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Foreword

Since the first edition of this Manual was published in 1996 there have
been many advances in psittacine medicine and surgery and this edition
fully addresses this new information. Although primarily produced for
veterinary surgeons in general practice, the manual will also be very
useful for those working towards a further qualification in zoological
medicine or wishing to study the subject in greater depth.

Part 1 covers the identification, husbandry, anatomy and physioclogy of
commonly kept species. Part 2 goes on to advise on the approach to the
clinical case and describes the relevant diagnostic techniques. Part 3
covers hard and soft tissue surgery. Part 4 takes a systematic approach
to clinical syndromes and their management. One chapter of this section
focuses on problems likely to be presented in general practice in
cockatieis and budgies and usefully provides advice on treatment taking
into account the financial constraints often encountered in practice.

In the final section, zoonotic diseases, aspects of legislation including
trading and methods of identification, and ethical issues relating to pet
bird keeping, are brought to the attention of the reader.

The formatting and cross referencing throughout the Manual facilitates
quick and easy accessibility of information. The photographs and line
drawings are of a truly outstanding quality.

The editors and authors have to be congratulated on this comprehensive
Manual. Clinical cases in psittacine birds may not be encountered every
day by the general practitioner but are challenging cases when they are.
The Manual certainly provides the basis for their improved care and
treatment.

As usual thanks are due to the Publications Committee and the staff at
Woodrow House for producing another excellent addition to the library of
BSAVA Manuals.

lan Mason BvetMed PhD CertSAD DipECVD MRCVS
BSAVA President 2004-2005
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Preface

The primary aim of this Manual is to cover the medicine and surgery of psittacine birds for
the general practitioner while also acting as an introductory text for those wishing to study
this subject in greater depth. There have been many advances in psittacine medicine since
the last edition was published in 1996 and these are reflected in the differences between the
two books.

Itis impossible to identify and treat the sick bird properly without understanding the healthy
parrot in the wild and in captivity. The first three chapters endeavour to provide the reader
with this information. In the case of nutrition, behaviour and reproduction the normal
situation is discussed alongside the abnormal in each chapter.

Many psittacine patients are presented in a very sick or critical state; in the second part of
the book, basic clinical information on handling and examining the patient and the taking of
clinical samples are discussed, along with the initial stabilization and hospitalization of the
patient. Subsequent chapters cover anaesthesia, surgery, systemic illnesses and disease
by individual organ system. These are designed to be read in their entirety or to be referred
to as needed.

For general practitioners the most commonly seen psittacine patients are the smaller
patients. The small size and low economic value of these patients often make them the most
difficult to examine and treat. We have, therefore, included a chapter devoted to the sick
small psittacid, which concentrates on the common presentations and syndromes and
provides a practical approach to their care.

The final chapter covers the legal and ethical aspects of owning and selling parrots as well
as discussion of zoonotic disease and how this relates to the veterinarian.

For many practitioners the appearance in the surgery of a sick parrot is a sudden and
unplanned event. An appendix of diagnostic algorithms is provided for various common
presentations. These aim to provide a step-by-step approach for the clinician to follow and
to referthem to the relevant chapter for further information. Other useful appendices include
adrugformulary, alist of common and taxonomic names, and a pictorial guide to droppings.

Both editors developed their interests in avian medicine from general practice and we hope
that this is reflected in a practical, easy-to-use and relevant guide to psittacine medicine.

The editors would like to thank the chapter authors not only for their excellent contributions
but also for adhering to the publishing deadliines and making the editors’ job as easy as
possible. We would also like to thank Marion Jowett and her team at BSAVA for their
encouragement throughout this project.

Lastly, but by no means least, we would like to thank our wives and families for their support
and tolerance of the time spent editing this book.
John Chitty

Nigel H. Harcourt-Brown

December 2004
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1

Species and natural history

Brian H. Coles

introduction and general
considerations

Parrots are classified into 353 species in 84 genera.
They are an unmistakable group, with characteristi-
cally large heads and powerful hooked beaks, and are
ofancientlineage not closely related to any other group
of birds. They have short necks and zygodactyl or
yoke-toed feet, so that digits Il and Ill are directed
forward whilst digits | and IV are placed backwards.
This structure, together with the beak acting as a third
hand, makes these birds very agile arboreal climbers,
often hanging upside down while feeding.

The Psittaciformes probably evolved in the Old
World — possibly Australia, where the oldest known
fossil of a cockatoo has been found. Parrots probably
diverged from all other birds in the Palaeocene some
60 million years ago and the order is split into two main
families: the Psittacidae (the vast majority of parrots)
and the Cacatuidae (the cockatoos, with 18 species in
five genera). Today parrots mostly inhabit the tropical
and subtropical regions of the world, though a number

of species are found in the more temperate regions of
Australia and New Zealand and fossils have been
found in France and in North America up to the Cana-
dian border.

Parrotsrange in size from the large Hyacinth Macaw,
weighing up to 3 kg, to the pygmy parrots, which weigh
only 10 g. Whilst sexual dimorphism occurs amongst
many Australian and Asian parrots, this is not as obvious
in those species found in Africa or the New World.

Distribution, habitat and sources of
food

Different species of parrot occupy a range of habitats
at varying altitudes, including temperate woodland,
savannah, scrub, semi-desert and tropical rainforest
(Figure 1.1). Itisin the latter type of habitat (particularly
in the Neotropics), where there is a multiplicity of
fruiting trees producing a vast range of ditferent types
of fruits and flowers, that the greatest number of parrot
species is found.

Taxonomy and General characteristics Habitat Diet Breeding
common names
No. eggs Incubation | Fledge
Family Cacatuidae Distinctive from other parrots in Palm Cockatoo mainly in Greater Sulphur-crested 34 (but c.4weeks | c.8-12 weeks
18spp.in6genera | having erectile crest used as threat | forests and savannah feeds mostly in trees: seeds, | smaller
Cockatoos Range in size from large Palm woodland in New Guinea nuts, fruit species may
(see also subfamily | Cockatoo (1 kg) to Cockatiel Greater Sulphur-crested N, E | Lesser Sulphur-crested lay upto 7)
Nymphicinae below) | (c.90g) and S Australia in open forest, || feeds in trees: fruit etc.; also
Overall plumage in most species woodland and farmland forages for seeds and grain
basically white, with species- Lesser Sulphur-crested Moluccan Cockatoo feeds in
specific markings Celebes and some other trees: fruit, nuts, seeds
Absence of green and blue in Indonesian islands, in White Cockatoo as
plumage woodland, forest edges and Moluccan but also insects
Iris black in male, brownin female, | coastal plains
pale grey in immatures White and Moluccan both in
Sulphur-crested Cockatoo: large | separate parts of Moluccan
(500-1260 g) and small species Islands of Indonesia
(228-3159)
White Cockatoo 5306109
Salmon-crested or Moluccan
Cockatoo 670-800 g
m Types of parrot commonly kept as cage birds. (continues) » >
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Chapter 1 Species and natural history

Taxonomy and General characteristics Habitat Diet Breeding
common names
No. eggs Incubation | Fledge
Subfamily Smallest representative of the Over whole of Australia except | Feeds mainly on ground on 4-7 18-12days | c. 4-5weeks
Nymphicinae cockatoos coastal regions grass seeds, fruits, berries
Cockatiel Species type mostly brownish grey {even mistletoe), grain crops
with white wing covert feathers. (considered a pest by farmers)
Male forehead, crest, cheek
patches and throat yellow, with
prominent orange ear coverts
Female smaller crest, same basic
colouring but much less yellow,
also feathering barred under wings
(solid black in male)
Immatures resemble female until
sexual maturity at 6 months
Family Loriinae Many have long tapering tails; in Archipelago of SE Asia. Some | Specialized brush-tongued 1-5 23-30days | c.42-90 days
11 genera, 55 spp. some, tails only medium length and | species (e.g. Rainbow feeding on pollen and nectar, | Smaller Smaller
Lories and lorikeets | more rounded Lorikeet) also into N, E and also fruit and flowers species tend species fledge
Mostly medium size (c. 20-24 cm) S Australia to lay more earlier than
but smallest 13 cm and largest 42 cm than larger larger species
Most have glossy brilliant plumage species
in range of red, blue, violet, olive
brown, green and yellow according
to species
Most well known is Rainbow
Lorikeet (blue forehead, crown
and cheeks; black underside of
head; yellow collar; breast red
barred with black; thighs yellow
barred with green; upper parts green)
Genus Small to medium, rather chunky, New Zealand and neighbouring | Seeds, berries, shoots, 59 c.20days | c.6weeks
Cyanoramphus with long pointed tail islands in polycarp forest and flowers
6 spp. (with 8 Overall plumage green in most, scrub Invertebrates often an
subspp. in Red- slightly darker above than beneath. important part of diet
fronted Parakeet) All tend to have violet-blue outer
Commonly called flight feathers. Most have reddish
kakarikis patch each side of rump; many
have varying red markings on head
Yellow-fronted Kakariki typical of
genus: red above cere, yellow
forehead
23-26 cm, 50-113 g
Genus Platycercus Medium size {25-36 cm, c. Different species in various Predominantly seed eaters, c.4-7 19 days 13-14 weeks
8 spp. 100-120 g) parts of Australia spending much time on
Rosellas Long graduated tails; all show ground searching for food
pronounced mottling or scalloped
appearance of plumage on back
Variety of species-specific
markings in red, yellow, green and
blue-violet
Genus Neophema Similar shape to Budgerigar but Different species inhabit Seeds of grasses and other ¢35 18-20days | c.30-35days
7 spp. slightly larger {c. 20-21 cm, 44-61 g) | various parts of Australia; seeds; fruit, berries, young
Grass parakeets Tendency to sexual dimorphism, Bourke’s and Scarlet-chested | shoots, small insects

particularly in Scarlet-chested and
Turquoisine

Except Bourke's (which has upper
parts of body brown, abdomen
pink}, all have green upper plumage
with yellow abdomen and species-
specific markings in red, blue and
yellow on remainder of body

in large areas of central
Australia

M E

(continued) Types of parrot commonly kept as cage birds. (continues)
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Chapter 1 Species and natural history

Taxonomy and General characteristics Habitat Diet Breeding
common names
No. eggs Incubation || Fledge
Genus Melopsittacus | Nominate race c. 18 cmandc. 30 g, | Across greater part of Australia | Grass seeds (0.5-2.5 mm 4-6 c.18days | c.30days
one species: but many captive-bred mutant away from coastal areas, and long), chenopod seeds
Budgerigar strains larger (c. 26-29 cm) and Tasmania Only feeds on or near the
heavier (c. 3585 g) Wide variety of habitats, from ground
In wild, back of head, neck and forest/woodland to open
body basically yellow barred black; | grassland, grain crops, dry
forehead and throat yellow with row of | scrub and acacia deserts
black dots across throat; underparts
greenish-yellow. Great variety of
mutant colours bred in captive birds
Genus Eclectus Stocky {355-615 g) New Guinea, surrounding Fruit, seeds, nuts, buds, 2 26 days 12 weeks
Eclectus Parrot Male brilliant green, flanks and islands and N tip Australia blossoms
15p., 9 subspp. underwing red, maxilla orange Tend to live below 1000 m in
{many of which Female black bill, dark red on head, | woodland, parkland, even
breed in captivity) back and tail, bright purplish body, gardens
yellow tip to tail (see Figure 18.2)
Family Psittacula Heavy beak; tapering tail longer Ringneck Parakeet N sub- Fruits, seeds, flowers 34 22-26 days || 6-8 weeks
14 spp. than body Saharan Africa, all India and Most spp. raid orchards,
Ringneck Sexually dimorphic. Pakistan; deciduous habitats of | cultivated fields, gardens
parakeets Male usually red beak, well all types Ringneck Parakeet
developed ring around neck or Alexandrine Parakeet Indiato | considered most destructive
more striking head colour Thailand; lowland forest and pest in India
Ringneck Parakeet (35-143 g) wooded areas
1 subsp. Africa, another India: male | Moustached Parakeet N India
green, with pink and black neck and Indochina; deciduous
ring, red maxilla; female no ring, forest
black tip to beak. Captive Ringneck
Parakeets in many colour varieties
Alexandrine Parakeet larger
(200-250 g): male pink neck ring,
red shoulders
Moustached Parakeet (135-170 g):
red beak, grey head, black chin, pink
chest, green body; female duller
Genus Loriculus Closely related to lovebirds and Various parts of SE Asia and Fruits, berries, nectar, seeds | ¢.2-4 c.22days | c.5weeks
10 spp. look similar except beaks much Indian subcontinent
Hanging parrots finer and more pointed. Sonamed | Woodland and forest
because roost hanging upside down
Size c. 11-16cm, ¢. 22-35¢
Overall mostly green; most spp.
have red upper tail and red crown.
Species-specific markings of red,
blue and yellow
Colour of bills black or orange,
depending on species
Genus Agapornis Small chunky, with relatively large Sub-Saharan Africa Cereal seeds, maize, 3-6 c.23days J c.43days
9spp. bills and short rounded tails Forest edge, woodland, cultivated sunflower seeds,
Lovebirds Most species not dimorphic but savannah fruit (e.g. figs, mango), buds
Most common: males tend to be slightly larger and foliage
Peach-faced Size 15-18.cm, 43-63 ¢
Lovebird (A. Species-specific phenotype: overall
roseicollis) green plumage, rose-pink forehead

and to just behind eyes, also
cheeks and throat; rump bright blue
Many captive mutant strains (e.g.
Pastel Blue, Pied)

Together with hanging parrots, the
only two genera of parrots that
collect nesting material held in
plumage by female

(continued) Types of parrot commonly kept as cage birds. (continues)
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Chapter 1 Species and natural history

Taxonomy and General characteristics Habitat Diet Breeding
common names
No. eggs Incubation | Fledge
Genus Psittacus Grey Parrot probably most familiar | Nominate race across central Seeds, figs, fruits (particularly § 2-3 21-30days | c.80days
Grey Parrot of all parrots Africa from Gulf of Guinea to the fleshy part of oil-seed paim
subsp.: Timneh c.402-490¢ W Kenya to Tanzania surrounding inner stone)
Parrot Overall colour grey, lighter around | Timneh confined to Sierra
eyes and over rump. Tail red, beak | Leone and lvory Coast
black Feral populations in many
Iris yellow in adult, mJack in young | African cities
bird up to 3-4 months then Edge of forest clearings,
yellowing up to 4 years woodland, savannah, coastal
Timneh subsp. slightly smaller mangroves, cultivated areas
(c. 350 g) with maroon instead of
red tail, upper beak hom-coloured
Genus Poicephalus | Thickset, with short squarish tails Various species in different Seeds, grain, fruit, figs, leaf c.2-4 c. 25-31 c. 63 days
9 spp. Senegal (21-23 cm, 120-161 g) areas of sub-Saharan Africa buds days
Most common: green upper plumage and neck, Senegal C and W Africa
Senegal Parrot and | yellow chest and abdomen yellow, | Meyer's C and E Africa
Meyer's Parrot grey head Both spp. woodland/savannah
Meyer’s brown upper plumage,
yellow patch on crown and over
carpal joint, bluish-green breast and
abdomen
Iris of Meyer's orange, of Senegal
yellow
Macaws All are slender elegant birds with Large areas of Amazon Basin, || Seeds, fruit, paim nuts, figs, c1-3 ¢. 24-30 13-14 weeks
Genus Ara long tapering tails many species in same locality | leaves, flowers, nectar days
15 spp. Range in size from relatively small | Some spp. found in Caribbean (longer for
Genus {e.g. Hahn's c. 34 cm, 150-180g) | Species separation may be by larger birds)
Anodorhynchus to Hyacinth (100 cm, c. 1600 g) altitude
3 spp. (including and popular Blue and Gold (c. Variety of habitats include
Hyacinth Macaw) 86 cm, c. 1300 g) flooded forest, gallery forest,
Most species have bare facial area || deciduous pine forest,
devoid of most feathering (which Mangrove swamps
may have been to prevent
feathering becoming matted when
feeding on fruit); in some species
this area flushes pinkish, indicating
change in mood
Variety of colours in blue, red, yellow
and green according to species
Conures: twomain | All small to medium size, with long | Mostly individual species Seeds, fruits, nuts Usually 2-4 c.4weeks | c.Bweeks
genera: graduated tails restricted to various parts of {canbeupto
Aratinga (19 spp.) Aratinga larger of the two genera Amazon Basin but some in 7
Pyrrhura (18 spp.) (28-37 cm, 155-185 g); overall Caribbean

»

plumage green with species-specific
red or brown or blue markings,
except for Sun Conure {generally
yellow but forehead and sides of
head and abdomen tinged orange,
mostly green wings, olive green tail)
and Jandaya Conure (only head,
breast and abdomen yellow)
Pyrrhura (24-26 cm, 72-94 g):
overall plumage dusky green, with
species-specific other colour
markings; most have red-brown
tails, some a scaly or scalloped
appearance of neck and breast
plumage

m (continued) Types of parrot commonly kept as cage birds. (continues)
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Chapter 1 Species and natural history

Taxonomy and General characteristics Habitat Diet Breeding
common names
No. eggs Incubation | Fledge

Genus Forpus Small chunky, with short pointed tail | Celestial in drier parts along Fruits, berries, buds, seeds c4-6 c.17-22 ¢. 35-40 days
7spp. Most species ¢. 12-13 cm, Pacific side of Andes days
Parrotlets ¢. 20-28 g; largest is Yellow-faced | Other species confined to

(c. 14.5¢cm, 30-38 g) various parts of Amazon Basin;

Some sexual dimorphism Blue-winged inhabits very

Overall plumage green with blue to | !arge part of this area

violet-blue primary covert feathers Forest, woodland, scrub,

in male; some species have blue pasture, town suburbs

rump. In most species, head and

neck paler green (in Yellow-faced

forehead and neck yellow)
Genus Pionites Both medium size (23 cm, Black-headed N part of Black-headed eats seeds, 2-4 27-29 days | c. 10-11
Caiques 130-170 g) Amazon Basin fruit pulp, flowers and, weeks
2spp.: Bills rather narrow, upper beak White-betlied S part of occasionally, leaves
Black-headed and | markedly ridged Amazon Basin
White-bellied Both species white breast and

abdomen; most of wings and upper

tail green, primary feathers

violet-blue

Black-headed black forehead and

crown; White-bellied orange

forehead and crown and yellow neck
Genus Pionus All medium size (c. 26-28 cm, Individual species in various Maximilian's eats seeds 35 24-29 days | c. 8-12 weeks
8 spp. 170-275 g) parts of Amazon Basin and (70%), flowers (20%), corn
Pionus parrots All species relatively short squarish | Caribbean (8%), fruit (2%)

tails with red feathers under tail Forest/woodlands and Blue-headed also eats

Overall plumage in many species cultivated areas bananas

dull green/dusky brown except in

Blue-headed and Coral-billed

Some species have scaly

appearance to feathering on neck

and other species-specific markings
Genus Amazona Stocky, with short rounded tail Blue-fronted and Orange- Fruits, flowers, leaf buds, H 23-25days | 58-60 days
27 spp. Overall plumage green in most, with | winged range over greater part | seeds Blue-fronted
Amazon parrots species-specific markings in other | of Amazon Basin, but Blue- upto8

colours fronted as far as Paraguay and

Blue-fronted typical medium size N Brazil, and Orange-winged

(c. 400 g} with yellow crown, chin further N and towards coast of

and throat, but biue forehead and NandE

above cere Both found in scrub, savannah,

Orange-winged overall green, with | palm groves, gallery rainforest

prominent orange patch on along water courses

underside of outer three secondary

flight feathers

C.298-469 g

Parrots as a whole are primarily seed eaters (Figure
1.1). Therefore, with the exception of some of the
macaws, some cockatoos and Pesquet’s Parrot, most
of the parrots do not eat the fleshy outer part of the fruit
but are concerned with getting at the highly nutritious
kernel. To achieve this the fruit and then the nut is
wedged by the tongue against a ridge on the underside
of the upper beak, whilst the chisel-like action of the
lower beak strips the husk and the flesh and then exerts
considerable pressure to crack the nut (in macaws this
may be a pressure of more than 200 psi). During the
whole process of splitting the nut, the tongue gradually
rotates the nut to apply pressure to different areas.
Some of the macaws, besides eating the fruit, also eat
flowers and mature leaves and take nectar. Macaws

(continued) Types of parrot commonly kept as cage birds.

will sometimes tackle unripe fruit that contains poten-
tially toxic tannins. To overcome these harmful effects,
the birds eat clay taken from river banks and also at the
same time may obtain needed minerals.

Another group of parrots includes specialist nectar
and pollen eaters. These are the Loriidae, also known
as lories and lorikeets and also called the brush-
tongued parrots. In these birds the tongue is long and
when fully extended exhibits a coating of erectile hair-
like epidermal papillae, which enables the bird to brush
up poilen.

Parrots mostly feed inthe trees, where they are safer
from predators, but they will also forage on the ground
for fallen fruit and seed. Some of the smaller species,
such as the Budgerigar, spend more time on the ground
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and never, unlike most parrots, use the foot to hold the
food. Food of animal origin probably does not play a big
partin the diet of most parrots, though they may take the
larvae of some beetles, insects and moths, and Hyacinth
Macaws will eat apple snails. However, parrots are
opportunist feeders and very adaptable birds. For many
years there has been a thriving population of the Ringneck
Parakeet in the London suburbs and in the southern
counties of England, the survival of which has been
helped by bird-table feeding during the winter. Many
cities worldwide also have feral populations of this
parrot, which visits gardens and orchards, inhabits wood-
land andraids all kinds of cereal crops. It should be noted
that although the parrots have a hooked beak rather like
the raptors, their gape is smaller.

No species of parrot is truly migratory but some,
such as the Grey Parrot, are nomadic and often fly
considerable distances (up to 30 km each day) in
search of food, returning to their traditional roosting
sites at night.

Social life

Parrots are social animals and well recognized as being
noisy. Vocalization is used in the wild to maintain flock
cohesion, to reinforce pair bonds and to give warning of
danger. Most parrot species live in flocks, some of which
can be very large and composed of several thousand
birds. Most parrots are also monogamous and form pair
bonds throughout life. The pairs feed and roost and do
most things together throughout the year. Within a flock
there are smaller family groups which will stay together
until the next breeding season. In the family group the
more juvenile birds learn by observing the more experi-
enced older birds as well as interacting with their sib-
lings. In dry habitats the older birds will know where the
nearest waterhole is in times of drought, whilst those in
tropical rainforest will know the time and location of
fruiting trees. Absence of early socialization with
conspecifics has been shown tohave adverse effects on
fledglings reared with an alien species.

Breeding biolog_;y

With few exceptions, parrots are hole nesters. They
may nest either in a natural cavity in a suitable tree or
in the abandoned nest of another species, such as a
woodpecker. The original hole may be enlarged or
altered to meet the requirements of the nesting parrots.

Afewspecies nestin holesin cliffs orbanks orintermite
mounds. Some of the more adaptable species will
make use of holes in buildings orin old pipes. Nests can
be anything from 0.5 to 2 m in depth. Darkness is
believed to stimulate Budgerigars to commence egg
laying and this may be important for other species as
well. The nest may sometimes be lined with grass but
more often has just a bed of wood chips left from
remodelling of the nest hole.

Possession of a suitable nest hole is probably the
most important part of the breeding cycle. The female
tends to be the more aggressive of the pair in defending
the nest. In most parrot species territorialism is confined
tothe immediate area within approximately one metre of
the nest during the breeding period, though a few
species nestcommunally, even with other speciesinthe
same tree. Courtship in most species is by food passing
and allopreening (i.e. preening of the companion bird).
Both male and female birds usually prepare the nest, but
generally only the female incubates the eggs.

The eggs of all species of parrot are white and
relatively small. They are generally laid on alternate
days but in some of the larger species the intervals
between egg laying may be as long as 5 days. Clutch
size can be up to eleven in the smaller species but only
one to three in the larger birds (Figure 1.1). Incubation
starts as soon as the first egg is laid, so that chicks will
be progressively older and more advanced when the
whole clutch has been hatched. Some chicks may be
twice the size of their siblings.

The newly hatched chicks are usually covered in
down. During the first week the female will stay in the
nest to hatch all the eggs and keep the hatched chicks
warm. Throughout this time the male bird will feed her
and she will in turn feed the chicks. In all species,
feeding of the chicks is carried out by regurgitation of
food from the crop, with the young bird’s beak held in
that of the adult and the food passing down the funnel-
like groove of the lower beak into that of the youngster.
From the second week, when all the eggs are hatched
and the hatchlings are better able to maintain their
body temperature, the female will leave the nest for
short periods and the male will share in feeding the
young. After this initial period, both birds will leave the
nest unattended for longer periods whilst they both
forage for enough food to meet the needs of their
growing youngsters. Compared with other species of
bird, parrots tend to grow and mature rather slowly.
Although Budgerigars may be sexually mature at 6
months, some of the larger species do not reach sexual
maturity for several years.
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Anatomy and physiology

Nigel H. Harcourt-Brown

Integument

The outer surface of a parrot is covered with feathers.
The feathers form a continuous layer that insulates,
protects and enables the parrot to fly. The epidermis
is thinner (approximately 13 micrometres (um) in
the feathered areas) and more fragile than that of
mammals but forms and keratinizes in a similar
manner. The immature nucleated cells next to the
basal layer contain oil globules that are pushed out
of the cell as it keratinizes. This covers the surface of
the bird with a layer of oil (sebum) that has antimicro-
bial properties, as well as keeping the skin supple
and preventing dehydration.

In the majority of psittaciforms there is a uropygial
gland on the dorsal aspect of the base of the tail. It is
a bilobed holocrine gland: the glandular cells break
down completely to form the secretion, which is water
repellent, but it has many other properties. Usually
only 7% of the sebum in the plumage is from the
uropygial gland. Various neotropical parrots (e.g.
Amazons, Pionus parrots and Brotgeris parakeets)
do not have a preen gland. Birds have no sweat
glands and no true cutaneous glands. Heat loss is
accomplished through the respiratory tract and the
feet, especially whilst flying.

The dermis is thinner (80—200 um) than that of
mammals. It contains the feather follicles, smooth
muscle and elastic tendons, which move the feathers;
it also contains blood vessels and nerves.

The subcutaneous layer contains fat, often as dis-
crete fat bodies. Amazons and some cockatoos seem
to have more fat than other parrots, and exhibition
Budgerigars have been bred selectively to have large
fat bodies on their chest. This complicated subcutane-
ous layer also contains striated muscles and is respon-
sible for feather movement.

The brood patch is a portion of skin on the caudal
half of the ventral abdomen. In the female, the hor-
mones that stimulate breeding cause this area to lose
allits feathers and develop a profuse blood supply prior
to laying. The brood patch is in contact with the eggs
and is well supplied with nerves that sense tempera-
ture changes in the eggs, allowing the bird to control
incubation by either cooling eggs that are too hot or
warming eggs that are too cold. It is also able to sense
nitric oxide released by the egg in response to tem-
perature change and hypoxia.

The distal portion of the leg is covered with scaly

skin. The scales (scutes) vary in size. The skin on the
underside of the foot and digits is closely attached to
fleshy pads that protect the phalangeal joints and flexor
tendons; this allows the bird to grip firmly with its foot.
The cere is a featherless portion of skin at the base of
the upper beak; it is well developed in parrots, and in
some species (e.g. Budgerigars) it is coloured and can
indicate gender.

Feathers

The feather is a very complicated epidermal structure.
Itis atough keratinized cellular derivative of the epider-
mis and is formed in a follicle that penetrates deep into
the dermis. Once formed, it is full of airspaces as well
as pigment granules and oils. The feathers are ar-
ranged in distinct areas known as feather ftracts
(pterylae). The featherless spaces (apteria) may be
bare or covered with semiplumes and down feathers.
These featherless tracts are invisible from general
observation, as the contour feathers from the pterylae
cover them.

There are several types of feather:

* Contour feathers form the majority of the
external plumage. Each feather has a long
central stalk or rachis, on either side of which
are the barbs. The barbs are further divided into
the proximal and distal barbules, which hold on
to their adjacent barbules with hamuli or
hooklets. Contour feathers cover most of the
body; they are also the flight and tail feathers
(Figures 2.1 and 2.2).

* Down feathers have a short rachis and long soft
barbs. They are found under the contour feathers
and form an insulating undercoat.

e Semiplumes are a combination of the above two
types, downy at the base and with a contour
feather at the tip. They are found along the
margins of the contour feather tracts.

* Powder down feathers are continually growing
white to grey down feathers. The barbs at the tip
constantly break off, forming a fine white dust
that coats the whole bird (including its beak) and
its surroundings; this is very obvious in white
cockatoos. Powder down feathers may be found
in patches on the body wall under the wing (e.g.
cockatoos) or may be only scattered feathers
(e.g. Pionus parrots).

* Filoplumes consist of a long spike with a tassel of
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path of the blood vessel of the growing
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form a brush-like border. Each hooklet is
able to hook round the C-shaped cross-
section of the proximal barbule. The proximal
barbule's pennulum is bent round at the end
and extends towards the outer margin of the
feather.
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barbs at its tip. They are assumed to be sensory
detectors, as they are closely associated with
sensory Herbst corpuscles. They probably assess
the strains and movement of the contour feathers,
which is vital for flight. Each flight feather has up to
10 closely associated filoplumes.

Bristle feathers are the short spiky feathers around
the eye and loral region (ear). They are protective.

Plumage colour

Parrots have colourful plumage. The colour defines
the parrot’s species and is used to enhance behav-
ioural signals. It also provides sexual dimorphism,

8

camouflage, and juvenile or adult characteristics.
These traits are well developed in comparison with
mammals (other than primates), and birds have ex-
cellent colour vision.

Plumage coloration is achieved in several ways.
Colours may be produced by pigments: brown, yellow
and black melanins are produced by melanocytes;
reds and yellows are produced from carotenoids such
as carotenes and xanthophils. These dietary pig-
ments are dissolvedin fatglobules in the feather cells.
White is due to reflection and refraction of all wave-
lengths of light through airspaces in unpigmented
feathers. Blue pigment is rare and the bright blue in
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Budgerigars is due to the Tyndall effect, a scattering
of light on particles of less than 0.6 um across (similar
to the effect that produces a blue sky). Most parrots
have green feathers that are a mixture of yellow
carotenoids and the blue Tyndall effect. Selective
breeding has made some birds lack one or other of
these ‘colours’ so that a blue or yellow feather is the
result. Ultraviolet light reflectance occurs in parrots; it
is based on the structural characteristics of feathers
and not on pigment.

Moult

Adult and immature plumage are usually different in
both colour and shape. Feathers tend to wear out
and are replaced annually. The first moult usually
commences at 3-10 months of age but thereafter
parrots normally moult once each year, usually start-
ing during or just after breeding. The moult happens
as a predictable sequence of feather loss. Wing and
tail feathers are moulted as mirror image pairs. The
wings usually take longer to moult than the tail or
body feathers: complete wing moulting takes 160
days in a Galah.

Feather growth taxes the bird’s resources, espe-
cially in small parrots. Moult frequently makes birds
less active and they also require sufficient protein,
especially sulphur-containing amino acids, to re-
grow their feathers. Feathers grow from a blood-
filled shaft but when they are fully formed they are
isolated from their blood supply and the feather is
dead. Old feathers are pushed out of the follicles by
the new growing feather.

Moulting is triggered by many external factors that
combine to stimulate the thyroid and gonads, whose
hormones initiate moult. Once the moult has started
other (unknown) local factors, secreted by the grow-
ing feather, cause the adjacent feather to moult in
sequence. This is very obvious in the wing, where the
first feather to fall out is usually primary 6 and the
sequence moves in each direction along the wing.
The developing feather has a considerable blood
supply and grows out of the dermis surrounded by a
cornified sheath. As the feather grows the sheath
ruptures, allowing the featherto unfurl, whichis helped
by normal grooming using the beak and also claws.
Once the feather is fully grown the blood supply
disappears but the featheris held in place in its follicle
by an epidermal collar of living tissue. When the
feather is about to be replaced, this collar starts to
proliferate and pushes the old feather out of its follicle.
If the feather is pulled out prematurely the epidermal
collar is torn; this damage stimulates the growth of a
new feather.

Beak and claws
The beak is described in detail in Figure 2.3.

The claws at the end of each toe are similar to
the beak in that they are heavily keratinized and
mineralized. They are made of a thicker, harder and
more rapidly growing dorsal portion and a flat softer
ventral portion. As the growth is greatest in the
dorsal portion the claw curves ventrally, making it
ideal for grasping.

Chapter 2 Anatomy and physiology
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m A sagittal section of the rostral portion of the
head of a Grey Parrot. The horny beak or bill

(rhamphotheca) is a hard, tough epidermal structure. The
beak is attached to a bony base, either the mandible or
maxilla, which acts as a form to produce the beak’s
shape. The bony base is overlain by periosteum that is
bound to the dermis by a layer of collagen and elastin
fibres. The typical layers of epidermis are modified and
formed by keratin-filled cells, firmly held together by cell
junctions that cannot break down. The stratum corneum is
very thick and its keratinized cells are also mineralized
with hydroxyapatite crystals.

The beak has a well developed superficial innervation
in some areas but mostly is completely inert. The beak
grows continually through life from both a germinal layer
corresponding to the coronary band and from the
germinal layer overlying the supporting bone. It becomes
thicker towards its rostral end as it grows. In a large
macaw it takes at least 9 months for a mark made next to
the cere to reach the rostral tip. The inner and outer
surfaces of the beak are formed as separate plates. The
inside of the upper beak appears to have two areas of
beak growth that between them form a shelf in the horn.
Grey Parrots make a loud click by flicking the tip of their
mandible off this shelf. The rostral part has a lamellar
appearance but is smooth if the beak is wearing correctly.
The shape of the beak is maintained mainly by the lower
beak grinding against the inner surface of the upper beak.
This happens during chewing but resting parrots will also
grind their lower beak against the upper in a side-to-side
rasping motion. The outer layers of the beak (cuticle) are
also rubbed away by the bird wiping its beak on perches.
Baby parrots hatch using their egg-tooth on the dorsal
aspect of the end of the beak. It is a cone of horny cells
containing hydroxyapatite that is shed as the beak grows.

Skeletomuscular system

Like the feathers, the skeleton (Figure 2.4} is light but
‘engineered’ to be very strong. The medullary cavity of
some bones is filled with air rather than marrow.

Skull

The skull is a lightweight box with two huge orbits
surrounded in many parrots by a complete bony ring.
The upper jaw is formed by the premaxilla and nasal
bones and can be moved relative to the rest of the skull
(Figure 2.5). In large parrots there is a synovial joint at
the junction of beak and skull (Figure 2.3); in smaller
parrots this is combined with a flexible elastic zone. The
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m Lateral and ventral views of the skull of a
Blue-headed Pionus Parrot. Parrots have
very mobile jaws. The lower beak can be moved
rostrally, caudally and laterally in relation to the
upper jaw - it is quite possible for a parrot to place
the tip of the maxilla inside the lower jaw. All these
movements are interrelated by the mobility of the

m A right lateral view of the skeleton of the Blue-headed
Pionus Parrot. The bird is illustrated in its normal
standing position but for clarity the wing is elevated. The jaws
are in normal resting occlusion. The orbit contains the scleral
ossicles. Even though the skeleton is very light, the body of the
bird is very strong.

The true ribs have a joint between the sternal and vertebral
portions of the rib; the body wall is strengthened by uncinate
processes that overlap the caudally adjacent vertebral rib. The

sternum is attached by flexible joints to the sternal ribs, there is a

slightly flexible joint with the coracoid and strong fibrous
attachment to the most ventral portion of the furcula.

lower jaw consists of two fused mandibles. The mandi-
bles do not articulate directly with the skull. The complex
movements of the upper and lower jaws, relative toeach
other, allow the beak to be used in many subtle ways
other than a basic scissors movement. The ligaments
and muscles of the jaw are also highly specialized. The
maxilla has a hollow air-filled interior that connects with
the upper respiratory system.

Vertebrae, ribs and thoracic girdle

Parrots, like most other birds, have a very flexibie neck.
The vertebrae overthe lungs are known as the notarium
and, although not fused, are less flexible. The remain-
ing thoracic, lumbar and sacral vertebrae are com-
pletely fused to form the synsacrum. The caudal
vertebrae and terminal pygostyle are freely movable
and support the tail feathers.
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jaw bones and the unique jaw musculature (parrots
have an extra jaw muscle compared with other
birds). The muscles move the jaw bones and the
skeleton of the palate. The quadrate bone (pink) is
highly mobile and forms the articulation (dark red)
for the mandible. The rest of the palatoquadrate
bridge and the jugal arch move in concert with the
upper jaw to which they are connected. When the
upper jaw elevates it moves the quadrate bone, and
therefore the lower jaw, rostrally as well. The jaws of
parrots are not only very mobile but also immensely
strong. This strength is made possible by the
craniofacial hinge.

Theribs articulate with the thoracic vertebrae proxi-
mally and the well developed sternum distally. The
carina (keel) forms a bony septum, on either side of
which are the pectoral muscles. The sternum supports
the thoracic girdle, which consists of the scapula,
clavicle and coracoid bones. The coracoid acts as a
strut, holding the shoulder a constant distance from the
sternum. The scapulae lie adjacent to the ribs and the
left and right clavicies are fused into a structure known
as the furcula (it is absent in some parrots, such as
lovebirds and rosellas). The furcula acts as a spring
and stores energy during the down-beat as it is com-
pressed. These three bones are joined by ligaments at
their proximal ends to articulate with the head of the
humerus; their jointed articular surfaces form the
triosseal foramen through which the tendon of the
supracoracoideus muscle passes.
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Wing

The wing bones (Figures 2.1 and 2.4) are the humerus,
radius and ulna, and the manus (a semi-fused three-
fingered hand). There are separate radial and ulnar
carpal bones and the distal carpals and metacarpals
are fused into a carpometacarpus (see Figure 11.10).
The alula digit (thumb) has a good range of movement;
the major and minor digits form an integrated unit. The
wing is very mobile when flexed but when extended it
tends to move at the shoulder joint and otherwise
resists dorsal and ventral forces. The shafts of the flight
feathers are closely attached to the dorsal aspect of the
ulna and manus; the primary feathers are more firmly
attached than the secondary feathers.

The wing has its main muscle mass on the ster-
num (Figure 2.6). The pectoral muscle contracts to
cause the down-stroke of the wing and forms 15-20%
of the total body weight of the bird. Dorsal (or deep) to
the pectoral muscle is the supracoracoideus muscle.
Its tendon of insertion runs through the triosseal
foramen and inserts on the dorsocranial edge of the
humerus. During normal flapping flight, the supra-
coracoideus muscle rotates the humerus, causing the
wing to raise its leading edge. This allows the bird to
maintain its position in the air between down-strokes.
During slow flight and take-off, the shoulder muscles
elevate the wing. The propatagium (a triangular por-
tion of skin) is present from the cranial aspect of the
shoulder to the carpus and caudally to the elbow. The
leading edge of the propatagium is supported inter-
nally by an elastic tendon that is joined by various
other muscles and tendons, all of which maintain the
aerofoil shape of the wing. The elbow joint has a wide
range of movements when flexed, and the radius and
ulna pronate and supinate.

Chapter 2 Anatomy and physiology

Leg

The leg of the parrot (Figure 2.7) has a femur, a
tibiotarsus (the tibia fused to the proximal row of tarsal
bones) and a short fibula that does not extend below the
fibular crest (Figure 2.4). The tarsometatarsus is also a
short bone, formed by the distal row of tarsal bones
combined with the fused second, third and fourth meta-
tarsal bones (see Figure 11.11). The first metatarsal
bone is separate. The parrot’s foot is zygodactyl: digits
Iland lll face cranially, digits 1 and IV caudally. The pelvis
is formed by fusion of the ilium, ischium and pubis. The
acetabulum is formed from a bony rim and a fibrous cup.
Caudodorsal to the acetabulum is the antitrochanter,
which articulates with the trochanter of the femur and
prevents abduction of the limb when the bird is in a
normal standing position. Because of their foot shape
and short tarsometatarsus, parrots are very good at
climbing and manipulating their food, but when walking
on a flat surface they have a typical waddling or rolling
gait, especially those (such as macaws) that walk on the
caudal tarsometatarsus as well as the foot.

Like that of the wing, the main muscle mass of the
legis close to the body and so many muscles have long
tendons of insertion. When the toes are flexed and
gripping there is a locking mechanism between the
flexor tendons and their sheath that maintains grip with
a minimum of muscle activity. In parrots the long digital
extensor muscle extends all four digits.

Medullary cavities and medullary bone

In growing parrots the medullary cavities of most bones
contain active bone marrow. When a bird stops growing,
many bones become pneumatized: diverticula from the
air sacs invade and occupy the medullary cavities of
many vertebrae, the pelvis, sternum and humerus.
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m Ventral view of the wing of a Grey Parrot. Arteries are red, veins blue and nerves green. The pectoral muscle has
been removed. The brachial artery gives rise to the radial and then ulnar arteries. The superficial ulnar artery
gives rise to the ventral metacarpal and digital arteries. The deep ulnar vein is the major venous return from the distal wing.
The supracoracoideus muscle can be seen entering the triosseal foramen in the shoulder.
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(a) Lateral view of

: the left pelvic
limb of a Grey Parrot. The
limb, including the pelvis
and synsacrum, has been
removed from the vertebral
column, and the integument
removed, except for digits |
and Il. To illustrate the
course of the main nerves,
arteries and veins, iliofibular
and lateral iliotibial muscles
have been removed, and
lateral gastrocnemius
muscle and minor flexors of
digits Il and Il have been
sectioned at their origins
and reflected. (b) The distal
portion of the leg of a Grey
Parrot has had the skin
removed, except for digits
Il and IV. The major venous
return from the distal limb is
the superficial plantar vein.
The distal third of the
tibiotarsus is visible as it
has virtually no soft tissue
covering once the skin is
removed.

The tendons of insertion
are long and there are
several adaptations where
they run over joints. The
iliofibular muscle (a flexor of
the knee) and the cranial
tibial muscle (flexor of the
intertarsal joint) are both
held close to their
respective joints by a strap-
like ansa. Alongside the
tendon of insertion these
ansae contain a
neurovascular bundle. The
gastrocnemius muscles
(extensors of the intertarsal
joint) insert on the
hypotarsal region and their
fibrous insertions cover the
tibial cartilage and then the
flexor tendons on the
caudal tarsometatarsus.
The tibial cartilage contains
the minor digital flexor
tendons in several tunnels;
the two major digital flexor
tendons run through this
region in tunnels in the
hypotarsus. The minor
flexors provide most of the
complicated toe
movements, the major
flexors insert on the distal
phalangeal bone and
produce powerful digital
flexion. The digital extensor
tendon is shown in Figure
11.5. There are some small
intrinsic muscles in the
tarsometatarsal region that
also make fine movement
possible.
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Medullary bone (Figure 2.8; see also Figure 18.4) is
labile bone that normally occurs only in female birds in
the reproductive phase. Its formation is controlled by
oestrogens and androgens and so it can also be
formed in non-laying birds with hormonal abnormali-
ties. It consists of interconnected spicules, resembling
embryonic bone, that grow out from the endosteal
surface of the long bones. Medullary bone has no
Haversian system and contains less collagen than
normal bone. Phases of formation and destruction
alternate during the laying cycle.

m Medullary bone is laid down in the medullary
cavity of bones that are not pneumatized. It is
most obvious in the long bones, and in this Pionus parrot.
it is absent from the humerus but present in the femur.
Two weeks after these radiographs were taken the bird
laid a clutch of five eggs.

Body cavities

Birds do not possess a diaphragm that can separate the
body into thoracic and abdominal cavities. In birds in
general there are 16 body cavities. Eight of these are
connected to the respiratory system and are pneuma-
tized (air sacs). The others, which are not pneumatized,
are the left and right pleural cavities, a pericardial
cavity, four separate hepatic peritoneal cavities and
the intestinal peritoneal cavity. The intestinal perito-
neal cavity contains the gastrointestinal tract from
proventriculus to rectum, the gonads, spleen and ab-
dominal air sacs; the kidneys and reproductive tracts
are extraperitoneal.

Digestive system

Oral cavity

Parrots have a thick blunt-ended tongue that has an
intrinsic musculature, which is unique amongst birds.
This enables many parrots to pick up food such as
seeds and manipulate the food against the jaws. The
tongue also contains fat and cavernous vascular tis-
sue. In lories and lorikeets the tongue is curled into a
groove and carries several hundred bristles that help to
collect pollen and nectar.

Chapter 2 Anatomy and physiology

Salivary glands are numerous and widely distri-
buted within the palate, tongue, floor and corner of
the mouth, cheeks and pharynx. The glands are com-
pound tubular structures with multiple lobules. Each
lobule is composed of many secretory tubules that
open into a common cavity that then drains via a single
duct. These ducts are numerous and can be seen with
the naked eye as small openings all over the mouth.
They are stimulated by the parasympathetic nerves
and secrete mainly mucus.

Oesophagus

The oesophagus lies on the right side of the neck and
is modified at the thoracic inlet to form the crop (Figure
2.9). Peristaltic waves move the food down the oesopha-
gus and mix the contents of the crop.

Eye
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m A lateral view of the right side of the neck of the
Grey Parrot. The thymus is well developed in
the young bird and is present on each side of the neck. It
regresses as the bird gets older. The right jugular vein is
usually the larger of the two. The oesophagus, heart and
syrinx are all very close to each other. All the structures
illustrated in the neck are subcutaneous.

Stomach

The stomach is divided into a proventriculus and ven-
triculus (gizzard) (Figures 2.10and 2.11). Cranially the
proventriculus is glandular and contains oxynticopeptic
cells that secrete hydrochloric acid and pepsin; caudally
it is muscular. The intermediate zone opens into the
gizzard. In parrots the gizzard is extremely muscular
and has internal and external adaptations for grinding
food with grit (Figure 2.11). The internal surface is
covered with the cuticle (koilin layer), which is a carbo-
hydrate—protein complex and not keratin. The pyloric
part of the stomach is between the muscular part of the
gizzard and the duodenum. It contains endocrine cells.
Radiographic studies have shown that the food is
propelled in alternate directions between the proven-
triculus and the gizzard in a series of cycles. . .
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m Left lateral view of the viscera of a Blue-headed
Pionus Parrot.

Ventriculus
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part zone |

Grit

External and internal views of the alimentary
tract from oesophagus (distal to the crop) to
duodenum of a typical parrot (Pionus senilis). The
glandular part of the proventriculus can be identified by its
darker colour and a honeycomb pattern on its surface; the
intermediate part is paler. The body of the gizzard has two
thick muscles (1, 2) and two thinner areas (3, 4) that
correspond to blind-ending sacs within the gizzard. The
entrance to the pyloric part of the stomach (P) and
duodenum (D) is in the cranial part of the gizzard. The
koilin layer is well developed in parrots. If parrots have
access to grit, the healthy gizzard will always contain it.
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Intestines

The duodenum is a U-shaped loop of bowel. The jeju-
num and the ileum are arranged in a series of U-shaped
loops, or coils. At the junction between the ileum and the
jejunum is the vitelline diverticulum (the remnant of the
yolk sac and the yolk duct) (Figure 7.7). The intestinal
wall has three types of epithelial cells: chief cells, which
have abrushborderandare absorptive; gobletcells,which
are mucus secreting; and endocrine cells, which in
combination with those in the stomach and pancreas
form a diffuse endocrine organ. Chemical digestion and
absorption of food take place in the small intestine. The
large bowel is short; the paired vestigial caeca arise at
the junction between the jejunum and the rectum. The
intestine empties into the cloaca (Figure 2.12). The
length of the intestines of the Eclectus Parrot is nearly
twice that of the other large parrots.

Pancreas

The pancreas has three lobes. The dorsal lobe lies
above the ventral lobe in the duodenal loop (Figure
15.16a) and a small splenic lobe runs from the cranial
part of the pancreas towards the spleen. The pancreas
secretes the same exocrine digestive enzymes as
mammals: amylase, lipase and proteases, including
trypsin. It also produces insulin and glucagons but
insulin has little effect on glucose metabolism, which is
mainly controlled by steroid hormones.

Liver

The liver has right and left lobes (the right lobe is
larger). Each lobe is drained by a bile duct and these
unite. In most parrots (not cockatoos) the gall bladder
is absent and the right lobe’s bile duct becomes the
main drainage to the duodenum.

Urinary system

Parrot kidneys lie in the left and right renal fossae of the
synsacrum. Each kidney is divided into cranial, middle
and caudal divisions (Figure 2.13). Each division con-
sists of many lobules, which may be seen as small
lumps on the renal surface; the lobule is the fundamen-
tal unit of the kidney. The blood supply to the kidney is
very complex.

Uric acid rather than urea is the end point of avian
nitrogen metabolism. Itis formed in the liver. Although
some is excreted through glomerular filtration, 90% is
actively secreted by the renal tubule. Uric acid mixed
with salts forms spheres a few micrometres across
that mix with mucus to become a colloidal solution,
which prevents the insoluble urates from precipitating
in the ureter.

Uric acid excretion is vital for an embryo developing
in a shelled egg. It is moved to, and stored in, the
allantois as a crystalline anhydrous deposit, allowing
water from excretion to be recycled. As it is insoluble,
uric acid will not poison the closed system of the egg
(as would happen with urea). After hatching, uric acid
excretion requires more water loss from the kidney in
the bird than urea excretion does in mammals.

There are two types of nephron. The ‘mammalian’
type is found in the medulla of the lobule and has a well
developed glomerulus plus a nephronal loop. The
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m An internal left lateral

view of the cloaca of a
9-month-old male Grey Parrot. The
bird is in ventral recumbency. The
urodeum is dilated to almost its
maximum capacity to mimic the
endoscopic view. The cloaca is the
terminal portion of the urinary,
reproductive and alimentary systems.
In parrots the three chambers of the
cloaca are not arranged in a tube-like
line and the urodeum is the largest
chamber. The rectum opens into the
coprodeumn with no obvious junction.
The coprodeum is larger than the
rectum; it is closely attached to the
outside of the left side of the urodeum
and opens into it on the ventrolateral
aspect. The junction between
coprodeum and urodeum has the
ability to open and close. The
urodeum is the middle compartment.
The ureter and reproductive ducts

open into the urodeum. The ureters open relatively dorsally through a small mound. Each vas deferens opens through a
small papilla on the lateral aspect close to the exit to the urodeum. The left oviduct opens at the same site and develops
with a membrane over the opening that usually disappears when the bird is mature. The right oviduct is permanently
sealed. The proctodeum is the final compartment and is short. It is separated from the urodeum by a well developed
semicircular uroproctodeal fold. The cloacal bursa (bursa of Fabricius) is a pouch-like diverticulum with a central duct that
opens into the proctodeum in young birds. The bursa is larger than the cloaca in 6-week-old parrots but slowly regresses
and is a tiny remnant by the time the bird is sexually mature. The termination of the cloaca is the vent, which is kept closed
by well developed muscles. In poultry the coprodeum can empty directly through the vent by eversion of the
urocoproctodeal fold; eggs are also laid directly from the oviduct through the proctodeum. Sometimes parrots make a
straining noise when they defecate, which is not usually a sign of abnormality. In the parrot's cadaver the exit to the
coprodeum can be positioned against the entrance to the proctodeum and this may happen due to increased coelomic
pressure which with no diaphragm would make the bird vocalize. The coprourodeal fold is said to close whilst eggs are
laid; in parrots, new-laid eggs are never stained with faeces and this fold contains muscle.
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m A view of the urogenital tract
of a sexually mature female
Grey Parrot. The bird is in dorsal
recumbency and the overlying
alimentary tract has been removed. The
oviduct is pulled to the left by the
muscular cord to show the oviduct and
its arterial supply. The ventral marginal
artery is in the ventral ligament, the
dorsal arteries run in the dorsal
ligament. The oviductal veins are
omitted. Some of the uterine artery
complex has been omitted for clarity
and the caudal arterial supply of the
oviduct is hidden by the cloaca. A fully
developed oviduct is twice the length of
the bird's body and lies in a sinuous
folded manner rather than as illustrated.
It can be difficult to see any external
differences that demarcate the regions
of the oviduct, although they are very
different internally. It is also difficult to
find any remnants of the right oviduct
and ovary. Full-sized mature oocytes
would be almost as large as the ovary
on this drawing. Oocytes enlarge and
mature sequentially, so during laying
there is only one fully grown egg but
usually a number of medium-sized
oocytes waiting to mature.

16


http://vetbooks.ir

Chapter 2 Anatomy and physiology

‘reptilian’ type is found in the cortex of the lobule and
has a less developed glomerulus and no nephronal
loop. In experiments it has been shown that some
birds, when subjected to salt-loading, direct blood
away from the reptilian nephrons, which cannot con-
centrate salt in their tubular filtrate because they have
no nephronal loop. Other species have alternative
mechanisms (Goldstein and Skadhauge, 2000).

The renal portal veins and efferent venous flow
fromthe glomerulus form the peritubular capillary plexus.
This plexus surrounds the proximal tubules; urates are
removed from the venous blood and are secreted into
the proximal tubule. Two-thirds of the blood entering
the kidney is from the venous system. Because there
is a pair of valves in the portal circulation and there are
muscular sphincters in the afferent veins, the blood
flow through the kidneys can be controlled. All, part or
none of the venous blood can enter the kidney tissue.
This may be useful during increased exercise, asitcan
increase the venous returnto the heartand also enable
greater blood flow through the limbs to aliow heat loss.

The urine (colloids in mucus and water) flows slowly
and viscously down the ureter and enters the urodeum
(Figures 2.12 and 2.13) and can then be transferred by
retroperistalsis into the coprodeum and even the rec-
tum, where itis stored until defecation. During this time,
water and salts are reabsorbed in the coprodeum and
the bowel. In most birds, 10-20% of the water and up
to 70% of Na* is reabsorbed with additional secretion of
20% of K. Wild Budgerigars that are adapted to living
in dry conditions are able to retain an even greater
percentage of water: at room temperature on a dry
seed diet they do not need to drink.

Reproductive system

Male

The male reproductive organs are a pair of equally
active testes next to each adrenal gland at the cranial
division of the kidneys. In many parrots the right testis
is smaller than the left, because germ cells migrate
from the right gonad (ovary or testis) to the left during
development. Inactive testes are small with no obvious
blood supply. When sexually active they are much
larger with well developed blood vessels. Sperm is
collected in the epididymis and passes into the convo-
luted ductus deferens, which enlarges distally into a
sperm receptacle, the seminal glomus. In this structure
the temperature can be 6°C below that of the surround-
ing tissues. There are no accessory genital glands.

Female

In the female parrot, only the left side of the reproduc-
tive tract is fully and functionally developed (Figure
2.13). The blood supply to the ovary is large and the
vessels are quite short. The ovary is closely attached
to the body wall, next to the adrenal gland and cranial
division of the kidney. The ovary has many obvious
follicles; these are small in immature birds and are
enlarged by the presence of yolk in adult birds when
breeding. The follicle develops suspended on a stalk of
smooth muscle, blood vessels and nerves. It contains
a large primary oocyte surrounded by a multi-layered
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wall that is potentially divided by the stigma. At ovula-
tion the stigma is split; the (secondary) oocyte is
‘grabbed’ by the infundibulum, a task made easier by
the discrete size of the left abdominal air sac which
encloses the ovary. If the oocyte is shed but not
enveloped by the infundibulumitis usually reabsorbed.

The oviductis supported by the dorsal ligament and
the ventral ligament and has five parts.

¢ The first part, the infundibulum, picks up the
oocyte after it has been shed by the ovary and
surrounds it with a first layer of albumen (egg
white). Fertilization of the oocyte by the sperm is
limited to a period of about 15 minutes, being the
period between release of the oocyte from the
ovary and it being covered with albumen. This is
possible because sperm are contained in folds in
the mucosa of the oviduct.

* The egg passes through the magnum, where the
rest of the albumen is added.

* |n the isthmus the shell membranes are
produced, which cover the egg and also
determine its final shape.

* The egg then enters the shell gland, where it
spends 80% of its time in the oviduct. Firstly the
egg absorbs water and enlarges to a plumped
egg shape. Then the calcium carbonate and
protein shell is produced and is finally covered
with a cuticle giving the egg its shiny appearance
(Figure 2.14). The shell contains thousands of
tiny pores that run from the shell membranes to
the surface, allowing the embryo to respire. In
parrots the shell is white.

* The final part of the oviduct is the muscular vagina
that in many species has spermatic fossulae,
which are capable of sperm storage. In many
species (e.g. Budgerigar) viable sperm can be
stored and released for several days. After mating,
some of the sperm is stored; some is able to reach
the infundibulum within a few minutes.

Itis traditional to describe the egg moving down the
oviduct. In reality, because of the length of the oviduct
and size of the egg, the egg is relatively static in the
coelomic cavity whilst the oviduct moves over it by
peristalsis.

Cardiovascular system
Parrots, like most birds, have to be able to sustain
sudden and prolonged high levels of muscular activity.
The heart of birds is much larger and beats faster than
that of mammals of comparable size and the rate can
vary very quickly. Birds have a high cardiac output,
seven times greater in a Budgerigar than a human or
dog at maximum exercise. This high cardiac output is
combined with a higher arterial pressure (180/140 mm
Hg). Avian cardiac muscle cells are much smaller in
diameter than mammalian cells.

The four-chambered heart lies ventral to the lungs in
a relatively midline position in the body. It is surrounded
by pericardium that is attached to the sternum and the
liver's peritoneal sacs. The right atrioventricular valve is
amuscular flap on the free wall of the ventricle; the other
valves are similar to those of mammals. ;
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m Parrot eggs are white and
relatively small and have little
difference between the blunt and narrow
ends. Most parrots lay their eggs on
alternate days. The eggs are incubated
(usually by the female) from the time that
they are laid. Parrots brood their eggs
continually and turn them regularly.

The hard outer shell is shaped to resist
external forces but is easily broken by force
from within. The outer layer of the shell is
the cuticle: a thin, hard, continuous outer
covering of lipid and protein that gives the
egqg its smooth sheen. It is responsible for
repelling water and bacteria. The testa is
the calcified portion (98% CaCO, and 2%
protein matrix) and has a complicated

structure. This part of the shell provides most of the calcium required by the embryo. The surface of the testa has pores
that open on to the surface (under the cuticle) and also connect with canaliculi that run right through the shell 1o the
membrane. They allow gaseous exchange. The pores are most numerous at the blunt end of the egg. There are two shell
membranes: the inner membrane rests on the albumen; the outer membrane is thicker and is attached to the shell. As soon
as the egg is laid, cooling allows separation of the membranes at the blunt end to form the air cell.

The clear proteinaceous albumen forms about 75% of the egg in parrots. It is divided into compartments. The yolk is
surrounded by a thick viscous albumen layer which, as the female parrot regularly turns hers eggs, becomes twisted and
condensed and forms chalazae. The chalazae resist the tendency of the yolk to float to the most dorsal aspect of the egg.
The thick albumen tends to be a shock-absorber too. There are two compartments of more liquid albumen that contain
more water and less ovomucin; they prevent the embryo from drying out and allow more rapid mixing and diffusion of

nutrients and gases to supply the early embryo. The albumen is a source of water and mineral ions for the growing embryo
and additional nourishment. It is completely used during incubation. Lysozymes and similar proteins in the albumen

prevent bacterial infection of the egg.

The yolk is orange and on its surface is a visible germinal disc; radiating from this area is the more watery white yolk,
which is less dense. During turning, the yolk's structure makes the part containing the germinal disc stay most dorsal
(closest to the incubating bird). The yolk is covered by two membranes. It is 50% solids, 99% of which are protein, and is
the main nutrient source for the embryo. In the latter stages of growth the yolk is connected directly to the embryo’s intestine.

Calcium for the egg's shell is obtained from the duodenum and upper jejunum or from reabsorption of bone. If there is
sufficient calcium in the diet the intestine is the main source. In cases where the diet does not contain sufficient calcium,
further calcium is obtained from the medullary bone and, failing this, from cortical bone. Medullary bone is a labile buffer
for calcium demand and even in diets with adequate calcium it is used while demands for calcium are at their highest. It is
quickly replaced by calcium absorbed from the gut. Whilst laying, poultry will preferentially consume a diet supplemented
with oyster shell grit. Preference for calcium-rich food during this time has been shown in other species of bird as well.
During the last third of incubation the choricallantoic membrane, which lies over the inner shell membrane, secretes a weak
acid that dissolves the inner lining of the shell and provides the embryo with calcium to form its skeleton.

The arteries and veins are similar in distribution to
those of mammals. There are species differences; for
instance, in cockatoos the left carotid artery is much
smaller than the right. Two venous anastomoses are
notable. A jugular anastomosis, just caudal to the head,
allows 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 allows the
femoral vein to be the main venous return of the leg.

The high-pressure blood supply for glomerular filtra-
tion comes from the three renal arteries. There is also a
lowerpressure supply from the externaliliac vein (mostly
derived from the femoral vein) and renal portal vein that
finally surrounds the renal tubules, allowing the secre-
tion of urates. The portal veins enterinto a ring-like renat
portal system. The renal portal valve is able to cause
blood to be shunted through the whole kidney or parts of
the kidney. At times of maximum energy demand, the
blood can even bypass the kidney altogether.

Lymphatic system

Lymphatic vessels are less numerous in birds than in
mammals. Within the trunk these vessels are closely
associated with arteries, whereas outside the trunk
they accompany veins. The lymphatic ducts drain into

the venae cavae. Parrots have no lymph nodes but
there are nodules of lymphoid tissue in the lymph
vessels as well as lymphoid tissue in the spleen and
bone marrow. Primary lymphoid tissue is formed in the
thymus and cloacal bursa.

The thymus (Figure 2.9) consists of several paired
lobes at the base of the neck. It produces mainly
thymus-dependent (T) lymphocytes, which originally
migrated there from the yolk sac, and some bursa-
dependent (B) lymphocytes.

The cloacal bursa (Figure 2.12) is unique to birds.
It is a dorsomedial diverticulum in the proctodeum and
is also best developed while the bird is growing. In
parrots it is a thin-walled sac and is the source of the
majority of the B lymphocytes. The bursa involutes
slowly andis usually justa remnant of tissue by the time
the bird is fully grown. After this, B cells come from the
bone marrow.

True lymph nodes are rare in birds and when they
do occur they are in a pair near the thyroid and a pair
near the kidneys. There are mural lymphoid nodules in
the walls of the lymphatics, and there are aggregates
of lymphoid tissue in the alimentary tract and
occulonasai region and variable amounts in all the
other organs.
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The spleen is situated on the right side of the bird,
at the junction of the proventriculus and gizzard. It
phagocytoses erythrocytes and produces lymphocytes
and antibodies but is not erythropoietic.

Respiratory system

The body of the bird contains the viscera within their
peritoneal cavities and a number of air-filled sacs (Fig-
ure 2.15). The two lungs are a mass of interconnected
airways that commence at the primary bronchus and
finally enter the air sacs via holes (ostia). There are eight
air sacs: one cervical, one clavicular, two cranial tho-
racic, two caudal thoracic and two abdominal. The
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m Right lateral view of the respiratory organs of
the Blue-headed Pionus Parrot.

cervical and clavicular sacs enter the vertebrae,
humerus and other soft tissue structures mainly outside
the main body cavity. Caudoventral to the lungs are the
thoracic and abdominal sacs. The exact structure of
the sacs and the pneumatization of the body differs
between genera and even species; for instance, the
femur is pneumatized in birds of prey but not in parrots.
The air sacs have two principal functions: reduction of
the bird’s weight; and ventilation by acting as bellows to
pull air through the lungs, but not gaseous exchange.
The respiratory movements elevate and depress the
sternum and also expand and contract the rib cage. This
expands and contracts the air-filled sacs but does not
change the volume of the lungs.

The upper respiratory tract provides a filter system
(nostril and conchae) to warm, moisten and filter the
air. The nasal passages also connect to an extensive
air-filled infraorbital sinus (Figure 2.16). The air passes
through a slit in the roof of the mouth (choana) to the
larynx. The larynx can open and shut but has no ability
to make noises, though it modifies them. The trachea
has complete tracheal rings that are calcified. Itends in
the syrinx, which is a complicated movable structure.
Internally the parrot’s syrinx arises as a valve, beyond
which are the lateral tympaniform membranes and
then two primary bronchi, one supplying each lung.
Externally the syrinx has several muscles that are
attached to the modified tracheal and bronchial carti-
lages and this system produces the voice. The primary
bronchi give rise to smaller and smaller airways, all of
which are variously interconnected but finally pass
through the lung to empty into the air sacs. This
complex system of airways, plus an aerodynamic valve,
allows a unidirectional path through the majority of the
lung tissue for the majority of the air (Figure 2.17).
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m Lateral view of the head of
a Grey Parrot. The jugal
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infraorbital sinus have been
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mucociliary epithelium. This is the
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primary defence against infection of

the lower respiratory tract. In Grey Parrots there is no caudal concha and the olfactory nerves are probably in the
caudodorsal nasal passage wall. The cilia propel mucus caudally and then ventrally (in chickens at 10 mm/min). Beneath
the epithelium is a richly vascular bed that warms the air. Because this area also retains fluid from the nasal gland, it plays
a major role in water and heat economy as well as air filtration and olfaction.

3: This area is a common chamber between the above (1 and 2), the respiratory passages to the choana (4), and the
aperture of the infraorbital sinus. The infraorbital sinus is moist with a rich supply of mucus glands at the aperture; the

mucociliary current at this opening is very rapid.

4: This ventral part of the respiratory passage leads into the choana and is medial to the palatine bone and pterygoid

muscle. The nasolacrimal duct opens into this area.

5: The nasopalatine branch of cranial nerve V runs across the medial aspect of the infraorbital sinus. The infraorbital sinus
has a number of potential air-filled extensions around the skull, including into the maxillary bone, and also an extension

around the vertebrae as far as the crop and shoulders.
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Movement

-
of air

through the lung of a
bird. Inspiratory
movements increase
air sac volumes and
expiratory movements
decrease them. The
volume and shape of
the lung remains the
same. Because of the
arrangement of the
parabronchi and the
possible presence of
an aerodynamic
valve, the air is moved
unidirectionally
through the
parabronchi and
therefore the area of
gaseous exchange.
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The final unit of gaseous exchange is the smallest
section of the airway: the air capillary. The air capillar-
ies form an anastomosing three-dimensional network
of airways through which the air flows. The air capillar-
ies completely fill the spaces between the blood capil-
lary network. Airway size is controlled and helped by
smooth muscle in the larger airway walls and a sur-
factantthat covers the air capillaries and is secreted by
cells in the walls of the airways.

There are other major features of the avian respira-
tory system that make gaseous exchange in birds far
superior to thatin mammals (Box 2.1). Birds are able to
fly vigorously under conditions that would cause ex-
treme hypoxia in mammals.

Inspiration and expiration are active processes.
The ribs move craniolaterally and push the sternum
cranioventrally. Although there is no diaphragm, this
stillincreases the internal volume of the bird and draws
air into the air sacs. Expiration is caused by active
contraction of muscles that forces air out of the system.
During anaesthesia, birds in sternal recumbency have
to raise their whole body to inspire; birds in ventral
recumbency have a decreased ability to inflate some
air sacs and so also have compromised ventilation.

The avian lung does not change shape during the respiratory cycle
and, so, neither do the airways. The terminal units of gaseous
exchange (air capillaries) are smaller (3-10 um) than the alveolus of
mammals (35 um or larger). The airways are covered by a trilaminar
substance, unique to birds, which acts as a surfactant that keeps the
fluid content of the airways low: it prevents the airways collapsing
under the effect of surface tension, keeps the protective fluid layer
sufficiently thin that it does not diminish the airway diameter
significantly, and decreases the risk of pulmonary oedema. The small
sized airways encourage a greater oxygen diffusion gradient.

In mammals the air in each alveolus is only changed as a proportion
during each respiratory cycle. In birds there is a one-way passage of
air through the lung. As there are no blind-ending alveoli, there is no
dead space during the respiratory cycle and all the air is involved in
gaseous exchange.

The blood-gas barrier (capillary endothelial cell/basal lamina/
respiratory epithelial cell) is one third thinner in birds than in mammals.
Within the air capillary bed the blood flow tends to be counter to the
direction of the air flow, forming greater diffusion gradients. This is
known as cross-current gas exchange.

Avian lung has a 20% greater volume of capillary blood per gram
weight than mammalian lung. The blood content of the lungs is also
constant during the respiratory cycle, unlike that of mammals.

Comparison between the avian and mammalian
lung.
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Central nervous system

The central nervous system of birds is similar to that of
mammals. The brain is not as large as the mammalian
brain in animals of a similar size, but larger than the
reptilian brain. There is a very poorly developed cer-
ebral cortex. The rostral colliculus (optic lobe) is huge
and the total cross-sectional area of the optic nerves is
greater than that of the cervical spinal cord. The olfac-
tory region is poorly developed (see Chapter 19).

The spinal cordis morphologically similar to thatof all
other vertebrates. It consists of central grey matter
surrounded by three columns of white matter (dorsal,
ventral and lateral). Birds have marginal nuclei that
surround the grey matter and these are likely to be
ventral commissural neurons that project information
across the cord and may be multi-synaptic neurons that
transmit non-localizing pain fibres along the column.
The spinal cord is the same length as the vertebral
column and has no cauda equina. Itis surrounded by the
meninges. The epidural space is filled with a gelatinous
rather than liquid substance. A large venous sinus runs
along the dorsal aspect of the vertebral canal and is
voluminous in the area of the medulla oblongata; it
anastomoses with the renal circulation. The glycogen
body is found at the separation of the dorsal columns of
the lumbosacral cord; the two types of nerve fibres that
make up the glycogen body are thought to regulate
vascular reflexes and have a neurosecretory role.

The wing is supplied from a brachial plexus (see
Figure 19.2). The brachial plexus gives rise to both a
ventral and dorsal fascicle, so that the wing is sur-
rounded with nerves, whereas the majority of the leg
has a caudolateral supply. The pelvic limb is supplied
from a lumbosacral plexus that runs between the
kidneys and the pelvis before it reaches the leg.

Senses

Vision is the bird’s most important sense and in most
species the eye is huge. The ear is not as well devel-
opedasthe eye buthas some role, as auditory cues are
important to parrots.

The eye and vision

Predated species, such as parrots, tend to have narrow
heads with the eyes set laterally. In parrots the visual
field is 300 degrees plus, but they have the narrowest
field of binocular vision known in birds: between 6 and
10 degrees.

The eye (Figure 2.18) has a small anterior chamber
and the cornea is thinner than in mammals. The poste-
rior chamber is much larger but in parrots the eye is flat,
rather than globular or tubular. The shape of the eye
allows the retina to have all-round visual acuity (unlike
mammals, which have a single region of acute vision).
The ciliary body suspends the lens and contains two
striated muscles: the anteriorand posterior sclerocorneal
muscles. The eyeball and its internal muscles are sup-
ported by bony scleral ossicles adjacent to the cornea.

The lens is soft and has a central body surrounded
by an annular pad, from whichitis separated by a fluid-
filled space. Accommodation is effected by the poste-
rior sclerocorneal muscle, which forces the ciliary body
against the lens, thereby increasing the curvature of
the lens. Not only is the lens soft but also it will allow
ultraviolet light to pass through.

As the muscles of the eye are striated muscle,
including that controlling the iris, birds have conscious
control over their iris. Many parrots use their iris as a
behavioural signal, especially Amazons; the iris can
give a flash of colour.

The retina consists of a large number of cones and
some rods. Each cone has its own ganglion and the
brain receives a one-to-one signal, giving excellent
visual acuity. In contrast, several rods are synapsed to
a single ganglion, which allows a small amount of light
to trigger an impulse. This gives good night vision. As
in mammals, there is a central area in most birds that
is devoid of rods. The cones contain an oil droplet,
which appears to function as a cut-off filter to absorb
short-wavelength light and allow the transmission of
longer-wavelength light. Budgerigars have only or-
ange, yellow and pallid greenish droplets. Experiments
using coloured seeds show that they see blue but are
not red-sensitive. This may be due to their lack of red

Body of lens Cornea

Ciliary body
Annular pad of lens

Sclerocorneal muscles
Zonnular fibres

Vitreous membrane

Vitreous body

Pecten

Anterior chamber
Iris anterior layer
Iris pigmented layer

’ Cartilage layer of sclera

Fibrous layer of sclera

Optic nerve

m A view of the ventral
portion of the left eye of a
Grey Parrot. The suspensory
ligaments have been omitted on the
Sclerocorneal junction || temporal (right) side of the eye to
show the underlying ora serrata. The
cartilaginous layer of the sclera
abuts to the inner aspect of the
scleral ossicles. The scleral ossicles
are surrounded by fibrous tissue that
becomes the cornea. The inner
surface of the iris contains lots of
melanin granules; this pigmented
layer continues around the ciliary
body and finally forms the layer of
pigment in the choroid. The optic
nerve is overlain by the pecten so it
cannot be seen with an
ophthalmoscope. The nerve is
flattened as it goes through the

Sclerovenous sinus
Scleral ossicle

Retina

Choroid

sclera. The lens forms as a vesicle; the body of the lens arises from the posterior pole and grows until it almost fills the
vesicle. In the latter stages of development the annular pad forms as a peripheral ring. The gap between the annular pad
and the body of the lens is the remnant of the original lens vesicle. This eye was 16 mm in diameter.

20


http://vetbooks.ir

oil droplets. Birds can see colours produced by ultra-
violet (UV) light. This is useful in tropical vegetarian
birds: forest fruits become UV light-reflective when
ripe. Many parrots have UV-reflecting plumage that
indicates age and gender.

Most non-predatory birds look closely at an object
by turning their head and using a single eye. However,
birds do have extrinsic muscles that move their eyes.
Parrots are able to move their eyes to look more
downwards, upwards or forwards (for example, they
can see the end of their beak and look at their food as
they select it and pick it up). This can change their
visual field by several degrees. The pattern of retinal
cells varies with the species and is related to the flying
and hunting behaviour of the bird. Whilst flying, many
birds are able to view the ground and the horizon at the
same time, with both in focus even though they are
different distances away from the bird. Not only does

Chapter 2 Anatomy and physiology

this use different parts of the retina, but the visual
impulses also go to different parts of the brain.

The pecten is a thin black pleated structure (7—14
folds in parrots) found in the posterior chamber, whose
base is always in contact with the optic disc and
overlies the optic nerve. Itis a highly vascular structure
thatis considered to supply nutrients and oxygento the
relatively avascular posterior segment. Tissue fluid
has been shown to move out of the pecten into the
posterior chamber.

A semi-transparent nictitating membrane pro-
tects and cleans the eye (see Figures2.16 and 19.7).
It is moved voluntarily by two muscles under the
control of cranial nerve VI. There is a gland associ-
ated with the membrane and as the membrane
sweeps across the eye it distributes secretions from
this gland; as it returns it funnels the secretions
towards the tear duct.
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Husbandry

Alan K. Jones

Introduction

Parrots seen in veterinary practice may be divided
broadly into two groups: species that are not very far
removed from wild-living birds (most larger parrots);
and those that have been bred in captivity for many
generations and are very different from the wild original
(Budgerigars, Cockatiels and many small parakeets).
The various husbandry techniques available for these
birds will be discussed, together with their relevance to
the general practitioner. The housing method can have
a significantimpact on possible diseases encountered.

Housing

Husbandry methods may be divided into: collections of
birds in aviaries; and pet birds in small numbers in
indoor cages.

Aviaries

Layout

Aviaries may be indoor or outdoor, or commonly a
combination of both. The latter comprises a building
containing compartments with sleeping quarters and/
or nest box, plus food and water bowls. Extending from
this building and accessed through a closeable pop-
hole is an outside flight of wire-mesh construction.
Species such as Cockatiels and Budgerigars may be
kept in communal groups and are generally sociable
birds. It is important in such communal aviaries to
provide plentiful perching, feeding, drinking and nest-
ing spaces, to prevent fighting and possible destruction
of nests, eggs and chicks (Figure 3.1).

Advantages Disadvantages

Presence of several birds of one || ©
species may positively influence

High potential for aggression
during breeding season

breeding activity by: (may lead fo loss of

*»  Allowing wider choice of extremities, or death)
mate selection *  Suppression of breeding

*  Mimicking natural flock activity if the flight is
behaviour overcrowded

¢ Mutual stimulation of *  Dominant birds will pair off

breeding condition and breed but will prevent

others from so doing

m Advantages and disadvantages of communal
aviaries in the breeding season.
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Most larger parrots and parakeets are kept in pairs,
in a bank of aviaries with adjacent flights. This allows the
keeper control over specific pairings of birds and will
avoid any competition for food and nest sites. Neigh-
bouring birds should be compatible, since many will be
naturally aggressive to each other, or may be prevented
from breeding by the sight of other species. It is impor-
tant that flights are ‘double-wired’, i.e. the metal mesh is
fixed in two layers with a minimum 3 cm gap. This will
prevent birds attacking their neighbours’ toes, and will
also prevent predators such as cats, rats and birds of
prey from reaching parrots through the wire.

Construction

Suitable wire mesh is available by the roll, or in ready-
made panels. The thickness or ‘gauge’ of the wire will
vary according to the species kept. Large macaws, for
example, require thicker (13 gauge) wire than grass
parakeets (16 or 19 gauge). The mesh should be of
good quality: cheaper varieties are a source of zinc
poisoning (Chapter 20).

The mesh is attached to a framework of metal or
wood. Wood should be treated with a bird-safe pre-
servative (e.g. tannalized, or water-basedfence paints).
Birds’ beaks (especially of species like large macaws,
or Alexandrine and Derbyan parakeets) are highly
destructive, so exposed wooden frames should be
protected by sheet metal, or metal may be used to
make the frame.

Ideally the mesh frames will be mounted on solid
low walls of brick or blockwork (Figure 3.2), to reduce
the risk of invasion by rodents. The floor covering may

ST
m Scarlet Macaws housed in an outside aviary;
note the nest box. Some free-flying Green-

winged Macaws are seen in front of the aviary.
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be earth or turf, shingle or bark chips, concrete or
paving. Earth will predispose to infestation with intes-
tinal parasites, as worm eggs will persist in the soil.
Wood products may harbour spores of Aspergillus spp.
Stones, concrete or paving will reduce these disease
risks, provided that they are regularly hosed down and
droppings are notallowed to accumulate. Alternatively,
birds may be kept in ‘suspended aviaries’ (Figure 3.3),
with @ mesh floor fitted above ground level so that
droppings and waste food pass through and cannot be
reached by the birds. Ample perching should be pro-
vided in the flight to ensure that birds do not spend too
much time on the wire, since this can damage their feet.
ltis also necessary to ensure that vermin cannot climb
up the supporting legs of the flight. This method is not
best suited to birds that naturally forage on the ground,
such as Roseate Cockatoos, though these species are
obviously most vulnerable to infestation.

m Suspended aviaries allow waste to drop
through the wire floor. Some free-flying Blue

and Gold Macaws are seen in front of the aviary.

The roof of the flight may be of mesh entirely open
to the elements, provided there is an internal house in
which the birds can roost and shelter. Alternatively,
part or all of the roof may be covered. Access to fresh
air, sunshine and rain will greatly improve feather and
skin condition, though birds will require shade from
strong direct sun. Against this are potential health risks
of raptor or vermin attack; or contamination of the flight
with pathogens from wild birds’ droppings. On balance
the health benefits to be gained from an ‘outdoor life’
outweigh these possible health risks.

Siting
Siting of the aviary complex isimportant. Local environ-
mental factors, such as the direction of the sun or the
prevailing wind, must be considered. What may offer a
cold and miserable environment in one area may
provide welcome shade and shelter in hotter climates.
Adjacent vegetation may be significant: leaf fall will
make a mess of the flight and overhanging foliage will
create a gloomy environment, with continual water drip
and consequentalgal growth. It will also offera route for
squirrels andrats to reach the aviary roof, while branches
breaking off in storms could damage the construction.
In general, plants inside the flight are not compatible
with parrots, since they will rapidly be destroyed.
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The proximity of airports, busy roads or local indus-
tries could have a deleterious effect on the health of the
birds. Human neighbours are also important:

¢ Parrots are noisy, and complaints from
neighbours can lead to unpleasantness and even
the cessation of birdkeeping.

* Nearby cats, noisy dogs or children may disturb
the birds, especially while they are breeding,
leading to loss of eggs or chicks.

* Neighbours who have frequent barbecues or
bonfires pose a real threat with the toxic smoke
that could blow into the flights and kill birds.

Aviaries that are totally indoors incur the problems
of any intensive rearing system, i.e. inadequate venti-
lation will predispose to the rapid spread of infectious
agents, especially respiratory diseases (Figure 3.4).
Against this is the advantage of being able to control
temperature, humidity and lighting (which should in-
clude ultraviolet light) (Box 3.1).

Advantages Disadvantages
»  Space and the ability to fly ¢+ Need to be acclimatized to
*  Sunshine and fresh air (if outdoor life
with an outside flight) *  Possible attack by or
+  Generally fitter birds disease transmission from

*  May exhibit more ‘natural’ predators or wild species
behaviour *  Vulnerability to theft

*  Violent weather and other
environmental hazards

¢ Possible difficulty in
monitoring health and
behaviour without disturbing
birds

m Advantages and disadvantages of keeping
birds in outdoor aviaries.

= All parrots kept indoors should be provided with artificial full-
spectrum light (producing both UV-A and UV-B) for normal vitamin
D metabolism and breeding behaviour.

+  UV-A (315400 nm) is important for normal vision in birds,
allowing them to visualize UV-reflective plumage. This allows for
normal breeding behaviour.

+  Exposure to UV-B (285-315 nm) is important for endogenous
synthesis of vitamin D in birds. This is particularly important for
Grey Parrots, which are known to suffer regularly from disorders of
calcium metabolism in captivity.

+ The bulb should be kept within 30 cm of the bird.

+ Light should be provided for at least 60 minutes daily. It is perhaps
advisable to mimic the photoperiod for the bird’s country of origin.

+ Bulbs providing radiation of 295 nm wavelength are the most
efficient for vitamin D synthesis. Commercially available butbs
include Arcadia bird full-spectrum (36W FB36) and Philips Flutone
tubes (TLD/96S).

» Excessive exposure to UV-B will not lead to vitamin D toxicity.

«  Avoid placing physical materials between the bulb and the bird that
might block UV-B radiation. Most glasses and plastics do not
transmit UV-B radiation.

+ Replace bulbs every 6 months, as the ability to produce UV-B is
lost long before the capacity to produce visible light.

m Provision of ultraviolet radiation for captive
parrots. Courtesy of M. Stanford.
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Cages

These, in one form or another, provide housing for the
majority of pet parrot species. There is a plethora of
designs and sizes available, with a range of prices and
finishes, and good examples are often more expensive
than the birds.

There is ongoing discussion as to whether or not
creatures that are designed to fly should be confined at
all in cages, but if they are to be kept in a domestic
environment there is no doubt that an appropriate cage
is the safest way to house them. The cage should be
considered a sanctuary and resting place for the bird
and, as far as is possible, the pet should be allowed
freedom outside that home, on a stand or with the
owner. There are legal requirements linked to the
Wildlife and Countryside Act 1981 as to minimum cage
size (Chapter 22), which state that a bird should be able
fully to open its wings in all three dimensions. Thus a
macaw with a 90 cm wingspan must have a cage no
smaller than 90 x 90 x 90 cm. This is the absolute
minimum, and then used only for limited periods,
perhaps as a temporary holding cage.

Itis useful to have a small cage or box for transport-
ing the bird (Chapter 4). This container may also be
used to put the bird somewhere quiet to rest and sleep,
which is useful if the house is noisy or busy, and
beneficial in giving seclusion to birds that pluck when
stressed (Chapters 16 and 17). Large cages are diffi-
cult to transport and so they should be robust enough
to withstand repeated dismantling and reassembly, for
cleaning or moving.

Cage design

In terms of wire strength, the same criteria of con-
struction appropriate to their occupants apply to cages
as to aviaries. An important aspect is that the sides
should be flat rather than curved: round or oval cages

are not comfortable for parrots. The majority of cross-
wires should be horizontal rather than vertical — most
parrots spend time climbing, and this will be easier
with the former.

The cage material should be easy to clean, with few
crevices to harbour dirt and germs. Lightweight plastic
trays may be hygienic but they crack easily and are not
robust enough for long-term use. Many cages are
made of plastic-coated wire, which looks attractive
when new but will not withstand for long the attention of
a parrot's beak. The underlying metal then becomes
exposed and usually rusts: the flakes of plastic, ex-
posed metal and dirt-traps are all health risks.

Large cages may be designed to stand directly on
the floor, or smaller ones to be placed on a table or
shelf. Others will have legs to raise the cage to a
suitable height. This undercarriage may incorporate
useful shelving, which will also improve stability by
bracing the legs. Castors on the legs will facilitate
moving these cumbersome objects. The design may
feature trays underneath, or ‘skirts’ of metal to catch
scattered food (Figure 3.5).

Cage equipment
Comfort and safety of the bird are paramount and there
are several risk factors to consider. Poorly designed
fastenings or fancy embellishments may trap digits (of
owners or birds) or may allow the bird to escape. Dirt-
harbouring crevices have already been mentioned.
However, by far the most important safety aspect, as
already mentioned for aviaries above, is the possibility
of zinc poisoning from the cage material. Cages that
have a powder-coated finish are safe; owners need to
ensure that so-called ‘zinc-free’ cages are in fact so.
Most cages come supplied with perches cut to fit
inside, usually made of smooth wood or plastic. These
may be easy to clean but should be replaced with

m Good quality
commercially
available cages. Note the large
size, integrated 'playstand' and
‘skirt’ for catching waste. There

is room for many toys, perches
and feeders.
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natural wood branches (from non-toxic species and a
safe source) as quickly as possible. Suitable woods are
ash, hazel, birch, willow, eucalyptus, chestnut, syca-
more, elder and untreated fruit trees. The diameter
should be appropriate to the species, such thatthe toes
may curl comfortably around the perch without being
either over-stretched or too tightly flexed. Variation in
diameter within this comfortable range, as well as the
irregular shapes of natural wood compared with metal
or plastic, will improve condition of the feet as well as
giving the birds physical occupation as they chew the
wood. This may mean that the perches require regular
replacement, but the birds will be happier and fitter.
A‘play stand’ for the bird gives additional stimulation
and freedom (Figure 3.6). This may be a commercial
product (generally a circular pan with perch and feeding
bowls attached) or a home-made construction using
naturalbranches. Trays or skirts to collect debris may be
fitted, and the perches may be hung with various toys.

Commercial
playstands with
toys.

Food and water containers are generally supplied
with the cage. These may be plastic, ceramic or stain-
less steel and may be attached in various ways. Parrots
enjoy tipping over and emptying out their bowls and so
simple D-cups (Figure 3.8) hooked over the wire are
unsuitable for long-term use. Dishes may be inserted
through an opening in the side of the cage and held in
place with an external clip. Better are swivel feeders,
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where a holder is rotated through 180 degrees from
inside to outside the cage, enabling the attached bowls
to be removed, cleaned and replaced without entering
the cage itself (Figure 3.7). The swivel mechanism is
secured from outside. These same criteria apply to food
and water supplies for aviary birds: swivel feeders make
the care and maintenance of outdoor birds quick and
easy, without having to enter each aviary in turn.

LT

Swivel feeders are recommended.

Problems for indoor birds

Birds kept indoors are prone to problems shared by their
aviary-housed relatives, including dietary or toxic condi-
tions and exposure to noisy pets or children — the latter
perhaps even more so. They also experience a range of
conditions unique to their domestic environment.

Paramount is the lack of sunlight and fresh air,
coupled with a warm dry indoor atmosphere {especially
in winter, when heating is on), predisposing to poor
feather quality, resulting in dull colours, brittleness and
irritation and culminating in feather plucking (Chapter
16). This will be exacerbated by poor diet and boredom.
Practitioners see far more feather conditions in indoor
birds thaninthose kept outside, and while this may partly
be explained by the former being solitary hand-reared
birds with emotional ‘hang-ups’, the indoor environment
and atmosphere have a considerable effect.

The companionship of humans or other birds — or
rather its lack or inappropriate nature — will lead to
stress-related illness. Parrots are kept often in mini-
mal space (Figure 3.8) and not allowed out for fear

Grey Parrot in a typical inadequate small cage.
Note the D-cup food holders on the bars.
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of biting or damage to the home, thus leading to
a vicious circle of further confinement. If birds are
allowed freedom in the household, they may encoun-
ter hazards such as other pets, fires and chimneys,
saucepans, mirrors and windows, or escape through
open doors. Other domestic hazards include salt,
chocolate, alcohol, cigarette smoke {marijuana toxic-
ity has also been seen in a pet parrot), poisonous
plants (Speer and Spadafori, 1999) and the deadly
fumes from overheated non-stick cooking utensils or
burning cooking oils.

Choice of bird and source

Wild or captive-bred

Parrots are still imported from their native countries,
but regulations for quarantine and importation are
changing slowly (Chapter 22). Itis probable that there
will be an increase in the licensing and registration
requirements to keep psittacine species, similar to
that required for raptors, with closed rings and re-
corded numbers.

Wild-caught birds commonly carry infectious dis-
eases such as salmonellosis, Pacheco’s disease,
chlamydophilosis and intestinal parasites, and will be
of uncertain age and temperament. They will not be
tame but potentially can be tamed.

Captive-bred birds appear to offer an ideal choice
for the pet market; they are acclimatized, used to
humans, and do not further endanger natural
populations. In practice, this ideal has not been fulfilled
for a number of reasons. Firstly, many of these birds
are not as robust as their wild-bred counterparts,
especially those that are incubator-hatched and hand
reared (Figure 3.9). This branch of aviculture is still
comparatively new, and not all the answers for raising
strong, healthy parrotbabies are yet known (see Chap-
ter 18). Secondly, there has been a rapid spread of
other infectious diseases through bulk rearing of baby
birds and disseminating the offspring through pet shops.
Naturally occurring viruses with a long incubation
period, such as psittacine beak and feather disease
(PBFD), polyomavirus and proventricular dilatation
disease (PDD), are now widespread in aviculture be-
cause of increased availability of captive-bred parrots
(Chapter 13).

m Hand rearing young macaws.
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Many home-bred birds will develop severe psycho-
logical problems with sexual maturity, since they are
still innately wild species. Hand rearing parrots does
not make them domesticated: this requires genera-
tions of selective genetic alteration to render them
suitable to accept confinement. As these birds mature,
they become confused as to their identity, having
difficulties relating to both humans and otherbirds. This
can lead to inappropriate sexual behaviour, aggres-
sion, screaming, destructiveness, or feather plucking.
Such birds often will be passed on repeatedly as being
unmanageable, and may be put to sleep or abandoned
in a ‘sanctuary’ (Chapter 17).

Type of bird

Aswellasthe above comments, itis essential torealize
the commitment to the longevity of a parrot and its
potential for noise, mess and destruction. Generally
these are not cheap pets, but if owners buy from the
cheaper end of the market they may repent their
purchase expensively, since their pet may be unfit, of
poor background, and potentially carrying infectious
disease (Speer and Spadafori, 1999).

Sexing

Sex and age should be identified. The former is impor-
tant if the owner requires a specific bird to breed, and
(in general) many larger parrots when sexually mature
relate better to human owners of the opposite sex
rather than the same sex. Young birds that have been
hand reared often respond to people of the same
gender as the rearer, though quite how birds recognize
their owner’s sex is uncertain.

Some parrot species are visually dimorphic: Budg-
erigars have different cere colour, grey Cockatiels
have plumage differences, Ringneck Parakeets have a
cervical ring of coloured feathers in the adult male, and
white cockatoos have iris colour differences. However,
all these are visible only in the adult bird; juveniles of
both sexes have similar appearances. Some of the
newer colour mutations of Cockatiels and Budgerigars
do not have the obvious sexual colour variations. An
exception is the Eclectus Parrot (see Figure 18.2), in
which the marked plumage differences are evident as
soon as the chick fledges.

Monomorphic species (the majority of parrots) may
be sexed either by DNA analysis of a blood or feather
sample, or by endoscopy (‘surgical sexing’) (Chapter
18). Such birds may be sold with certification of the test,
linked to an identity ring worn on the leg.

Ageing

Baby birds of all species, but especially white cocka-
toos, are appealing and may provoke an impulse buy.
Such birds are immediately tame and tractable, but will
not necessarily remain that way. The Grey Parrot and
large macaws have grey irises as juveniles; these start
to turn gradually to yellow from 6 months old, and are
usually fully yellow at 1 year old (Figure 3.10). The
scales on the feet are softer; the lower mandible is
proportionately larger than the upper maxillary beak;
and the beak generally is smooth and shiny in juvenile
parrots as compared to adults (Figure 3.11).
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(a) Adult Grey Parrot with yellow iris; (b) juvenile
with grey iris.
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General care and welfare

* Dietis very important: poor nutrition and related
nutritional diseases are at the root of most
problems seen in avian practice. This subject and
the use or otherwise of grit are discussed fully in
Chapter 15.

e The importance of water to a bird’s plumage
has been mentioned: regular bathing or
spraying is essential to prevent drying and
deterioration of feather quality, with consequent
feather plucking.

e Parasite control is covered in detail in Chapters
13, 15 and 16; external parasites are commonly
suggested as a cause in feather-plucking
parrots, but in practice this is unusual.
Treatment for internal and external parasites
might be required in recently imported birds,
aviary collections or ground-feeding species, but
rarely are they a problem in established indoor
pet parrots.

* Environmental enrichment is important and
necessary. These are highly intelligent
creatures, requiring continual mental and
physical stimulation for their wellbeing. Regular
contact with other birds and/or humans is
desirable; if the owner is absent, the radio or
television may be left playing (but it is also

m Scarlet Macaw: note the differences in head : : i
shape and beak proportions between the adult lmponapt to allow the bird adequa_te re'st'. OVER-
(lett) and the juvenile (right). stimulation can be as stressful as inactivity).
Toys and puzzles should be provided. Favourite
Choice of species food items may be hidden inside tubes,
Ofthe common species available, Figure 3.12is a brief woodblocks or empty nut shells. There are
summary of their characteristics and suitability for many acrylic, wood, leather and rope toys
captivity. For biological details, see Chapter 1. The available from pet stores (Figure 3.6) but cheap
comments in Figure 3.12 are generalizations; inevita- and easily replaced items such as cardboard
bly there will be exceptions in all cases with individual boxes, cardboard rolls or pine cones will provide
owners and their birds. endless occupational therapy.
Large macaws Require substantial space and can be noisy
Most are surprisingly gentle birds, with exception of Scarlet Macaw
Long-lived (40-50 years); destructive
Have a distinctive smell to the plumage
Dwarf macaws {e.g. | Generally good small parrot species, but can also be noisy and destructive
Red-shouldered, Commonly feather-pluckers
Yellow-collared)
Cockatoos Black species rarer, specialist birds, kept only by dedicated enthusiasts
White species very common and readily available but not ideal as house pets
Many turn from cuddly babies to neurotic, demanding, feather-plucking, screaming, aggressive and destructive misfits and end
up being passed from home to home in downward spiral of misery — not fault of bird but primarily due to lack of understanding by
human carer(s) as to physical and mental needs of species
Produce a lot of powder down
Pionus parrots Small, attractive, generally quiet and trouble-free birds
Distinctive hyperventilation when alarmed that may be mistaken for upper respiratory disease
Poicephalus parrots | Grouped together because of size and suitability, although the former from African continent {(Meyer's, Senegal, Jardine’s) and
and caiques latter from South America
Both make good family pets, being not too demanding, with great character and playfulness
Caigues can be noisy
m Common species kept in captivity. (continues) >
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Amazons

Archetypal ‘green parrot’

Live 35-40 years

Wide variety of species, of generally interesting character and reasonable temperament

May occasionally be aggressive, but usually good family pets, with no particular fixation on one person
Can be noisy (but it is at least a ‘musical’ noise!)

Tend to obesity in cages

Very susceptible to hypovitaminosis A with associated sinus problems

Distinctive plumage smell

Grey Parrots

‘African Grey’ the commonest pet parrot, silver-grey plumage, red tail, black beak

Slightly smaller Timneh Grey, darker grey body, maroon tail, hom-coloured beak

Highly intelligent, good talkers and mimics, but demanding and often become ‘one-person’ birds
Live 35-40 years

Should not be owned if owners out at work all day

Need continual mental and physical stimulation if not to become frustrated feather-pluckers
Often fussy feeders

Susceptible to hypovitaminosis A and hypocalcaemia

Produce a lot of powder down

Eclectus Parrot

Interesting birds, with marked sexual dimorphism

Generally quiet, appear to be studiously observing world around them, with occasional sudden vocal contribution
Prone to feather problems and hypocalcaemia

Eat more fruit than other common species, therefore have messier droppings

Deserve to be more popular

Lories and lorikeets

Fruit and nectar-eating birds, colourful, playful and lively, but messy owing to their diet
More suited to outside aviaries

Conures

Two groups, generally kept in aviary situations
Aratinga species are very noisy and do not make good indoor pets
Pyrrhura species smaller and generally quieter, and may make pet birds if taken on young. Playful

Budgerigar

Familiar caged pet in variety of colours, but also large numbers kept by enthusiasts for showing and breeding. Latter birds tend to
be larger, yet less fit than ‘domestic’ variety
Prone to adiposity, and tumours of all types, plus viral and genetic feather problems

Cockatiel

Very common, both as house pets and aviary birds, with numerous colour mutations
Quite noisy, but sociable

Prodigious egg-layers — can become problem in household environment (Chapter 18)
Yellow and white varieties prone to skin and feather conditions

Produce dust

Other parakeets

Includes ringneck group, small Australian species (Bourke’s, Splendids, and other Neaphema species) and larger Australian
species (roseflas)

Rosellas and ringneck parakeets may be found for sale as pets in shops, but this should be discouraged. None of these
should be considered as indoor caged birds, but are well suited to aviary collections

Neophema and related species particularly very popular, atractive, easy to keep, and mostly quiet

Quaker parakeets are colony birds, but do as individuals make entertaining and easy family pets

m (continued) Common species kept in captivity.

Identification methods

National Theft Register and the Independent Bird Reg-

The identification of an individual bird may be important

ister are given at the end of this chapter.)
Various techniques are available for marking a bird:

for a number of reasons, including the following:

* To enable breeders to pair specific birds, or to

» Tattooing has been used (as with greyhounds
and farm animals) but tattoo ink appears not to

recognize offspring from particular parents
To trace the origin or supplier
To provide confirmation of ownership.

Since parrots fly, and thereby escape easily, it is

common for ‘stray’ birds to require identification. Re-
grettably, there is also a large potential for parrot theft,
owing to the high monetary value of these birds. When
a stolen bird is located, positive proof of its identity is
required to secure a conviction for theft and to reunite
the bird with the correct owner. (Addresses for the
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persist in avian skin as well as it does in
mammals. Rubber stamping the owner’s
telephone number across the flight feathers, as
practised in racing pigeons, would work as a
temporary measure until the bird moults.
Photographing specific features of the bird is useful
where there is a recognizable characteristic,
such as a deformed beak or missing toes. Facial
feather lines in the large macaws appear to be
as unique as human fingerprints and may be
photographed (Figure 3.13).
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* Birds that have been sexed by the DNA method
may have their DNA profile stored, since this is
unique to the bird, and may assist in future
identification or relationship disputes. This
requires a specific request to the laboratory
concerned.

* Microchip implantation is used increasingly in
avian species, and is a simple, reliable and
virtually foolproof method of identification. Full
details of the technique and discussion of sites
for implantation are given in Chapter 6. The chips
are well tolerated by birds, and current types
appear to have no complications. Early varieties
from different manufacturers caused some
confusion with different scanners, but modern
types conforming to 1ISO standards are both
universally readable and non-migrating.

- |
Facial feather lines on this Green-winged Macaw
= can be used to identify the individual bird.

Ringing

The current most common method of identifying birds is
with a leg ring (leg band). Rings are worn between the
footandthe hock, onthe non-featheredtarsometatarsus.
Rings may be closed or open. Closed rings consist of a
continuous circle of metal, which may only be attached
when the bird is a small chick. At this age the toes are
small and soft enough to allow passage of the ring over
the foot on to the tarsometatarsus.

Open (or ‘split) rings are manufactured as an
incomplete circle and may be fitted to the lower leg in
an older bird, using a plier-like closing tool (Figure
3.14). These rings would be used for simple identifica-
tion of individuals; as a legal requirement for import or
export; or to confirm sexual differentiation following
scientific sexing techniques. The advantage over the
microchip is that the ring is externally visible.

m Ring-closing pliers used to apply a leg ring.
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Rings may be plastic but these are only really suited
to passerine species or waterfowl, since they are easily
removed by a parrot’s beak. Aluminium bands, with aflat
cross-section, are suitable for smaller parrots but may
be bitten through and removed by larger birds. Worse,
strong beaks may compress these rings, tightening
them on to the leg and creating serious injury, with
potential loss of a foot (Chapter 6). This metal may be
coloured, and registered colours are used to indicate the
year of hatch in Budgerigar societies. There is also a
number/letter code, which may include breeder’s initials
or telephone number, plus the year of hatch and a letter
indicating ring size. Later alphabetical symbols (e.g.
U, V, W) are larger sizes than preceding letters (R, S, T)
(Figure 3.15). There is, however, no universally ac-
cepted coding method, nor is there in the UK a central
register of all numbers issued. Thus identifying the
source of a ring on a stray bird may prove difficult.

Aluminium
breeder’s ring

Many of the larger parrots are ringed with stainless
steel bands, which are tougher and cannot be crushed
(Figure 3.16). These may be made inflat cross-section,
or more usually they are circular in profile. Closed rings
are used on babies, usually bearing the breeder's
initials. Split types are placed on older birds and,
stamped with a number/letter code, are the most com-
mon type used to identify birds for import/expor, or to
record the results of surgical sexing.

m Stainless
steel

sexing ring.
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These rings are not easily coloured and so, by
accepted convention, cock birds are ringed on their right
legs and hen birds on their /eft legs, allowing for easy
visual distinction. However, since similar rings are used
by breeders orimporters without regard to the sex of the
bird, simple distance inspection should not be relied
upon as an indicator of a sexed bird. The ring code
should be read, to confirm the initials of the veterinary
surgeon who performed the procedure (Figure 3.17).

AEUK Avic Euro (Importers and dealers)

Bli Bird International (Breeders/exporters from
Philippines)

PSUK Parrot Society UK (Issued to PS members to
identify their birds)

SEXED/SEXD | Sexed at Pegasus Birds, dealers in Essex

EBHR English Bred/Hand Reared

Veterinary surgeons’ sexing rings:

ADM Dermod Malley

ABVET Andreas Brieger

AEAC Avian & Exotic Animal Clinic, Manchester

AL Alistair Lawrie

AKJS Alan K Jones

BCS Brian Stockdale

BHVC Birch Heath Veterinary Centre

CJHH Chris Hall

DNA DNA sexed via Avi-Gen

JRB Richard Best

MGB Matt Brash

NF Neil Forbes

NHB Nige! Harcourt-Brown

PWS Peter Scott

WHWW William Wildgoose

m Commonly encountered ring prefixes. (Any
other combinations are likely to be breeders’

initials or importation rings.)

One final type of ring commonly encountered is the
Swiss-made open ring that is fitted to adult birds and
then held closed with a rivet. These are also used for
post endoscopy-sexing identification, and come in two
different colours. Black is used for males, and gold for
females (Figure 3.18).

m ‘Swiss-style' riveted sexing rings as used by
Andrew Greenwood: (a) male (black);
(b) female (gold).
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Useful addresses

Registers

National Theft Register

(coordinated by John and Anita Hayward)

PO Box 243
Bicester

0OX26 1ZN

tel. 01869 325699

Independent Bird Register

The White House Business Centre

Hatton Green
Hatton

Warwick
CV357LA

tel. 0870 6088500
www.ibr.org.uk

Ring manufacturers

AC Hughes Ltd

1 High Street
Hampton Hill
Middlesex

TW12 INA

tel. 020 8979 1366
www.achughes.com

Lambournes

Marche Way

Battlefield Enterprise Park
Harlescott

Shrewsbury

SY1 3JE

tel. 01743 443883

email: sales@lambournes.net

JE Bandings Ltd

Unit 4, Bessborough Works
Molesey Road

West Molesey

Surrey

KT8 2HF

tel. 020 8941 5444

Societies

The Parrot Society UK

92a High Street
Berkhamsted

Herts

HP4 2BL

tel. 01442 872245
www.theparrotsocietyuk.org

Publications

Cage & Aviary Birds (weekly)
IPC Media

King's Reach Tower
Stamford Street

London SE1 9LS

tel. 020 7261 6116

email: Birds @ipcmedia.com

Birdkeeper (monthly)
IPC Media

King's Reach Tower
Stamford Street
London SE1 9LS

tel. 020 7261 6116
www.birdkeeper.com

Parrots (monthly)
Imax Publishing Ltd
Unit B2, Dolphin Way
Shoreham-by-Sea
West Sussex

BN43 6NZ

tel. 01273 464777
www.parrotmag.com
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Handling

J.R. Best

Basic principles of handling

The principles governing the handling of psittacine
birds for a clinical examination or veterinary proce-
dure are similar to those governing the handling and
restraint of any animal, namely to restrain the animal
with the minimum risk of injury or distress to both the
animal and the handler. Psittacine birds, especially
the smaller species, are delicate animals and it is
important to bear in mind that the bird might be injured
or debilitated and therefore susceptible to further
injury or distress by unsympathetic handiing. Suc-
cessful handling of difficult patients requires a confi-
dent and firm, but not rough, approach and this can
only be gained through experience.

Whereas smaller psittacine birds are capable of
inflicting painful bites, larger birds are powerful indi-
viduals with beaks that are capable of inflicting serious
wounds. Few psittacine birds are actively aggressive,
though most will vigorously resist attempts at capture
and respond defensively by biting. Itis essential, there-
fore, in capturing and during subsequent handling to
ensure rapid and complete control of the head of the
bird, whilst also restraining the wings and feet.

Whenever possible, birds should be handled within
rooms with closed doors and windows. Reduction of
the light level within a room might assist in the capture
of an active bird from a cage and also the retrieval of a
bird that has escaped during handling. Similarly, red
light, such as in a dark room, might calm the bird. The
approach to handling psittacine birds should take ac-
count of their nature and husbandry; hence a tame
hand-reared pet bird that is used to regular and gentle
handling would require a different approach to that for
an aviary or caged bird that is only very rarely handled
(Chapter 17). However, whether tame or not, alllarger
parrots are capable of inflicting serious injury.

Handling birds (especially petbirds) in a room away
from their owners is often a wise precaution. Many
ownersfind it very distressing to see their birds handled
and their presence could possibly cause the bird to
associate the unpleasant experience with its owner,
thus damaging a fragile bird—human bond. Some ex-
perienced bird keepers can prove to be valuable assist-
ants in handling their own birds. During an examination
the responsibility for the safety of both the patient and
assistants is that of the veterinary surgeon and this
must be borne in mind when forming a policy for the
handling of birds within the practice.

Most medium-sized to large psittacine birds are
restrained in towels or cloths by methods described
below, but caution must be exercised to prevent the
following potential problems:

¢ Respiration being compromised by excessive
pressure placed on the thoracic wall through
being held too tightly

* Respiration being compromised by being held
in dorsal recumbency for long periods,
especially in birds with abdominal masses or
coelomic fluids

* (Collapse due to congestive heart failure,
especially in older birds, obese birds and
dyspnoeic birds

* Hyperthermia developing either through
prolonged handling (especially if the head is
covered) or following a strenuous attempt to
evade capture. It has been shown that
hyperthermia can occur in Amazons after only
4 minutes of handling (Greenacre and Lusby,
2004).

These dangers should be carefully explained
to owners before a high-risk patient is handled. Oxy-
gen should be readily available in the event of an
emergency.

Reducing disease transmission

Health and safety implications in handling psittacine
birds are primarily the risks of physical injury but also
include the real risks of zoonotic infection to handlers
and assistants. The use of disposable examination
gloves reduces the risk of infection to personnel
handling birds and their accommodation but also
reduces the risk of cross-infection between patients.
To prevent cross-infection, separate freshly laund-
ered towels and cloths should be used for individual
birds and kept with, and used only on, that bird whilst
it resides in the surgery. Towels are available that do
not reflect ultraviolet light and, as birds are sensitive
to such light, these towels may cause less stress. [t
should be noted that most washing powders contain
UV enhancers.

Additional precautions, notably the use of surgical
facemasks, goggles or eye-shields, should be taken in
the presence of birds likely to be carrying air-transmit-
ted infections, especially potential cases of
chlamydophilosis (Chapter 22).
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Capture

The initial stage in handling a psittacine bird usually
involves removal from the cage or box used for trans-
portation. This is the stage at which there is the greatest
risk of escape and it is essential to ensure that all
windows and doors to the room are closed and that
disturbance from outside the room is unlikely.

Whenever possible, it is a distinct advantage to
encourage clients to present a bird at the surgery within
its own uncleaned cage. This provides a secure con-
tainer from which to capture the patient and also gives
the clinician an opportunity to assess the bird from a
distance, gain an impression of its standard of hus-
bandry and an indication of clinical signs, including
posture, respiration and the nature of its droppings
(Chapter 5). Although patients requiring hospitalization
will benefit from being managed in a specialized avian
unit, the bird’s own cage will provide familiar accommo-
dation in which it could be kept for short-term hospitali-
zation for observation or administration of medication.

Most cages have a door through which the bird can
be captured with minimal risk of escape. Removal of
toys and perches from the cage will greatly ease
capture. It is often impossible to capture and remove
birds through a small side door to a cage; however,
many cages can be turned on their side with the base
removed, through which the bird can be caught once all
perches have been removed and a cloth draped over
the opening to prevent an escape.

In all but the smallest of psittacine birds (e.g.
Budgerigars, grass parakeets), itis preferable to use a
towel or cloth to capture the bird from a cage. The
thickness and size of the towel or cloth vary with the
size of bird. The use of thick leather gloves to capture
and handle psittacine birds, although favoured by
some aviculturists, is not generally recommended for
veterinary attention, as gloves greatly restrict dexterity
and the protection afforded against bites by larger
parrots is poor.

The approach to the bird should be quiet and
confident, with the handler using a reassuring tone of
voice and avoiding any sudden movements. Whilst
inside a cage the bird is coaxed to climb the bars and
is then grasped from behind around the neck using a
towel or cloth (Figure 4.1). Small and medium-sized
birds can be caught with one hand but larger parrots will
require a two-handed approach and possibly the use of
two towels. Once the bird has been restrained and
when its feet are free of the bars, it can be removed
from the cage. The towel or cloth used should be large
enough to cover the head and to encircle the bird
completely, thus restraining its wings and legs. Most
birds will stop struggling once their head is covered and
the body is enclosed.

The capture of birds that are presented in purpose-
built wooden transport boxes, with sliding doors on the
top or rear, should be straightforward. Many birds are
presented in front-loading plastic cat-transport boxes
andthese can cause difficulties, especially with smaller
psittacine birds, which can easily escape past the
handler’'s arm through the relatively large opening of
the door. This risk can be diminished by draping a towel
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M=
m (a) The bird (in this case a Yellow-headed

Amazon) is coerced into a corner of the cage. A
towel is draped over the handler's (open) hand. (b) As the
bird turns away from the hand it is grasped firmly behind
its head. The palm of the hand is against the bird's back.
(c) Using the other hand the towel is wrapped around the
bird's body, thus restraining its legs and wings. Its feet
and beak are extricated from the bars and the bird is
removed from the cage. (d) The ‘hold’ (without the towel in
place): the bird is held firmly but not tightly; the thumb and
forefinger prevent it turning its head, with the thumb
against its cheek and the index finger encircling the neck
below the head. The rest of the hand holds the wings so
that the bird cannot flap.

over the entrance of the cage, with the door slightly
ajar, before attempting to capture the bird.

Cardboard boxes and top-opening cardboard or
plastic pet carriers also present a potential for escape
during capture. ltis preferable to drape a towel or cloth
over the top of the container and to open the flaps one
by one beneath the covering towel or cloth. The bird
can then be captured by gently lowering the towel or
cloth and grasping it firmly behind the neck.

The capture of birds from an aviary is, in the majority
of cases, most easily and safely performed using a
hand-held net (see below). Most aviaries incorporate a
built-in shelter connected to the flight into which birds
can be encouraged so that they can be captured.
Breeding birds in aviaries are provided with nest boxes
in which birds will often hide or roost and which,
depending on the design, can be used for capturing by
blocking the entrance once the bird is inside.

Birds that escape during handling and that are
freely flying within a room may be caught using a
hand-held catching net for small and medium-sized
birds (suitable nets with padded rims are available
from pet stores dealing with products for the avicul-
ture trade) or an angler’s landing net for larger birds.
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With a hand-held net the bird can be caught whilst
perched orin flight; once within the net the bird should
betrapped by turning the handle through 180 degrees
to close the entrance. Larger parrots tend eventually
to land on the floor and can then be coaxed into a
cornerand caught with a net or by covering with a thick
blanket or two large towels. If practicable, darkening
the room and locating the escaped bird using a torch
will greatly reduce the stress to the bird and its
captors. It is important to allow the recaptured bird to
‘rest’ before using anaesthesia; otherwise, the ‘adrena-
line rush’ may predispose to arrhythmia.

Handling for examination and
treatment

The basic principles of handling psittacine birds are as
follows:

» Ensure that a secure area within the surgery is
selected for the capture of a bird from a cage and
subsequent handling.

* Check that windows and doors are closed and
that unannounced entry into the room is avoided.

* Ensure that all necessary equipment for
examination is at hand and, if assistance is
necessary, employ trained practice personnel,
not the owner.

* Use a darkened room to capture a very active or
distressed bird.

* Use a clean fresh cloth, towel or blanket of
sufficient size to cover the bird’s head and
enclose its wings, body and feet.

* Grasp the bird behind its head and neck,
holding the cloth so that its head is covered and
sufficient material is free to wrap around the
wings and body.

* Do not handle a bird for prolonged periods
(possibly for periods of no longer than 4 minutes).
Replace the bird in a cage immediately if at any
time it shows signs of respiratory distress.

* Exercise great care when handling old birds,
obese birds and dyspnoeic birds.

Once captured and restrained, most psittacine birds
can be handled for examination or for the performance
of a procedure. Many procedures require the help of an
assistant in the restraint of the patientanditis essential
for the safety of the bird and the operators that any
person assisting is well aware of the techniques of
handling psittacine species and especially the dangers
of handling larger parrots. Owners very rarely make
safe confident assistants and, with the real risks of
injury and the threat of subsequent litigation, such
practice should be strongly discouraged, other than in
exceptional circumstances.

An adequately sized towel, with a generous thick-
ness, allows the bird to be held safely behind the neck,
so controlling the head and beak and, at the same time,
covering the head to restrict vision and enclosing the
wings, body and legs to control struggling (Figure 4.1).
During handling many birds, especially tame pets, can
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be calmed by gently and repeatediy stroking the crown
of the head. Once effectively restrained in this manner
most birds will allow restricted examination of the head,
body and limbs. Such restraint is adequate for many
routine procedures, such as trimming of beaks and
nails, placement of gavage tubes, intramuscular and
subcutaneous injections, venepuncture and induction
of inhalation anaesthesia.

Following handling, care must be taken to prevent
any damage or further injury when returning a bird to its
cage. If it is able to perch, the bird should be gently
released from the towel or cloth so that it can climb
directly on to a perch or the bars of the cage.

Sedation or general anaesthesia is indicated for
many procedures, especially those that are potentially
painful or prolonged or require a passive patient, in-
cluding radiography. Sedation and general anaesthe-
sia are discussed in Chapter 8.

Small psittacine birds

Handling the smaller species of psittacine birds (Budg-
erigars, lovebirds and grass parakeets) present few
special problems other than those of capturing small
birds in large cages and of minor yet painful bites. Most
are pet birds presented within a cage that is usually fult
of toys and perches, and capture is made easier by the
removal of these impediments. Frequently the cage
will contain several birds and care must be taken to
prevent their escape during and after capture of the
targetbird. Whenever possible, darkness (as described
above) is especially useful to assist the capture of small
birds in cages.

The use of a small, soft cloth, as described previ-
ously, will prevent the handler being bitten. With expe-
rience and confidence it will be found that many
Budgerigars, especially tame pets and trained exhibi-
tion birds, and most grass parakeets are easy to
capture with bare hands. Once captured, birds can be
handled for examination or for the performance of
simple procedures using the ‘ringer’s grip’ (Figure 4.2).
The bird’s neck is held, within the cloth, between the
first two fingers and its wings and body are gently
restrained with the closed hand.

Handling a Budgerigar for examination: the
‘ringer’s hold'".
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Parakeets and medium-sized parrots
Although many of the parakeets and medium-sized
(Cockatiels, Grey Parrots and Amazons) to large parrots
that are presented for veterinary attention are hand-
reared pets and able to be handled to a certain extent by
their owners, it is generally unwise to attempt to handle
them for examination without them being securely re-
strained. As discussed earlier, if assistance is required,
then, for safety and legal reasons, it must be given by a
competent person, preferably not the owner.

Whenever possible, the bird should be captured
from within a confined container (cage or travelling
box) and restrained as described previously (Figure
4.1). The presentation of a pet bird at a veterinary
surgery on its owner’s arm, or, more often, shoulder,
should be discouraged. Birds presented in this way can
often be restrained in a towel whilst being held by the
owner; however, this method lacks the degree of
control needed to minimize the risk of the bird being
injured and the handler being bitten.

Examination and many simple procedures can be
effectively performed with the birds restrained within a
towel of suitable size, but with difficult patients or for
prolonged or painful procedures sedation or general
anaesthesia of suitable subjects is indicated.

Large parrots

The techniques discussed for medium-sized parrots
apply equally to large parrots (large cockatoos and
macaws) with the caveat that bites from large parrots
can cause serious injuries. Great care and caution
must be exercised when handling such birds, no matter
how tame they appear with their owners.

Capture of some difficult larger parrots, especially
those that roll on to their backs and defend them-
selves with their beak and feet, is safer using the
thickness of two towels or blankets and using a two-

handed approach to restrain firstly the head and neck
and then the wings, body and feet. Once the patient
has been restrained, one towel or blanket can be
removed to allow easier handling for examination.

Capture of an escaped parrot

Advice is frequently sought on possible action to be
taken when a parrot escapes — usually a pet bird that
has escaped from a house whilst flying freely within a
room or whilst being carried outdoors by an over-
trusting owner. It should be emphasized at this point
that the majority of parrots that have had their wings
clipped by normal methods are still capable of adegree
of flight, especially when frightened and when flying
outdoors into a head wind. This should be made clear
to owners requesting wing clipping for their birds.

Most escaped pet parrots may fly only short dis-
tances and usually stay where they land, keeping still
and quiet, whereas smaller parakeets may be more
mobile and vocal. Early morning is often the best time
to locate a lost bird, as there are fewer disturbances
and more chance of hearing the bird calling. Tame
birds may respond to their owner’s voice or return to
their cage when it is placed in a prominent position. If
located, lost birds may be approached more closely
after dark with the aid of torches and then captured with
hand-held nets. A bird that has escaped from an aviary
may be encouraged to enter an open safety-porch that
has been baited with food or by the use of its mate as
a decoy. Hosing an escaped bird with water may
facilitate recapture by reducing the bird’s flying ability.

Advertising, especially using the local media, is
frequently successful in locating a lost bird and the
use of implanted transponders ensures identification
of ownership.
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The initial presentation: triage

Introduction

Triage is derived from the French word trier, meaning ‘to
sortout’. It has evolved in emergency medicine to mean
the process of identifying quickly those patients who
have life-threatening conditions and require immediate
attention, as opposedto those who canwait (Figure 5.1).

- o gl | =T :
m Eclectus Parrot with generalized feather loss

and skin reddening but no signs requiring
immediate evaluation. (Compare Figure 18.2)

Iinformation for receptionists

The receptionist is the first point of contact between
client and veterinary practice. In veterinary practices
accepting avian cases, receptionists require:

* Guidelines for recognizing avian medical
emergencies. These must be simple and divide
cases into safest interval for treatment (Figure 5.2)

* Information on which species the practice is
equipped to treat, and which veterinary surgeons
within the practice are accepting avian patients

* Alist of avian veterinary surgeons to whom
cases may be redirected when avian veterinary
knowledge within the receptionist’s practice is
unavailable.

To allow a full evaluation of the bird at the surgery,
the receptionist should request the owners to bring:

e The bird in its own cage if possible or, if not, a
picture or video of its cage. The cage should not
be cleaned and ideally there should be paper on
the floor to allow best visualization of droppings

and critical care

Aidan Raftery

See as soon as possible:

+  Acute change in number and appearance of droppings
+  Acute decrease in food intake

+  Change in attitude, personality or behaviour

*  Fluffed posture

*  Decreased vocalization

*  Change in breathing or abnormal respiratory sounds

*  Acute enlargement or swelling of any body part

*  Bleeding or injury

*  Vomiting or regurgitation

»  Discharge from eyes or mouth

See within 24 hours {if the above-mentioned signs are not present):
*  Decrease or increase in water consumption

Change in weight or general body condition

Discharge from nostrils

Change in number and appearance of droppings
Decrease in food intake

If there is any doubt, consult the veterinary surgeon or a velerinary
nurse with avian medicine qualifications/experience. The receptionist
should not give medical advice over the phone.

m Receptionist telephone triage to assist the
veterinary receptionist or nurse untrained in

avian nursing to determine how urgently the patient should
be seen. It is based on the major complaint that the owner
communicates.

e A fresh dropping sample, on paper in a pot

s Sample of the food fed

s Any treatments already administered

¢ Vitamin, mineral and any other supplements
being given.

If the bird has had veterinary treatment at another
veterinary practice, arrangements should be made for
the medical history to be available at the time of
consultation.

The following points should be borne in mind in the
design and management of the waiting room and con-
sulting room:

+ All birds to stay inside their secure carriers until
within the consulting room

* No open windows or unscreened fans

¢ Separate areas so that psittacine patients can

avoid noisy dogs and staring cats

Low ceilings and properly fitting lockable doors

* Red lighting available, to help when capturing
nervous patients.
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History taking

Clinical examination

A structured avian clinical examination should be de-
veloped and every patient should be examined assidu-
ously. While taking the detailed history, there is time to
observe the bird for any abnormalities. Behaviour,
movement, body shape, respiratory depth and rate and
the bird’s reaction to its environment should be noted.
The history-taking list given in Figure 5.3 is a
guideline. As the clinical investigation progresses the
clinician may need a more detailed history of the
relevant system (see individual system chapters).

1. Signalment

#  Age (if known)

+  Sex; how sex established (sexually dimorphic species, DNA
testing of blood or feather pulp sample, surgical sexing or
unreliably by interpretation of the bird’s behaviour)

= Reproductive history if female (laid any eggs, how many and how
often)

+  Species; captive bred or wild caught; parent reared or hand
reared

»  Source: direct from breeder, pet shop or other source

«  Length of ownership, previous history, when purchased.

2. Environment

+ (Cage: set-up, position, size and metal used in its construction

+  Perches: size, appropriateness of their position and composition

»  Photoperiod, and type of lighting to which bird is exposed

+ Hygiene: frequency and method of cleaning

»  Owner-animal interaction

»  In-contact birds {including visits to pet shops, aviaries or boarding
facilities)

+  Toxin exposure: does it spend time out of its cage when
potentially it could have access to toxins, or does it live in the
kitchen where airbome toxins generated by cooking could be
significant?

3. Diet

What is fed; consider what is actually eaten

Purchased loose or in sealed bag

Food preparation and storage methods

Water source, any supplements added, and whether water can be
contaminated by droppings or bird's bathing

+  Hygiene: frequency of cleaning and replenishing food and water
containers.

4. Presenting signs

+  Record the reason the bird is being presented for veterinary
examination

* If signs present, establish when first noticed

¢+ Have signs progressed, remained unchanged, or improved?

= Has owner noticed any other changes (e.g. in droppings,
vocalization, food/water intake, behaviour)?

5. Medical history

= Previous medical history of patient must be reviwed (including
treatments carried out by owner and any previous veterinary
treatment).

m Guidelines for history taking.
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Birds often hide signs of illness and may be very ill by
the time that the owner notices that there is a problem.
Conversely, owners of strongly bonded birds may
notice signs early on that the bird may hide from
strangers (Figure 5.4).

m (a) The female of this pair of Maximilian’s Pionus
Parrots, with her eyes half-shutand unresponsive,
was too weak to stay on her perch. She was caught and
put into a cage, then transported to the surgery. (b) On
the consulting room table 20 minutes later, the same bird
was able to climb around the cage and look alert. She
died within a short period of time from yersiniosis.

The bird should be observed before it is handled.
Assessing the bird’s attitude, conformation, stance,
movement and respiratory rate and effort is best done
from a distance, to reduce the effect on the bird’s
behaviour.

Capture and restraint

After remote observation, the patient must be caught
and restrained (Chapter 4) in order to carry out a
complete physical examination. In the critically ill bird,
handling time must be minimized and only a brief
clinical examination may be possible (see ‘Stabilization
of the critical case’ later in this chapter). It is important
to decide what will be needed for handling, for the
examination and for collecting diagnostic samples and
have everything set up in advance.

Itis essential to have the assistance of a veterinary
nurse competent in handling parrots. The increased
struggling associated with inexperienced handlers
during capture and restraint can have significant con-
sequences. Some psittacids, especially the larger
macaws, are very strong and the assistant needs to be
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physically able to restrain the patient; otherwise there
is a very high risk of injury to the assistant, the veteri-
nary surgeon and the patient. Owners should not be
allowed to restrain their birds, for the safety of all
concerned and in some cases to preserve their rela-
tionship with the bird.

Weight

All avian patients should be weighed each time they
are examined. Hospitalized birds should be weighed
daily, first thing in the morning. Trained birds will stand
onaperch attached to the scales; others will have to be
placed in a weighing box (Figure 5.5).

m Balance scales with animal box.

Weight alone should never be used as a measure
of body condition. Other factors such as pectoral mus-
cle mass and palpation of the coelomic space have to
be considered.

Physical examination

The clinician mustbe familiar with whatis normalforthe
species (Chapters 1 and 2). It is advised that the
aspiring avian clinician make arrangements to exam-
ine many healthy individuals of the species that they
are going to treat. It is only by being familiar with the
normal that the clinician will be in a position to recog-
nize the abnormal.

Sex

The sex of those species that are sexually dimorphic
should be recorded (Chapter 3). Monomorphic species
can be sexed by DNA analysis or alternatively during
coeloscopy examination (Chapter 9), which is often
used in the investigation of a sick bird.

Beak

The beak should be symmetrical and smooth. Shape
and appearance are species dependent, as is the
growth rate. There are differences in the normal length
even among similar species; for example, the Green-
winged Macaw has a larger beak than the Scarlet
Macaw, which has a similar body weight. Both of these
species have a mainly ivory coloured upper beak with
black tips at the wearing edge and these can be
compared with the massive black beak of the Hyacinth
Macaw (see Figures 11.20 and 11.21).

In some species (e.qg. Grey Parrot) the relatively
large amount of powder down produced give their
black beaks a greyish appearance. In these species a
shiny black beak may indicate a disease process
affecting the powder down feathers (Chapter 16),
whereas in other species a shiny black beak is normal
(Figure 5.6; see also Figure 13.4).

m (a) The normal shiny beak of a Jenday Conure.
(b) The normal dusty grey beak of a Triton

Cockatoo.

Beak deformities may have many aetiologies.
Neonates are most commonly seen with deviations of
the beak. In adult birds deformities can be seen
caused by trauma (Figure 5.7), such as fractures,
growth plate damage resulting in grooves or devia-
tions (Chapter 11) and iatrogenically by incorrect
beak trims (Chapter 6). Nutritional deficiencies can

m Lovebird
with bite

wound on the beak.
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cause a rough flaky beak that crumbies when a metal
speculumis used to open the oral cavity (Chapter 12).
Cnemidocoptic mites (especially common in Budgeri-
gars) and chronic hepatopathies are also common
causes of poor beak quality (Chapters 16 and 20).
There are several viral diseases that can affect the
beak (Chapter 13). Neoplastic lesions, especially
squamous cell carcinomas and melanomas, can cause
distortion of the beak.

Oral cavity

The oral cavity can be most easily opened for inspec-
tion by hoiding the bird with one hand while the other
hand holds an oral speculum in place (Figure 5.8).

| 5.5 Py
metal
speculum for oral

examination of a Grey
Parrot.

An alternative method is to use two gauze loops
(Figure 5.9). An extra pair of hands is necessary for this
method, but itis less likely to cause damage when the
beak is of poor horn quality. Alternatively, general
anaesthesia may be necessary to examine the oral
cavity properly. A light source will be needed to exam-
ine this area.

m Gauze
loops used
to examine the oral
cavity.

The mucosa of the oral cavity should be smooth and
moist, and pink if not naturally pigmented (Figure 5.10).
The choana, which is the opening into the nasal cavity
through the hard palate, should be symmetrical. Any
asymmetry of the opening might be associated with
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A normal
(non-pigmented)
choana in a Galah.
There are species
differences in
shape and number
of papillae.

chronic infection or neoplasia. Symmetrical distortion
and non-patency of the slit, i.e. choanal atresia, are
occasionally seen in Grey Parrots (Chapter 2).

The choanal papillae can be seen projecting caudo-
medially from the edge of the slit. Blunting of these
papillae should be noted; it can (among other condi-
tions) be associated with hypovitaminosis A (Chapter
12). Any discharge from the choanal slit is abnormal
and is usually associated with a rhinitis or sinusitis.
Samples for cytology and microbiology can be taken
from the rostral part of the slit to help to establish the
aetiology.

The slit just caudal to the choanal opening is the
infundibular cleft, into which the right and left
pharyngotympanic (eustachian) tubes open. This is
very difficult to examine in the conscious bird.

The tongue of most parrots is thick and fleshy.
Swellings and thickenings especially along the sides
are often associated with the squamous metaplasia of
hypovitaminosis A (Figure 5.11).

Multiple
abscesses
on the tongue of a
Grey Parrot.

If possible, the laryngeal opening should be exam-
ined. It should be symmetrical and covered in smooth
moist mucous membranes. There should not be any
discharge from the trachea. Lower respiratory tract
disease should be suspected if the larynx is seen to be
constantly open, especially when combined with a
voice change or loss.

Gross changes in oral cavity disease are rarely
specific and bacterial infections are often secondary
(Figures 5.12 and 5.13).
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Nutritional Hypovitaminosis A

Non-infectious | Trauma
Foreign bodies
Local irritants

Viruses Herpesvirus
Polyomavirus
Poxvirus

OpporEnistic secondary invaders

Fungal Candida albicans
Aspergillus spp.

Mainly epithelial or mesenchymal

m Oral cavity disease.

Bacterial

Neoplasia

m Green-winged Macaw with oral tumour. Note
the cere in this species and compare with the
Amazon in Figure 5.15.

Eyes

An ocular examination is an important part of the
general clinical examination and is obligatory in birds
with traumatic injuries. Ocular lesions make it more
likely that the bird will have a traumatic incident; con-
versely, traumatic incidents (especially head trauma)
commonly result in ocular damage

Initial assessment of vision should take place be-
forethe birdis restrained. Canitfindits food and water?
Can it avoid novel obstacles? Often a bird that has
gradually lost its sight will have become familiar with its
normal surroundings, but it will bump into new items in
its cage. Blind or partially sighted birds will behave
differently outside their cages and will be reluctant to
fly. If loss of vision is suspected, the bird should be
tested to see whether it will follow a moving object. The
menace response and the pupillary light reflex are not
reliable in psittacids.

In many species the periocular area is devoid of
feathers and can be vividly pigmented. For example, in
the Sulphur-crested Cockatoo this area is pale blue.
Blue and Gold Macaws have lines of small black
feathers in a white periocular area (this species will
‘blush’ when excited: the white periocular area turns
pink). Any periocular swellings should be noted. Differ-
entials would include infraorbital sinusitis, neoplasia,
trauma, lacrimal gland inflammation, Cnemidocoptes
infestation and avian pox.

e The eyelids should be symmetrical and free from
any swellings, discolorations and discharges.

* The transparent nictitating membrane should be
seen moving briskly across the eye and is
responsible for blinking and spreading the tear fiim.

* The conjunctival tissues should be pale pink and
free from discharges.

* The cornea is similar to the mammalian cornea
and should be clear and bilaterally symmetrical.

* The posterior chamber must not be neglected. This
is the most common area injured by head trauma.

Iris colour depends on the species, and in some
species it depends on age and sex. Immature birds of
many species have a different coloured iris from adults;
for example, in Grey Parrots it starts out grey and
changes to yellow with maturity (Figure 3.10). In many
cockatoo species, iris colour can help to differentiate
between the sexes of mature birds. For example, in
Greater Sulphur-crested and Umbrella Cockatoos the
iris is dark brown in males and dark red in females,
whereas in Moluccan Cockatoos the iris is black in
males and dark brown in females.

Chapter 2 gives details of ocular anatomy and
Chapter 19 has a more detailed description of the
ophthalmic examination.

Ears

Both external ear canal openings should be examined;
they are located on the side of the head just under the
eyes. The openingis hidden by feathers (the ear coverts).

The head should be rotated relative to the body
to find the optimum position to visualize the external
ear canal. If abnormalities are found, endoscopic ex-
amination of the external ear canal may be needed.
Generally a 1.2 mm zero degree semi-rigid endo-
scope is the best choice.

Generally ear infections are rare but if an infection is
diagnosed the patient should be checked for any predis-
posing immunosuppressive disease processes.
Infraorbital sinusitis, especially when involving the post-
orbital diverticulum, can sometimes cause swelling in
the ear (Chapter 14). Trauma may cause bleeding.
Neoplasms are seen occasionally. Cnemidocoptic mites
can occasionally cause proliferation of the skin in and
aroundthe external ear canal (Figure 5.14). Microscopic
examination of a skin scraping is usually diagnostic.

m Cnemidocoptic mite-induced changes to a
Cockatiel's ear.
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Cere

The cere is the thickened area at the base of the
maxillary beak. The external nares are contained within
the cere in psittacids. In some species, such as
Cockatiels, the cere is a well developed structure; in
others, e.g. lovebirds, it is smaller and hidden by
feathers. Itis important to be familiar with the normal for
the species being examined (Figures 5.13and 5.15). In
male Budgerigars the cere turns blue with maturity
(cere colour varies with some colour mutations). In
older Budgerigar hens it often hypertrophies; if this is
occluding the nares, removing excess horn will be
necessary. High levels of oestrogens in males from, for
example, oestrogen-secreting tumours can cause the
blue cere to turn brown and hypertrophy.

Red-lored
Amazon. Note the
well developed
cere typical of
Amazons.

Nares

The openings should be bilaterally symmetrical. Each
naris should be examined for the presence of dis-
charges, which can be seen as staining on the feath-
ers or as plugs blocking or restricting the opening.
Chronic sinusitis (bacterial or fungal) can cause soft
tissue erosion, resulting in a much enlarged opening
that may be filled with a rhinolith that has to be
removed (Chapter 14).

Head and neck

The skin and feathers of the head and neck should be
observed for any abnormalities. Abnormal swellings
should be investigated. Infraorbital sinusitis will often
resultin a soft tissue swelling, most commonly anterior
to the eye but the site depends on which diverticulum
of the sinus is swollen (see Figure 11.24). Cnemido-
coptic mites can cause scaly skin around the beak and
ears (Figure 5.14).

Cervicocephalic air sac distension may cause dis-
tension of the neck, whereas a tear in the air sac or
fracture of one of the pneumatic bones may lead to
subcutaneous emphysema. There are normal
featherless areas of skin called apteria, which owners
sometimes ‘find’ and are concerned that they are
abnormal. The apterium overlying the jugular vein is
very useful when jugular blood samples are required.
This area can also be usefully transilluminated to
examine the soft tissue structures in this area (e.g. for
visualizing crop contents: birds are sometimes pre-
sented because the owner has suddenly noticed the
lumps caused by seeds in a normal crop).
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Crop

The crop should be carefully palpated for the presence
and consistency of its contents (forceful palpation may
cause regurgitation, with a significant risk of aspira-
tion}. Itis unusual for the crop to be empty, unless food
has been withheld. The clinician should be familiar with
the normal variation in crop consistency between birds
on different diets.

* |f the consistency of the crop contents are
doughy, there may be a crop stasis (Chapter
15).

» Foreign bodies present within the crop are often
palpable.

* Crop burns are most commonly seen in nestlings
being hand reared (Figure 5.16). These are
usually presented as fistulas through the crop
wall, but sometimes they are presented earlier
when only the discoloration of the dead skin is
noticeable.

m Skin necrosis in a Grey Parrot caused by hot
liquid, given by crop tube; this later developed
into a crop fistula when the dead skin sloughed.

» Bite wounds are another common cause of crop
fistulas. Small fistulas may heal with medical
management, but often surgical repair is
necessary (Chapter 10).

¢ Thickening of the crop wall may be caused
by fungal and/or bacterial infections,
trichomoniasis (most commonly in
Budgerigars) and neoplasia. Samples can
be obtained by aspirating crop contents
through a sterile crop feeding tube.

* Perforation of the crop or cervical oesophagus
can occur in birds that are being tube fed. The
instrument perforates the crop or oesophagus
and the bolus of food is deposited
subcutaneously.

» [n Budgerigars it is common to find both lipomas
and xanthomas in the skin overlying the area of
the crop. Moistening the area with alcohol will
temporarily dampen down the feathers and make
it easier to visualize and help to determine
whether the crop is involved. Cytology is usually
necessary to confirm the diagnosis.
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Pectoral musculature and keel

The pectoral musculature is palpated to help evaluate
the bird's body condition. In the absence of a historical
weight for the individual, pectoral muscle mass gives
the best indication of body condition. Damping the
feathersin the area with an alcohol-soaked cotton wool
ball will improve visualization.

Species prone to obesity will often lay down fat in
thisarea, whichis readily visualized under the thin skin.
When fat is found in this region the bird can be judged,
as obese, as fat is more readily laid down internally.
Asymmetry between the sides may indicate atrophy
due to disuse of one wing, neurological disease or a
condition of the pectoral musculature itself, including
trauma, neoplasia or infection (bacterial, fungal or
parasitic; e.g. with the muscle cysts of the protozoan
parasite Sarcocystis).

Haemorrhage in the pectoral muscles may be trau-
matic in origin. Conditions that affect blood clotting
(e.g. chronic hepatitis) will predispose to haemor-
rhages. Polyomavirus infection, especially in the larger
parrots can also cause haemorrhages in the pectoral
musculature (see Figure 7.18).

The prominence of the keel depends on the species
being examined and to a lesser degree on individual
varation. It should be straight, with no indents or
deviations. Changes in shape usually result from flying
injuries. Many have been caused at the fledgling age:
when the bird was learning to fly, a diet marginal in
calcium resulted in softer bones, making deforming
injuries to the keel more likely.

The pectoral musculature and keelis an area where
cockatoos often mutilate themselves. The investiga-
tion of self-mutilation should include biochemistry and
haematology and whole body radiography. A pectoral
muscle biopsy may be needed for microbiology and
histology. This behaviour, if not caused by organic
disease, can also be caused by a psychological disor-
der (Chapters 16 and 17). Placing a collar to prevent
the mutilation without attending to the underlying con-
dition or providing an alternative releasing behaviour
will only aggravate the bird's mental condition.

Coelomic area
This area should usually have a concave profile, ex-
cept in the chick, where it has a convex profile. Coe-
lomic cavity fluid or a mass such as organomegaly,
neoplasia or an egg may result in a distended profile.
Gentle palpation may identify the bulging as fluid or as
a solid mass. When fluid is present, rupture of the air
sac membrane could result in flooding the lungs. If
there are follicles present on the ovary, overzealous
palpation can easily rupture a follicle and lead to egg
yolk peritonitis. When a solid mass is palpable this may
be neoplasia, organomegaly or an egg, or it may be an
organ displaced by a pathological process behind it.
When fluid is present, diagnostic samples should
be taken for analysis. Ultrasonography, radiography
and a biochemistry/haematology profile are often es-
sential parts of the investigation of distension of the
coelomic cavity. Endoscopy is sometimes needed to
reach a definitive diagnosis but is contraindicated
when there is fluid present.

Vent

The vent is the external opening of the cloaca. The
rectum, ureters and the male and female reproductive
tracts openinto the chambers of the cloaca (see Figure
2.12). The dorsal and ventral lips form the vent, a
transverse opening which in the normal bird is held
closed by the tone of the sphincter muscles. No tissue
should be seen to be protruding and there should be no
discharges present. Soiling or feather loss around the
vent is abnormal and its cause should be investigated.

Examination of the cloaca is limited to the vent and
the posterior compartmentof the cloaca, the proctodeum.
A moistened cotton bud canbe used to evertthe mucosa
of the proctodeum. Endoscopy is needed to examine the
cloaca more effectively (Chapter 9).

Tissue seen prolapsing through the vent may be
cloacal tissues, oviduct, ureter, rectum, an intussus-
ception or tissue masses (Figure 5.17). A correct
diagnosis is essential before treatment can be initiated
(Figure 5.18).

I
m Cockatiel with a cloacal prolapse.
Prolapse of cloacal | Caused by chronic straining, poor muscle tone

tissues or sexual frustration

Prolapse of oviduct | Usually a complication of egg laying
(Differentiating oviductal from rectal prolapse

can be difficult; endoscopy might be needed)

Prolapse of rectum | Seen with any condition causing prolonged
tenesmus

Intussusception on rare occasions may
prolapse and be difficult to differentiate from
rectal prolapse

Both presentations are surgical emergencies

and require immediate attention (Chapter 10)

Prolapse of tissue
masses

Papillomatous lesions most common masses
seen protruding through vent; occur most often
in Amazons and macaws

Diagnosis can be confirmed by applying acetic
acid, which causes tissue to blanche if a
papillomatous lesion

Other tissues may require cytology or biopsy to
achieve definitive diagnosis

Bacterial or yeast
cloacitis

Sometimes diagnosed but usually secondary to
another condition, either in cloaca or elsewhere

m Prolapses through the vent.
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Cloacoliths are urate stones or mixed faecal/urate
stones that occupy the cloaca. They form when there
is a disease process causing delayed or incomplete
emptying of the cloaca, or where it is completely
obstructed. Efforts must be made to identify the under-
lying cause or it will recur.

Pelvic limb

Initial assessment of the pelvic limb should start before
the bird is restrained. Is the bird bearing weight equally
on both feet? Is it walking normally?

With the bird in restraint, both legs should be
palpated to compare the muscle mass for symmetry.
Any area of swelling or atrophy should be noted.
Atrophy can be caused by chronic disuse or by a
neurological problem. Swollen areas may be due to
abscessation, neoplasia, haematoma or muscle cysts
caused by Sarcocystis.

The skin overlyingany muscle abnormalities should
be examined for colour change that may indicate
bruising. Bruised areas turn a vibrant green colour after
approximately 2 days. This may indicate trauma and
there may be a bone fracture at the site. All the bones
of the limb should be carefully palpated, and joints
tested to evaluate whether their range and direction of
movement are normal (Chapter 2).

Swollen joints need to be investigated by radio-
graphy and cytology. If sepsis is suspected, a culture
and sensitivity of the joint aspirate is indicated. Where
deposits of uric acid crystals are the cause (i.e. gout)
these can often be seen through the skin. The cause of
gout should always be investigated to allow an appro-
priate treatment plan and prognosis to be formulated.

Careful palpation of the bones may identify bony
deformities. In the adult bird angular deformities are
often a result of juvenile osteodystrophy and are due to
a diet marginal in calcium and vitamin D, during their
growing phase, or premature exercise on theimmature
skeleton (Harcourt-Brown, 2004). Radiography often
reveals angular deformities of the skeleton that are
not appreciated on palpation. The most commonly
affected bone is the tibiotarsus (Harcourt-Brown,
2003). inthe adult bird many of these angular deformi-
ties are subtle and non-progressive and do not need
attention. However, extreme deformities need correc-
tion to establish normal limb function (Chapter 11).
When angular deformities of a bone are diagnosed in
a growing bird, they should be attended to immedi-
ately. Waiting for the skeleton to mature before treat-
ment may lead to greater deformity, and growing
bones have a greater ability to remodel and heal
(Chapter 18). Any nutritional and management short-
comings should also be corrected.

Where a fracture is suspected the clinician should
exercise great care on examination of the limb. In
general, avian bones are surrounded by little tissue,
resulting in the sharp ends of the fracture more easily
penetrating the skin, reduced support for bone frag-
ments and the blood supply being more easily dis-
rupted, with haematoma formation being common.
Radiography is essential when a fracture is suspected
and should be performed as soon as the patient is
stable (Chapters 9 and 11).
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Feet

The psittacine foot is zygodactyl and each digit termi-
nates at a nail (Chapter 2). The nails should be smooth
and of an appropriate length and shape. They may
have to be clipped regularly, but there should be an
attempt to provide an environment where normal wear
makes clipping unnecessary.

The skin of the foot (and of non-feathered leg)
should have a regular scale pattern on both the dorsal
and plantar surfaces. There are pads on the plantar
surface at the metatarsophalangeal articulation and on
the digits. These are specialized thickenings to bear
the weight and withstand compression. There is a
prominent pattern on their weight-bearing surfaces
which should be visible even in the older bird (Figure
5.19). If the pattern has disappeared and the skin on
the pads is smooth and shiny (Figure 5.20), the causes
need to be investigated and corrected at this stage
before it progresses further. Inadequate perches, re-
duced exercise (Chapter 3), obesity (Chapter 12) or
any disease that will reduce blood circulation to and
from the foot or cause the bird to sit still for extended
periods will cause these changes, which may progress
to ‘bumblefoot’ (Chapter 11).

T Normal
: surface of the
psittacid foot.

Each toe should be palpated and movement of the
joints assessed. Swellings atjointlevel can be caused
by the accumulation of uric acid crystals (gout; Chap-
ters 7 and 20), bacterial sinusitis or bony and soft
tissue changes secondary to trauma, neoplasia or
inflammation. Radiography, cytology, bacteriology,
biochemistry and haematology may be necessary to
achieve a diagnosis.

Swellings of toes may occur with constricting bands
of fibrous tissue (Figure 5.20). This is most frequently
seen in immature birds being hand reared (Chapter
18). When seen in adults the management remains the
same as in the paediatric patient. Leg rings sometimes
cause a constriction leading to swelling of the entire
foot. This is most commonly seen in the Budgerigar.
Sometimes the incorrect size of ring has been applied,
but often proliferative skin changes, caused for exam-
ple by cnemidocoptic mites, have resulted in accumu-
lations of dead skin under the ring, eventually leading
to a constriction that initially blocks venous drainage
(Figure 5.21).
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Severe
¥ Macaw with a
constricting band of

(arrowed) causing
i1 swelling of the distal
el ‘t digit. Note reddening
and flattening of
papillae on the
surface of the feet.

m Budgeriga_r ri_ng with built-up keratinous material
causing restriction of venous drainage.

Trauma is common from bite wounds or through a
flighted bird landing on top of a closing door. Self-
trauma can be secondary to another lesion or to a
neuritis. Granulomatous lesions in the coelomic cavity
or renomegaly may cause a neuritis of the nerves
supplying the foot, causing pain that often leads to self-
trauma. Renal adenocarcinoma in the Budgerigar is a
common example where the resultant neuritis, from
pressure of tumour invasion, causes lameness that is
usually unilateral.

Wings

Is there a history of the bird’s flying ability deteriorating,
oritbecoming reluctant to fly? Other disease processes
will often affect flying ability through general weakness
and will predispose the bird to flying injuries. A complete
clinical examination, including an ocular examination, is
essential to rule out other disease processes.

How the wings are held while the bird is perching
should be observed. A drooping wing may indicate a
problem in the wing, the thoracic girdle (i.e. scapula,
clavicle or coracoid bones) or the pectoral muscle, ora
neurological deficit. Pain may also cause wing dys-
function, mimicking that of neurological deficits.

As in the leg, the muscles should be carefully
palpated for any areas of swelling or atrophy. The joints
should be palpated for swelling, heat and pain and to
evaluate their range and direction of movement. The
bones of the thoracic girdle and of the wing should be
palpated for any deformities. Fractures of the humerus
may result in subcutaneous emphysema, as a diver-
ticulum of the clavicular air sac extends into its medul-
lary cavity.

The primary and secondary flight feathers should
be palpated at their insertions on the ulna, carpometa-
carpus and the digits. Any deviation from normal can
be more easily visualized by damping the feathers with
spirit (sparingly, to avoid chilling).

The propatagium should also be palpated. This is
the triangular area of feathered skin between the
shoulder and carpal joints. Its anterior leading edge
contains the elastic propatagial ligament, which is very
important for normal flight. Any swellings should be
investigated. The elasticity of the propatagium and its
ligaments is easily appreciated during the examina-
tion. Ventrally the propatageal area is a common site of
self-mutilation, leading to a localized chronic ulcerative
dermatitis. These lesions are commonly seen in love-
birds, Cockatiels and Grey Parrots (Chapter 16).

Feathers
The history should record answers to the following
questions:

* When was the last moult?

* Was it a complete moult, or were there feathers
that were not replaced?

*  What is the frequency of moulting in this
individual?

* How long does the moulting process take?

In the normal psittacid there should be a moult
every 12 months. The length of the moulting process
varies between species and according to whether or
not they are reproductively active. The sequence of
feather replacement in a moult is also predetermined,
allowing an assessment of how far the moult has
progressed. Birds with subclinical conditions, on poor
nutrition and in an inappropriate environment will moult
less frequently and each moult will take longer or may
not be completed. Further questions include:

* For how long have the feather abnormalities
noted by the owner been present?

* Are the feather changes progressive?

*  Where on the bird did they start and which
feather types are involved?

* |s there a seasonal pattern and at which time of
the year were the changes first seen?

Colour change

Sometimes feathers will change colour, or aftera moult
the new feathers may be a different colour. The most
commonly seen example is in the Grey Parrot, when
some red feathers appear that should be grey. Often
there is no obvious cause, but it can sometimes be
caused by circovirus infection (see Figures 13.7 and
16.19). Testing for circovirus infection should be part of
the investigation in these cases.

Green feathers can sometimes be replaced by yel-
low after a moult. This can be due to viral, nutritional or
internal disease. When the problem is resolved these
feathers will return as green at subsequent moults.
Green feathers will sometimes turn black due to a fungal
growth on the feathers: organic debris accumulates on
the feathers and is colonized by airborne fungal spores.
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Decreased frequencies of moulting and abnormal preen-
ing are among the predisposing causes, which should
be investigated.

Normal changes from juvenile to adult plumage
must not be confused with the abnormal (del Hoyo et
al., 1997; Juniper and Parr, 1998).

Feather loss

Birds are often presented because owners have found
an apterium (an area of skin that normally does not
have any feathers). The scapular apterium is the com-
monest one that is confused with feather loss.

Generalized feather loss is diagnosed when lost
feathers are not replaced. A careful examination of the
skin will be needed to differentiate between cases
where the bird is plucking out the newly emerging
featherorwhere thereis afailure of the epidermal collar
in the follicle to grow a replacement feather. Where
failure of feather growth is suspected, the possibility of
systemic disease should be investigated.

Cases involving self-inflicted feather loss and dam-
age are very common. Itis essential in these cases that
the bird is given a full clinical examination and that its
nutritional status is evaluated. They are often seen
after many months of home treatments where owners
have been attemptingto treat‘boredom’. Unfortunately
most of the hobbyist's books incorrectly state the main
cause of feather plucking as boredom. These cases
can be particularly challenging to bring under control.
The abnormal behaviour has to be managed in parallel
with investigating the underlying cause. It is important
to see these cases early before the behaviour be-
comes habitual.

If an organic disease has been ruled out, a psycho-
logical disorder may be the trigger of the behavioural
problem. It is important to attempt to make a diagnosis
(Chapters 3, 16 and 17).

Feather abnormalities

Abnormal feathers are seen for a variety of reasons.
Genetic disorders are rare, though colour mutations
are highly prized by aviculturists and many species are
available in a range of colours (Chapter 3). In the
Budgerigar, feather duster disease is a genetic disor-
der where there are excessively large feathers.

¢ fFeather cysts in psittacids are most commonly
seen in Blue and Gold Macaws (Chapters 10
and 16).

» Stress lines in the vanes of feathers are the
result of an insult to the feather follicle while the
new feather is developing (Chapter 16).
Traumatic or inflammatory damage to the
blood feather resulting in localized haemorrhage
will often give rise to horizontal black lines
that usually extend across both the vane and
the shaft.

* External parasites (i.e. lice and mites) are rarely
seen in pet psittacids in the UK.

e Folliculitis of multiple follicles can result in a
range of abnormal feather developments.
Feathers develop with constrictions of the shaft
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which result in its fracture, retained feather
sheaths, pulp cavity haemorrhage and shortened
clubbed and curled feathers. These signs are
generally manifestations of systemic disease
(Chapter 13). Localized disease processes will
result in feather pathology being confined to a
small area.

e Haemorrhage from a feather can occur when it is
damaged at the development stage commonly
known as a blood feather. This should not be
confused with pulp cavity haemorrhage as
mentioned above, which will usually be seen in
multiple feathers.

Poor plumage condition can be seen in birds for a
variety of reasons. Some may have abnormal plumage
that needs investigation; others are not preening effec-
tively. Some of these birds live in unsuitable conditions
and their plumage smells of contaminants such as
cooking grease and cigarette smoke. In some birds the
poor plumage condition is due to prolonged moulting
intervals, which need to be investigated.

Skin

Psittacids are infrequently presented to the veterinary
surgeon for abnormalities of the skin. The commonest
skin pathology seenis due to self-trauma, which can be
due to either physiological or psychological disease.
For example, chronic ulcerative dermatitis of the wing
web area from self-mutilation is commonly seen in
lovebirds, Cockatiels and Grey Parrots. The work-up
for this condition should include biochemistry and
haematology, whole-body radiographs and a faecal
analysis, as giardiasis is not an uncommon cause
(especially inlovebirds and Cockatiels). Cockatoo spe-
cies are often seen with large ulcers in their pectoral
musculature caused by self-mutilation.

Bruising of the featherless skin around the eye,
seen most conspicuously in the Grey Parrot, can be
caused in the struggle while being captured or by the
restraining grip. It can also be caused by a clumsy or
ataxic bird falling over. Trauma to the leading edge of
the carpus is another injury commonly caused during
attempted restraint, where the bird knocks the carpus
against a hard surface, sometimes breaking the skin.
These injuries should be recognized before handling
the bird, as the injury most commonly happens when
the owner is struggling to get the bird into the travel
cage prior to its visit.

Masses in or under the skin can be neoplastic
lesions or abscesses. In some species (e.g. Budgeri-
gars and Cockatiels), xanthomas, which are a non-
neoplastic lesion, are common. Abscesses are usually
caseous in birds, and may have either a bacterial, a
mycobacterial or a fungal cause. Fine-needle aspira-
tion of the mass with cytology and culture of the
aspirate may be needed to arrive at a diagnosis.

Swellings around the eye are often related to dis-
ease processes in the sinuses (Figure 5.22). Air under
the skin may be due to a fracture of a pneumatic bone
or rupture of an air sac. This is most common in the
neck area, where rupture or distension of the
cervicocephalic air sac is the usual cause.
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m Swelling
and

e redness of the nares
and periocular area
due to a localized
lesion in the preorbital
diverticulum of a
Cockatiel.

Hyperkeratosis of the featherless skin of the legs,
cereand around the beak is most commonly caused by
cnemidocoptic mites in Budgerigars. In severe cases it
caninvolve the ears, and occasionally the skin around
the uropygial gland and the vent. The diagnosis is
easily confirmed as the mites are readily identified
microscopically from a skin scraping. In extreme cases
there may be a primary predisposing cause. Herpes-
virus can cause pale thickened patches of skin on the
legs and feet; this can be seen in cockatoos, macaws
and Grey Parrots (Schmidt et al., 2003). A biopsy is
necessary to confirm the diagnosis.

Thermal insults — both heat and cold — will cause
darkening of the skin. Frostbite usually affects the
extremities, typically the toes. They will become black
and be cold to the touch, and sometimes a serosan-
guineous fluid will leak from the area. Burns do not
cause blistering as seen in mammalian skin, due to the
lack of a large capillary plexus beneath the epidermal
border (Spearman and Hardy, 1985). Skin damaged
by high temperature will be darker in colour, leathery in
appearance and feel hardened and less flexible to the
touch (Figure 5.16).

Occasionally birds are seen with generalized in-
flamed skin, which is often extremely pruritic. Most of
these cases appear to be skin reactions to internal
infections and clear up when the underlying disease
is treated.

Uropygial gland

The uropygial gland is not as well developed in psittacids
as in some other orders. Indeed it is absent in some
commonly seenspecies (e.g. Amazons). When present,
the gland should be examined as part of the physical
examination. It is a lobed structure protruding dorsally at
the base of the tail feathers (Figure 5.23). Neoplasms
are the most common problem seen. Both carcinomas
and adenomas are common and are most frequently
seen in the Budgerigar. Occasionally an impacted
uropygial gland may be seen (see Figure 16.26).

Cardiovascular system

Evaluation of the cardiovascular system is an impor-
tant part of the physical examination. Mucous mem-
brane colour can be assessed in the oral cavity, skin of
the face and the vent area, where these areas are not
pigmented. Yellow coloration of mucous membranesis
usually due to pigments in the food; birds do not
develop jaundice externally.

m Normal uropygial gland in a Grey Parrot.

Capillary refill time (which should be < 1 second in
the normal bird) can be evaluated on the skin of the feet
if non-pigmented. Perfusion status can easily be evalu-
ated by observing the refill time of the basilic or the
ulnar veins where they run over the medial aspect of
the elbow. With normal perfusion, refill time will also be
< 1 second following digital pressure.

Auscultation is achieved over the pectoral muscles.
Heart rates vary from 110 to 300 beats per minute,
depending on the species, though this will be much
lower in the larger species when they are relaxed or
when they are under general anaesthesia. Excitement
will result in a dramatic increase in heart rate, often
making it very difficult to count heart rates. Muffled heart
sounds are easily appreciated, indicating either pericar-
dial fluid or softtissue insulating the sound. Murmurs are
more easily detected in tame large species or in any
species under general anaesthesia, when the heartrate
should be much slower. Arrhythmias are also some-
times detected. A sinus arrhythmia is normal butall other
arrhythmias should be investigated (Chapter 20).

Signs that may indicate cardiac disease (though
disease may be asymptomatic) include:

Cough (but may be mimicking)
Dyspnoea

Lethargy

Syncope

Bulging coelomic space
Exercise intolerance

Sudden death.

Respiratory system

Evaluation of the respiratory tract (Chapter 14) in-
cludes the upper airways (as covered above under oral
cavity, nares, and head and neck). The respiratory rate
and effort should be observed before handling. Pat-
ency of the upper airways can be evaluated by occlud-
ing each naris in turn while keeping the bird’s beak
shut. Obstructions to the flow of air wili cause increased
respiratory sounds or, if there is a complete obstruc-
tion, lack of air movement. Gentle pressure should be
applied on the different pockets of the infraorbital sinus
while watching for fluids being forced out of the nares
or lacrimal duct. The choana should be rechecked for
discharges after this exercise.
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With tracheal lesions, increased respiratory noise
can sometimes be heard, even at rest. Increased
respiratory effort may cause the bird’s tail feathers to
move up and down with each breath, sometimes re-
ferred to as ‘tail bobbing’. Disease processes that
reduce the size of the air sacs will also cause an
increased respiratory effort (e.g. organomegaly).
Coughing can be a symptom of tracheal or syringeal
pathology, or the bird may be mimicking a mammalian
cough. Voice change is commonly associated with
disease processes involving the syrinx.

Auscultation is not as useful as in mammals, due to
the anatomy of the avian lung and to the fact that there
is only limited movement during the respiratory cycle.
However, the lungs, air sacs and trachea should always
be auscultated for any abnormal sounds. Wheezes,
clicks, crackles and squeaks may be heard with lower
respiratory tract disease. A paediatric stethoscope will
enhance auscultation and should be placed dorsally and
laterally overthe ribs on both sides. The air sacs are best
auscultated on the ventral and lateral surfaces.

If recovery of normal respiratory rate after restraint
for examination takes longer than 3 minutes, thereis a
reduced respiratory capacity. Acute respiratory dis-
tressis an emergency, the initial management of which
is detailed below. Rarely can a diagnosis of respiratory
disease be reached by a clinical examination alone
(Chapter 14).

Stabilization of the critical case

Often it is safest to deal with a critical case in stages,
allowing the bird to rest in between. The bird has to be
transferred to a critical care cage, which usually allows
a brief initial one-minute examination. Proficiency in
handling is essential at this stage to minimize struggling.

¢ Check for oculonasal discharges and swellings.

* Examine the oral cavity briefly; palpate the crop,
pectoral muscles and coelomic space.

* Assess vascular perfusion by observing basilica
or ulnar vein refill time.

¢ Auscultate the heart, lungs and air sacs.

* Observe the vent and use the grasping reflex of
the feet to estimate the degree of debility.

* If the bird is relaxed, weigh it and expand to a full
clinical examination.

It may be essential to attempt to stabilize the bird
before performing a full clinical examination and col-
lecting diagnostic samples. It is important to be pre-
pared for critical cases:

» Decide what will be needed for handling the bird
and have everything set up in advance to
minimize handling time.

¢ Prepare for resuscitation with drug doses
calculated and drawn up.

e Work as a team (veterinary surgeon and nurses).
The team needs to be familiar with the procedure
to be carried out and with avian resuscitation
techniques (Chapter 8).
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Essential equipment for avian emergency medicine
(not normally found in a small animal clinic) includes
the following:

* (Gram scales: digital or balance, sensitive to 1 g,
minimum range 10-2000 g (depending on
species accepted as patients)

* Avian hospital cages (capable of maintaining

high temperature and humidity)

Avian oral specula (assortment of sizes)

Crop-feeding tubes (assortment of sizes)

Nebulizer (capable of producing particles < 3 um)

Selection of avian foods

Commercial avian critical care enteral feeding

formulations

e Parenteral fluid warmer (Figure 5.24)

¢ Support staff trained in avian nursing.

m Parenteral fluid heater.

Stabilization

Hypovolaemia/shock
Correcting the hypovolaemia is an immediate priority.
Birds in hypovolaemic shock typically have pale mucous
membranes, prolonged venous refill time and a rapid
heart rate. Vascular access may be difficult and place-
ment of an intraosseous catheter may be necessary.
Give immediately, via the catheter as a slow bolus
over 5 minutes:

* Lactated Ringer's (10 mi’kg) combined with
5 ml/kg haemoglobin-based oxygen carrier
(5 mi/kg)

* OR Lactated Ringer’'s (10 ml/kg) combined with
hetastarch (5 ml/kg).

Dehydration

Fluids for dehydration can be given intravenously,
intraosseously or orally. Maintenance is 50 mi/kg daily.
The deficit is estimated and replaced over 24 hours.

Hypothermia

Anorexic birds rapidly become hypothermic. Birds nor-
mally have a higher body core temperature than mam-
mals. All avian emergencies should be placed in a
warm (30°C} critical care cage.
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Hypoxia

Oxygen enriching the air in the critical care cage will
benefit most avian emergencies. Dyspnoeic birds will
stabilize rapidly. A facemask or a clear plastic bag can
be used but this may be stressful. Where there is
severe respiratory distress caused by an obstruction
inthe trachea or syrinx, an air sac breathing tube must
be placed if there is no response to oxygenation within
30 minutes or if the bird is continuing to deteriorate
(Chapter 8).

Inanition

Birds rapidly become exhausted when not eating.
Nutritional support starts with an initial bolus of glucose
or dextrose. When hypovolaemia has been corrected,
enteral nutrition can be given initially by crop-feeding
tube, using one of the commercial products formulated
for psittacids that has been made up according to the
manufacturer's recommendation (Figure 5.25). The
ideal product should be easily absorbed and require
minimal or ideally no digestion by the patient.

Product Manufacturer

Critical Care Formula Vetark Professional, UK

Emeraid Critical Care Lafeber Company, USA

Emeraid Nutri-Support Lafeber Company, USA

Emeraid Carbo-Boost
Poly-Aid

Lafeber Company, USA

The Birdcare Company, UK

Guardian Angel The Birdcare Company, UK

m Commercially available critical care enteric
products for psittacids.

Fluid therapy

Crystalloid solutions
Glucose—saline (i.e. 5% glucose + 0.9% saline) is an
ideal solution to include in the initial bolus, as the
glucose is an immediate carbohydrate source and the
physiological saline solution will rapidly replace lost
fluid in the extracellular and intracellular fluid spaces
and temporarily expand the circulation fluid volume.
Lactated Ringer's solution, as well as providing
electrolytes and fluid, provides lactate that is metabo-
lized in the liver to bicarbonate. Bicarbonate helps to
correct the acidosis seen in most avian emergencies
(Jenkins, 1997). If possible the acid—base balance
should be measured prior to its use. It can be used as
a maintenance fluid.

Colloids

Colloids (haemoglobin-based oxygen carriers, whole
blood or synthetic colloids) are used to expand plasma
volume. They contain large molecules that do not
readily pass out of the vasculature. Both natural and
synthetic colloids are available. Their use is essential
in the treatment of hypovolaemic shock. The combina-
tion of colloids and crystalloids in the treatment of
hypovolaemic shock therapy reduces the crystalloid
requirement by 40-60% (Raffe and Wingdfield, 2002).
When the PCV falls below 20% in acute conditions or

below 12% with chronic disease processes, a colloid
with oxygen-carrying ability should be chosen.

Synthetic colloids: These (e.g. Haemaccel, Intervet
UK) are more economic to use than the aiternatives.
Their major disadvantage is that they do not transport
oxygen to the tissues. Availability, cost and low risk are
major advantages when compared with whole blood or
plasma (Wingfield, 2002).

Oxygen-carrying colloids: Haemoglobin-based oxy-
gen carriers (e.g. Oxyglobin, Biopure Netherlands BU)
have the advantage of being readily available for use in
emergencies, having a colloid effect in addition to
being a potent carrier of oxygen. Their main disadvan-
tage is cost (Raffe and Wingfield, 2002). There have
been no clinical trials to establish safe dose rates but
Oxyglobin has been used in psittacids in hypovolaemic
shock at doses of up to 30 ml/kg divided over 24 hours.

Blood is a complete and physiological volume ex-
pander with the disadvantage of poor availability, high
cost, the possibility of spreading disease and carrying a
risk of transfusion reactions (Raffe and Wingfield, 2002).
ldeally, donors should be from the same species and
have a disease-free status. If these are unavailable, a
donor from the same genus could be used. Pigeons
have been used as donors for a single transfusion. A
volume 1% of body weight can be safely collected from
the donor. Acid citrate dextrose at a dose of 0.15 ml/m!
of blood can be used as an anticoagulant (Jenkins,
1997). Check for agglutination or haemolysis before
repeat transfusions by mixing donor and recipient red
cells and serum on a microscope slide.

Routes for fluid therapy

e Enteral fluid therapy is preferred if the patient is
not critically ill or hypovolaemic, has a functioning
gastrointestinal tract, is not in severe dyspnoea
and has a level of consciousness to prevent
reflux from the crop. It has the advantage of
being the most physiological route and will also
help to maintain normal gut structure and
function. Enteral fluids are given by a crop-
feeding tube. The major disadvantage is the risk
of aspiration (Proulx, 2002).

* Intravenous fluid therapy is the preferred route
for critically ill patients. It has the advantage of
easy placement of the catheter (with practice).
Large volumes can be given slowly as a bolus.
The major disadvantage is that the catheter must
be protectively bandaged to prevent it being
removed by the bird.

* Intraosseous catheters are easier to place in
small patients and when peripheral circulation
has collapsed. Both colloids and crystalloids can
be given by this route, with equivalent responses
to the intravenous route. The major disadvantage
is that placement is painful, but in emergency
situations the catheter may have to be placed
without an anaesthetic. Osteomyelitis is also a
risk. Intraosseous catheters must also be
protectively bandaged to prevent them being
removed by the bird.
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In situations where equipment or experience is
deficient, it must be stressed that when fluids are
needed it is preferable that they are given by the route
available rather than not be given. However, intra-
coelomic fluids are always contraindicated in birds,
due to the presence of air sacs. Chapter 6 gives details
of the crop tubing technique and injection and catheter
placement methodologies.

Hospitalization

Hospitalization facilities are essential for practices ac-
cepting avian cases. A high percentage of avian patients
require hospitalization and critical care management.

* The ideal avian hospitalization cage should have
temperature and humidity control.

* It must be easy to capture the bird from the cage.

* The cage should be able to withstand thorough
cleaning and disinfection.

¢ The perch must be removable for housing very ill
birds and for disinfection.

The hospitalized parrot should be positioned out
of sight and sound of predators (i.e. dogs, cats, ferrets
and birds of prey). Purpose-built avian hospital
cages are available; alternatively, cage requirements
can be improvised from an aquarium or incubator
(Figure 5.26).

m Critical care incubator with oxygen-enriched air
and nebulizer set-up.

Emergency situations and their
initial management

Collapsed bird

1. Perform a brief examination when transferring
from transport cage to critical care cage, as
detailed in the ‘Stabilization’ section above.

2. Place in a warm (30°C) humid oxygen-enriched

critical care cage with perches removed and

familiar food and water within reach.

Collect brief history and signalment.

Place intravenous or intraosseous catheter.

Collect blood for diagnostics.

Give 5% glucose saline (5 ml/kg) and lactated

Ringer’s (5 ml/kg) as a slow bolus via the

catheter.

Establish a full history for the bird.

When stable, do a full clinical examination.

I
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Acute respiratory distress

1. Perform a brief examination when transferring
from transport cage to critical care cage, as
detailed for ‘Stabilization’ above.
2. Place in a warm (30°C) humid oxygen-enriched
critical care cage with perches removed and
familiar food and water within reach.
3. Iftracheal or syringeal blockage, prepare team and
equipment to place an air sac tube (Chapter 8).
4. When stable under isoflurane anaesthesia
(following placement of an air sac tube):
¢ Place intravenous or intraosseous catheter.
¢ Endoscopically examine the trachea and the
syrinx if appropriate.

* Take radiographs.

¢ Collect blood for diagnostics.

* Give glucose saline (5 ml/kg) and lactated
Ringer's (5 ml/kg) via the catheter as a slow
bolus.

Refer to Chapter 14 for further guidance.

Seizures

There are many possible causes for a bird having
seizures. Syncope is often confused with seizure activ-
ity in parrots. Diagnostic samples should be collected
before treatment if possible, as treatment may compro-
mise their diagnostic value (Chapter 19).

1. Obtain a brief history, checking exposure to lead
and other toxins. Record pattern and history of
the seizure activity along with any other
symptoms over the last 3 months. If acute onset,
check possibility of exposure to high
environmental temperatures.

2. Perform full clinical examination if possible. If
triggering seizures, do a brief examination.

3. Place intravenous or intraosseous catheter.

4. Collect blood for biochemistry and haematology
profile.

5. Give 5% glucose saline (5 ml/kg) and lactated
Ringer’s (5 ml/kg) as a slow bolus via the catheter.
For Grey Parrots, also give calcium gluconate
(50—-100 mg/kg) slowly via the catheter.

6. Give diazepam (0.1 mg/kg) as a bolus via the
catheter to arrest the seizure activity.

7. Place in a 30°C critical care cage enriched with
oxygen if no history suggestive of heat stroke.

8. Remove perches, place soft bedding on the floor,
and also place food and water at floor level.

9. Obtain a complete history and, when the bird is
stable, perform a full clinical examination.

Egg binding

1. Diagnosis may not always be confirmed by
palpation. Radiography may be necessary.

2. Perform a full or brief clinical examination,
depending on the condition of the bird.

3. Provide analgesia.

4. Place in a warm (30°C) humid oxygen-enriched
critical care cage with perches removed and
familiar food and water within reach.
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5. Lubricate by using blunt cannula to place
warmed water-soluble gel into the cloaca.

6. Give glucose saline (10 ml/kg) by crop-feeding
tube.

Refer to Chapter 18 for further guidance on dealing
with egg binding and its complications.

Bone fracture

. Give analgesic.

If compound fracture, start antimicrobial cover.

Perform a full clinical examination.

Place in a warm (30°C) humid oxygen-enriched

critical care cage with perches removed and

familiar food and water within reach.

5. A figure-of-eight wrap can be used for temporary
stabilization of a wing fracture distal to the elbow
joint. A body wrap is needed for proximal
fractures.

6. Give glucose saline (10 ml/kg) by crop-feeding

tube.

B G0N

Refer to Chapter 11 for fracture management.

Acute blood loss — hypovolaemic shock
Birds in hypovolaemic shock typically have pale mu-
cous membranes, prolonged capillary refill time, in-
creased heart rate, a falling haematocrit and often a
history of blood loss (Lichtenberger et al., 2003).

1.

o krw

Perform a brief examination when transferring
from transport cage to critical care cage, as
detailed for ‘Stabilization’ above.

. Place in a warm (30°C) humid oxygen-enriched

critical care cage with perches removed.

Place intravenous or intraosseous catheter.

Collect brief history and signalment.

Give immediately, via the catheter as a slow

bolus over 5 minutes:

— lactated Ringer’'s (10 ml/kg) combined with
5 ml/kg haemoglobin-based oxygen carrier
(5 ml/kg)

— OR lactated Ringer’s (10 ml/kg) combined
with hetastarch (5 ml/kg)

— OR whole blood (10-15 ml/kg), ideally from a
healthy donor of the same species.

Establish a full history for the bird.

When stable, do a full clinical examination.
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6

Basic techniques

John Chitty

Introduction

This chapter will discuss various basic techniques that
are often required in avian medicine. Some may form
part of an examination or diagnostic investigation,
while others may be the primary reason for the bird
being presented (e.g. clipping wing or beak). It is
important not only to learn correct techniques but also
to understand the issues surrounding these and the
reasons for presentation.

Injection techniques

Intramuscular injection
This is the most common route by which injectable
drugs are given to pet birds. In general, injections are
giveninto the pectoral muscle mass ratherthan the leg,
because the muscle mass is larger and because of
concerns over the presence of a renal portal venous
system resulting in effects on the drug pharmacokinetics.
In preparation for injection, the feathers should be
parted and the skin cleansed. The needleis inserted into
the mid to caudal portion of the muscle and the sub-
stance is injected into the middle of the mass, i.e.
passing caudal-to-cranial parallel with the sternum (Fig-
ures 6.1 and 6.2). Prior to injection the operator should
draw back the plunger to ensure that the substance is
not being inadvertently injected into a blood vessel.

|
m for intramuscular injection or for microchip

insertion is shown in the mid to caudal region of the
pectoral muscle mass.
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m The superficial pectoral muscle is reflected,
showing the large plexus of nerves and blood

vessels that should be avoided when injecting in this region.

The smallest suitable needle should be used with
respect to the viscosity of the drug and size of bird. In
general, needles of 23 gauge (G) or smaller are used,
but 21 G needles may be used in larger birds when
injecting viscous drugs.

Care should be taken with the following:

» Irritant substances (Figure 6.3). In the experience
of the author, certain drugs (e.g. enrofloxacin
(Baytril; Bayer, Newbury, UK), doxycycline
(Vibravenos; Pfizer, Sandwich, UK) and some
long-acting oxytetracycline preparations may be
extremely irritant. Post-mortem examination of birds

m In this
cadaver
specimen, a muscle
reaction can be seen
following a single
injection with Baytril
2.5% (Bayer).
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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 2.5% enrofloxacin.

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

m The precrural fold is arrowed (head to the right).
Note the available ‘'space’ under this fold for
large volumes of fluid.
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Therefore, repeatedinjections ofirritant drugs should
preferably be avoided, using the oral route as soon as
practicable. If this is not possible, or if it is felt that oral
absorption would not be reliable, the intramuscular
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 (see Figure 2.7).

Large-volume drugs (> 1 ml/500 g body weight)
should be split between sites or placed subcutane-
ously. Irritant drugs, especially Vibravenos, should not
be injected via this route as skin slough is likely.

Subcutaneous injection
This is a very useful route for fluid therapy and large-
volume drugs. Absorption from subcutaneous sites is
rapid and large volumes of fluid {(up to 20 ml/kg) may be
absorbed within 15 minutes. The absorption rate may be
increased by adding hyaluronidase at 150 units/litre.
The injection site is prepared as described above.
The ideal site is the large precrural fold (Figure 6.4).
Care should be taken not to enter the body cavity
inadvertently while injecting.

Intravenous injection and blood collection
Intravenous injections may be given into, or blood may be
collected from, the sites described in Figures 6.5 and 6.6
(for exact anatomical location, see Figures 2.6, 2.7 and
2.9). These veins are all superficial and are found easily.

Site Restraint Pros Cons Tips
Right jugular | Bird restrained or anaesthetized, neck Easy. Very difficult for left-handed operators. | Anaesthesia may be recommended for this
vein (Figures | extended. Parting of feathers reveals vein || Large volumes can be taken. | Struggling birds may cause laceration  § technigue.
6.6a,b and running under large apterium. Placement § Haemostasis relatively simple. | of vein and fatal subcutaneous Gentle digital pressure applied afterwards
29} of digit at base of neck raises the vein Only recommended technique | haemorrhage; general anaesthesia to avoid haematoma formation.
in small birds (< 150 g). may be appropriate.

Restraint may be stressful to sensitive

or dyspnoeic birds

Superficial Bird restrained or anaesthetized and Easier for left-handed Fragile vein and may be hard to draw Drop of tissue glue may be helpful to

ulnar/ basilic | placed on its back. One wing extended operators. large volumes, especially in smaller facilitate haemostasis.

vein and vein visualized. Operator raises vein [§ Restraint relatively simpler. birds. Haemostasis can be hard to

(Figures 6.6¢ | with free hand. achieve and bird should be replaced in

and 2.6) cage to allow it to calm down and blood

pressure to drop (preferable to
prolonged handling). Unlike jugular
venipuncture, this haemorrhage
unlikely to be fatal and is readily visible;
but small losses may cause lot of mess
and distress to owners.

In conscious older cage-bound bird
care must be taken when extending
wing as it is easy to break humerus

Superficial Bird restrained and leg extended. Superficial, simple to find and | Very fragile and only possible to draw || Only of use where other veins damaged or

plantar Operator can raise vein with free hand. raise but vein harder to small volumes. where very small volumes of bloods

metatarsal/ visualize as skin not Haemostasis difficult. required.

caudal tibial transparent in this region. Tissue glue may facilitate haemostasis or

vein Restraint easy. light temporary dressing may be applied.

(Figures 6.6d

and 2.7)

Toe clip Bird restrained and nail cut short enough || Easy. Unsuitable for collection for May be of use when collecting very small
that nail bed is penetrated. Nail should be biochemistry/ haematology due to volumes (e.qg for sexing, circovirus testing,
cut in opposite manner to that described contamination from tissue fluid or from | or collection for Immunocomb’
for a nail trim (see later) to increase urates/faeces on claw. Chiamydophila psittaci testing).
bleeding. Impossible to collect large volumes. Vein should be cauterized afterwards;

Technique may cause pain and silver nitrate or potassium permanganate
haemostasis important, as is risk of appropriate. Atiention should be paid to
introducing infection. welfare aspects of this technique

m Venipuncture sites.
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2.9.

The right jugutar lies beneath an apterium on the
lateral neck, while the superficial veins in the distal leg
are located beneath the scaly skin. The ulnar vein lies
in a relatively featherless area over the medial elbow,
though one or two feathers may need to be removed to
facilitate exposure. Wetting the skin with a spirit-soaked
swab improves visualization and wetting the feathers
will keep them out of the way. Care must be taken not
to overdo this, as hypothermia may result.

Two operators are required for injecting or bleeding
conscious medium to large birds. For very small birds
a simple one-handed holding technique greatly facili-
tates the procedure (Figure 6.7).

= Single-
nanded
technigue for
accessing the right

jugular vein in a
Budgerigar.

All these veins may be suitable for intravenous
injection of drugs or fluids. As a simple rule the basilic
vein is used for intravenous injection and the right
jugular for blood collection. When bleeding very fat
birds (especially Amazons), where intradermal fat may
obscure the vein, use of the ulnar vein is indicated.
Great care should be taken with haemostasis in these
cases, and in any other bird where liver disease is
suspected, as many have coagulopathies.
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m (a) Restraint of a Grey Parrot for jugular venipuncture. An assistant
holds the towel-wrapped body while the operator extends the neck
with their left hand. The thumb of the left hand is used to raise the vein. (b) Right
jugular vein. Note the large superficial vein lying in an apterium. (c) Superficial
ulnar vein. {(d) Superficial plantar metatarsal vein. See also Figures 2.6, 2.7 and

Blood is generally collected using a 2.5 or 1 ml
syringe. A 23-25 G, %, inch needle is used; the size
depends on the size of bird but a larger needle should
be used where possible for haematology collection, to
avoid damage to blood cells.

As with mammals, up to approximately 1% body
weight may be safely removed (e.g. up to 4 ml from a
400 g Grey Parrot). Itisimportant to note that this figure
is based on healthy birds; the figure 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 (Figure
6.8) may be used. The former may be more difficult to
maintain without extensive dressings and the latter is
preferred in birds larger than 300 g.

Catheters may be taped or sutured into position.
Surprisingly, most birds leave these in place (NA
Forbes, personal communication).

m Catheter
inserted in
the basilic vein

" (courtesy NA
; | Forbes).
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Intraosseous injection

Thisis an alternative route for continuous or bolus fluid
therapy by which fluids are injected into the medullary
cavity of either the ulna (Figure 6.9) or the tibiotarsus
(the pneumatized humerus must notbe used). Uptake
into the main circulation is virtually instantaneous, due
to the central venous sinus. Intravenous drugs may
also be given by this route, but not if they are cytotoxic
or irritant.

m Dissection showing position of an intraosseous
needle. It has been inserted into the ulna via the
dorsal condyle just proximal to the carpus on the dorsal
surface of the wing.

These sites are easier to access and maintain than
the intravenous route. However, as the fluid needs to
be given under pressure, some specialized equipment
isrequired: eithera syringe pump or ‘Flowline’ (Arnolds,
UK) apparatus.

The bird should be anaesthetized (unless extreme
urgency is required) and the site prepared aseptically.
A needle is introduced into the bone. This can be
either a specialized bone needle or a standard injec-
tion needle (18 G, 1.5 inch for birds > 700 g; 21 G,
1 inch for birds between 200 and 700 g; 23 G, 1 inch
for birds < 200 g; this technique is not recommended
for birds < 100 g).

* 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 fiuid bolus
may be seen.

* 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.

Chapter 6 Basic techniques

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

Care should be taken when using this route in
osteoporotic birds, as iatrogenic fractures may result.
Care should also be taken in needle maintenance, as
osteomyelitis may result from introduced infection. Itis
advised that the equipment should not be left in place
for more than 3 days.

Crop tubing

This is a simple and effective means of providing oral
drugs or fluids or for feeding sick birds. It should be
noted that anaesthetized birds should be allowed to
recover fully before they are subjected to crop tubing.

Metal crop tubes are recommended, as plastic
tubes may easily be damaged or broken and swali-
lowed by the bird. However, they should be used with
care, as oesophageal perforation is possible with rigid
tubes. The largest possible tube size should be se-
lected, to help to avoid glottal insertion.

The bird should be restrained in a towel and its
beak should be opened by using the thumb and index
finger placed in the commissures. In very large birds
a mouth gag may be used (Chapter 5). The neck is
extended and the tube is passed lateral and dorsal to
the glottis (Figure 6.10). Should resistance be en-
countered or the bird become distressed, the tube
should be withdrawn and the process tried again. The
tube should be felt within the crop before the fluid
bolus is administered.

m Placement of a crop tube, shown in a cadaver.
Using a straight tube the angle to which the
neck must be extended can be seen. |deally the tube
should be placed along the right-hand side of the neck,
as this facilitates passage along the oesophagus into
the crop.

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

This technique may also be used to obtain a diag-
nostic crop washing. The tube should be inserted and
warmed saline passed into the crop. A small volume is
aspirated and submitted for diagnosis.
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Microchip placement

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

Prior to insertion, the bird should be scanned in
case itis already microchipped. Many guidelines have
been issued by different authorities in different coun-
tries on implantation sites. As a result, microchips may
have been implanted in the right pectoral muscle, base
of the neck or either thigh; therefore, the whole bird
should be scanned before concluding that it is not
already microchipped. If in doubt, radiography of the
whole bird is the only way to prove conclusively that
there is no microchip present.

The British Veterinary Zoological Society recom-
mends that the microchip should be inserted into the
left pectoral muscle mass. This may be done with
the bird conscious or anaesthetized; the author re-
commends that all birds weighing < 200 g should be
anaesthetized for this procedure.

The feathers are parted and the skin is prepared
aseptically. 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

(Figure 6.1). To avoid the large plexus of nerves and
blood vessels in this region (Figure 6.2), itis extremely
important not to place the microchip too far cranially
(Monks, 2002).

Occasionally, haemorrhage may be a problem. This
may be avoided by stretching the skin to 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.

Digital pressure on tissue overlying the needle as it
is withdrawn reduces the chance of the microchip
being withdrawn with the needle.

Wing clipping

This frequently requested procedure is a very easy one
to perform but the implications and ethics of doing so
are complex. There is a wide variety of views both on
whether wing clipping should be performed (Figure
6.11) and, if done, how it should be done (Figure 6.12).
In summary, wing clipping should not be regarded as a
long-term management tool for the convenience of the
owner unless it enables the owner to give the parrot a
more extensive, fulfilling life (Hooijmeier, 2003). The
technique also has uses for short-term training and
behavioural modification.

Advantages

Safety. Bird cannot hurt itself while flying
Damage. Bird less able to damage home, making it more desirable pet
Security. Bird cannot escape

Freedom. Increased safety and security enables owner to take the bird out of cage or house more often
Training. Bird is more dependent on owner, thus more amenable to training or behaviour modification

Disadvantages

If pet has to be ‘modified’ to fit into home, is it the right pet (or right home) anyway?
No clip totally removes ability to fly; clipping often increases chances of injury during attempted flight

Birds moult out clipped feathers and grow new ones

Interim period of reduced flight often induces complacency in owner, resulting in doors and windows being left open when bird can fly again

Clipping reduces freedom as it creates an ‘invisible cage’ (many believe birds need to fly to fulfil certain behavioural needs); birds can be trained to come
back or be trained to hamess (see Figure 22.6), both of which enable bird to be taken out

Wing trims not totally reliable and clipped birds much more vulnerable if they do escape

Clipped bird may be less fit and more prone to obesity than one who s fit and flying

Many start feather chewing after bad clip

m Advantages and disadvantages of wing clipping.

Technique Advantages Disadvantages
One-winged Much more effective at deflighting bird Bird very unbalanced and increased chance of injury (e.g. split keel)
(unilateral) from spiralling fall
Two-winged Better balanced so better able to fly
{bilateral) Less chance of injury following fall
Removing outer | Fewer feathers need to be removed and by Result less attractive as outer feathers removed and obvious that bird
primary flight breaking up leading edge of wing flight is is clipped.
feathers (6-10) | disrupted. Result is reduction in ift’ with less Some argue this method does not take account of natural moulting

effect on ‘thrust’, enabling safer descending glide

sequence of feathers, meaning new feathers tend to come through
‘unguarded’ and be more prone to damage and bird may be more likely
to start feather chewing. Note that moulting sequences vary from
species to species

Removing inner
primaries (1-5)

More cosmetic appearance

outer feathers will guard the new growing feathers

May be more considerate of moulting sequences; certainly

Affects ‘thrust’ not 'lift’, so may not enable gliding descent

m Wing clipping methods.

54


http://vetbooks.ir

It is important that a wing trim is not simply booked
inas a ‘quick procedure’ but taken as an opportunity to
introduce training and management procedures to the
owner. In the author’s practice two appointments are
made: a half-hour one to discuss management and
training; and a short one to perform the trim. Charges,
naturally, should reflect the time spent. Most owners
are not hostile to this; in fact, most seem pleased that
the veterinary surgeon is interested and that they and
the bird will benefit from procedures learnt.

The aim of the veterinary surgeon is that this should
be the only wing clipping that the bird ever receives. The
following points should be discussed with the owner:

« No wing clip is 100% effective. In fact, a good clip
enables a gliding descent, so the bird will still be
able to fly. Security in the house should therefore
not be relaxed and the bird should be carefully
supervised outside. In general, the stronger and
more accomplished a flyer the bird is, the less
successful the clip will be

* Microchipping is highly recommended

» The house is still not safe. Many birds are very
comfortable walking on the fioor and all are
capable of climbing

+ Basic training should include step-up/step-down
and returning on command (see Chapter 17).

Selection of the method used should be based on
the following criteria:

* Species of bird. Those with high ratios of wing
surface area to body weight require more
feathers to be removed. The classic example is
the Cockatiel: even where every feather has
been clipped on both wings, the bird’s flight might
be relatively unaffected. In this species a one-
winged clip is more appropriate

» Purpose of clip. How ‘deflighted’ does the bird
need to be?

¢ Experience. For every argument there is a
counter-argument and many very experienced
avian veterinary surgeons favour clipping
methods that others regard as dangerous.
Therefore each should find their own preferred
method(s), which should be modified or changed
as experience shows problems. If the owner
(especially an experienced aviculturist) has
strong feelings about the style of clip they favour,
this should be taken into account and discussed
prior to performing the procedure; owners are not
always right but may have a valid point of view.

This author favours the bilateral technique adopted
by the Association of Avian Veterinarians (if there are
potential problems, there is a large worldwide organi-
zation to offer support). Exact details are available on
a laminated wall chart from the AAV but are summa-
rized as follows:

¢ Long-tailed, slim-bodied birds (e.g. macaws,
parakeets): clip primaries 5-10 (see Figure 2.1)

¢ Heavy-bodied, shon-tailed birds (e.g. Amazons,
Grey Parrot): clip primaries 6-10 (Figure 6.13)
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m Amazon wing trim: primaries 6-10 are removed
from each wing. Note that no cut ends protrude

beyond the covert feathers. Compare normal wing in
Figure 2.1.

The bird should be flight tested after clipping. If it
can still fly further than 7.5 m, another primary should
be taken from each wing. The bird is then tested again
and the feathers are trimmed until the flight distance is
< 7.5 m. In either of the two groups it should not be
necessary to trim beyond the first primary; in the
second group it is rarely necessary to go beyond the
fourth primary.

Whichever method is chosen, the following are
essential:

* Feathers should be cut singly, using a small pair
of sharp scissors or nail clippers (Figure 6.14).
This reduces the chance of damage (or even
accidental amputation) of the wing tip. It also
reduces the chances of damaging other feathers.

¢ Feather ends should be ‘sharp’ and not left
splintered.

* Blood feathers should never be cut:

— Should one or more be found in the region to
be clipped, an alternative technique should be
used

— Should many be found, the clip may be
deferred until the feathers have grown through

m Correct method of cutting feathers. A sharp pair
of nail trimmers is used to cut each feather

individually and below the level of the covert feathers.
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— If just one is coming through, a neighbouring
feather may be left alongside it as a ‘guard’; it
can then be clipped at a later date.

= Feathers should not be cut flush with the skin but

a small length of calamus should be left to

provide some protection for adjacent growing

feathers. However, it should not be left protruding
beyond the intact covert feathers. Failure to ‘hide’
these cut ends appears to be a factor in
stimulating feather chewing.

Imping

In some cases where wing clipping has occurred there
may be a failure of the clipped feathers to moult
(possibly due to reduced mass of the feather) or the
bird may be chewing the cut ends. Imping is used to
replace remiges (flight feathers) damaged by wing
clipping or chewing. It restores the full length of feather
and this may remove the stimulus to chew, stimulate
moulting of these feathers, and restore flight. The latter
may provide further mental stimulation for the bird,
which may be another aid in stopping chewing.

The best source of new feathers is from the same
bird, and owners should always be advised to keep
moulted remiges, as they may come in useful later.
Failing this, feathers from the same species should be
used. However, there is a disease risk in imping feath-
ers from one bird to another. Therefore feathers should
only be stored from birds that are negative for psitta-
cine beak and feather disease (PBFD), polyomavirus,
proventricular dilatation disease (PDD) and
paramyxovirus (PMV). Feathers can be sterilized us-
ing ethylene oxide or they can be frozen prior to use in
order to reduce contamination. As a last resort, feath-
ers from a different species may be used, though they
may look odd.

Imping is simple but fiddly and is best performed
under anaesthesia, as it may be time consuming and it
is easiest with a stationary patient. The basic technique
(Figures 6.15 and 6.16) is as follows:

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

2. The replacement feather is trimmed so that it ‘fits’
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 should be used
if possible (e.g. primary 1 to primary 1, primary 2
to primary 2).

3. The replacement is ‘grafted’ on to the old. A
plastic or dowelling rod (or smali-diameter
knitting needle or kebab skewer) is trimmed and
whittled so that it fits snugly into the base feather
at one end. The other end is similarly trimmed so
that it fits into the calamus of the new feather.
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.
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m The imping technigue. A rod (in this case a
plastic knitting needle) is glued into the remnant
of the calamus. A replacement feather is measured and
cut to size, then secured to the rod.

m Imping. A replacement feather is being
attached to the chewed calamus of a primary

feather in this Scarlet Macaw.

These grafted feathers can be surprisingly strong
and are quite capable of allowing flight. Even more
surprising is the frequency with which birds tolerate the
new feathers.

Bleeding blood feathers

This is a common problem and should be the primary
differential diagnosis for any bird presented with pro-
fuse bleeding.

It is important that the bleeding is controlled in the
correct manner. While ligation or application of haemo-
static 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 and in some cases dystrophy
or cyst formation. The feather should therefore be
removed as soon as possible. ltis generally done with
the bird conscious.

The damaged blood feather is grasped and pulled
out slowly while being slightly twisted. 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. Any
residual bleeding from the follicle is controlled by gently
squeezing the follicle for a few seconds.
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Claw clipping

In general, specialist bird nail clippers or very smali cat
nail clippers may be used (Figure 6.17). For the larger
parrots a grinding tool (on high speed) is preferred, in
which 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.

- .

Small nail trimmers being used to trim the nails

of a Grey Parrot. Note that the nail is being cut
side-to-side and that only the tip is being removed.
Alternatively a grinding tool may be used.

Where clippers are used, the nail should be cutfrom
side to side (Figure 6.18). This results in a squeezing
of the nail over the artery and reduces haemorrhage.
The artery is often found near the end of the nail; it is
easy to see and avoid in white nails (e.g. certain
Amazon species) 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.

2

m Cross-section of a nail. For clarity, the soft
ventral plate is not shown. N, nail (hard dorsal

plate); BV, blood vessel; 1, direction of clip for obtaining a
small blood sample; 2, direction of clip when trimming the
nail (note how the blood vessel is constricted by
surrounding nail by the action of the clippers).

There is no ‘set length’ to achieve when clipping
nails and each case should be judged individually. In
general there is no need to perform clipping under
general anaesthesia unless the nails are grossly
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overgrown and haemorrhage will be unavoidable
in bringing the claws back to a normal length. In
these cases anaesthesia avoids the need for pro-
longed restraint.

Haemorrhage may be stopped by using silver ni-
trate powder or sticks, or potassium permanganate
powder or crystals. Where bleeding does occur it may
be useful to remove all perches so that the bird hangs
on the bars of the cage, thereby reducing its chances
of knocking off the clot from the end of the toe. The bird
should be closely monitored until bleeding has stopped.

It should be borne in mind that there may be
important underlying causes for overgrown nails:

s Perch width. This should be appropriate to the
bird’s size and individua! preference. If perches
are inappropriate, overgrown nails may be seen
in conjunction with pressure lesions on the feet

e Failure to perch properly, e.g. due to arthritis

*  Malnutriton or liver disease. Abnormal keratin
metabolism may result in an adult bird suddenly
developing overgrown nails. Amazons appear
particularly prone, in conjunction with hepatic
lipidosis.

Clipping should be done again if and when re-
quired; there is no setinterval and many birds will never
need a clip. Avoidance of the need for clipping is based
on provision of suitable perching and a good diet. A
concrete perch may be useful for wearing down nails
but in some cases, where the bird is not perching
properly, these perches may damage the skin.

Beak clipping

This is more correctly referred to as ‘beak shaping’.
The beak is a precisely shaped tool capable of both
power and great sensitivity. it is kept in shape by:

¢ Its own action (wear of upper against lower beak)

* Grinding of the beak against itself by the bird

» Grinding of the beak against the perch by the
bird.

There should be no need to reshape beaks rou-
tinely. The need will arise only if the beak has over-
grown or become deformed (e.g. scissor beak) from
the following:

¢ 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. scaly face in Budgerigars)

e latrogenic causes: unnecessary or badly done
beak clipping may damage sensitive tissues,
resulting in worsening of the problem; for
example, bruising of the rictal phalanges (found
on the upper beak at the commissures) is a
common cause of scissor beak (Speer, 2003b)
as the pain from this causes the bird to use its
beak differently
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+ Abnormal keratin metabolism (e.g. malnutrition
or liver disease). It is important to assess
thoroughly any adult bird presenting with an
overgrown beak.

Repair methods (Chapter 11) may be considered
where problems stem from deformity or damage but in
some cases regular shaping may be better tolerated
than a prosthesis.

As stated above, the procedure is better termed
‘beak shaping’ as the aim is to return the beak to the
normal shape for that speciesrather than simply making
the beak shorter. Ittherefore follows thatnormalanatomy
(see Figures 2.3 and 2.5) should be known before
starting the procedure; although the basic design is the
same for all psittacine species, there is variation.

Itis highly recommended that the beaks of all but the
smallest birds are shaped using a low-torque, low-
speed grinding tool and a range of shaped grinding
pieces (Figure 6.19). For small birds a pair of bird
nail trimmers and nail files may be used.

m Dremel tool being used to reshape the
overgrown beak of a Grey Parrot.

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

Being more aggressive when clipping, and remov-
ing more tissue, does not mean that clipping needs to
be performed less frequently (Figure 6.20). It will often
resultin further damage, thus increasing the number of
clipping or shaping procedures required. A more sym-
pathetic approach, where the beak is 'reshaped’, may
lead to more frequent treatments in the short term, but
in the long term it may be possible to restore the beak
to a normal or near-normal shape, and this will ulti-
mately reduce the frequency of clipping.

It is also recommended that the procedure is car-
ried outunderanaesthesia, as careful shapingis nearly
impossible in the conscious bird (especially larger
species) without damaging the beak, tongue or hand-
ler. Anaesthesia also minimizes stress to the bird. A
single injection of carprofen should be given to any bird
that bleeds during or following beak reshaping.
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m This Blue and Gold Macaw was seen by the
author for a second opinion following an
aggressive beak clip the previous day. The bird was
unable to prehend food due to the pain from the damage
to the end of the beak and the left rictal phalanx. It is
obvious that this is not the correct shape for a normal
macaw and the haemorrhage from the damaged areas
has not been controlled, meaning an infection of these
regions is a possibility. The rictal phalanges (arrowed) are
very sensitive and a bird will shift loading to the other side
of the mouth, resulting in uneven wear and a scissor beak
such as formed within 6 weeks of this clip. The bird then
required reshaping of the beak every 4 to 6 weeks to
control this situation, showing that an aggressive clip does
not necessarily result in fewer procedures being necessary.

Ring removal

A variety of identification rings may be attached to
birds’ legs (Chapter 3). Damage to these rings by the
bird’s beak or other external causes, swelling or crust-
ing of the underlying skin, or movement of the ring to an
inappropriate place (e.g. over the intertarsal joint) may
result in constriction of and damage to underlying tis-
sues. Further swelling results in increased constriction,
and so on. Unless the ring is removed, severe damage
to underlying structures can cause loss of the foot.

Where aring of inappropriate size has been placed,
and also in macaws (which walk on the entire ventral
surface of the tarsometatarsus), an underlying pres-
sure necrosis of the skin may result. This can progress
to a deep infection or abscess.

In some cases owners may request the rings to be
removed in order to prevent problems occurring. 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 (Chapter 22). 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.

Removal of leg rings is not always simple, espe-
cially where there is a lot of swelling (removal of the
tough stainless steel rings used on larger species is
difficult enough anyway). Routine equipment found in
clinics may not be appropriate, as many clippers,
cutters and saws will damage underlying tissues di-
rectly or through twisting of the ring when cutting. The
latter may be the most common cause of iatrogenic
fractures during this procedure.
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Practices seeing birds should invest in specialist
ring cutters (Figure 6.21) and a dremel tool with cutting
burs for removing tougher rings. Where this equipment
cannot be obtained, a small hacksaw blade may be
used to cut steel rings but it should be noted that it is
easy to damage underlying tissues using this method.
Small pliers, narrow-jawed bulldog clamps or old artery
forceps may be used to grip and bend the cutring away
from the leg.

m Ring cutters. The lower pair has a notch to
prevent ring twisting and can be used for all but
stainless steel rings. The upper pair is much heavier, with
a sharp cutting edge; the grips are shaped to allow easier
use. This pair can be used to cut some stainless steel
rings.

It is recommended that this procedure is always
carried out under general anaesthesia to stop the
patient struggling.

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. [f it feels hot, cutting should be stopped
and the ring cooled with water before recommencing.

Chapter 6 Basic techniques

Euthanasia

As in other areas of veterinary medicine, euthanasia of
the sick bird is an option for the clinician where therapy
is not possible, practicable or affordable and the bird is
suffering. Similarly it may be felt that euthanasia of
birds suffering from behavioural diseases may be a
kinder option than being rehomed to a rescue shelter.

Whatever the indication, euthanasia must be car-
ried out in @ humane manner. It should also be carried
out in a manner that takes into account the feelings of
the owner. There is often a very strong emotional bond
between owner and bird and this may be a very difficult
time for all parties (Harris, 1997).

Cervical dislocation and decapitation of smaller
birds are not humane methods in such cognisant birds.
Instead, an overdose of anaesthetic should be given.
Ideally this should be done by intravenous injection of
pentobarbital but the restraint required may be dis-
tressing to the owners, should they be present. It is
therefore useful to induce anaesthesia prior to this
injection. If owners are present, it may be prudent to
consider additional health and safety aspects of waste
anaesthetic gases. Sedation using intramuscular
ketamine may also be used.

Intracoelomic injection of pentobarbital may result
in rapid death but it often does not and these injections
may be associated with considerable pain to the bird.
This method cannot, therefore, be recommended.
Intracardiac injection of pentobarbital may be achieved
in smaller psittacine birds but inadvertent intrapulmo-
nary injection will result in considerable distress to bird
and owner.

Where the body is required for post-mortem exami-
nation, euthanasia may be achieved by overdosage of
a volatile anaesthetic agent. Both intracoelomic and
intracardiac injection will result in tissue disruption,
which may not be desirable should such an examina-
tion be required.
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Clinical pathology and necropsy

Gerry M. Dorrestein and Martine de Wit

Introduction

Choice of tests and samples

A complete patient evaluation consists of a thorough
history, physical examination and necessary diagnos-
tictests. These diagnostic tests are highly variable and
are best collected according to the needs of the patient
and clinical suspicions. Not all patients presented will
survive; many avian practitioners carry out a post-
mortem examination (PME) in their practice, during
which careless observation and sampling can result in
useless or misleading information. Changes in ana-
tomical pathology are the substrate of the disease and
understanding these changes gives clinicians an extra
dimension in selecting the right diagnostic tool and
therapeutic approach for future patients.

This chapter is intended to connect clinical and
laboratory findings to pathological changes and vice
versa. It guides the practitioner towards an under-
standing of the clinical changes, using pathological
findings as examples, and suggests additional tests,
where appropriate, to come to adiagnosis. It also helps
the practitioner to perform a PME and to collect the
correct samples to come to an understanding of the
clinical symptoms. Much of the systematics and ap-
proaches are based on the authors’ daily dealings with
veterinary students in their clinic and necropsy room in
the final year of the students’ education.

The tools in this chapter are haematology, cytol-
ogy, clinical chemistry, urinalysis, additional labora-
tory tests and morphological techniques such as
PME, cytology and parasitology. The chapter does
not go into detailed laboratory techniques and back-
grounds, but refers to in-house possibilities in a well
equipped veterinary practice. :

The clinical value of a given diagnostic sample and test
is determined by collection and processing as well as
accurate interpretation of the results (Figure 7.1). In
addition to the more common samples such as blood
and faeces, many other techniques can give valuable
information that can lead to a diagnosis. These include,
but are not limited to, abdominocentesis, tissue and
bone marrow biopsy, crop wash, nasal flush, sinus
aspiration, tracheal wash, air sac wash and urine
collection. Similar tissues can be collected at a PME.
Although there are many different recommendations
for parasite handling, storage and fixation, in the au-
thors’ laboratory all parasites are collected in glycerine
alcohol (9 parts 70% ethanol and 1 part glycerine).
Basic tests performed on most of these materials
are: macroscopic evaluation (opacity, colour, smell);
microscopic examination of wet mounts (0.9% saline)
and stained smears (before and after spinning); micro-
biology (after evaluation of the stained smear for mak-
ing the right choice of a culture medium); and, in some
cases (biopsy), a histopathological examination. The
most common materials sampled are blood and faeces
(faecal examination is discussed in Chapter 15).

Blood

Blood examination can be essential in establishing a
diagnosis. A general psittacine blood examination in-
cludes a complete blood count (CBC), plasma uric
acid, bile acid, calcium and enzyme (aspartate amino-
transferase, gamma glutamyl! transferase, glutamate
dehydrogenase, creatine kinase), assays and protein
electrophoresis (Figures 7.2-7.5).

Advantages Disadvantages
In-house Rapid results, especially electrolytes, acid-base, Unqualified/inexperienced staff?
blood gases, cytology Lack of reliability/repeatability of some tests on some machines
Maintenance of wet chemistry machines
Poor quality control
Difficulties in performing haematology due to nucleated red blood cells
External Experienced/qualified staff, especially cytologists Not all laboratories experienced in handling avian samples or interested in

Good quality control
Reliable/repeatable test protocols

doing so

Prolonged transport to the laboratory resulting in death of microorganisms,
degradation of blood samples, etc.

Delay in receiving results

m In-house versus external laboratory.
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Haematology* Amazon Grey Parrot Macaw Cockatiel
White blood cell count (x 10%/) 5-17 6-13 10-20 5-11
Haematocrit (1) 42-53 41-54 42-54 41-59
Heterophils (%) 31-71 45-73 50-75 46-72
Lymphocytes (%} 20-67 19-50 23-53 26-60
Monocytes (%) 0-2 0-2 0-1 0-1
Eosinophils (%) 0 0-1 0 0-2
Basophils (%) 0-2 0-1 0-1 0-1

Biochemistry Amazon® Grey Parrot® Macaw® Cockatiel®
Uric acid (mmol/l) 72-312 93-414 109-231 202-648
Urea (mmol/l) 0.9-4.6 0.7-24 0.3-33
Bile acid (mmolfl) 19-144 18-71 25-71 44-108
Aspartate aminotransferase (AST) (IU/) 57-194 54-155 58-206 128-396
Creatine kinase (CK) (1U/1) 45-265 123-875 61-531 160-420
Gamma glutamy! transferase (GGT) (IU/1) 1-10 1-4 1-5
Glutamate dehydrogenase (GDH) (IU/) <8 <8 <8
Calcium {mmol/l) 2.0-2.8 21-26 22-2.8 2.05-2.711
Glucose (mmol/l} 12.6-16.9 11.4-16.1 12.0-17.9 12.66-24.42
Total protein (g/l) 33-50 32-44 33-53 21-48
Albumin:globulin ratio 26-7.0 1.4-4.7 1.4-3.9

m Laboratory reference ranges (* Fudge, 2000a; °* Lumeij and Overduin, 1990).

Parameter Derivation Comments
Bile acids Extracted from portal circulation by the liver | Sensitive indicator of liver function; elevates and decreases
rapidly

Bilirubin Major bile pigment. Birds are not jaundiced | Elevation indicates obstruction

Calcium lonized and protein-bound? lonized calcium normally maintained at consistent level

Creatinine Derived from creatine metabolism. Levels Severe renal disease: infection, decreased filtration, toxic drugs,
usually very constant renal neoplasia

Glucose Elevated in diabetes

Urea Protein catabolism. Excreted through Excreted in urinary water and therefore reabsorbed. Unreliable for
glomerular filtration renal function but elevation may signify dehydration

Uric acid Major product of protein catabolism. High uric acid = renal disease. Normal values lower in vegetarians

Excreted by renal tubules

than in carnivorous species

T.d

Blood biochemistry. 2 As most calcium is protein-bound, low albumin will automatically mean low total calcium; it
is therefore most useful to measure ionized calcium.

Enzyme

Location

Causes of release

Alanine aminotransferase (ALT)

Present in many tissues

Non-specific cell damage

Aspartate aminotransferase (AST)

Liver, heart, skeletal muscle, brain, kidney

Liver or muscle disease, vitamin E/selenium deficiency

Alkaline phosphatase (ALP}

Duodenum, kidney. Low hepatic activity.
Tissue-specific isoenzymes

Increased cellular activity (not damage), liver and bone disease

Creatine kinase (CK)

Skeletal and cardiac muscle, brain

Muscle damage, convulsions, vitamin E/selenium deficiency, lead
toxicity, intramuscular injections

Gamma glutamy! transferase (GGT)

Biliary and renal tubular epithelium

Hepatocellular damage and some renal diseases

Glutamate dehydrogenase (GDH)

Skeletal and cardiac muscle, liver, bone
and kidney

Hepatic necrosis, haemolysis, muscle damage

m Enzyme interpretations.
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Change in fraction Associated with

Decreased albumin Decreased production (such as liver
insufficiency), increased (gastrointestinal)
loss (such as proventricular dilatation
disease), or increased use (such as chronic

inflammation)

Elevated a-globulins Acute inflammation or infection,

reproductively active female

Elevated p-globulins Acute inflammation or infection

Elevated y-globulins More chronic inflammation or infection

Common abnormalities on plasma protein
2 electrophoresis.

A complete blood count includes packed cell vol-
ume (PCV), total protein (total solids), albumin, white
blood cell count (WBC) and the percentages of
heterophils, lymphocytes and monocytes. Additional
tests are selected based on the clinical findings and the
results of the general screening and other laboratory
tests. Where 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 containers
is important for some (zinc) and the choice of anti-
coagulant is critical for others (lead).

Haemocytology, including cell morphology (Fig-
ure 7.6) and blood parasites, can add important infor-
mation to clinical and blood examinations and may
be mandatory in establishing the therapeutic plan.
Laboratory testing for infectious diseases is essen-
tial in suspected ill birds, in post-purchase examina-
tions and in the management of aviaries. Evaluating

clinical laboratory findings to come to a clinical
diagnosis or prepare a differential list of expected
pathological changes before starting a PME is impor-
tant to gain a better understanding of the physiology
of avian diseases.

Cytology

Haemocytology and cytology are both based on the
study of individual cells. In disease situations they can
give information about pathophysiclogical changes
caused by the disease. Both techniques provide a
simple, rapid, inexpensive method of diagnosis that
can be performed inthe veterinary practice. Frequently,
the aetiological agent causing the lesion can be iden-
tified. 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 tissue (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. An
example of this is the imprinting of the ulcerated
surface of a neoplastic mass that reveals the
cytological features of inflammation and
infection only.

Cytopathology should not compete with histo-
pathology; the two should complement each other in
achieving the final diagnosis. Occasionally one is un-
able to characterize the cells in a specimen; a repeat
smear or biopsy may be required to define the lesion.

Peripheral blood smears. (Bars = 10 um. Staining: a-d, f-h Hemacolor; e May-

1 Grinwald-Giemsa.) (a) Grey parrot: erythrocytes, heterophil (H) and thrombocytes
(T). (b) Grey Parrot: erythrocytes and lymphocyte (L). (c) Grey Parrot: erythrocytes and
monocyte (M). (d) Budgerigar: erythrocytes and heterophil (H). (e) Blue and Gold Macaw:
erythrocytes and thrombocytes (T). (f) Conure with psittacosis: immature erythrocytes (IE) and |_l_'l

immature heterophil (IH) from the buffy coat. (g) Conure with psittacosis: erythrocytes and

immature heterophil (IH). (h) Conure with psittacosis: erythrocytes and toxic heterophil (TH).
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AtPME, cytology is aninvaluable tool for defining the
presumptive diagnosis and for starting treatment in the
flock situation. It is indispensable for a rapid investiga-
tion of possible bacterial, mycotic or yeast infections.
The diagnosis of many protozoal infections (e.g. Giardia
(Figure 7.7), Atoxoplasma, Microsporidium and Plas-
modium spp.) depends on demonstrating these organ-
isms inimpression smears of a selection of organs. This
technique is also an invaluable aid for a quick differen-
tiation between tumour and inflammation.

el

. ‘ E |
L LY |
b) (5] Nl pete,

m (a) Budgerigar fledgling with Giardia enteritis;
(b) a = ventriculus (gizzard); b = proventriculus;
¢ = duodenum plus pancreas; d = small intestine with
Meckel's (vitelline) diverticulum; e = ileum; (c) 1, 2 =
Giardia. (Original magnification 1000x oil immersion)

In the clinic a cytological examination of swellings,
discharges fromeyes, nostrils and wounds, fluids, mouth,
crop and cloacal swabs, and faecal smears can give
much additional information about the nature and the
aetiology of a process or symptom. Cytological samples
of the alimentary tract of live birds can be obtained using
a cotton swab or by aspiration (cloaca, proventriculus,
crop). At PME, 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 micro-
biological culture and microscopic examination. It is
important that cytological specimens are taken from
fresh sources, since cells degenerate rapidly following
the death of the patient or removal of the tissue.

Cytological evaluation is always an adjunct to other
diagnostic procedures. A definitive diagnosis often
requires information from the clinical history, physical
examination, evaluation of samples obtained from the
bird, radiographs, surgical investigations, PME and
histopathology.
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Sampling techniques and sample
preparation

Blood smears

Blood for haematological evaluation can be obtained
by several methods (Chapter 6). Blood smears should
be made with fresh, non-heparinized blood (heparin
interferes with the proper staining of the blood cells),
which can be obtained either from the 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 7.8). The smear
can be made using the standard two-slide wedge
technique or by using the slide and cover glass method.
After spreading the blood, the smear is air dried.

EDTA and clotted blood

Large sample required
Less serum available

Heparinized blood

Smaller sample required as it
gives more plasma

Total protein higher Fibrinogen absent

Separate immediately, as cells
break down releasing enzymes
and electrolytes

Allow clot to retract (usually 1 hour
at room temperature) and
centrifuge in a gel tube

Can post; plasma should be
separated

Can post; serum should be
separated

Potentially poor cytology, so
prepare air-dried smears

Better cytology but air-dried
smears stilt useful

Comparison of heparinized and EDTA-treated
= blood for avian histology and biochemistry.

Cytology samples
A successful cytological examination is only possible if
the following four conditions are achieved:

Representative sample

Good quality smear

Good staining technique

Correct evaluation of the cytological findings.

Fine-needle aspiration

Fine-needle aspiration often provides a good cytologi-
cal sample for a rapid presumptive diagnosis without
radical tissue removal, and this can be performedinthe
examination room.

Contact smears

Contact smears are made by imprinting the removed
mass or the tissue obtained from the scraping of an
exposed lesion in situ or at PME. At a standard PME,
impression smears are made from the cut surfaces of
liver, spleen and lungs, and also from an endgut scrap-
ing. All this material can be collected on one slide. Extra
impressions are made from macroscopically altered
organs. 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
surface with a clean paper towel. Imprint slides can then
be made by gently touching the glass with the mass or
by touching the microscope slide on to the surface of the
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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 imprinting pro-
cedure can be repeated, or imprints can be made from
the material remaining on the scalpel blade.

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’ pro-
cedure should be used to make smears from thick
tenacious fluid or from fluid that contains solid tissue
fragments. Fluids that have low cellularity require con-
centration methods to increase the smear cellularity.
Sediment smears made after slow-speed centrifuga-
tion (500 rpm for 5 minutes) of the fluid or smear made
with cytocentrifuge equipment will usually provide
adequate cytological specimens.

Fixation and staining

Once a sample has been collected and a smear has
been made, the specimen must be properly fixed to the
slide. If smears are to be sent to a diagnostic labora-
tory, they must be air dried, properly packed (broken
slides are fairly common) and accompanied by a dis-
tinct identification and case history.

The method of fixation depends upon which stain-
ing procedure is to be used. Fresh air-dried blood
smears and cytology slides are adequate for Roman-
owsky stains, e.g. Giemsa stain and many quick stains.
At least two slides should always be made and at
least one of them left unstained in case special staining
is needed.

Cytologists use a variety of stains and staining
methods, including acid-fast (Mycobacterium spp.),
Giemsa (cells), Gram (microorganisms), modified
Giminez (Chlamydophilaspp.), Stamp (Chlamydophila
spp.) and Sudan Il (fat globules) (Campbell, 1995).
Proper fixation 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 quick
Wright's stain (Hemacolor, Merck). The great advan-
tage of the rapid stains is the short staining time
(usually 20 seconds), which allows rapid examination
of the specimen and provides satisfactory staining
quality. These stains are suitable for use in practice
where a simple staining procedure is desirable. Many
rapid stains also provide permanent reference smears
for comparison with other cytological specimens.

Examination

Once the smears have been stained and dried, they
are ready for microscopic examination. For a reliable
evaluation of the haematological or cytological changes
in the sample it will often be necessary to consult a
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haematologist or cytopathologist, but recognition of
many aetiological agents is often easy and can give a
presumptive diagnosis.

Scanning and low magpnifications (100x or 250x)
are used initially to obtain a general impression of the
smear quality. Atthese magnifications, the examineris
able to estimate the smear cellularity, identify tissue
structures or large infectious agents (i.e. microfilariae
or fungal elements), and determine the best locations
for cellular examination. Oil immersion (1000x) magni-
fication is used to examine cell structure, bacteria and
other small objects.

In addition to viewing cellular structure, the cytolo-
gist should determine background characteristics, the
amount of peripheral blood or stain precipitation present
(Figure 7.9), the thickness of different areas in the

Macaw ||ver cytology. (a) Too much blood; too
= many erythrocytes. (b) Smear too thick — difficult

to distinguish individual liver cells. (¢} Excellent smear:
liver cell nuclei are totally free and the eccentric location
of the nucleolus should be noted. (Hep = hepatocytes;
K = Kupffer cell with haemosiderin; H = heterophils).
Bars = 10 um.
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smear, and the distribution of the celis. The back-
ground characteristics may be useful in defining the
nature of the material being examined. Protein aggre-
gates create a granular background with the quick
stains. Bacteria, crystals, nuclear material from rup-
tured 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. Excessive peripheral blood contamination
of a specimen will dilute and mask diagnostic cells,
making interpretation difficult.

Stain precipitate on the smear should not be con-
fused with bacteria or cellular inclusions (Figure 7.10).
Stain precipitate varies in size and shape and will be
more refractive than bacteria or most cellular inclusions.
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 and so they appear
smaller and denser when compared with the same cell
type onthinner areas of the smear. Therefore, examina-
tion of the cells in thick smears should be avoided. The
cellular distribution should also be noted.

Microbiological cultures

Frequently, avian veterinarians are requested to collect
from multiple-organ systems for microbiological culture.
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Choanal cleft and cloacal aerobic cultures are often
included in routine laboratory screening with psittacine
birds, but any tissue or fluid can potentially be sampled.
ltis mostimportant that the sample is taken only from the
intended site, as cleanly as possible, and not the sur-
rounding structures, to help to prevent contamination. A
sterile swab of appropriate size should be used, mois-
tened with sterile water or non-bacteriostatic saline.
Biopsy or necropsy tissue and fluids may require differ-
ent 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 ex-
pected and will help to select 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 carefully interpreted, and the signifi-
cance of a given organism’s growth should be based on
clinical history, physical examination and other support-
ing diagnostic tests.

The collection and culture medium should be ap-
propriate for the suspected microorganism. For routine
aerobic and anaerobic bacterial cultures, commer-
cially available sterile swabs and appropriate transport
media should be used. Blood 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
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(a) Intestine: enterocytes and crystals of stain (S). (b) Endocarditis, Streptococcus sp. (L = lymphocyte;
% H = heterophil). (c) Lung Aspergillus spores {arrowed) and bronchial epithelial cells (E). (d) Intestine: rod-
shaped bacteria and the ‘megabacterium’ Macrorhabdus ornithogaster (M). Bars = 10 um.
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non-enteric Gram-negative rods (except Pseudomonas)
and all Gram-positive microorganisms. Most Gram-
negative enteric bacteria (Escherichia coli, Klebsiella
and so forth) grow well on MacConkey agar.

Viruses, certain bacterial organisms (e.g. Chlamy-
dophila, Mycobacterium), many fungi and protozoal
organisms require special culture media; 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. (a yeast or-
ganism recently found to cause thickening and flaking
of the skin with variable feather loss in psittacine and
passerine (canary) species), all medically important
fungi (including Aspergillus as moulds and Candida as
most common yeast) will grow on blood agarincubated
aerobically at 37°C. Sabouraud and dextrose agar is
used specifically to inhibit most bacterial proliferation
and to promote fungal growth.

Clinical pathology of psittacids

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 lab-
oratory examination of these patients includes urine
analysis, CBC and plasma biochemistry (Figure 7.11).

Plasma proteins

Albumin (synthesized in the liver)
Decreased in chronic disease, liver failure and starvation
Increased in dehydration and during egg formation
Globulins
Increased in chronic hepatitis, acute and chronic infections
The use of heparin raises the protein by approximately 5 g/l due to the
presence of fibrinogen

Urea

Excreted through the glomerulus
Reabsorbed from the rectum
Unreliable for renal function and a guide to dehydration

Creatinine

Derived from creatine metabolism
Levels are usually very constant
Increases in severe renal disease

Uric acid

Major nitrogenous waste product in birds

Approximately 90% is secreted into the proximal tubules

A small portion is filtered by the glomeruli

Elevated plasma levels can be related to:

 Damage of more than 50% of the proximal tubules

s Severe dehydration

Increased plasma uric acid with normal plasma urea is likely
indicative of renal disease. Elevation of both plasma uric acid and
urea indicates dehydration

m Biochemistry related to kidney disease.
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The urine of a bird with polyuria can be collected
easily from a fresh dropping on a non-absorbent
surface. Standard urine stick tests can be used for
the detection of glucose, haemoglobin and protein
(Figure 7.12).

Specific gravity 1,005-1,020

pH 6.0-8.0

Protein Trace amounts

Glucose Negative or trace

Ketones | Avsent

Bilirubin Absent

Urobilinogen 0.0-0.1

Blood Negative or trace

Urinary sediment Abnormal: white or red blood cells, epithelial
cells, casts, bacteria

m Normal urine parameters (Hochleithner, 1994).

The avian glomerulus is impermeable to most
proteins, including albumin; therefore, no protein, or
only atrace, should be presentin avian urine. Glomeru-
lonephritis can result in marked protein loss. Tubular
damage can induce a mild proteinuria. In the normal
avian kidney, all glucose is reabsorbed in the proximal
tubule; therefore, tubular diseases can cause distinct
glycosuria. Glycosuria can also occur when hyper-
glycaemia is present and the absorption capacity of
the tubules is exceeded. Haematuria may be present
with inflammatory or neoplastic diseases of the kid-
ney, ureter or cloaca. Further differentiation between
primary and secondary 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.

Uric acid and urea

Uric acid, the major nitrogenous waste product in
birds, can be measured to evaluate renal function.
Blood creatinine concentrations are not reliable in
the evaluation of avian renal function. Approximately
90% of uric acid is secreted through the proximai
tubules; only a small portion s 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 parrot can be related to either
damage of > 50% of the proximal tubules or severe
dehydration.

Determination of plasma urea may be beneficial in
differentiating between kidney disease and dehydra-
tion. Urea, synthesized by the liver, is excreted by
glomerular filtration, so 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. Storage of whole avian
blood has little effect on glucose measurement. How-
ever, if the sample should be stored more than several
hours, it is advisable to separate plasma and blood
cells to prevent lowering of glucose levels. Occasion-
ally, parrots demonstrate transient hyperglycaemia;
therefore birds with hyperglycaemia should be tested
again in 2 days. Often, stress hyperglycaemia cannot
be distinguished from diabetes mellitus, but repeated
measurements of glucose levels > 55 mmol/l may be
associated with diabetes mellitus. Determination of
blood glucagons and insulin levels is important for
diagnosing diabetes mellitus, but tests for these hor-
mones are not available routinely. Histology of the
pancreas with atrophy or inflammation of the pancre-
atic islets confirms diabetes mellitus.

Calcium

PU/PD due to hypercalcaemia can be caused by egg
laying, excess of dietary calcium or vitamin D,, or
malignancies. When performing a PME on a parrot with
hypercalcaemia, attention should be paid to the status
of the ovary and oviduct. Over-supplementation with
calcium and vitamin D, can lead to dystrophic calcifica-
tion of the renal tubules (Figure 7.13). A PME of these
patients should also focus on hyperplasia or neoplasia
of the parathyroid glands (Figure 7.14).

Jvenile ephritis in a Blue and Gold Macaw
- due to vitamin D intoxication. Note the urate

tophi visible on the surface of the kidney (a = lungs; b =
oviduct; ¢ = cranial renal lobes; d = medial renal lobes; e

= caudal renal lobes; f = cloaca).

Hyperparathyroidism
in a Grey Parrot

(a = thyroid glandg;
b = parathyroid
gland;

¢ = aortas;

d = heart base;

e = trachea;

f = syrinx;

g = jugular vein;

h = plexus
brachialis;

i = oesophagus
or crop).
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Total plasma protein influences plasma calcium
concentrations. 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 the
total calcium concentration, while the biologically active
calcium concentration remains normal.

Green-yellow droppings

Green to yellow droppings (Appendix 2) can indicate
anorexia or liver disease. Biliverdin is the most impor-
tant bile pigment in birds. Anorexia leads to a higher
concentration of faecal biliverdin and thus to a greenish
discoloration of the faeces. Diffusion of biliverdin pig-
ments from the faeces may result in green discolora-
tion of the urine. Over 90% of the bile is reabsorbed in
the jejunum and ileum and enters the enterohepatic
cycle. In parrots with impaired clearing capacity of the
liver, increased excretion of biliverdin results ina green
staining of urates and urine (biliverdinuria). Hepatitis,
hepatic neoplasia, fibrosis, lipidosis or haemochroma-
tosis can cause impaired liver function (Chapter 20).

Determination of avian plasma enzymes can give
information on current liver damage (Figure 7.15).
Elevations in plasma enzyme activities are related to
leakage of enzymes from damaged liver cells, but do
not necessarily indicate impaired liver function. Dam-
age of liver cells is usually related to hepatitis or liver
neoplasia. On the other hand, chronic liver fibrosis or
lipidosis produces little acute hepatocellular leakage
and damage. Plasma enzymes useful in the detection
of liver cell damage include aspartate aminotrans-
ferase (AST), gamma glutamyl transferase (GGT) and
glutamate dehydrogenase (GDH).

Plasma AST is a very sensitive indicator of liver cell
damage but specificity of this enzyme is low, because
itis also presentin muscle tissue. Trauma, injections or
rough handling can also lead to elevation of plasma
AST. To differentiate between liver and muscle dam-
age, 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.

Although GGT is a specific indicator of liver dam-
age, avian GGT activity is low. The most liver-specific
enzyme is GDH, but its sensitivity is low. GDH is
located within the mitochondria of the liver cells. Ele-
vated plasma GDH activity indicates severe liver cell
damage and necrosis, which can occur with viral,
bacterial or mycotic hepatitis. However, in circovirus
infection of young Grey Parrots, liver enzyme activity is
not elevated; the acute liver necrosis is caused by an
exiensive coagulation necrosis that prevents enzymes
from reaching the circulation.

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
noted that plasma liver enzyme activities can be nor-
mal in fibrosis and similar severe liver disease, as no
acutely damaged liver cells are present.
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Plasma proteins

Albumin (synthesized in the liver)

Decreased in chronic disease, liver failure and starvation

Increased in dehydration and during egg formation
Globulins

Increased in chronic hepatitis, acute and chronic infections
The use of heparin raises the protein by approximately 5 g/l, due
to the presence of fibrinogen

Alanine aminotransferase

Not diagnostic, too widespread and easily elevated

Alkaline phosphatase

Duodenum and kidney, low hepatic activity
Tissue-specific isoenzymes

Released by increased cellular activity

Juvenile or egg-laying birds show normal elevation

Gamma glutamyl transferase

Biliary and renal tubular epithelium
Most species: <5 1U/lis normal
5-10 U/l is inconclusive
> 10 U is abnormal
The levels must be interpreted with the other enzymes

Aspartate aminotransferase

Liver, skeletal muscle, heart, brain, and kidney
Combine interpretation with other tests

Elevated with haemolysis

Last to elevate and last to recover in liver disease
Takes 72 hours to elevate

Always combined with CK

Lactate dehydrogenase

Skeletal and cardiac muscle, liver, kidney, bone, RBCs
Five tissue specific isoenzymes

Non specific but elevated in parrots with hepatic disease
Elevated with muscle damage

In liver disease, levels rise and fall more quickly than AST
Half-life of 24 to 36 hours

Parrots normal values 350 U/

Bile acids

Liver specific

Rapid and sensitive increase and decrease

Fasting may be a problem

<75 umol/l is normal

75-100 pmolA is inconclusive

>100 umol/l is definitely elevated

Postprandial elevations occur in psittaciforms without a gall

bladder. Assay considerations do not appear to differ based on the

presence or absence of the gallbladder (Fudge, 2000b)

Bilirubin

Many avian species cannot convert biliverdin to bilirubin
But parrots have bilirubin present

Normal range < 10 umolll

<5 umol/l serum colourless

Carotenoids in serum or plasma can mimic jaundice

Biochemistry related to liver disease.
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Radiography and ultrasonography can be helpfulin
the diagnosis of liver disease, but liver biopsies for
histology are essential to establish a definitive diagno-
sis (Chapter 10).

The dyspnoeic parrot

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 respira-
tory system can lead to leucocytosis and changes in
plasma protein electrophoresis.

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
heterophilia. Therefore, the avian leucocyte count
should be reviewed carefully with the recent history.
Increase of the heterophil:lymphocyte ratio may be
a measure of physiological stress. Avian patients
with aspergillosis often demonstrate elevation of the
globulin fractions on plasma protein electrophoresis,
which causes a decrease in the albumin:globulin ratio
(Chapter 14). It must be emphasized that elevation
of globulins represents non-specific inflammation or
infection with viral, bacterial, parasitic or fungal aeti-
ology. In some cases with dyspnoea, especially in
older Amazons, no abnormalities are found with
the routine diagnostic procedures including blood
panels, except for an elevated PCV. If other causes
for high PCV are ruled out, it is possible that the bird
suffers from lung atrophy. In cases with lung atrophy,
PCV measurements 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 gastrointesti-
nal (Gl) diseases. Inflammations may be detected with
CBC and plasma protein electrophoresis. Biochemis-
try may reveal underlying diseases of other organs.
Faecal assessment should be part of every avian
clinical examination and is mandatory for birds with
Gl disease. Parasites can be detected in fresh faeces
with direct saline smears and flotation. Cytology may
indicate abnormal bacterial flora and yeast infection.
Bacterial and/or fungal culture can identify the causa-
tive pathogen.

In the regurgitating avian patient, a crop swab
should be taken. A direct smear, cytology and culture
can be performed to detect flagellates, bacteria or
yeasts. A crop biopsy is indicated if proventricular
dilatation disease (PDD) is suspected. Histopathologi-
cal changes of PDD include lymphocytic infiltrations in
the neural plexuses. The crop biopsy sample should be
taken from an area with biood supply, which increases
the chance of including enough neural plexuses for
histological evaluation. Determination of plasma amy-
lase and lipase may be helpful in the assessment of
pancreatitis, and pancreatic necrosis or carcinoma;
however, pancreatic biopsy is necessary to diagnose
pancreatic disorders.
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The weak Grey Parrot
In parrots with a history of weakness, which can range
from falling off the perch to tetany, the plasma calcium
should be measured. The classical history of hypocal-
caemic tetany involves a Grey Parrot on a deficient
seed diet without supplementation of vitamins and
minerals (Chapters 12 and 19). Plasma calcium levels
<2 mmol/l can induce clinical symptoms of weakness.
Inthese parrots, hyperplasia of the parathyroid glands
(Figure 7.14) is present, without demineralization of
the skeleton. The plasma calcium should be assessed
with the measurement of plasma protein levels. A
protein-bound inactive fraction is incorporated in the
total plasma calcium; thus, low protein concentrations
falsely decrease the total calcium concentration, while
the active calcium concentration remains normal. The
measurement of ionized calcium levels is a more
accurate reflection of the bird’s calcium status. In Grey
Parrots, the normal range for blood ionized calcium
was found to be 0.96-1.22 mmol/l (Stanford, 2003b).
Blood samples for ionized calcium measurement
should be stored in heparin and analysed as soon as
possible after venipuncture, because changes in the
pH of the blood sample can affect the accuracy of the
ionized calcium levels. However, samples can be sent
outto external laboratories if blood collection tubes are
filled to minimize contact with air, or centrifuged to
separate plasma from cells.

Diagnostics of infectious diseases
Testsforspecificinfectious diseases include chlamydial
and viral diagnostics.

Chlamydophila psittaci

Psittacids with clinical signs of Chlamydophila psittaci
infection have an acute hepatitis (Chapter 13). Plasma
protein electrophoresis can demonstrate elevated liver
enzymes and a decreased albumin:globulin ratio due
to hyperglobulinaemia. CBC shows leucocytosis.

In-house test procedures for diagnosing C. psittaci
involve cytological staining or specific antigen detection.
These tests determine the shedding of C. psittaci in
swabs of conjunctiva, choana and cloaca. In an impres-
sion smear of the swab, Chlamydophila stains red with
Stamp or Machiavello stain (modified Ziehl-Neelsen)
(Figure 7.16). Commercially available ELISAs can detect
Chlamydophilaantigeninthe swab. Mostofthese ELISAs
were originally developed for the detection of human
Chlamydia trachomatis and C. pneumoniae, but are also
suitable for the detection of Chlamydophila psittaci. Im-
munofluorescence (IF) tests are also available.

The disadvantage of the cytologica! staining and
antigen detection tests is the fact that only shed organ-
isms can be detected. False-negative results can occur
due to intermittent shedding, or inhibition of shedding by
antibiotic treatment. Specialized laboratories provide
polymerase chain reaction (PCR) tests to detect C.
psittaci DNA. Serological tests measuring antibodies
against C. psittaci are also available but, for an immedi-
ate diagnosis in the individual bird, serology is not useful,
although high antibody titres are an indication that
Chlamydophilais present. When using serology, paired
sera are mandatory and this delays the diagnosis.
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Making and staining impression smears from the spleen and air sacs
allows a rapid preliminary method for diagnosis of chlamydophilosis
from post-mortem material. False positive and false negative results
are both possible and so confirmation of this test must be performed
using PCR or isolation of pathogen. However, the described method
is very useful for a quick first diagnosis within veterinary practice,
especially if the bird died from psittacosis.

A small sample of spleen and a piece of air sac (both handled
separately) is placed between two slides and squeezed. This squash
technique produces an impression smear on each of the two slides.
Both are stained according to Stamp:

1. The impression smear is air dried followed by heat fixation (the
smear is heated three times through a flame).

Stain for 10 minutes using 1:4 filtered carbol-fuchsin solution.
Rinse with water.

Cover the smear with 3% acetic acid for 2 minutes.

Rinse with water.

Stain with a filtered 3% malachite green solution for 20-30
seconds.

7. Rinse with water.

R

After drying the smear it can be examined with a light microscope.
Chlamydophila structures are detectable as little red spots within the
tissue cells (other bacteria and the cells appear green). It is important
to evaluate both smears of each organ, as the structures might only
occur on one. Negative results are always questionable and must be
confirmed by other methods.

m Staining technique for the rapid preliminary
diagnosis of Chlamydophila psittaci infection.

Chlamydophilosis represents a significant zoonotic
risk and at PME it is recommended that, after opening
the coelomic cavity, an examination is made for the
presence of this infection before proceeding further. In
many cases of Chlamydophila infection there are vis-
ible lesions, such as pericarditis, air sacculitis and
hepatitis (hepatomegaly, often with serofibrinous de-
posits over the surface). In some cases, however, no
such lesions are apparent. The spleen is the organ of
choice when testing for chlamydopbhilosis. An impres-
sion should be made, air dried and stained by modified
Ziehl-Neelsen and examined under a high power
(1000x) oilimmersion objective (Figure 7.17). Chlamyd-
ophila organisms appear as clusters of tiny magenta-
pink bodies within the blue—green staining cytoplasm
of the host cells.
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m Chlamydophila elementary bodies stained red
(Stamp) in an impression smear from the liver of

a Neophema with psittacosis.
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The traditional confirmatory test has been cultural
examination but this has been largely replaced by the
PCR test, which detects chlamydial DNA.

Circovirus infection (psittacine beak and feather
disease)

A PCR is available for the detection of DNA from
psittacine circovirus infection, the causative virus of
psittacine beak and feather disease (PBFD). The
assay is performed with heparinized blood. A positive
PCR in a bird with clinical signs confirms that the
symptoms are caused by the circovirus infection. If an
adult bird without clinical symptoms tests positive on
PCR, it is possible that this is due to a transient
infection. It is advisable to retest these birds after
90 days. If the PCR is negative after 90 days, the bird
has removed the virus. If the PCR is still positive after
90 days, the bird should be considered permanently
infected with the virus. PBFD, the chronic form of
the circovirus infection, can also be diagnosed by
biopsy of follicles from dysplastic feathers: basophilic
inclusion bodies indicate the PBFD virus. The virus
can be seen with an electron microscope but cannot
be cultured.

In juvenile Grey Parrots (and other African par-
rots) with acute signs of a circovirus infection, imme-
diate diagnostic testing may be necessary. ltis a very
common finding in baby Greys purchased from pet
shops. Within minutes, CBC can give an indication of
circovirus infection. Severe anaemia and a white
blood cell count of 0 or 1 x 10%1 strongly suggest an
acute circovirus infection in these juveniles with acute
lethargy. In cases where the bird has no heterophils
and is also anaemic, a negative PBFD PCR test on
blood should be investigated further. In many of those
cases the PCR on bone marrow will be positive. At
PME, these juveniles demonstrate hepatic necrosis
(Figure 7.32) and often secondary infections such as
bacteraemia or an acute aspergillosis. Bursa, bone
marrow and liver samples should always be taken at
PME: some of each tissue should be frozen, some of
each should be fixed in buffered formalin, and some
sent for PCR. If there is a financial constraint, bone
marrow should be PCR tested first. If basophilic
inclusion bodies are seen in the bursa on histology,
circovirus infection should be suspected.

Polyomavirus infection

Polyomavirus infection can be detected with a PCR.
Viraemia can be detected 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
shedin the cloaca for up to 4 weeks. However, cloacal
polyomavirus DNA can be shed intermittently and
thus can be missed. If a bird dies from a polyomavirus
infection, PME demonstrates haemorrhages and he-
patic necrosis. Intranuclearinclusion bodies are found
in different organs, but mostly in spleen and the
glomerulus epithelial cells of the kidneys (Figure
7.18). These two organs should always be collected
at PME, especially when a polyomavirus infection is
suspected or needs to be confirmed histologically or
by using the PCR test.
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Polyomavirus infection in a lovebird chick:
= (a) subcutaneous haemorrhages; (b) hydrops

ascites; (c) histology of kidney intranuclear inclusion
bodies, HE, 1000x (oil immersion); (d) histology of kidney
intranuclear inclusion bodies, ABC polyomavirus, 1000x
(oil immersion). Bars = 100 um.
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Diagnostic PME and pathology

A complete PME is often the best method for truly
evaluating and understanding a disease process. The
ultimate goal is to take that information and experience
and apply it to living patients (Echols, 2003). This
section guides the reader through the PME step by
step and discusses the different possibilities in each
step, combining clinical findings and pathological
changes. it also suggests the samples to be taken and
how to proceed to reach the final diagnosis. If the
clinician suspects that a bird has died from
paramyxovirus (Newcastle disease) or avian influ-
enza, the carcass must remain unopened and
DEFRA must be notified (Chapter 22).

In addition to the obvious goal of determining a
cause of death, a PME can provide valuable informa-
tion 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,
consultation with a pathologist and histopathology is
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 carry out the PME
and select tissues for submission. Since the maximum
amount of information is desired, certain guidelines
should be followed (Schmidt et al., 2003).

To make a diagnosis, the pathologist uses the
clinical history (including haematology, blood chemis-
try, morphological techniques, therapeutic measure-
ments), 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.

When euthanasia of a bird is proposed, haemato-
logical samples should be collected prior to euthanasia.
Larger samples may be obtained from the jugular vein
or,underanaesthesia, fromdirectheart puncture through
the thoracic inlet. The blood serum or plasma should be
separated and submitted or saved and frozen pending
PME results. This may be helpful in diagnosis of endo-
crinedisorders orviralinfections. Routine haematological
tests may also be performed on these samples.

The method of euthanasia should be indicated to
the pathologist. Since intracoelic injections of barbitu-
rate solutions can create extensive lesions, the best
euthanasia method is an overdose of an inhalant
anaesthetic gas, as this leaves the least amount of
artificial changes to the body.

* The PME should be performed as soon as
possible after death.

* 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
infectious material by feather dust).
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* Whenthe carcass is ready to be sent to a pathology
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.

» If the carcass has been cooled immediately upon
death and can be submitted to the laboratory
within 72-96 hours of the time of death, it should
be refrigerated (not frozen) and packed with
sufficient ice or cool packs to keep it cold until
arrival at the laboratory.

* If 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.

* |f 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 and
fixing the entire carcass in formol saline solution.

Whether the practitioner is performing the PME or
simply collecting diagnostic material, preparation must
be systematic. The correct selection of material for
further examination and correct method of sampling,
storage and shipping of material will increase the
quality of results tremendously. When adequate time
to do a proper PME or adequate 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 preferable to submit the carcass to a specialist
pathology laboratory.

Awritten report of the PME findings helps the clinician
to keep track of the disease status of a bird collection.

Itis important to note that even a negative finding is
significant, since it means that all the signs that are
being sought are not present.

Preparation

To perform a PME, it is advisable to use a well lit and
well ventilated area (preferably under a fume hood) in
a separate room and to wear adequate protective
clothing and gloves.

Aerosols from feathers, faeces and exudates can
be infectious. If there is any possibility of a zoonotic
disease (e.g. chlamydophilosis and mycobacteriosis),
amask and possibly more extensive protection should
be worn. It is also important to contain the feather
dander and faeces in cases of avian polyomavirus and
psittacine circovirus infections, so as not to contami-
nate the premises, clothing or adjacent birds.

Disinfectant solutions should be readily available
for clean-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. Formalin fumes
should notbe allowed contact with tissues thatare tobe
cultured or with blood or tissue cytological smears, as
this can severely distort staining and interpretation.
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Instruments

it is helpful to have two sets of instruments that are
designated for PMEs and not used around living birds.
One set is used for opening the bird and the other to
collect internal organ samples for culture and virus
diagnostics. Both sets should be thoroughly cleaned
and sterilized after use.

The instrument packs should include two scalpel
blades and handles (one for cutting, one for burning
organ surfaces before taking a microbiology sam-
ple), thumb-forceps, scissors and, in one set, a
rongeur-type instrument for cutting bone and remov-
ing the brain (Figure 7.19). A set of ophthalmic instru-
ments and a head loupe are invaluable in the PME of
small birds, neonates and dead-in-shell embryos.
Other useful equipment includes a gram scale, a
hand-lens or dissecting microscope, and absorbent
paper tissues.

In addition to instruments, the foilowing should be
on hand:

* 10% neutral buffered formalin (= 4% formaldehyde})

* 70% ethyl alcohol for wetting and disinfecting the
feathers and skin

* 70% ethyl alcohol mixed with 10% glycerin is
used for collecting parasitological specimens

'r r
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* A bottle with saline (0.9% NaCl) with a pipette
(for parasitological examination)
* Appropriate containers.

Other equipment for ancillary diagnostic proce-
dures includes:

¢ Syringes and needles to obtain samples for
serology, haematology, or cytology

* Clean glass slides for impression smears

* A stain set for cytology (e.g. rapid stains plus
Stamp or Macchiavello)

* Clean glass slides and coverslips for wet mounts
(parasitology)

¢ Burner for heating and sterilizing one scalpel
blade before taking a sample for microbiology

e Sterile swabs or culture tubes with appropriate
transport media for bacterial or fungal culture

¢ Transport media or material for PCR of
chlamydophila, mycobacteria, polyomavirus and
circovirus

* Petri dishes or freezer-proof tubes for submission
of tissues for viral isolation.

A digital camera for documentation of gross lesions
or where litigation is possible might be useful. In the
latter case:

Necropsy layout: (1) two scalpel blades and handles; (2) one pair anatomical and one pair surgical forceps and

two pairs scissors; (3) bone-cutting forceps; (4) containers with 10% buffered formalin; (5) 70% ethyl alcohol for
wetting and disinfecting feathers and skin; (6) saline with pipette for wet mounts; (7) additional containers; (8) clean
marked glass slides for cytology and wet mounts (parasitology); (9) burner for heating and sterilizing a scalpel blade and
wire loop for culturing; (10) culture media for bacteriology and mycology; (11) wire loops for microbiological sampling;
(12) container with disinfectant for the instruments; (13) aluminium foil plates for holding small organs or tissues;

(14) waterproof marker; (15) preprinted labels; (16) ruler; (17) copy of PME work-form and checklist; (18) paper towels for
cleaning in between; (19) prepared bird before starting necropsy; (20) container with disinfectants for discarding used

glass slides.
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+ Always use a label showing the bird’s laboratory
reference number and the date.

* Use blue or green paper as a background for the
carcass or organs.

» To provide a scale, use a plastic ruler or
disposable paper measuring tape.

In general itis better to take photographs during the
PME, preferably with an assistant to help so that the
clinician does not have to remove the gloves before
using the camera. On the other hand, in many cases it
is possible to do most of the PME using forceps and
scissors without touching the carcass.

To save time and prevent interruptions in the flow
of the procedure, glass slides, sealable bags and
formalin jars should be labelled with the owner's
name and a note of the tissues enclosed before the
PME is commenced. To record the findings during the
PME, scribbling paper can be used and discarded
with the carcass after finishing the PME and writing
the final report.

PME protocol

The particular routine used for gross PME of birds can
vary, but in each case all organs should be examined
(Rae, 2003). The use of a checklist will ensure that all
organs and systems are examined. All findings should
be documented and this checklist should become part
of the medical record.

Impression smears are a useful adjunct to a
complete PME (see cytology section above). In the
authors’ protocol, two sets of impression smears are
made from liver, spleen, lung and rectum,; organs
with pathological changes are automatically added;
and for all columbiforms and psittaciforms an im-
munofluorescence staining test (IFT) of impression
smears for Chlamydophila spp. of the same organs
is done.

The choice of tissues for histopathological exami-
nation can be determined by several philosophies:

* 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.

¢ Completeness. This is especially valid for
scientific research. Collect all the tissues listed in
Figure 7.20.

¢ A standard selection completed with a choice
based on the PME findings. This list is practical
and will in most cases lead to sufficient
diagnostic support.

Tissues from organ systems that appear to be
involved in the problem, based on clinical signs and/or
gross lesions, are a priority. If tissues from an organ
system that was obviously involved are not submitted,
there may be frustration when a meaningful diagnosis
is not obtained. When lesions are present, the sample
should include some normal tissue as well.

Chapter 7 Clinical pathology and necropsy

Tissues collected routinely

Heart

Liver

Lungs

Spleen

Kidneys

Proventriculus

Ventriculus (gizzard)
Duodenum

Pancreas

Cloacal bursa {in juveniles)

Additional tissues (depending on gross lesions observed)

Skin, including feather follicles
Pectoral muscle

Thyroid glands

Parathyroid glands

Thymus

Trachea %
Air sac

Adrenal glands

Testes

Ovary and oviduct
Oesophagus

Crop

Small intestine

Rectum

Cloaca

Leg muscle

Ischiadic (sciatic) nerve

Bone marrow

Brain

Tissues collected on PME for histopathology.

Normally selected tissues are fixed in an adequate
amount of 10% neutral-buffered formalin (1:10 by vol-
ume) for histopathological examination. The best way is
to fix the tissues/organs in large pots so that they can be
fixed in a large quantity of formalin. Before the viscera
are posted (after fixation for 12-24 hours), the pots
should be drained off and the fixed tissues placed in a
bag. This method gives good fixation in a large volume,
but is cheaper on postage. Any specimen must be < 5
mm thick for good fixation. Formalin 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-sealed bags.

Tissues for histopathology should not be frozen.
Freezing and thawing changes the gross nature of the
tissues as well as making histopathology much less
useful.

Tissues for toxicological analysis shouldbe frozen:

« Collect liver, pancreas, kidney, brain and fat and
freeze individual samples separately

* Also collect crop or proventriculus or ventriculus
samples and freeze

¢ If needed, tissue from other Gl areas should be
collected in separate, non-metal containers. They
may be frozen at —20°C after being wrapped in
aluminium foii
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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 sent (by rapid mail) in sterile
containers on wet ice. Pending the diagnostic
investigation, most commercial laboratories can
hold tissues frozen at —70°C if asked.

History

Before starting the PME itself, the clinician should draw
up a differential list of clinical diagnoses or be aware of
the affected organ systems. Based on the clinical signs
andthe laboratory findings, a list of possible pathophysi-
ological processes that can cause the clinical pathologi-
cal changes will suggest what samples are needed for
supporting or confirming a particular diagnosis.

When the owner comes with a dead bird, all infor-
mation and history about the case should be taken in
the same way as when a live patient is brought into the
practice. This includes identification (species, age
and/or purchase date, leg ring or microchip), informa-
tion about housing, feeding and any environmental
changes, observed clinical symptoms, medical history
and pertinent laboratory data when available. The
cage or packing material should be inspected for the
presence of parasite or other relevant information.

The most relevant data should be summarized on
the work sheet. The differential list should be made and
the most important organ systems involved should be
identified. In many cases a dead bird is presented 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 (Schmidt etal., 2003):

¢ If there are changes suggestive of chronicity, the
Gl tract and liver may be the primary problems

* If 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 sudden death

* Inthe absence of any clinical or gross indication of
which organs to select and where 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 the age of 1 year, it is essential
that the bursa of Fabricius (see Figure 2.12) be
examined, as it is an indicator of the condition of
the bird’s immune system and often contains

specific viral inclusion bodies of circovirus not
seen in other organs.

In cases where litigation is possible and the PME is

done in the clinic:

Document everything seen thoroughly

Save leg band(s) and microchips

Take photographic evidence of all stages of the
PME, even if no changes are seen

Collect many different samples

Store the carcass afterwards in the freezer until
the case is closed

Send a complete set of tissues to the laboratory
and save an alternate set

Save material for possible toxicological analysis,
and do any other ancillary tests indicated, such
as microbial studies and PCRs.

External examination of the carcass

Wash the carcass in warm water and liquid
detergent. This reduces significantly the risk of
inhaling dust particles containing
microorganisms, in particular Chlamydophila
psittaci. It also facilitates detailed examination of
the body surface and, when the carcass is
opened, prevents dry feather contamination of
the viscera.

After recording the band number etc. palpate for
obvious swellings or fractures, and confirm that
all joints are fully mobile. Check for proper bone
mineralization by attempting to bend a long bone.
In females, radiography is a good way of
assessing medullary bone.

- Record information about general bodily

condition, weight, muscle mass, joints,
integument (including beak and claws), plumage,
body orifices (eyes, ears, nostrils and vent),
uropygial gland (in some species), trauma and
abnormalities (Figure 7.21).

Be aware that abnormal plumage results in an
extreme energy loss because of the lack of
insulation.

Judge the feeding status based on the muscles
on the keel and the filling of the crop and
intestines.

Take survey radiographs if heavy metals (e.g.
rifle bullets or ingested lead) are suspected.

Finding Diagnosis

Tests

Broken feathers Feather plucking

Normal feathers on the head

Altered feathers with concentric pinching

Psittacine circovirus infection (PBFD). Polyomavirus infection
is a differential in lovebirds and parakeets

Histology of skin with feather follicles
PCR of a pulled feather

Pink contour feathers in Grey Parrots

Possible psittacine circovirus infection. Differential = damage
to pigment-forming cells. In Vasa Parrots the brown feathers
turn white for the same reasons

Histology of skin with feather follicles
and bursa (in juvenile birds)
Circovirus PCR test on bursa or
bone marrow, liver or feather
Histopathology of liver

m Examples of alterations found during external examination. {continues)
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Finding

Diagnosis

Tests

Stress bars in the wing and tail primaries

Nutritional defect, iliness, or parasitism

Blood feathers, plucked and in the follicle,
along with any skin lesions

Bacteriology (Chapter 16) and collect
and place in formalin for histology

Changes of the skin and nares

Cnemidocoptes infestation, yeast infection

Wet mount, cytology, culture, biopsy

Signs of trauma or bruising

Skin haemarrhages (Figure 7.18)

In juveniles, related to polyomavirus infection

Unfeathered portion of the legs and the
feet

Avipox lesions (very rare in psittacines), bumblefoot,
herpesvirus pododermatitis, and self-mutilation.

Examine the site of the uropygial gland at
the base of the tail in some species

Often a site of chronic inflammation and neoplasia

Bacteriology and histology

Salivary gland enlargement at the base of
the tongue

Vitamin A deficiency

Histological examination with
metaplastic changes

Chronic necrotic lesions at the tongue and
in the beak commissure (Figure 7.22)

Mycobacterial infection (often M. bovis)

Smear of deep scraping stained with
acid-fast staining, histology, PCR

Swelling above eye or dilated nostrils with
plug

Vitamin A deficiency

Histological examination with
metaplastic changes in salivary glands

Conjunctivitis and sinusitis

Chlamydophilosis, bacterial (Mycoplasma?) or fungal infection.

(For Chlamydophila infection, see liver lesions)

Stamp stain, cytology, bacterial or
fungal culture

In Cockatiels: sinusitis,
temporomandibulitis and myositis of the
mandibular muscles

Bordetella avium or other bacteria

Cytology, culture, histology

Conjunctivitis (very rare in psittacine birds)

Avipox lesions

Cytology, histology and culture

Abdominal or other swellings

Tumours, egg-related peritonitis

Post-mortem

Cloacal mucosal prolapse

Papilloma

Histology

(continued) Examples of alterations found during external examination.

Preparation of the bird

The necropsy

Small birds are wetted and plucked; all other birds should
be wetted with alcohol (70%) 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 harming 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 wing tip; this keeps the feathers out of the way.
A safety cabinet should be used if one is available.

General considerations (Schmidt et al., 2003) are as
follows:

* Post-mortem tissue changes must be
distinguished from true ante-mortem lesions. The
amount of time between death and PME, the
ambient temperature and freezing of the carcass
are factors that must be considered. Post-
mortem changes can affect subsequent
histological examination of tissues

* Arelative lack or excess of blood contributes to
the size, colour and consistency of any organ.
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Colour changes may occur before or after death.
The differences will be noted with experience
The consistency of any organ may be affected by
both ante-mortem conditions (including cell
infiltration and connective tissue proliferation)
and the amount of time that lapsed between
death and PME

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

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. Condition would
also be scored. For pet birds, the condition is
based simply 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

It is useful to weigh the carcass and also to take
at least one and preferably two measurements so
that the bird’s size can be estimated. For
instance, normal Grey Parrots weigh 350-600 g

and vary commensurately in size; without a
measurement of length it may be difficult to know
whether a 400 g bird is thin or normal. Condition
scores can be affected by storage.

General procedures forconducting a thorough PME
include the following:

* Use a gram scale for measuring the size of organs

¢ Open all tube-like structures

e Cut all parenchymatous organs in slices of 1.5-2
mm to find small focal lesions

* Keep tissue for formalin fixation at < 3-5 mm
thick (maximum 10 mm)

¢ Keep ratio of tissue to formalin at 1:10

¢ Collect tissue samples during the PME to prevent
desiccation. Do not wait until the gross
examination is finished

* Remember to collect and submit specimens from
a broad spectrum of organs and systems

* Routinely collect heart, lung, liver, spleen, kidney,
gonad and adrenal, proventriculus and gizzard,
and a piece of intestine (duodenum and
pancreas) for histopathology

* When suspecting a viral problem, freeze the
tissue as soon as possible to —70°C (or
temporarily to —20°C) or collect tissue on wet ice
until shipment.

The 13 steps-of the necropsy are set out below, with
examples of pathology for each step.

Step 1: Subcutis

* Make a midline incision in the skin along the
sternum from the mandible to the cloaca. Take
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care to avoid the cesophagus and crop.

The skin is reflected using toothed dissecting
forceps and a scalpel to expose the subcutis and
fat, crop, pectoral muscles, keel, abdominal wall,
and medial aspect of the legs.
Note the colour of the muscles, fat deposits,
abdominal volume and size of liver, subcutaneous
haemorrhages, oedema, abscesses, bruising or
evidence of injections in the pectoral muscle, and
parasites in subcutis or pectoral muscle.
Especially when the bird is being 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 pathology are given in

Figure 7.23.
Finding Diagnosis Tests
Pale parallel stripes | Leucocytozoon spp. Cytology reveals

in leg or breast or sarcosporidiosis bradyzoites
muscle
Large dark spot Swollen liver Diagnosis: see later

distal to keel at right
side in abdomen

m Breast muscle: examples of pathology.

Step 2: Coelomic cavity (in situ)

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 skin.

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 rongeur, scissors or
poultry shears through the ribs, coracoid bones
and clavicle, and note 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 situbefore they are any further disturbed.

For examples of liver pathology, see Figures 7.31

and 7.32.

Because chlamydophilosis represents a significant

zoonotic risk, it is recommended that at this point an
examination is made for the presence of this infection,
before proceeding further:

If the bird has a history or lesions suggestive of
chlamydophilosis, microscopic examination
(impressions of spleen, stained with a modified
Ziehl-Neelsen) should be performed before
continuing with the PME
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* If the spleen smear proves positive for
Chlamydophila it is questionable whether one
can justify completing the PME in a clinical
setting. The carcass should be wrapped 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. -

At this point, compare the in situ view with the
radiographs when they are available and confirm or
reconsider the conclusions and abnormalities seen on
the radiograph. Special attention should be paid to the
situation of the air sacs when clinically the diagnosis of
{mycotic) air sacculitis has been made. Normal air sacs
appear as glistening transparent membranes.

Chapter 7 Clinical pathology and necropsy

This is also the moment to verify the clinical diagno-
sisrelating to heart conditions, calcium endocrinological
diseases (parathyroid), thyroid gland, liver problems
and to note the pancreas in the duodenal loop, hy-
dropic changes and severe Gl problems. Be aware of
artefact lesions caused by injection of barbiturates or
other euthanates as brownish discoloration, often with
crystalline deposits.

e Take smears from any abnormal material or
exudate, and also from the air sacs when
alterations are seen.

* |If coelomic fluid is present, collect it with a sterile
syringe for analysis.

Examples of air sac and pericardium pathology are
given in Figure 7.24.

Finding Diagnosis

Tests

Opague and wet air sac

Chlamydophila infection

Cytology of collected material stained with modified
Ziehl-Neelsen, IFT, PCR
See also clinical findings and liver pathology

Opaque air sacs often with purulent deposits Bacterial infection

Rods or cocci in cytology smear; culture and sensitivity test

Air sacs covered with several white/yellow
plaques

Fungal infection (Figure 7.25)

Wet mount showing hyphae, scraping of material as stained
smear, culture (Sabouraud's medium)

Air sacs solid with white/yellow material
aspergillosis

Chronic fungal infection, mostly

Wet mount showing hyphae, scraping of material as stained
smear, culture (Sabouraud's medium)

Air sacs, especially cervical and prescapular, with

small black dots occasionally seen in lovebirds infestation

Sternostoma tracheocolum

Magnifying-glass and wet mount

Air sacs filled with food Forced feeding

Wet mount and histology

Suppurative pericarditis
Chlamydophila)

Bacterial infection (including

Cytology of collected material stained with modified
Ziehl-Neelsen, IFT, PCR
See also clinical findings and liver pathology

Pericardial sac filled with fluid (hydropericardium)

Inanition, cachexia, polyomavirus (in | Muscle wasting, oedema and gelatinous fat-tissue, spleen
juveniles) (see Figure 7.18)

and kidney histology

Pericardium and other serosae with white
mucoid chalky deposits

Visceral gout, pericarditis, uricaemia | Macroscopy, wet mount with crystals (polarized light); often

in combination with nephritis
See also clinical blood values PU/PD

m Air sac and pericardium: examples of pathology.
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Aspergillosis. (a) Chronic air sac aspergillosis in Amazon lungs and air sacs. (b) Chronic air sac aspergillosis
= and hydropericardium in a cockatoo. (1 = liver; 2 = heart; 3 = lungs; 4 = air sacs filled with fungal material;

5 = gizzard). (c.d) Scrapings of fungal material showing hyphae in a wet mount (c; original magnification 10x) and (d)

stained with Hemacolor (original magnification 1000x) (6 = fungal hyphae; 7 = erythrocytes).
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Step 3: Thyroid, parathyroid glands and thymus

¢ Identify the thyroid and parathyroid glands
located cranial to the heart and lateral to the
syrinx adjacent to the carotid arteries bilaterally
(see Figure 7.14) 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 of the thyroid
gland as multiple grey lobes, and collect for
histology.

Examples of pathology of the thyroid, parathyroid
and thymus are given in Figure 7.26.

Step 4: Spleen

* 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; note any pale
foci. The normal spleen in the psittacine bird is
round, small and pale (no blood reservoir in birds).

* Remove and measure the spleen and divide it
into three samples: one each for virology,

Chlamydophila diagnostics and histopathology.
* 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 7.27.

Step 5: Heart and large vessels

Special attention should be paid to the heart when
clinical symptoms such as respiratory distress were
obvious, or the radiograph shows cardiomegaly, or
when hydrops ascites were present.

* After noticing 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.

* Open the heart and large vessels in the direction
of the blood flow.

¢ | ook for thrombi, valvular endocarditis lesions
and pale areas in the myocardium. Remember:
the right atrioventricular valve in birds is a
muscular structure.

* Open the large vessels to look for atherosclerosis
(mainly aorta, pulmonary artery or carotids and
especially in Grey Parrots and Amazons).

Finding Diagnosis Tests
In Budgerigars and juvenile macaws Goiterous thyroid glands Histology
Parrots (especially Grey Parrots) Hyperparathyroidism (see Figure 7.14) Histology
Other species, especially juvenile Metabolic bone disease Histology

parathyroid hypertrophy

‘Abscesses’ next to trachea

Salmonella, Escherichia coli or other bacterial
infections in thymic remnants

Rod-shaped bacteria in cytology, culture, histology

m Thyroid, parathyroid glands and thymus: examples of pathology.

Finding

Diagnosis

Tests

Spleen-swelling together with air sac opacity

Chlamydopbhila infection

Cytology of collected material stained with modified
Ziehl-Neelsen, IFT, PCR

Very large swollen and cherry red spleen in
parrots

Herpesvirus infection (= Pacheco’s disease) or
Sarcocystis

Liver necrosis with intranuclear inclusion bodies or
protozoa, cytology, histology, IFT, virus isclation

Normal size, totally necrotic spleen

Reovirus infection

Histology

Swollen and pale spleen

(Bacterial) septicaemia

Cytology with bacteria, culture

Multiple irregular yellow foci in the spleen Mycobacteriosis Similar foci in other organs, in cytology non-staining
rods, acid-fast staining positive
Differentiate avian/bovine strains by culture or PCR
Large firm spleen Neoplasia Cytology, histology

Enlarged friable spleen with multipte, miliary
necrotic foci

Salmonellosis, yersiniosis

Similar foci in liver; cytology with rod-shaped
bacteria; culture

Small, grey spleen

Lymphoid depletion, stress, viral infection

Cytology, histology, virus identification

Spleen: examples of pathology.
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Finding I Diagnosis I Tests
Heart
Epi- or endocardial haemorrhages Septicaemia or agonal event (polyomavirus, Continue PME
circovirus)
Gelatinous, serous pericardial fat Starvation, chronical 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, PDD)

Cytology, histology, microbiological isolation,
continue PME

Cardiomyopathy with muscle cysts
Enlarged lumen of left ventricle and only
litlle difference in thickness of ventricle walls

Sarcocystis or Leucocytozoon
Heart failure (Figure 7.29)

Cytology, histology
Congestion of lungs and/or liver

Vessels

Yellowish raised intimal plaques on wall
inside large vessels; vessels stiff

Atherosclerosis (Figure 7.30)

Macroscopy, histology

Mineralization of large vessels

Renal disease or hypervitaminosis D

Clinical renal panel, kidney pathology

Heart and large vessels: examples of pathology.

Examples of pathology of the heart and large ves-

sels are given in Figure 7.28.

Step 6: Liver

L 4

Evaluate the clinical pathological results for liver
disease.

Separate liver from the viscera by holding the
hepatic peritoneum in the forceps and cutting
them with scissors.

In a freshly euthanased bird, blood spreading into
the carcass after cutting the portal vein can hide
many changes. In such a case 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.

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 (see Figure 7.19) or sterile Pasteur

Grey Parrot with heart decompensation (1 = right ventricle; 2 = left
ventricle; 3 = liver; 4 = gizzard; 5 = ascites; 6 = syrinx).

m Atherosclerosis in a grey
parrot(a = sclerotic plaque).

pipette. If there are discrete lesions try to take a
sample through the edge of a lesion.

* If there are no on-site cultural 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).

* To make cytological preparations: take a small
piece from one half of the liver, hold it in forceps,
blot off any excess blood using filter paper and
make impression slides from the cut surface on
to three microscope slides. Stain by Hemacolor
and modified Ziehl-Neelsen (for Chlamydophila
diagnostics). The third slide can be use for an
extra staining or sent to a iaboratory for
confirmation by immunostaining for Chlamydophila.

¢ Use any remaining tissue for cytology and
toxicology, if indicated.

Examples of pathology of the liver are givenin Figure
7.31. Gross liver pathology is illustrated in Figure 7.32.
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Finding

Diagnosis

Tests

Comments

Enlarged red variegated liver
with pale areas

Hepatitis

Cytology with many inflammatory
cells; microbiology, material in
freezer, histology

Elevated activity of liver enzymes

Orange liver in Grey Parrot
with leucopenia

Acute circovirus infection

Histology, cloacal bursa for inclusion
bodies, PCR

No increased liver enzyme activity

Enlarged liver with necrotic foci

Hepatitis caused by
Chlamydophila infection,
herpesvirus or adenovirus infection

Cytology, culture, histology
activity and yellow urates

Often highly increased liver enzyme
levels

Very extensive acute liver
necrosis

Peracute or acute hepatitis
by bacterial septicaemia,
polyoma-, herpes- or reovirus

Macroscopy, cytology, histology,
virology, culture

Often highly increased enzyme
activity and yellow urates

Focal yellow proliferation with
often central necrosis

Mycobacteriosis

Similar foci in other organs, in
cytology non-staining rods, acid-fast
staining positive

No increased enzyme activity or
yellow urates

Small round necrotic foci

Salmonellosis or yersiniosis

Cytology with rod-shaped bacteria;
culture, histology

Evenly enlarged, often Leucosis Macroscopy (other organs often
variegated, pale liver affected); cytology and histology
Evenly enlarged, often Degeneration Cytology hepatocytes with vacuoles;

variegated, pale soft liver

histology.

Enlarged orange-yellow liver

Fatty liver, lipidosis

Macroscopy, cytology, histology
with Sudan 11l stain

Little increased enzyme activity

Small, pale and firm liver

Chronic liver fibrosis

Histology

No increased enzyme activity, but
yellow urates

Liver: examples of pathology.
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Liver pathology:

(a)

avian tuberculosis in a Blue-he
(b) liver leucosis in a rosella; (c) liver amyloidosis in a Blue-fronted

=1 Amazon; (d) liver lipidosis in an Amazon; (e) acute salmonellosis in a rosella liver
and hydropericard; (f) PDD and acute yersiniosis in a macaw; (g) chronic liver
fibrosis in a rosella; (h) liver necrosis and heart decompensation in a Grey Parrot;
(i) liver necrosis, circovirus infection and bacterial sepsis in a Grey Parrot; (j) liver
psittacosis (chlamydophilosis) in an Amazon.
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Step 7: Gastrointestinal tract

With the heart and liver removed, the Gi 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. Therefore:

¢ Sever both the bronchi, reflect the trachea and
reflect the Gl tract to the right side of the bird to
view the adrenals, gonads, kidneys and the
lungs. Do not cut the rectum.

* 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.

* In a case of egg peritonitis, there will be masses
of yellow inspissated yolk interspersed between
adhering loops of intestine.

Step 8: Urogenital system

The adrenals (orange to yellow) are often ocbscured by
active gonadal tissue, so it is easier to collect the
cranial division of the kidney with the adrenal and
gonad(s) attached for histopathology.

¢ Sex the bird visually. In most species, only the
left ovary and oviduct develop (see Figure 2.13)
but both testes develop in male birds. The
gonads may be pigmented (brown or black) in
some species (e.g. some cockatoos).

¢ Record the general size of the follicles and note
discoloured, inflamed or shrunken follicles. In that
case, sample for bacteriology, including selective
media for Salmonelia.

* Is the oviduct hypertrophied? Open the oviduct 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 7.33.

Finding Diagnosis Tests
Swelling inside oviduct | Egg binding, egg | Open the oviduct
concretments
Irregular swellings Tumour Macroscopy and
related to kidney or Common in histology
gonads Budgerigars,
often related to
paralysis of one
leg

m Common genital tract: examples of pathology.

The kidneys are nestled in the renal fossae of the
synsacrum (see Figure 2.13), with the lumbosacral
nerve plexus lying deep to the caudal division of the
kidney. The ureters run down the ventral surface of the
kidney bilaterally. 3

Chapter 7 Clinical pathology and necropsy

* Especially when clinically the uric acid

concentration in the blood was elevated, or where
visceral gout was diagnosed on observation in situ,

pay extra attention to the kidneys. Differentiate
between renal pathology and dehydration.

In addition to the kidney/adrenal/gonad tissue

collected for histopathology, aseptically collect
additional renal samples for virology
(polyomavirus—paramyxovirus infection),
toxicology (lead, zinc¢) and bacteriology (if
exudate is present).

After removal of the kidneys evaluate the

lumbosacral plexus, especially in cases of pelvic
limb weakness or malfunction. Sample these
nerves in formalin for histopathological evaluation.

Examples of pathology of the kidney are given in

Figure 7.34.
Finding Diagnosis Tests

Pale normal-sized Urate congestion, | Histology (fixation
kidneys with fine dehydration 100% alcohol)
reticular pattern of
white urates over
surface and in tubules
(use magnifier)
Irreqular pale swollen | ‘Renal gout; Histology (fixation
kidney with white foci | nephritis (see 100% alcohol)
often combined with | Figure 7.13)

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; histology
kidneys fibrosis
Granulomas Aspergillus spp. Scraping of cut surface
of granuloma
Hemacolor, culture
(Sabouraud's agar),
histology
Irregular swelling and | Tumour Cytology and histology
growth Causing clinically
leg paralysis by
pressure on the
sciatic nerves

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.

¢ |f 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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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 movable. 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 evalu-
ation turn out to be just passive congestion. Conversely,
grossly normal lungs may contain significant histological
lesions. Therefore, always include lung for histopathol-
ogy, and because lesions can be focal or multifocal, itis
best to include a large portion of at least one lung.

Cut through the lungs at intervals and 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 and Toxoplasma pseudocysts).
At this point open the bird’s beak, insert a pair of
large scissors into the oropharynx and cut
through one side of the mouth.

Reflect the mandible and examine the oropharynx,
including the choanae, the tongue and the glottis.
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 (seeds in Cockatiels), granulomas
and parasites, items of inhaled food and also for
white caseous—fibrinous material adherent to the
mucosa, in the syrinx or bronchi. Such material is
usually mycotic and, if present, should be
examined microscopically (stain crushed
preparations) and culture on to Sabouraud’s
medium.

Examples of pathology of the lung, trachea and oral

cavity are given in Figure 7.35.

Finding

| Diagnosis

! Tests

Lung (Figure 7.36)

Dark-coloured grey lungs

Lung oedema
Often result of chronic cardiac failure

On cut surface transparent sero-haemorrhagic fluid,
affected tissue sinks in water, cytology, histology

Dark-coloured wet red lungs

Lung congestion

alterations of heart

DDX polytetrafluoroethylene toxicosis,
acute mycotic infection and Sarcocystis
infection

Watch for congestion in other organs and acute

From cut surface only blood; affected lung floats in
water, lungs are supple and evenly bright red;
cytology, histology

Dark firm lungs often variegated and focal Pneumonic foci Affected areas firm and sink in water, cut surface
changes cytology (inflammation cells); histology, culture.
Diffuse pneumonia (in common with Bordetella avium Culture (fastidious grower), histology

tracheitis and bronchitis) in Cockatiels

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, mycobacteriosis

Wet mount with hyphae, acid-fast rods (in routine
quick staining, non-stained rods); culture, histology,
PCR

Irregular scattered necropurulent pneumonic
foci with a hyperaemic zone

Bacterial pneumonia
e.g. Salmonella or Yersinia

Cytology and culture

Trachea

In syrinx of parrots white caseous—fibrinous
material

Syringal mycosis
After trauma or based on metaplasia due to
vitamin A deficiency

Wet mount with hyphae, culture (Sabouraud's agar),
histology

in trachea: red worms

Syngamus spp.

Microscopic examination of material,
histology

All very rare in psittacine birds
In trachea: black dots Sternostoma mites
In trachea; mucus and fibrin Avipox

Mouth

Tongue with yellow ‘abscesses’ at location of
salivary glands

Metaplasia, due to vitamin A deficiency

Wet mount, diet history, histology

Respiratory system: examples of pathology.

82


http://vetbooks.ir

Chapter 7 Clinical pathology and necropsy

Lung pathology: (a) acute

: lung aspergillosis in a
Neophema; (b) subacute lung
aspergillosis in a Grey Parrot; (c) yeast
(Candida sp.) pneumonia in a lovebird;
(d) lung mycobacteriosis in an Amazon;
(e) acute pneumonia (Teflon fumes) in a
rosella.

Step 10. Gastrointestinal tract

Going back to the pharynx, extend the cut
downwards for the length of the oesophagus and
into the crop, looking for lacerations and
punctures, perioesophageal abscesses and other
abnormalities.

The crop contents can be collected in a plastic
bag and frozen, if there is any suggestion of a
toxic ingestion. A large section of crop, to include
a big vessel and adjacent nerve, should be
collected for histopathology, since PDD lesions
are often confined to the nerve.

At this point the ocesophagus 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 Gl tract.
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 2.12). The bursa should always be
collected when it is present and divided in half for
histology and freezer (PCR of circovirus or
polyomavirus).

Open the distal oesophagus with scissors,
continuing into the proventriculus and gizzard
(with koilin layer) (see Figure 2.11). Examine
the contents for amount, foreign bodies and
heavy metals. Collect and freeze the contents
for possible toxicological analysis. Rinse the
mucosa with water and make wet mount and
dried smears of mucus and/or mucosal
scrapings.

Do not separate the proventriculus and gizzard.
The isthmus (see Figure 2.11) is a common
place for avian gastric yeast (formerly known as
megabacteria) 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 (for differentiation between PDD
and other reasons for a dilated proventriculus).

* 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.

* Collect a transverse section through the
duodenal loop, with pancreas attached, in
formalin and one piece for toxicology.

* Continue opening the intestine through the
jejunum and ileum to the rectum. 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 rest of the yolk sac into
formalin.

¢ Collect opened untouched sections of intestine
for histopathology.

+ Make wet mounts of intestinal contents (usually
two different sides) and stained smear of
mucosal scrapings for microscopic evaluation
(parasites and ova, oocysts (very rare in
psittacine birds), cryptosporidia, flagellates
(Giardia), yeast and motile bacteria) and
bacterial culture.

* Open the cloaca to look for papillomatous
lesions, cloacoliths, trauma and inflammatory
lesions.

Intestinal samples should include: wet mounts (di-
luted with saline) from at least two different sites;
smears for rapid staining and possibly for acid-fast
stain; and contents for aerobic and possible anaerobic
(spores in cytology) or Campylobacter culture. Also
collect tissue and ingesta for virology (EM negative
contrast, virus isolation, or PCR).

Examples of pathology of the Gl tract are given in
Figure 7.37.
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Finding I Diagnosis l Tests

Crop
Thickened wall with white material (Turkish Yeast infection, candidiasis Wet mount smear, cytology, culture.
towel)
Thickened wall with grey/yellow material Trichomoniasis (Figure 7.38) Wet mount, cytology, histology

Especially in Budgerigars and small parakeets,
sometimes with trapped air bubbles

Local red mucosal thickening Papillomas Histology
Stomach (proventriculus and gizzard)
Dilated proventriculus and gizzard, often Proventricutar dilatation disease (PDD) Histology
stuffed with seeds (sunflower)
Empty proventriculus with excess of mucus, | Avian gastric yeasts (‘megabacteria’) Wet mount and cytology
especially at isthmus region
Irregular koilin layer that is difficult to remove | Endoventricular mycosis Deep scraping wet mount, cytology, culture
from wall
Intestine
Haemorrhagic, black contents in entire small | Haemorrhagic diathesis (massive leakage of History (fasting for longer period), macroscopy

intestine

blood into the intestine)

Thickened wall with or without blood in lumen | Enteritis Wet mount and cytology; parasitology; microbiology
Thin wall with haemorrhagic contents or Ascaridiasis {Figure 7.39) Demonstration of worms in wet mount
stuffed with worms Beware: in psittacines very rarely coccidia,
often Ascaridia
Thickened areas of bowel or muitifocal Mycobacteriosis In cytology non-staining rods, acid-fast staining

granulomas

positive, histology, culture or PCR

Haemorrhagic content Lead intoxication, Clostridium infection, Lead in gizzard; lead analysis liver and kidneys;
Pseudomonas infection, Giardia spp. cytology, culture
Cloaca
Congested, swollen red mucosa Papilloma Histology
Pancreas
Irregular pancreas with haemorrhages Paramyxovirus pancreatitis Histology

Especially in Neophema spp. with torticollis

Gastrointestinal tract: examples of pathology.

LT

m Trichomonas from the crop of
a budgerigar; the flagella are

clearly visible. Two erythrocytes are
also present. (Hemacolor, criginal

(b)

Intestinal parasites (Ascaridia) in a rosella: (a) infestation of intestines;

magnification 100x) 138 (b) eggs, wet mount, original magnification 40x.
Step 11: Nasal and infraorbital sinuses material. It is impossible to collect uncontaminated
samples from the sinuses, and therefore cultural

¢ Check the nasal and infraorbital sinuses by examination is always of doubtful value.
cutting through the upper beak caudal to the ¢ Collect material for histological examination when
nostrils and inspect the conchae for symmetry there are pathological changes.
and presence of mucus or purulent material.

¢ Collect material for culturing and compare the An example of pathology of the sinus is given in
result with the findings in a stained smear from that Figure 7.40.
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Finding Diagnosis Tests

Presence of turbid Bacterial or Wet mount, cytology,
mucus mycotic sinusitis | culture

m Sinus: example of pathology.

Step 12: Neurological examination

The brain and spinal cord can be very important in the
diagnosis of some diseases, especially PDD. When
clinically neurological symptoms have been found or
from the history the bird could have flown into a window
before being found dead, it is always essential to open
the skull.

» After removing the skin, examine for evidence
of traumatic injuries. Be aware of areas of
haemorrhage within the calvarium, which are
common agonal changes and do not imply
head trauma.

* 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.

* 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.

* 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.

* 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:

¢ Clean the bone and use rongeurs to break the
bone.

* After collecting a bit of bone marrow for a smear,
fix the bone marrow in situ in formalin.

* 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
involuted.

Chapter 7 Clinical pathology and necropsy

¢ Samples of skeletal muscle should be collected

when changes are seen or suspected based on
clinical biochemical indications (CK) for
histopathology. Muscular lesions may include
trauma, haemorrhage, degeneration,
mineralization and injection or vaccine site
reactions. Myositis, degenerative myopathy, and
Sarcocystis infection can be diagnosed
histologically.

¢ The muscles of the legs and sciatic nerve

running on the posterior surface of the femur
should be examined, especially when paralysis of
the hindlegs is seen clinically.

¢ 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 (e.g. tibiotarsus, ribs) 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.

* Other findings in the joints are nematodes
(Pelecitus sp.), bacterial arthritis (stained smear
and culture), and articular gout (large deposits of
urate crystals).

Final activities

This completes the gross PMEand the remaining parts
of the carcass can be placed in a plastic bag and frozen
until diagnostic testing has been completed.

* Examine wet mounts as quickly as possible.
Warming (maximal body temperature) before
examination will help in detecting moving
flagellates, as it increases their motility.

¢ Stain any exudates and/or impression smears
collected.

*  When suspecting psittacosis, send a collection of
liver, spleen and lung for Chlamydophila
diagnostic tests (modified Ziehl-Neelsen, PCR
and fluorescent antibody test).

¢ 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.

* A pool of parenchymal tissues (liver, spleen, lung,
kidney and brain) and a separate pool of intestinal
contents should be refrigerated or frozen for
possible virus isolation of DNA probe testing.

* 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), brain, duodenum/pancreas and
proventriculus/ventriculus. Save the remaining
formalin-fixed tissues, just in case the diagnosis
is not made with the first set.
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* Samples collected for ancillary diagnostics including establishing connections to the clinical
should be packed, labelled and stored properly, findings and use this to document the samples.
until shipment. See that each sample is provided
with the essential documentation. Try to establish a relationship between the clinical

* Make a detailed PME report (Figure 7.41) history and the post-mortem findings.

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
Coelomic cavity (air sacs/pleura/peritoneum)

(Parajthyroids, thymus
Spleen (size, colour)
Hean, 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)

8. Chlamydophila examination

7. Tentative (differential) diagnosis

8. Ancillary diagnostics: bacteriology, mycology, virology, parasitology, toxicology, others

9. Tissue saved:

10. Tissues submitted for histopathology:

PME report form and checklist.
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Anaesthesia and analgesia

Thomas M. Edling

Introduction

Preanaesthetic planning

Not too many years ago, avian clinicians strived to
ensure that procedures requiring anaesthesia lasted
no longer than 30 minutes. This was because there
was a significant probability of grave complications in
maintaining a bird under anaesthesia for a longer
period of time. Thankfully, times have changed and itis
now commonplace (or feasible) for birds to be anaes-
thetized for periods exceeding 2 hours. This change is
due to advances in avian anaesthesia, which include
the use of safer new inhalation agents, improved
ventilation methods and better monitoring techniques,
all of which help the clinician effectively to prevent
apnoea and hypoventilation, the most commonly expe-
rienced difficulties during anaesthesia.

Because birds inherently have a small functional
residual capacity (FRC), periods of apnoea are life threat-
ening. Without airflow through the lungs, gas exchange
does not occur, and the physiological balance of the
patient cannot be maintained by the respiratory system.
To help to alleviate this concern, the clinician can use
intermittent positive pressure ventilation (IPPV) to help to
maintain the patient appropriately during anaesthesia.

An additional essential aspect of avian anaesthesia is
accurately monitoring the patient. Birds must be appro-
priately monitored so that proper responses to changes
in the animal’s physiological state can be addressed in
a timely fashion. Accurate monitoring techniques are
essential, as there is no formula involving respiratory
rate and tidal volume that can be used to determine the
ventilatory status of the patient correctly. Currently, the
only method to assess the ventilatory status of any
animal precisely is the measurement of arterial carbon
dioxide. It has been shown that capnography could be
usedto measure arterial carbon dioxide effectively inthe
avian patient (Edling et al., 2001).

Another aspect of anaesthesia that requires moni-
toring is arterial oxygenation. Without question, main-
taining adequate arterial oxygen levels is critical, but itis
very important to understand that satisfactory oxygena-
tion is not equivalent to adequate ventilation. Birds can
be well oxygenated while critically hypercapnic.

Fortunately, recent advances in avian anaesthesia
suchas capnography, IPPV, electrocardiography, pulse
oximetry and Doppler flow monitoring have given the
clinician the tools to perform avian anaesthesia safely
and effectively, with a much greater probability of a
successful outcome.

History and physical examination

A complete and thorough history is perhaps the most
importantinformation one can acquire prior to anaesthe-
sia. This should be followed by a physical examination.

*  While obtaining the history, quietly observe the
patient as it perches in its cage. Watch for signs
of awareness, attention to its surrounding
environment, body position, feather condition and
respiratory rate and depth.

» After the initial observations, perform a thorough
physical examination. Special attention should be
given to the nares, oral cavity, choanal slit,
glottis, abdomen, cloaca, and muscle mass
covering the keel. The heart, lungs and air sacs
should be auscultated for signs of disease.

» If the physical examination, history or other
parameters warrant, a more in-depth evaluation
should be performed (e.g. complete blood count,
biochemical analysis, faecal Gram stain).

Acclimation

Placing a patient into a new or different environment
can be stressful. Many patients will not become accli-
matized to the new environment during the period of
time available. In these cases, the bird’s stress level
will elevate and its disease state may worsen. The bird
may refuse to eat and drink and will need to be given
supportive care. When managing the high-stress bird,
itis best to bring it into the clinic as close as possible to
the time of anaesthesia while still allowing time for a
complete physical evaluation. Preliminary testing, such
as blood work, can be done prior to the day that
anaesthesia will be performed.

Fasting

Ensuring that the crop is empty prior to anaesthesia is
very important, due to the possibility of regurgitation.
There is controversy as to the length of time a bird
should be fasted prior to induction of anaesthesia.
Because of a bird's high metabolic rate and poor
hepatic glycogen storage, it has been recommended
that fasting be limited to no more than 2-3 hours.
However, when working with Cockatiels and larger
birds in good physical condition, removing their food
the night before and their water 2-3 hours prior to the
anaesthetic procedure does not appear to have any
harmful effects (Franchetti and Kilde, 1978).

87


http://vetbooks.ir

Chapter 8 Anaesthesia and analgesia

Restraint

Many owners judge the veterinary surgeon’s clinical
abilities on the physical appearance of their bird after
the visit. Improper capture or restraint techniques can
resultin physical trauma. The most common method of
restraint is with a soft, tightly woven towel (Chapter 4).

Air sacs and positioning

Airsacs do not contribute significantly to gas exchange
and therefore do not play a major role in the uptake of
inhalation anaesthetics, nor do they accumulate or
concentrate anaesthetic gases as once surmised.
Whileabirdisin dorsal recumbency, normal ventilatory
patterns are altered due to the reduction of effective
volume. This is primarily from the weight of the abdomi-
nal viscera compressing the abdominal and caudal
thoracic air sacs. Similar but more extreme ventilatory
problems occur when the patient is placed in ventral
recumbency. This is due to the majority of the weight of
the bird’s body pressing on the sternum and severely
restricting its movement. Patients in both dorsal and
ventral recumbency can be adequately ventilated
through the use of IPPV.

Itis possible to provide inhalation anaesthetics from
either the trachea or a cannulated air sac, due to the
cross-current gas exchange in the avian respiratory sys-
tem. Cannulation also offers an effective means to venti-
late an apnoeic bird with an obstructed upper airway.

Intermittent positive pressure ventilation

IPPV is an effective method for maintaining a normal
physiological state during inhalation anaesthesia. It can
be accomplished either manually or through the use of
mechanical ventilators. Although expensive, mechani-
cal devices are more consistent and free the clinician or
nurse to do other critical duties during anaesthesia.

There are two basic types of assisted ventilation
machines: the volume-limited, which delivers a set tidal
volume, irrespective of airway pressure; and the pres-
sure-limited, which delivers a constant tidal volume until
a predetermined airway pressure is reached. With a
pressure-limited ventilator, as the airway becomes oc-
cluded the machine will deliver a lower tidal volume for
the same airway pressure. Similarly, changes in lower
respiratory compliance over time may alter tidal volume
at a given pressure. Thus, gradual hypoventilation may
result without the operator becoming aware. In contrast,
if the endotracheal tube becomes occluded during vol-
ume-limited ventilation, the resulting high airway pres-
sure willtriggeran alarmthat can alertthe operator. If the
system leaks, gradual hypoventilation will develop due
to a loss of a portion of each tidal volume.

With a volume-limited ventilator, caution is required
during surgical procedures in the coelomic cavity where
there is a significant opening in an air sac. Because
these ventilators only deliver a preset volume of
anesthetic gas, itis almost impossible to control ventila-
tion and thus anaesthesia, because most of the anaes-
thetic gas leaks from the opening in the air sac. Although
difficult, it is possible to control ventilation under the
same circumstances with a pressure-limited ventilator,
because this type of system will continue to supply
anaesthetic gas until a preset pressure is achieved.
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It has been hypothesized that during IPPV the
direction of gas flow within the avian lung can become
reversed. Because the cross-current gas exchange
system is not dependent on the direction of flow, a
reversal of gas flow will not adversely affect gas ex-
change (Ludders et al., 1989a).

Inhalant anaesthetics

Inhalation agents

Inhalation anaesthetic agents are used to produce
general anaesthesia and their safe use requires know-
ledge of their pharmacological effects and physical and
chemical properties. Anaesthetic doses required for
surgery produce unconsciousness (hypnosis),
hyporeflexia and analgesia while providing optimal
control of anaesthesia, rapid induction and recovery,
and relatively few adverse side effects (Muir and
Hubbell, 2000a).

There are currently two agents predominantly used
by avian practitioners for inhalation anaesthesia:
isoflurane and sevoflurane. A third agent, desflurane,
has recently become available, but due to its special-
ized vaporizer and pungent odour it is doubtful whether
it will be commonly used in avian practice. All three of
these inhalation anaesthetic agents produce dose-
dependent central nervous system, respiratory and
cardiovascular effects.

Isoflurane

Isoflurane is the agent of choice for avian practition-
ers, due to its low relative cost, comparatively rapid
induction and recovery, low blood solubility and mini-
mal metabolism. In addition, it does not sensitize the
heart to catecholamine-induced arrhythmias (Muir
and Hubbell, 2000b). It is an excellent choice in a
practice with only one type of inhalation anaesthetic
agent. ltis very safe and effective for the vast majority
of avian anaesthetic procedures, it is almost entirely
excreted by the respiratory system and it has minimal
effects on organ systems. Induction occurs very rap-
idly (1—2 minutes) at a concentration of 3-5%. Main-
tenance at 1.5-2% is adequate for most birds.
Recovery is also very rapid, though there seems to be
a direct relationship between total anaesthetic time
and recovery time.

Sevofiurane

Sevoflurane has also been shown to be an excellent
anaesthetic agent, as it has a lower blood gas parti-
tion coefficient (0.69) than isoflurane (1.41) and is
therefore less soluble in blood, although it is less
potent (MAC 2-3%). This accounts for the shorter
recovery time and time to standing compared with
isoflurane (Greenacre and Quandt, 1997). In critical
or prolonged surgical procedures, the use of
sevoflurane can help to increase the chance of a
successful outcome due to the faster recovery time
when compared with other inhalation anaesthetics. In
addition, sevoflurane does not cause respiratory tract
irritation (as do isoflurane and desflurane) and there-
fore reduces the stress involved with mask induction.
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However, it is significantly more expensive for what
are relatively minor advantages. It has also been
shown to depress plasma ionized calcium leveis sig-
nificantly (M. Stanford, personal communication).

Desflurane

Desflurane is a less potent (MAC 6-8%) anaesthetic
agent that requires a specialized temperature-control-
led and pressurized vaporizer to deliver the anaes-
thetic agent to the patient accurately. It has the lowest
blood gas partition coefficient (0.42) of the three agents
andtissue solubility (desflurane and sevoflurane blood-
brain tissue coefficient = 1.3 and 1.7, respectively)
(Eger El, 1993). These physical attributes provide for a
faster recovery time than isoflurane and sevoflurane,
especially after prolonged anaesthetic procedures. In
humans the pungency of desflurane causes respira-
tory tract irritation, coughing, breath holding and
laryngospasms and thus it is not used for mask induc-
tions (Eger El, 1993).

Halothane

Halothane is no longer considered to be a safe and
reliable anaesthetic agent in avian species as it sensi-
tizes the heart to catecholamine-induced cardiac
dysrhythmias. Fatalities due to pre-existing high levels
of circulating catecholamines in stressed birds have
been associated with the use of halothane. The cardiac
dysrhythmias can and do cause cardiac depressions
which are very difficult to overcome in an anaesthe-
tized patient and commonly lead to cardiac arrest.

Nitrous oxide

Nitrous oxide used alone is incapable of producing
anaesthesia in birds. It has been used in combination
with halothane to speed induction and decrease the
concentration of other anaesthetic agents necessary
for induction and maintenance.

Even when using these reliable agents, anaesthe-
sia remains risky because it depresses ventilation at
concentrations required for surgery (Ludders et al.,
1989a). Specifically, as the concentration of the in-
halation anaestheticincreases, the P,CO, alsoincreases,
which manifests clinically as a respiratory acidosis
(Scheid and Piiper, 1989).

Anaesthetic potency

The most common measure of the potency of an
inhalation anaesthetic is the agent’s minimum alveolar
concentration (MAC). The MAC is generally defined as
the minimum alveolar concentration that produces no
response in 50% of patients exposed to a painful
stimulus. MAC values are measured as the end-tidal
concentration of anaesthetics and are not vaporizer
settings. In birds, the term minimum alveolar concen-
tration is not appropriate because birds do not have an
alveolar lung. It has been suggested that, in avian
species, MAC be defined as the minimum anaesthetic
concentration required to keep a bird from purposeful
movement during a painful stimulus (Scheid and Piiper,
1989). The MAC for isoflurane in cockatoos is 1.44%
(Curro et al., 1994).
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Another method of comparing the potency of an-
aesthetic agents is by the measurement of their ability
to cause respiratory depression and apnoea in an
animal. The anaesthetic index (Al) can predict this
effect: the lower the Al, the greater the chance of
apnoea. The Al forisofluranein dogsis 2.51 andin cats
2.40 (Steffey and Howland,1978), in horses 2.33
(Steffey etal., 1977) and in ducks 1.65 (Ludders et al.,
1990). These values signify that isoflurane is more of a
respiratory depressant in birds than in mammals.

This illustrates one of the great advantages of
isoflurane over halothane in birds. Using halothane,
respiratory and cardiac arrest will occur at approxi-
mately the same time; i.e. if the breathing stops the
heart has normally stopped. With isoflurane, respira-
tory arrest will usually occur first, giving the anaes-
thetist a short time in which to intervene before the
bird dies.

Breathing circuits and gas flow
Non-rebreathing circuits such as Norman elbow, modi-
fied Rees, Ayre’s T-piece and Bain circuits are typically
used during avian anaesthesia. These systemsrely on
high oxygen flow rates to remove carbon dioxide. They
offer advantages over a rebreathing circuit, such as an
immediate response to vaporizer setting changes and
a lower resistance to breathing. Oxygen flow rates in a
non-rebreathing circuit should be two to three times the
minute ventilation or 150-200 ml/kg/minute (Muir and
Hubbell, 2000c).

Induction methods

Mask induction is the most common technique used to
induce inhalation anaesthesia in companion birds. The
extremely efficient respiratory system makes mask
induction the ideal method for avian patients. It is very
quick, easy and effective. The masks can range from
commercially available masks for small animals to
plastic bottles and syringe cases (Figure 8.1a). The
size and shape of the mask depends on the size and
shape of the bird’s head and beak. During induction,
the entire head of the bird should be placed inside the
mask, being careful not to cause damage to eyes and
beak (Figure 8.1b). A disposable latex glove can be
placed over the opening of the mask with a hole cutinto
the centre of the glove for insertion of the bird’s head
(Figure 8.1c). The hole should be roughly the same
diameter as the bird’s neck. When fashioned properly,
the glove will provide a seal around the patient’s neck
tight enough to allow for IPPV. The tight seal also helps
to reduce the amount of waste gas released into the
environment. Waste gas should be properly scav-
enged using appropriate equipment.

For patients that are difficult to control, other meth-
ods of induction include induction chambers and the
use of clear plastic bags to enclose a cage completely
and induce anaesthesia. Both these techniques can
be effective but they have their disadvantages: the
anaesthetist cannot physically experience how the
bird is responding to induction or have the ability to
auscultate the animal; also the patient is not physi-
cally restrained and can injure itself during the excite-
ment phase of anaesthesia.
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m (a) Induction masks can be made from a variety of existing articles, such as plastic bottles, syringe cases, pill
containers and plastic containers. The variety is limited only by the shape of the bird’'s head and by imagination.

(b) Mask induction of a Galah. Note that the head is completely enclosed in the mask, and that the opening of the mask is

covered with a latex glove. (c) Standard small mammal face mask with a latex glove fitted across the opening to create a

tight-fitting induction mask. The hole cut in the glove should be slightly smaller than the neck size of the bird, and the bird’s

head should fit completely inside the mask. When fitted correctly, it is possible to provide IPPV in some circumstances.

Several induction techniques have been described
in the literature including the use of preoxygenation
techniques and slowly increasing the concentration of
the gas anaesthetic agent until the desired effect has
been attained. This method has the disadvantage of
taking longer to achieve a loss a consciousness, which
increases the excitement level of the patient and
epinephrine-induced concerns.

The most common induction method (and the one
the author prefers) is simply to place the induction mask
over the head of the bird with a high oxygen flow rate (1—
2 I/min), adjust the anaesthetic vaporizer concentration
to a high concentration depending on the anaesthetic
agent (4-5% for isofiurane, 7-8% for sevoflurane) and
securely restrain the bird in a towel for the few seconds
it takes to achieve the loss of consciousness. The
vaporizer setting is then reduced to a setting lower than
the MAC while the patient is being prepared for the
procedure. When performed correctly, this method re-
duces the induction time and the stress level on the bird.

Intubation

Intubation of avian species is a relatively simple pro-
cess that is easily mastered. Once anaesthesia has
been induced by the mask induction technique de-
scribed above:

1. Remove the mask and turn off the anaesthetic gas.

2. Have an assistant hold the bird’s beak open.

3. Reaching into the bird’'s mouth, gently grasp the
bird’s tongue and pull it forwards.

4. At the base of the tongue is the glottis. When the
bird breathes, the glottis will open: insert the tip
of the endotracheal tube into the glottis, passing
it into the trachea.

There are several reliable methods for securing the
endotracheal tube to the bird. A good technique is as
follows:

1. Pass a small (5 mm width) piece of one-sided
plastic tape, sticky side toward the tube, centring
it between the tube and the tongue as close to
the point where the tube and the tongue meet as
possible.
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2. Pass each end of the tape around the top of the
tube from each side, by simuitaneously wrapping
and crossing over the top of the tube, but under
the upper beak.

3. Finish by wrapping the ends of the tape around
the outside of the lower beak.

The sticky side of the tape wili wrap around the tube
and the lower beak, providing a secure but easily
removable anchor. This will help to prevent the endo-
tracheal tube from becoming dislodged and will also
reduce the likelihood of tracheal damage (see also
Figure 15.7).

Anotherimportantaspectto address atthis juncture
is the care of the patient's eyes. Most avian patients
have eyes that protrude from their head, making them
proneto physicalinjury. To help to reduce eye damage,
the eye that is closest to the table should be encircled
by a ‘doughnut’ of soft material. An ophthalmic lubri-
cant is useful.

The diameter of the selected endotracheal tube
should be such that the tube will almost completely fill
the glottis/trachea. This will help to provide a tight seal
and ensure that the anaesthetic gas goes into the
patient and not into the operating theatre. A tube thatis
too large will damage the delicate tracheal tissues and
can lead to strictures shortly after anaesthesia.

Another important item to consider is ‘dead
space’,i.e. the spaceinthe endotracheal tube, anaes-
thetic machine tubes and the trachea of the bird
that does not contribute to gas exchange. It is very
important to use the shortest endotracheal tube pos-
sible to reduce this dead space to a minimum, as too
much dead space can lead to a more difficult anaes-
thetic procedure.

When short (10 minutes or less) non-invasive pro-
cedures such as radiography, blood collection and
physical examinations are to be performed, intubation
is usually not necessary. In these circumstances it is
even more critical that there is a good seal between the
anaesthetic mask and the patient’s neck. This seal will
allow the performance of limited IPPV without an
endotracheal tube. When the procedure is longer than
10 minutes or invasive, intubation is essential.
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m (a) Examples of endotracheal tubes. Cole (left) and red rubber catheter endotracheal tubes can be fashioned for
smaller patients. (b) Stepped tubes, which have the advantage of the step closing the glottis and are therefore
suitable for use with mechanical ventilators. These tubes are uncuffed and so the airway space is maximized. (c) Suitable
tube for a small psittacid (down to Cockatiel size) made from a urinary catheter. (d) Commercially produced endotracheal
tubes can be as small as 1.5 mm in diameter. This tube is 2 mm in diameter and is suitable for large Budgerigars. Note the

stiffening stylet (arrowed).

Most birds with body weights of 100 g and higher
can be intubated with minimal difficulty using readily
available manufactured endotracheal tubes specifi-
cally for avian species or for human paediatric patients.
Although challenging, it is possible to intubate birds
weighing as little as 30 g. The smaller birds can have
an endotracheal tube fashioned from a red rubber
catheter or intravenous catheters of the appropriate
diameter. Some manufacturers also make small endo-
tracheal tubes that are appropriate for small birds
(Figure 8.2).

Care mustbe taken to ensure that the trachea is not
damaged during intubation. The endotracheal tube
should provide a good seal with the glottis but should
not fit too tightly. If the tube is cuffed, the cuff should
either not be inflated or be inflated with tremendous
care. Because of the limited flexibility of the complete
cartilaginous rings, an over-inflated cuff will cause
damage to the tracheal mucosa. Tracheal damage
may not become apparent for several days following
intubation, when the bird will present with dyspnoea
due to a stricture in the tracheal lumen.

The mostcommon problem associated with intuba-
tion of companion birds during inhalation anaesthesia
is airway occlusion. Small endotracheal tube diam-
eters and cold dry gases increase the probability of a
complete or partial airway obstruction by mucus. This
is not prevented by atropine premedication. As the
airway becomes occluded, the expiratory phase of
ventilation becomes prolonged (Ludders and Matthews,
1996). The obstruction can be corrected by extubating
the patient and cleaning the endotracheal tube. The
use of IPPV generally reduces the likelihood of endo-
tracheal tube occlusion due to the constant forced
movement of air into and out of the patient.

Air sac cannulation

Where surgical accessis requiredto the head, neckand,
especially, the trachea it is possible to cannulate the
abdominal air sacs and provide anaesthesia via this
route. The access site is identical to that used for left

lateral laparoscopy (see Figures 9.10-9.13). After in-
duction the bird is maintained on an open mask while the
site is prepared for surgery. A small incision is made in
the skin. The underlying muscle layers and the air sac
wall are penetrated bluntly using a pair of haemostats.
The tube is introduced and sutured in place (Figure 8.3).

(b}

m (a) Air sac tube into the left caudal air sacs of a
Blue-fronted Amazon. (b) A T-piece circuit can
be attached, enabling maintenance of anaesthesia and
thus allowing easy access for the surgeon to remove a
syringeal aspergilloma from this bird. The tube has been
sutured in place so that it can be left in situ after surgery.
(Photographs courtesy of John Chitty.)
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A variety of tubes may be used. While tubes suitable
for medium to large parrots are available commercially,
‘home-made’ tubes may also be used with some success.
A suitable tube for Budgerigars and Cockatiels may be
made from a cut-down dog or cat urinary catheter or a
large-bore venous catheter. For larger birds, conven-
tional endotracheal tubes may be sterilized and cut down
to size. Side holes should also be made in the tube.

After the tube is implanted, anaesthesia is provided
by attaching a conventional Ayre’s T-piece to the air sac
cannula. It is generally necessary to reduce gas flow to
approximately one-third the rate used when performing
tracheal intubation. IPPV may be provided using me-
chanical ventilators when using air sac tubes. It may also
be harder to monitor anaesthesia using this technique,
as respiratory movements will normally stop. Itis there-
fore essential to monitor heart rate and peripheral blood
flow. If desired (e.qg. if there is tracheal obstruction or
inflammation) the air sac tube may be left in place at the
end of the procedure. (Bizarrely, parrots usually leave
the tube in place unless the trachea is patent.) When
reinducing anaesthesia in a cannulated bird, conven-
tional mask induction is normally used but the air sac
tube should be blocked until the bird is anaesthetized.

This technique is contraindicated where there is
significant lower respiratory tract disease or where
there is ascites. Care should be taken if there is
significant organomegaly or proventricular dilatation.

Injectable anaesthetics

There are many inherent disadvantages associated
with the use of injectable anaesthetic agents in avian
species. The most notable drawbacks include the
difficulty involved with delivering a safe and effective
volume, significant species variation, cardiopulmonary
depression, and prolonged and violent recoveries
(Ludders and Matthews, 1996). The advantages of
injectable anaesthesia are few and mostly related to
cost and ease of administration. The author strongly
discourages the use of injectable anaesthetics, as the
disadvantages significantly outweigh the advantages
in all but the most severe situations (such as field
conditions where inhalant anaesthesia is not avail-
able). If the decision is made to use injectable anaes-
thesia, the clinician should understand that most of the
positive attributes associated with inhalation anaes-
thesia cannot be exploited. When using any of the
injectable anaesthetic agents, it is advisable to intu-
bate the patient and monitor its physiological state as
if it were undergoing general inhalation anaesthesia.

Preanaesthetics

One of the major differences found in avian anaesthe-
sia is in the preinduction and induction phase of the
process. While preanaesthetics are commonly used in
dog and cat procedures, they are rarely used in avian
procedures. This is because in most avian cases they
are simply not needed and often will simply add to the
stress level of the animal being treated. As with inject-
able anaestheticsin general, the use of preanaesthetics
is not normally warranted in avian anaesthesia.
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Parasympatholytic agents

The use of routine parasympatholytic agents in avian
species is counterproductive in most circumstances.
Parasympatholytic agents (atropine and glycopyrrolate)
in avian species exacerbate thickening of salivary,
tracheal and bronchial secretions and increase the risk
for airway obstruction. Dosage rates are: atropine
0.02-0.08 mg/kg i.m., 0.01-0.02 mg/kg i.v.; glyco-
pyrrolate 0.01-0.02 mg/kg i.m., 0.01-0.02 mg/kg i.v.

Tranquillizers

Tranquillizers such as diazepam and midazolam are
benzodiazepines that have excellent muscle-relaxant
properties. They lack analgesic properties whether
used alone or in combination with primary anaesthetic
agents such as ketamine. Diazepam can be used to
tranquillize a bird prior to mask induction with an
inhalant anaesthetic, thus reducing the stress involved
with the procedure (Ludders and Matthews, 1996).
Many clinicians find this a useful preanaesthetic and
have been very successful using this drug in birds that
are difficultto control due to their elevated stress levels.
This technique will effectively decrease the circulating
levels of norepinephrine and epinephrine, which can
help to reduce the problem of catecholamine-induced
cardiac dysrrhythmias.

An important feature of diazepam, in contrast to
midazolam, is its shorter duration of action, which leads
to a faster recovery. Midazolam is more potent than
diazepam and does not adversely affect mean arterial
blood pressure and blood gases in select avian spe-
cies. Dosage rates are: diazepam 0.2-0.5 mg/kgi.m.,
0.05-0.15 mg/kg i.v; midazolam 0.1-0.5 mg/kg i.m.,
0.05-0.15 mg/kg i.v.

Alpha-adrenergic agents

Xylazine, medetomidine and other related alpha,-adren-
ergic agonists have both sedative and analgesic prop-
erties. They canhave profound cardiopulmonary effects,
including second-degree heart block, bradyarrhythmias
and increased sensitivity to catecholamine-induced
cardiac arrhythmias. When used alone in high doses,
xylazine is associated with respiratory depression,
excitement and convulsions in some avian species
(Ludders and Matthews, 1996). When used in combi-
nation with ketamine, the sedative and analgesic ef-
fects of xylazine are enhanced. One positive aspect of
this class of drug is that an overdose or slow recovery
can be treated with an alpha-adrenergic antagonist
reversal agent such as yohimbine or atipamezole.

General anaesthetics

Ketamine

Ketamine hydrochloride, a cyclohexamine, produces a
state of catalepsy and can be given by any parenteral
route. When used alone, ketamine is suitable for chemi-
cal restraint for minor surgical and diagnostic applica-
tions, butitis not suitable for major surgical procedures
(Ludders etal., 1989b). Givenintramuscularly, ketamine
produces anaesthesia in 3—-5 minutes with a duration of
10-30 minutes. The recovery period is from 30 minutes
to 5 hours. The dosage varies among species but in
general it is inversely proportional to body weight on a
per kilogram basis.


http://vetbooks.ir

Higher doses of ketamine do not provide a better
plane of anaesthesia; they simply prolong its duration
while decreasing its margin of safety. Ketamine is
generally used in conjunction with other drugs such as
diazepam or xylazine to improve the quality of the
anaesthesia by providing more muscle relaxation or
increased analgesia.

Ketamine can also be given intravenously to larger
birds, rapidly inducing anaesthesia, which lasts from
15 minutes to several hours. It may be combined with
diazepam to smooth induction and recovery and to
enhance muscle relaxation. The usual dose of ketamine
in this combination is 30-40 mg/kg and diazepam is
1.0-1.5 mg/kg. As with the intramuscular route, there
is substantial variation in the amount of anaesthetic
required by different species. Itisimportant to inject the
drug slowly and to give itin small increments separated
by afew minutes. Too much ketamine given too quickly
can result in apnoea and even cardiac arrest.

Ketamine may also be used in combination with
xylazine. A 100 mg/ml concentration of ketamine may
be mixed with a 20 mg/ml concentration of xylazine on
an equal volume basis. Administered intramuscularly,
this combination induces an anaesthetic level ade-
quate for diagnostic procedures or minor surgery. The
combination is given based on the ketamine dose and
may be given intravenously.

To extend the duration of anaesthesia, the dose of
ketamine can be repeated. The duration of anaesthe-
siaand recovery time are dose dependent, but analge-
sia appears to be incomplete even at high doses.

Propofol

Propofol is a substituted phenol derivative developed
for intravenous induction and maintenance of general
anaesthesia. Its major advantage is rapid onset and
recovery and thus it has very little residual or cumula-
tive effect. Its major disadvantages are dose-depend-
entcardiovascular and respiratory depression (Machin
and Caulkert, 1996) and that it gives a very short period
of anaesthesia. Propofol dosage rates are 10 mg/kg
slow i.v. infusion to effect; up to 3 mg/kg increments for
supplemental doses.

Analgesia

Recognition of pain is not easy in prey species such as
parrots, as they will often not show overt signs. In
parrots, pain evaluation studies have been hampered
by parrots' ability to recognize and respond to repeated
painful stimuli before receiving the stimulus. Similarly,
excessive vocalization may be normal rather than a
sign of pain!

The clinician is therefore advised to ask the follow-
ing questions:

¢  Would the lesion be painful to a human?

* Is the lesion damaging to tissues?

+ Does the bird display behaviour(s) that may
indicate pain, e.g. change in temperament
(aggressive or passive), restlessness, reduced
grooming, reluctance to perch, lethargy, reduced
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appetite, constipation, dyspnoea, lameness,
biting/chewing at surgical incisions or wounds,
tonic immobility?

If the answer to any of these questions is 'yes',
then it should be assumed that the patient is in pain
and analgesic drugs should be used. An excellent
overview of this subject is provided by Hawkins and
Machin (2004).

Injectable anaesthetic drugs such as alpha-adren-
ergicagents (see above) and ketamine (see later) have
analgesic properties. Opioids, local anaesthetics and
non-steroidal anti-inflammatory drugs are more com-
monly used for pain relief in parrots.

Opioids

Opioids are commonly used as a premedication in
small mammal medicine both for presurgical analgesia
and to reduce the amount of anaesthesia necessary to
achieve a surgical plane. In pigeons, the kappa opioid
receptors account for the majority of the opioid receptor
sites; thus butorphanol, a kappa agonist, may be a
better analgesic than mu opioid agonists (Mansour et
al., 1988). In addition, it has been demonstrated that
butorphanol reduces the concentration of isoflurane
needed to maintain anaesthesia in cockatoos (Curro et
al., 1994). Butorphanol dosage rates are 1.0 mg/kg
i.m., 0.02-0.04 mg/kg i.v.

Local anaesthetics
Local anaesthetics have been shown to provide excel-
lent results when used as preventive analgesiain avian
species. However, they do not provide relief from the
stress involved with the restraint and handling of the
conscious avian patient.

It has been established in humans and animals that
it is easier to prevent pain than it is to treat pain. In fact,
it has been demonstrated that the repeated stimulation
of the neurons in the dorsal horn of the spinal cord can
cause them to become hypersensitized. The morpho-
logy of these neurons actually changes and they be-
come ‘woundup’. Asaresult, the response to successive
incoming signals is changed. This neuronal hypersensi-
tivity continues even after the noxious stimulus stops
and can last 20 to 100 times longer than the original
stimulus (Woolf and Chong, 1993). The technique of
administering a preoperative local anaesthetic to block
the transmission of noxious stimuli can prevent or at-
tenuate the ‘wind-up’. This procedure is especially effec-
tive for painful procedures such as amputations, fracture
repairs and coelomic surgeries. However, care must be
taken not to induce seizures or cardiac arrest with an
overdose. If necessary, the volume can be diluted to
make it a more convenient volume for administration.

in summary, local anaesthetic agents should be
used primarily as an adjunct to general anaesthesia in
helping to prevent ‘wind-up’. In general, due to the high
levels of stress involved with handling and restraint, they
should notbe usedin conscious birds forlocal anaesthe-
sia, exceptinrare circumstances where the patientis not
overly stressed and the procedure is uncomplicated
(e.g. abrokentoe nail). Lidocaine dosage rates (i.m. and
s.c. only) are 1.0-4.0 mg/kg, diluted at least 1:10.
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Non-steroidal anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs (NSAIDs) act
by inhibiting cyclo-oxygenase, thus reducing the syn-
thesis of prostaglandins. Prostaglandin synthesis is
mediated by one of two isoforms of cyclo-oxygenase:
cyclo-oxygenase 1 (COX-1) and cyclo-oxygenase 2
(COX-2). Prostaglandins formed by COX-1 are con-
stantly present during normal physiological events.
Prostaglandins formed by COX-2 are active only inter-
mittently. As a category, NSAIDs inhibit both COX-1
and COX-2, but a preference is given to drugs that act
more strongly on inhibition of COX-2. Preoperative
administration of NSAIDs can decrease tissue
sensitization that occurs as a result of surgical trauma
and can also reduce the amount of time necessary for
postoperative opioid therapy. Much of the information
about dosages for birds has been established empiri-
cally (Figure 8.4).

Drug Dosage

5.0 mg/kg orally, g8h
or 325 mg/250 ml drinking water

2.0-4.0 mg/kg orally, q12h to g8h
1.0 mg/kg i.m. g24h

Acetylsalicylic acid

Carprofen

Flunixin meglumine

Ibuprofen 5-10mg/kg orally g12h to q8h
Ketoprofen 2.0 mg/kg i.m. or s.c. g24h to q8h
Meloxicam 0.1 mg/kg orally g24h
Phenylbutazone 3.5-7.0 mg/kg orally q8h
Piroxicam 0.5 mg/kg orally g12h

m Dosages for NSAIDs.

Patient monitoring

Monitoring the avian patient during anaesthesia is the
most critical aspect of the process. The bird must be
maintained and properly monitored while appropriate
responses to its physiological state are performed in a
timely fashion.

Apnoea and hypoventilation are the most com-
monly experienced problems noted during anaesthe-
sia. Because of the bird’s small functional residual
capacity, periods of apnoea are critical: without suffi-
cient airflow through the lungs, gas exchange does not
occur and the physiological acid—base balance main-
tained by the respiratory system is made ineffective.

Respiratory system

Both the respiratory rate and tidal volume should be
monitored during anaesthesia to help to assess the
adequacy of ventilation. These parameters can be
supervised by observing the respiratory rate and pat-
tern and auscultating the coelomic cavity. There is no
formula involving respiratory rate and tidal volume that
can be used successfully to determine the correct
ventilatory status of the patient. The only way to assess
ventilation in the patient accurately is through some
measure of arterial carbon dioxide.
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One study in Grey Parrots indicated that capno-
graphy can be used to monitor arterial CO, effectively
and that the end-tidal (ET) CO, consistently overesti-
mates arterial CO, by approximately 5 mmHg (Edling
et al., 2001). When using capnography in avian
patients, a side-stream capnograph should be utilized
and the dead air space associated with the endotra-
cheal tube must be minimized. The capnograph can
be connected to the breathing circuit throughan 18 G
needle inserted into the lumen of the endotracheal
tube adaptor (Figure 8.5).

m Cole endotracheal tube shortened to reduce
dead air space. The endotracheal tube adaptor
has been modified to allow the attachment of a side-
stream capnograph. This has been accomplished by
mounting an 18 G needle into the lumen of the adaptor,
with the needle bevel facing the patient.

Positive pressure ventilation by means of a me-
chanical ventilator or by manual compression can
be used successfully to maintain the avian patient
during inhalation anaesthesia. To prevent volotrauma
to the air sacs during positive pressure ventilation,
airway pressures should not exceed 15-20 cm H,0.
When using IPPV techniques, the ventilations should
be adjusted per minute and/or per minute volume
either mechanically or manually according to the
ETCO,, striving to maintain the patient within normal
physiological range. As a guideline, an ETCO, of
30-45 mmHg indicates adequate ventilation during
inhalation anaesthesia in the Grey Parrot (Edling et
al.,, 2001).

Circulatory system

There are several non-invasive methods to monitor the
circulatory system of the avian patient, such as auscul-
tation, pulse rate and an electrocardiogram (ECG). In
addition, monitoring the pulsations of blood through a
peripheral artery can assess heart function. An 8 MHz
Doppler flow probe is an effective means to monitor
pulse rate and rhythm. This is an excellent method for
assessing peripheral circulation, as strength of ‘pulse’
is directly correlated with the signal volume. Standard
bipolar and augmented limb leads can be used to
monitor and record the ECG, which reports the electri-
cal activity of the heart. The ECG equipment used must
be able to detect and accurately record the high heart
rates (up to 500 beats per minute) associated with
avian species.

Anewtechnique, employing an oesophageal probe,
can be used to obtain ECG readings: the probe is
inserted into the oesophagus of the patient and at-
tached to the standard ECG leads via an adaptor. This
technique achieves accurate readings without the use
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of limb leads. It is difficult to measure arterial blood
pressure directly in psittacine birds, due to their small
size, the invasiveness of the procedure and the cost of
the equipment. This procedure is generally only per-
formed in laboratory settings and when working with
large avian species such as ratites. Chapter 20 dis-
cusses ECG techniques and interpretation.

Central nervous system

The central nervous system can be assessed in avian
patients by directly observing jaw tone, cloacal reflex,
eye reflex, pedal reflex and muscle relaxation. One
study indicated that the ideal anaesthetic level had
been reached when the patient’s eyelids were com-
pletely closed and mydriatic, the pupillary light reflex
was delayed and the nictitating membrane moved
slowly over the entire cornea; in addition, the muscles
were all relaxed and all pain reflexes were absent
(Korbel et al., 1993). Although these are reliable
indicators of anaesthetic depth to experienced clini-
cians, there is a fine line between the presence of
these central nervous system assessments and the
absence of reflexes altogether, which is a life-threat-
ening situation.

Oxygenation

Ensuring thatthe patienthas an adequate P,O,is very
important to the successful outcome of anaesthesia.
An intubated bird on 100% oxygen during inhalation
anaesthesia is usually well oxygenated but, even in
well oxygenated birds, problems such as apnoea,
ventilation—perfusion mismatch and tracheal obstruc-
tions can significantly alter the partial pressure of
arterial oxygen. Mucous membrane colour can be
used to monitor change but is not effective in a critical
patient. The only method for determining a patient’s
arterial oxygenation status accurately is arterial blood
gas analysis. Studies using pulse oximetry indicate
that, while this is a valuable tool for assessing mam-
malian oxygen saturation, it is not consistently accu-
rate in avian patients, though it can be used
successfully to monitor trends (Schmitt et al., 1998).
Itis very important that the anaesthetist be careful not
to interpret satisfactory oxygenation, through the use
of a pulse oximeter, as adequate ventilation. P,0, is
not a reliable indicator of the ventilatory status of a
bird or any other animal. Birds can be well oxygenated
and at the same time extremely hypercapnic (Edling
et al., 2001).

Temperature

Hypothermia is the most common problem associ-
ated with prolonged anaesthesia: it decreases the
requirement for anaesthetic, causes cardiac instabil-
ity and prolongs recoveries. Maintaining the correct
body temperature is one of the most critical aspects of
successful anaesthesia. The flow of dry anaesthetic
gasesthrough the respiratory system, removing feath-
ers for sterile skin preparation, surgical skin prepara-
tion, blunted physiological responses and the small
body mass in relation to surface area are among
the many factors that quickly serve to decrease the
patient's body temperature. Hypothermia is also sig-
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nificant post-surgically, because hypothermic patients
must use critical energy reserves to generate heat
by shivering.

There are many methods for maintaining a patient’s
body temperature during anaesthesia, including circu-
lating-water blankets, warm-air blankets, heated sur-
gery tables, warm towels and warm intravenous fluids.
With warm-air blankets, the patient’s eyes must be kept
well lubricated, as these devices tend to dry the eyes.
Although very effective, warm-air blankets tend to get
in the way of the surgical procedure, especially in the
smaller avian patients. Many clinicians use several of
these methods simultaneously to help to ensure that
the patient's core body temperature is maintained
within normal parameters.

The most effective method for providing heat during
anaesthesia is with a radiant energy source (Phalen et
al., 1997). This simple and cost-effective method con-
sists of a radiant heat lamp ‘aimed’ at the body of the
patient. It does not hinder access to the patient, but it
does add considerable heat to the operating arena,
sometimes making it uncomfortable for the surgeon
and technicians. It should be remembered that many of
these techniques are so successful that a fatal
hyperthermia is also a possibility. Body temperature
can be reliably monitored with a long flexible thermistor
probe inserted into the oesophagus to the level of the
heart. Temperature monitoring through the use of
cloacal probes can be accurate but is dependent on
body position and cloacal activity over time.

Recovery

Recovering the avian patientis usually a rapid process
once the anaesthetic gas has been turned off. The
birds should be disconnected from the anaesthetic
circuit, which should be flushed with oxygen before the
patient is reconnected to it and the recovery continued
with the patient on 100% oxygen. Most birds will
experience muscle fasciculations as they become
lighter. If the bird is being auscultated at this time, the
heart sounds will become less audible due to the
muscle movement (Edling, 2001). Care should be
taken not to interpret this incorrectly as a deep plane of
anaesthesia. This is especially important during surgi-
cal procedures. As the bird becomes lighter, more
apparent movements will become evident, such as
wing flutter and leg withdrawal. When the patient starts
to exhibit jaw movement, it should be extubated (to
keep it from severing the endotracheal tube) and held
lightly in a towel in an upright position. The mask used
forinduction, without the latex glove, should be used to
provide oxygen. (Wrapping the towel too tightly will not
only inhibit breathing but can also produce excessive
retention of body heat, leading to hyperthermia.) The
patient should be held in this fashion until it can hold
itself upright. At this point it should be placed in a dark
padded box and the box should be placed in a heated
oxygenated cage. This will allow the bird to recover
fully in a less stressful environment. Most patients will
appear fully recovered from inhalation anaesthesia
within 15-30 minutes.
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Anaesthetic emergencies

Emergency situations arising from anaesthesia are no
longer as common as in the past. Psittacine birds can
be successfully maintained underinhalation anaesthe-
sia for 2 hours or more with a low prevalence of
morbidity and mortality. This is primarily due to the
practitioner’s ability to monitor and maintain the patient
within its normal physiological parameters.

Although emergencies are not common, antici-
pated emergency drugs should already be drawn into
syringes and readily available for use. Time is critical in
emergency situations and trying to find and calculate
drug doses during these stressful circumstances can
make the difference between a happy outcome and a
tragedy. In long procedures, emergency procedures,
procedures involving potential significant blood loss or
in birds with a history of cardiovascular problems
during surgery, it is advisable to place an intravenous
(basilic, jugular, medial metatarsal) or interosseous
catheter (ulna, tibiotarsus) after induction but prior to
the start of surgery. This will allow immediate access to
the bird’s circulatory system and can save valuable
time in case an emergency arises. It also allows for
constant infusion fluid therapy, which is a very useful
tool during any surgical procedure. Figure 8.6 de-
scribes common emergency treatments.

A. AIRWAY If not already done, the bird should be intubated
Where tracheal obstruction is suspected, air
sac cannulation should be performed

B. BREATHING Mechanical ventilation should be provided

If not available, PPV may be provided by
gentle pressure on the circuit’s rebreathing bag
or by gently compressing the bird’s body such
that the keel is moved up and down

Doxapram 5-10mg/kg i.v.

C. CIRCULATION

Intravenous or intracsseous access should be
provided (Chapter 6)

A bolus of Hartmann'’s {10 ml/kg) can be given
followed by infusion at 10 mi/kg/hour

External cardiac massage is not possible in
birds

D. DRUGS

In cardiac arrest: epinephrine 0.1 mg/kg i.v.,
intraosseous or intracardiac or via
endotracheal tube, diluted 1:10 with Hartmann's
prior to use

If brachycardiac due to supraventricular
bradycardia: atropine 0.01-0.02 mg/kg i.v.
Other anti-dysrhythmics according to ECG
indication

Anaesthetic emergencies: a clinical approach.
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9

Diagnostic imaging

Nigel H. Harcourt-Brown

Radiology

Radiology is used in all branches of clinical veterinary
science. Most of the radiographic techniques used on
dogs and cats are applicable to birds. Whole-body
radiographs should be used as part of the routine
examination of most ill birds.

Any small-animal radiography set will be able to
produce good avian radiographs. It is very uncommon
to have to use a voltage of more than 60 kV. A large
amperage is useful as it will allow fast exposure times,
but perfectly adequate radiographs can be produced
with 20 mA and exposure times of up to 0.2 seconds.
Exposure times of > 0.2 s will produce blurred images
on the radiograph. Because of this, image-intensifying
screens are necessary. Fine-definition screens that
are used for the extremities in humans are very useful
for cats and small dogs as well as birds. Fine-definition
screens require a higher amperage than fast screens
but a lot less than non-screen film. Fast screens lose
too much fine detail to be useful for avian radiography.

The choice of film and processing chemicals is
decided by the type of screen to be used in the
cassette. Mammography film used with appropriate
screens and cassettes will give extremely good detalil
but processing temperature is critical and the screens
are easily marked with scratches and dust. The ma-
chine needs a large amperage to avoid having to
increase the exposure time so much that cardiovascu-
lar and other soft tissue movements blur the detail that
the mammography film provides.

Positioning the patient
It is important to consider what is wanted from the
radiograph. A bird that only needs to be screened for the
presence of metal in its gizzard requires a different
technique to the bird that is lame. For accurate diagnosis
it is usually important to have two correctly positioned
views, the second view taken at 90 degrees to the first. To
allow perfect positioning and to keep within the law in the
UK, some form of restraint is necessary that allows the
radiographer to stand away from the patient whilst the X-
rays are emitted. It is possible to restrain conscious
parrots using various positioning devices and these allow
whole-body radiography if used sensibly. Most parrots
are best restrained using a general anaesthetic and this
allows perfect positioning using sandbags and ties.
Lateral (Figure 9.1) and ventrodorsal (VD) views
(Figure 9.2) of the whole body of the bird are very useful

as a general overview of the body and are often the
next step towards a diagnosis after the clinical exami-
nation. As well as both views it can be useful to use two
different voltage values (5 kV apart) for each view. This
will give the best set of radiographs for accurate diag-
nosis. Ties, sandbags and zinc oxide tape are useful
for positioning. For the lateral view the wings should be
extended dorsally so that they do not overlie the body.
Birds that are not used to flying are often unable to
extend the shoulder joint fully. Too much dorsal exten-
sion of the wings places a strain on the humerus, which
could result in a fracture. The legs should be held in
caudal extension.

Interpretation of radiographs

Respiratory system

The trachea can be seen lying next to the neck and
entering the body, where it terminates at the syrinx.
The syrinx leads into the primary bronchi, which are not
normally seen. The lungs are visible on both lateratand
VD views in a normal bird. Laterally the normal lung
looks like a sponge, due to the parabronchi being seen
end-on (Figure 9.3). -

The lungs overlie each other on this view. The VD
view shows each lung on either side of the vertebral
column and on this view the lungs have the appear-
ance of a thumbprint, as the parabronchi tend to run
across the lung (Figure 9.2). The air sacs are visible
around the heart and abdominal viscera as dark, air-
filled spaces. The clavicular air sac can be seen just
below the shoulder joint, again dark against the denser
surrounding muscle because of the air contained in it.

Pneumonia and air sacculitis can be seen on both
views. With pneumonia, the fine detail of the lung is lost
and the organ becomes blurred. It is possible to see
abscesses in the lung as areas of increased density,
either a solid mass or as a halo of density.

In cases of air sacculitis, the air sacs can become
radio-opaque if filled with pus or fluid but usually there is
air within the air sac and the walls are thickened, which
causes a loccular appearance that is typical of aspergil-
losis (Figure 9.4). Birds that are dyspnoeic with a swollen
abdomen may have large amounts of fluid in the air sacs
or peritoneal cavities. Common causes are congestive
heart failure, tumours, or serositis. This fluid should be
drained by paracentesis prior to anaesthesia. Ultra-
sonography is useful for these cases (see later) as the
presence of fluid can be assessed prior to drainage.
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m A lateral radiograph of a
normal adult male Grey
Parrot. This bird has no gritin its
gizzard. It has been starved for 12
hours and its crop is empty. The

bones may be identified by looking
at Figure 2.4.
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m A ventrodorsal radiograph of a normal adult male Grey Parrot. The parrot is correctly positioned, as the sternum
lies directly above the vertebrae. The bones can be identified from Figure 2.4. On this view the parabronchi
appear as a series of parallel lines, like a thumbprint. Compare with Figure 9.3, where on the lateral view they have a
sponge-like appearance.
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b
m Lateral view of a normal lung. The parabronchi
are seen as black dots within the lung field, as
they are being viewed end-on. An exposure of 5 kV more
would show the syrinx and trachea more clearly but would

show less lung detail.
m Clinical signs of
dyspnoea and

weight loss in a
Hispaniolan Amazon.
Loss of parabronchial
(thumbprint) detail and
‘fluffy’ opacities can be
seen in the lung field. All
the air sacs can be seen
clearly, due to thickened
air sac walls. The interior
of each air sac was full of
Aspergillus fungus. The
clavicular air sac is
overdistended and
obvious as it runs across
the cranial part of the
body and enters each
humerus.

Cardiovascular system

The heart is visible on both views; the main arteries
appear as a pair of twin dots above and lateral to the
heart on the ventrodorsal view. On the lateral view
these blood vessels are much more recognizable.
Enlargement of the heart, calcification of the major
arteries and oedema within the lungs can be seen
when present. Transudate/oedema due to congestive
heart failure is impossible to differentiate radio-
graphically from effusion from a visceral tumour, puru-
lent air sacculitis, serositis and occasionally an enlarged
liver. Ultrasonography is very useful for this.

Coelomic contents

The liver can be seen best on the VD view. If the bird
has eaten recently and has a full proventriculus and
gizzard, or has a pathological dilatation of the proven-
triculus, the liver is spread laterally to occupy more
space in the abdominal air sac. This must be differen-
tiated from pathological enlargement of the liver. On a
VD view the proventriculus also overlies the left side of
the liver and on occasions makes it difficult to know
whether the liver is enlarged or not.
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The proventriculus is seen most clearly on the
lateral view (Figure 9.5). It can be distended normally
with food but will enlarge and distend pathologically
with a number of conditions. Barium will often help to
differentiate these conditions (Figure 9.6). Most patho-
logical distensions slow or stop the passage of food
through the gut. Increased time for the passage of
ingesta is only an indication that the bird is ill and is not
necessarily diagnostic of any particular disease.

m Proventricular dilatation disease (PDD) in a

Grey Parrot. The proventriculus and gizzard
are over-distended. Some cases are best highlighted

with barium.

m This bird was thin and regurgitating its food. A
plain radiograph showed abnormal density in

the coelomic region. Liquid barium sulphate (2 mi) was
introduced using a gavage tube passed down the
oesophagus, through the crop and into the thoracic inlet
so that barium was given directly into the start of the
proventriculus. This has outlined the almost invisible mass
of sunflower seed in the dilated proventriculus.

The gizzard is visible on both lateral and dorsoven-
tral views. If the parrotis given grit this will be easily seen
withinthe muscular grinding gizzard. (The gizzardis less
obvious in birds that do not have access to grit.) Grit
outlining the gizzard can be very useful in determining
the nature of enlarged abdominal contents: if the liver is
enlarged, the gizzard is moved caudally; if the kidneys or
oviduct is enlarged, the gizzard is moved cranially. The
grit can reflux into the proventriculus in a normal anaes-
thetized bird. Lead is sometimes ingested and in this
case it will collect in the gizzard. Birds that have lead in
their gizzard will always be suffering from lead poisoning
and should be treated. Leadis much more radio-opaque
than grit. Galvanized wire will cause zinc poisoning if
retained in the gizzard. Other metallic objects may or
may not be poisonous (Chapter 20).
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The intestines are seen as a mass in which only
small amounts of detail are visible. They may or may
not contain gas. The cloaca can be demonstrated most
obviously onthe lateral view and can be seen to contain
urates in some individuals.

The spleen is usually only visible on the lateral view
but can also be seen on the VD view if very enlarged,
when it adds to the confusing mass of liver overlying
kidneys. A slightly oblique VD view is often useful.
Parrots with splenomegaly should be considered as
candidates for Chlamydophilainfection but chronic bac-
terial infections, tuberculosis and lymphoma will cause
similar splenic (as well as liver and kidney) enlargement.

The kidneys are seen on a lateral radiograph but
overlie each other. They can be differentiated into their
various divisions on the VD view but are overlain and
somewhat obscured by the intestines. Sometimes they
are very distinct on the VD view and they may well be
enlarged and more dense in these cases. They can
also contain urates, which are radio-opaque.

Occasionally the gonads of either sex are obvious
just ventrocranial to the kidney on the lateral view.

Extremities

The head and neck and the thoracic and pelvic limbs
should each be evaluated separately. Although the
whole wing orleg canbe examined on a single ‘shot’, the
necessary detail will be revealed better if the affected
area is viewed with the beam coned down and at an
appropriate exposure. The exposure will vary for differ-
ent areas of the limb in the same bird. Positioning is
important. With the use of fine-definition screens, a lot of
useful soft tissue detail is visible on limb radiographs.

Growing bones

Although bone growth occurs at a similar position to that
of the mammalian growth plate, the growing bird has
cartilaginous epiphyses. No growth plates are visible but
the distal tibiotarsus and proximal tarsometatarsus look
as if they have them, due to the presence of the tarsal
bones. The same is seen in the carpometacarpus.
Metatarsals Il, lll and IV and the two metacarpals of the
hand can be seen as separate entities in the first third of
growth (see Figures 11.10 and 11.11).

Medullary bone

The medullary cavity of the long bones of female birds
becomes filled with special bone in the breeding sea-
son (Chapter 2; see Figure 18.4).

Osteopathology

The appearance of osteomyelitis in birds differs from
that in mammals because of the caseous nature of
avian pus. Abscesses form in the medullary cavity and
slowly enlarge. The bone is distorted around the ab-
scess and may either form a bubble-like appearance or
disappear (see Figures 11.6 and 11.16).

Septic arthritis is different, as the joint fiuid keeps the
pus more liquid. The surface of the jointis eroded and the
jointspace expands. The edge of the lesionis notclearcut
and has a more roughened outline (see Figure 11.17).

Bone tumours are uncommon and cause osteolysis,
increased soft tissue density and often a periostitis.
These changes do not cross a joint (see Figure 11.15).
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Osteoarthritis gives the same periarticular changes
as are seen in mammals. Trauma causes single joint
involvement. Age-related osteoarthritis affects pairs of
joints, usually the knee.

In young growing birds the first sign of nutritional
osteodystrophy is bone deformity. Bones tend to bend,
trabeculae occurin unusual places and double cortices
occur where the bone has bent and the periosteum has
changed position (see Figures 11.12 and 11.13). Ad-
vanced cases show loss of density and folding frac-
tures. In adult birds advanced osteoporosis causes
loss of bone density, gross irregularity of the cortices of
long bones and multiple fractures. Early or mild osteo-
porosis is difficult to diagnose with certainty. Inhumans
at least 30% of bone density has to be lost before it can
be seen radiographically; the same is probably true for
birds. Comparison with the surrounding soft tissue and
great confidence in both the radiographic technique
and the processing are required to make diagnosis of
osteoporosis. It can be useful to have a normal bone
that can be placed on each cassette next to the bird as
a standard reference.

In skeletally normal birds, fracture and subsequent
callus formation are similar to mammals. Malunion of
fractures is usually atrophic and shows as rounding of
the ends of the fracture with no periosteal proliferation.

Contrast techniques

Air

Air is infrequently introduced as a contrast medium, as
it is present in a number of areas as a norm. In healthy
birdsitcanbe seenin areas such asthe clavicularairsac
or the abdominal cavity. In some cases of pathology,
such as rupture of the cervicocephalic air sac or com-
pound fractures, aircan be found in abnormal situations.
Air can be introduced into the alimentary tract with a
piece of tubing or an endoscope and will show the extent
of the crop, proventriculus or gizzard. Itis also possible
tointroduce airinto the oviduct and intestine through the
cloaca, using an endoscope, with similar results.

Barium
Oral barium sulphate is useful, either as a diluted liquid
or mixed with liquid baby food. A standard liquid barium
preparation is diluted half and half with water and given
directly into the crop with a crop tube. An empty gutis
ideal but frequently this is not possible. Occasionally a
parrot will require a barium meal to be followed through
the alimentary tract over a period of several hours.
Administering a general anaesthetic to a bird with a
crop containing liquid causes a risk of an inhalational
pneumonia. Repetitive anaesthesia compounds this
risk, especially in birds with proventricular dilatation
disease (PDD), as gut transit times are very much
reduced and the crop may contain barium for hours.
For cases where the rate of passage is more
important than the positioning, a specially constructed
box can be used (Figure 9.7). The cassette is posi-
tioned in the rear wall and the bird stands on the perch
in front of it. This allows repeated exposures without
handling the bird and the barium can be followed
through the alimentary tract. This techniqueis limited to
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m Barium meal
radiograph of
a Black-headed Caique
perched in the box
(which is half open for
illustration purposes).
This bird was well but
had a swelling on its
lower abdomen, which
the barium shows to
contain intestines. The
radiograph was taken 35
minutes after the
administration of barium.
However, it did not show
that half the hernia was
occupied by a large fatty
liver; this required better
positioning under
general anaesthesia.

a lateral view only. In cases where good positioning
and a VD view are needed, the bird will have to be
anaesthetized and positioned correctly.

The first radiographs are taken 5 minutes later, by
which time a normal parrot should have barium in its
crop, proventriculus, gizzard, and even into the duode-
num. A lot of ill parrots will take 30 minutes to move the
barium this far. The barium will outline the alimentary
tract and will give an indication of the rate of passage
of ingesta. The direction in which the intestines are
displaced will differentiate radiographically amorphous
abdominal distension, which is especially common in
the Budgerigar. Cases of PDD may require the barium
to be introduced by tube or endoscope through the
thoracic inlet into the proventriculus, as peristalsis may
be so weak that the barium may not leave the crop.

lodine media

Intravenous lohexol will safely give an arteriogram or
venogram, or outline the heart internally. It is also safe
for producing an intravenous pyelogram, which will
increase the contrast of the kidneys with the surround-
ing tissue as well as filling the ureters. A Blue-fronted
Amazon given 1 ml of lohexol intravenously will have a
good flow of contrast through the ureters 5-10 minutes
after administration.

Fluoroscopy

Fluoroscopy has been used to study the movement of the
bowel and, if available, is very useful for diagnosing PDD.
The normal peristalsis is replaced by very abnormal
movements between the proventriculus and gizzard.
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Ultrasonography

Ultrasound scanning is available in many general
practices. A 7.5 MHz sector or micro-curved probe
can be used to examine parrots of 200 g body weight
upwards; the probe must have a small contact sur-
face. Ultrasound is very useful in cases where the
coelomic cavities are filled with fluid; it will allow
accurate diagnosis as to which cavities are filled
with fluid and allow the fluid to be safely removed
by paracentesis. The best ultrasound views are ob-
tained with the probe positioned midline and caudal
to the sternum. The bird can be restrained manually
and is best held in an upright position if it contains
fluid. Birds that do not have lots of transudate can be
anaesthetized and laid in dorsal recumbency. It may
be necessary to remove some feathers but there is
usually a featherless tract midline. Ultrasound gel
must be used and it is useful to wipe the skin with
alcohol before putting probe and gel in contact with
the skin. It is possible to ‘see’ the liver, intestines,
kidneys and heart (Figures 9.8 and 9.9). Even the
heart's valves can be seen; the right atrioventricular
valve is muscular.

Normal heart of a Grey Parrot: (1) left ventricle;
ki (2) right ventricle; (3) left atrium; (4) aorta;

(5) aortic valves; (6) liver. Image (courtesy of Dr Michael
Pees) obtained using a paediatric micro-curved 7.5 MHz
probe.
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Amazon parrot heart with hypertrophy, dilatation
= and some pericardial effusion. (Image courtesy

of Dr Michael Pees.)

Reference values for the assessment of cardiac
function have been evaluated using healthy Grey, Sen-
egal and Amazon parrots as well as cockatoos (Pees et
al.,, 2004). The left ventricle was the easiest structure to
examine and measure reliably; the parameters obtained
provided valuable information about the contractility and
performance of the heart. Smaller structures, including
the right ventricle, were more difficult to assess.

Other more sophisticated scanning techniques have
been reported. Computed tomography (CT) and mag-
netic resonance imaging (MRI) scans are expensive
and not widely available. Their advantages over nor-
mal radiography are the excellent soft tissue differen-
tiation and the fact that there is no superimposition of
overlying structures. These techniques could be used
more frequently if they become affordable.

Endoscopy

Endoscopy is always a compromise. Small endoscopes
are abletofitinto small spaces butcarry less lightand tend
to produce poorer quality images. Usually the finer the
endoscope the shorter it is, the more expensive it is and
the more easily broken. As a general rule, larger rather
than smaller endoscopes should be used for any given
procedure as this will always give the best view.
Endoscopes fall into two categories: flexible and rigid. Itis
unusual to use a flexible endoscope to examine a parrot.
A rigid endoscope is a telescope with an outer
casing of stainless steel tube. Internally the majority of
rigid endoscopes have a rod—lens system: there are
lenses at each end with a series of glass rods that help
to transmit the image. The lens system is such that it
gives a wide angle of view and infinite depth of field.
Although everything is in focus, the novice will find that
the fish eye’ lens effect makes size and distances
difficult to judge. Within the stainless steel casing, as
well as the rod—lens system, there are optical fibres
that carry the light to the tip of the endoscope. The light
is produced by a separate light source that is con-
nected to the endoscope by a light-carrying cable.
Rigid endoscopes useful for birds are much less
expensive than flexible endoscopes; they are smaller
in diameter (1.2—4.0 mm) and shorter (10-20 cm) and
usually give a far clearer image. There are three
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different angles of view: 0 degrees, which allows the
operator to look straight ahead, and 30 and 70 degrees
— the deviation from the central axis. The 0 degrees
view is the easiest to use at first because it looks
straight ahead, but 30 degrees is useful as it can be
rotated longitudinally to give a wider field of view as well
as allowing a view of biopsy forceps, which are intro-
duced down a sheath surrounding the endoscope. The
70 degrees view is not useful for avian endoscopy.
Endoscopes will only view the interior of a cavity. In
the respiratory system, which includes the air sacs, the
cavity already exists. In order to examine the interior of
the alimentary tract and oviduct it is necessary to inflate
the organ. Attaching the last 30 cm of a giving set to the
sheath of the endoscope will allow the operator to inflate
the organ by blowing down the tube. This method is very
sensitive and prevents over-inflation of the viscus.
The endoscopic techniques reviewed below re-
quire familiarity with normal anatomy to allow accurate
diagnosis. It is worth examining as many cadavers as
possible endoscopically priorto examining live patients.
It is also useful to examine post-mortem specimens
endoscopically prior to full examination.

Laparoscopy

Laparoscopy is of great diagnostic importance iniill birds.
Itis possible to examine and even perform a biopsy on the
external parts of nearly all the internal organs (Figures
9.10-9.13). It is possible to see the gonad in all but the
most immature parrots. This has revolutionized captive
breeding of the sexually monomorphic majority of
Psittaciformes and although recently this has been super-
seded by DNA techniques it is still useful in some circum-
stances, especially as contamination can make DNA
obtained from feathers potentially unreliable (Ciembor et
al., 1999). Figures 9.10-9.13 illustrate laparoscopic ex-
amination of the gonads, carried out in this case on a
Timneh Grey Parrot. Figures 9.14-9.17 illustrate sex
determination in other species.

m The site for routine laparoscopic examination is
through an incision between the last two ribs;

the left side is used for examining the gonads. The last
two ribs can be found between the caudal border of the
pectoral muscle (cranial line) and the cranial border of the
iliotibial muscle (caudal line). The ribs can be palpated
under the skin if the bird is not too 