but has disadvantages (no washing, etc.). In
addition some anatomical structures (e.g. pap-
illae) are only visible using water expansion.

anaesthesia should be controlled via an endotracheal
tube. The endoscope is inserted into the oesophagus
and gently advanced under visual control.

Gastroscopy can also be performed using a
flexible gastroscope but requires additional equipment,
which is usually not necessary for most avian patients.
In larger birds a long gastroscope might be of
advantage, but it is also possible to introduce the rigid
endoscope via an ingluviotomy.

As gastroscopy is perfomed using a working
channel, mucosal biopsy can easily be performed
and is of great diagnostic value. Using grasping
forceps or sling cages, removal of foreign bodies is
also possible.
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Cloacoscopy

The bird is placed in dorsal recumbency. Expansion is
similar to gastroscopy (see above). In addition to the
cloaca, the ureter, rectum and (in sexually active
females) uterus can be examined. Faeces and urine
are always present and need to be removed for a
more detailed examination. The presence of urine
leads to ostia of the ureter (Figure 13.15). Fresh blood
within the faeces can be investigated, as it may
originate from the cloaca, intestine, ureters or uterus.

View into the cloaca.
The white stripes
represent the passing
of urine within the
washing fluid.

(© Michael Lierz)

Endoscopy-guided biopsy

Endoscopy-guided biopsy allows sampling of organs
under direct visualization. Samples can be taken from
altered areas; and complications, such as bleeding,
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are directly visible. During a routine endoscopic
procedure, preparations should always be made for
biopsy as unexpected abnormalities are common
(Lierz et al., 1998). Biopsy is very important in the
early diagnosis of disease and the decision is often
made too late.

In general, biopsy of the lung, liver, kidney, spleen,
gonads, proventriculus, ventriculus, thyroid gland and
mucosal membranes of oesophagus, crop and cloaca
is possible using biopsy forceps within a working chan-
nel. Indications for biopsy are given in Figure 13.16.

With biopsy of hollow organs with a thin wall (oeso-
phagus, crop, proventriculus, cloaca), thereis increased
risk of perforating the organ; therefore the procedure
should be reserved for the advanced endoscopist.

Aspiration biopsy is possible using a long flexible
needle with a Teflon cover (see Figure 13.2). Cyst
puncture and lavage sampling are best done using
this needle.

Where there is a general alteration of an organ the
biopsy sample should be taken from its border (e.qg.
liver, Figure 13.17a), as there are fewer vessels. For
an air sac biopsy, the entrance hole of the endoscope
is the preferred area (Fig. 13.17b). Where there are
focal alterations these should be sampled.

Finally it must be considered that endoscopic pro-
cedures, in particular tissue biopsy, lead to changes
in certain blood values. Increases in urea, uric acid,
GLDH, AST and ALT have been measured after liver
biopsy (Lierz et al., 1998). Therefore blood sampling
must be performed before endoscopy and biopsy.

Organ Indications

Kidney Polyuria, polydipsia. Increased blood levels of uric acid, potassium. Kidney swellings and increased density on
radiograph. Visible alterations in colour, shape, surface during endoscopy

Liver Increased blood levels of bile acids, cholinesterase, and combination of AST, ALT, GLDH (without CK increase).
Enlargement of liver shadow on radiograph. Liver swelling, colour changes, alterations during endoscopy

Air sac Milky appearance or coatings during endoscopy

Lung Pathological appearance during endoscopy. Increased density in lung shadow on radiograph

Spleen Suspected systemic infections, especially Chlamydophila. Spleen enlargement on radiography. Spleen

enlargement or colour changes during endoscopy

Gonads (especially testes) Infertile clutches. Assessment of a breeding bird for sale. Enlargement of testes in ‘off breeding’ seasons.

Changes in colour or shape during endoscopy

Oesophagus, crop, proventriculus | PDD diagnosis. Coatings or pathological changes on mucosa during endoscopy

Thyroid gland Suspected hypothyroidism

m A selection of indications for tissue biopsy.

Biopsy sites. (a) In the case of a diffuse

alteration of the liver, the sample is taken
from its border. (b) In the case of a diffuse alteration
of the air sac, the sample is taken from the entrance
hole for the endoscope. (© Michael Lierz)
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Endoscopic findings

Basically, all body entrances can be used for endo-
scopic evaluation and sampling using flexible forceps

and a working channel.

Figure 13.18 summarizes normal appearance
and common abnormalities of body organs viewed
by endoscopy.

Organ and physiological appearance

Alteration

Common causes

Air sac

Clear and transparent, just a few vessels and
sometimes little fatty infiltrates (Figure 13.19a)
Pathognomonic images are rare: alterations
should be investigated by biopsy

Increased vascularity (Figure 13.19b),
thickening of air sac wall

Mild inflammation, early infection or
environmental (smoke, spray)

Granulomas (Figure 13.19c), foreign material
(e.g. pus) (Figure 13.19d)

Aspergillosis, foreign bodies, bacterial infection

Lung

Pink-reddish colour, prominent structure
Bronchi can be entered through caudal thoracic
air sac

Blur of structures, colour changes (yellow),
sometimes foreign material (Figure 13.20)

Pneumonia, gout

Haemorrhages

Trauma

Focal black spots

Anthracosis (birds from cities, smoking owners)

Trachea, bronchi, thyroid glands

Whites tubes with complete tracheal rings.
Thyroid glands: lens-shaped, light red, attached to
trachea near the syrinx (see Figure 13.9)

Glassy colour of thyroid glands

Hypothyrodism (biopsy)

Kidney and sacral plexus

Three parts, brown-red-orange colour, star-
shaped structure on surface; adrenal gland and
gonad at cranial pole, ventrally attached ureter
and uterus (deferent duct).

With a 30 degree endoscope the sacral plexus
(ischiadic nerve) is detectable dorsal to the kidney
(lameness diagnostics) (Figure 13.21a).

Kidney biopsy often rewarding

Star-shaped structure not visible (kidney
swelling) (Figure 13.21b)

General disease or kidney problem (biopsy)

Yellow to white foci on surface

Uric acid: gout or dehydration

Yellow colour (Figure 13.21c)

Obesity

Pale colour

Anaemia

Single yellow-white spots

Abscesses, neoplasia, cysts

Gonads and sexing
See text and Figures 13.11 and 13.12

Adrenal gland

Slightly cranial to gonads, usually yellow and
small (Figure 13.12b). May vary in size, colour
and shape; might be confused with gonads or
obscured by active gonads

Increase in size and/or vascularization

Stress or associated with disease

Proventriculus
Elongated usually white organ, dorsal to liver with
smooth surface (see Figures 13.6 and 13.7)

Focal haemorrhages

Ulceration, foreign bodies

Ventriculus

Not visible in all routine examinations, massive
muscular structure. In raptors, much thinner
compared with passerines and pigeons

Focal haemorrhages

Ulceration, foreign bodies

Intestine
Tube-like structure, smooth surface with many
vessels, colour depends on ingesta, usually grey

White foci, foreign material (pus) (Figure
13.22)

Endoparasites, bacterial granulomas (E. col)),
peritonitis

Visible particles of ingesta (thin wall)

Ulcerative enteritis (Clostridium perfringens)

Pancreas
Within the duodenal loop, white-yellow colour,
homogenous structure (see Figure 13.10)

Colour changes, glassy appearance, uneven
surface (biopsy), petechiae

Pancreatitis, neoplasia, PMV, avian influenza

Liver

Uniform brown-red colour. Liver border sharp
(Figure 13.23a)

Liver is central organ of metabolism, liver biopsies
very rewarding, even without visible alterations
(changes in liver blood values as indication)

Rounded liver border (Figure 13.23b)

Generalized disease, infections, fatty liver

Uniform yellow colour

Fatty liver

Swollen, yellow-grey, mealy appearance

Amyloidosis

Red areas (Figure 13.23c)

Haemorrhages (trauma), siderosis

Multiple white foci (Figure 13.23d)

Necrosis (hollow) (herpesvirus, salmonellosis),
abscesses (prominent) (tuberculosis, other
bacteria), neoplasia

Coating of liver capsule

Often in conjunction with air sac coatings
(bacterial, fungal, parasitic infections)

m Organ evaluation: normal appearance, common alterations and possible reasons. (continues) >
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Organ and physiological appearance

Alteration

Common causes

Spleen

Reddish-purple-brown (see Figure 13.6),
sometimes speckled. Dorsal to proventriculus,
ventral to kidney, often in between intestinal
loops. Always consider spleen biopsy

Increased size (Figure 13.24)

Immune response (disease, check for
Chlamydophila)

Yellow colour

Obesity, fatty spleen

White foci

Necrosis (e.g. herpesvirus)
Granulomas (tuberculosis)

Heart and pericardium

Pericardium transparent, fat at heart base and tip.
Main heart vessels as thick white tubes. Next to
heart: brachial plexus (fine yellow-white
cross-stripe net shape) (see Figure 13.8)

Milky pericardium

Pericarditis, pericardial effusion (drain with
22 gauge flexible needle)

Missing heart fat

Starvation, chronic disease, guarded prognosis

Tracheobronchoscopy - trachea
Mucus light red (pink), shiny, visible closed
tracheal rings, no exudates (Figure 13.25a)

Swollen red mucosa, hidden tracheal rings

Tracheitis (viral, bacterial, fungal, parasitic)

Exudates, worms

Bacterial or parasitic infection

Granulomas (especially at syrinx), foreign
bodies (Figure 13.25b)

Fungal or bacterial infection, foreign bodies

Strictures, tumours

Gastroscopy - oesophagus, crop,
proventriculus

Surface varies with species. Usually oesophagus
smooth (Figure 13.26), crop with furrows and
proventriculus with papillae. Mucosa homogenous
light red-pink.

Plaques, haemorrhages, focal dark red areas

Trauma, ulcerations, irritations due to foreign
bodies, infections

Yellow coating

Trichomoniasis, wet pox, candidiasis,
hypovitaminosis A

Yellow-white spots

Trichomoniasis, capillariosis

Cloacoscopy - cloaca

Divided into three parts, mucous membrane light
red (pink), in some species with papillae (see
Figure 13.15)

Reddening of mucosa

Irritation, inflammation, infection

Cauliflower appearance

Papillomatosis, neoplasia

m (continued) Organ evaluation: normal appearance, common alterations and possible reasons.

m Air sac. (a) The air sac of a
healthy bird is like a
window. Organs can be seen behind
and there are few vessels.

(b) Increased vascularity indicates
inflammation. (e) Air sac aspergillosis
is often easy to diagnose, as the
fungal growth gives a clear picture.
(d) Foreign material (here exudate) is
a clear sign of infection and can
easily be sampled during endoscopy
for cytology and microbiology.

(© Michael Lierz)
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Urate crystals within
the lung indicate
gout. (© Michael
Lierz)

Liver. (@) Normal
appearance, with
homogenous
brown-red colour and
a sharp liver border.
(b) A rounded liver
border represents
swelling and is a
strong indication for
biopsy. (e) Colour
change is always
pathological. Here,
haemosiderosis is
seen. (d) Multiple
white foci are
necrosis or
granulomas/
tubercles.
Differentials are

E. coli, salmonellosis,
tuberculosis or
herpesvirus infection.
(© Michael Lierz)

Kidney and sacral
plexus. (@) Above
the kidney the sacral
plexus is visible.

A 30 degree
endoscope makes
this evaluation much
easier. (b) Loss of
structure of the
kidney indicates
severe swelling.

(c) Yellow-white foci
within the kidney may
be gout but may also
be a sign of exsicosis
(reversible deposits
of urate within the
tubuli). If the cause is
gout, the foci persist
following fluid
therapy. (© Michael
Lierz)

Exudate between the
intestinal loops is
often a sign of
peritonitis or may be
egg material (egg
peritonitis).

(© Michael Lierz)

A swollen spleen is
often seen with
systemic infections.
Spleen biopsy may
be of value if the
agent cannot be
detected elsewhere.
(© Michael Lierz)
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Trachea. (@) Normal
appearance of the
trachea and
bifurcation. The
complete tracheal
rings are clearly
visible. (b) A foreign
body (awn) in the
trachea of a falcon
after transportation
on straw. As it had
just happened, the
tracheal mucosa
shows only a slight
reaction. (© Michael
Lierz)

The oesophagus of a
healthy falcon.
(© Michael Lierz)

Complications during and after
endoscopy

Haemorrhage is the main complication during endos-
copy. In particular the kidney can be damaged during
penetration of the air sac at the beginning of a lapar-
oscopy. Perforations of the proventriculus and lethal
peritonitis might occur. If there is major haemorrhage,
attempts should be made to halt the bleeding using
electrocoagulation, diode laser (endoscopy-guided)
or sterile sticks of cotton wool. In addition the bird
should be placed at an angle of 45 degrees with the
head lifted to prevent blood entering the lungs and to
allow the blood to drain into the caudal air sacs.

After endoscopy, subcutaneous emphysema might
occur rarely in cases of excessive air sac damage.
Closure of these defects is pointless. The emphysema
is drained regularly until the defect closes itself.

In cases of insufficient cleaning or sterilization of
equipment, internal granulomas or abscesses can
occur, and the risk of transmitting disease increases.
Birds from different sources should therefore not be
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examined one after another on the same day, as suf-
ficient sterilization of equipment cannot be guaran-
teed. For this reason, regular surgical ‘sexing’ sessions
organized by breeder clubs are not recommended.

Surgical endoscopic procedures

Endoscopy-guided surgery is a very recent innovation
in avian medicine (Hernandez-Divers, 2005; Lierz
and Hafez, 2004, 2005). The results are promising,
as it represents a lower impact on the bird compared
with a laparotomy.

There are several different techniques.

e Using a single-entry technique, a single
instrument is directed through a working channel
into the visual field of the endoscope. The
instrument cannot be manipulated independently
of the endoscope.

e Using a double-entry technique, an additional
cannula with trocar (as a channel for an
instrument) is placed, enabling the surgeon to
work with two different instruments.

e Using triple-entry techniques, two cannulae are
placed in addition to the centrally placed
endoscope. The approaches to the avian coelom
are chosen according to the procedure performed.

To start with, endoscopy-guided surgery requires
a profound knowledge of the internal anatomy of the
bird and advanced skills in performing laparotomic
and laparoscopic procedures. Once familiar with
endoscopy in birds, the next step of performing such
surgeries is very near.

Indications

Endoscopy-guided obliteration of air sac granulomas
or papillomas using electrocauterization or laser can
be performed. In particular, endoscopy-guided diode
lasers have been used successfully to obliterate
granulomas within the trachea or air sac in emer-
gencies to restore respiratory function. Additional
procedures include tumour resection as well as steri-
lization and castration (Lierz and Hafez, 2005).

Instrumentation

The development of 2 mm and 3 mm human paedi-
atric laparoscopy equipment has accelerated the
development of endosurgery in birds. A variety of
instruments are available and necessary:

e 2-3 mm dissection forceps, scissors, grasping
forceps (in which parts should be monopolar and
therefore connectable to the radiosurgery unit)

e Bipolar forceps and monopolar sling (essential)

e Cannulae (2.5 mm or 3.5 mm, according to
instrument size) with trocars, for introducing
instruments into the surgical field. After insertion
the trocar is removed, leaving the cannula in
place. The material of such a unit is stainless
steel, plastic or graphite

e (For advanced surgeons) palpation probes,
needle holders and knot tiers.
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The main problem with endosurgery is the main-
tenance of haemostasis. Therefore a radiosurgery
unit for connection to the endosurgical instruments
is vital. Laser units can be used but they are not
routinely available in veterinary practice.

Surgical procedure

Preparation for endosurgery (single- or double-
entry technique) is similar to a routine endoscopic
examination, pulling the left pelvic limb caudally.
For sterilization the approach is from the left side
(female birds) or from both sides (male birds). The
additional cannula using the double-entry technique
is placed cranioventral to the endoscope between
the last two ribs (Figure 13.27). Using the triple-
entry technique the same approaches can be
used, placing the second trocar ventrocaudal to
the endoscope (Figure 13.28). Because of the
advantageous angle to the gonad and the larger
surgical field, the following approach (which can also
be used for the other techniques described above)
may be of advantage.

Double-entry

" | technique for
minimal invasive
surgery in birds:
| sites for (1)

~ | additional
working channel
for instruments
and (2) entrance
.| of the
endoscope.

(© Michael
Lierz)

Triple-entry
technique for

| minimal invasive
| surgery in birds:
sites for (1)
entrance of the
endoscope and
(2) two
additional

channels for
instruments.
(© Michael
Lierz)
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1. Placing the bird as described above, the pelvic
limb is pulled cranially.

2. Ventral to the medial flexor cruris muscle, the
endoscope is introduced caudal to the last rib.

3. One cannula is inserted caudal to the endoscope
through the external oblique abdominal muscle
just caudal to the mid-point of the pubis.

4. This double-entry technique can be extended by
introducing a second cannula cranial to the
endoscope into the last or second-last intercostal

space (Figure 13.29).

Triple-entry
technique for
minimal invasive
surgery by
pushing the leg
cranially and

| entering the
body cavity
ventral to the
leg muscles.
(© Michael
Lierz)

When using a multiple-entry technique it is very
important to keep the approaches of the instrument
ports and the endoscope as far apart from each other
as possible to ensure the correct triangulation of the
endoscope and instruments within the bird (Figure
13.30). Therefore the triple-entry technique is only
possible in birds weighing more than 400 g. For
sterilization and in most cases of castration the single-
or double-entry technique is sufficient.

Correct
triangulation of
endoscope
(middle) and
instruments is
vital for
successful
surgery.

(© Michael
Lierz)

The endoscopist controls the endoscope and
the instrument when using the single- or double-
entry technique. With a triple-entry technique the
endoscope is placed on a sandbag or is handled
by an assistant while the endoscopist controls both
instruments. The radiosurgery or diode laser unit
is activated by a foot-pedal.

Sterilization of female birds

The ovary is a very fragile organ and its endoscopic
removal presents a high risk of lethal haemorrhage.
In addition the total removal of all hormone-producing
tissue is very difficult. Therefore female birds are
sterilized rather than ovariectomized.
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In very young females or in young raptors, the
juvenile ovary can be vaporized using a diode laser
(Figure 13.31). This procedure is not possible with
larger ovaries as full tissue removal is not reliable.

Female
sterilization.

(a) A diode laser
can be used to
vaporize the
gonads (here
ovary) in juvenile
birds. (b) Cranial
pole of the
kidney of a
female falcon

6 months after
sterilization

using a diode
laser. Ovarian
tissue is absent.
(© Michael Lierz)

In juvenile birds, grasping forceps can be intro-
duced through the endoscope’s working channel
(single-entry technique). The infundibulum is grasped
and the oviduct removed from underlying tissue by
gently pulling. In this way it is possible to remove
almost the entire oviduct without much bleeding. Such
females develop normally (including the ovary) and
are hormonally active, as has been shown in cocka-
tiels (Pye et al., 2001). As an alternative the oviduct
can be obliterated by monopolar or bipolar grasping
forceps. In some cases it has been noticed that the
oviduct fills with egg albumen during sexual activity
and this might lead to problems. Therefore the com-
plete removal of the oviduct is recommended.

In adult birds, the oviduct should be removed
using a double- or triple-entry technique. The oviduct
is fixed with grasping forceps and obliterated as far
cranial as possible using mono- or bipolar grasping
forceps through a second entry port. A second oblit-
eration is performed slightly behind the first one. The
oviduct is then cut between both obliterations using
monopolar scissors. The same is performed at the
most caudal part of the oviduct that can be reached.

Vasectomy

In juvenile birds, the deferent duct can be grasped
and removed by pulling with grasping forceps through
the endoscope’s working channel. Using this method
in Japanese quail (Jones and Redig, 2003), it was
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demonstrated that the testes would develop normally
and that the testosterone blood levels would increase
with sexual maturity in the same way as in unsterilized
males. In addition, the sexual behaviour of such males
was unchanged.

As an alternative, the deferent duct can be obliter-
ated by electrosurgery. In adult birds, endoscopy-
guided sterilization is only possible using a double- or
triple-entry technique. Grasping forceps are used to
elevate the testis from the underlying tissue, which
also elevates the deferent duct. Using a second entry
port, scissors are introduced to cut the deferent duct
(Figure 13.32). It is also recommended that at least
1 cm of the duct is removed, to reduce the chances
of functionality being re-established if the two ends
reunite (Figure 13.33).

Sterilization of an
adult male bird.
(a,b) The
deferent duct is
lifted and cut
with scissors.
The procedure
must be
performed at
two places to
remove at least

1 cm of the duct
to prevent
reunion.

(c) Remnants of
the deferent duct
5 months after
sterilization.

(© Michael
Lierz)
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Reunion of the
two ends of a
deferent duct
after it was cut,
without having a
section removed.
(© Michael Lierz)

Castration

The double- or triple-entry technique is used for
castration. Especially in adult birds, the triple-entry
technique is of advantage as it allows a better view
into the surgical field. Grasping forceps are used to
elevate the testis from the kidney. The mesorchium
can be cut using monopolar coagulation scissors.
Then the testis can be removed.

In adult birds, the blood supply to the testis is
increased, necessitating additional obliteration of the
blood vessels by monopolar or bipolar coagulation
forceps. The risk of lethal haemorrhage is very high in
male birds during sexual activity and therefore
castration must be avoided during that time.

In juvenile birds, the testis can be grasped
and removed with a radiosurgical sling, obliterating
the vessels when closing the sling. In juvenile
raptors, the testis is very small and closely attached
to the adrenal gland and kidney vessel (see Figure
13.12a). In such cases removal of the testis is
impossible. Using a diode laser, both testes can
be vaporized successfully with only a low risk
(Figure 13.34).

Risks

As with diagnostic endoscopy, there is a much greater
risk of lethal haemorrhage during endosurgery.
Therefore sterilization and castration of juvenile
birds is always preferable to surgery in mature birds,
as the blood supply to the genital tract is much less.
On the other hand, the structures of the genital tract
are sometimes difficult to distinguish from other
tissues (adrenal gland, kidney, ureter, blood vessels)
or are attached to other organs (depending on the
species), leading to further difficulties. The procedure
requires more experience and training. When using
coagulation or laser techniques it is vital to avoid
any damage to underlying tissue, especially to the
kidney and ureter.

Castration of

a juvenile

male bird.

(a) Immediately
after vaporization
of the testis
using a diode
laser. (b) 6
months later.
Testicular tissue
is no longer
visible.

(© Michael Lierz)
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Soft tissue surgery

Neil A. Forbes

Introduction

To be a successful avian surgeon the sympathetic
handling of soft tissues is mandatory. Avian surgery
requires exactness in view of small body size and
increased metabolic rate, as any errors are magni-
fied. Surgery on birds <2 kg requires microsurgical
techniques and equipment as well as a significant
degree of manual dexterity. For avian surgery to be
safe and effective, haemorrhage, tissue trauma,
anaesthetic time and anaesthetic and metabolic com-
plications must all be minimized and good postopera-
tive care (including analgesia) must be provided.

Equipment

Microsurgical instruments

Only the tips of the instruments should be miniatur-
ized; the handles should be of normal length.
Counterweights minimize digital fatigue, though this
is not relevant until one has a considerable surgical
caseload, which may take some years. Care of such
instruments is important: they are expensive and
fragile, and will not last long if abused.

Relatively few instruments are required in an avian
surgical kit. The essentials include fine-pointed
scissors, needle holders, 2 pairs of artery forceps,
atraumatic grasping forceps (e.g. Harris ring-tip
forceps) and a retractor (e.g. Alm) (Figure 14.1).

Where possible, handles should be round in
outline, so that instrument-tip movement can be
accomplished by a finger-rolling action rather than
the traditional wrist movement. Spring-loaded locking
instruments will also greatly assist in preventing
finger fatigue.

m Typical surgical kit for avian surgery (note inset
of Harris ring-tip forceps).

Magnification

Some form of magnification is essential for all patients
<1 kg. A bifocal surgical lens, attached to a
rechargeable halogen light source (hence no trailing
light cables or attachments to immobile light sources),
with a variable focal distance is ideal but the cost is
significant. If that cost is prohibitive, various much
improved loupes are available, with long-life but
rapidly rechargeable batteries and very bright LED
bulbs. Their quality is highly variable and so different
models should be tested. Their disadvantage is that
they have a fixed focal distance: movement of the
head away from the optimum distance can lead to a
sensation of ‘motion sickness’, but this is easily
overcome with practice.

It is essential that good magnification and, in
particular, bright powerful illumination are available in
order to see within the body cavities. The greater the
magnification, the shorter the focal distance, and
hence the closer the clinician will be to the surgical
tissues. This should be considered in relation to table
height and standing or sitting height.

Other equipment

Surgical drapes

Before surgery, only a minimal area of plumage
should be plucked (to minimize body heat loss and
hypothermia). Excessive wetting of the skin should be
avoided, in particular with labile fluids such as alcohol
(in view of heat loss due to latent heat of evaporation
and intoxication through skin absorption). The
accurate visualization of respiration is essential for
monitoring depth of anaesthesia. For all these reasons
the use of sterile clear plastic surgical drapes
maintained on the skin with an aerosol surgical spray
adhesive is advantageous.

Haemoclips

Haemoclips (and applicators) are essential for
clamping intra-abdominal vessels for which, in view
of their position, ligation is precluded. Care and
practice are required in the safe and effective
application of clips.

Sterile cotton buds

These are invaluable for applying ‘point pressure’ to
control haemorrhage, as well as moving tissues in an
atraumatic manner.
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Material Reaction Duration Advantages Disadvantages Indications
Catgut Intense Still present at 120 days, | None Intense irritation. Poor strength None
i.e. much slower and knot holding
disintegration than in
mammals
Polyglactin 910 | Greatest Short - completely gone | Rapidly absorbed Causes intense inflammatory Only use where the benefit of
(greaterthan | by 60 days, i.e. quicker reaction and facilitates tracking speed outweighs the effect of
inmammals) | thanin mammals and adherence of bacteria inflammatory response
Polydioxanone | Minimal Hydrolysis is still Minimal reaction, long duration. Long duration Majority of surgical avian
ongoing at 120 days, i.e. | Monofilament, hence less tissue situations, in particular body
slower than in mammals | damage. Minimal risk of bacterial wall and tendon repairs
tracking and adherence
Nylon, steel Minimal Non-absorbable Minimal tissue reaction and long Stiffness can cause local irritation | Few indications, as
duration and then self-trauma. More polydioxanone is adequate
commonly associated with for most situations that
postoperative haematoma, require long-term strength
seroma and caseogranuloma

m Common suture materials and their applications in avian surgery.

Suture materials

The finest material, with the least number of sutures,
should be used. A suture material that does not per-
mit capillary action (i.e. no multifilament) and that
causes minimal tissue reaction (i.e. monofilament
nylon or polydioxanone, but not polyglactin) should
be used. Common suture materials are considered
in Figure 14.2.

The duration of maintenance of suture strength
must be appropriate to the speed of tissue healing.
Tendons, ligaments and fascia heal slowly (50%
strength in 50 days) and should be repaired using
polydioxanone or nylon.

Suture sizes in birds vary, but generally range
from 0.7 to 2 metric (3/0-6/0). Taper-point needles
are preferable to cutting needles, as reduced
iatrogenic cutting by the needle is likely to occur.

Dressings

Birds tolerate bandages or dressings poorly. In areas
where some additional support is required over a
suture line, hydrocolloid dressings (Figure 14.3) may
be sutured in place. Such dressings will promote
healing whilst also providing protection to the area
(Figure 14.4).

Planning for microsurgery

An ergonomic operating position is important. A
seated position is recommended in order to achieve
greater forearm control and hence hand stability
(Figure 14.5). Control of hand tremor is unimportant
until the surgeon is using magnification, at which point
it is essential. Slight instrument movements are
exaggerated when magnified and the surgeon’s
natural ability to control such movements is reduced
by magnification.

When planning avian surgery, other distractions
and stresses such as time constraints should be
eliminated.
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Trade name Manufacturer
Tegasorb 3M
Tegasorb THIN
Hydrocol Bertek (Dow Hickam)
BGC Matrix Brennen
Comfeel (multiple presentations) Coloplast
DuoDERM CGF ConvaTec
DuoDERM (multiple presentations)
SignaDRESS Sterile
DermaFilm HD DermaRite
DermaFilm Thin
Granuflex Convatec
Restore (multiple presentations) Hollister
NU-DERM Johnson & Johnson
Ultec Kendall
ExuDERM (multiple presentations) Medline
RepliCare (multiple presentations)
Cutinova Hydro
Cutinova Thin

m Examples of hydrocolloid dressings.

Peregrine
Falcon after
preen gland

| removal,

_| oversewn with
hydrocolloid
dressing.
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m Surgeon in sitting position with forearm support.

e The veterinary surgeon’s fine muscle control may
be impaired if excessively strenuous exercise
has been taken in the previous 24 hours.

e (Caffeine intake should be neither increased nor
reduced.

e All risks and possible complications should be
assessed prior to surgery so that they can be
confidently dealt with should they occur.

¢ Small infrequently used instruments are those
most likely to have been misplaced. Steps should
be taken to ensure that all the necessary
equipment for a procedure is available and sterile
prior to anaesthetic induction.

e The operating table must be stable against
movement of people or machinery in the vicinity.
Staff should be advised not to touch or knock the
table during surgery, as even slight patient
movements result in significant surgical risks.

No surgeon should commence surgery unless
wholly familiar with avian anatomy. ‘Fresh’ cadaver
surgery can be used for anatomical familiarization
and in order to become experienced at tissue handling
and at evaluating what traction and trauma can be
placed on delicate structures without causing lasting
damage in a living bird. Cadavers that are not fresh
will have undergone severe tissue changes, which
might give an unrealistic impression of the minimal
trauma that living tissues would tolerate.

Radiosurgery

Radiosurgery is invaluable, but training and care are
required. Correct utilization of radiosurgery will not
cause excessive tissue damage or delayed wound
healing (Turner et al., 1992) but will facilitate incision
in the absence of significant haemorrhage, as well as
giving accurate control of any bleeding points (using
the bipolar forceps).

Radiosurgery employs high-frequency alternating
current to generate energy. There are two electrodes:
active and indifferent. The active electrode should
remain cool. Radiosurgical units use radiofrequency
current (as opposed to electrical current used in
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diathermy) and this is received at the indifferent plate.
Direct contact between the patient and the plate is not
required, thus removing any risk of contact-point heat
generation that otherwise could lead to tissue necrosis
in the patient.

Haemorrhage control

The control of haemorrhage is essential to prevent
significant blood loss and to facilitate uninterrupted
visualization of the surgical field, thus reducing
surgical time and increasing the precision of surgery.
Bipolar forceps are invaluable for controlling point
haemorrhage, even in the presence of a liquid blood-
filled field. The two points of the bipolar forceps
constitute the two separate electrodes (active and
indifferent), so there is no need for a ground plate.
Intraoperative sterile switching from monopolar to
bipolar is essential to facilitate effective mono- and
bipolar use. Cautery with the monopolar head is
ineffective in a wet (e.g. bloody) field.

Incisions

The optimum frequency for incisions is 3.8—-4.0 MHz.
This frequency provides a precision focus of the
energy in a minimal area.

To minimize lateral heat (and hence collateral
tissue damage), the smallest possible electrode size
is always used. For the same reason the electrode
should be in contact with the tissue for the minimum
time possible. Once a tissue has been cut, the
operator should not return to the same tissue with a
single wire within 7 seconds, or 15 seconds if using a
loop electrode.

Excessive sparking or lateral heat should not
occur as long as the power setting is not too high. If
the power is too low, the electrode drags; this in turn
increases the lateral heat and tissue damage (this
can also occur when trying to cut through fat). Any
excessive tissue damage will delay postoperative
tissue healing.

Waveforms
A fully filtered waveform is ideal, as this minimizes
lateral heat.

* Fully filtered, fully rectified (90% cutting, 10%
coagulation) current should be used for cutting
skin and for biopsy.

e Fully rectified (50% cutting, 50% coagulation)
current should be used for dissection with
haemostasis.

e Partially rectified (10% cutting, 90% coagulation)
current should be used for coagulation.

Surgical lasers

Laser surgery is now more readily available and afford-
able. Electrical energy excites a ‘lasing medium’ (car-
bon dioxide, diode or argon) contained in an optical
laser chamber. As the medium returns to a more
organized state it loses energy, generating photons as
electromagnetic radiation or light. These photons are
focused via lenses and fibres into a focused and con-
trolled beam. Lasers provide non-contact but accurate
tissue penetration with minimal lateral damage.
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The type of lasing compound affects the wave-
length and frequency of radiation. Carbon dioxide
lasers can operate with a focused beam for cutting, or
a defocused beam for vaporizing tissues. Tissue
penetration and collateral thermal injury with carbon
dioxide lasers are very limited (0.05-0.2 mm) as
compared with diode lasers, which create 0.3—0.6
mm thermal injury from the incision site (Bowles et al.,
2006). However, carbon dioxide lasers can only seal
vessels up to 0.6 mm, whilst diode lasers can seal
vessels up to 2 mm and can also operate in a fluid
environment. Diode lasers have the ability to operate
via endoscopes, facilitating minimally invasive
endoscopic surgeries (see Chapter 13). Argon lasers
are not generally used in avian surgery.

There is no doubt that the application of surgical
lasers will have a growing place in avian surgery
during the next few years (Bartels, 2002). The main
advantages are reductions in oedema, postoperative
swelling, lateral damage, healing times and
postoperative pain, enabling more extensive surgeries
(e.g. orchidectomy) to be performed.

Patient preparation

The patient must be assessed in relation to energy
and nutritional status, as well as circulatory fluid or
blood deficit, and any abnormalities should be
corrected. Intraoperative and postoperative hypo-
thermia, analgesia, sepsis and shock must be con-
trolled. Presurgical patient preparation is important
(see Chapter 10).

Skin preparation

Sufficient feathers are removed (ideally, not flight
feathers) to enable adequate sterile access to the
operative site. Adjacent feathers may then be
retracted from the surgical field and held in place with
adhesive tape. The minimization of the area of feather
removal, whilst still enabling intraoperative control of
sepsis, is beneficial in the control of intra- or post-
operative hypothermia.

In the author’s practice, skin preparation is per-
formed using iodine-based alcoholic tincture disin-
fectant. An aerosol surgical adhesive is applied to
the skin and a sterile transparent drape is applied.
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Surgery of the skin and adnexa

Soft tissue wounds and injuries

Birds typically have very thin skin, with minimal soft
tissue structures (in particular on the extremities).
Desiccation and devitalization of subcuticular tissues
following loss of skin integrity is common.

A decision must initially be taken as to whether a
skin deficit will heal by first or second intention.
Closing the skin, or covering it with hydrocolloid or
vapour membrane dressings to prevent desiccation,
is essential in all cases. Tissue damage, necrosis,
organic contamination or significant bacterial or fungal
infection will preclude first-intention healing (Redig,
1996). In the majority of cases, debridement and
irrigation will facilitate first-intention closure.

The commonest site for skin deficit is the cranium
(subsequent to trauma whilst in flight). In these cases
a bipedicle cervical or advancement graft may be
used to move loose skin from the lower neck up over
the deficit. Because avian skin is typically very thin,
free skin grafting tends not to be successful.

Skin closure may be achieved with vertical or hori-
zontal mattress sutures (as opposed to single inter-
rupted sutures) where the potential for wound site
tension is a risk. Raptor wounds are generally best
protected or covered to prevent self-trauma. Hydro-
colloid dressings (see Figure 14.3) may be sewn in
place over a wound to stimulate healing as well as
simultaneously providing protection to the wound.

On occasions neck restraint collars may need
to be used in order to prevent self-trauma whilst
wounds heal.

Surgery of the propatagium

The propatagium is essential in order to enable
normal flight. It is a delicate structure with limited
vascular supply. Direct blunt or electrical trauma, or
avascular necrosis consequent to bandaging, can
lead to significant soft tissue loss (Figure 14.6).

The propatagium comprises two layers of skin
(reinforced by an elastic web), one dorsally and one
ventrally, with a propatagial ligament enclosed within
the leading edge. The ligament has collagen sections
at either end, with an elasticated section in the middle
(pars elastica). The propatagium receives its blood

(a) Harris’ Hawk
with significant
propatagial loss following
electrocution. (b) The same
patient following surgery.
This bird regained normal
~| flight 4 weeks later.
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supply from the radial artery and branches of the
subscapular artery, which runs just caudal to the
propatagial ligament.

In the event of injury, the two sides of the dorsal
aspect of the ligament should be rejoined, as should
the two sides of the ventral aspect. Any defect or
deficit of the propatagial ligament should be removed
and the fresh ends joined. A moderate shortening of
the propatagial ligament can be tolerated by most
raptors, as the structure will stretch postoperatively to
accommodate the shortening. Following surgery, a
single piece of hydrocolloid dressing, cardboard or
radiology film should be cut to cover the dorsal and
ventral propatagium, proximal and distal to the wound
(akin to two pieces of bread making a sandwich
around the propatagium). This material is sewn dorsal
to ventral and is kept in place for at least 272 weeks.
The material prevents stretching of the healing tissue
until significant strength has been generated.

Feather cysts

These are rare in raptors but common in passerines,
in particular Norwich and Gloster Canaries, which
have been genetically selected to produce soft fluffy
feathers, predisposing them to abnormal follicular
development making cysts more likely to occur.
Certain individual breed lines within a Canary flight
can be more susceptible to the problem.

Each feather cyst should be accessed individually.
If there is a chance that the next follicular develop-
ment will be normal as long as a particular cyst is
resolved, that cyst should be surgically opened (under
general anaesthesia), cleaned out and managed by
second-intention healing, whilst watching carefully for
recurrence of the cyst. The surgeon should be aware
that feather follicles have a rich blood supply and so
these patients are prone to significant blood loss,
which is a significant concern for a small bird.

A more serious cyst, or one managed conser-
vatively that recurs, should be surgically removed
together with the dermal papilla from which it develops.
Care must be taken in dissecting down around the
feather cyst, towards its base, so that all the cyst or
feather shaft is removed together with the dermal
papilla, but without affecting the blood supply to
adjacent feather follicles. If this can be achieved
without the use of radiosurgery, so much the better,
as the latter might increase the risk of collateral follicle
damage. The cyst or follicle is approached from the
dorsal aspect, but on following it down to the papilla,
access to remove the cranial aspects may require a
ventral approach. A tourniquet and topical haemo-
stasis are likely to be required.

Uropygial (preen) gland

The uropygial gland may suffer from ductal block-
age, gland abscessation or neoplasia. Blockage is
often overcome by application of digital pressure,
resulting in a jet of thick waxy and oily secretion.
Infection and neoplasia can be difficult to differentiate
as both result in a significant inflammatory response.
Adenoma, adenocarcinoma and squamous cell carci-
noma may occur. Biopsy should always be performed
in cases of doubt. Preen gland adenocarcinoma is
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the only avian adenocarcinoma likely to be cured by
surgery; in part this is because it is diagnosed at an
earlier stage than those affecting internal organs.

Abscesses are treated by curettage and topical
and systemic antibiosis. Preen gland neoplasia
requires careful surgical excision. The gland itself has
a significant blood supply and radiosurgery or laser
surgery is invaluable. The gland is bordered ventrally
by fibrinous connective tissue that attaches firmly to
the dorsal surface of the pygostyle and caudal
vertebrae. Surgical removal must extend to the
connective tissue layer, which is relatively avascular
in comparison with the gland itself. In many species
the two sides of the gland are separated by a central
septum; in early cases in these species it is possible
to perform a unilateral gland removal. The skin
overlying the gland should be preserved so as to
facilitate postoperative closure.

Neoplasms

Birds suffer from a range of cutaneous, subcutaneous
and internal neoplasms. These should be approached
in a similar manner to those in other species. Masses
may be aspirated for cytological examination, biopsy
samples may be harvested, or masses removed and
submitted for histopathology.

Lipoma

This benign tumour of fat tissue is represented in
raptors, pigeons and passerine birds infrequently,
compared with psittacine birds. Total surgical removal
is generally curative.

Xanthoma
This non-neoplastic mass typically occurs on
extremities, especially anatomical regions where
there has been trauma or haemorrhage. Xanthomas
are defined as intradermal deposits of cholesterol
clefts with an associated inflammatory reaction. This
author has also removed a confirmed xanthoma
from an infraorbital sinus (Lanner Falcon) and two
from the lumen of the trachea (Harris’ Hawk). The
exact appearance varies but they are often seen as
yellowish plaques under the skin, diffuse thickening
or lobulated masses, which will sometimes ulcerate.
Xanthomas tend to be highly vascularized and
invasive by nature. Reduction of the dietary fat may
assist, but surgical removal at any early stage is
usually recommended. Following removal, if the
skin cannot be closed the deficit may be covered
with a hydrocolloid dressing (e.g. Granuflex or tissue
glue) on the extremity of the wing (which is the
commonest site), and the distal limb amputated.
Histology is always indicated, as this is also a com-
mon site for fibrosarcoma.

Squamous cell carcinoma

This is the commonest neoplasm in raptors (Forbes
et al., 2000) and is found most often in the Peregrine
Falcon and Harris’ Hawk . The predilection sites are
pre-femoral or the ventral aspect of the wing. Typically
there is overlying skin ulceration with secondary
bacterial or yeast infection.
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Surgical removal with a 1 cm margin is typically
curative. Metastasis to lung and bone has been
reported. If there is recurrence, topical 5-fluorouracil
has been reported by Paterson (1997) and has also
proven efficacious for the author when used in this
situation in birds.

Papillomas

Papillomas are relatively common and have been
found on the digits, cloaca, glottis and crop. Those
that can be removed surgically should be (choice of
technique will be dictated by the nature and position
of the mass); those that do not lend themselves to
surgery are typically self-limiting. In terms of visual
appearance the main differential is that of pox (dry
form), though the latter tends to be erythematous,
ulcerated initially and self-curing in 6—8 weeks.

Fibrosarcoma

This has been reported in a number of sites, in
particular the metacarpus. These neoplasms tend to
be locally malignant, but do not tend to metastasize.
Complete surgical removal is typically curative.

Gastrointestinal and reproductive
tract techniques

Tongue damage

Due to growth of the lower beak, where the lateral
aspects of the rhamphotheca roll dorsally and
medially, tongue damage is frequently seen when the
aperture in the tip of the rhamphotheca is no longer
sufficiently large for the tongue tip to fit through. In
this situation, the excessive beak material interfering
with the tongue is removed with a dremel. Discolor-
ation of the tongue may occur with microbacterial
abscessation as well as Capillaria spp. infestation
(see Chapter 18).

Oropharynx

Abscessation can occur above the hard palate or
within the sinus structures. Obstruction of drainage
from the infraorbital sinus results in a swollen
fluid-filled infraorbital sinus. Culture and sensitivity
testing together with cytology should be undertaken
and appropriate therapeutics administered. In the
case of Pseudomonas spp. infections in particular,
an area of palate may become necrotic and require
surgical removal.

The palatine area is served by a copious blood
supply. Surgery to remove the necrotic mass should
not be undertaken until there is a clear demarcation
between viable and non-viable tissue; in this way
haemostasis should not be a significant problem.

Oesophagus and crop

Oesophageal stricture formation may occur after
infections (trichomoniasis, capillariasis, candidiasis),
tube-feeding trauma, thermal or caustic trauma, for-
eign body ingestion or iatrogenic surgical trauma.
Where strictures occur, the eliciting cause must
be determined and addressed. If necessary, a
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pharyngostomy tube (see later) may be placed
during supportive and medical care. If a stricture
remains it may be relieved by serial mechanical dila-
tion, achieved by passing tubes or cannulae of increas-
ing size periodically over a period of several weeks.

Ingluviotomy

This technique is commonly indicated for the relief
of ‘sour crop’. The crop’s function is to accommo-
date ingested food until such time as it is passed
into the stomach. In a raptor, food will normally
pass from the crop into the stomach within 6-10
hours of feeding. Any food remaining in the crop
will be held at close to 41°C, and such food will
rapidly putrefy in the absence of acid or digestive
enzymes, leading to life-threatening toxaemia.
Impactions are less life-threatening in non-
meat-eating birds, but the cause of the impaction
will still need to addressed. In normal breeding
pigeons, a milky substance is produced by both
male and female pigeons, which is a nutritional and
immunological solution for feeding to youngsters
(see Chapter 27).

‘Sour crop’ in a meat-eating bird will be evident
from the foetid oral odour. Such patients are more
critical than they appear and these are genuine
emergency cases. The crop should be emptied as
soon as possible and any toxins flushed out. Surgery
should not be delayed for medical stabilization, but as
soon as the bird is anaesthetized intravenous fluid
therapy, antibiosis, NSAIDs and anti-emetics should
be administered. In the author’s opinion, this is best
achieved by opening the crop wall, dropping any food
out and flushing the internal lumen, with immediate or
next-day closure. If extension of the anaesthesia to
facilitate same-day closure is felt to be life-threatening,
closure should be delayed for 12—24 hours. There are
many different approaches to this common problem
(see Chapter 23).

An ingluviotomy may also be indicated for the
retrieval of any outsize ingested foreign object, the
placement of an ingluviostomy tube or, on occasions,
to enable proventriculoscopy.

1. The bird is placed in dorsal or lateral
recumbency, entubated, with the head elevated
above the level of the crop.

2. Aprobe is placed per os into the crop, to
delineate the position of the organ.

3. The skin is incised over the left lateral crop wall,
close to the thoracic inlet.

4. The crop wall is localized and isolated.

5. Anincision site is selected to avoid large blood
vessels and so as not to interfere with
postoperative feeding or tube placement.

6. Stay sutures are placed in the crop and an
incision one-third to one-half the length of the
skin incision is made (as it will stretch to equal
that of the skin).

7. Crop closure is achieved with 0.7—1.5 metric
(4/0-6/0) synthetic monofilament absorbable
material using a single or double continuous
inversion pattern, followed by separate skin
closure.
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Crop or oesophageal lacerations

These may occur following traumatic tube feeding or
external trauma (e.g. talon punctures from another
raptor). In pigeons, wire-strike injuries often result in
extensive lacerations involving the skin of the ventral
neck. Crop punctures are often not recognized at the
time of trauma but rather later, when a significant
build-up of foetid toxin-producing decaying food
material has developed subcutaneously. A significant
active inflammatory reaction will be present. Surgical
exploration, closure of the crop wound, drainage
(pharyngostomy tube placement if required), fluid
therapy, analgesia, anti-inflammatory and antibiotic
therapy may be required, prior to surgical skin closure
some days later.

Oesophagostomy or ingluviostomy tube
placement

Tube placement is required in situations where the
mouth, proximal or distal oesophagus, or crop
needs to be bypassed. Such situations may include
orthopaedic conditions of the beak and head, or
trauma, infection, neoplasia, severe parasitic infes-
tations, or strictures affecting any part of the gastro-
intestinal tract between the mouth and the
proventriculus, or simply in a bird so weak that it is
unable to feed itself.

1. The bird is anaesthetized, intubated and placed
in lateral recumbency.

2. A metal feeding tube is placed by mouth and
tented up in an appropriate position in the
cervical oesophagus (cranial to the crop).

3. The skin is prepared and a small incision is made
over the end of the feeding tube.

4. Arubber or plastic feeding tube (which can be
connected to a feeding syringe) of appropriate
size is passed via the incision into the
oesophagus, and advanced caudally. The tube is
passed via the crop and distal (thoracic)
oesophagus into the proventriculus.

5. A skin suture is placed around the tube. Tape is
placed either side of the feeding tube as it exits
the skin incision and is sutured to the skin.

6. The capped feeding end is then enclosed in a
bandage wrap around the neck or attached to
the bird’s back.

Regular small meals (smaller than if feeding into
the crop) are administered and care is taken to flush
the tube clean after each use. Such a tube may be left
in place for several weeks if necessary. The tube is
best fixed in place using a ‘Chinese finger-trap’ pattern
around the tube, which is then secured to the skin.
Alternatively tape may be placed either side of the
tube, and the tape in turn is sewn to the skin.

Laparotomy

The caudal thoracic and abdominal air sacs receive
fresh air from the trachea. It is important to appreciate
that laparotomy is impossible without opening the
posterior air sacs and that this has a profound effect
on both the effectiveness of inhalant anaesthesia
and on intraoperative heat loss. Once a laparotomy
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incision is made, openings around the surgical site
may be packed off, or plugged with abdominal organs.
Alternatively, parenteral anaesthetic agents may be
used (see Chapter 10). During any laparotomy
procedure, the bird’s head should be raised at
3040 degrees to prevent any surgical irrigation fluid
from entering the lung field.

Left lateral laparotomy

This is the most useful approach and is used for
access to the gonads, left kidney, oviduct, ureter,
proventriculus and ventriculus. The bird is placed in
right lateral recumbency. The wings are reflected
dorsally, whilst the left leg is restrained in a dorsolateral
direction (Figure 14.7).

1. Pluck the operative site.

2. Locate the anatomical landmarks: ribs 7 and 8

(last two ribs) at the level of the uncinate process,

and the caudal point of the pubis.

Prepare the surgical site.

Incise the skin between the left leg and the

abdominal wall (to allow further abduction).

5. Extend the skin incision caudally to the caudal
extent of the pubis and cranially to over the
cranial edge of the 7th rib at the level of the
uncinate process.

6. Locate the superficial medial femoral artery and
vein as they traverse dorsal to ventral across the
lateral abdominal wall medial to the coxofemoral
joint (Figure 14.8).

7. Use bipolar cautery to seal these vessels, dorsal
and ventral to the intended site of muscle incision
(level of the uncinate process).

8. Taking great care not to incise any underlying
viscera, create a muscle incision from the caudal
extent of the pubis to the caudal aspect of the
8th rib.

9. Approach the 8th rib with bipolar forceps from the
caudal direction, closing the forceps around
either side of the cranial aspect of the 8th rib and
apply cautery to seal the intercostal vessels
(Figure 14.9). Then cut the rib, just below the
uncinate process, with strong scissors. Repeat
the process with rib 7.

o

Junction of rib and

uncinate process ) Abducted

left leg

Flap extension
if required

m Left lateral laparotomy. The skin incision is
shown as a red line.
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10. Insert a small retractor (e.g. Heiss or Alm)
between the cut rib ends to enable full
visualization of the abdominal cavity. The Lone
Star retractor system (Figure 14.10) is invaluable
for such surgeries.

11. The air sac wall is broken down with blunt
dissection. The oviduct is located dorsal to the
intestine and ventral to the kidney. It is white in
comparison with the intestine and has longitudinal
rather than circumferential muscle striations.

..ﬂ.i.:.a-i-,, -
% -,‘__,_:""'

m Bipolar cauterization of intercostal artery.

m Lone Star retractor.

150

12.0n completion of the surgery the incision is
closed using 0.7—1.5 metric (4/0—6/0) absorbable
monofilament synthetic material in a continuous
or interrupted pattern in two layers. The
intercostal muscles are apposed and no attempt
is made to rejoin the transected ribs.

Salpingohysterectomy

This procedure is rarely indicated for medical reasons
in raptors (compared with parrots). However, in certain
countries it is now illegal to fly a fertile hybrid falcon;
therefore salpingohysterectomy and vasectomy of
falcons is likely to become a more widely requested
procedure (Lierz and Hafez, 2005).

In a similar vein, the control of pigeon populations
in built-up areas is becoming an increasingly
important issue and there is no doubt that population
control is the most effective method of dealing with
the problem. Until such time as an effective, safe
and reliable method of immunological neutering
for birds is achieved, surgical neutering may be
called on. Surgical neutering of both male and female
birds is best achieved outside the breeding season,
using minimally invasive endoscopic techniques
(see Chapter 13).

As the avian ovary is firmly attached to the dorsal
abdominal wall, its removal is challenging and often
dangerous. In order to prevent further egg laying, all
of the oviduct and uterus may be removed instead.
A review of ovariectomy techniques is given by
Echols (2002).

Surgical salpingohysterectomy is indicated conse-
quent to egg peritonitis in cases where future breeding
is contraindicated, or where there is unresolved egg
binding (dystocia) with egg or remnants left in the
oviduct in cases where future breeding potential is of
lesser concern than the long-term health of the bird.

1. The ventral suspensory ligament of the oviduct is
located and broken down by blunt dissection,
from a caudal to a cranial direction (Figure
14.11).

2. As the opening of the infundibulum is
approached, it should be gently lifted laterally, in
order to visualize the significant blood vessel
coursing between the ovary and the
infundibulum. This vessel should be clamped off
with one or two haemoclips.

3. The dorsal suspensory ligament of the oviduct
has regular significant blood vessels. These are
best coagulated with bipolar forceps using the
‘Harrison technique’. Holding the oviduct in a
ventral position, the bipolar forceps are advanced
from the infundibulum in a dorsal direction,
maintaining a line parallel with the ventral border
of the kidneys. The forceps are closed, current is
applied and the forceps are pulled cranially
through the ligament to the infundibulum,
cauterizing all vessels in the process. The
process is repeated as the ligament is followed
caudally, care being taken not to stray far from
the dorsal wall of the oviduct lest the ureters are
accidentally cauterized.
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4. A cotton bud is placed per vent into the cloaca,
to delineate the cranial extent of the cloaca.
The base of the oviduct is then clamped off
using haemoclips, just cranial to the cloaca
(Figure 14.12).

m Blunt dissection of the ventral suspensory
ligament of the oviduct.

m Clamping of uterine stump.

Caesarean section

Where a hen is suffering from egg binding and either
the egg and hen are of high financial or conservational
value, or she is suffering from egg binding that is not
responsive to medical support or per cloacal egg
content suction and implosion, caesarean section
may be considered as an alternative.

1. Depending on the position of the egg, a midline
incision (usually) or a caudal left lateral incision
is made. If the egg is in the distal oviduct, a
ventral midline approach will give optimum
access (see below).

2. The initial incision is made in the midline a third
of the distance from pubis to sternum and then
extended in either direction as is necessary to
achieve access to the oviduct. The midline
musculature is incised with great care to avoid
damage to any internal viscera or organs. The
oviduct is incised directly over the bound egg,
avoiding any prominent blood vessels.
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3. After egg removal, the oviduct is inspected and
the cause of binding determined and rectified. If
correction is not possible, salpingohysterectomy
may be indicated at a later date but would be
inappropriate at this time, due to the excessive
combined surgical stress where the egg binding
will have already have caused a significant
degree of stress. Moreover salpingohysterectomy
is most safely conducted when the organ is not
active, i.e. small in size and relatively avascular.

4. The oviduct is closed with a single interrupted or
continuous inversion suture pattern, using 1.5
metric (4/0) or finer absorbable material.

Ventral midline laparotomy
This approach gives poor visibility of the majority of
the body cavity, but it does facilitate surgery of the
small intestine, pancreatic biopsy, liver biopsy or
cloacopexy and is used in diffuse abdominal disease
such as peritonitis, egg binding and cloacal prolapse.
The bird is placed in dorsal recumbency, the mid-
line prepared and the legs abducted caudally. The skin
of the abdominal wall is tented and an initial incision is
made using scissors or the single wire radiosurgical
electrode or laser. Care is required to prevent iatro-
genic visceral damage and the risk is minimized by
creating the incision caudally over the cloaca, rather
than over the small intestine. The incision is extended
with fine scissors. This approach can be extended
along the costal border cranially and to the pubis cau-
dally to create a flap on one or both sides of the mid-
line to increase access. This approach is particularly
useful for access to the caudal uterus and cloaca.

Uterine torsion

Egg binding may arise subject to a range of causes. If
the condition does not respond to medical support,
and particularly if there is a markedly swollen
abdomen, torsion of the oviduct should be considered
(Harcourt-Brown, 1996). In such cases the oviduct
may have suffered a torsion through which no egg
can pass. A number of eggs in a varying state of
decay may be present in the proximal oviduct.

For torsion to occur, typically a traumatic breach
will have occurred in the dorsal oviductal suspensory
ligament through which the oviduct will have passed.
Many such patients are in poor condition and repre-
sent a high surgical risk. Once the bird has been sta-
bilized, a ventral midline surgical approach is used to
access the oviduct. On occasions the torsion may be
reduced (often surgical drainage of the oviduct is
required first) and the breach of the suspensory liga-
ment repaired. Alternatively a salpingohysterectomy
may be performed.

Orchidectomy

This may also be performed via the left lateral
approach. The testicles (like the ovaries) are attached
to the dorsal abdominal wall, adjacent to the aorta,
and connected only by a short testicular artery.
The left testicle is identified, the caudal pole is
elevated and a haemoclip is placed under the testicle
(Figure 14.13). The testicle is then incised over the
clip. Once achieved, a further clip is applied in a more
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m Haemoclip application to left testis on
caudomedial aspect.

craniad position and so on. If any testicular tissue is
left, there is a possibility of regeneration. Access to
the right testicle will be more difficult and requires
blunt dissection through the air sac wall, or via a
fresh incision on the contralateral abdominal wall.
A similar removal process may then be performed
on this testicle.

Proventriculotomy/ventriculotomy
Proventriculotomy for access to the proventriculus is
most commonly indicated for the removal of foreign
objects that are not retrievable per os or ingluvies with
rigid or flexible endoscopes. In raptors, the majority of
objects that are ingested are either digested or
returned as a pellet (including most foreign bodies),
but this is not the case in other birds under discussion
here. Access to the ventriculus is achieved by one of
three routes.

Raptors: In birds with a less muscular or well defined
ventriculus (e.g. raptors), access is general and the
exact incision site is less critical. Access is gained via
the left lateral laparotomy approach; sufficient
exposure is necessary to visualize the suspensory
membranes and to avoid the proventricular vessels
alongits greatercurvature. Inraptors the proventriculus
and ventriculus are found as two discrete but confluent
areas. Depending on the size of the patient, it is
advantageous to pack off the abdomen, behind the
ventriculus, with saline-soaked gauze swabs to
minimize the potential effect of any leakage. In view
of the lack of mesentery for overlying the ventricular
or proventricular incision after closure, it is
advantageous if the incision can be made at a point
where the suture line can be covered over with the
liver. Suction should be available to remove enteric
contents in a controlled manner. An endoscope may
be passed into the gut via the incision in both cranial
and caudal directions to verify that all foreign objects
have been removed. The incision is closed in two
continuous layers (opposed then inverted) using
0.4-1.5 metric (4/0-8/0) synthetic absorbable
monofilament material.
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Suture placement in normal gut surgery includes
the submucosa in view of its greater collagen content.
However, the avian proventriculus has minimal colla-
gen and so greater care is required. As birds have no
mesentery, enterotomy carries a higher risk of post-
operative peritonitis. The liver may take the role of the
mesentery in overlying the closed isthmal incision.
Care should be taken to minimize collateral damage
during incision and repair of the isthmus. It has been
demonstrated (in turkeys) that the entire neural net-
work situated within the isthmus must remain intact
for normal gastroduodenal motility to occur. The ven-
tricular suspensory ligaments are not repaired.

Pigeons and passerine birds: In herbivorous,
insectivorous and granivorous birds (many passerine
species), a more muscular ventriculus is present. The
ventriculus (grinding stomach) has four muscular
bands, which attach to each other with extensive
aponeurosis. These bands of muscle are arranged
asymmetrically to facilitate a grinding and rotary
crushing action.

1. Atransabdominal (i.e. from side to side, just
caudal to the caudal edge of the sternum)
incision is made to approach the ventriculus.

2. The abdominal air sac is broken down to gain
access to the ventriculus.

3. Asmall fatty ligament found on the surface of the
ventriculus is carefully removed, whilst making
every attempt to maintain the integrity of the
gastric blood vessels.

4. The thin-walled muscle area on the caudal
aspect of the ventriculus is located. This muscle
is generally a paler colour and is palpably thinner,
being located on the caudal edge of the
ventriculus and often appearing as a slight ‘out-
pouching’ from the contour of the ventriculus. The
muscle fibres in this area are positioned in a
different direction to the main fibres of the central
muscular section of the organ.

5. Astab incision is created in this thin area of
muscle, parallel in direction to the muscle fibres.

6. Once any foreign material has been removed,
the muscle is closed with a series of fine single
interrupted appositional (rather than inverted)
sutures in one layer. Inversion of the suture line
is generally impossible in this area.

Some authors recommend entry into the ven-
triculus via the thick muscular wall, but in this
author’'s hands the access achieved via this
approach is less satisfactory.

Yolk sacculectomy

In neonatal chicks, the presence of an infected or
unretracted yolk sac necessitates surgical removal.
Following induction of anaesthesia, the bird is placed
in dorsal recumbency. If the yolk sac is external, a
purse-string suture is placed around its base and the
yolk sac is removed. If the yolk sac is internal, the
chick is prepared for surgery, with fluid therapy,
antibiosis and analgesia. At what is judged to be the
optimal time, surgery is undertaken.
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Under isofluorane anaesthesia, a small incision is
delicately created cranial to the umbilicus. This
incision is extended around the umbilicus and the
umbilical stump is excised. The yolk sac is exteriorized
and the duct (joining the yolk sac to the small intestine)
is ligated. Care is taken to avoid rupture or spillage of
the yolk sac contents. The abdominal incision is
closed in two layers. Survival rates for such surgery in
sick chicks is not good, hence the care taken to
optimize their condition prior to surgery.

Organs prolapsed through the cloaca

Apart from partial cloacal prolapses, or prolapsed
cloacalmasses (papilloma, neoplasia or mycobacterial
granuloma), total prolapses can occur where the
entire cloaca is prolapsed to reveal the colonic,
urethral and oviductal junctions (Figure 14.14).
Alternatively, the oviduct or colon may be prolapsed.
Differentiation of the tissues involved is important and
is achieved by assessing the size and appearance of
the structures present.

m Cloaca prolapsed in a Harris’ Hawk, with the
ureteral openings indicated.

Birds presented with such prolapses are typically
suffering severe shock. Fluid therapy, analgesia and
anti-inflammatory therapy are all mandatory. If a
colonic or uterine prolapse is present, there must
inevitably be an intussusception. Pushing the offend-
ing organ back through the cloacal opening and
placing a purse-string suture will not lead to a satis-
factory outcome (though this a recommended and
acceptable action if immediate referral for extensive
surgery is an option). Such cases require an immedi-
ate midline (with or without flap) laparotomy and
reduction or removal of the intussusception, which
may contain a length of devitalized gut; an enter-
ectomy will be required to remove this. Intussuscep-
tion has also been seen secondary to linear foreign
bodies or following enteric infections.

If tissues have remained vital, a pexy should be
performed to a suitable internal structure to maintain
the reduction. If the bird is particularly shocked or
weakened, then rather than resecting and rejoining
the gut at one surgery it may be prudent to create a
stoma or a loop jejunostomy or colostomy, with
reattachment several days later (VanDerHeyden,
1993). Midline flap incisions provide optimal access.
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Microsurgical instrumentation and techniques are
mandatory. Blood vessel appositional clamps (e.g.
Acland clamps) are invaluable in order to maintain
occlusion of the cut gut ends and appositional
positioning whilst suture placement and gut closure
are achieved (Figure 14.15). These vascular clamps
are designed to avoid tissue slippage, whilst
maintaining low pressure to avoid tissue damage.
Clamps may be used individually, or conjoined
(attached to a bar or clamped together), so that both
ends of the tissue are adjacent to each other.

m Appositional blood vessel clamps used to
facilitate gastrointestinal tract anastomosis.

Intestinal anastomosis

Intestinal anastomosis is performed with an end-to-
end technique using 0.2-0.7 metric (6/0—10/0)
material with a simple appositional method. If the gut
is <2 mm in diameter, six to eight simple interrupted
sutures are used (similar to a blood vessel
anastomosis). If the gut is >2 mm in diameter a
continuous pattern should be used. The advantages
of a continuous pattern are that it reduces surgery
time, yields improved apposition and so reduces risk
of leakage, reduces tissue irritation and achieves
improved endothelialization. Care should be taken
not to overtighten a continuous pattern, as this would
cause a purse-string and compromise food passage
across the repair site. Sutures are initially placed at
12 o’clock and 6 o’clock; then sutures are placed in
the caudal section of gut (Figure 14.16a).

Further sutures are placed in the caudal section.
The right clamp is rotated anticlockwise, and the left
clamp clockwise, to bring the two (previously lateral)
edges into apposition (Figure 14.16b) in readiness for
inversional suture application.

If the sections of gut being joined are of unequal
size, or where end-to-end anastomosis is technically
difficult for other reasons, a side-to-side or side-to-
end technique may be used. If using a side-to-side
method, the end sections may be closed with sutures
or haemoclips. One section of gut is offered up to the
side of the other and the back of the anastomosis is
sutured (Figure 14.17a). An aperture is then created
in both proximal and distal segments (Figure 14.17b).
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Sutures placed
firstat 12 and
6 o’clock

(a)

(b)

m End-to-end intestinal anastomosis. Rotating the
clamps in opposite directions brings the edges
into apposition.

The two apertures are then apposed, prior to the lat-
eral edges of each aperture being closed with a series
of inversional sutures (Figure 14.17c). If necessary,
the front repair sutures may be pre-placed.

When passing needles through fine tissue, it is
important that the needle is encouraged to follow its
natural curvature, otherwise an excessive needle
hole is created. The arcing instrument action
achieved by finger rolling of round-bodied instru-
ments minimizes this problem.

Cloacoliths and cloacal tumours
Cloacoliths are firm rough-surfaced aggregations of
urates. They are uncommon and the pathogenesis is
unclear. This author has experienced them most fre-
quently in birds that have recently undergone
extended nesting or brooding behaviour, such that
they may not have voided faeces as frequently as
normal. Birds present with repeated straining, often
passing scant traces of blood. The condition is readily
diagnosed on digital exploration of the cloaca. The
bird is anaesthetized; the cloacolith may be frag-
mented with artery forceps, and removed piecemeal.
Analgesics and antibiosis should be administered.
Cloacal tumour removal is shown in Figure 14.18.
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m Side-to-side intestinal anastomosis.

m Electrosurgical removal of cloacal tumours.
(Courtesy of Michael Lierz)
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Damage to the glottis can occur subsequent to hunting
injuries. Surgical management is challenging and
should be considered on a case-by-case basis.

Tracheotomy

This procedure is most commonly indicated in the
treatment of syringeal aspergilloma or retrieval of a
tracheal foreign body, which are not amenable to
endoscopic or laser surgical techniques. The bird is
placed in dorsal recumbency, with the head directed
towards the surgeon. The head of the bird should be
elevated at 45 degrees to the tail, so as to facilitate
interoperative visualization into the thorax.

A skin incision is made adjacent to the thoracic
inlet. The crop is identified, bluntly dissected and
displaced to the right. The interclavicular air sac is
entered and the trachea is elevated.

The sternotrachealis (attached bilaterally to the
ventral aspect of the trachea) is separated from
the trachea and transected. Stay sutures may be
placed into the trachea in order to draw it into an
anterior direction. In most species it is impossible
to completely exteriorize the syrinx. A tracheotomy
may now be performed, cutting one half of the tra-
cheal circumference, through the ligament between
adjacent tracheal cartilages (using a no. 11 scalpel
blade) (Figure 14.19). Any tracheal foreign body
or aspergilloma may then be removed by suction or
traction with fine forceps.

. T

m Tracheotomy: lesion exposed prior to removal of
aspergilloma.

The incision is repaired with single interrupted
sutures (0.7 metric (6/0) polydiaxonone, two or three
sutures only) placed to include two rings either side of
the incision.

If additional access is required, the superficial
pectoral muscles may be elevated and an osteotomy
of the clavicle performed. On closure the two ends of
the clavicle are apposed but not rejoined.

The muscle is replaced and sutured into position.
The crop is sutured back into place, to create an
airtight repair over the interclavicular air sac, using a
continuous suture pattern and absorbable suture
material. The skin is closed in a routine manner.
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Trachectomy

In cases where a severe tracheal stenosis occurs
following trauma (including recent intubation) or
severe fungal infection of cartilage where tracheal
rings have become involved, tracheal resection and
removal of the affected tissue are indicated.
Depending on the site of the lesion, most species
can cope with removal of up to five tracheal rings. In
such cases close apposition of cartilages following
surgery, using a suture material that elicits minimal
tissue reaction (e.g. polydiaxonone), is used in order
to minimize the risk of intraluminal granuloma
formation. Trauma to tracheal tissues during surgery
must be minimized. It is preferable to place sutures
in the trachea at the time of resection, to facilitate
apposition and anastomosis. Two to four sutures are
used (depending on patient size) and are all pre-
placed before any are tied.

Sinus surgery

Sinusitis can be difficult to resolve medically. Even
daily sinus flushing with appropriate antibiosis and
hyaluronidase may fail to resolve an infected sinus, or
parasitic infestation of the sinus (e.g. Cyathostoma
spp.). In such cases the initial task is to locate which
sinus is infected and to determine its exact anatomical
position. This is best achieved by magnetic resonance
imaging (MRI), computed tomography (CT) or iodine
contrast radiography. Surgical access is gained to the
offending sinus and the sinus is opened or trephined.
The infected sinus should be cleaned out and drainage
maintained for at least a week.

Biopsy

Liver
Liver biopsy should be performed in cases of
hepatomegaly, hepatopathy, endoscopic confirmation
of abnormal appearance or where two consecutive
bile acid levels are elevated in excess of 25% above
the normal upper limit. The commonest findings are
haemochromatosis, amyloidosis, chronic active
hepatitis, hepatic lipidosis, toxic insult and cirrhosis.
With the patient in dorsal recumbency a 2-3 cm
incision through skin and then abdominal musculature
is created parallel to, and 0.5 cm caudal to, the caudal
edge of the sternum (marked B on Figure 14.20), just
lateral to the midline (A on Figure 14.20). The liver will

Liver biopsy, 1 cm
left lateral of midline,
0.5 cm caudal to
sternum.
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be identified beneath the sternum. Two fine artery
forceps are triangulated to isolate a wedge of liver
tissue (1 cm wide and 0.75 cm deep). The segment of
liver is removed and the forceps are removed a minute
later. Alternatively, a monopolar loupe electrode may
be used to harvest a biopsy sample. In such cases,
the power is activated prior to making contact with the
tissues, ensuring a sufficient margin between the
incision and the tissue to be examined. Cauterized
tissue yields poor histopathological results.

Liver biopsy can be performed endoscopically
(see Chapter 13), but the author prefers the open
approach, as it renders improved access, greater
ability to achieve haemostasis (should this be a
problem) and an improved sample size.

Pancreas

A number of pancreatic diseases have been reported
in a range of avian species (Graham and Heyer,
1992; Speer, 1998; Ritzman, 2000); little research
into the clinical significance of amylase and lipase
levels has been reported, though a fourfold increase
in amylase level may be suggestive of pancreatic
pathology. Histopathology is currently the diagnostic
tool of choice. Clinical signs associated with avian
pancreatitis include anorexia, abdominal discomfort
(colic), weight loss, polyuria, polydipsia, abdominal
distension, polyphagia, or foetid pale bulky faeces,
but many cases are asymptomatic.

To obtain a biopsy sample the bird is anaesthetized,
intubated and placed in dorsal recumbency. A small
(1—2 cm) craniocaudal incision is made in the mid-
abdominal region. Care is taken not to damage
underlying viscera. The ascending and descending
loops of the small intestine (in which are found the
dorsal and ventral lobes of the pancreas) are readily
located and exteriorized. If no lesions are readily
apparent in other areas of the pancreas, the most
distal aspect of the organ is harvested. The distal
pancreatic lobe should be gently elevated prior to
biopsy sample collection to ensure that the arterial
supply to the distal portion is not damaged during
collection. The incision is closed in a routine manner.

Kidney

This is indicated where clinical signs or elevated
levels of creatinine and uric acid suggest that there is
renal pathology. Renal biopsy is best achieved
endoscopically (see Chapter 13).

Other procedures

For abdominal air sac placement see Chapter 10. For
digital tendon repair see Chapter 16.

Devoicing

Devoicing birds is a high-risk procedure with an
uncertain outcome in both the short and long term
and is ethically questionable. Legislation varies
between nations: it is illegal in the UK and a number
of other countries.

Postsurgical care

Postsurgical care greatly affects the outcome of any
procedure. Prevention of self-trauma, a rapid recov-
ery, sufficient analgesia and fluid, thermal and nutri-
tional support as well as the minimization of stress
are vital.
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Hard tissue surgery

Jean-Michel Hatt

Introduction

Raptors, pigeons and passerine birds cover a wide
range of body weights from just a few grams in the
Canary to >10 kg in the Andean Condor. Birds may
originate from the wild and from different captive man-
agement systems, such as cagebirds and also birds
kept for special purposes such as falconry. These
aspects have a significant impact on the type of trauma
that is likely to occur, the therapy that needs to be
applied and the degree of return to normal function that
will have to be achieved for an outcome to be consid-
ered successful. Causes of injuries include flying into
hard objects (windows, cars), collision with wires or
projectiles, biting (especially beak trauma) and entrap-
ment. Predisposing factors for fractures need to be
considered, such as metabolic bone disease, bone
infections (e.g. mycobacteriosis) and neoplasia.

In general, wild birds, especially raptors, will
require the highest degree of restitution of function if
the bird is to be released and survive and reproduce
in the wild. Racing pigeons, which have to be able to
fly long distances, and falconry birds, which are
expected to hunt at extremely high speeds, also pose
a significant challenge to hard tissue surgery. On the
other hand, birds kept all year round in a cage
(including many passerine species) may live well
even though a limb is no longer fully functional.

The choice of technique used will reflect the type
of bird, the damage, the surgical skills of the veterinary
surgeon and financial constraints. Radiography is of
great importance for diagnosis. Exact positioning and
use of good quality fine-definition screens are
prerequisites for the correct diagnostic work-up.

This chapter gives an overview of the current
techniques that are of most interest for the practitioner.
Methods that require a high degree of surgical skills
and expensive equipment have not been included;
also older techniques that are not of use frequently,
such as certain complex types of splint, have been
omitted. The fact that most avian patients requiring
orthopaedic surgery will generally weigh <1 kg implies
that both special surgical equipment and miniaturized
implants will be used. Recent developments in human
osteosynthesis have produced a large variety of such
miniaturized and lightweight materials, which are
excellent for avian surgery.

Although the author has taken great care to collect
scientific data from as many sources as possible,
large parts of this chapter still reflect personal

observations. It is to be hoped that in the future the
information given here will be subjected to scientific
analysis to allow a transition from experience-based
to evidence-based hard tissue surgery in birds in
general and especially in birds of prey.

Anatomy and physiology

Some anatomical aspects that are of great importance
for hard tissue surgery should be emphasized. Birds
have a lightweight fused skeleton. The cortex is in
general 50% of that of a mammal of comparable body
weight. Trabeculae act as struts and stabilize the large
medulla. An important aspect for avian orthopaedics is
that birds tend to have a higher degree of comminuted
fractures compared with mammals (Schuster, 1996).
This is due to the fact that the amount of inorganic
substances, such as hydroxyapatite, is 84% in the
avian bone whereas in the mammalian bone it aver-
ages 65%. Comminution results in sharp fractures that
carry a higher risk of skin penetration, resulting in open
fractures (Figure 15.1). This risk is further increased
by the fact that avian bones are covered by less soft
tissue than those in mammals.

Vis!

m Red Kite with a highly comminuted diaphyseal
ulnar fracture. The sharp edges of the bone may
damage the skin and cause an open fracture. Note the soft
tissue swelling around the fracture. The radius is intact and
such types of fracture may heal with coaptive bandages,
as long as there is no major dislocation of fragments.

A unique characteristic of certain avian bones is
that they are pneumatized. Such bones (i.e. humerus,
coracoid, pelvis, and in some birds also femur and
sternum) have a direct connection to air sacs.
Therefore, contamination of the fracture site may
rapidly develop into a respiratory tract disease.
Another noteworthy characteristic of avian bone is
the development of medullary bone. This occurs in
females during egg production periods under the
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influence of oestrogen. Bone trabeculae grow from
the endosteum; they act as calcium stores for egg
shell formation.

Examination

Upon presentation, orthopaedic problems may
manifest as lameness, wing droop, paresis, swelling
or open wounds. A thorough examination should not
only localize the orthopaedic disorder but also
recognize other damage, such as haemorrhage of
internal organs. Special attention has to be given to
the eye, especially the posterior chamber, where
haemorrhages frequently occur around the pecten
oculi as a result of trauma (see Chapter 25).

A more detailed examination is best carried out
under general anaesthesia. Usually this will also
include radiographic examination, or other methods
of diagnostic imaging. It must be remembered that
two radiographs need to be taken with orthogonal
views and that it may be advisable to take radiographs
of the unaffected contralateral limb for comparative
purposes and to aid reconstruction of a physiological
form of the injured bone.

Bone healing

Few data are available regarding bone healing in
birds (Bush et al., 1976; West et al., 1996; Clark et al.,
2005). From studies in the humerus of pigeons it
appears that the endosteal surface is at least as active
histologically as the periosteal surface. Woven bone is
present along the endosteal surface 4 days after oste-
otomy and it is subsequently replaced by lamellar
bone. The majority of callus tissue during healing is
derived from the periosteal surface, and the blood sup-
ply from the surrounding tissue is very important. The
intramedullary circulation appears to be less important
in avian bone healing than in mammals. It has even
been observed that the reformation of intramedullary
circulation is not imperative for osseous union.

Bone healing may occur as primary or secondary
healing. Primary bone healing occurs if excellent
stabilization is provided and results in only minimal
callus formation. In avian medicine primary healing is
rarely possible and secondary healing is frequent,
which is characterized by stages of inflammation, soft
callus formation and subsequent hard callus formation,
and finally remodelling. In chickens it has been shown
that maximum callus formation in the radius was
achieved in 2-3 weeks (Hulse and Hyman, 2003).
This coincides with personal observations that in
many cases implants such as external fixators can
safely be removed after 3 weeks. In the chicken study,
complete bone healing occurred at day 42.

Complications in bone healing are non-unions and
delayed unions. They are usually the result of
prolonged instability and/or infection at the site of the
fracture. A non-union is defined as the absence of a
bridging ossification with persistent interfragmentary
tissue consisting of non-mineralized fibrocartilage
(Kaderly, 1993). This fibrocartilage is avascular. The
treatment of this condition must therefore include the
removal of fibrocartilage and opening of the medullary
cavity to allow revascularization and development of
resorptive channels for remodelling. A form of non-
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union is pseudoarthrosis and it has been described in
the fractured tibiotarsus of a wild White-tailed Sea
Eagle (Lierz etal.,2001). In this case it was noteworthy
that, although there were no external signs of an open
fracture, the fracture site was contaminated with soil.

Equipment

Equipment for hard tissue surgery is likely to reflect the
skills of the surgeon and also the techniques most fre-
quently used in a particular setting. Basic avian ortho-
paedics may be performed with very limited surgical
equipment. Avian bones not only heal faster than mam-
malian bones, but also the risk of complications, such
as non-union and osteomyelitis, appears subjectively
to be less frequent in birds than in mammals, though
scientific evidence for this observation is lacking.

The small size of avian patients requires the use
of surgical equipment that is adapted to the anatomical
conditions. A selection of appropriate instruments is
shown in Figures 15.2 and 15.3.

m Atraumatic surgery necessitates the use of
special surgical equipment such as micro-

surgical forceps and scissors. Note the large size and
curvature of the handles and the counterweight. The blood
vessel clamps are very useful in case of haemorrhage.

m Useful instruments for avian orthopaedics
(from left): angled Doolen bone-holding clamp
(5% inches); Verbrugge-Rogalski bone forceps (1.5 mm x
4 inches); a Guelpi-Neroma retractor (3% inches).
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The recent development of implants in human
orthopaedics has also brought about a large choice
for the avian surgeon. In particular, miniaturized
implants have found several applications.

Pins

There is a large variety of pins used in avian medicine
(Figure 15.4). The simplest and cheapest are hypoder-
mic needles used as intramedullary pins in small birds.
Such pins have especially been used successfully in
diaphyseal tibiotarsal fractures in birds with a body
weight <500 g. In large birds, Steinmann intramedul-
lary pins are preferred. These are smooth pins usually
with a trocar point on both ends. They are typically
available in diameters from 1.6 to 6.3 mm. For smaller
species, Kirschner (K-) wires and very small threaded
pins may be preferred; they are available with a dia-
meter of 0.8 mm. For external skeletal fixation (ESF),
half-pins (which pass through one side of the limb and
both bone cortices) or full pins (which pass through
both sides of the limb and the bone) may be used.

m Selected pins used in avian medicine (from

top): negative profile miniature half-pin with
roughened surface; negative profile half-pin with a very
small thread width; positive profile (rolled-on) half-pin;
positive profile full-pin. Positive profile pins are less likely
to break than negative profile pins, which is of importance
especially in birds >1 kg.

Threading

There are threaded and non-threaded pins and the
thread may be partially threaded or centrally threaded.
Partially threaded half-pins have a thread that starts
directly behind the trocar point and expands over a
variable length. In centrally threaded pins the central
area of the pin has a thread that starts at a variable
distance behind the trocar point.

Non-threaded pins should only be used as full pins
in ESF in birds. The avian cortex is too thin to allow
stable half-pin positioning that will not carry a signifi-
cant risk of becoming loose. This is also true when
pins are positioned at an angle of 30—-40 degrees.

Negative profile pins: The thread is cut into the
shaft, which results in a decreased core diameter.
These pins were typically used in the early days of
veterinary ESF. Negative profile pins tend to break at
the thread/non-thread junction and are not considered
to have adequate strength for veterinary patients;
nevertheless, such pins may still be used, especially
in birds <1 kg. In the author’s experience, pin fracture
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is rare if pins with a very short negative thread are
used. This results in the thread/non-thread junction
being placed in the medullary cavity, which protects it
from cyclic loading and failure from metal fatigue.
Negative profile pins are cheaper than positive profile
pins and can be placed without pre-drilling, which
reduces surgery time. The thread width should be
adapted to the cortex so that two threads are placed
in the cortex for satisfactory stability.

Positive profile pins: These have a uniform core
diameter and are therefore much less susceptible to
breaking or bending. Drilling of a pilot hole is highly
beneficial for pin placement.

The Miniature INTERFACE™ fixation half-pins
(IMEX™ Veterinary Inc., Longview, Texas) are an
excellent choice for external fixation in birds. They are
available with a shank diameter as small as 0.9 mm
and they are typically 75 mm long. The central area of
the pin shank is factory-roughened to enhance the
interface between the acrylic frame and the pin. These
pins are successfully placed without pre-drilling.

Drills and chucks

Pins may be placed with a hand chuck of suitable
size; for small patients a miniature hand chuck is
available. Hand placement is more prone to oversized
pin holes due to wobbling and, as a consequence,
pins may become loose. Low-speed power-drill pin
placement does not result in significantly increased
temperature and thermal necrosis is not an issue; it is
therefore preferable and has the additional advantage
of reducing surgery time. Unless it is causing signifi-
cant trauma, a pin that has been drilled too far through
the opposite cortex should not be moved backward,
as this increases the size of the pin hole.

Plates

Plates are not commonly used in birds. Exceptions
are fractures of the pelvic limb in long-legged birds
and fractures of the coracoid, especially in large
raptors. Figure 15.5 summarizes the advantages and
disadvantages of plating versus ESF. The reasons for
not using plating are the lack of miniaturized plates
and the brittleness of avian bone which, with its thin
cortices, will not hold implants well. Recent research

Advantages Disadvantages

Plating First intention healing
possible. Well suited to
bones with important soft
tissue covering. Potentially
causes less discomfort

Open reduction increases
risk of infection. Removal
of plates is invasive.
Increased costs

External | Closed fracture reduction First intention healing
skeletal sometimes possible. rarely achieved. Use may
fixation Dynamization of fracture be limited in certain

possible by earlier fractures due to space
removal of selected pins. limitations. Fixator may
Application needs less be mauled by bird, or bird

time may get caught

m Advantages and disadvantages of plating
versus external skeletal fixation in avian

orthopaedics.
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into human maxillofacial surgery has resulted in the
development of very small plates such as the titanium
maxillofacial miniplate Compact 1.0 (Stratec Medical,
Oberdorf, Switzerland) (Figure 15.6). These plates
have been used successfully in cats and toy-breed
dogs (von Werthern and Bernasconi, 2000). In birds
they have been used successfully in psittacids and in
pigeons up to 500 g to treat fractures of the tibiotarsus
and the ulna. Using self-tapping screws reduces
surgery time (Levitt, 1989).
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m The titanium maxillofacial miniplate, Compact
1.0 (Stratec Medical, Oberdorf, Switzerland) is
cuttable and mouldable. The screws are self-tapping.

An advantage of miniaturized plates is that they
can be modelled for best fit along the bone surface.
However, this softness also makes them more prone
to bending and fracture. Miniplates are not intended
for the repair of bones loaded under torsion. In birds,
leverage exerted on an ulnar fracture is significantly
higher than in companion animals, due to a different
relationship of muscle insertions to joints. The use of
longer plates in birds compared with similar fractures
in small animals has been recommended (Howard,
1990). A longer plate distributes bending forces in a
more uniform manner.

Plates should be placed on the tension side of a
bone but, to the author’s knowledge, the tension side
of avian bones have not yet been determined. Double
plating is strongly recommended.

External fixators

ESF is the method of choice in most situations requir-
ing hard tissue surgery. The system may be of limited
use in very complicated fractures and in fractures that
are in close proximity to a joint. The advantages of
ESF are its minimal damage to vascularity and excel-
lent stability. In some cases closed fracture reduction
is possible, which additionally minimizes vascular
damage and the risk of fracture infection.

The most frequently used ESF types are the
uniplanar type 1 splint, the uniplanar type 2 splint and
the so-called tie-in externalfixation type (a combination
of intramedullary pin and external fixation) (Figure
15.7). The configuration of the type 2 splint uses more
space and its use is usually possible only distal to the
elbow or the stifle. Biplanar configuration ESF is very
rarely used in birds.

When choosing an ESF system, weight is an
important consideration. Figure 15.8 compares the
weights of three different systems.
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Tie-in external skeletal
fixator in a femur. This
type of fixator is often
the method of choice
in femur and humerus
fractures. (Drawing by
Matthias Haab.)

System Weight (g) Source
Polymethylmethacrylate 2 Hatt et al. (2007)
6 x 67 mm

FESSA system 6 Hatt et al. (2007)
6 x 67 mm with 6 screws
Kirschner System 44 Reichler et al. (1997)
with 6 clamps
Menard System 47 Reichler et al. (1997)
with 6 clamps

Weight of different systems of connecting bars
for external skeletal fixation. (Data from Hatt et
al., 2007)

Clamps and connecting bars
Traditionally, Kirschner-Ehmer or Meynard clamps
have been used. Steinmann pins are used as fixation
pins and connecting bars. Connecting rods are also
available in titanium, carbon fibre and aluminium.
Compared with stainless steel, titanium is twice as
strong and carbon fibre five times as strong, which
may allow the use of smaller rods and thus reduce the
weight of the system. The connecting bar should
always be positioned far enough (typically 1 cm) from
the body to allow for swelling and callus formation
without entrapment of the skin in the connecting bar.
The most proximal and distal fixation pins are
driven through small skin incisions into the two
fragments perpendicular to the bone. A connecting
bar with clamps is slid on to the end pins with the
anticipated number of ‘open’ clamps in the middle.
The fact that adding a clamp at a later stage is
somewhat complicated and that the surgeon therefore
has to anticipate exactly the number of pins is a
disadvantage of the Kirschner—Ehmer and Meynard
systems. More recently the IMEX-SK™ external
skeletal fixation system has been developed, which,
according to the manufacturer, supports the use of


http://vetbooks.ir/

positive profile pins directly through the primary clamp
bolt, allows the surgeon to add a fixation clamp easily
as needed, and provides the freedom to utilize a great
variety of pin diameters and styles. The small
apparatus may be used in raptors and pigeons.

Tubular fixators

A disadvantage of the clamps is that they add signifi-
cant weight. Additionally, the width of the clamp limits
the distance between pins to approximately 5 mm.
This disadvantage does not occur if a tubular fixator is
used, which combines the function of both connecting
rod and clamps. In the author’s experience the FESSA
(Fixateur Externe du Service de Santé des Armées)
tubular external fixator has proved to be very useful
for a wide range of fracture types. The FESSA tubular
external fixator is lightweight and was specifically
developed for use in complex fractures of the hands
and feet in humans (Meyrueis et al., 1993).

The FESSA (Figure 15.9) is made of stainless
steel and different models are available with diameters
of 6, 8 and 12 mm, for which pins of up to 2 mm and
2.5 mm, respectively, may be used. The length of the
fixators varies from 30 to 118 mm. To elongate the
system further, a linear or angular combination of two
fixators is possible. A system of screws and holes
used to attach the pins in the tube replaces the
connecting rod and clamps in other ESF systems.
Minimum distance between pins is 2 mm. The pins
may be placed perpendicular or, by exiting through
the neighbouring hole, at an angle of approximately
30 degrees (as shown in Figure 15.9). The fixator
may be used in different ways, such as a type 1, type
2, or type 3 external fixator or as a tie-in fixator.
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Polymethylmethacrylate

An alternative to using rods or tubes as connecting
bars is polymethylmethacrylate. PMMA can be
modelled according to the bone form and allows free-
form bars. This is especially useful in bones that are
curved and also allows placement of pins at a very
small distance. Instead of inserting first the most
proximal and distal pin and connecting them to a rod,
the surgeon inserts all necessary pins. The free ends
of the pins may be bent at 90 degrees; PMMA is
mixed until it is of doughy consistency and applied
around the pins. PMMA can also be injected into a
latex tube (Penrose drain) which has been placed
over the free ends of the pins at a distance of 1-2 cm
from the bone (Figure 15.10). It is recommended that
the pin holes should be marked on the latex tube with
a pen to avoid distortion due to the elasticity of the
latex. The latex will slide more easily over the pins if
these are covered with a drop of alcohol.

/
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m PMMA bemg injected into a latex tube (Penrose
drain). When hardened this will be the
connection bar of a type-1 external skeletal fixator.

With free-form bars the small area of contact
between the cement and the smooth pin surface may
resultininstability. Itistherefore strongly recommended
that the miniature INTERFACE™ fixation half-pins
discussed above are used.

When using PMMA the alignment of the pins can
be difficult and displacement of the fracture may occur
until the connecting bar is in place and the PMMA has
hardened. Once it has hardened, changes are not
possible. These disadvantages have been solved by
first applying a connection bar with clamps, which is
replaced by a PMMA bar once the fracture reduction
is considered satisfactory. Partial dismantling for
dynamization is more complicated with the PMMA bar
than with the FESSA system or clamps.

Complications

The most common complication in ESF is drainage
around a fixation pin. Restriction of activity and
cleansing of the pin site with 2% hydrogen peroxide
has been advocated in mammals and is also
recommended for birds (Egger, 1998).

Perioperative management

m Schematic view of the components of the FESSA
external fixator. Tube with (a) gliding and (b)
threaded holes, (c) Kirschner pins, (d) screws and (e) allen
key. Fixation of pin (c) perpendicular or (f) at 30 degree
angle. (Reproduced from Hatt et al., 2007, with permission)

Stabilization

Since fractures and luxations are usually the result of
trauma, the patient may need to be stabilized prior to
surgery, with treatment of shock, haemorrhage and
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sepsis. Treatment may include fluid therapy and
re-feeding (see Chapter 7).

Whereas fractures and torn tendons may still be
treated successfully after several days, luxations
should be restored within 3 days. Fractures may be
stabilized temporarily with external coaptation with a
bandage or a splint. In certain situations temporary
internal fracture fixation such as a reduced tie-in
external fixator may be applied.

In open fractures, wound management is
important. When necrotic or foreign material is in a
wound, surgical debridement needs to be carried out
to reduce the risk of infection and sepsis and improve
wound healing. In addition to removing tissue with the
scalpel, the wound should be flushed with a 2%
polyhexanide solution (Lavasept) or iodophores such
as undiluted Betadine solution. Special care must be
taken with pneumatized bones (e.g. humerus) that
foreign material is not further introduced into the
respiratory system by flushing, thus resulting in
respiratory tract disease.

Analgesia

Pre- and postoperative management must also include
analgesia (see Chapter 10). Not using analgesia
because it results in the bird not using a damaged limb
and hence results in less stress on the implant is not
acceptable. Fractures have to be treated in such a
way that the animal can use the limb as needed.

Antibiotics

It is advisable to treat any bird with antibiotics before
surgery. Uncomplicated cases can be maintained
on cephalosporins, enrofloxacin or amoxicillin/clav-
ulanate. It should be kept in mind that certain anti-
biotics, such as enrofloxacin, cause irritation at the
site of injection and therefore should preferably be
given subcutaneously or orally, and never into the
pectoral muscles.

In a bird that presents with an open wound, special
attention needs to be given to antibiotic treatment (e.g.
clindamycin) that will be effective against the develop-
ment of osteomyelitis. Antibiotic-impregnated PMMA
beads have been implanted with success. The author
has also had good results with gentamicin sponges:
the antibiotic is released for approximately 3 days; the
collagen carrier is resorbed after 3 months.

There are different opinions about concurrently
using antimycotics in these situations. In birds that
are especially prone to respiratory mycosis (e.g.
Goshawk, Snowy Owl), it may be advisable to
combine antibiotic treatment with an antimycotic,
such as itraconazole or voriconazole.

Antibiotic treatment is generally continued for one
week after surgery, but if osteomyelitis is considered
a risk the treatment will have to be prolonged to 2 or
more weeks. Antimycotic treatment will be given for at
least 3 weeks.

Postoperative management

Postoperative wound management should start 24
hours after surgery. If a bandage has been applied, it
needs to be removed and the surgical site inspected.
Pin tracts of external fixators are inspected for signs
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of infection and treated with an iodinated ointment
such as Betadine. Fistulae are explored and seques-
tra are removed if necessary. Sutures and pin tracts
with signs of infection should be treated with an anti-
biotic ophthalmic ointment such as a combination of
bacitracin, neomycin and polymyxin (Vetropolycin®,
Pharmaderm). Where there are complications, espe-
cially infection, performing culture and sensitivity test-
ing is highly recommended. In addition the husbandry
of patients needs to be continuously monitored, and
improved if necessary.

In uncomplicated cases bandages should be
removed within 3 days of surgery. If the bandage has
to be left in place for a prolonged time, physical ther-
apy should be initiated within a week postoperatively.
Without physical therapy there is a significant risk of
permanent loss of flexibility of joints. Physical therapy
is also of great importance to inhibit contraction of
tendinous structures such as the propatagium.
Contraction of the propatagium may result in an
altered conformation of the leading edge of the wing,
or a wing that is incapable of full extension. Physical
therapy will be applied once or twice a week and in
most cases will be carried out with the patient under
general anaesthesia. Extension followed by flexion
should be carried out carefully as far as the joint
allows. The exercises should take 5—10 minutes.

Radiographs are taken immediately postopera-
tively and after approximately 2 weeks. Uncomplicated
fractures in birds will be stable after 2-3 weeks and
implants can be removed. Dynamization by removing
only some pins of an external skeletal fixator may
promote healing. The callus can usually be palpated
but radiographically it may not yet be evident. For an
arthrodesis, implants have to remain for a longer
period, typically 6 weeks or more.

Accommodation

For the best possible fracture healing, it is important
that the bird is kept in a quiet place after surgery. Birds
may have to get used to an implant and may become
agitated for some time. The author recommends
keeping the bird in a box with smooth walls in order to
prevent feather damage and climbing. The size of
such a box is usually smaller than that of a cage, but
should in any case allow the bird to stand or perch
close to the ground in a physiological position.
Additional protection of feathers is recommended with
a tail guard and padding of carpal joints.

If complete darkness is considered necessary,
phases of light should be given at regular intervals
(every 2—4 hours) to allow the bird to feed. In large
birds of prey, one feeding a day is acceptable. Only
when the bird is calm and has resumed feeding should
it be transferred to a more spacious cage or an aviary.

Common techniques

Cage rest

In very small birds up to 200 g and with fractures of
non-weight-bearing bones, cage rest for 3 weeks may
be an acceptable method of therapy, especially in
young growing birds. Fracture healing will occur within
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3—4 weeks. For birds that will be flown outside their
cage this method may not be suitable, since a com-
plete return to function is less likely than with surgical
fixation. Exceptions are fractures of the ulna or the
radius. As long as the dislocation is only of minor con-
cern, cage rest might be acceptable since the healthy
bone will act as a splint (see Figure 15.1).

External coaptation

This method is rarely appropriate as the sole method of
fracture repair in birds. The prolonged immobilization
of joints and frequently poor alignment of the fracture
typically prohibit a full return to function. The most likely
condition for external coaptation is in very small birds
(<200 g) and in cases with metabolic bone disease,
when bones are too soft to hold implants. An important
exception for the use of bandages and splints in larger
birds is as a method of initial immobilization, such as
for the stabilization of a critically ill patient or for referral
to a specialized clinic where surgery can be performed.
Figure 15.11 summarizes different methods of external
coaptation in relation to the affected bone.
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Any method of external coaptation will only be
successful if the joints proximal and distal to the
fracture are adequately immobilized. The most
commonly used external coaptation is the figure-of-
eight bandage around the wing (Figure 15.12). If the
fracture involves the elbow or the humerus the
bandage is also applied around the body. The
unaffected wing should not be bandaged. Care must
be taken to allow the bird normal respiration.

A frequently used type of splint is the Altman splint
(Figure 15.13). These splints have often been used
with success, especially in small passerine birds, to
immobilize fractures of the tibiotarsus and the
tarsometatarsus. Splints have been created from
different materials such as veterinary thermoplastic,
wood or metal, and special tapes. The appropriate
material is mainly influenced by the body weight of
the patient and the location of the fracture. Tibiotarsal
fractures can easily be treated with tapes in small
passerine birds, but thermoplastic splints are more
suitable in fractures of the digits or metacarpal bones,
especially in larger birds.

Fracture Figure- Altman | Other type of fixation | Comments
of-eight | tape
bandage | splint

Coracoid/clavicle/ | / Figure-of-eight bandage also around the thorax. Cage rest alone 5-6 weeks,

scapula possible if no wing droop. Surgery recommended in coracoid fractures,
especially when fracture ends are dislocated

Humerus v Figure-of-eight bandage also around the thorax. Bandage only for short-term
stabilization, prior to surgery

Radius/ulna / Bandaging alone may be satisfactory in simple fractures if only ulna or
radius affected. Beware of synostosis between radius and ulna, as well as
propatagial contraction

Carpometacarpus | o/ Cranial U-shaped splint | Splint made of thermoplastic, moulded around metacarpus

Pelvis Cage rest for 5-6 weeks. Prognosis good as long as no neurological deficits

Femur Whole-body wrap with Recommended only in birds below 200g body weight. Femur should not be

affected leg immobilized in extended but in a perching position, since this will

automatically bring the fracture ends into physiological apposition

Tibiotarsus /

Tarsometatarsus 7 In small birds especially, coaptation recommended, due to risk of damaging
tendons or vascularization with surgical implants

Phalanges Tape splint with a shoe | See Figure 15.24

m External coaptation for the immobilization of different fracture types in birds of prey, pigeons and passerine birds.
(Note: in birds with a body weight above 200 g, bandages are usually not recommended as the sole method of
treatment of long bone fractures).

Figure-of-eight
bandage for the
immobilization of the
wing (A-C). If the
fracture involves the
elbow or humerus,
the bandage is also
applied around the
body (D). (Drawing
by Matthias Haab)
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A special type of bandaging in birds of prey, espe-
cially during rehabilitation, includes tail sheets (see
Chapter 6) and carpal protection splints. These are
intended to protect retrices and joints, respectively,
against damage, the ultimate goal being that captiv-
ity does not lead to further damage in a bird intended
for release.

All bandages and splints must be monitored
closely for soiling, slippage, vascular compromise
and other signs that replacement is required.

The major disadvantage of external coaptation is
the instability and immobilization of the joints adjacent
to the fracture, which may result in joint pathology if

Altman splint for the
immobilization of a
tibiotarsal fracture.
Ear-cleaner tips have

| been integrated into the
splint to give additional
stability.

no adequate physiotherapy is used. With external
coaptation, bone healing will take approximately twice
as long as following osteosynthesis.

Internal fixation

The methods applied are intramedullary pinning,
plating and ESF. Figure 15.14 includes suggested
methods of internal fixation in relation to the affected
bone. Aprerequisite for internal fixation is physiological
bone quality and a patient that is stable enough to
undergo surgery. Cerclages, hemicerclages and
interfragmentary wires are rarely used, because they
have a negative effect on vascularization.

Fracture External fixation Internal fixation | Other type of fixation Comments
Coracoid/clavicle/ Intramedullary Clavicula and scapula usually 5-6
scapula pin or plating weeks’ cage rest. In captive birds and
little dislocation of fragments of
coracoid, cage rest for 5-6 weeks is
good therapeutic option. If wing droop
present, figure-of-eight bandage put
around thorax is advisable
Humerus Intramedullary pin/external In very distal fractures where | See Figures 15.17-15.19. Use of sole
skeletal fixation tie-in fragment does not allow intramedullary pin without external
insertion of external pins, fixation only if full return to flight not
cross-pinning with K-wires is | prerequisite
option
Radius/ulna External fixation and For stabilization Conservative therapy with figure-of-eight
intramedullary pinning of of radius bandage may be satisfactory if only one
diaphyseal fracture of ulna with of two bones fractured and no significant
dorsal type-1 external skeletal displacement of fragment. Plating of
fixator recommended if both ulna (see Figure 15.20) has been
bones fractured or where successfully performed in pigeons using
complete restitution to be miniplates
achieved (e.g. falconry birds)
Carpometacarpus | Type-1 or tie-in external fixator In smaller birds splints may be best
treatment option

m Suggested methods for surgical fracture management in birds of prey, pigeons and passerine birds.
(continues)
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Fracture External fixation Internal fixation | Other type of fixation Comments
Pelvis Cage rest for 5-6 weeks. Prognosis
good as long as no neurological deficits
Femur Intramedullary pin/external Fractures of trochanter and In small birds splints or intramedullary
skeletal fixation tie-in proximal femur may be pinning alone are acceptable therapeutic
repaired using tension-band | methods
wiring system with K-wires
and cerclage wire (Figure
15.21). Distal fractures may
be treated with Rush pins or
cross-pinning (Harcourt-
Brown, 2002) (Figure 15.22)
Tibiotarsus Type-2 or a tie-in external Especially in Postoperatively transitory neuroparalysis
fixator small and may result in non-weight-bearing for 3-5
medium-sized days. Both affected and unaffected foot
birds should be bandaged during that time to
protect from bruising and
pododermatitis, respectively
Tarsometatarsus | Type-2 external fixator In smaller birds splints may be best
treatment option
Phalanges Tape splint See Figure 15.24

m (continued) Suggested methods for surgical fracture management in birds of prey, pigeons and passerine birds.

External skeletal fixation

ESF is often the method of choice in avian
orthopaedics. In particular, comminuted fractures
(which frequently occur in birds) are well suited. In
contrast to mammals, sequestra formation is unlikely
and the fragments will be incorporated into the fracture
and add stability. Fragments should be left in place,
as long as they are not necrotic. Fixators are applied
to most bones of thoracic and pelvic limbs.

An important advantage of ESF is the minimal
trauma to osseous vascularity and surrounding soft
tissue. Furthermore, as no implants are applied to the
fracture site itself, vascularization of the fracture site
is not impaired, which is of major importance for the
healing process.

Uniplanar type 1 fixators are mainly used in
fractures of the ulna or metacarpus. It is important to
use threaded pins of approximately one-third of the
bone width and they must be well inserted in the
contralateral cortex. Uniplanar type 2 fixators may be
applied to the tibiotarsus and the tarsometatarsus, as
there is enough space for the medial connecting rod.
In most cases non-threaded pins will result in
satisfactory stability. Unless centrally threaded pins
are used, care must be taken to insert at least one pin
at an angle of 30 degrees to the bone. If all pins are
inserted perpendicular to the bone, the entire fixator
system may become unstable. Centrally positive
profile pins may be used for additional stability.

Tie-in fixators are usually used in the humerus and
femur, but may also be suitable for ulnar or tibiotarsal
fractures. The tie-in method combines intramedullary
pinning with a uniplanar type 1 external skeletal
fixator. The intramedullary pin must fill 50-60% of the
medullary cavity and should not exit within the joint. In
bones that taper, such as the tibiotarsus, pin diameter
should be adjusted accordingly. The free end is bent

at a 90 degree angle to be parallel to the other pins
(see Figure 15.7). When bending the pin it is very
important that no force is transferred to the bone. The
use of locking pliers is highly recommended.

As a general rule for type 1 or type 2 external
fixators, atleasttwo pins are inserted in each fragment.
Tension forces on long bones may be significant in
birds. To reduce the risk of occurrence of refracturing
proximal or distal to the fixator, the external fixator
should cover at least 70% of the bone’s length.

Postoperatively, gauze is wedged between the
connecting bars and the skin to provide mild com-
pression and to absorb fluids. Together with the con-
necting bar it is wrapped with adhesive bandage. The
gauze is removed after 2-3 days. A coaptive bandage
may be applied for the first 2-3 days after surgery.

Plating

The use of plates needs special expertise and usually
results in high costs, both for the implants and the
equipment. Application is more traumatic than
intramedullary pinning or ESF and in most cases
needs additional exposure of the fracture. However,
plating is more likely to result in first intention healing
with very little callus formation.

Currently the results obtained with intramedullary
pinning and ESF are still satisfactory in most circum-
stances. From reports it appears that the coracoid is
well suited for plating, especially in larger birds
(>1 kg). Plating can be an option in long bone frac-
tures where one of the fragments is too small for the
placement of two or three pins. The development of
small cuttable and mouldable plates offers new
options, and the 1.0 mm and 2.0 mm miniplates from
Synthes have significant potential. They may be used
with self-tapping screws, with a very narrow thread
width, which allows application in bones with very thin
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cortex, and both makes application easier and
requires less time. Most problems in plates are related
to bending and breaking rather than screw pullout
(Howard, 1990; Christen et al., 2005). It is recom-
mended that all holes of a plate are filled, to reduce
the risk of plate breaking. Double plating is preferable
where possible and is similar to ESF. In long bones
the author recommends that 70% of the bone length
should be plated, to counteract the leverage.

Whenever possible plates should be removed
when the fracture has healed. In birds kept outside,
removing plates may be necessary because of pos-
sible pain from cold conduction, especially where only
a little soft tissue covers the plate, as on the ulna and
the tibiotarsus. Cold conduction is less of a problem
with indoor cagebirds and personal experience with
leaving plates in place has not revealed any prob-
lems; in particular, bone lysis below the plate has not
been observed.

Bone grafts
Avian bone is characterized by a thin and very brittle
cortex and fractures are frequently comminuted. In
general the risk of sequestration in birds is minimal
compared with mammals. Therefore, whenever pos-
sible, fragments should remain at the fracture site.
When cortex is lost, bone grafts provide a stable
absorbable matrix for the ingrowth of host bone.
Autogenous grafts are not readily available, espe-
cially in smaller birds, without causing a risk of frac-
ture at another site. Storage of allografts is often
limited due to the large number of avian species that
are presented in the veterinary practice. Therefore
the main research interest has focused on xenografts.
Cortical allo- and xenografts in pigeons did not con-
tribute to callus formation and there was an increase
in foreign body reaction, sequestrum formation and
wound infection (MacCoy and Haschek, 1988). The
use of xenogenic canine and ratite intramedullary cor-
tical bone pins gave more promising results in pigeons
and resulted in uncomplicated healing. Ratite cancel-
lous grafts resulted in increased new bone production
when applied in artificial non-union ulnar fractures in
pigeons (Mathews et al., 2003). Cancellous autografts
may be collected from the sternum. However, further
work is needed on bone grafts to develop an ade-
quate method that will be useful under situations other
than experimental.

Fractures of the thoracic limb

Fractures of the thoracic limb usually occur following
a hard frontal or lateral impact, which is more likely in
birds that can reach considerable speed, e.g. for
falconry or in aviaries.

Coracoid

In most birds the coracoid is a large bone, which
together with the clavicle and the scapula forms the
thoracic girdle. Its main action is to support the wing
and counteract compression of the thorax by the main
flight muscles. The coracoid lies just lateral to the
brachiocephalic trunks and the subclavian and
common carotid arteries.
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The coracoid typically fractures when the bird hits
an object with high speed. Cagebirds rarely reach
such high speeds and this fracture therefore is more
common in birds flown outside. With the exception of
wing droop, a coracoid fracture may result in very few
or no clinical signs as long as the bird is perching.
When the bird is flying the instability in the girdle will
result in inability to obtain lift. Captive pigeons, raptors
and passerine birds will be observed hopping around
instead of flying from one perch to another.

Palpation of the coracoid in small birds is challeng-
ing. Typically there are two types of injury: transverse
diaphyseal fractures and a tear of the tendinous artic-
ulation with the sternum. The former typically results in
a significant transverse displacement of the proximal
part of the coracoid, which is easily diagnosed by
radiography. The fragment may impact on the crop or
trachea. A tear of the articulation may be more difficult
to diagnose and may only result in the formation of an
asymmetry between the two distal ends of the cora-
coids (Figure 15.15). A prerequisite for diagnosis is
perfect ventrodorsal positioning for radiography.

m A tear of the articulation between sternum and
right coracoid in a Common Buzzard results in
the formation of an asymmetry (line).

Therapeutic options range from simple cage rest
to intramedullary pinning and plating of the coracoid.
In captive birds with little dislocation of fragments,
cage rest for 5-6 weeks is a good option. If wing
droop is present, a figure-of-eight bandage around
the thorax is advisable. In these cases physical
therapy twice weekly should be applied, otherwise
ankylosis of the elbow and shortening of the tendon of
the propatagium may occur. Malunion and shortening
will occur and may interfere with flying. Therefore, if
return to full function is necessary, internal fixation
appears to be the method of choice. In a study by
Holz (2003) it was found that more birds treated
surgically could be released to the wild than
conservatively treated birds. This reflects a superior
overall degree of restitution with surgery.

Surgery may include intramedullary pinning
(Figure 15.16) or plating. Access to the coracoid is via
a ventral approach by a combination of blunt and
sharp dissection and reflection of the pectoral mus-
cles: the superficial muscles are reflected caudally
and the deep pectoral muscles are reflected cranially.
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m Tawny Owl with a diaphyseal fracture of the left
coracoid with rotation of the proximal fragment,

(a) before and (b) after intramedullary pin placement.

Special care must be taken not to damage pectoral
vessels and nerves. Retrograde intramedullary pin
placement is chosen from the fragment closest to
the shoulder. When advancing the pin, care must
be taken not to enter the sternum or the thoracic
cavity. Bandaging (figure-of-eight bandage) may or
may not be required, but cage rest for 3 weeks
is recommended.

A diaphyseal fracture can also be stabilized with
one or two miniplates. Physiotherapy twice a week
is recommended. Plates on the coracoid may be left
in place.

Scapula

Fractures of the scapula are rare and are usually
diaphyseal transverse or oblique. They result from a
trauma to the back. There usually are no clinical signs;
diagnosis is made by radiography. Treatment usually
is 5 weeks of cage rest.

Clavicle

Collision injury may in rare cases lead to fractures of
the clavicle. Diaphyseal transverse fractures are
present. There usually are no clinical signs, though
occasionally wing droop may be observed. Diagnosis
is made by radiography. This bone is well supported
by pectoral muscle and there is only minor dislocation.
Treatment is usually 5 weeks of cage rest.
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Humerus

Wrong handling, impact or fighting can resultin humeral
fractures. These are typically diaphyseal transverse or
oblique fractures, with one or more fragments. Proximal
fractures are well supported by muscles. Wing rotation
is frequently observed and luxation, possibly with rup-
ture of the tendon of the supracoracoideus muscle,
may also be present. Due to contraction of the biceps
and the pectoral muscles, the distal fragment overlaps
the proximal fragment. In oblique fractures perforation
of the skin is frequent. It should be kept in mind that the
humerus is connected to the clavicular air sac and
open fractures may result in respiratory tract disease.

Clinical signs, besides inability to fly, are frequently
minimal. In distal fractures the rotation of the wing is
observed. Upon palpation of the humerus, instability
and crepitation are obvious. The diagnosis is corrobo-
rated by radiography.

Treatment options should whenever possible
include internal fixation. External coaptation such as
figure-of-eight bandaging is contraindicated because
it causes displacement, which has a negative influ-
ence on healing.

For internal fixation the intramedullary pin/external
skeletal fixation tie-in is generally the method of
choice, because it results in excellent longitudinal and

rotational stability (Figure 15.17).

Tie-in fixator in
the humerus of
a Kestrel. The
fracture has
healed without
exuberant
callus
formation.

The bird is positioned in ventral recumbency and
the affected wing is stretched out laterally. A lateral
approach is chosen and the intramedullary pin is
inserted in a normograde fashion from a site just
proximal to the distal humeral condyles (Figure 15.18).
When choosing the point of entry it must be taken into
consideration that there must be enough space for a
second pin more distally but still proximal to the
epicondyle. The normograde pin insertion is usually
chosen in closed diaphyseal fractures, where the
distal fragment is smaller. The pin is introduced
through a skin insertion proximal to the dorsal
epicondylus of the humerus. The fracture is reduced
and the pin is driven proximally until it enters the
cortex of the proximal humerus. The free part of the
pin which exits is then bent at a 90 degree angle
approximately 2 cm away from the skin. Special
attention has to be given to the radial nerve, which
crosses over the distal part of the humerus.
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m Dorsal view of the humerus in a pigeon after
removal of skin for better visualization of

anatomical structures, deltoideus major (A), pars
propatagialis of the deltoideus muscle (B), dorsal
condylus of the humerus (C), radial nerve crossing the
humerus (arrow).

Fracture reduction is possible without opening of
the fracture. If the fracture has to be accessed at the
proximal humerus, this is done dorsally between the
major deltoid muscle and the pars propatagialis.
Subsequently the distal pin is inserted just distal to
the point of exit of the intramedullary pin. Care should
be taken not to insert the pin over the epicondyle,
due to potential damage to ligaments and tendons.
The third pin is inserted into the proximal humerus in
the free edge of the crista deltopectoralis of the dorsal
tubercle parallel to the other pins (Figure 15.19).
Before insertion of the proximal pin, the wing is folded
against the body to bring the bone into physiological
alignment. The three pins are then connected to each
other with an appropriate connection bar. If the
FESSA system is used, the tubular fixator will be
applied when the intramedullary and the first pin are
in place and the third pin will be set through one of
the holes of the fixator.

m Dorsal view of the humerus with a tubular
external fixator. The distal ends of the pins have
not been shortened. The skin has been removed for better
visualization. The intramedullary tie-in pin has been
marked (X).

As an alternative, the retrograde method is chosen
if the distal fragment is larger, starting at the proximal
fragment. The pin is driven from the fracture site
towards the shoulder to exit the proximal humerus at

the dorsal tubercle. The fracture is reduced and the
pin is driven into the distal fragment. The free part of
the pinis then bent at a 90 degree angle approximately
1-2 cm away from the skin. A second pin is then
inserted just distally in the crista deltopectoralis
parallel to the intramedullary pin. The wing is folded
against the body for physiological alignment and the
third pin inserted just proximal to the dorsal epicondyle
of the humerus. A fourth pin between the third pin and
the fracture is rarely necessary.

In very distal fractures, where the fragment does
not allow insertion of external pins, cross-pinning with
K-wires may be used, as described for the femur.

The choice of a sole intramedullary pin without
ESF should only be taken if full return to flight is not a
prerequisite. A normograde insertion of the pin from
the distal fragment as described above may also be
used. The diameter of the pin should be at least 50%
of the bone cavity. Following surgery the wing has to
be kept in a figure-of-eight bandage for 3 weeks, with
physiotherapy twice a week to avoid ankylosis. Callus
formation will take more time (approximately 5 weeks)
than with the tie-in method. In comminuted fractures
this method is not recommended.

Ulna and radius

In wild birds fractures of the ulna and radius are
frequent, especially when a collision with a wire
occurs. It is important to differentiate between
fractures of one or both bones. If only one of the
bones is fractured, no clinical signs will be obvious. In
birds where the ulna, which is larger than the radius,
is intact, birds may even be able to fly a short distance.
If both bones are fractured wing droop will be noted,
with the wing tip touching the perch. In nervous birds,
torsion of the wing may occur.

Fractures may be diagnosed upon palpation. For
a definitive diagnosis and exact evaluation of the
fracture, radiography is necessary.

Conservative therapy with a figure-of-eight band-
age may be satisfactory if only one bone is fractured
and when there is no significant displacement of the
fragment. The bandage is applied to the wing, without
attaching the wing to the body. The unaffected bone
will act as a splint. A possible complication is contrac-
tion of the propatagium as a result of prolonged immo-
bilization. This will prevent physiological extension of
the wing. In addition there is a risk of synostosis
between the ulna and radius, which will prevent the
normal action of the two bones sliding longitudinally in
relation to each other, when the wing is flexing and
extending during flight. Therefore regular physical
therapy is important.

ESF and intramedullary pinning of a diaphyseal
fracture of the ulna with a dorsal type 1 external skel-
etal fixator is recommended if both bones are fractured
orin cases where complete restitution is to be achieved
(e.g. falconry birds). The ulna is approached by bluntly
separating the common digital extensor and supinator
muscles. An alternative is the application of a tie-in
fixator. The intramedullary pin is introduced in a normo-
grade fashion entering at the caudolateral aspect of
the ulna distal to the olecranon. Enough space must
be left for a second pin, which will be introduced in this
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fragment between the olecranon and intramedullary
pin. The pin is first introduced at almost 90 degrees to
the bone and the angle is gradually reduced to achieve
alignment with the long axis of the ulna. The fracture is
then reduced and the pin advanced until it engages in
the cortex. Care should be taken not to enter the carpo-
metacarpal joint. The additional pins are then applied
as in the humerus, with the first pin entering between
the intramedullary pin and the olecranon. In the distal
fragment one or two pins are introduced in the distal
extremity of the ulna, without damaging the carpomet-
acarpal joint. To reduce the risk of synostosis between
radius and ulna, the radius may be reduced with an
intramedullary pin in a retrograde fashion starting at
the distal fragment.

Plating of the ulna has been successfully performed
in pigeons using miniplates (Figure 15.20). Plates
should be removed when the fracture has healed, as
the little soft tissue that covers the ulna does not give
adequate protection from cold conduction.

@ Plating of the ulna in a pigeon, (a) intraoperative
view and (b) radiography after 4 weeks. There

is a bridging callus on the ulna; the radius has been fixed
with an intramedullary pin for additional stability.

Carpometacarpus

Projectile impact or squeezing may cause fractures;
in most cases these are comminuted. The major
challenge is to keep the blood supply unaffected. The
wingtip is supplied by only one artery; if this artery is
damaged, wingtip necrosis is likely to occur.

Clinical signs are usually restricted to drooping
or rotation of the wingtip. Crepitation may be pal-
pated. The extent of the fracture is assessed by
radiography.

In simple and closed fractures the application
of a cranial U-shaped splint and a figure-of-eight
bandage for 3 weeks has been successful. Thermo-
plastic material can easily been moulded around
the carpometacarpus.
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In highly comminuted or open fractures the appli-
cation of a type 1 or a tie-in external fixator is recom-
mended. The approach is from the dorsal side. For
the tie-in method the intramedullary pin is introduced
retrograde into the major carpometacarpal bone to
exit at the dorsal side of the proximal end without
entering the joint or damaging the radius. The fracture
is reduced and the pin is advanced into the distal frag-
ment until it engages in the cortex. It is advisable to
use a pin of only one-third of the width of the major
carpometacarpal bone, because a pin needs to be
inserted into the proximal and distal fragments. The
intramedullary pin is then bent at 90 degrees and the
three pins are stabilized with an external fixator bar.

In small birds such as pigeons and passerine spe-
cies ESF may not be practical. In these birds intramed-
ullary pinning with a Kirschner wire or a hypodermic
needle and bandaging will be the method of choice.
Another option is to use the calamus of the primary
feathers as ‘external pins’ and join them with thermo-
plastic such as Hexcelite, Veraform or polypropylene.
Fixation will be left in place for 3—4 weeks.

Fractures of the vertebral column

Fractures of the vertebral column typically occur just
cranial or caudal to the synsacrum. Depending on the
amount of damage to the lumbosacral plexus, there
may be neurological deficits. If the lumbar and sacral
parts of the plexus are damaged, the withdrawal reflex
of the limbs will be absent. A space-occupying mass
in the kidney or the pelvic canal may impinge on the
lumbosacral plexus and its nerve, causing paresis or
reduced withdrawal reflex in the limb. A hanging tail,
flaccid vent and over-distended cloaca that is easily
expressed indicate lower motor neuron damage to the
pudendal nerve or its spinal roots. If the innervation of
the cloaca is damaged uncontrolled voiding of excreta
will result, with soiling of pericloacal feathers.

Radiography may not always be helpful for
diagnosis, especially when there is very little or no
dislocation. Myelography or computed tomography
may be more suitable for diagnostic work-up.

If there is paralysis of the pelvic limbs and cloaca
the prognosis is grave and euthanasia must be
discussed. If there is only minor damage to the nerves,
5-6 weeks of cage rest may result in recovery.

Fractures of the pelvic limb

Pelvis

Pelvic fractures are rare and usually no clinical signs
are obvious. Lameness or hyperaesthesia may be
present if the lumbosacral plexus is affected. If there is
severe dislocation of one or several fragments, possi-
ble problems with defecation or oviposition should be
considered. Pelvic fractures are often accompanied
by other fractures. Possible disconnection between
the synsacrum and pelvis might occur. Radiographic
interpretation of the pelvic anatomy might be difficult,
especially if the gastrointestinal tract is full. Prognosis
is good as long as there are no neurological deficits.
Cage rest for 5-6 weeks is the treatment of choice.
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Femur

Open fractures are rare in the femur. The bone is well
protected by the iliotobialis and medial femorotibialis
muscles, the body wall and the flexor cruris and
medial part of the puboischiofemoralis muscles.
These strong muscles result in dislocation and
contraction of the fracture. The femur typically shows
transverse diaphyseal fractures, with little or no
comminution. Clinical signs include lameness, with
inability to grasp an object. Upon palpation, crepitation
may be obvious. However, due to the large muscles,
palpation can be challenging. Radiography will be
indispensable for diagnosis and for making the
therapeutic choice.

Different types of splints, e.g. Spica or Thomas
splints, have been described for conservative therapy.
These splints are less effective than internal fixation.
If conservative therapy is nevertheless chosen, the
leg should be immobilized not in an extended but in a
perching position, since this will automatically bring
the fracture ends into physiological opposition.

In small birds (<300 g), sole intramedullary pinning
is an acceptable surgical method. If the curve of the
bone is lost this does not seem to have a significant
adverse effect on functional use of the leg. The pin is
inserted in a retrograde fashion from the fracture in
the proximal fragment. The pin exits at the major
trochanter and is subsequently pushed into the distal
fragment until it engages in the cortex beneath the
knee. There is little rotational stability, and healing will
take 4—-6 weeks. The approach to the femur is lateral.
The iliofibularis muscle must be moved caudally and
the cranial iliotibialis and external femorotibialis
muscles are moved cranially. Care must be taken not
to damage the ischiadic artery and nerve, which lie
beneath the iliofibularis muscle caudal to the femur.

In larger birds a tie-in fixation is the method of
choice. The intramedullary pin is introduced as
described before. The free end exiting at the hip is
bent laterally at 90 degrees. A distal pin is introduced
from lateral to medial in the condyles. A proximal pin

Fractures of the
trochanter are
usually stabilized
with two pins
and tension-
band fixation.
Twist knots are
formed on both
sides of the
figure-of-eight
tension band to
allow
symmetrical
tightening.
(Drawing by
Matthias Haab)
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is introduced a short distance distal to the head of the
femur. This pin must be smaller as it shares the
marrow cavity with the intramedullary pin. The free
ends are attached to a connecting bar.

Fractures of the trochanter and the proximal femur
may be repaired using a tension-band wiring system
with K-wires and cerclage wire (Figure 15.21). Distal
fractures may be treated with Rush pins or cross-
pinning as described by Harcourt-Brown (2002)
(Figure 15.22).

Tibiotarsus

In captive birds the tibiotarsus, especially the proximal
one third, is the most frequently affected bone. In
birds of prey a major cause is when the leash used to
tether the birds is too long, allowing the bird to get up
speed when bating. The tibiotarsus is also the bone
most frequently affected when metabolic bone disease
is present.

Clinical signs are lameness, with the leg
usually kept hanging behind the perch (in
contrast to paralysis of nerves, where the
leg is kept in a ‘hand for a kiss’ position on
the perch).

Fractures are usually diaphyseal with or without
comminution, depending on whether it was a high- or
low-energy impact. The tibiotarsus is surrounded by
little soft tissue and both palpation and surgical access
to the fracture are easy.

In very small birds (<200 g) an Altman tape splint
will be the method of choice for diaphyseal fractures.
It is important to include the femorotibial and the
intertarsal joints in the bandage (see Figure 15.13).

Intramedullary pinning of the tibiotarsus is probably
the orthopaedic intervention in birds with the longest
tradition. Surgical approach to the tibia is from
craniomedial between the cranial tibial and the
gastrocnemius muscles, to avoid the lateral veins,

Fixation of
fractures of the
distal metaphysis
of the femur may
be treated with
(a) Rush pins or
(b) cross-pins.
(Drawing by
Matthias Haab)
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arteries and nerves. The pin is then advanced
retrograde into the proximal fragment to exit on the
cranial aspect of the proximal tibia, thus avoiding the
patellar tendon and cruciate ligaments. The pin is
then pushed towards the intertarsal joint. This method
offers excellent alignment but poor rotational stability.
Fracture healing will take approximately 5-6 weeks.

A modification of this method is to use nickel—
titanium alloy pins, which have a ‘memory’ and can
be bent at 180 degrees and will spring back to the
normal position. The pins can be inserted into both
fragments from the site of fracture, without needing
to exit near a joint. These pins are not removed fol-
lowing fracture healing.

The repair of fractures of the distal tibiotarsus is
complicated by two tendons. The tendon of insertion
of the cranial tibial muscle runs over the cranial
surface of the intertarsal joint through a fibrous
retinaculum. The tendon of insertion of the long digital
extensor muscle runs under the fibrous supratendinal
bridge, on the cranial aspect of the bone deep to the
cranial tibial muscle. The free running of these tendons
should not be compromised.

In comminuted fractures the method of choice is a
uniplanar type-2 external skeletal fixator (Figure
15.23). Two pins are inserted into the proximal and
distal fragment each. Positive profile full pins may be
used for the highest degree of stability. In the author’s
experience Steinmann pins work well in birds up to
1 kg. Approach to the bone is from the craniomedial
aspect. The most proximal and distal pins are inserted
first and connected with the connection bar, at a
distance to restore the physiological length of the
tibiotarsus. The distal pin should be placed 2-3 mm
proximal to the condyles. Care must be taken not to
damage the long digital extensor tendon and the
medial metatarsal vein. The proximal pin is introduced
just cranial to the fibula. Subsequently a second pin is
inserted into each fragment. One of these pins needs
to be inserted at an oblique 30 degree angle to the
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bone, to avoid instability of the bone fragments. A
type-2 external fixator will result in the fastest healing
and can usually be removed after 2 weeks.

For tibiotarsal fractures with little or no comminu-
tion, Redig (2002) recommended lateral tie-in ESF.
The intramedullary pin is either introduced at the
tibial table on the lateral aspect of the femorotibial
joint and passed normograde into the proximal and
distal fragments, or introduced at the fracture site
and retrograded at the stifle. In either case the
patellar tendon has to be displaced to protect it
against pin penetration.

Postoperatively, transitory neuroparalysis may
result in non-weight-bearing for 3-5 days. Both the
affected and unaffected foot should be bandaged
during that time to protect from bruising and
pododermatitis, respectively.

Tarsometatarsus

In most birds of prey this bone is long, flat and
C-shaped. Fractures are commonly caused when
birds get caught in the leg band and they tend to be
comminuted. Clinical signs are similar to a tibiotarsal
fracture. The foot is frequently rotated laterally.

Surgical access is difficult due to the large
number of ligaments and tendons. In particular the
flexor tendon in the flexor groove has to be avoided.
It runs in the groove on the caudal aspect of the
tarsometatarsus. A uniplanar type-2 external fixator
is the method of choice in comminuted fractures.
When applying an external fixator it should be noted
that the artery and nerve lie dorsally, and the veins
laterally and medially.

In birds <200 g an Altman tape splint can be
recommended. As with all splints, the joint proximal
and distal to the fracture must be included.

Other alternatives include the use of external
coaptation, though this is an area where it is very
easy to damage a tendon, especially in birds where
the bone is slightly curved around the tendon sheath.

@ Uniplanar type-2
external skeletal fixator
in the tibiotarsus of a pigeon. In
this small bird Kirschner wires
have been used and the

connecting bar is made of
veterinary thermoplastic.
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Phalanges

Squeezing, tearing or biting wounds often result in
fracture and significant soft tissue trauma. The fracture
is usually closed. Malposition and/or deviation of the
affected digit and even lameness may be clinical signs.
Automutilation may be a result, especially if innervation
of the digit is impaired. Cage rest or tape splints are
usually the method of choice. Splints may be manufac-
tured as a shoe on to which the digits will be taped
(Figure 15.24). Cardboard may be used in small birds,
such as passerines; in larger birds Hexcelite, Veraform
or polypropylene is preferable. When splints are used
a stiff toe may result, and physical therapy is recom-
mended as a preventive measure.

Phalangeal
fractures in small
birds (generally
below 200 g body
weight) can be
treated with
splints. Regular
physical therapy

| is important to

‘.-" minimize the risk
of a stiff toe due
to adhesions.

Digit amputation
With open or comminuted fractures, amputation of
the affected digit has to be contemplated. However,
the consequences for a bird of prey will have to be
taken into consideration. The first and second digits
are of great importance and amputation may preclude
the patient’s future use as a falconry bird.
Amputation of a digit can be performed either by
disarticulation or by mid-diaphyseal cut. It is essential
to clean the feet carefully before surgery, since they
are commonly soiled with faeces and urine. To reduce
haemorrhage a tourniquet is applied proximally. The
skin is incised distally to the joint or diaphysis in the
dorsal two thirds of the digit. Radiosurgery or a scalpel
blade may be used. The joint is disarticulated proximal
the affected bone, with the help of rongeurs. The
diaphyseal cut is made with a saw; in small passerine
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birds a scalpel could be appropriate. The remaining
plantar skin is cut distally enough at a point to allow a
flap to be pulled dorsally. Skin closure in a simple
interrupted pattern is made with 1-1.5 metric (4/0-5/0)
non-absorbable monofilament suture material. The
tourniquet must be removed, and a bandage is applied
for 3 days postoperatively.

Beak repair techniques

Diseases of the beak are rarer in raptors, pigeons
and passerine birds than in psittacines and there is
less force acting on the beak. The major problems
that affect birds of prey in particular are overgrowth
and trauma.

Trauma

The major reason for beak trauma is collision or
entrapment. Part of the beak may be lost or the beak
may be fractured. Such problems are usually pre-
sented as an emergency, especially when there is
significant bleeding. Treatment should aim at prevent-
ing a worsening of the condition and at guaranteeing
that the bird can feed normally. In passerine birds,
which have a high metabolic rate, anorexia can
quickly result in a life-threatening condition.

Clinical signs of beak trauma are usually obvious
and the history may indicate what happened. If
fractures are suspected, radiography is an important
diagnostic aid. It is necessary to use high-quality films
with high detail such as dental or mammography films
(see Chapter 11). Figure 15.25 shows a fracture of
the mandible in a Tawny Owl. Subluxation of the upper
beak might also occur.

@ Radiograph of a fracture of the left mandible of
a Tawny Owl. Dental film was used for high
resolution.

Therapy is aimed at allowing the bird to feed
normally as soon as possible. If an open wound is
present it should be carefully cleaned with, for
example, a diluted chlorhexidine solution or a 2%
polyhexanide solution, to avoid development of an
infectious process. Minor damage to the beak may be
treated by applying cerclage wires (Figure 15.26),
PMMA or bioactive glass.
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@ Fracture of the upper beak in a Great Grey Owl
immobilized with a cerclage wire.

If a large part of the beak is missing, the prognosis
should be evaluated carefully. A beak prosthesis will
only be of temporary help, but may allow an initial
period of inability to ingest food to be overcome. If the
prosthesis is not supported with implants in the bone,
it is likely to fall off within a few days. If an open wound
is present, there is a significant risk of a prosthesis
hiding the development of an infectious process. Thus
the use of a prosthesis is not warranted as long as the
bird is feeding.

It might be necessary to feed the bird artificially at
first. Analgesics and antibiotics are used as for the
perioperative management of an osteosynthesis. The
healing process is likely to take several months. If
there is malformation, regular beak trimming may
become necessary.

Overgrown beak

This condition is rare in pigeons and passerine birds
but frequent in raptors, especially falcons. Captive
management often does not allow adequate use and
wear of the beak, and the rich diet in captivity also
promotes beak growth. Trauma may result in malfor-
mation and irregular wear, which also leads to over-
growth. The clinical signs are an obviously malformed
beak and possibly anorexia. Chapter 8 gives details
of beak trimming.

If malformation is present, such as a scissor beak,
this can be corrected with a prosthesis. The prosthesis
is applied to the tip of the beak and increases its
length. The length and direction of the prosthesis will
be such as to form a scissor in the opposite direction,
which will result in a temporary overcorrection. The
prosthesis is left in place for 8 weeks and the patient
needs to be monitored carefully to avoid permanent
overcorrection. In chicks, the direction of the beak may
be corrected by physical therapy: the beak is pushed
into the physiological position 6-8 times a day.

Joint luxation

Disease of joints may be traumatic (luxation, fractures
that involve the joint), infectious (septic arthritis, e.g.
Salmonella, Escherichia coli, Mycoplasma) or
metabolic (e.g. articular gout). In birds of prey the
most frequent joint disease is traumatic, whereas in
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pigeons infection, especially salmonellosis, frequently
manifests in the elbow. This condition is discussed in
more detail in Chapter 29.

Traumatic injuries are emergencies not so much
because of survival, but because of prognosis. By 3
days after luxation the joint will show fibrosis and
therapy will be unsuccessful. Especially in wild birds,
which are frequently only caught several days after
the injury occurred, joint disease is often a reason for
euthanasia because full restitution of function is
unlikely. In captive birds the impairment may be of
lesser importance and surgical arthrodesis will be an
option in certain cases.

Particularly with luxations, tendons may be
damaged, but they can be repaired and this does not
need to be done immediately. After 4—6 weeks the
sheath will have reacted with granulation tissue. This
highly vascularized tissue can be used to cover the
suture. It is important to suture both the tendon and
the sheet. A bandage is applied for 4—6 weeks.

Shoulder girdle

Clinical signs of a luxation in the shoulder girdle are
subtle and may involve a minor lateral rotation of the
wing. Palpation of an instability or crepitation may be
difficult for the inexperienced veterinary surgeon. The
shoulder is well surrounded by muscles. Radiography
is important for diagnosis and additional fractures
should be looked for. Treatment will involve reposi-
tioning and bandaging for 2-3 weeks. Prognosis is
good for cagebirds, but full restitution is rare in birds
that are flown.

Elbow
Luxation of the elbow is frequent in raptors and
typically occurs when the bird gets caught, e.g. in a
wire. The bird will show wing droop and inability to
extend the wing fully, and swelling will be noted on
palpation. There is little soft tissue around the elbow,
which makes diagnosis easier than in the shoulder.
Diagnosis is made by radiography with lateral and
anteroposterior views. In most cases there is a
caudodorsal luxation involving both the radiohumeral
and the ulnohumeral joints (Figure 15.27). In cases of
doubt radiography is performed with maximal bending
and stretching. With ruptured ligaments the joint
space will be abnormally wide.

m Elbow luxation in a Hobby. In most cases a
caudodorsal luxation involving both the

radiohumeral and the ulnohumeral joints is present, as in
this case (circled).
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Both closed and surgical reduction have been
described. Success rates vary from 25% to 50%,
depending on the author. Reduction is attempted
under general anaesthesia. The distal humerus is
grasped with one hand, whilst the other hand holds
the radius and ulna. The joint is flexed and the radius
and ulna are rotated, applying pressure so that the
radius is forced into alignment with the dorsal humeral
condylus. When repositioning has occurred (which
can be felt as a ‘pop’), the elbow is slowly extended.
The joint is subsequently immobilized with a
transarticular type-1 external skeletal fixator involving
the humerus and ulna for 7—10 days.

A surgical treatment has been described by
Helmer and Redig (2006) whereby the elbow joint is
approached dorsally and the tendon of origin of the
supinator muscle transected. Subsequently the ulna
is leveraged into alignment with the humerus, using a
periostal elevator. The supinator tendon has to be
resutured and a pseudocollateral ligament is created
by suturing the triceps tendon to the common digital
extensor tendon. The joint will also need to be immo-
bilized with a transarticular type-1 external skeletal
fixator. A figure-of-eight bandage is recommended
during the first 57 days after surgery. After removing
the bandage, physical therapy under general anaes-
thesia is performed two or three times a week. If
reluxation occurs following removal of the fixator, the
joint should be reassessed for ruptured tendons
which need to be sutured. Surgical arthrodesis might
be the last resort.

Carpus

Clinical signs of luxation in the carpus are similar to
the condition termed ‘angel wing’ in growing waterfowl,
i.e. an outward rotation of the wingtip. The carpal
bone is usually luxated in a ventral direction. Diagnosis
may be difficult for the inexperienced veterinary
surgeon and it is advisable to perform radiography on
both wings for comparative purposes. Fractures may
also be present. Under general anaesthesia the
carpus is extended and the wingtip is abducted
laterally. At the same time the metacarpal bone is
pushed dorsally with the thumb. After repositioning,
the wing is wrapped in a figure-of-eight bandage for
7-10 days.

Hip joint

The hip joint in birds involves the head of the femur,
which articulates with the acetabulum, and the
trochanter of the femur, which articulates with the
antitrochanter of the pelvis, allowing some birds to
perch on one leg. The femoral head is connected to
the acetabulum by the femoral ligament and supported
by thickenings of the joint capsule. The ventral
collateral and the round ligament have major roles in
maintaining the proper position of the femoral head.
Dislocation can only occur by rupturing the ligament
and often avulsion fracture of the femoral head will be
present. The caudodorsal joint capsule is frequently
torn. The femur is in most cases dislocated in a dorsal
or craniodorsal direction and the leg is held in a non-
weight-bearing extended position.
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Diagnosis is made by radiology. It is recom-
mended that radiographs are taken of both joints for
comparative purposes. Exact lateral positioning is a
prerequisite for the determination of the direction of
the dislocation. In cases where the luxation is not
older than 3 days, repositioning followed by 3 weeks
of cage rest is a treatment option. If a surgical
approach to the joint is necessary, this should be
made from the caudolateral approach between the
iliotibialis and the iliofibularis muscles. Harcourt-
Brown (2002) described a method by which the ili-
otiobial and iliofibular muscles are used to stabilize
the hip joint. MacCoy (1989) successfully used a
femoral head ostectomy with a muscle sling made
from the iliofibularis muscle in two psittacine birds.
An alternative to this method has been described
where, after removing the head of the femur, the
sutures are placed from the femoral trochanter to the
cranial rim of the acetabulum and to the ala prae-
acetabularis. Surgery is followed by 3 weeks of cage
rest. It is important to prevent flying during recovery,
due to the negative impact on the joint when landing.
Surgical methods appear to be superior to slings or
splints, which result in pseudoarthrosis or muscle
contraction without significant clinical improvement.

The use of pins and transfixation is not
recommended because of the proximity of the kidney,
blood vessels and nerves to the acetabulum.

Femorotibial joint (stifle)

The femorotibial joint is similar to that of mammals
and contains two menisci, cranial and caudal cruciate
ligaments and collateral ligaments. The fibula does
not engage in the joint. Clinical signs of luxation are
paresis, with rupture of the cranial and caudal cruciate
ligaments as well as collateral ligaments. The
tibiotarsus is frequently dislocated caudally. In
luxations that have just happened and where only
minor disruption of ligaments is suspected,
repositioning and cage rest for 3 weeks have been
successful.

In more severe cases, with complete disruption,
surgical intervention is necessary. In an attempt to
save the joint, repair of ligaments and use of replace-
ment ligaments with Teflon suture material may
be tried. Hypodermic needles are used to drill
holes in the bone and the suture material is then
threaded through the needle. Often transarticular
external fixation will be the method of choice, result-
ing in arthrodesis. Different methods have been
described, such as transarticular type-1 external
skeletal fixators or intramedullary pins in the proxi-
mal tibiotarsus and the distal femur which exit at
the knee and are joined with acrylics in a partially
flexed perching position. For the initiation of the pro-
cess it is important to remove joint cartilage with
rongeurs or a drill.

A frequent complication of stifle disease is
bumblefoot on the contralateral foot. Even with
successful arthrodesis, unequal weight-bearing may
be present and this predisposes birds to pododerma-
titis. During cage rest after surgery, the feet should
therefore be bandaged (see Chapter 16).
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Intertarsal joint

Most frequently, dislocation in the intertarsal joint
involves the tendon of the flexor hallucis longus mus-
cle. The tendon bursts out of its position and lies to
the lateral aspect of the tibial cartilage, usually as a
sequel to trauma. The bird is unable to use its leg. If
seen within a day or two of the event, the tendon is
easily repositioned surgically. The tunnel that the ten-
don occupied is readily identified and the tendon can
be repositioned. The tear is repaired with polydiox-
anone. Postsurgically the bird should be kept in a
deep narrow container to avoid the tendency for the
leg to splay and therefore repeat damage. In chronic
cases of tendon displacement it is better to leave the
tendon rather than attempt repositioning surgically.

Phalangeal joints

Phalangeal joints may be dislocated without
permanent ligament damage. Replacement is done
under general anaesthesia, without external support.
If a collateral ligament is broken and there is no
additional trauma, the ligament should be repaired
with polyglactin suture material.
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Raptors: disorders of the feet

Tom Bailey and Chris Lloyd

Anatomy

Figure 16.1 illustrates the normal foot (see also
Chapter 5). The functions of the feet and limbs of
raptors are:

To support the weight of the body

To act as a rudder during some flight manoeuvres
To cushion the impact of landing

To catch, hold and kill prey

To help to regulate body temperature

To help to preen those parts of the body
inaccessible to the beak

e To act as courtship signals in some species.

Close ring

esamoid \

Arabic jesses

Metatarsal 1

Metatarsal pad
4" Digital
pad
Digit 3 Digit 2

m Radiograph of normal foot.

Disorders of the foot

AN

Digit 1 Claw

Disorders are presented here in alphabetical order.

Abscesses

Injuries to the skin often result in large hard subcuta-
neous abscesses on the dorsal aspect of the foot in
raptors (Figure 16.2). Staphylococcus spp. are the
bacteria most commonly isolated from these lesions.
Avian pus is very thick or solid; consequently surgical
removal of abscess and capsule is recommended.
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m Abscess on the dorsal aspect of the foot of a
falcon.

Flushing the defect with a diluted disinfectant such as
F10SC or povidone—iodine, and the use of antibiotic-
impregnated beads may be useful in some cases.

Avipox virus

Avipox virus is a large DNA virus discussed in more
detail in Chapter 19. Four forms of disease are
recognized in birds, but this chapter is only concerned
with the cutaneous form that affects the feet of raptors
(see also Chapter 24).

The dry form is the most common in raptors. It is
characterized by papular lesions mainly on the skin
around the beak, eyes and non-feathered parts of
the legs distal to the tarsometatarsus. Typically the
cutaneous form appears as small papules that
develop into vesicles that progress to crusty lesions
5-15 mm in diameter, but the lesions can become
very large in young birds, Gyrfalcons or immuno-
suppressed adults. Secondary infections with bac-
terial and fungal pathogens are common. Following
severe infections pigmented skin can become dis-
coloured and there may be extensive scar tissue
formation or talon loss that requires corrective sur-
gery. The differential diagnosis list for the cutaneous
form includes abscess, dermatitis, insect bites and
neoplasia. A definitive diagnosis of avian pox can be
made through histopathological examination, PCR
testing or viral culture of biopsy samples.

While there is no specific treatment for infection
with avipox virus, secondary bacterial, fungal or
Chlamydophila infections that contribute to morbidity
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can be treated. Shoemaker et al. (1998) described
the successful surgical excision of pox lesions from
the foot of a Goshawk. Laser, electrocautery and
chemical cautery using silver nitrate pencils can also
be used to treat cutaneous vesicles in the early stages
(Lierz, 2000). Non-specific treatment includes anti-
biotics to controlany secondary infections, multivitamin
supplementation and application of topical ointments
and/or antiseptic foot baths. Mosquito proofing and
possibly vaccination can provide some protection.
Birds with pox lesions of the feet will often mutilate the
toes and a modified hood may be required in this
instance (see Figure 16.18).

Bumblefoot

Bumblefoot is a common condition of captive raptors
and has been recognized since medieval times, when
it was referred to as ‘podagre’. It is a frustrating dis-
ease to treat and it is important to consider each case
of foot disease as a separate entity. Bumblefoot has
been described as a pododermatitis although the
authors feel that this is an inadequate description.
The disease is characterized by superficial abrasions,
ulceration, and cellulitis or abscessation of the plantar
epithelium. Left untreated, the condition becomes
debilitating with common sequelae including necro-
sis, tendonitis, septic arthritis and osteomyelitis.
Secondary problems also arise, including infection of
other joints, valvular endocarditis and (particularly in
Gyrfalcons and Gyr-hybrids in the Middle East) amy-
loidosis. Captive falcons have the highest incidence
of bumblefoot within the bird of prey group (Riddle,
1980). Accipiters, Red-tailed Hawks and Harris’
Hawks that develop bumblefoot often respond much
better to treatment than falcons and some clinicians
consider that this is because these ‘broadwings’ bear
less weight on the centre of their feet compared with
falcons (Sullivan, 2006).

Causative factors

Numerous authors have suggested aetiologies for
bumblefoot, which is a multifactorial condition that
results from a combination of factors that damage the
integrity of the foot. Husbandry factors such as dietary
deficiencies, levels of inactivity, obesity, talon
overgrowth and poor perching surfaces all contribute
to the degradation of the integrity of the skin and
tissues of the base of the foot. The factors that are
considered by most authors to contribute to the
aetiology of bumblefoot are:

e Overgrown talons, causing weight to be
redistributed to the metatarsal pad, making it
more susceptible to trauma and bruising

e Self-puncturing of the bottom of the foot by
overgrown talons or foreign bodies

e Poor perch design — hard abrasive surface
texture, poor anatomical shape

e Bruising to the plantar surface of the foot (this
can have multiple aetiologies, such as persistent
bating from a perch by a tethered raptor, hitting a
lure too hard, or being housed in a small aviary
with fixed perches)
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e Poor nutrition

e Damage to the contralateral foot resulting in an
asymmetrical weight distribution

e Lack of exercise and weight gain.

Remple and Al-Ashbal (1993) considered that
repeated trauma of the foot leads to devitalization of
the skin and subsequent colonization by pathogenic
staphylococci. Harcourt-Brown (1996) postulated that
the formation of bumblefoot depends on a decrease
in blood supply to the skin and subcutaneous tissues
and is analogous to a bed sore in humans.

With inappropriate pressure on the plantar areas
often being one of the initiating factors, the plantar
scab over the lesion leads to even more pressure on
underlying tissues, resulting in local ischaemia and
disrupting wound healing. Staphylococcus spp. are
responsible for a variety of superficial and invasive
infections and are usually associated with a breakdown
of host defence systems. In bumblefoot, there appears
to be an inadequate heterophil response during the
acute phase of the inflammatory reaction, eventually
leading to a chronic granulomatous inflammatory
reaction and insulating the pathogens from the
humoral and cellular immune response (Remple and
Al-Ashbal, 1993).

Heidenreich (1995) considered that the sudden
cessation of flying in falconry birds at the end of the
falconry season leads to circulatory problems and
metabolic imbalances resulting from a surplus of
protein and insufficient utilization of energy. This leads
to oedema in the lower parts of the body and swelling
of the metatarsal pads and toes. Lierz (2003)
demonstrated a regular increase in blood circulation
in the feet of falcons after training and considered that
if the training of a falcon stops suddenly (also
comparable to sudden captivity in wild birds) this
interferes with the blood circulation of the feet,
contributing to the development of bumblefoot. This
may explain the beneficial effects of continuing to fly
a falcon on the healing of early bumblefoot lesions.
Lierzwas able to show that the incidence of bumblefoot
could be reduced by changing the training methods
after the hunting season and ‘detraining’ the bird.

Presentation and classification

The principal presenting sign of bumblefoot is swelling
and inflammation of the plantar surface of the foot.
The most common locations for lesions are the
metatarsal pad in the centre of the foot, the pads
under the middle phalangeal joint of digits II, lll and IV
or the distal digital pad of digits | and Il. Swellings and
scabs represent the final stages of a condition that
starts with the erosion of the papillated epithelium.
Consequently, in the battle to prevent this disease,
the early recognition by falconers and veterinary
surgeons of the loss of papillation and erythema of
the bottom of the foot is vital.

Many classification schemes have been proposed
to grade bumblefoot lesions and these different
classifications can be confusing, even for clinicians
familiar with the disease. The type of bumblefoot
lesions seen vary between geographical regions,
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probably because of the different species, diets,
environmental conditions (humidity) and most
importantly the different types of falconry furniture
and aviary perching materials that are used. Remple
(1993) suggested a five-stage classification of the
disease, which provides a useful and practical guide
(Figures 16.3 and 16.4). It is important to remember
that no two cases are identical, that the progression

of the condition often surprises even experienced
clinicians and that it is not always easy to pigeonhole
a case into a category. Clinical challenges in treating
bumblefoot include the poor tissue regeneration and
healing caused by pressure necrosis and the reduction
of vascular perfusion, and the poor delivery of
systemic antibiotics to the infected areas. Conse-
quently, treatment failure is not unusual.

Class Description Prognosis

| Early insult or lesion characterized by thin flattened epithelium or proliferative lesions causing hypertrophy of the Excellent
epithelium to form a corn. May be hyperaemia of the skin but no infection of underlying tissues in Class | lesions.
Wild-caught Gyrfalcons susceptible to particular form of bumblefoot presenting as pale ischaemic spot in centre of foot,
probably caused by combination of pressure and bruising, and rapidly progressing to grade Il unless immediate
corrective steps taken to change management

I Characterized by infection® of subcutaneous tissues but with no gross swelling of affected feet. Can be caused by Good
puncture with localized infection or develop from local ischaemic necrosis caused by penetrating corn or scab

1l Characterized by infected hot swollen and painful feet without apparent damage to deep vital structures. Swelling can Good to
be serous (usually following puncture followed by acute inflammation), fibrotic (chronic encapsulating reaction) or guarded
caseous (chronic necrotic inflammatory reaction)

v Characterized by infection of deep vital structures producing tenosynovitis, arthritis and/or osteomyelitis but retaining Guarded to
pedal function. Can be fibrotic or caseous poor

% End-stage disease with loss of pedal function Grave

m Classification scheme for bumblefoot in falcons (Remple, 1993). @ Secondary microbial infection includes:
Staphylococcus aureus, S. epidermidis, Corynebacterium, Escherichia coli, Streptococcus faecalis,
Pseudomonas, Bacteroides, Clostridium, Candida albicans and Aspergillus.

m Bumblefoot. (@) Grade I: early bruising and erythema on the plantar aspect of the foot. (b) Grade I: severe
bruising on the plantar aspect of the foot. (€) Grade I: dry proliferative lesions causing hypertrophy of the
epithelium to form a corn. (d) Grade |: a fracture on the contralateral foot resulted in pressure necrosis of the skin of the
plantar aspect of this foot, which had not been bandaged. (e) Grade II: small superficial scabs. (f) Grade Ill: an infected
small (5 mm) but deeply penetrating scab; the foot is swollen. (continues)
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m (continued) Bumblefoot. (g) Grade IlI: an acutely
infected hot, swollen and painful foot oozing pus,
but without damage to deep vital structures. (h) Grade IV:
chronic bumblefoot characterized by infection of deep vital
structures, producing in this case a tenosynovitis but
retaining pedal function. (i) Grade IV: large deep scabs and
infection of deep vital structures, but still surprisingly
retaining pedal function. (j) Grade V: end-stage disease
with loss of pedal function and (k) radiograph of the same
bird showing severe osteomyelitis. (I) Grade V: end-stage
bumblefoot with ruptured flexor tendon.

Diagnosis
Diagnosis is based on the appearance of the foot as
assessed during clinical examination. It is always
easier to examine raptor feet under anaesthesia. In
order to classify the lesions, radiographs should be
taken to determine whether foot bones are involved.
It is important to wear gloves during examination of
the feet as Staphylococcus spp. are an important
pathogen in bumblefoot. The feet should be palpated
and compared for heat and swelling. Microbiology
and cytology samples should be collected from
exudates. Sensitivity testing should be conducted on
all isolates. If there is a loss of pedal function caused
by osteomyelitis of several digits and the metatarsus
and damage to the flexor tendons, the prognosis is
hopeless and euthanasia should be recommended.
It is important always to assess both feet. Even in
rare cases of unilateral bumblefoot the apparently
healthy foot must be re-checked regularly, as weight-
bearing on one leg leads to alterations.

Management changes for all bumblefoot cases
The following management changes should made in
all classes of bumblefoot, regardless of the stage of
development:

e Give a balanced diet with multivitamin and
mineral supplementation (see Chapter 17)

e Use artificial turf (e.g. Astroturf) to cover all
perching surfaces. Astroturf perches can also be
wrapped in soft leather or towels (which can be
more easily cleaned) to provide a springy surface
for raptors recovering from painful foot lesions

e Reduce the weight of the bird to its flying weight

* Increase exercise; trained birds should continue
to be flown.

Class | lesions will often respond to these man-
agement changes complemented with daily massag-
ing of the feet while applying topical creams, such
as aloe vera preparations or yeast extract and shark
liver oil (Preparation H). Povidone—iodine painted on
the bottom of the foot hardens the skin in early cases
where the epithelium is thinner and has not lost its
integrity. Sports gels containing heparin, sodium,
dimethylsulfoxide and dexpanthenol are useful for
cases of bruised feet. In order to maximize the
chances of a positive clinical outcome and to mini-
mize the chances of recurrence, it is important to dis-
cuss management changes with the owner before
embarking on treatment or surgery.
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Therapy and surgery
The therapeutic goals for treating cases of bumble-
foot include:

Reducing swelling and inflammation

Debriding necrotic tissue

Establishing drainage in infected cases
Eliminating pathogens and protecting the wound
from further infection

* Promoting granulation and healing by appropriate
dressings and bandaging.

Birds with infected and swollen feet but no scab
formation: These birds often respond to antibiotics
and analgesics. Oral lincomycin, marbofloxacin or
amoxicillin/clavulanate should be given for 7—10 days.
Topical application of a mixture of dimethylsulfoxide
(DMSO) gel and sodium fusidate ointment (equal
parts) or DMSO gel and piperacillin to the swollen
parts of the feet are helpful in reducing swelling. In
these cases either the owner can apply the topical
creams or the feet can be bandaged after applying the
creams and rechecked every 24-48 hours. DMSO-
based ointments should not be used for more than a
week before surgery or healing may be inhibited.

Birds with epithelial changes (scabs): These birds
will require surgical investigation to varying degrees,
bandaging, antibacterial therapy and analgesics as
well as the management changes previously dis-
cussed. There are two treatment options:

e Surgery, debridement of infected and necrotic
material and primary closure

* Removal of the scab, debridement of the defect
and treatment as an open wound to heal by
granulation and secondary intention with regular
bandage changes. These cases can be closed
at a later stage depending on the progress of
the healing.

Although primary closure should be the desired
goal, not all cases of bumblefoot can be treated this
way. Some defects are too large, there may be too
much infection to allow closure and in many birds the
epithelium is so poorly vascularized that defects will
not close by primary intention. Surgical cases do fail
and when this happens the original defect will have

become larger, delaying resolution. Before embarking
on surgery and primary closure it is important to be
confident that the skin surrounding the defect is
healthy, well vascularized and viable. If it is, then the
chances of breakdown of the surgical site are
considerably reduced. The closure of large plantar
defects resulting from severe bumblefoot, using axial
pattern, composite transposition flaps (arterial pedicle
grafts), is discussed in detail by Remple (2001).
VetBioSIST (Cook, Australia), a naturally occurring
extracellular matrix derived from pig small intestine
submucosa, has been used by Chitty (2000) in
successfully repairing bumblefoot lesions in a Harris’
Hawk and a Himalayan Griffon Vulture, but the authors
would be cautious over its use in large falcons.

Bandages and ‘bumblefoot shoes’: Remple (1993)
and Riddle and Hoolihan (1993) developed a new
protocol for bumblefoot: surgery followed by foot cast-
ing that involves precise anatomical fit to the shape of
the falcon’s foot. These casting methods have been
adapted over the years and bumblefoot shoes (Figure
16.5) have been made from neoprene, orthopaedic
thermoplastic material, memory foam used to make
horse saddles, foam exercise mats or from children’s
foam swimming noodles. The principles for all these
‘shoes’ and ‘foot casts’ are similar: they are constructed
so that pressure is removed from the plantar surface of
the foot. The soft shoes compress considerably over
time and should be changed regularly to ensure that
pressure is kept from the healing plantar surface. Com-
plications of rigid casts include post-casting constrictive
toe oedema and pressure sores on the digital pads;
pressure sores are rarely seen with foam shoes.

In the Middle East it is common for falconers who
present bumblefoot cases during the hunting season
to request that surgery is not performed on their birds;
instead they prefer to have bandage changes until the
hunting season is finished. Although contrary to the
veterinary ‘gut feeling’ of wanting to intervene
heroically with scalpel and suture, many cases will
resolve with topical creams to encourage granulation
and once- or twice-weekly bandage changes (Figure
16.6). The exercise of flying and the fact that the bird
is kept at its flying weight are probably factors that
contribute to the success of less invasive procedures.
Products thatthe authors use to encourage granulation
in open bumblefoot lesions include:

(a) Foam bumblefoot shoe. (b) Shoe in position on the foot. The central hole allows topical treatment.
(c) Foot cast. (c, © Michael Lierz)
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e Collagen dressing (e.g. Collamend, Genitrix
Animal Health and Nutrition, UK; Promogran,
Johnson and Johnson, UK)

e Medical hydrosylate Type | Collagen ointment
(e.g. Collasate postoperative dressing, PRN
Pharmacal, USA)

¢ Hydrogel with alginate (e.g. Nu-gel, Johnson and
Johnson, UK)

¢ Intra-site gel (Smith and Nephew, UK)

e Honey (unpasteurized), adopted from old falconry
traditions (Figure 16.7).

The authors are cautious of using hydroactive
dressings on bumblefoot wounds, because in some
cases the moist environment created by these
dressings retards healing, encourages tissue necrosis
and can be associated with secondary Candida
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infections. The timescale for recovery and healing of
the feet using bandages depends on class and size of
deficit, and can take 2—-6 months.

Bumblefoot surgery: A mixture of fucidin and
DMSO gel, or Preparation H, combined with band-
ages and bumblefoot shoes along with parenteral
antibiosis can be given for 5-7 days to loosen up
the scab and provide a sensible period of preopera-
tive antibiotics. Where open infected lesions are
present, daily wet-to-dry debriding bandages or
povidone—iodine-soaked swabs may be useful in
cleaning the surgical site. In the case of an encap-
sulated abscess within the foot, the use of extensive
presurgical antibiosis should be reconsidered, as
most antibiotics are unable to penetrate the capsule.
This might lead to antibiotic concentrations below

m (a) Removal of scab on a
Grade Il bumblefoot.

(b) Plug of infected caseous material
beneath the scab. Swabs may be taken
for culture. Necrotic material should be
removed by curettage. (e) Implanting
antibiotic-impregnated
polymethylmethacrylate beads.

(d) Placing Melolin dressing over the
defect, which has also been covered
with fucidin cream.

m Treatment of a Grade |l bumblefoot defect using honey and bumblefoot shoes: (@) defect after cleaning and the
application of conforming bandage to the digits to prevent pressure ulcers caused by the shoes; (b) honey
applied to the defect; (e€) Melolin pad applied to the defect; (d) bumblefoot shoe positioned over the dressing; and

(e,f) shoe positioned in place using conforming bandage.
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inhibitory concentrations and therefore might induce
resistance. In such cases antibiotic application is rec-
ommended shortly before surgery.

When bumblefoot surgery is undertaken the bird
should be anaesthetized. Surgery is facilitated by the
use of a padded device that supports the foot while the
raptor is in dorsal recumbency (Figure 16.8), so that
the digits can be held in hyperextension with towel
clamps or tape (Remple, 1993). During surgery bleed-
ing can either be controlled by an assistant placing
digital pressure around the mid-tarsometatarsal region
or by using a tourniquet placed in the same position.

m (a) Surgery is facilitated by the use of a
padded device that supports the foot while the
raptor is in dorsal recumbency. (b) A foot positioned in the
device for surgery.

Before any incision is made, the integument
should be evaluated carefully to determine the
direction and extent of the elliptical incision. After the
foot has been scrubbed and prepared for surgery the
scab should be removed and swabs of the deep
internaltissues cultured for bacteriology and mycology.
Fibrotic and exudative material can be removed by
curettage using a small Volkmann’s scoop. This
allows curettage without damage to vital structures.
Irrigation with a solution of disinfectant such as F10
accompanies curettage. Once the wound has been
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cleaned to healthy vascular tissue the wound is
sutured. Incision edges should be cut back until they
are actively bleeding and near-perfect apposition of
skin edges with little pressure on the suture line
enhances the chances of successful first intention
healing (Figure 16.9). Simple interrupted sutures
using 1.5 metric (4/0) nylon are generally used, but
tension relieving ‘near—far/far-near’ suture patterns
have been used in some cases.

(a) Bumblefoot surgery showing placement of
sutures; and (b) healed foot in the same bird
one month after removal of sutures.

Bandaging and aftercare are an important part of
the surgical procedure. Sodium fucidate cream or
Dermisol cream is applied to the surgical site with a
non-adhesive dressing (e.g. Melolin, Smith and
Nephew, UK) and the foot is bandaged with non-
adhesive elastic wrap (e.g. Vetrap, 3M Animal Care
Products, USA). Hydroactive wound dressings (e.g.
Duoderm, Convatec, USA) have been used by many
authors. The use of shoes to protect the incision from
pressure is also recommended.

Postoperatively the bird should be kept in a
perch-free room on thick foam pads covered with arti-
ficial grass to further reduce pressure on the feet
(Figure 16.10). As the bird has bandaged feet, food
must be cut into bite-sized pieces. Antibiotic therapy
based on the results of sensitivity testing should be
continued for a minimum of 14 days, or until first inten-
tion healing has taken place. The feet should be
checked daily and bandages changed two or three
times a week, depending on the progress of healing.
If healing is satisfactory, sutures can be removed in
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(a) Hospital ward for patients after bumblefoot
surgery. Birds are housed on artificial grass on
top of foam to minimize pressure on the healing feet.
(b) Padded perch to manage a Gyrfalcon that has thin
skin on the plantar foot following bumblefoot surgery.
(c) Maintaining captive raptors on textured substrates
such as Astroturf is one of the more important ways of
minimizing the possibility of birds developing bumblefoot.

stages after 21 days. It is wise not to remove all the
sutures in one go because of potential weakening of
the freshly healed scar. Once all the sutures are
removed the feet should be wrapped for a further
7—10 days. Most authors consider that the time to full
recovery of the integrity of the foot is about 4—6
months after surgery, and it is important to discuss
this timescale and costs with the owner of the bird
before embarking on treatment.

Recurrence and treatment of unresponsive
bumblefoot cases: It is not uncommon to have cases
of bumblefoot where the surgical site fails to heal by
primary intention, or where large defects fail to granulate
(Figure 16.11). It is important when embarking on the
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treatment of bumblefoot cases, especially given the
length of time successful cases take to heal, to have
conducted a comprehensive investigation of the health
of the bird before embarking on lengthy treatment.
Chronic renal disease, amyloidosis, aspergillosis, and
fatty liver and kidney syndrome are conditions that
will reduce the chances of successful foot healing.
The sesamoid of the metatarsophalangeal joint is
occasionally found to be infected in unresponsive
bumblefoot cases in falcons; surgical removal of the
sesamoid removed the chronic source of infection and
allowed the bumblefoot to be cured.

Antibiotic-impregnated polymethylmethacrylate
beads and antibiotic-impregnated gels: The more
chronic forms of the disease affecting tendons and
joints tend to respond poorly to systemic antibiotics.
The use of antibiotic-impregnated polymethylmeth-
acrylate beads (AIPMMA) in conjunction with aggres-
sive surgical debridement is an effective method for
delivering antibiotics into infected ischaemic sites and
their use improves the response rate to therapy (see
Figure 16.6). The beads allow a higher local concentra-
tion of antibiotics than can be achieved with systemic
therapy. The methods for using and making these
beads are reviewed by Remple and Forbes (2000).
The authors regularly use piperacillin, ceftazidime and
amikacin AIPMMA and have recently used ampho-
tericin-impregnated beads to treat stubborn cases of
bumblefoot with Candida infections. The beads should
be removed after 7-10 days, although it has been
shown that they are histologically non-reactive and
consequently they can be left in place indefinitely.
Recently a doxycycline gel (Doxirobe™ gel, Pfizer
Animal Health) has been used as part of the
intralesional treatment of bumblefoot (Kummrow et
al., 2007). Once solidified, Doxirobe™ remains in the
lesion for several weeks, serving both to protect the
tissue and to provide local antibiotic delivery. This
approach utilizes not only the initial antimicrobial
affects of doxycycline but also its beneficial actions in
modulating the host's immune response over the
longer term, through the local release of sub-
antimicrobial doses (Thomas et al., 2000).

m (a) Although the surgery to repair the bumblefoot defect has been successful in this case, the skin is very thin
and bumblefoot can easily recur if the bird is not managed well. (b) Breakdown of a surgical site after
unsuccessful surgery. (€) Pressure ulcers caused by poorly fitting bumblefoot shoes.

183


http://vetbooks.ir/

Chapter 16 Raptors: disorders of the feet

Prevention

Bumblefoot can be prevented by good husbandry
(see Management changes, above), including the
provision of psychological security with appropriately
designed and constructed perches. Frequent
examination of the raptor’s feet will enable detection
of early changes such as erythema and smoothing of
the dermal papillae, which often precede the formation
of bumblefoot lesions.

Bumblefoot complications: amyloidosis
Amyloidosis is an emerging and significant disease in
falcons in the Middle East (McKinney, 2002) and is
associated with chronic inflammatory or infectious
stimuli such as bumblefoot in falcons. Gyrfalcons and
Gyr-hybrids appear to be very susceptible to this
disease, which commonly occurs in birds that are
being treated for or have had a history of treatment for
bumblefoot. This condition is fully discussed in
Chapter 20. The stress of long-term care in birds
suffering from bumblefoot can often leave them
susceptible to diseases such as aspergillosis and
clostridial enterotoxaemia

Constriction injuries of limbs and toes

Constriction injuries to the legs or toes of falcons are
often seen. Metatarsal or more commonly digital
constrictions occur when thin jesses become twisted
or entangled about the feet (Figure 16.12). Digital
constrictions can also occur secondary to
circumferential constriction caused by pox scabs as
well as by entanglement of toes in bandage material.
The constrictions initially cause oedema and, if
untreated, necrosis of the digit distal to the constriction.
The cause of the constriction should be removed
(scabs should be debrided or incised to prevent
further vascular compromise) and hydroactive
dressings applied to the affected digit. Damage to

flexor tendons is common. Complete healing can take
many months and if unsuccessful may result in
amputation of the toe.

Infectious swellings, insect bites, pox, neoplasia
and trauma to the leg can cause constriction injuries
to the metatarsus where there is a closed ring. The
resulting tissue swelling can cause the ring to become
too tight, leading to pressure necrosis. Rings should
be removed from such birds and wounds treated as
previously discussed (but see Chapter 37).

Corns
Corns have been discussed above in the section on
Bumblefoot.

Cutaneous mycobacteriosis

Mycobacteriosis is found in raptors worldwide. Primary
cutaneous lesions can appear as subcutaneous
granulomas. The skin appears thickened because of
the accumulation of macrophages in the dermis and
subcutis. Diagnosis is confirmed by biopsy and a
combination of histopathology, DNA probes or culture
(see Chapter 19).

Distraction of the first metatarsal bone
This condition is almost exclusively seen in hawks,
particularly goshawks and Harris' Hawk. It is
considered to be caused by frequent repetitive
concussion to the plantar surface of the foot. Affected
birds are presented with an inflamed soft swelling on
the medial aspect of the distal tarsometatarsus.
Radiography reveals the first metatarsal bone to be
slightly rotated and displaced in a proximoplantar
direction (Figure 16.13). Sometimes a plug of purulent
material develops in the metatarsal fossa which will
need to be removed surgically. Treatment consists of
antibiotics, analgesics and sodium fusidate ointment
over the swelling.

m (a) An abrasion to
the dorsal aspect of
gl the metatarsus caused by
constriction of the jesses.

(b) A constriction of the first
phalanx can occur with some
jesses (in this case Arabian
style). (e) A similar case after
using hydroactive dressings
and bandaging. (d) In this
case the tendon has been
damaged.
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m Radiographs of distracted talon in a
Sparrowhawk. This is an old lesion that has
become infected. Note area of lucency (arrowed) at base
of P1. (© John Chitty)

Dry feet

Raptors kept in dry environments or on poor planes of
nutrition are often presented with dry and cracking
skin on their feet (Figure 16.14). Improving the diet
and daily applications of aloe vera and vitamin E
cream will usually resolve the problem.

m Poorly keratinized and dry feet in a
malnourished falcon.

Dry gangrene of the skin

Sometimes after surgery to the foot, the skin around
the surgical site will lose its blood supply and die
(Figure 16.15a). Many factors are likely to implicated
in this problem, including pre-existing poor skin or
previous bruising to the area, often because of the
initial traumatic injury for which the bird was
presented. The use of some topical medications
(DMSO jelly) can occasionally be associated with
skin necrosis (Figure 16.15b). Severe cases where
deeper structures such as muscles and ligaments
are affected may require euthanasia. Less severe
cases can be treated with debridement and
hydroactive dressings. Dry gangrene also occurs
after electrocution injuries.
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{a) Gangrene caused by a Salmonella infection.
{b) Necrosis of the skin caused by overuse of
DMSO cream in a badly bruised foot.

Erysipelothrix infection

Erysipelothrix rhusiopathiae is an occasional cause
of disease in eagles and hawks. Rats, mice and birds
(including poultry) are considered to be reservoirs for
the bacterium, and disease usually follows injury to
the skin. Only the acute form is seen in raptors and
clinical signs comprise pronounced swelling and red
discoloration of skin. Early treatment is necessary as
the disease follows a rapid course and death will
ensue within 2-3 days. Tetracycline, doxycycline and
penicillin are effective first-choice antibiotics to treat
this infection, backed up by sensitivity testing.

Frostbite

Frostbite of the toes has been observed in tropical
species housed in extremely cold conditions. The
condition has been reported in Harris’ Hawks in
Canada (Hudelson and Hudelson, 1995) and King
Vultures, Indian Black Vultures and the Bateleur in
Germany (Heidenreich, 1995). The toes are especially
vulnerable to frostbite and the condition presents
initially as swelling, followed by devitalized and
discoloured skin caused by epidermal and dermal
necrosis. In the early stages, slow warming of the
affected feet can help to minimize tissue damage.
This is done by gently massaging the feet in cold and
then gradually warmer and warmer water baths to
stimulate blood flow. If necrosis is not complete, the
appropriate treatment is debridement of the lesions
followed by the application of hydrocolloid dressings.
Amputation of the toes may be necessary where there
is complete necrosis.

Haematomas

Subcutaneous haemorrhages and bruising are often
found on the feet, usually following fighting with
quarry. If there are no external injuries, antibiotics are
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generally not necessary but analgesics and anti-
inflammatory drugs may be indicated. Where two
raptors fight, injuries are often undetected and an
antibiotic course of 5 days is recommended to prevent
septicaemia. Larger bruises can be treated with
topical products for sporting injuries containing
heparin and DMSO. Temporary bandaging of the feet
with pressure-relieving shoes whilst still allowing daily
application of creams may be required for a short
period to prevent the skin from becoming devitalized.

Pelvic limb oedema in accipiters

Heidenreich (1995) described a condition called pelvic
limb oedema in wild-caught Goshawks. This condition
occurs a few days after the bird is withdrawn from
hunting and is given an excess of food. Initially the
condition presents as soft swellings of the legs
followed by localized bump-like lesions. Heidenreich
recommended the use of topical products that
encourage blood flow to the area, but stated that the
condition can take many weeks to resolve. The
condition can be avoided by ensuring that birds that
are ending their hunting season are gradually brought
down to an inactive phase and have food levels
increased slowly.

Phalangeal fractures and dislocations

The phalangeal bones are often fractured in hunting
accidents or during training when a falcon strikes a
lure too hard (Figure 16.16a). Each digit has a large
flexor tendon surrounded by a tendon sheath on the

(a) Radiograph
of a phalangeal
fracture of the
first digit.

(b) Splints
made of
Vet-Lite to
support a
fracture of the
first phalanx in
a falcon.
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plantar aspect. These structures form an effective
splint. Harcourt-Brown (1996) considered that
splinting the digit can result in trapping of the flexor
tendon and joint in the developing callus, resulting in
a non-functional toe. In his opinion digital fractures
rarely need support and heal best if left unsplinted.
Riddle and Hoolihan (1993) used casts in the
treatment of toe fractures in falcons and reported that
they were well tolerated and resulted in healing in all
cases. The authors routinely use splints made of Vet-
Lite (Kruuse, Belgium) to support fractures of the first
phalanx of falcons and see few problems (Figure
16.16b). Large phalangeal bones such as those in
vultures can be repaired with laterally placed full-pin
fixation (Harcourt-Brown, 1996).

Dislocations are common in falcons and can occur
without any serious ligament damage. The joint can
be returned to its normal position with manual
manipulation under general anaesthesia. If collateral
ligament damage does occur, it should be repaired
with fine-gauge PDS. Ball bandages for 5 days are
also helpful.

Ball bandages

Ball bandages are a useful method for immobilizing
the toes and feet, especially after surgery of the
flexor or extensor tendons or after phalangeal frac-
tures (Figure 16.17). Harcourt-Brown (1996) recom-
mended taping the toes to half a flexible ball and
covering the foot with a bandage for 3—4 weeks after
tendon surgery. Assisted feeding will be needed
during this period as the bird will be unable to hold
its food to feed.

Ball bandage. A simple bandage with a large
16.17
wad of cotton wool (some prefer to use half a

squash ball) held in place with elasticated cohesive
dressing. The bandage must be kept dry and the talons
must protrude such that the toes are able to flex and
extend slightly, thus preventing adhesions between
healing bone and tendon. The bandage should be
removed after 3-5 days. (© John Chitty)

Self-mutilation

Self-mutilation to the foot and digits is an occasional
problem in falcons, particularly birds that have been
recently trapped from the wild. Sometimes raptors
will pick at and pull off foot bandages following sur-
gery (Figure 16.18a); in other cases, birds that have
lost talons will mutilate their feet. In severe cases the
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(a) Self-mutilation in a bird with bandaged feet
following bumblefoot surgery. (b) This hood has
been adapted to prevent auto-mutilation.

birds can cause such severe mutilation that one or
more toes will need to be amputated. Analgesics
should always be given to birds that have had sur-
gery or injuries to the feet. Birds that start to self-
mutilate should be fitted with specially adapted hoods
(Figure 16.18b).

Septic arthritis

The most common joints to be affected with septic
arthritis are the interphalangeal joints (Harcourt-
Brown, 2002). The infection may enter from a scab
under the talon, a penetrating injury such as a bite, or
secondary to injuries caused by avipox infection,
fractures or extensive bruising. Antibiotic therapy
should be based on sensitivity results, while cytology
will also help to guide initial therapy. Radiography of
the foot is an important part of determining prognosis.
Any lytic changes to the phalangeal bones make the
prognosis poor and amputation of the digit may be
necessary. In cases with no radiographic evidence of
bony change, treatment involves daily irrigation of the
joint with saline and 0.25-0.5 ml of intra-articular
lincomycin or tobramycin. Systemic antibiotics are
also recommended.

Talon disorders

Talons grow continuously from their base and injuries
to this zone of proliferation can cause abnormalities in
the development of the horny tissue of the claws. If
the nail bed is injured, the talon will either be unable
to regrow or will develop abnormally, with serious
implications for any hunting bird.
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Broken (Figure 16.19) and shed claws are a
common cause of presentation and can also be a
complication of some diseases such as avipox. Minor
damage to claws can result in a surprising amount of
bleeding for the size of injury. Cautery with silver
nitrate sticks or potassium permanganate crystals will
usually stop the bleeding. If the claw is torn off,
exposing the underlying phalangeal bone and
germinal epithelium (Figure 16.20a), the area must
be cleaned with dilute disinfectant and covered with a
hydrocolloid dressing to prevent the germinal
epithelium drying out. These dressings should be
changed first after 48 hours and subsequently every
5-7 days. Removing the fibrin clot will allow regrowth
of the claw.

A technique utilizing cyanoacrylate glue is widely
used in falcon hospitals in the Middle East (Figure
16.20b). Once the exposed bone has been cleaned
and is dry it is covered with layers of 5-minute epoxy
glue or ‘super glue’ mixed with talcum powder and
antibiotic powder (e.g. clindamycin or piperacillin).
Four or five layers are applied, shaping the material in
the form of an artificial claw. This will also protect the
germinal epithelium from further damage and the
artificial nail is shed after a few weeks. Antibiotics

m Removal of a damaged nail on the hallux.
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(a) A falcon’s nail has been torn off, exposing the underlying phalangeal bone. {b) Repairing a lost claw using
cyanoacrylate glue. (e) Severely overgrown nails resulting in ‘corkscrew claws’.

should be given to all cases of claw loss along with
analgesics, because some birds will be irritated by
the loss of a claw and will self-mutilate. It will take 4-8
months for the new claw to regrow fully.

In nature, raptors keep their talons in shape
through a combination of diet and contact with a
diverse range of rough perching surfaces. Insufficient
wear of the talons occurs when captive birds are
fed on soft food and kept on unsuitable perches. In
such cases talons sheaths are retained (thickening
and dulling the talon) or overgrowth occurs causing
deformities such as a corkscrew talon (Figure
16.20c). Trimming or coping is necessary to return
the claws to normal.

Tendon injuries

Severed flexor or extensor tendons may occur
following bites from prey such as squirrels, infection
of the claw and distal phalangeal bone, constriction
injuries or as a sequel to bumblefoot. The tendons are
poorly vascularized and are nourished via the tendon
sheath fluid. Joining tendons by an end-to-end
anastomosis fails because there is no healing
response at the joined ends. Harcourt-Brown (2000b)
comprehensively reviewed tendon repair in raptors.
To summarize his findings: a blood supply to the
severed ends must be obtained from the tendon
sheath, either by allowing the tendon ends to adhere
to the tendon sheath and vascularize, or by suturing
the tendon to the tendon sheath soon after the injury.
After 3—4 weeks the tendon ends are vascularized
and they can be joined. After surgery a ball bandage
(see Figure 16.17) should be applied to the feet to
prevent the muscular activity of the bird from breaking
down the repair.

Tendon sheath infections

The flexor and extensortendon sheaths are contiguous
from the distal phalanx to just proximal to the intertarsal
joint. Tendon sheath infections often progress from
infections of the distal interphalangeal joint or
bumblefoot lesions (Figure 16.21). Antibiotic therapy
should be based on sensitivity results of aspirates
from the tendon sheath, and cytology should also be
performed to guide initial therapy. The usual isolate is
Staphylococcus. Infections of tendon sheaths are
often stubborn to treat and almost always require
irrigation of the sheath to drain purulent material as
well as systemic antibiotics.
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(a) Tendinitis
caused by
Staphylococcus
spp. in a Saker
Falcon.

(b) Infected
interphalangeal
joint.

Toe injuries

The tendon of insertion of the extensor digitorum
longus muscle is more complex in the falcon than in
the hawk. This tendon is more frequently severed in
toe injuries in trained hawks than in falcons, resulting
in loss of function of the digit. Harcourt-Brown (2000b)
considered that this is partly due to the single branch
of the tendon to digits Il and IV in the hawk, compared
with the double branch of the tendon to each toe in
the falcon, as well as the different prey species hunted
by these two groups of birds.

Squirrel bites are a common cause of loss of
function of the digit. The typical squirrel bite is on the
foot or leg, a couple of millimetres long, and appears
innocuous. It is therefore often left untreated other
than staunching blood flow and initial cleaning.
Unfortunately, these bites often introduce bacteria
and erosive infections commence. These may not be
apparent for a few weeks, by which time there may be
osteomyelitis and/or tenosynovitis. Post-infection


http://vetbooks.ir/

tendon rupture can result. Itis therefore recommended
that squirrel bites should be seen as a matter of
urgency, the wound thoroughly irrigated, and antibiosis
instigated. Typically a 14-day course of amoxicillin/
clavulanate is used in the first instance.

Wounds

Wounds are common in falconry birds that are
being used for hunting. Wounds to the feet often heal
more slowly than on other parts of the body, possibly
due to poorer vasculature. Injury to the scaly skin of
the tarsometatarsal region occurs more commonly in
hawks than in falcons. Harcourt-Brown (2000) con-
sidered that this difference is because hawks bate
more frequently than falcons and if jesses are not
kept supple abrasions of the skin result. These
injuries can result in a bacterial dermatitis. Eagles
are susceptible to digital infections that occur second-
ary to cracks caused by dry skin.

Treatment of skin lacerations requires prompt sur-
gical debridement and freshening of the skin edges
before closure. Temporary immobilization of the
wounded area may be necessary. Talon punctures
caused by crabbing injuries (fighting between two
hawks) are susceptible to clostridial infections. Such
injuries should be flushed with hydrogen peroxide
and the bird given antibiotics.

Amputation of the digit

Amputation of the digit in raptors is considered when
tendon damage, skin loss or septic arthritis has
caused loss of function. If the functionless toe does
not interfere with the use of the foot, it may be kept
and stabilized by performing an arthrodesis. The skin,
subcutaneous tissues, tendons and tendon sheaths
are incised and retracted proximally from the damaged
phalangeal bone. The phalangeal bone should be cut
so that none of the joint remains. The flexor and
extensor tendons and their associated sheaths should
be sutured over the end of the bone and the skin
sutured over the top of this. The suture material used
is 1.5—2 metric (3/0—4/0) PDS and the toe should be
lightly bandaged with either a hydroactive dressing or
Dermisol and a non-absorbent dressing such as
Melolin. It is important to consider the function of the
digit to be amputated. A raptor would be greatly
affected by the loss of the hallux or digit Il and less so
by the amputation of digit IV.
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Raptors: nutrition

John Chitty

Introduction

Properly balanced nutrition is fundamental to the
correct husbandry and performance of the captive
raptor. They require a diet balanced in terms of quality,
quantity and affordability that should reflect their
requirements for water, carbohydrate, protein, fat and
micronutrients (vitamins and minerals).

In simplistic form, raptors eat meat. However,
simple provision of meat is not sufficient. Raptors
are whole-carcass feeders. Failure to provide
whole carcasses of prey of an appropriate size for
the raptor will result in selective feeding and nutri-
tional imbalance.

Ideally raptors should be fed as close to their
natural diet as possible. They can be broadly
considered in the groups shown in Figure 17.1 but
these generalizations should only be used as a guide.
Most raptors will take any source of meat when their
preferred source is unavailable. Detailed information
is available in Ferguson-Lees and Christie (2001).

Type of Species Comments
diet
Mammals | Large eagles (Aquila Many eagles will also take
spp.); Kestrels; smaller carrion
owls (e.g. Barn Owl)
Birds Northern Sparrowhawk;
larger falcons
(e.g. Peregrine, Saker,
Gyrfalcon)
Mixed Northern Goshawk and
mammals/ | other large accipiters;
birds larger owls
Fish Osprey; fish eagles Most fish feeders (with
(Haliaetus spp., e.9. exception of Osprey) will
Bald Eagle, African Fish | also take land-based prey
Eagle) Or carrion as necessary
Insects Hobby; Merlin; Little Owl | Many insect feeders will
also feed on birds (e.g.
Hobby, Merlin) or small
mammals (e.g. Little Owl)
Carrion Vultures; condors
Fully Kites; Common Buzzard
mixed

m Natural diets of selected raptor species.
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In captivity, full choice of natural prey is rarely
available and so some compromise is necessary.
Formulated rations have been proposed and
marketed but have gained little popularity, the vast
majority of falconers preferring fresh or frozen
carcasses as food sources.

Feeding a good quality whole carcass

This implies the feeding of a complete prey item
that is appropriate to the size of the raptor, such
that the raptor can ingest the entire carcass,
including all body organs. The prey should have
been reared on a good quality complete diet
(appropriate to its species) and have been kept in
an appropriate hygienic husbandry system. That
is to say, only healthy prey should be fed to the
raptor. Prey should be killed in a humane manner
and the carcass stored and defrosted in such a
way that degradation of tissues and contamination
by toxins or microorganisms is minimal.

Nutritional requirements vary according to life
stage, with extra or specific needs during breeding,
rearing, growth and performance. These needs will
be discussed and compared with ‘baseline’ diet later
in the chapter.

The raptor gut and digestive physiology are
discussed in Chapter 5. It is a fairly simple system
with a poorly developed ventriculus, as little grinding
of food is necessary, and relatively undeveloped large
bowel/caecum, as they do not need to ferment food.
It is important to note that raptors can be divided into
two groups: those with crops (diurnal birds of prey —
the Falconiformes) and those without (owls). This has
an impact on volumes that can be fed at each meal.

Castings

All birds of prey produce castings. These are the
regurgitated ‘indigestible’ parts of the carcass (feath-
ers and fur; also bones in owls). The volume, appear-
ance and timing of casting varies according to diet fed
and, to a lesser extent, the individual bird. Experienced
falconers monitor castings very closely, as variance
from the normal often indicates a digestive upset. In
particular, failure to produce a casting (containing
material from which the bird would normally produce
a casting) within 12—-16 hours of a feed should be
treated as an urgent medical problem.
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Nutrients

Energy
Energy is the fundament of diet. These birds eat,
primarily, to fulfil their daily calorie requirements.

Energy is derived from fat, carbohydrate and
protein. Of these, fat represents the major source in
terms of gross energy (GE), being approximately
twice as ‘energy-dense’ (measured in kJ/g) as protein
or carbohydrate.

Carbohydrates are not an important component of
the raptor diet. While the raptor brain is dependent on
glucose (as in other species) and glycogen stores are
built up in muscle and liver to act as a store of readily
available energy, the natural diet is not carbohydrate-
rich. Therefore carbohydrate stores are built up by
conversion of other dietary components.

GE is only the energy that enters the digestive
system. Digestion is not 100% efficient, nor is all the
energy actually available for digestion. Indigestible
energy is removed in the form of castings, faeces and
urine. Metabolizable energy (ME) is the remaining
energy available from the diet, i.e. GE minus the
energy lost in castings, faeces and urine.

A general case can be made for a basic dietary
calculation that, for birds fed vertebrate prey, ME from
the dietis 75% (+7%) of GE (Kirkwood, 1981; Robbins,
1993), though there is some variation between food
sources and species. For example, ME from day-old
cockerels (DOCs) has been estimated at 85% (but
only 71% when fed to Kestrels) and from mice 75%
(Forbes and Flint, 2000).

The basal metabolic rate (BMR) is the amount of
energy needed to ‘stay alive’ and can be calculated in
raptors as follows:

BMR = 78 x body weight (kg)°"®

On top of BMR, further dietary energy is needed to
meet extra physiological stress, such as growth, per-
formance, breeding and thermoregulation. Any short-
fall in energy intake will be made up from body stores.
In general this will come from fat stores laid down in
times of dietary energy excess. However, inactive
birds will utilize protein stores (muscle) in cold
weather, which means that falconers need to increase
not only dietary fat but also dietary protein in winter.

As stated, birds eat to fulfil their daily energy
requirements. In raptors, this means they hunt when
hungry. This is the basis of falconry training: birds are
kept hungry to encourage hunting behaviour (see
Chapter 2). To achieve this, falconers monitor weight
and body condition very closely during the flying
season. An experienced falconer will have an excellent
knowledge of the individual bird’s hunting performance
in relation to its body weight and feeding regime. Any
variance from this may represent disease and should
be taken seriously, meriting in-depth investigation in
spite of a bird that often overtly seems well. Such
variances include:

e Failure to gain or lose weight in expected
proportion to changes in feeding

e Failure to hold expected body condition in
relation to body weight
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e Failure to hunt in an expected manner (‘lazy’ or
easily tired) given weight and/or body condition

e Excessive or reduced appetite in relation to body
weight or condition.

Thus the bird is judged on a combination of its
weight, body condition and performance.

At the start of each flying season the weight of the
bird is usually reduced to an expected (based on
previous seasons) or estimated (based on other birds
of similar size) body weight before training. This is a
part of the manning procedure (see Chapter 2).

Kirkwood (1981) studied rates of weight loss in
starved raptors. Rates of energy loss did not vary sig-
nificantly between species, which indicated that the
same type of tissue was being broken down in each
case. The rate of loss (g/day) was shown to be 28.27
x body weight (kg)®723; the time to achieve 25% body
weight loss was 9.7 x body weight (kg)®27® days.

The presence of body weight in these equations
indicates that larger birds are much more capable of
withstanding fasting than smaller birds.

Energy excess

Energy excess is very unlikely in the trained bird
during the flying season, but this tightly regulated
feeding contrasts with the feeding of aviary birds,
which are often fed to excess in spite of doing little or
no exercise.

Hepatic lipidosis (Figure 17.2) is common in aviary
birds, especially those in permanent breeding aviaries
and zoological collections. While prolonged calorie
excess is a major factor, other factors may also play a
part. In particular, fatty liver—kidney syndrome of
Merlins is well described (Forbes and Cooper, 1993)
and it is proposed that the feeding of DOCs to birds
that feed predominantly in the wild on insects may
result in a higher proportion of fat to protein in the diet
and a high proportion of avidin, resulting in binding of
dietary biotin and reduced hepatic gluconeogenesis.

Hepatic lipidosis in an owl. The bird had been
kept in an aviary all its life. (© John Chitty)

Atherosclerosis in older birds may be a con-
sequence of long-term excessive dietary energy
and reduced activity, though genetic factors may
also be involved.

In both conditions, signs may be minimal or absent,
with birds dying spontaneously when stressed.
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Aviary birds should be handled on several
occasions through the year to allow assessment of
body weight and condition and, therefore, modification
of diet if necessary. Serum cholesterol measurements
may also be of assistance in screening for potential
hepatic lipidosis or atherosclerosis cases. Values
>8 mmol/l are of concern, as is a finding of low-density
lipoprotein greater than high-density lipoprotein.

Energy deficiency

Energy deficiency is seen regularly in trained birds.
The most frequent presentation is a thin bird that
collapses during or immediately after flight.

Diagnosis is from the typical history; blood samples
will reveal a profound hypoglycaemia. Blood glucose
levels are very variable in raptors, but it is more
common to see a hyperglycaemia as a consequence
of stress. Blood glucose should always be measured
patient-side both for immediate results and to avoid
an artefactual hypoglycaemia due to poor blood
storage or inappropriate anticoagulant.

Response to intravenous glucose should be
rapid. Many falconers carry glucose or gluconeo-
genic compounds for immediate oral use should this
happen in the field.

In most cases, the history reveals a ‘starved’ bird
and clearly there is a fundamental problem with the
management technique for that particular bird that
needs addressing by the falconer. In essence it is a
problem normally seen with inexperienced falconers
and much less commonly with the more experienced.
Increased feeding and a short break from training will
enable weight gain. The bird should then be flown at
a higher weight, given suitable breaks during hunting,
or fed during hunting trips.

In some cases, however, hypoglycaemia may be
the result of an underlying disease process, such as
parasitism, malabsorption or hepatic disease. A thor-
ough history and clinical investigation are recom-
mended for any case of hypoglycaemia (even those
that seem ‘simple’), particularly for those that fail to
gain weight with increased feeding.

As described earlier, smaller birds are less able to
withstand periods of starvation and so it is of little
surprise that this is most common in smaller species
used for falconry, especially the Sparrowhawk. This is
one of the reasons that those new to falconry should
begin with larger birds.

In this author’s experience hypoglycaemia is also
often seen in second-season Harris’ Hawks. The fal-
coner will have worked out an f‘ideal flying weight’
during the first season and put the bird to moult in an
aviary in the close season. They then bring the bird
out, man it and reduce the weight to the previous ‘ideal’,
failing to take into account any growth that will have
occurred during this time. Typically, these birds will be
thin (even emaciated) in spite of being at the stated
weight. It should always be emphasized that body
weight and condition should be assessed together.

Essential fatty acids (EFAs)

It is likely that raptors do have certain requirements
for these. However, good quality carcasses should
contain adequate levels and so supplementation is
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unlikely to be necessary unless specific clinical
syndromes suggest otherwise (e.g. dry scaly skin or
brittle feathers, or signs consistent with allergy).

Protein

Protein is the staple of the raptor’s diet. It may be
utilized for energy, but is mainly used for tissue growth
and repair. Protein should comprise 15—-20% of the
diet (Cooper, 2002). The limiting factors are the quality
and type of protein available in the diet.

Proteins are made up of chains of amino acids.
There are 20 of these, of which nine are deemed
essential: arginine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan and
valine. Tyrosine and cysteine are termed semi-
essential; they can be synthesized from phenylalanine
and methinonine, respectively, provided that these
essential amino acids are available in sufficient
quantity. The remaining amino acids are non-essential
and can be synthesized by the raptor from other
dietary components.

If the bird is eating a good quality whole-carcass
diet, sufficient essential amino acids should be present
and deficiencies are rarely seen. Failure to absorb
and process protein due to gastrointestinal disease,
parasites or metabolic disease may resultin temporary
‘deficiencies’ that are evidenced by stress- or fret-
marks in growing feathers.

This author has also seen some birds with poor
quality beak and talon growth that have apparently
responded fully or partly to methionine supplement-
ation. It is most likely that this is due to specific
metabolic inability to process this amino acid rather
than absolute dietary deficiency.

Water

All raptors require daily access to fresh clean drinking
water. |deally it should be provided in open dishes so
that the bird can bathe as well as drink. Failure to
provide access to water will deprive the bird of choice
and it may be unable to drink when it most needs to.
This will exacerbate or even cause disease.

It may be necessary to remove water dishes for
part of a day, perhaps before flight (to avoid clogged
feathers) or after noon in winter (to reduce incidence
of wingtip oedema and necrosis syndrome).
Nonetheless, water should be available for at least
part of each day.

It has often been opined that raptors should obtain
all dietary water from prey items, but wild raptors do
drink. In captivity most are fed thawed frozen food, a
process that loses some of the ‘natural’ water from
the carcass. Birds also need additional water in hot
weather, after exercise or when sick.

As with all aspects of feeding, observation of the
bird’s regular drinking habits is essential. In this way
polydipsia may be readily detected and clinical
investigation undertaken.

Micronutrients
Calcium, phosphorus and vitamin D

It is impossible to discuss one of these micronutrients
without addressing the others.
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Vitamin D is required as D3 and is ingested in
both active and inactive forms from prey items.
Activation of Vitamin D3 in the raptor requires
access to unfiltered sunlight each day. Inactive
vitamin is excreted from the preen gland; it is
spread over the plumage and re-ingested
during preening.

Calcium and phosphorus are readily available
from whole carcasses, provided that bones can
also be ingested, i.e. the prey is small enough to
avoid selective ‘picking’ by the bird.

The ratio between these minerals is vital. Ideally it

should be between 1:1 and 2:1. Deficiency of calcium
or vitamin D3 (or relative excess of phosphorus) will
result in:

Reproductive failure (soft-shelled eggs, egg
binding, egg-related peritonitis)

Nutritional secondary hyperparathyroidism
(generally referred to as ‘rickets’ in young birds)
(Figure 17.3). This will most commonly be seen
in second or third clutches during a breeding
season. Females lay down stores of calcium
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before the first clutch in the form of increased
bone density and intramedullary hyperostosis.
These stores may become depleted with
successive clutches and bone deformities may
develop in chicks. Renal disease in the female
bird may produce a similar syndrome (Forbes
and Rees Davies, 2000). Otherwise disease is
seen in birds reared in the total absence of
unfiltered sunlight (or artificial UV-B light) and
those fed on deficient diets during rearing.

¢ Neurological signs (usually in growing birds or
breeding females). Signs include tremors,
weakness or fits. Typical signalment should
arouse clinical suspicion and assessment of
plasma ionized calcium levels is diagnostic. Total
calcium measurement may be misleading as this
value includes protein-bound ‘inactive’ calcium.

Excess calcium in the diet is unlikely to cause a
clinical problem, as the excess will not be absorbed
from the diet. However, overdosage of activated
vitamin D3 supplements should be avoided, as it will
result in hypercalcaemia and mineralization of soft
tissues, especially the kidneys.

Nutritional secondary hyperparathyroidism.

(a) ‘Rickets’ in a young African Eagle Owl. In the
author’s opinion this is a particularly prevalent problem in Eagle
Owls; they are large, fast-growing and often kept by more
inexperienced owners. (b) A young Harris’ Hawk with many
bones affected. {¢) Not all changes are obvious on physical
examination. This young imported Bateleur Eagle had trouble
flying. Radiographs revealed distortions in the radius
corresponding to the insertion sites of the tensor patagialis
tendons. (© John Chitty)
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Other minerals and electrolytes

Given a good quality whole-carcass diet, deficiency
or excess of these components is extremely unlikely
and clinical syndromes are correspondingly rare. lron
supplementation may be required after blood loss or
haemolytic episodes.

Other fat-soluble vitamins

Vitamin A: Vitamin A is stored in the liver (and to a
lesser extent in fat) and so should be available in
required amounts from almost all whole-carcass
items. Deficiency is seen occasionally, especially if
only eviscerated carcasses or muscle meat are given
or poor quality food is provided. Signs include:

Weight loss and failure to grow properly

Poor hatch rates

Xerophthalmia

Opacification of the third eyelids and enlargement

of the lachrymal glands (this may result in

infection or keratoconjunctivitis sicca)

* Hyperkeratosis of the eyelids

e Squamous metaplasia resulting in lesions/
infections of the mucous membranes, especially
the mouth and conjunctivae

e Squamous metaplasia of the ureters resulting in
renal disease

e Vitamin A deficiency has also been implicated in

bumblefoot pathogenesis (Heidenreich, 1997;

Cooper, 2002).

Diagnosis is by suggestive signs (see above),
biopsy (showing squamous metaplasia) and nutritional
analysis (a diet of eviscerated DOCs may be
suggestive).

Therapy involves diversification of the diet and
oral supplementation of vitamin A. Injectable vitamin
Ais rarely indicated in the author’s opinion; the patho-
genesis of the disease is slow and recovery will be
accordingly slow. There is also the risk of overdosage
with both oral and injectable preparations, though it is
less common when given by mouth. Signs of excess
vitamin A are very similar to those of deficiency.

Vitamin E: Vitamin E is an antioxidant. It is stored in
body fat and so, while deficiency should be rare, any
spoilage of the carcass will deplete vitamin E stores.

Opinions vary on the likelihood of deficiency.
Klasing (1998) stated that vitamin E concentrations in
the tissues of chicks, mice, rats and quail are low and
so deficiency is likely in raptors fed these. However,
Forbes and Flint (2000) stated that levels in rats and
chicks should be adequate. Both sources agree that
levels in quail are low unless these birds are fed
vitamin E-supplemented diets.

Requirements vary between species, with
piscivorous birds having a higher requirement
(Klasing, 1998).

Vitamin E is essential for fertility, red blood cell
formation and stabilization of cell membranes.
Deficiency will result in:

e White muscle disease (a muscular dystrophy in
young birds)
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Reduced libido in males

Reduced fertility

Reduced hatchability and chick survival and thrift
Splayed legs

Encephalomalacia

Oedema around neck, wings and ventrum
(possibly linked to cardiac lesions or white
muscle disease).

Serum vitamin E has been assessed in raptors.
While tissue analysis is generally recommended for
absolute diagnosis of deficiency, this is simply not
practical in the clinical situation. The finding of low
plasma a-tocopherol levels appears to indicate the
current feeding of a diet deficient in vitamin E and
therefore implies deficiency (M Lierz, 2007, personal
communication).

Vitamin E excess is unlikely to cause clinical signs.
However, all fat-soluble vitamins compete for absorp-
tion from the gut; therefore excess vitamin E may
result in deficiency of vitamins A, D or K.

Vitamin K: Deficiency is highly unlikely, but clinical
signs of haemorrhage and failure of coagulation will
occur in coumarol toxicity.

Water-soluble vitamins

Vitamin C: Adequate levels are synthesized in the
liver and so dietary deficiency is not a clinical entity in
these species.

B-vitamins: There are many B-vitamins and good
quality whole-carcass feeding should provide
them. Dietary deficiency is rare, but the following
may be seen.

e Thiamine (B1) deficiency may occur, especially
in fish eaters fed thawed frozen fish, where
activation of thiaminase will destroy the available
vitamin. To avoid this, frozen fish should be
thawed in boiling water or (preferably) only fresh
fish should be used. In both cases, a B1
supplement should be given.

— The author has also seen this deficiency in a
young Red Kite and juvenile Saker hybrid
(Figure 17.4) and in both cases it was more

Thiamine deficiency in a juvenile Saker hybrid.
The bird is unable to stand and is throwing its

head upwards (‘stargazing’). (© John Chitty)
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likely that deficiency was the result of a
metabolic disorder or inability to absorb or
process thiamine, rather than absolute
deficiency. This opinion was also voiced by
Forbes and Rees Davies (2000) in describing
thiamine-responsive fits in certain lines of
Harris’ Hawk.

— Signs are dramatic, with incoordination
progressing to seizure. Classically, affected
birds will ‘stargaze’.

— In one study (Carnarius et al., 2005) plasma
thiamine levels in healthy Northern
Goshawks ranged from 44 to 162 pg/I (fed
and starved). A young bird with clinical signs
of thiamine deficiency had a plasma level of
2.2 pg/l. However, while plasma levels will
confirm diagnosis, this will not be particularly
useful in the immediate clinical setting as
the time delay in getting results will be a
problem. Therefore suspicious cases should
be given therapeutic doses of thiamine to
assess effect.

— Response to injectable thiamine is rapid and
4 mg thiamine/kg injected intramuscularly
should produce clinical improvement.
Thereafter oral supplementation and dietary
modifications should maintain response.

¢ Riboflavin (B2) deficiency has been reported
(Forbes and Rees Davies, 2000) in very young
chicks, which had curled toes.

¢ Pyridoxine (B6) deficiency has been associated
in other species with poor appetite and growth,
poor feathering and neurological signs.

Malformation of collagen fibres may also lead to

abnormalities in bone and cartilage development.

Pyridoxine toxicity has been reported in pigeons

after administration of 90—100 mg/bird (Peeters

et al., 1977; Brown and Julian, 2003) and some
falconers have reported sudden death in their
falcons after administration of a multivitamin
tablet containing 50 mg pyridoxinium chloride (in
addition to 50 mg thiamine hydrochloride, 5 mg
folic acid and 0.05 mg cyanocobalamin) (M Lierz,

2007, personal communication).

Available foods

Wild-caught prey

This seems the obvious alternative to free hunting by
the bird. There are a number of problems associated
with this type of feeding, whether the prey is shot,
caught by the bird itself, or picked up as roadkill.

Toxins

Wild-caught prey may contain various potential toxins,
including alphachloralose, coumarol rodenticides
and, especially, lead. Certainly any shot quarry should
be regarded as a possible source of lead, as shot will
be scattered through the carcass (see Figure 26.2).
Some falconers will only use quarry that has been
‘head shot’ with a rifle; they will then discard the head.
However, most bullets will fragment on impact so this
is still a large risk.
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Infectious agents

Various infectious agents can be contracted from
wild-caught quarry. Of particular importance are
trichomoniasis (‘frounce’) (see Chapter 18), salmon-
ellosis, Escherichia coli, mycobacteriosis, campylo-
bacteriosis, chlamydophilosis, paramyxovirus,
orthomyxovirus (influenza) and herpesvirus, as well
as various enteric parasites. Many of these may be
contracted from wild pigeon or doves, many of which
are carriers of trichomoniasis, salmonellosis, chlamy-
dophilosis, paramyxovirus and herpesvirus. Some
advocate feeding pigeon meat after it has been fro-
zen for several weeks and then defrosted. While this
will remove trichomonads it will not prevent viral infec-
tion or transmission of most bacteria. Therefore feed-
ing wild pigeon is not recommended.

Most birds are allowed to feed briefly on any quarry
they have caught. Ideally, the bird should be allowed
to deplume feathers and then be removed from the
quarry at the earliest opportunity, only being allowed
to continue feeding after a thorough inspection of the
carcass (Figure 17.5). While the quarry may have
appeared fit and well in flight, it could be that the
hunting raptor ‘selected’ a weaker individual in
hunting, or the quarry may be carrying lead shot.

T oy T

{a) Falcon feeding on its captured quarry. Many

birds ‘deplume’ quarry and discard most of the
feathers. (b) After a brief feed the bird is removed, the
quarry is opened and inspected, and a small portion of
breast meat is fed on the fist. (© John Chitty)

Commercial foodstuffs

Because of the potential problems associated with
wild-caught prey, feeding tends to be based on
commercially available foodstuffs. The nutritional
content of some of these is summarized in Figure
17.6 and their advantages and disadvantages are
considered below.
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Day-old cockerels (DOCs)

Cheap and easily available, these are the staple of
most raptor diets. They have had a bad press in
recent years as it is felt that they are capable of trans-
mitting disease (especially salmonellosis and E. coli)
and are too high in fat and low in calcium. However,
good quality DOCs have a good protein level, are less
fat than commercially available rodents, contain good
levels of fat-soluble vitamins, and an excellent cal-
cium to phosphorus ratio — provided they are fed with
the yolk sac left in. Many falconers remove the yolk
sac to ‘reduce levels of infection’, but this reasoning is
false. Removal of the yolk sac will also remove the
main source of calcium and fat-soluble vitamins,
resulting in a carcass that is no longer nutritionally
balanced. If the yolk sac appears unsuitable for feed-
ing, the whole chick should be condemned (Figure
17.7). It is also worth checking that chicks have not
been defrosted and re-frozen; this would be apparent
as red legs on the chicks and the entire batch of
chicks should be discarded (Figure 17.8).

One potential problem with feeding whole chick is
that it is messy. Some raptors will accumulate material
under the talons, leading to an erosive dermatitis.
This will track in, resulting in osteomyelitis and, often,
loss or damage to the flexor tendon and its attachment
(Figure 17.9). Attention must be paid to cleanliness if
feeding raptors on chicks.

A particular worry is the feeding of DOCs to
Mauritius Kestrels. This species has a particular
sensitivity to the adenoviruses that may be found in
the chicks.

3-4-week-old chickens: Some raptor breeders buy
DOCs alive and raise them under controlled condi-
tions: vitamins and other supplements can be added
to their drinking water and also their fat content can
be regulated. At the age of 3—4 weeks they are large
enough to be a meal and can be fed freshly slaugh-
tered as a whole-carcass meal. This food is particu-
larly valuable during the breeding season, especially
for falcons, but the work load and space requirements
for rearing the chicks may be limiting.

Infected chick yolk sac. Removal will not make

this chick an acceptable food item; note how
wet the carcass is. The whole chick must be discarded.
(© John Chitty)

198

{a) Normal leg colour of a defrosted day-old

cockerel. (b) Reddened leg of a DOC that has
been defrosted, refrozen and then thawed again. This
should not be fed to a raptor. Given the potential
problems of feeding avian prey (possibly carrying avian
pathogens) to raptors, it is vital that storage and handling
of DOCs is optimal. (© John Chitty)

Infected digit 2 of a Harris’ Hawk resulting from
17.9 hy ;
a dermatitis caused by an accumulation of food

debris under the talon. Note how the toe appears
‘knocked up’, indicating rupture of the flexor tendon or
destruction of its attachment. (© John Chitty)

Quail

These have gained popularity as an alternative to
DOCs, but care must be taken as to which sort of
quail are fed (Figure 17.10). Only quail that have been
specifically bred and reared for feeding to raptors
should be used.
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Type Description Advantages Disadvantages
5-week culls Males Small and low fat, lacking yolk-sac | Low in fat-soluble vitamins
6-8-week prime birds | Produced Good quality well balanced May be low in vitamin E
specifically as a feedstuff with adequate calcium
feedstuff levels and good Ca:P ratio

8-month ex-layers Females with large

active ovaries fat-soluble vitamins

Cheap and good levels of

Very fat. Potential source of pathogens after being in intensive
production systems. Care should be taken with vaccinated birds
(live vaccine may adversely affect raptors). Not recommended

Vitamin E-enhanced Good vitamin E levels

prime birds

As prime birds but
enhanced vitamin E

Expensive. May not carry any great advantage over DOCs

LG 'l Types of quail fed to raptors.

Rodents

When feeding rodents, the size of the animal must
be chosen with regard to the size of raptor to ensure
that the raptor can take as much of the carcass
as possible.

Rats: Rats are a very good source of calcium and
fat-soluble vitamins as well as being high in protein.
They are often high in fat and some raptors find
them unappetizing; they are also hard to prepare and
reasonably expensive.

The fat content can be controlled if rats are bought
live and maintained by the falconer to control their
feeding. Where rats are slaughtered and are to be
stored frozen, it is important to eviscerate the carcass
partially (intestine and gut, but not liver, kidney and
heart) before freezing, as rats take some time to
defrost completely — and during that time bacteria
may leave the gut and contaminate the meat.

Mice: Mice are an excellent source of protein and
calcium, but expensive even if produced in a home-
run ‘mouse farm’. They can be very high in fat (see
rats, above).

Other rodents: Rodents such as hamsters and
guinea pigs are often available for feeding. Hamsters
probably offer little advantage over mice, but guinea
pigs are relatively cheap and offer a good quality
alternative to rats and mice. However, the fur is loose
and many believe that this will result in excessive
amounts of casting and possible gut impaction. The
carcass should therefore be skinned and eviscerated
(as the very large gut is unlikely to be eaten by the
raptor) before feeding.

Rabbit and hare

Both are excellent sources of protein and calcium for
larger birds. They are also relatively low in fat.
However, they need careful preparation: the gut
should be removed (as with guinea pigs) and, if fed to
hawks, the long bones and spine need to be broken
into pieces, otherwise gut impaction may result
(Figure 17.11).

m Rabbit vertebrae obstructing the distal
oesophagus. (@) Harris’ Hawk. Note the
placement of an air sac tube. On initial presentation the
bird was dyspnoeic due to penetration of the oesophageal
wall and a purulent pneumonia. {(b) Northern Goshawk:
endoscopic view. (e) Post-endoscopic removal. The spine
has been fed as too large a piece. (© John Chitty)

199


http://vetbooks.ir/

Chapter 17 Raptors: nutrition

Beef
Many falconers like to feed beef, especially to sick
birds or to their favourite, which is generally anthro-
pomorphic feeding. While the protein content is
excellent, the calcium:phosphorus ratio is poor and
no practical amount of supplementation will improve
it. Beef feeding may be of use when flying birds in
public demonstration as feeding carcasses (even
chick legs) may be aesthetically unacceptable. It is
vital in such cases to use only minimal amounts of
beef as a reward, to avoid unbalancing the diet.
Large joints of meat (beef, lamb or horse) may be
supplied to larger eagles or vultures. In these cases
the joints should be pounded first so that the bones
are shattered, enabling some improvement in the
Ca:P balance. There have been suggestions that
feeding horse meat (Heidenreich, 1997) or pork
(Schoéneberg, 2004) may lead to gout; therefore the
use of both these meat sources should be avoided.
Feeding prepared meats intended for humans,
such as mince, sausages and bacon, is not recom-
mended even for short periods when desperate.
Bacon, in particular, has been associated with toxicity.

Fish

Although fish-eaters (Osprey, Fish Eagle) can be fed
on mammal-based diets, they do enjoy fish and this
should form some part of the diet. Fresh whole trout is
ideal, but farmed fish is much more fatty than wild-
caught. If frozen fish is to be used, it should be
defrosted in boiling water and B-vitamin supplements
should be added.

Food preparation

Itis of no use obtaining good quality food if preparation
methods are unhygienic. Standard precautions should
be taken with frozen food:

e It should be defrosted in a clean fridge used only
for the raptor food

e |t should never be defrosted in open areas where
vermin may contaminate it

e Only enough for the next day’s feed should be
taken out and defrosted each time, to avoid
spoilage.

All tools and equipment (knives, boards, etc.)
should be maintained in a hygienic manner as if being
used in preparing food for human consumption. A
major problem area is the falconer’s bag, which
should be thoroughly cleaned and disinfected after
each hunting trip.

Supplements

In general, supplementation of vitamins a