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FOREWORD 
 
 
The surgery of soft tissues in exotic animals is a well established discipline and very 
important specialization in veterinary practice. It is clear that many of challenging 
cases of soft tissue surgery are realized on veterinary clinics dealing with exotic pet 
patients and soft tissue surgery cases appear very common in zoo and exotic 
animals. Therefore, veterinarians want to learn more about clinical anatomy, 
anaesthesia and optimal medical pre- and post-operative care for exotic patients. 
From the optimal protocol for amphibian anaesthesia to the liver biopsy of reptiles or 
reproductive surgery in small mammals – it is really wide field of questions. The 
existence of the present European conference with workshops is confirmation of the 
practical importance of soft tissue surgery in modern veterinary medicine.  
 
 
The Avian and Exotic Animal Clinic of the Faculty of Veterinary Medicine, University 
of Veterinary and Pharmaceutical Sciences Brno (VFU Brno), was preparing the 
International Veterinary Conference – Soft Tissue Surgery in Exotic Pet 
Animals together with the Czech Association of Zoo and Wildlife Veterinarians 
(CAZWV), Clinic for Avian, Reptile and Fish Medicine, Vienna (Austria), Organisation 
Vétérinaire Yaboumba (France) and Vet4Vet (Poland). We paid a special attention to 
preparation of high level clinical meeting. Therefore, we asked more than 20 
speakers, all of them experts in their fields, for active participation and sharing with 
you their knowledge and experiences. 
 
Due to kind support from the side of the dean of the Veterinary Faculty and rector of 
VFU Brno the conference will start 30th April 2009. 
 
 
On behalf of the Czech Association of Zoo and Wildlife Veterinarians and Avian and 
Exotic Animal Clinic we should like to thank all colleagues participating on the 
conference.  
 
Special thanks go to the invited lecturer of this conference dr. Neil A. Forbes, 
DipECAMS FRCVS, President of the European College of Avian Medicine and Vice 
President of the European Board of Veterinary Specialisation.  
 
 
The following abstracts represent a collection of knowledge from several different 
disciplines. We hope that conference will support your interest in the art of soft tissue 
surgery in exotic pet animals. 
 
 
Brno  16th April 2009  
     
dr. Vladimir Jekl     prof. dr. Zdeněk Knotek 
dr. Karel Hauptman     president EAZWV 
Avian and Exotic Animal Clinic   head of Avian and Exotic Animal Clinic 
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AMPHIBIAN BODY PLAN 
 


FRANK MUTSCHMANN, DR. MED. VET. 
 


EXOMED, ERICH- KURZ- STRAßE 7, 10319 BERLIN, GERMANY, MUTSCHMANN@EXOMED.DE 
 


The class Amphibia is very unique and is comprised of more than 6.000 species in 3 
orders: 
 


• Anura (frogs and toads) 
• Urodela (salamanders and newts) 
• Gymophiona.(Apoda, Caecilia) 


 
The name of the class is caused by its “double life” (amphibious in Greek), aquatic 
larvae and more or less terrestrial adults. Metamorphosis from egg to larva to adults 
occurs in most species. Amphibians are distinctive morphologically, physiologically and 
medically. They are very specialized and have a greatly modified body plan. The 
knowledge of these characteristics as well as a thorough understanding of the whole 
biology and captive husbandry is the base for amphibian medicine. Veterinarians should 
have a good idea on this before starting any practicing on the amphibian patient. The 
number and diversity of amphibians kept in captivity continues to increase. On the other 
hand the decline of amphibian populations worldwide is an ecological disaster. From 
this point of view in the future veterinarians will be more and more faced with amphibian 
patients. This lecture is focused on the main morphological features of adult 
amphibians. Morphological characters of adult anurans are different comparing to their 
larvae, in urodeles and gymnophionas the larvae have similar morphological structures 
like the adults. Amphibian posses a no separated body hole (coelom), they have no 
diaphragm. In some anurans, like tongue-less frogs (Pipidae) a “pseudodiaphragm” is 
present. The pseudodiaphragm provides the pulmonic respiration in this highly aquatic 
species. 
The musculoskeletal system is typical for a quadruped vertebrate and is modified to 
provide support for the internal organs. In contrast to fishes they develop a sternum. 
The rips are more or less developed. The pectoral and pelvic girdles are attached to the 
vertebrate column.  In the legless group of amphibians (Gymnophiona) the pectoral and 
pelvic girdles are receded. Anurans posses a unique formation of the pelvic region: the 
urostyl. In urodeles the hands are composed of 4 fingers. A well developed tail is 
present in adult urodeles, whereas adult anurans have lost their tail during 
metamorphosis.  The skull has 2 occipital condyles. Paravertebral lime sacs along the 
vertebrate column can be present, which surrounds the spinal ganglia. 
The skin (epidermis, dermis) is the largest organ with a lot of physiological functions. 
In most species the skin is thin and fragile and can be damaged by improper handling or 
negative external influences. The upper layer of the epidermis is the Stratum corneum. 
The thickness of this stratum is species specific depending on life cycles, sex, 
reproduction, activity and external factors (e.g. season, humidity, temperature). 
Amphibians shed it periodically. This outer barrier is protecting the animal from external 
influences as well as from infectious germs. Minor abrasions can lead to fatal 
consequences. The skin contains different kinds of glands with multiple functions, like 
protection against predators and to sustain the internal metabolic steady-state. Some 
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species have specific dermal structures like warts, spikes, claws, dermal bones 
(Gymophiona), nuptial glands or hair-like appendages (males of Trichobatrachus 
robustus). The skin is mostly high permeable to water in both directions. That allows the 
systemic drug administration or fluid uptake via the intact skin. On the other hand it 
makes the amphibians susceptible to dehydration, intoxication and pH-stress.  
The circulatory system is characterized by a three-chambered heart (2 atria, 1 
ventricle). In some salamanders there is a septum creating two ventricles. There are 
some differences in the blood-flow due to the respiratory system. A renal-portal system 
is present. The lymphatic system is well developed. There is a system of lymph hearts, 
lymph canals or lymph sacs. Urodels hove more lymph hearts than anurans. Anurans 
have large subcutaneous lymph sacs. 
The type of respiration depends on the life history of the species expressed in specific 
features of respiratory organs. There are lung less forms as well as ones with gills (e.g. 
neotenic urodeles). Most species have sac-like lung. Anyway, in most species the skin 
is the primary site of gas-exchange. Respiration can also take place in the 
buccopharyngial region. In most cases amphibians combine multiple ways for breathing.          
Adult amphibians are carnivorous. The gastrointestinal system is adapted on this. All 
amphibians have a tongue (specified in many ways) to capture food. In the mouth teeth 
are present as well as salivary glands. The esophagus is short and the mucosa is 
coated with ciliates epithelial cells. The stomach is near behind the mouth and the 
intestine is short with a few of coils ending into the cloaca. 
While larval stages have a pronephros, adult amphibians posses mesonephric kidneys. 
They are unable to concentrate their urine. In males the kidneys are more or less 
connected with the testes.  Copulate organs are not present due to the external 
fertilization, except in the “tailed frog” (Ascaphus truei) and gymnophionas. Depending 
on reproductive cycles the ovaries can fill out large parts of the coelom.   
The nervous system is characterized by a brain with 10 cranial nerves (N. accessories 
and N. hypoglossus are not present) and a spinal cord throughout the entire vertebral 
column (urodeles and caecilians). Anurans have an urostyl, so they featuring a cauda 
equina in the posterial part of the body.   
The endocrine system is quite similar in structure and functions to other vertebrates, 
there are only a few of differences, e.g. the additional role of the thyroid gland to 
regulate the metamorphosis.  
Amphibians have a spleen, bone marrow, thymus gland and extralymphoid organs like 
lymph nodes or lymph centers. They are able to produce B- and T- lymphocytes. Lymph 
nodes are well developed in anurans. The activities of immunological organs are 
temperature-depending. In case of infection or inflammation the lymph nodes can reach 
a remarkable size.     
 
REFERENCES 
Duellman W, Trueb L: Biology of amphibians. Baltimore; Hopkins Univ. Press, 1986 
Mutschmann F: Erkrankungen der Amphibien. Berlin; Parey Verlag, 1998 
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CLINICAL EXAMINATION AND PROCEDURES IN AMPHIBIANS 
FRANK MUTSCHMANN, DR. MED. VET. 


 
EXOMED, ERICH- KURZ- STRAßE 7, 10319 BERLIN, GERMANY, MUTSCHMANN@EXOMED.DE 


 


Clinical examination of amphibian requires some time on one hand and experiences of 
the examiner on the other hand,  they are showing only a few of typical signs or 
symptoms.  An initial history including species, age, origin, gender, time of captivity and 
recent events is very important to provide the veterinarian with useful information.  This 
data should be documented and completed by information on feeding and housing 
conditions (temperatures at day and night, lightning, humidity, cleaning or disinfection, 
pest control and so on) as well as disease related facts.   


 Remember, amphibians can be stressed very easily, so the examination should be fast, 
effective and very gently, especially in case of emergency. Please be silent!  The 
examination room must be temperature-controlled (species related preferred 
temperature zone) and well oxygenated. All instruments and equipment needed for the 
examination and lightening sources must be arranged. Good temperate clean water and 
an additional source of ARS (Amphibian Ringer Solution) are necessary. The room 
should be sparely equipped with furniture or possible hiding places for the case that the 
patient is jumping away…  


The first step is visual inspection. Please check general body condition, posture, 
movement, activity, response to stimuli, color, skin condition, respiratory actions, eyes, 
nares, mouth and the cloaca and so on before handling the animal.  


Manual restraint is sufficient in most cases in others a chemical restraint is necessary. 
Amphibians must be handled with care. Physical restraint should be kept to a minimum. 
Moistened, powder-free gloves or an wet sponge or soft damp cloths protect the 
amphibian skin as well as the examiner from intoxication or injuries. The grip have to be 
stable and safely. Some salamanders shows autotomy of their tail so do not place any 
pressure on the tail.  Many amphibians can bite or are able to produce toxic secretes 
from skin or paratoid glands. Slimy animals like African clawed frogs or caecilans are 
problematic to restrain by hand. These animals can be put in a small clear plastic box or 
tube. Please secure the patients from exsiccation during examination.    


Palpation of the body and the legs as well as checking the stability of the mandibles is 
useful. While handling the oral cavity should be inspected and transillumination is also 
possible in some cases.  Please check the body weight accurately.  


Amphibians posses a wide range of anti-predator or defensive behavior. The knowledge 
of behavioral responses is necessary to discriminate it from disease-related signs.    


 The clinical examination is limited by morphological and physiological characters of the 
amphibian patient. Ultrasonography and radiography are very useful and can provide 
numerous additional diagnostic facts.    


 Laboratory investigations are essential. Skin scraps, skin impression or wet-mount 
preparations can be used for checking the dermal microfauna or microflora and skin 
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abnormalities as well. Aerobic and anaerobic bacterial cultures (completed by antibiotic 
spectrum) and fungal culture are recommended. For checking Chytridiomycoses 
samples for PCR (skin swaps), histology (toe clipping), cytology (immunohistochemical, 
sloughed skin) should be collected. Body fluids (in case of dropsy) can be checked 
(protein value, cell composition, bacteria…). 


  The feces, urine and slimy material from the skin or oral cavity are useful for 
parasitological examination. Wet-mount preparation, flotation (helminthes) and staining 
procedures (e.g. Giemsa, Ziehl-Neelsen, Trichrome) are recommended for parasite 
determination.  


Hematology is an underused tool in amphibian medicine. In contrast to reptiles, birds or 
mammals where are no or only a few of useful biochemical reference values in 
amphibians. Biochemical and hematological values are characterized by high 
physiological variations due to the species, gender, age, activity, temperature, daytime 
and so on. From this point of view the clinicopathological information is quite low.  On 
the other hand the volumes of blood samples are restricted in most cases. Despite on 
this, blood cell composition, morphology of blood cells and PCV can provide useful 
information. Blood parasites, bacterial or viral inclusions can be detected also. For blood 
collection please use well heparinizied needles, syringes or microvettes (Lithium 
heparin).  EDTA leads to hemolysis, sodium heparin is improper to check up calcium 
and electrolyte values. Recommended sites for blood collection are: 


• Palatal veins or lingual plexus (avoid contamination with saliva or mucous!) 
• Midline ventral vein (larger anurans and urodeles) 
• Ventral or lateral tail vain (urodeles)  
• Femoral vein (anurans) 
• Heart (cardiocentesis). 


Died specimens should immediately dissected. Histopathology is giving a lot of 
information. Samples of organs or the whole body should be preserved for further 
investigations (electron microscopy, virology). Store the samples within 4-7% well 
puffered formalin (histology), 70-90% ethanol (histology, PCR), glutaraldehyd (electron 
microscopy) or freeze it (virology).  


REFERENCES 
Duellman W, Trueb L: Biology of amphibians. Baltimore; Hopkins Univ. Press, 1986 
Mader DR: Reptile medicine and surgery. Elsevier Inc. 2006 
Marcus LC: Amphibien und Reptilien in Heim, Labor und Zoo. Stuttgart; Ferdinand Enke Verlag, 1983 
Mutschmann F: Erkrankungen der Amphibien. Berlin; Parey Verlag, 1998 
Raphael BL: Amphibians. Exotic Pet Med I 1993;23:1271-1286. 
Wright KM, Whitaker BR: Amphibian medicine and captive husbandry. Malabar; Krieger Publishing 
Company, 2001 
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SURGERY IN AMPHIBIANS 
SOME PRACTICAL MINOR AND MAJOR PROCEDURES 


 
NORIN CHAI, DVM, MSC, MSCVET, PH.D. 


 
MÉNAGERIE DU JARDIN DES PLANTES, MUSÉUM NATIONAL D'HISTOIRE NATURELLE, 57 RUE CUVIER 75005, 


PARIS, FRANCE. CHAI@MNHN.FR 
 
Extended abstract 
Amphibians are generally good candidates for surgery. They are quite resistant to blood 
loss. 
For general anaesthesia tricaine methanesulfonate (MS-222, Sigma-Aldrich, USA) or 
inhalant isoflurane are commonly used for anaesthesia procedures. Anaesthetic 
solution is made by mixing the MS-222 (that comes as a powder) with non-chlorinated 
water. Sodium bicarbonate powder at equal weight to the MS-222 powder should be 
added to help buffer the solution. The solution can typically be dosed at 500 mg/L of 
bath. Induction with isoflurane is at 5 % in oxygen delivered by way of face mask or 
chamber induction (isoflurane, Forene, France). Many animals attempt to breath-hold: 
gentle stimulation encourages continued respiration. We can also use the combination 
50 mg/kg of ketamine (Imalgène 100 mg/ml, Mérial, France) – 0.2 mg/kg of 
medetomidin (Domitor 1 mg/ml, Pfizer, France) IM and the combination 50 mg/kg of 
ketamine – 0.1 mg/kg of dexdetomidin (Dexdomitor 0.5 mg/ml, Pfizer, France) IM. 
Animals can be reversed with atipamezole hydrochloride (Antisedan 0.5 mg/ml, Pfizer, 
France) at equal volume to medetomidine IM. 
 
MINOR SURGERIES 
Biopsies and skin surgery may not need anaesthesia. These techniques follow the 
same as seen in other vertebrates. One would be care to take only small surface of skin 
as it is not very extensible. When the surgery is too extensive (neoplasia or abscess) we 
can make a chemical cauterisation with dihydrodimethyl-diphenylmethan-disulfonic acid 
(Lotagen, Schering-Plough Veterinaire, France). 
 
MAJOR SURGERIES  
Major surgeries need surgical anaesthesia with an adequate analgesia treatment: 0.3 
mg/kg, p.o., i.m. of meloxicam (Metacam 5mg/ml, Boehringer Ingelheim, France). 
 
COELIOTOMY 
Presurgical preparation includes soaking in a shallow water bath (to ensure hydration) 
and prophylactic antimicrobial therapy (either by bath or injection). For incision, it’s 
better to make a one bold stroke leaving a clean incision. One must take care of 
macroscopic glands, lymph hearts and blood vessels, especially the mid-ventral vein. 
The abdominal membrane is punctioned and dissected smoothly. Everting-type suture 
patterns with simple interrupted suture using an absorbable material are recommended 
for the skin closure.  
 
ENDOSCOPY 
Insufflation is needed to improve the visibility of all the organs. General cavity is not 
divided, with one way entry; all the organs may be seen. 
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The management of a cloacal prolaps may sometime need a cloacal suture. When 
relapses are too often, in parallel to an etiologic treatment, we can perform a colopexy. 
After coeliotomy, the lungs are isolated for a better view of the intestinal track. The 
colon is sutured to the peritonuem. Abdominal cavity and the skin are sutured in one 
layer. One will take care to prevent dehydration of the lungs and skin. 
 
REPRODUCTIVE SURGERY 
Some veterinarians are sometime asked to withdraw surgically eggs (for research 
purpose). The technique of coeliotomy is the same as described before. Eggs are 
withdrawn by smooth dissection. No coagulation is needed.  
 
REFERENCES 
Chai N Médecine et chirurgie des Amphibiens. Colloque Transgenèse et Génétique des Amphibiens 
CNRS - UMR 8080, 6-8th May, Université Paris-Sud. Orsay, France, 2004:7-8. 
Chai N. Advance techniques in Amphibians therapeutics. Transgenesis Workshop 6-9th June, Université 
Paris-Sud. Orsay, France, 2006 
Wright KM: Surgical techniques. In: Wright KM, Whitaker BR (eds): Amphibian medicine and captive 
husbandry. Krieger Publishing Co, 2001:273–283. 
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AMPHIBIANS: ANAESTHESIA, ANALGESIA, CRITICAL CARE AND EUTHANASIA 
 


FRANK MUTSCHMANN, DR. MED. VET. 
 


EXOMED, ERICH- KURZ- STRAßE 7, 10319 BERLIN, GERMANY, MUTSCHMANN@EXOMED.DE 
 
Chemical restraint is often necessary while physical restraint is ineffective or not 
possible. It is absolutely needed in connection with analgesia when painful procedures 
are planned.  During a long period amphibians were restrained by cooling. This method 
is used up to now in some scientific institutions. However cooling is not the method of 
choice and should not been used because it leads to immunological disruptions, 
metabolic stress, frost burns and the analgetic potency is questionable. Freezing is also 
not a proper method for euthanasia.  
Best choice for anaesthesia in amphibians is Tricain methanesulfonate (MS- 222®). 
This is a water-soluble powder. Solutions of 0,5 g/l water are useful for tadpoles and 
larvae. It can be titrated up to 3-5 g/l for adults. In most cases 2.0 g/l provides a good 
anaesthesia. For this method clear plastic boxes (in jumping or agile specimens lined 
with a plastic bag) are recommended. When the anaesthetic stadium has reached, the 
patient should be placed on a wet tricain-free base. If prolongation of the anaesthetic 
stage is needed you can drop tricain-solution on the body surface. For recovery the 
animals should be placed in clear and well-oxygenated water, terrestrial ones in well-
oxygenated boxes or chambers.  
Tricain solution can also been used for intracoelomic injections (50-300 mg/kg). For this 
the solution has to be sterile.  
 
Another possibility is the use of eugenol (clove oil) in a dosage of 300-350 mg/l. This 
method may lead to side effects (offensive smell, reversible gastric prolapse). 
 
Inhalant anaesthetics like isoflurane can be used in inhalation chambers or topically. 
Isolflurane can be bubbled into the water. Another method is the preparation of a gel (1 
ml water, 1 ml isofluorane, 1 ml water-soluble gel) which can be smeared on the 
abdominal surface of frogs and toads. In anurans with a well keratinized skin (e.g. 
toads) Isoflurane can be dropped directly on the body. In inhalation chambers the 
recommended saturation level is 2.5 – 3 %.  The disadvantage of inhalants is the 
contamination of the air and inflammatory responses of the skin in any species. 
Propofol can be administrated intraceolomic or intravenous (9-30 mg/kg). A topical use 
was reported in tree frogs. The administration of propofol is not well documented and 
provides no analgesia.  
Ketamine hydrochloride in dosages between 40 – 120 mg/kg body weight were 
reported. The amphibian response of ketamine is very different. Many species 
appearing more or less resistant, so a large volume is needed. Intramuscularly and 
intravenous administration as well as injection into the dorsal lymph sacs are described. 
The anaesthetic stage will arrived not earlier than 30 minutes. Combination of ketamine 
and dexmedetomidine may be possible, but no exact dosages are reported until now.  
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The stage of anaesthesia can be determinate by following signs: 
• Agility and movement 
• Posture 
• Loss of righting reflex 
• Loss of corneal reflex 
• Spontaneous movement 
• Gular respiration 
• Withdrawal reflex (deep pain) 
• Cardiac impulse (visual, doppler ultrasound). 


The stage of tolerance is reached when the withdrawal reflex has gone and the heart 
action is still present. An overdose is present when the cardiac impulse has faded away.  
For analgesia Buprenorphin (37.5 mg/kg) and dexmedetomidine (40- 120 mg/kg) are 
recommended. 
For euthanasia an overdose of anaesthetics is the best way. Additionally pentobarbital 
(>100 mg/kg) via intracoelomic or intracardiac injection can be administered. 
Decapitation described sometimes but it needs imperatively a previous anaesthesia.  
The critical care in amphibians depends on the cause. Shock is commonly observed 
due to transportation, temperature, improper handling, traumata, dehydration, 
septicemia and so on. First aid is composed by creating a proper environmental 
temperature and a well oxygenized surrounding. Rehydration is absolutely necessary 
(baths, injections). For stimulation of the respiratory activity the use of doxapram (5 
mg/kg) is recommended. To stimulate the cardiac action atropine sulfate (0.03 mg/kg 
i.m.) can be tried. To avoid infections broad-spectral antibiotics should be administered. 
Amphibian patients are in need of a well temperature and humidity conditioned 
surrounding and a protection against external stress for recreation.       
 
REFERENCES 
Mader DR: Reptile medicine and surgery. Elsevier Inc. 2006 
Mutschmann F: Erkrankungen der Amphibien. Berlin; Parey Verlag, 1998 
Raphael BL: Amphibians. Exotic Pet Med I 1993;23:1271-1286. 
Wright KM, Whitaker BR: Amphibian medicine and captive husbandry. Malabar; Krieger Publishing 
Company, 2001 
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ANAESTHESIA IN REPTILES 
 


ŠÁRKA TRNKOVÁ, DVM1, PROF. ZDENĚK KNOTEK, DVM, PH.D.1,2 


 
1 AVIAN AND EXOTIC ANIMAL CLINIC, FACULTY OF VETERINARY MEDICINE BRNO, UNIVERSITY OF VETERINARY AND 


PHARMACEUTICAL SCIENCES BRNO, CZECH REPUBLIC, SARKATRNKOVA@POST.CZ 
2 KLINIK FÜR GEFLÜGEL, ZIERVÖGEL, REPTILIEN UND FISCHE, VETERINÄRMEDIZINISCHE UNIVERSITÄT WIEN, 


AUSTRIA 
 
In reptiles, anaesthesia is necessary not only for surgical procedures, but also indicated 
for many diagnostic procedures. Various combinations of anaesthetics have been 
recommended for surgical procedures in reptiles (lizards, snakes and terrapins). Ideally, 
the induction and recovery periods should be as short as possible. 
 
Reflexes 
Assessing anaesthetic depth in reptiles is challenging. The righting reflex is lost as the 
first, but does not indicate a surgical plane of anaesthesia. Muscle tone tends to relax 
from head to tail with increased anaesthetic depth - control of head, neck, and frontal 
body lifting reflex (lifting the front part of the body when held by the tail). Disappearance 
of the reflex of hiding head, neck, and legs in the carapace upon touch or painful stimuli 
is an evidence of good immobilization in terrapins. Jaw muscle tone and palpebral reflex 
may be slight (not applicable to snakes). Absence of a corneal reflex indicates depth 
anaesthesia (not applicable to species with spectacles).  
 
Premedication 
The type and dose of preanaesthetic agents depend on the species to be anaesthetized 
and the procedure to be performed. Opioids are routinely used for the premedication in 
iguanas despite their limited sedative effect in reptiles. Although opioids are commonly 
used in the perianaesthetic period to provide analgesia, there are only few studies 
evaluating the use of opioids for pain management and analgesia in green iguanas.  
Our study was performed on ten green iguanas with butorphanol premedication  (2.0 
mg/kg) to the proximal muscles of the thoracic limb. After 15 minutes inhalation 
anaesthesia was induced by masking (5% isoflurane with oxygen, 1.0 l/min). Reactions 
to external stimuli were evaluated at regular intervals. An endotracheal tube was 
inserted at the moment of complete loss of reactions to the above-mentioned stimuli 
and the animals were ventilated with pure oxygen only (0.2 l/min) for approximately one 
minute, followed by air ventilation. Upon the onset of spontaneous breathing the 
animals were extubated and placed back in the terrarium. Despite the mean induction 
time being shorter in the green iguanas pre-medicated with butorphanol, the difference 
between two groups (butorphanol versus saline) was is not statistically significant. 
Markedly different individual reactions to masking were observed in green iguanas. 
Opioids induce analgesia and their routine administration to iguanas undergoing 
invasive surgery is recommended. In combination with anaesthetic agents, opioids help 
to reduce the doses of anaesthetics required. 
 
Injectable anaesthesia 
Many injectable agents have been used and investigated for induction and maintenance 
of anaesthesia in reptiles. An actual patient weight must be noticed, which may be 
difficult in large, aggressive or venomous reptiles. Some agents, when used alone at 
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high dosages, are associated with cardiopulmonary depression, prolonged recovery 
time and poor muscle relaxation.  
Classical dissociative anaesthetic drug as ketamine are characterized by reduced 
impulse transmission without muscle relaxation, minimal analgesia and prolonged 
recovery time in reptiles. When combined dissociative anaesthetic tiletamine with 
zolazepam, tiletamine induces myorelaxation and limited analgesia free of side effects. 
These agents used in high doses may prolong the recovery phase, but the induction 
and the recovery periods should be as short as possible. Low doses of tiletamine-
zolazepam are commonly used to achieve mild sedation for clinical examination and 
specialised imaging (radiography, ultrasonography) in our veterinary practice (Table 1). 
Tiletamine-zolazepam should not be used in terrapins or lizards suffering from severe 
renal or hepatic failure.  


 
Table 1: The use of tiletamine-zolazepam in reptiles 
 


Groups 
Dose Induction time Surgery Recovery time Indication 


(mg/kg b.w.) (min) (hrs) (hrs)  


Terrapins 10 – 20 5 – 7 – 1 – 4 sedation 
60 – 90 5 1 – 2 2 – 6 anaesthesia 


Lizards 5 – 15 5 – 8 – 1 – 3 sedation 
25 – 40 3 – 5 1 – 2 2 – 5 anaesthesia 


Snakes 5 – 10 5 – 10 – 2 – 4 sedation 
20 – 30 3 – 5 1 – 2 2 – 4 anaesthesia 


 


The main advantage of propofol in lizards, terrapins and snakes is its short duration of 
effect. If administered intravenously, effect of propofol starts within one minute. Short-
term anaesthesia is maintained for about 20 minutes (Table 2).  Propofol is not painful 
for reptiles and perivascular injection is not associated with tissue necrosis. Propofol 
anaesthesia is associated with prolonged apnoea, therefore the intubation and assisted 
ventilation after administration to prevent hypoxemia and hypercapnia is recommended. 
One should be careful when propofol used in reptiles suffering from chronic heart 
diseases and/or respiratory diseases. Propofol is used to achieve safe handling and 
transportation of aggressive and dangerous reptiles, sedation and immobilization during 
special examinations (radiography, magnetic resonance imaging, endoscopy, and 
ultrasonography). 
In our study, blood haematology and plasma chemistry profiles in iguanas were 
examined two minutes before propofol administration and two minutes after recovery 
from anaesthesia. Some parameters were changed but all measured values were within 
the reference range of healthy green iguanas. 
 
Table 2: The use of propofol in reptiles 
 


Groups 
Dose Induction time Surgery Recovery time 


(mg/kg b.w.) (min) (min) (min) 
Terrapins 5 – 14 1 – 2 4 – 10 20 – 30 


Lizards 5 1 – 2 1 – 7 7 – 14 
10 1 1 – 10 15 – 20 


Snakes 3 – 5 1 – 2 10 20 – 30 
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Inhalation anaesthesia 
Inhalation anaesthesia has become the standard of practice for many species (reptiles 
included). Inhalant agents are used alone or in combination with injectable agents as 
tiletamine-zolazepam, propofol, etc. Inhalation gases are easy and safe to administer. 
They should be administered with a precision vaporizer in oxygen as the carrier gas that 
reduces the risk of hypoxia, despite the fact that reptiles are more tolerant to periods of 
hypoxemia than mammals or birds. With a precision vaporizer the depth and duration of 
anaesthesia can be accurately controlled and the recovery generally occurs with 
minimal side effects. A nonrebreathing system is indicated in smaller reptiles (<5 kg 
body weight).  
We can choose the different techniques for inhalation anaesthesia by either mask or by 
tracheal intubation, or a combination of both. Mask induction and maintenance of 
anaesthesia is preferred only in very young or small reptiles (< 100 g body weight). The 
disadvantage of the mask induction method is the risk of a long induction time. 
Endotracheal intubation and assisted ventilation is recommended in reptiles to maintain 
a patent airway and prevent aspiration of fluids during maintenance of anaesthesia. The 
glottis is located rostrally in snakes and in carnivorous lizards. Herbivorous lizards and 
terrapins have a fleshy tongue and the glottis is located at the base. Endotracheal tube 
is recommended uncuffed. 
The most commonly used inhalation agents are isoflurane and sevoflurane. Low 
solubility of isoflurane and sevoflurane in blood results in short induction and recovery 
time. Both of them are therefore recommended for their limited organ toxicity. Isoflurane 
is often used alone, especially in sick, compromised patients.   
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A female, 9.5-year-old, captive bred red tailed boa (Boa constrictor constrictor) was presented 
at the Clinic for Avian, Reptile and Fish Medicine at the University of Veterinary Medicine 
Vienna, Austria because of a massive swelling of the caudal part of its body. The reptile had 
been owned by a private person for six months. The snake only ate once during these months 
where it had been fed guinea pigs. The snake was housed in a terrarium (150 x 120 x 180 cm) 
with day temperatures of 28 to 30°C and a humidity of 65 to 70%. In addition, the owner placed 
heating pads in the terrarium. The owner reported that he had noticed the massive swelling for 
at least three months before he brought the animal to the clinic. No defecation had been 
observed by the owner since he bought the animal.  
Clinical examination revealed that the snake was apathetic, dehydrated and in a poor body 
condition, weighing 5690 g, with a body length of about 2.5 meters. The whole caudal third of 
the body was massively enlarged and the masses that were palpable were extremely hard. X-
rays revealed the cause of the swelling which was a high grade obstipation of the intestine with 
faecal contents. Gentle flushing of the cloaca was performed but no faeces could be obtained. 
Hence, exploratory laparotomy and enterotomy were the treatments of choice though the 
prognosis remained uncertain.  
Pre-operative care included rehydration of the animal by daily bathing and administration of 
fluids subcutaneously as well as gentle cloacal flushing with 0.9 % NaCl solution. 
Bacteriological investigation of the cloaca revealed a high grade infection with Clostridium 
perfringens. Sensitivity testing revealed that marbofloxacin was the drug of choice for antibiotic 
treatment. Hence, treatment with marbofloxacin was started (10 mg/kg SC q24h). Within one 
week the condition of the snake improved a little bit and surgery was performed. 
Tiletamine/Zolazepam (5 mg/kg IM) was administered to the snake for sedation, and then snake 
inhalation anaesthesia was performed with isoflurane. The snake was taken up for exploratory 
laparotomy through a lateral incision, which revealed a grossly dilatated and distended hindgut 
with a huge bowel mass. Enterotomy was performed and foul smelling masses of faeces hard 
as a stone were negotiated ad retrieved. Since the segment including the site of enterotomy 
was still giving the impression of being viable, no resection of any parts of the intestines was 
performed. After a thorough coelomic lavage the intestine was closed in a continous inverting 
pattern. Thereafter the peritoneum was closed in a simple continous pattern and then the skin in 
a continous everting pattern. 
Parasitological investigation of the faeces revealed no any endoparasites. 
Post-operative care included administration of marbofloxacin (10mg/kg SC q24h) for 14 days, 
daily gentle washings of the cloaca with 0.9% NaCl solution, daily bathings and fluid therapy. 
The patient made a satisfactory postoperative recovery and could be released at home after 3 
weeks. About four weeks after surgery the owner fed one rat and the snake started to eat and 
defecate spontaneously 5 weeks post surgery. 
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Case Report 
A four-year-old female spiny tailed lizard (Uromastyx acanthinurus nigriventris) was 
presented due to not defecating and a mass the owner had palpated inside the 
abdomen. Therefore he had given the lizard paraffin oil in combination with water 
administered orally. A radiograph taken during the physical examination showed three 
large masses (5,5 x 4,5 cm, 4 x 2 cm, 5,5 x 1,5 cm) inside the abdomen which felt 
formed and hard on palpation. As nothing had happened after giving the oil-water 
combination the owner requested an operation but, unfortunately, declined any pre-
operative haematology and plasma biochemistry determinations. Butorphanol at 1 
mg/kg (Butomidor, Richter Pharma, Austria) was administered intramuscularly to 
provide analgesia. Thirty minutes later the lizard was sedated with 10 mg/kg Propofol 
(Propofol Lipuro 1%, B. Braun Melsungen, Germany) intravenously and was intubated 
immediately to be maintained on isoflurane in combination with pure oxygen during 
surgery. For the operative procedure the patient was placed in dorsal recumbency and 
the ventrum was aseptically prepared for surgery. An incision of about nine centimetres 
was made through the skin and linea alba to facilitate an abdominal laparotomy. All 
abdominal organs that could be visualized were examined and the three masses 
detected. Two of the masses were found intracolic and a third large mass was 
intragastric. The obstipated part of the colon was exteriorised through the incision to 
avoid contamination of the abdominal cavity during enterotomy (five centimetres) and 
secured with the help of sterile cotton swabs. Removing the intracolic masses was 
possible in both cases as they were solid pieces and the very tense intestinal wall 
relaxed immediately after their removal without showing any abnormalities or necrotic 
tissue. The intestine was closed with a double-layer of inverting, continuous sutures. 
After replacing the colon in the abdominal cavity the stomach was exteriorised. An 
incision of about three centimetres was necessary to remove the softer gastric contents 
and finally the stomach was closed with a double-layer of inverting, continuous sutures. 
The suture material used in the colon and stomach was 3-0 Monosyn (Monosyn, B. 
Braun Melsungen, Germany) an absorbable synthetic monofilament suture made out of 
glyconate. After the stomach was replaced inside the abdomen, the cavity was flushed 
with warmed Nariumchlorid solution (NaCl, Kochsalz “Braun” 0,9%, B. Braun 
Melsungen, Germany). The skin incision was closed with 2-0 (3.0 Metric) Vicryl (violet 
braided Polygalactin thread, absorbable) using a single-layer skin sutures of everting 
horizontal U pattern. While the skin incision was being closed, the isoflorane was turned 
off and the lizard was administered oxygen for several minutes, followed by ventilation 
with room air. Post-operatively the patient received 10 mg/kg Marbofloxacin (Marbocyl 
2%, Vétoquinol S.A., France) intramuscularly in combination with 10 ml/kg warmed 
Natriumchlorid solution (NaCl, Kochsalz “Braun” 0,9%, B. Braun Melsungen, Germany) 
subcutaneously. After about an hour the patient started breathing by herself and 
moving, thus she was extubated and put into an arranged terrarium where she was 
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monitored for several more hours. Marbofloxacin and NaCl were continued every 48 
hours for three more doses. Additionally 2 mg/kg Carprofen (Rimadyl, Pfizer Pharma, 
Austria) intramuscular was also given every 48 hours for three doses. 
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Whereas in mammals hepatectomy is performed on a quite regular basis there is very 
little data available in the literature for this procedure in reptiles. In dogs and cats partial 
hepatolobectomy may be indicated in some cases when the disease involves only a 
portion of a liver lobe. Partial lobectomy is therefore the treatment of choice when biliary 
cystadenoma is present. The prognosis in such cases is good and no recurrence of 
cysts was noticed when resection was performed. In snakes only two studies were 
found when a partial hepatectomy was performed in order to remove a mass in the 
region of the liver histopathologically diagnosed as hepatocellular adenoma in 
Massassauga rattlesnake (Sistrurus catenatus catenatus) or bile duct carcinoma in a 
Garter snake (Thamnophis sirtalis). The rattlesnake recovered well after hepatectomy 
(description of the procedure is missing), but died seven months later due to an 
extension of the adenoma outside the remaining liver. In case of the Garter snake a 
circumscribed mass at the caudal tip of the liver was removed and the snake recovered 
well. 
A four-year-old, captive-bred, female Plains gartersnake (Thamnophis sirtalis radix) was 
presented due to a distension of the mid-body. According to the owner the visible 
swelling of the body developed within one week. On physical examination, the snake 
was in a good condition, weighing 208 g with a total length of 123 cm, still eating and 
active. No signs of any of depression were noticeable. The mid-body swelling was about 
5 cm x 3 cm x 3 cm in size, soft, slightly fluctuating and localised in the middle third of 
the snake. The rest of the physical exam was unremarkable.  
Radiographs confirmed a massive enlargement of soft tissue at the caudal border of the 
lung and the esophagus, in the expected region of the liver and stomach. An exploratory 
celiotomy was elected to obtain a definitive diagnosis. The snake was premedicated 
with butorphanol (2 mg/kg, Butomidor®, Richter Pharma AG, Austria, IM). After 20 min 
anaesthesia was induced by mask with 5% isofluran (Isofluran®, Baxter GmbH, Austria) 
mixed with oxygen (0.2 l/min) followed by tracheal intubation. Anaesthesia was 
maintained through the following surgical procedure with 2% isoflurane and oxygen (0.2 
l/min) by manual positive pressure ventilation at a rate of an average of 4/min.  
The snake was positioned in right lateral recumbency and fixed to a sterile drape. After 
skin desinfection with a 70% ethanol solution coeliotomy was performed by a left lateral 
approach where the scutes and scales are in apposition. Once entrance to the coelomic 
cavity was attained an extremely distended part of the liver with numerous small green 
cysts was observed. The entire liver was gently elevated out of the coelomic cavity in 
order to visualize the dimension of the pathological changes. The central part of the 
organ (about 5 cm in length) was distended and deformed with cysts. Cranially and 
caudally to this lesion the liver appeared macroscopically normal. Therefore only the 
central part of the liver was excised. At first two vascular clamps were placed 
temporarily cranially and caudally to the changed part of the organ. Then ligatures were 
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situated around each of these sides allowing complete excision of the cystic part of the 
liver dividing the remaining organ into a cranial and caudal part. Finally, the vascular 
clamps were released and occlusive ligatures tightened and controlled. The cut 
surfaces of the remaining cranial and caudal parts of the liver were rinsed with a sterile 
0.9% NaCl solution in order to locate and control any small hidden bleeding. At the end 
of the surgical procedure the pleuroperitoneum was closed with a single simple 
continous pattern of absorbable 4-0 polyglactin 910 (Vicryl® Ethicon, Germany). 
Thereafter, the same material was used for closing the skin in a continuous everting 
pattern. The snake tolerated the procedure well and recovered rapidly from surgery. 
Marbofloxacin (10mg/kg IM per day, Marbocyl 2%®, Vétoquinol, France) and fluids (20 
ml/kg SC Ringer´s solution with 5% glucose) were administered to the animal for 8 
days. Postoperative analgesia was provided by oral application of meloxicam (0.2 
mg/kg, Metacam®, Boehringer Ingelheim Vetmedia GmbH, Germany) q 24 hr. The 
snake started to feed on fish two days later and was as active as before the 
hepatectomy. After 8 days of hospitalization the patient was released back to the owner. 
The diagnosis was defined as biliary cystadenoma. 
Mid-body distension in snakes is a symptom with a broad possible origin. In the present 
case a visible mid-body distension was the only clinical sign which did not seem to 
irritate the snake. Biliary cystadenomas are diagnosed incidentally, by palpation of an 
abdominal mass or with radiologic studies, within laparotomy or post mortem. A contrast 
radiographic study performed in the present case revealed that the source of the 
swelling was not the upper digestive tract. This finding allowed excluding an infection 
with Cryptosporidium serpentis, a protozoon which causes gastric hyperplasia in snakes 
that is characterized by a noticeable mid-body swelling similar to the present one.  
In the present study the technique of temporary vascular occlusion of the liver and 
guillotine method in Thamnophis sirtalis radix offered a feasible approach to hepatic 
dissection in the patient. The patient is in a good body condition, active and no 
recurrence of cysts or other pathological changes have been noticed so far. Hence, this 
is the first detailed report of a successful central resection of a large pathologically 
altered part of the liver which was diagnosed as biliary cystadenoma histopathologically 
in snakes. 
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Purpose of liver biopsies 
The histological examination of liver tissue can be a helpful procedure for the diagnosis 
of various diseases. The most common reason for a liver biopsy in snakes (Boids) is the 
verification whether the animal is infected with the IBD-virus or not. As this virus can 
cause lethal neurologic malfunctions and is highly infectious the examination is not only 
advisable if clinical signs are present, but also when precious animals are being 
purchased, especially for the integration in an existing stock. Unlike in many other viral 
diseases no PCR or other methods are applicable.  
The typical cytoplasmatic eosinophil inclusion bodies can be found in most tissues and 
cell types of IBD-infected snakes. Absent cellular response makes these structures 
distinguishable from other inclusion body-generating infections. Since the density of 
inclusion bodies varies between different tissue types and other structures might be 
mistaken for IBD-typical inclusions, only a few organs seem to be eligible as a source of 
samples. The stain ability of inclusions in Lymphocytes for example is lower than in 
other cells and some organs with a high density of inclusion bodies, like pancreas and 
brain, should not be bioptised in live animals in order to prevent functional damage. Due 
to its size and very good regenerative characteristics the liver is the ideal organ to take 
tissue samples without causing severe damage.  
 
Choice of biopsy-method and instruments 
As in every surgical procedure the duration and the lesion caused should be kept as 
small as possible, while still obtaining the preferably best outcome. Standardization of 
the technique is pandering to achieving this objective. 
The size of the sample is a crucial factor for the accuracy of the examination result. The 
larger the sample the higher the feasibility to find cells with inclusion bodies in an 
infected snake. A small sample is likely to cause a false-negative diagnosis. Sample 
sizes of 9mm3 and above have shown to be sufficient in most cases. Therefore fine 
needle aspiration does have the asset of a minimal invasive technique, but does not 
deliver an ample amount of material. 
The endoscopic approach is less invasive than a laparatomy. Depending on the 
instruments used a large enough sample can be obtained. The prospect to stop a 
severe bleeding, which has a sparse but existing probability, are restricted and very 
dependent on the surgeon’s skills.  
The laparatomy causes the highest lesion which however is still relatively small. By this 
method the surgeon has the best control of the sampling procedure and is able to 
promptly halt eventually caused bleedings. The sampling itself can be performed with 
different instruments. The choice is at the surgeon’s discretion and dependent on their 
availability and his partialities. Any damage except the creation of the surgical passage 
and the biopsy itself should be avoided. The liver should not be grasped with forceps, 
as they may dehisce (surgical forceps) or crush (anatomical forceps) the organ. The use 
of a blunt spay hook is very helpful to lift the liver and fixate it for the biopsy. Biopsy 
punches are not useable due to the consistency of the capsule and parenchyma. 
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Hepatic lipidosis (Figure 1), which is very common in snakes in captivity, additionally 
deteriorates the durability of the tissue.  
 
Procedure of liver biopsy 
For this invasive technique the patient must naturally be anaesthetized. Ideally the 
snake is intubated and anaesthesia is 
being maintained with isoflurane or 
sevoflurane. Heat supply and monitoring 
is understood. 
The liver is an elongated organ and 
spans nearly about the whole second 
fourth of the body. It can easily be 
located with ultrasound, which is usually 
not necessary due to its size. (Ultrasound 
may be a helpful guidance when using 
minimal invasive techniques.)  
An incision of 1-2 cm length is made on 
the right side at the border between the 
abdominal and lateral scales.         Figure 1     
The muscle is cut with Metzenbaum scissors and the ribs can manually be pulled 
towards the surgeon to open and visualize the abdominal cavity. The surgical passage 
can be held open with retractors. Through a thin membrane (Figure 1) the liver can be 
visualized. Except for this membrane no other structures (e.g. lungs, stomach) should 
be lacerated.          
A non-vasculated area of the liver, distant 
from the hepatic arteries and portal vein, is 
chosen for the biopsy. Large biopsy forceps 
are the most convenient instruments for 
taking the sample. Clamping off the area 
which is to be sampled with (curved) 
mosquito hemostats is another exercisable 
technique. The proximal part can be ligated 
with absorbable twine, before being cut by 
pulling, with a scalpel or preferably a 
harmonic scalpel or a surgical laser (Figure 
2). Bleedings occur rarely and can, 
dependent on their severity, be stopped by 
ligation, sclerotization, pressure until 
natural hemostasis sets in or by the 
application of hemostatic pharmaceuticals 
(e.g. Sangostyptal®, Assmann, Germany) 
or gelatin sponges (Gelastypt®, Sanofi 
Aventis, Germany). If appraised necessary 
by the surgeon antibiotics or antiphlogistics 
may be applied locally or systemically.  
 
              Figure 2 
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The sample is carefully put in an appropriate fixative or transport medium depending on 
the intended purpose. The muscle is sutured with absorbable twine and the incision is 
closed with an everting suture.   
With some experience the whole procedure can be performed in very little time and 
poses no hazard for the patient, which makes it a justifiable routine also for 
precautionary diagnostic purposes.   
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Reptiles are commonly presented to veterinarians for a variety of reproductive 
problems. Often, these problems require surgical intervention. This presentation 
discusses some of the major causes of reproductive problems in bearded dragons 
(Pogona vitticeps) and describes the surgical treatment of the female reproductive tract, 
including ovariectomy and ovariosalpingohysterectomy. 
Bearded dragons have become one of the most popular reptile pets in the last few 
years. Female bearded dragons often will present with a variety of reproductive related 
problems. However, many owners do not know that healthy adult lizards may become 
reproductively active, even without the presence of a conspecific male and it is worth to 
note, that many lizards can produce a clutch of eggs without the presence of a male. 
However, these clutches are obviously infertile and frequently retained. 
 
Lizards reach sexual maturity based on size, more than chronological age. Factors such 
as nutritional plane, preventative veterinary care and physiological stress will affect 
sexual maturity. Small lizards may become reproductively active at one to two years of 
age, while larger lizards may be three or four years old prior to becoming physiologically 
able to reproduce.  
Female lizards have paired ovaries and oviducts. Ovaries vary in size depending on the 
stage of oogenesis. The oviducts possess both an albumin-secreting function and a 
shell-secreting function. There is no true uterus. The oviducts connect to and open 
directly into the cloaca through papillae. Some females (like bearded dragons) lay eggs 
(oviparous), while some bear live young (ovoviviparous). With the onset of a breeding 
cycle, the female will begin to undergo vitellogenesis. The reptilian follicle begins to 
mature as yolk accumulates around the ovum. Vitellogenesis occurs as oestrogen 
stimulates the liver to convert lipid from the body's fat stores to vitellogenin. During 
vitellogenesis, the liver enlarges dramatically and it takes on a characteristic yellowish 
colour. The follicles selectively absorb the vitellogenin from the bloodstream, plumping 
the follicle with yolk. Once the ovum has ovulated, it will have albumen and the shell 
added in the oviduct, and at this point, it becomes an egg. Prior to ovulation, the mature 
follicles will appear as a cluster of grapes and are of soft-tissue density on radiographs. 
Once the female has ovulated and the eggs have been completed by the addition of the 
shell, the eggs will be visible on radiographs due to their calcification. 
 
It is very important for the veterinarian to be able to differentiate between two major 
reproductive disorders, pre-ovulatory follicular stasis (POFS) and post-ovulatory egg 
stasis (POES), as the course of treatment may differ. In captivity, pre-ovulatory follicular 
stasis is very common. The ovarian follicles become static, may reach a large ovulatory 
size but still are not released into the oviduct or resorbed. The aetiology still remains 
unclear, but it may be related to inappropriate husbandry and environmental factors. In 
cases of POFS the treatment of choice is the complete surgical removal of the ovaries. 
The use of oxytocin is absolutely contraindicated. POES occurs when the ovarian 
follicles are ovulated into the oviduct, but the eggs are not laid or only a portion of the 
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eggs are laid. This happens for instance, when the female gravid lizards do not have an 
adequate location and substrate for digging. But there can be many other causes of 
dystocia. Non-obstructive dystocias, where the eggs appear to be of normal size and 
shape and the female appears to have normal anatomy, usually are the result of poor 
husbandry (including not having an appropriate nesting site). Other causes of non-
obstructive dystocia are malnutrition, improper temperature, dehydration, poor physical 
condition and possibly oviductal infection. In some cases, a female suffering from 
malnutrition or poor physical condition will begin oviposition and will lay the majority of 
the clutch, but may retain one or more eggs. 
Obstructive dystocias occur due to an anatomic inability to pass one or more eggs 
through the oviduct and cloaca. Eggs may be oversized, malformed or possessing an 
irregular surface, making expulsion difficult. The female may have a misshapen pelvis, 
oviductal stricture, or masses such as abscesses or cystic calculi. Other causes of 
obstructive dystocias can be a malpositioned or damaged egg. In rare cases, a female 
may develop eggs before she has grown to a sufficient size to be able to successfully 
pass them. This seems to be a more common problem in veiled chameleons 
(Chamaeleo calyptratus). 
Distinguishing dystocia from normal pregnancy as well as pre-ovulatory stasis from egg 
binding in lizards may be quite difficult. The best determination of dystocia in lizards is 
the animal’s attitude. Normal gravid female lizards will develop an extremely swollen 
abdomen and individual eggs may actually be outlined. Prior to making a decision to 
perform surgery, it must be ascertained if the female does indeed have a suitable place 
to oviposition. A healthy gravid female will often cease eating as her abdomen fills with 
eggs. Some gravid females will continue to eat minimal amounts of favourite foods right 
up until oviposition. They also stay alert and active. Lizards with retained eggs rapidly 
become depressed and unresponsive. If such behavioural signs are noted in gravid 
lizards, immediate steps should be taken to correct the dystocia as this disorder often 
leads to death in lizards within several days. Differentiating ovarian follicles from 
oviductal eggs can be challenging. On palpation, ovarian follicles tend to be more dorsal 
and spherical and not as mobile as oviductal eggs, which are usually more oblong and 
ventral/caudal in the abdomen. Radiographs may help to differentiate the two 
syndromes as the ovarian follicles are usually not calcified and are more spherical and 
dorsal in their location. Ultrasonography can also be useful to differentiate between the 
two.  
If the eggs are pre-ovulatory or post-ovulatory and the lizard is normal on assessment, 
then a nest box can be provided and the lizard may be sent home on calcium glubionate 
at 1ml/kg PO BID for 21 days. Surgery can also be pursued at this time if the owner 
prefers. Postovulatory egg-bound lizards with calcified eggs may present with clinical 
signs of hypocalcaemia, including paresis, tremors, and seizures. These patients are 
typically critical and must be aggressively treated with fluid therapy and initially calcium 
at 100mg/kg IM every 6 hours until signs of hypocalcaemia resolve. Medical therapy 
can be initiated in postovulatory cases to induce oviposition. Calcium at 100mg/kg IM 
can be given every 6-12 hours followed by oxytocin (approximately one hour after 
calcium) at 2-3IU/kg IM. A nest box should be provided after oxytocin injections. If some 
but not all eggs are laid, dosing can be repeated. If the eggs are not laid within 48 
hours, surgery is recommended. In this and other authors opinions there is a short 
window of opportunity for oxytocin to work. It is appears to be most beneficial within 
several hours or days of the initial oviposition or completion of the nest and attempt to 
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lay eggs. One or two weeks after these events and oxytocin is are rarely effective and 
may result in oviduct tear or torsion.  
 
Surgery should be considered if there is POFS or if eggs are in the oviduct for an 
extended period of time. With retained follicles, the cluster of ovulated ova and the 
ovary should be surgically removed. It is best to remove both ovaries and oviducts to 
prevent future problems. Never leave an ovary and remove the oviduct, as with future 
ovulations, coelomitis, often fatal, can occur. 
Surgery is usually performed under isoflurane anaesthesia. Clear drapes are 
advantageous for assessing the patient intraoperatively. Keeping the patient warm 
during and after surgery is important for the immune system. Fluid support via 
intraosseous, subcutaneous or (rarely) intravenous routes helps maintain hydration. 
There is a large single abdominal vein located on the midline just under the skin that 
must be avoided. Once the coelomic cavity is entered, if there are eggs in the oviducts, 
the oviduct is exteriorised, and the mesovarium vessels are ligated with two absorbable 
sutures (or vascular clamps). It must be noted that the shell gland and oviduct are richly 
supplied with large blood vessels that are most easily ligated with haemostatic clips, 
transecting between two closely applied clips.  
If the procedure is to be a caesarean section, salpingotomy incisions are repaired using 
an inverting suture pattern of an absorbable synthetic suture material. It may be 
necessary to perform several incisions into the oviduct to remove all of the eggs. The 
ovaries are located under the oviducts full of eggs, so removal of the oviduct and shell 
gland will make removal of the ovaries simpler. The right ovary is in close proximity to 
the vena cava. The right ovary is elevated and clips are applied between the ovary and 
the vena cava. The ovary is removed after transection between the ovary and the clips. 
The artery and vein that supply the left ovary are adhered to the left adrenal gland, so 
care must be taken to not injure the gland during removal. Clips are applied between 
the ovary and the underlying tissue and vessels, and then the tissue is transected 
between the clips. If preovulatory follicles are present, the ovaries are removed using 
the same technique for ovariectomies in dystocia surgery. Once the procedure has 
been completed, the muscle layer is closed with 2-0 or 3-0 absorbable suture in a 
simple interrupted pattern. The skin must be closed using an everting suture pattern, the 
horizontal mattress, with appropriate size non-absorbable suture, or with skin staples. 
Sealing the incision site with surgical tissue glue helps prevent post-operative infection. 
Sutures should remain for approximately six weeks before removal. For at least 10-14 
days post-op, the lizard should remain in a warm and dry environment. Antibiotics and 
fluid therapy may be necessary to prevent any infections and dehydration after surgery. 
If the patient is anorectic, it may require force-feeding to prevent weight loss and 
nutritional deficiencies. 
The actual surgical procedures for reproductive disorders are straightforward, as long 
as one takes into account the unique anatomical differences found in the many lizard 
species. However, performing the diagnostics necessary to ascertain whether the 
reproductive problem is pre-ovulatory or post-ovulatory is very important, as the medical 
and surgical treatment varies according to which condition the lizard is suffering from. 
The rewards gained by successfully treating a female lizard with reproductive problems 
are well worth the challenges involved in correctly diagnosing a case. 
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Case Report 
A three-year-old female White-lipped mud turtle (Kinosternon leucostomum) was 
presented due to restless behaviour the owner had observed. During the physical 
examination the main and only finding was a cloacal prolapse that could not be 
reduced. At that point the patient was suspected of possibly having an egg binding 
problem. Differential diagnoses considered included: praeovulatory egg binding, 
deformed or destroyed egg(s), bladder stone, tumour, parasites. Therefore a radiograph 
was taken which showed one single egg inside the abdomen. As the egg was normally 
shaped with a thin and intact calcificated outer layer, the diameter of the egg (9 mm) 
and the pelvis (10 mm) were measured. Based on this information it was thought that it 
would be possible for the egg to pass through the pelvis. The patient received 10 mg/kg 
Calcium (Calcium Sandoz Ampulle inj., Novartis Pharma, Austria) administered 
intramuscularly twice at an interval of eight hours and the second injection was followed 
by 5 I.E.Oxytocin (Oxytocin “Vana”, Vana Pharma, Austria). During treatment the turtle 
was housed in a quiet, dark, warm and humid environment and was bathed in lukewarm 
water. At the end of the treatment nothing had happened and nothing had changed. On 
grounds of this result the owner decided to allow surgical removal of the egg but 
declined pre-operative blood collection for haematology and plasma biochemistry 
determination. Butorphanol at 1 mg/kg (Butomidor, Richter Pharma, Austria) was 
administered intramuscularly to provide analgesia. Thirty minutes later the turtle was 
sedated with 10 mg/kg Propofol (Propofol Lipuro 1%, B. Braun Melsungen, Germany) 
intravenously and was intubated immediately to be maintained on isoflurane during 
surgery. For the operative procedure the patient was placed on her right side in a 45° 
angle, taped to a heating mat underneath and stabilized in this position with the help of 
cotton swabs. The turtle’s left foot was pulled caudally and fixed in place with a ribbon. 
The operative field – the left prefemoral fossa- was disinfected with Betaisodona 
(Betaisodona, Mundipharma, Austria). A horizontal incision of about five centimetres 
was made. Before the egg could be visualized three different sized follicles and the left 
ovary were removed. The egg was then easily located and gently pulled through the 
incision inside the prefemoral fossa. The entire left uterus including the egg was 
removed after appropriate ligatures were placed. During the manipulation of the egg a 
small crack in the shell became visible. After surgical removal the abdominal cavity was 
flushed with warmed Natriumchlorid solution (NaCl, Kochsalz “Braun” 0,9%, B. Braun 
Melsungen, Germany). The incision was closed with a single-layer of skin sutures using 
2-0 (3.0 Metric) Vicryl (violet braided Polygalactin thread, absorbable) in an everting 
horizontal U pattern. While the incision was being closed the isoflurane was turned off 
and the turtle was administered oxygen for several minutes followed by ventilation with 
room air. Post-operatively the patient received 10 mg/kg Marbofloxacin (Marbocyl 2%, 
Vétoquinol S.A., France) intramuscularly in combination with 10 ml/kg warmed 
Natriumchlorid solution (NaCl, Kochsalz “Braun” 0.9%, B. Braun Melsungen, Germany) 
subcutanously. The turtle recovered very smoothly from anaesthesia within thirty 
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minutes. Marbfloxacin, NaCl and 2 mg/kg Carprofen (Rimadyl, Pfizer Pharma, Austria) 
were administered every 48 hours for three doses. The turtle was discharged from the 
hospital, and the owner kept her in a clean and moist environment, allowing her access 
to a pool to submerge in for brief periods each day. After one week the turtle was 
moved into a small aquarium where feeding and defecation were easy to observe. As 
the patient behaved completely normal she was allowed to move back into her original 
aquarium together with her female conspecific. One and a half years after the surgery, 
the owner reported that the turtle had been fine since the operation. 
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Case 1 
A 4-yr-old male green iguana (Iguana iguana) was presented at the Avian and Exotic 
Animal Clinic because of history of lethargy, anorexia, weak muscle tone and neurologic 
symptoms for the last three days. The lizard had been owned in a private collection for 
three years. The iguana was housed alone, in a big terrarium with a special regime of 
temperature/humidity/light (including the UVB lighting system).  
Physical examination of the patient revealed lethargy and dehydration, but the lizard 
was still in a good body condition (b.w. 1.18 kg). The very hard mass was easy palpable 
within the abdominal part of the pleuroperitoneal cavity, but the body wall was only 
minimally distended. Radiography (DV, LL) did not reveal the exact cause of the hard 
mass. Blood was collected from the ventral tail vein (vena coccygea ventralis) and 
haematology and plasma chemistry examinations were performed (Table 1). 
Differential diagnoses included foreign body in the stomach, obstipation of the intestine 
with hard faecal contents or neoplasm. The cloaca and caudal part of the colon were 
flushed, but only the urine was obtained.  
The protocol of conservative treatment was based on hydration the patient with fluids, 
amino acids, vitamins and minerals (30 - 40 ml SC q24h, Duphalyte inj. Ad us. Vet., 
FortDodge Veterinaria S.A., Spain), and the treatment with analgetics (meloxicam 0.2 
mg/kg IM q24h, Metacam 5 mg/ml inj. sol. ad us. Vet., Labiana Life Sciences S.A., 
Spain) and lactulose (Lactulosa biomedica, Biomedica, CZ). Following six days of the 
conservative therapy the treatment with antibiotic marbofloxacin (10 mg/kg, IM q24h, 
Marbocyl 2% inj. ad us. vet., Vétoquinol S.A., France) started. Pre-operative care 
included also hydration of the lizard by daily baths in gentle warmed water. 
The 10th day of the treatment we decided for laparotomy and enterotomy. Anaesthesia 
started with butorphanol (2.0 mg/kg IM, Torbugesic 10 mg/ml inj. ad us. vet., Fort Dodge 
Animal Health, USA) followed after 30 minutes by propofol (5 mg/kg IV, Propofol 1%, 
Fresenius Kabi Deutschland GmbH, Germany). The male iguana was placed on a 
heating pad. Reflexes and reaction to external stimuli were evaluated at regular 
intervals. Tracheal tube was inserted at the moment of complete loss of reactions and 
the patient was kept under inhalation anaesthesia with isoflurane (5% - 2%, Isofluran 
Nicholas Piramal inh. Sol., Nicholas Piramal India Ltd., UK) and oxygen (0.2 – 0.4 
l/min). The male iguana was placed into the dorsal position and prepared for a surgery 
by the standard protocol. A standard ventral laparotomy was performed, with a 
paramedial incision of the skin and pleuroperitoneum. The stomach and small intestine 
were controlled in details, but no any abnormality was observed. The caecum was 
distended by the gas, and filled with a hard mass. Enterotomy of the caecum was 
performed and all the content of the caecum was carefully taken off and washed with 
sterile saline solution. The wall of the caecum was closed with an absorbable suture 
material polyglactin 910 (Vicryl 4-0 - Ethicon, Inc., Sommerville, USA) in a continuous 
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inverting pattern, in two layers. The coelom was then cleaned by repetitive irrigations 
with sterile saline solution and antibiotics. Pleuroperitoneum was closed with an 
absorbable suture material polyglactin 910 (Vicryl 4-0 - Ethicon, Inc., Sommerville, USA) 
in a simple continuous pattern, the skin was closed in a continuous everting pattern 
(horizontal U) with unabsorbable suture material polyamid 6 (Ethilon 3-0 Ethicon, Inc., 
Sommerville, USA).  
At the moment of closing the pleuroperitoneum the male iguana was ventilated with 
pure oxygen only (0.2 l/min), closing the skin was performed on patient ventilated by air 
for approximately 25 minutes. Upon the onset of spontaneous breathing the iguana was 
extubated and placed back in a heated terrarium. 
Post-operative care included administration of marbofloxacin (10mg/kg SC q24h) for 8 
days, daily gentle washings of the cloaca and terminal part of the colon with water, daily 
baths and fluid therapy. Meloxicam was administered intramusculary for the first three 
days, then orally (0.2 mg/kg PO q24h, Metatcam 1.5 mg/kg, Boehringer Ingelheim 
Vetmedica GmbH, Germany) for the following 3 days.   
 
Case 2 
A 5-yrs-old male green iguana (Iguana iguana) was presented at the Avian and Exotic 
Animal Clinic because of history of cloacal prolapse. The lizard had been owned in a 
private collection for 4 years. The iguana was housed alone, in a terrarium with a free 
access to the living room of the owner.  
Physical examination of the patient revealed prolapse of the cloaca. The male lizard 
was in a good body condition (b.w. 1.47 kg). Nothing special was palpable within the 
abdominal part of the pleuroperitoneal cavity. The body wall was not distended. 
Radiography (DV, LL) revealed the presence of content in caecum and terminal part of 
the colon. Blood was collected from the ventral tail vein (vena coccygea ventralis) and 
haematology and plasma chemistry examinations were performed (Table 1 and 2) 
Differential diagnoses included foreign body in the ceacum, obstipation of the colon with 
hard fecal contents, torsion of the colon (caecum), renomegaly, urinary bladder 
distension or neoplasma. The cloaca and caudal part of the colon were gently flushed 
and the urine and feaces were obtained.  
The protocol of conservative treatment was based on reposition of the cloacal mucose, 
hydration the patient with fluids, amino acids, vitamins and minerals (30 - 40 ml SC 
q24h, Duphalyte inj. Ad us. Vet., FortDodge Veterinaria S.A., Spain), and the treatment 
with analgetics (meloxicam 0.2 mg/kg IM q24h, Metacam 5 mg/ml inj. sol. ad us. Vet., 
Labiana Life Sciences S.A., Spain) and lactulose (Lactulosa biomedica, Biomedica, 
CZ). The pre-operative care included the treatment with metronidazole (30 mg/kg, PO 
q24h, Entizol 250 mg Polpharma SA, Poland). 
The 7th day of the pre-operative treatment we decided for laparotomy. Anaesthesia 
started with mask inhalation anesthesia with isoflurane (5 % Isofluran Nicholas Piramal 
inh. Sol., Nicholas Piramal India Ltd., UK) and oxygen (0.2-0.4 l/min). The male iguana 
was placed on a heating pad. Reflexes and reaction to external stimuli were evaluated 
at regular intervals. Tracheal tube was inserted at the moment of complete loss of 
reactions and the patient was kept under inhalation anaesthesia with isoflurane (5% - 
2%, Isofluran Nicholas Piramal inh. Sol., Nicholas Piramal India Ltd., UK) and oxygen 
(0.2 – 0.4 l/min). The male iguana was placed into the dorsal position and prepared for 
a surgery by the standard protocol. A standard ventral laparotomy was performed, with 
a paramedial incision of the skin and pleuroperitoneum. The urinary bladder, stomach 
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and small intestine were controlled in details, but no any abnormality was observed. The 
caecum was extremely distended by the gas, and filled with a hard mass.  Necrotic part 
of the colon was observed near to the caudal part of the caecum. Enterotomy of the 
caecum was performed and all the content of the caecum was carefully taken off and 
washed with sterile saline solution. The wall of the caecum was closed with an 
absorbable suture material polyglactin 910 (Vicryl 4-0 - Ethicon, Inc., Sommerville, USA) 
in a continuous inverting pattern, in two layers. The necrotic part of the colon was 
excised and two parts of the colon were sutured with the end-to end pattern. The 
coelom was then cleaned by repetitive irrigations with sterile saline solution and 
antibiotics. Pleuroperitoneum was closed with an absorbable suture material polyglactin 
910 (Vicryl 4-0 - Ethicon, Inc., Sommerville, USA) in a simple continuous pattern, the 
skin was closed in a continuous everting pattern (horizontal U) with unabsorbable suture 
material polyamid 6 (Ethilon 3-0 Ethicon, Inc., Sommerville, USA).  
At the moment of closing the pleuroperitoneum the male iguana was ventilated with 
pure oxygen only (0.2 l/min), closing the skin was performed on patient ventilated by air 
for approximately 15 minutes. Upon the onset of spontaneous breathing the iguana was 
extubated and placed back in heated terrarium. 
Post-operative care included administration of ceftazidime (20 mg/kg IM q48h, Fortum 
1g GlaxoSmithKline, UK) for 16 days, daily gentle washings of the cloaca and terminal 
part of the colon with water, daily baths and fluid therapy.  
 
Case 3 
A 2.5-yr-old male green iguana (Iguana iguana) was presented at the Avian and Exotic 
Animal Clinic because of history of anorexia and muscle tremor for the last four weeks. 
The lizard had been owned in a private collection for two years. The iguana was housed 
alone, in a terrarium with small stones and pebbles.  
Physical examination of the patient revealed dehydration, muscle tremor and pale 
mucose of the mouth cavity. The male lizard was still in a good body condition (b.w. 
2.13 kg).  
Radiography (DV, LL) revealed the presence foreign body in the intestine and grey 
mass in the caudal part of the coelom. Blood was collected from the ventral tail vein 
(vena coccygea ventralis) and haematology and plasma chemistry examinations were 
performed (Table 1) 
Differential diagnoses included foreign body in the ceacum, obstipation of the colon with 
hard fecal contents, torsion of the colon (caecum) or neoplasma. The cloaca and caudal 
part of the colon were flushed, but only the urine was obtained.  
The protocol of conservative treatment was based on hydration the patient with fluids, 
amino acids, vitamins and minerals (20 ml SC q24h, Duphalyte inj. Ad us. Vet., 
FortDodge Veterinaria S.A., Spain), calcium (100 mg/kg IM q24h, Calciumgluconat 240 
mg/ml Serumwerk, Germany) and the treatment with analgetics (meloxicam 0.2 mg/kg 
IM q24h, Metacam 5 mg/ml inj. sol. ad us. Vet., Labiana Life Sciences S.A., Spain). The 
pre-operative care included the treatment with antibiotic marbofloxacin (10 mg/kg, IM 
q24h, Marbocyl 2% inj. ad us. vet., Vétoquinol S.A., France). 
The 8th day of the pre-operative treatment we decided for laparotomy. Anaesthesia 
started with butorphanol (2.0 mg/kg IM, Torbugesic 10 mg/ml inj. ad us. vet., Fort Dodge 
Animal Health, USA) followed after 30 minutes by propofol (5 mg/kg IV, Propofol 1%, 
Fresenius Kabi Deutschland GmbH, Germany). The male iguana was placed on a 
heating pad. Reflexes and reaction to external stimuli were evaluated at regular 
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intervals. Tracheal tube was inserted at the moment of complete loss of reactions and 
the patient was kept under inhalation anaesthesia with isoflurane (5% - 2%, Isofluran 
Nicholas Piramal inh. Sol., NichoasPiramal India Ltd., UK) and oxygen (0.2 – 0.4 l/min). 
The male iguana was placed into the dorsal recumbency and prepared for a surgery by 
the standard protocol. A standard ventral laparotomy was performed, with a paramedial 
incision of the skin and pleuroperitoneum. The urinary bladder was extremely distended 
and filled with a 250 ml of urine. Cystocentesis and cystotomy were performed by a 
standard protocol. The stomach and small intestine were controlled in details, but no 
any abnormality was observed. The caecum was distended and filled with a soft content 
and one big pebble. Enterotomy of the caecum was performed, the stone and the soft 
content of the caecum was carefully taken off and washed with sterile saline solution. 
The wall of the caecum was closed with an absorbable suture material polyglactin 910 
(Vicryl 4-0 - Ethicon, Inc., Sommerville, USA) in a continuous inverting pattern, in two 
layers. The coelom was then cleaned by repetitive irrigations with sterile saline solution 
and antibiotics. Pleuroperitoneum was closed with an absorbable suture material 
polyglactin 910 (Vicryl 4-0 - Ethicon, Inc., Sommerville, USA) in a simple continuous 
pattern, the skin was closed in a continuous everting pattern (horizontal U) with 
unabsorbable suture material polyamid 6 (Ethilon 3-0 Ethicon, Inc., Sommerville, USA).   
At the moment of closing the pleuroperitoneum the male iguana was ventilated with 
pure oxygen only (0.2 l/min), closing the skin was performed on patient ventilated by air 
for approximately 35 minutes. Upon the onset of spontaneous breathing the iguana was 
extubated and placed back in heated terrarium. 
Post-operative care included administration of marbofloxacin (10mg/kg SC q24h), 
meloxicam (0.2 mg/kg IM q24h) and fluids. Metoclopramide (0.5 mg/kg IM q24h, Degan 
10mg/2ml inj., Lek Pharmaceuticals, Slovenia) was administered to stimulate the 
peristaltic activity of the intestine.  
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Table 1: Haematology in green iguanas 
 


Iguana Hb PCV RBC WBCs Hetero- 
phils 


Eosino- 
phils 


Baso- 
phils 


Monocytes 
Azurophils Lymphocytes 


g/l l/l 1012/l 109/l 109/l 109/l 109/l 109/l 109/l 
1 75 0.32 0.87 14.50 12.33 0 0 1.45 0.73 


2 94 0.31 1.05 15.00 11.10 0 0.45 2.55 0.90 


3 87 0.37 0.92 17.00 12.24 0 0 2.72 2.04 


  (ref.)* 64-94 0.32-0.39 0.88-1.64 9.2-18.2 1.5-5.1 0-0.5 0-1 0-0.18 4.9-11.9 
* Pejřilová et al. (2004), Bruder (1998), Pejřilová (2004) 


 
Table 2: Plasma chemistry in green iguanas 
 


Iguana 
TP ALP ALT AST CK Uric acid Ca P 


g/l  μkat/l  μkat/l  μkat/l  μkat/l  μmol/l  mmol/l  mmol/l 


1 48.10 0.22 0.14 1.82 191.40 78.30 1.94 1.17 


2 58.53 1.40 0.49 0.22 17.65 363.70 3.10 1.92 


3 98.20 0.15 1.67 18.26 2844.10 290.60 0.97 9.00


  (ref.)* 41-56 0.26-1.05 0.13-0.96 0.38-1.28 2.37-47.70 80-260 2.3–4.6 1.8–3.4 


* Pejřilová et al. (2004), Bruder (1998), Pejřilová (2004) 
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Abstract 
The internal transmitters (PIP 2 IMP Biotrack, Biotrack Ltd., United Kingdom, weight 
2.1g) were implanted in the pleuroperitoneal cavity of the Aesculapian snakes (10 
males, 5 females) under general anaesthesia. The captured animals were first weighed 
(females 250 – 350 g, males 350 – 400 g) and their health status thoroughly checked. 
All snakes were in good condition, two females carried eggs. Despite this condition, it 
was decided to proceed with the implantation. As premedication we used the 
combination of 0.25 mg/kg medetomidine (Cepetor inj., 1 mg/ml, CP - Pharma, 
Germany) + 0.12 mg/kg butorphanol (Butomidor inj., 10 mg/ml, Richter Pharma AG, 
Austria) + 10 mg/kg ketamine (Narkamon 5% inj., 50 mg/ml, Spofa, Czech Republic). 
The anaesthetics were administered intramuscularly in the cranial part. In 20 minutes, 
the snakes were sufficiently relaxed, safe to intubation (endotracheal tube, 1.3 x 45 mm, 
Vasocan Braunüle, B. Braun Meisungen AG, Germany)   and subject to inhalation 
anaesthesia by a mixture of isoflurane (Forane, Isofluranum 100 ml, Abbott Laboratories 
Ltd., United Kingdom, induction 2%, maintenance 1%) and oxygen (0.25 l/min). During 
the surgery were monitored heart action and respiration. The snakes were positioned on 
the side, on a heated pad. Following disinfection (Betadine, Iodopovidonum 100 mg/ml, 
Egis Pharmaceuticals Ltd., Hungary) the incision was made at the transition of dorsal 
scales into ventral, i.e. laterally at the beginning of the caudal third of the body. A 
disinfected transmitter was then inserted in the body cavity. The surgical wound was 
closed at two levels using resorbable synthetic suture (Vicryl, 6-0 and 3-0, Ethicon, 
Johnson and Johnson Company, USA). The suture was covered with Novikov sol. or 
Betadine ung. (Povidonum iodinatum, 100 mg/1g, Egis Pharmaceuticals Ltd., Hungary). 
The average surgery duration was 16 minutes. Once the surgical wound was closed, 
isoflurane supply was stopped (10 min after intubation) and the snakes remained on 
oxygen only (5 min). Atipamezole (Revertor inj., 5 mg/ml, CP – Pharma, Germany) was 
administered intramusculary as the medetomidine antagonist, followed by extubation 
and an x-ray control, after which the snakes were placed in an incubator (Dräger, 
Drägerwerk AG, Germany, 28.5 °C). The snakes recovered from the anaesthesia on 
average after 1 hour and 23 minutes. All snakes were returned in the wildlife next day.  
The only complication encountered was a rupture of the suture in one of the females, 
which probably occurred during laying of eggs. The suture probably opened under the 
pressure during egg-laying. The wound was mildly contaminated with prolapse of the 
visceral fat. Corrective surgery was carried out under general anaesthesia. No other 
complications were encountered. 
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Introduction 
Tissue sampling is one of the diagnostic tools to get to a diagnosis. This is especially 
the case when dealing with “lumps and bumps”, where the histological information can 
be most important for the therapeutically approach and prognosis. 
But the technique of sampling and the quality of the sample are of eminent importance: 
rubbish in is rubbish out. 
 
Tissue and fluid examination from patients 
Tissue samples from live patient come from cutaneous lesions and organs (biopsies) 
based on clinical examination. The cutaneous lesions consist of masses versus other 
lesions (e.g. dermatitis). The questions asked are mostly: 
- Is it an inflammatory or a neoplastic process? 
- Is the lesion benign or malignant? 
- Has the lesion been completely removed? 
The biopsies or resection from organs are detected or located during surgery, 
laparoscopic examination or seen using the different imaging techniques. 
Other materials that are offered for diagnostic pathological evaluation are fluids (from 
cysts, abscesses, peritoneal fluids, etc), blood and bone marrow, and washes. 
 
Histology versus cytology  
The most common techniques for evaluation of tissue samples are histology and 
cytology. 
The advantages of cytology are: low risk, cell detail, can be done in-clinic, is less 
invasive, inexpensive and gives relatively quick results. 
The disadvantages are:  it gives little architectural information, much of the retrieved 
information depends on the quality of the sample and how representative the sample is. 
Also the size of the sample is limited. 
The advantages of histology are: the architecture is kept, margins and growth pattern 
can be assessed, tissue is more adequate for special stains. Also a more reliable 
diagnosis/prognosis can be given (mitotic index, grading). 
There are also disadvantages for histology. Cell detail are limited, because all cells are 
cut or laying on top of each other. Histology takes also more processing time. The 
sample handling can give problems, e.g. squeezing the tissue, inadequate fixation 
(fixative or sample size).  Fixation in formalin can have affects some antigens that will 
be changed and not accessible for immunohistochemistry (IHC). And the collection 
needs a surgical procedure, which can be of some risk and there will be extra costs 
involved. 
For the histology a complete excision has many advantages above a tru-cut. 
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Fine Needle Biopsy 
Use a fine needle, but never thinner than 22 gauge (so ≤ 22 gauges). A syringe can be 
used, but beware of only sucking! When redirect the needle in different direction by 
forward rolling (cutting) motions.  
What’s the Target?  
Absence of proof is not proof of absence. When the 
target is missed, no useful information will be 
available and the report from the pathologist gives a 
description that will not be related to the original 
target.  
Spread the sample thin and don’t spray!  
To prevent damage of the cells please spread gently! 
 
Staining of Cytological Slides 
Diff-Quick/Quick stains are most commonly used; it is an overview stain, it is easy and 
cost-effective. For most stain it takes about one minute for staining. Wright’s stain is 
more labor intensive, but gives more and better details. Gram stains can be used to 
demonstrate bacteria, but even in a quick stain bacteria can be seen. The Zieh Neelson 
or acid fast staining is used to demonstrate Mycobacterium, but can also be used for 
showing Cryptosporidia. The Macchiavello or Stamp stain is a modified ZN stain and is 
used to demonstrate Chlamydophila spec.  
Avoid formalin or even formalin fumes. These will prevent the normal staining. In 
transport always wrap and seal the cytology slides separately from the formalin fixed 
tissues. Protect your slides, use transport slide containers. Too many slides arrive in the 
laboratory in pieces. 
 
What to expect from cytology? 
You can expect useful interpretations from useful samples that can give you enough 
information to guide you to your next step. It will differentiate inflammatory processes 
from proliferative lesion or other material. In proliferative lesions it can differentiate 
between epithelial, round cell and mesenchymal background.  
 
If the lesion is proliferative you can expect:  


- A specific diagnosis (e.g. mast cell tumor) 
- A general cell type (e.g. round cell tumor) 
- A differential diagnoses (e.g. round cell tumor suggestive of plasmacytoma or  


histiocytic neoplasia) 
- And the presence or absence of malignant features 


 
Histopathology and Immunohistochemistry  
Why should you do it? 
You will let a specialist do a special job. He will give a microscopic characterization 
leading to an accurate diagnosis, lesion identification and possible he can recognize 
background changes. It also gives you the opportunity to consult with a pathologist and 
discuss findings. Histopathology offers special techniques to further analyze or evaluate 
your samples that will lead to interpretation of the findings or tests 
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 When should you do it? 
Quote: “I never give my clients the option of not submitting a surgically removed mass 
for histopathology… 
……. I also don’t asked them whether they want their cat sutured after a hysterectomy!” 
 
What should you submit?  
Without a complete history a biopsy is incomplete 
and an evaluation by the pathologist may lack 
meaning.  
Provide normal and abnormal tissue when possible 
and submit all fragments if a mass falls apart. And 
plan ahead: possible future tests will determine how 
to collect your samples (histo, IHC, EM etc.). 
 
How should you submit it? 
Do not freeze, crush or squeeze the sample and choose the right fixative.  Place the 
biopsy immediately in a fixative in a container with adequate volume: ideally the ratio of 
fixative to sample should be   equal or higher than 10 to 1. When in a strong winter you 
ship out the sample, add a small amount of isopropyl alcohol to the formalin specimen 
container   (1 part alcohol to 10 parts formalin). 
All samples need to be accurately labeled, including date of collection, animal species, 
your reference number and origin of the sample or organ. To prevent samples to travel 
during the weekend, submit samples Monday through Wednesday. 
 
Sample submission 
As larger a lesion, the more numerous the biopsy/excision samples that should be 
taken. In case of ulcerative/necrotic lesions sample the edge with normal and diseased 
tissue. Take the sample deep enough to assess the relationship between stroma and 
tumor. For margin evaluation it is possible to ink these margins or to identify the margins 
with sutures. Submit the drainage lymph node (if excised) 


 
Tru-cut biopsies have the tendency to get squeezed, but are useful for 
immunohistochemical staining e.g. Vimentin found in mesodermally derived cells 
(including muscle) or Cytokeratin an intermediate filament protein of epithelial cells.  
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Two types of biopsies can be submitted for diagnosis and both have their own pros and 
cons. A full thickness biopsy is more invasive. It requires a ceiliotomy and the process 
of biopsing intestine leaves the patient with a higher risk for post-operative 
complications. Endoscopy is less invasive. However, the biopsied specimens are not of 
full thickness – they often only contain the mucosa, submucosa and sometimes the 
muscularis layer of the organ. This leaves the pathologist little tissue architecture to 
make his or her diagnosis. 


  
 
The right fixation will give better slides and more information. Also for IHC staining a 
good fixation is essential. 
 
What can you expect?  
You can expect an integration of microscopic findings into a meaningful interpretation: 
like the extent of the lesion, an accurate diagnosis, a prognostic evaluation. Histology 
can “… bridging the gap between the beginning of the disease and its end stages ...” . It 
is necessary to follow-up on the patient in whom the diagnosis is not certain. 
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Take Home Messages 
 
● If it’s worth doing, it’s worth doing it right! 
● Always submit the tissue after excision! 
● Communicate with the pathologist! 
● Submit clinical information and call with additional questions 
● Garbage in means garbage out! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 


 


38 


STERILISATION IN MALE FERRET (STEP BY STEP) 
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94700 MAISONS-ALFORT, FRANCE, CPPIGNON@VET-ALFORT.FR 
 
Indications 
We can recommend neutering a male ferret to control reproduction, to decrease the 
aggressive behaviour, to avoid urinary branding, to protect against testicular neoplasia, 
and to reduce the musky odour due to the sebaceous glands which are hormone 
dependant.  
The sexual maturity is between 5 and 9 month. A ferret can be neutered at 5 month. 
 
Anatomy 
There is a variation of the position of the testes depending to the season. During the 
non sexual season, the testes are in a subcutaneous plan in the ventrocaudal area of 
the abdomen, cranially to the scrotum. The ferret scrotum has two cavities which 
houses a testis and epididymis. 
 
Anaesthesia 
Because the digestive cycle is fast in ferret, a starvation of 4 hours is sufficient. A longer 
starvation could be dangerous because ferrets are very sensitive to hypoglycaemia. 
The premedication is made with midazolam 0.5mg/kg and butorphanol 0.2mg/kg IM. 
This protocol provides analgesia and a little sedation which decrease the excitation 
phase. The induction is made 10 to 15 minutes after the premedication with isoflurane 
5%, oxygen 2L/min in an induction box. Then a relay is taken with a mask and the 
maintenance is with 2-3% of isoflurane and 0.8L/min oxygen. 
 
Surgical technique: open testes castration 
1) The pubic area and the testis are shaved, and clean with 3 washes of povidone 
iodine soap and one wash with 
povidone iodine solution. 
2) The testis is taken in one hand 
and put under pressure. The other 
hand incises the scrotum and the 
vaginal with a surgical blade in a 
paramedian axe. The testis is 
exteriorised (Figure 1). 
3) A mass ligature of the deferent 
duct, the deferent artery and vein is 
made with a Vicryl rapide 4.0.  
4) The deferent duct and the 
vascularisation are cut with the 
surgical blade. The haemostasis is 
check with a compress. 
 


              Figure 1: Left testicle exteriorisation 
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5) The stump is re entering in the tunica vaginalis. The scrotum is sutured with a single 
suture. 
The ferret is given back to his owner the same day with 0.2mg/kg of meloxicam per os 
for 3 days. We recommend to remove the litter and to put some absorbent paper 
instead for one weak. The ferret is seen ten days after the surgery for a recheck and to 
remove the suture if they did not resorb them self. 
 
REFERENCES 
Cau D: Opération de convenance chez le furet, les rongeurs et lagomorphes de compagnie. Veterinary 
Thesis, Nantes, 2001. 
Quinton J-F: Nouveaux animaux de compagnie : petits mammifères, Abrégés vétérinaire, PCMAC, 
Edition Massons, Paris, 2003. 
Quesenberry K, Carpenter J: Ferrets, Rabbits, and Rodents clinical Medicine and Surgery. 2nd Ed, New 
York; Saunders, 1996. 
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EXOTIC MEDICINE DEPARTMENT, ALFORT NATIONAL VETERINARY SCHOOL, 7 AVENUE DU GÉNÉRAL DE GAULLE  


94700 MAISONS-ALFORT, FRANCE, CPPIGNON@VET-ALFORT.FR 
 
Indications 
Every ferret that is not intended to reproduction has to be spayed. If not, the resulting 
hyperestrogenism cause a suppression of the bone marrow and a non regenerative 
anaemia with depression of the PCV who can be deadly. 
Physiology 
The sexual cycle of ferret comes with maturity 5 and 9 month of age. Breeding is tuned 
to the increasing period: from March to August. The sexual cycle is polyoestrien with an 
ovulation induces by the coitus. Females who are not mated stay in oestrus; it results in 
continuous hormonal stimulation of oestrogen from the ovary leading to the dangerous 
condition of hyperestrogenism. 
Signs of oestrus are enlarged vulva, sero-mucous discharge, decrease of the sleeping 
period, decrease of appetite and aggressiveness. The gestation is 41-42 days, and the 
breeding is from 6 to 8 kittens. 
Anatomy 
The size of the mature ovary is 0.45cm long by 0.55cm wide and 0.21cm thick. The left 
ovary lies caudal to the middle of 14th ribs and caudal to the left kidney. The right ovary 
is caudal to the middle of the last rib and caudal to the right kidney. An important fat 
tissue surrounds the ovary and its vessels.  
The ferret uterus is bicornuate, comprising two long, tapering uterine horns that 
combine immediately in front of the cervix to form a short uterine body. The mature 
uterine horns are about 4.3cm long and 0.22cm wide, while the body is 1.7cm long and 
0.25cm wide. Blood supply is by the companion ovarian and uterine arteries and veins. 
Sympathic innervation comes from the aortic and renal plexuses.  
Anaesthesia 
Because the digestive cycle is fast in ferret, a starvation of 4 hours is sufficient. A longer 
starvation could be dangerous because ferret is very sensitive to hypoglycemia. 
The premedication is made with midazolam 0.5mg/kg and butorphanol 0.2mg/kg IM. A 
subcutaneous injection of enrofloxacine 10mg/Kg is made for the antibiotic prophylaxy. 
The induction is made 10 to 15 minutes after the premedication with isoflurane 5%, O2 
2L/min in an induction box.  Then a relay is taken with a mask and the maintenance is 
with 2-3% of isoflurane and 0.8L/min oxygen.  
A paediatric catheter is put in the cephalic vein in order to perfuse the animal during the 
surgery. An injection of 1mg/kg propofol (IV) is use to obtain a good myorelaxation of 
the masseter muscles which allow intubation with a 2.5 or a 3mm endotracheal tube. 
 
Surgical technique: ovariohysterectomy 
1) The ferret is put on dorsal recumbency and shave. Tree wash with povidone iodine 
soap and one with povidone iodine solution are done. 
2) A ventral midline incision of the skin 1 cm caudal of the umbilicus and 5 cm long is 
done. The fat is dissect in order to see the linea alba. The linea alba is punctured 
cranially. A grooved director is put in the little hole and the linea alba is incised. 
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3) With an ovarian hook, the hoof of the uterus is gently exteriorised as the ovary. A 
Mosquito forceps is put on the cranial part of the uterus hoof. 
4) A forceps is put on the ovarian pedicle.  Two ligatures are made on the ovarian 
pedicle with a Vicryl 3.0. 
5) The ovarian pedicle is cut caudally to the forceps. The forceps is remove and the 
haemostasis is check before entering the end of the pedicle, and when it have taken is 
normal place in the abdominal 
cavity. Same thing is done with 
the second ovary. 
6) The cervix of the uterus is 
found (Figure 1). A transfixation 
ligature is made caudally to it 
paying attention not to take the 
ureters in the ligature. A second 
and simple ligature is done just 
caudally to the first one. The 
uterus is cut cranially to the 
sutures and the haemostasis is 
check. The uterus and the two 
ovaries are removed from the 
abdominal cavity.   
     
                                                                           Figure 1: Uterine horn and ovary  
 
7) The linea alba is closed with Vicryl 3.0 sutures, starting caudally in order to see the 
bladder during this operation. A subcutaneous running suture is done with Vicryl Rapide 
4.0, and the skin is closed with single sutures (Vicryl Rapide 4.0). The wound is 
protected by an aluminium spray (Aluspray ®). Not any bandage is done. 
The ferret is given back to his owner the same day with 0.2mg/kg of meloxicam per os 
for 3 days and enrofloxacine per os 10mg/kg. We recommend to remove the litter and to 
put some absorbent paper instead for one weak. The ferret is seen ten days after the 
surgery for a recheck and to remove skin sutures.  
 
REFERENCES 
Cau D: Opération de convenance chez le furet, les rongeurs et lagomorphes de compagnie. Veterinary 
Thesis, Nantes, 2001. 
Quinton J-F: Nouveaux animaux de compagnie : petits mammifères, Abrégés vétérinaire, PCMAC, 
Edition Massons, Paris, 2003. 
Quesenberry K, Carpenter J: Ferrets, Rabbits, and Rodents clinical Medicine and Surgery. 2nd Ed, New 
York; Saunders, 1996. 
O’Malley B: Clinical anatomy and physiology of exotic species, Structure and function of mammals, birds, 
reptiles, and amphibians. London; Saunders, 2005. 
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THE PRINCIPLES 
Wound healing and methods available are similar to those of mammals, save that avian 
skin is thinner, desiccation of skin and under lying adnexa is more likely, loss of 
cutaneous blood supply is more common, but all things being equal birds heal quicker 
than mammals. 
Wound healing is the preferred biologic process that restores tissue continuity after 
injury. It is a combination of physical, chemical and cellular events that restore wounded 
tissue and replace it with collagen.  Wound healing begins immediately after the insult 
or trauma.  It comprises four phases, namely inflammation, debridement, repair and 
maturation.  At times the phases will over lap, indeed the initial few days will 
predominate with inflammation and debridement and only when this is complete can 
repair and maturation take place.  The rate of wound healing will depend on aspects of 
the wound (e.g. level of tissue damage, contamination), as well as host factors (e.g. the 
quality of the blood supply, immune status, age, nutritional and general health status. 
Inflammatory phase: tissue damage initiates inflammation, which is a protective tissue 
response. It is characterised by an increased vascular permeability, release of cytokines 
and growth factors, macrophage, heterophil, lymphocyte and fibroblast activation. 
Haemorrhage and tissue fluid (fibrinogen and clotting factors) fill and cleanses damaged 
tissue.   
Debridement phase: an exudates comprising leucocytes, dead tissue and wound fluid, 
forms and chemoattractants encourage heterophils and monocytes to enter the wound.  
The latter initiate debridement. The prevent infection and debride pathogens, 
contamination and debris by phagocytosis.  Monocytes are involved in growth factors 
and remodelling scar tissue as it forms.  Macrophages secrete collagenases, removing 
necrotic tissue, bacteria and foreign debris.  Lymphocytes activate the last phase of 
debridement and in so doing speed up the rate and quality of healing. 
Repair phase: fibroblasts in surrounding tissue proliferate and migrate into the 
wounded tissue and collagen synthesis commences and capillary buds grow into the 
tissue. The collagen starts to realign, strengthen and the wounds tensile strength 
increases, with the development of healthy granulation tissue.  Epithelialisation 
commences, initially in a random fashion, as it thickens wound contraction starts to 
occur.    
Maturation phase: this commences once collagen has been adequately laid down in 
the wound. Granulation tissue is replaced with collagen fibres, which remodel and 
realign, to increase the strength of the wound.  This phase typically occurs between 15 
days and 5 weeks. 
Moist wound healing: a moist, uncontaminated wound with minimal tissue necrosis is 
an optimal environment for wound healing. 
Any wound should be debrided of any infected, necrotic or devitalised tissue.  In 
wounds were significant infection or desiccation has occurred, this process may take 
several days and repeated interventions. Infected wounds are most commonly 
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contaminated with Staphylococcus spp. (including MRSA), or environmental 
contaminants e.g. E coli.  Microbiology swabs should be collected from any wound and 
submitted for culture and sensitivity testing. 
Treating soft tissue wounds and injuries: birds typically have very thin skin, with 
minimal soft tissue structures (in particular on the extremities).  In birds’ desiccation and 
devitalisation of sub-cuticular tissues following loss of skin integrity is common.  A 
decision must initially be taken as to whether a skin deficit may be closed for first 
intention as opposed to second intention healing.  Closing the skin, or covering it with 
hydrocolloidal or vapour membrane dressings to prevent desiccation is essential in all 
cases.  Tissue damage / necrosis / organic contamination or significant bacterial or 
fungal infection will preclude first intention healing (Redig 1996). In the majority of 
cases, debridement and irrigation will facilitate primary intention closure.  The 
commonest site for skin deficit is the cranium (subsequent to trauma whilst in flight).  In 
these cases single pedicle, bi-pedicle or advancement cervical grafts may be used, to 
move loose skin from the neck up over the deficit, even if the feathers on the healed 
head wound are then of abnormal size, shape or colour.  Avian skin is typically very thin 
and free skin grafting tends not to be successful.  Skin closure may be achieved with 
vertical or horizontal mattress sutures (as opposed to single interrupted sutures), where 
the potential for wound site tension is a risk.  Even so as bird skin is generally thin, there 
is the risk that sutures may pull through the skin, this may be minimalised, by passing 
sutures through tension sparing tubes (sections of giving set tubing).  Psittacine wounds 
are generally best protected or covered, although parrots are generally reluctant to 
accept bandaging.  On occasions collars are required to prevent dressing removal or 
self trauma whilst wounds heal.  Granuflex (ConvaTECUK), opsite (Smith and Nephew), 
allevyn (Smith and Nephew) or other dressings may be sewn over a wound to stimulate 
healing as well as preventing desiccation or trauma.   
 
 
SPECIFIC AVIAN WOUNDS AND THEIR MANAGEMENT 
 
Treatment of crop burns: hand reared psittacines, fed excessively hot or inadequately 
mixed food (which is too hot) may suffer crop burns.  Birds may be presented with 
delayed crop emptying or a wet skin patch over the crop, (often 4-7 days after the 
incident).  Necrosis may also occur in adult birds following the consumption of caustic 
substances.  Necrosis of the crop wall and skin leads to fistula formation.  Surgical 
repair should be delayed (4/5 days), until necrotic material can be clearly differentiated 
from viable tissue.  It is essential that nutritional support and prevention of secondary 
infections (bacterial or fungal) be maintained.  Pharyngostomy or duodenostomy 
feeding may be necessary.  By the time a fistula has formed, the crop wall will be 
adhered to the skin.  Following anaesthetic induction and entubation, the skin is 
surgically separated from the crop wall.  The crop wall is then closed, using a double 
inversion patter 4-0 to 6-0 synthetic monofilament absorbable material, followed by 
separate skin closure 
 
Crop or oesophageal lacerations: may occur following traumatic tube feeding or 
external trauma (e.g., talon punctures from a raptor).  Tears are often not recognised at 
the time of trauma but instead later when a significant build up of foetid toxin producing 
food material has occurred subcutaneously.  A significant active inflammatory reaction 
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will be present. Surgical exploration, closure of the crop wound, drainage, 
(pharyngostomy tube placement and feeding if required), fluid therapy, analgesia, anti-
inflammatory and antibiotic therapy may be required, prior to surgical skin closure some 
days later. 
 
Electrocution wounds: these are typically difficult wounds, although sterile.  Even if 
there are few signs externally, there is often considerable ‘black, charred and charcoal 
like tissue’ internally.  These wounds occur most commonly on the legs and wings of 
free flying raptors, typically when they land on pole mounted transformer boxes.  
Appropriate fluid therapy, analgesia and antibiosis should be administered.  Devitalised 
tissue will naturally separate from viable tissue, without any need for surgical 
intervention, at which stage appropriate reconstruction can be attempted. 
 
Dermal neoplasia: there are a number of common avian dermal neoplasias (squamous 
cell carcinoma, adenocarcinoma, lymphoma, fibrosracoma, papilloma, etc.).  Many of 
the latter lesions may initially have the appearance of chronic granulomatous lesions.  
Any such lesions should be biopsied and any neoplasias staged, prior to attempted 
surgical removal and reconstruction. 
 
Trauma: as stated above, traumatic injuries (physical, thermal, caustic) are common in 
birds. Dessication of sub cutaneous tissues is common and should always be controlled 
or prevented.  Wound closure should never be attempted if there is subcutaneous 
infection, dessication, contamination or necrosis.  In the interim, dessication is 
prevented by the application, if necessary the suturing in place of hydrocolloidal (e.g. 
Granuflex: ConvaTEC), vapour membrane (e.g. Opsite: Smith and Nephew) dressings 
or other protective dressings with suitable wound applications (e.g. Intrasite gel: Smith 
and Nephew), held against the skin, pending potential later closure. 
Drains are effective and facilitate the escape of tissue fluids and exudates, whilst not 
permitting dessication.   
 
Contaminated wounds: standard cleansing solutions should be used as in mammals. 
 
Skin flaps: on occasions significant skin deficits may arise (most commonly on the 
head or inner thigh).  In both situations, once the site is granulating healthily, suitable 
skin grafts can be applied form the mid to lower neck, or lateral chest wall respectively. 
 
Viral conditions e.g pox: on occasions dermal lesions and wounds may arise as a 
consequence of viral infections.  With avipox, lesions may initially appear as transparent 
skin defects (on the feet in wet pox), alternatively scabbed or proliferative lesions on the 
face or legs wit dry pox. Infection is spread by biting insects.  Lesions are generally self 
limiting and healing naturally in 8-10 weeks. 
 
Self trauma and mutilation: psittacine birds in particular may demonstrate ‘self 
harming’ behaviour. This is a large and complex subject and causes are often multi 
factorial.  Wounds may need to be debrided and closed, with self trauma prevented by 
the application of a collar, pending psychotic medications and behavioural modification 
training, to resolve the underlying issues. 
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Constricted toe syndrome: this condition is seen most commonly in fast growing 
young African grey, Macaw or Eclectus chicks, which have been kept in a dry rearing 
environment.  A tight fibrous band (circumferential constriction), forms around several 
toes.  With the chick anaesthetized, the band should be cut in four equally divided 
places, in the longitudinal direction of the toe.  These incisions will need to be covered 
with a hydrocoloidal dressing. 
 
Propatagium wounds: the propatagium, is the triangular soft tissue aerofoil, running 
between the shoulder and carpus cranially and elbow caudally.  Tension in the leading 
edge is maintained by the ligament propatagium pars elastica.  No bandage or other 
constriction should ever be placed across the propatagium, as this can result in 
permanently impaired vascular supply.  The propatagium comprises a dorsal sheet of 
epidermis, plus a ventral one.  If as occasionally happens, this membrane is damaged, 
then first or second intention healing can be effected, although stretching during healing 
should be prevented.  The latter can be achieved by suturing a section of radiography 
film of similar, above and below the propatagium, with sutures placed through 
propatagium and both layers of film, either side of the lesion.  In this way if stretching is 
attempted, the film accepts and prevents the force, allowing uninteripted healing to 
continue. 
 
Superficial Chronic Ulcerative Dermatitis: this is a common affliction, typically of the 
ventral aspect of the propatagium.  Culture and sensitivity is mandatory and MRSA is 
implicated in a number of these cases.  Self trauma must be prevented, infection 
controlled and the wound kept moist and immobile, whilst healing takes place. 
 
REFERENCES 
Forbes NA. Soft Tissue Surgery. In: J Chitty, M Lierz (Eds). BSAVA Manual of Raptors, Pigeons and 
Passerine Birds. BSAVA. Gloucester. 2008:43-156. 
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PRACTICAL APPROACH TO AVIAN CRITICAL CARE 
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Introduction 
Avian emergencies are challenging because birds, almost invariably prey species, 
instinctively conceal signs of illness and therefore are usually severely debilitated by the 
time of presentation so even handling can be fatal especially for smaller passerines. 
Clinical signs including pronounced respiratory difficulty, closed eyes, abdominal 
swelling, lack of faecal material or blood in faeces, anorexia, inability to grip with feet 
and a failure of normal response to external stimuli are key indicators that great care 
should be taken before proceeding with a full examination. The owner should always be 
warned of the potential risks of any procedure including handling. Support staff in 
particular receptionists should receive training to enable them to telephone triage birds 
effectively and advise clients appropriately.  
It is often necessary to stabilise critical cases before a full clinical assessment can be 
made of their condition or further investigations performed. In particular dyspnoeic birds 
will benefit from oxygen therapy prior to handling. The benefits of taking a full, history 
from the owner cannot be underestimated and various standard clinical record forms 
are published (www.aav.org). Only experience will allow the veterinary surgeon to 
assess how bold they should be with an individual patient, but it is preferable to deal 
with cases in stages permitting a recovery phase in between. Before handling a 
provisional diagnostic plan should be formulated and all members of staff made well 
aware of their responsibilities. A practical standard protocol for stabilising a collapsed 
bird prior to further investigation and treatment is provided in the summary. 
 
Hypothermia and Hospitalisation 
Owners are often nervous leaving their companion but the benefits of hospitalisation far 
outweigh the disadvantages especially for distant clients. The majority of sick birds will 
be hypothermic and they should be placed in an enclosure maintaining a temperature of 
25-30oC and 70% humidity. Both the temperature and humidity within the enclosure 
should be monitored regularly as diseased birds are unable to regulate heat loss 
effectively. The bird should be hospitalised away from the sight and sound of predators. 
Aquariums or incubators can be adapted to house birds providing heat via an infrared 
bulb and humidity using a dish of water. The author uses garden seed propagators as 
an economic alternative to commercial avian critical care units. Covering the tanks with 
towels reduces heat loss and provides additional privacy for the bird. Purpose-made 
avian critical care cages, although expensive, are readily available in a variety of 
designs and usually have a port to provide oxygen therapy or medication by 
nebulisation. When purchasing or designing a hospital cage give consideration to the 
ease of catching the bird from the enclosure and ease of disinfection. Full spectrum and 
UV-B lighting controlled by timer switches may assist the birds becoming accustomed to 
a normal day-night cycle. 
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Fluid Therapy 
As with mammalian medicine fluid therapy is extremely important in avian critical care. 
Parenteral fluid therapy will quickly normalise circulating blood volume leading to 
improved cardiac output and better tissue perfusion. In addition acid-base abnormalities 
should be corrected with the appropriate fluid therapy. Assumptions can be made on a 
bird’s hydration status based simply on its appearance in the cage. For example a bird 
which has been sat on the floor of a cage for over 24 hours is likely to be both 
hypothermic and dehydrated compared with a normally perched individual. In general, it 
would also be expected to be acidotic unless it was suffering with regurgitation, in which 
case alkalosis may be evident. Birds suffering from genuine hypovolaemia will 
classically have a prolonged venous refill time, rapid heart rate and pale mucous 
membranes. This requires urgent correction by the administration of Lactated Ringer’s 
solution (10mg/kg) together with a haemoglobin based oxygen carrier (5mg/kg) 
intravenously over 5 minutes. 
The degree of dehydration can be predicted by assessing the eyes (dull) and skin 
(discoloured and withered) of the face. A bird with 5% dehydration will demonstrate 
some brief tenting of the skin between the shoulders and dry, dull eyes. Once 
dehydration reaches 10%, the patient’s skin tenting will be permanent and the bird will 
be hypothermic. More severe degrees of dehydration will lead to a collapsed bird with 
tachycardia. Assessment of the Packed Cell Volume (PCV), Total Protein (TP) and 
White Blood Cell(WBC) provides very useful information concerning a patient’s degree 
of dehydration and clinical status. 
Although administrating fluids orally by crop tubing promotes normal gastrointestinal 
function and is the most appropriate physiological route or, it is not recommended for 
cases other than those involving mild dehydration. Aspiration is always a risk in 
diseased birds. Subcutaneous fluids can be given in the groin area but due to the poor 
skin circulation in unhealthy birds, large volumes cannot be absorbed quickly. However 
the author finds this a very useful route for supplying fluid therapy during routine 
anaesthetic procedures where dehydration is not an issue and the use of hyaluronidase 
will assist absorption. 
Intravenous access can be achieved via the basilic, jugular or tarsometatarsal veins 
using standard 25g catheters. Although the basilic vein is easy to access for blood 
sampling it is very fragile and not recommended for permanent catheter placement. 
However, it can be used for single bolus injections of fluid. The right jugular vein is 
easily accessed in most birds and it useful for patients weighing less than 50g. The 
catheter can be sutured in place and most birds appear content to leave them in place. 
However, all avian veins are prone to severe haematoma formation and this can be 
difficult to control in the neck region. The medial tarsometatarsal vein is a prominent 
vessel and particularly useful for birds weighing over 1000g notably waterfowl.  
Intraosseous fluids are normally a practical method of administrating fluid therapy to 
birds and usually considered the route of choice for parenteral fluid administration via 
either the tibiotarsus or ulna. The fluid must be given under low pressure so a syringe or 
infusion pump is necessary. The humerus should not be used because it is 
pneumatised. The needles should be placed under anaesthesia as this procedure is 
considered painful. For ulna placement the carpus is flexed and the needle advanced 
through the dorsal condyle of the ulna into the medullary cavity. For tibiotarsal 
placement the cnemial crest or “tibial plateau” of the bone is readily palpated just distal 
to the stifle joint and the needle can be simply advanced into the medullary cavity. The 
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needles can be left in situ so that repeated bolus volumes can be given throughout the 
treatment period including drugs. This saves the veins for serial blood monitoring. 
Intraperitoneal routes are not advisable as it is easy to flood the air sacs with fluid. 
Antibiosis is advisable to reduce the risk of osteomyelitis developing. Birds need very 
low flow rates for intravenous fluid therapy and problems from over aggressive fluid 
therapy, including hypervolemia, are common, so syringe pumps are preferred for 
accuracy. Infusion pumps can be used in larger birds but they are normally designed to 
supply rates of 60-100ml/hour which is too much for most individuals.  
A simple method of calculating the fluid requirement takes into account daily 
maintenance requirements (50ml/kg/day) combined with the deficit (body weight (g) x 
estimated percentage dehydration (0-15%). The calculated amount is usually given over 
24-48 hours. The fluid should be warmed. 
 
E.g. 500g grey parrot 5 % dehydrated 
Maintenance requirement would be 50 X 0.5= 25ml daily 
Deficit would be 500 X 5%=25ml 
Therefore, fluid requirement over first 24 hours would be 50ml 
 
Choice of Fluid Therapy 
Two freely available crystalloid solutions are ideal for birds, Glucose-saline and 
Lactated Ringer’s. They are cheap, effective, easy to administer and will temporarily 
restore circulating blood volume. Lactated Ringer’s solution is useful in most avian 
emergencies as metabolic acidosis would be expected to be present in the majority of 
birds. Lactated Ringer’s contains lactate which is metabolised in the liver to bicarbonate 
subsequently correcting the acid-base abnormality. In severe cases of acidosis 
additional bicarbonate can be administered at a dose rate of 1mmol/kg up to a 
maximum of 4mmol/kg/24hours. In alkalotic patients potassium chloride may be added 
to Lactated Ringer’s solution (0.1mmol/kg up to a maximum of 11momol/l). Lactated 
Ringer’s is the preferred routine maintenance fluid used in birds. 
Glucose-saline (5% glucose + 0.9% saline) provides fluid to temporarily replace the lost 
circulatory volume but perhaps more importantly provides an immediate energy source 
in the form of glucose. Therefore, it is often used as the fluid of choice for an initial 
intravenous bolus prior to using Lactated Ringer’s long term.  
Colloids (whole blood, synthetic colloids and haemoglobin-based oxygen carriers) are 
able to expand plasma volume as they contain large molecules which do not easily pass 
out of the vasculature. They may also have the ability to carry oxygen. They are 
essential for treating cases of hypovolaemic shock and will reduce the crystalloid fluid 
volume required by 40-60%. Colloids should be chosen if the PCV falls below 20% in 
acute conditions but also if it falls below 12% in chronic processes. 
The ultimate colloid is whole blood but carries the risks of transfusion reactions, spread 
of infectious disease and low availability in practice. Furthermore red blood cells 
provided by heterologous transfusions may only survive 12 hours and despite improved 
survival times reported from homologous transfusions (up to 7 days) the benefit may be 
limited. Donors should ideally be from the same species although pigeons have been 
used to transfuse psittacine birds. The blood should be taken into acid citrate dextrose 
and approximately 1% of the birds’ body weight can be safely obtained from a health 
donor. For a Grey parrot this equates to 5 mls. There are also commercial available 
synthetic colloids (Haemaccel) available which don’t carry oxygen to the tissues but 
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expand plasma volume. These have the advantage of being economic, freely available 
and there is low risk from their administration. However, they have no oxygen carrying 
capacity. 
Finally there are haemoglobin-based oxygen carriers (Oxyglobin) which potentially do 
carry oxygen although research work in birds is limited. Oxyglobin has been 
successfully used to treat shock in parrots at a dose rate of 30ml/kg over 24 hours. The 
haemoglobin-based oxygen carriers are expensive and only come in large, single use 
pack sizes designed for mammals.  
 
The use of corticosteroids in birds is controversial as they have been associated with 
severe adrenal gland suppression. However, a single dose of short acting 
Dexamethasone (2mg/kg iv) has been reported to improve the prognosis of cases of 
severe shock, toxicity or trauma. The author regular uses steroids in cases of acute 
respiratory distress with no apparent side effects but retains their use for large birds. 
 
Hypoxia 
Providing oxygen enriched air to avian patients is normally of benefit particularly in birds 
experiencing any respiratory difficulty. The oxygen should preferably be warmed and 
humidified prior to administration and an oxygen generator is perfect for the task. If the 
respiratory symptoms do not resolve after 30 minutes and an upper respiratory tract 
obstruction is suspected the placement of an air sac tube into the caudal thoracic or 
cranial abdominal air sac should be considered. 
 
Air sac tube placement 
The placement of an air sac tube is a very useful technique for any bird in severe 
respiratory distress, especially in cases of syringeal granulomas or tracheal obstruction. 
Both conditions present as birds gasping for breath, neck extended and a characteristic 
squeak with each inspiration. The air sac tube can be inserted to alleviate symptoms 
before the obstruction can be removed. Fitting air sac tubes can also be useful in cases 
requiring surgery of the head and neck. Air sac tubes will not assist conditions where 
the respiratory disease is below the level of the syrinx (primary lung disorders), non-
respiratory causes of dyspnoea (ascites) and is strictly contraindicated in birds with 
lower respiratory disease (affecting the air sacs).  
The bird should be pre-oxygenated and then gently masked down. The left lateral 
approach is very similar to that employed for endoscopy. Following routine skin 
preparation a stab incision is made behind the eighth rib entering the body cavity. A 
commercial air sac tube or one fashioned from a shortened endotracheal tube is 
introduced into the incision. The movement of a feather with breathing can be used to 
confirm an air sac is penetrated, or by holding a microscope slide over the tube and 
witness fogging. The tube should be short (1cm) to avoid penetrating an organ 
especially the liver. The tube is then sutured in placed. The author normally removes air 
sac tubes after 48 hours or sooner as they are a route of infection and soon become 
blocked by mucus, but they can be left in place for up to 7 days. The tube can be used 
as an alternative port for introducing gaseous anaesthesia especially for surgical 
procedures of the trachea. 
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Nutritional supplementation of the sick bird 
The use of commercially available enteric products specifically developed to feed sick 
birds is advisable. Ideally these products are readily absorbed and quickly digested. 
Birds rapidly become exhausted through anorexia. Although young birds can be fed up 
to 10% of their body weight in one feed great care must be taken with ill adults. The 
crop is less elastic so no more than 3% of the body weight should be fed in one meal 
and the birds are more likely to regurgitate in any event. Crop feeding is contraindicated 
in cases of ileus and birds should always be rehydrated prior to feeding. The author 
relies on critical care formula (Vetark Professional, UK) initially gradually moving 
towards more solid based formulas such as Recovery Formula (Harrison’s 
International). If critical care formula is not available a simple carbohydrate solution can 
be made using commercially available fructose and malt dextran. Birds are surprisingly 
tolerant of the placement of a proventricular feeding tube which will assist long term 
supportive feeding. 
 
Summary of the practical approach to a critically ill avian patient 


• Brief assessment of patient in transport cage prior to transferring it to a hospital critical 
care unit. In cases of severe respiratory distress provide 100% oxygen therapy before 
moving the bird. 


• Correct hypothermia in the intensive care cage maintained at 30oC and provide a humid 
(RH 70%), oxygen rich atmosphere (40%) 


• Keep bird undisturbed and away from predators 
• Take a full history whilst leaving the bird to make its recovery undisturbed. 
• Ensure all staff know their responsibilities and all the equipment & drugs are pre-


prepared before handling the bird again 
• Place an intraosseus or intravenous catheter  
• Take bloods for initial PCV, WBC and TP assessment 
• Calculate fluid requirement and correct deficit over 48 hours using crystalloids (or 


colloids if indicated) 
• Continue to provide oxygen enriched environment and heat 
• When the patient is stabilised perform full clinical examination allowing rest stages 


between stages if the bird becomes distressed 
• Clinical examination may suggest further specific therapy is indicated (e.g. analgesics) 
• Provide maintenance fluid therapy as necessary and over the next 24 hours 


consideration should be paid to providing nutrition. 
• When the patient is stabilised a full diagnostic investigation should be performed 
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Indications 
Ducks and cockatoos are most commonly affected by cloacal prolapse, whilst it 
occasionally seen in other species.  The bird is typically presented by a very concerned 
owner, as the patient is training, and something red and fleshy is protruding from the 
vent.  The cloaca, a papilloma, a phallus (normal, infected or traumatized – in ducks or 
ostriches) the colon or an oviduct, may be prolapsed from the orifice.   The colon will be 
bent, small and tubular (like a small sausage), an oviduct will be large, fleshy, with a 
rough lobulated surface), other structures will be easier to recognize.  The first question 
a clinician must ask themselves is why the structure is prolapsed.  The explanation will 
inevitably be that the patient is straining excessively.  This may be because of trauma, 
infection, obstruction to normal passage of egg, faeces etc. it may be effecting the 
oviduct (e.g. egg binding / torsion), the colon (e.g. intersusception), the coeliomic cavity 
(e.g, peritonitis), the cloaca (e.g. cloacitis, following infection, trauma due to 
hypersexuality (mating or masturbating), a cloacolith (due to concreation of urates), the 
phallus (due to hypersexuality), or a mass or granuloma, such as a papilloma, neoplasia 
or tubercular granuloma.  It is essential that the cause is determined and corrected or 
addressed, as otherwise even if the prolapse can be reduced, it will reoccur. 
 
Birds presented with such prolapses are typically extremely shocked.  Fluid therapy, 
analgesia, anti-inflammatory therapies are all mandatory.  If a colonic or uterine 
prolapse is present, inevitably there must be an intussusception in the organ craniad to 
the prolapse.  Pushing the offending organ back through the cloacal opening and 
placing a purse string suture along will not lead to a satisfactory outcome. Such action 
must be followed by a coeliotomy, and reduction of, or removal of the intussuscepted 
material. 
 
Cloacal papilloma: are particularly common in South American species e.g. macaws 
and Amazons.  All such birds should under go a choanal and cloacal examination for 
papilloma as a routine part of any clinical examination.  One or more cotton buds are 
passed into the cloaca then gently retracted so as to evert the cloacal lining. Birds with 
cloacal or choanal papilloma will go on to develop intestinal, pancreatic or biliary 
adenocarcinoma. Cloacal papilloma is caused by herpes virus. Cloacal, colonic or 
oviductal prolapses may resemble neoplasms, particularly if the prolapse tissue is 
necrotic.  Histological examination of cloacal tissues is advised.  
Treatment: many treatment modalities have previously been suggested ranging from 
repeated alternate day application of silver nitrate, inclusion of 2% capsicum in the diet, 
autogenous (high antigen loaded) vaccination, cryo-surgery, radio surgery and yag laser 
therapy. Cloacotomy yields the best access and enables complete surgical removal of 
papilloma. The bird is placed in dorsal recumbency a ventral midline incision is made 
with scissors through the skin, vent sphincter muscle and cloacal mucosa.  Hemorrhage 
is controlled with radio surgery bipolar forceps. Following surgery to remove the 
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papilloma, the cloacal mucosa is closed using 4-0 synthetic absorbable material with a 
simple continuous pattern.  The vent sphincter is apposed with 4-0 synthetic absorbable 
material in a horizontal mattress fashion and the skin is closed with simple continuous 
pattern using similar material.   
 
Bladder mucosal stripping has been utilized extensively in mammals as a treatment for 
carcinoma. Cloacal mucosal stripping has been reported in one Amazon.  Although the 
bird tolerated several episodes of mucosal stripping, it did not prevent the papilloma 
from reforming. Vent strictures can occur following any extensive cloacal surgery and 
can be addressed with regular stretching using an aural speculum.  In light of the 
current knowledge as to the aetiology, contagious nature and long term patient 
prognosis of these cases, excessive efforts to achieve a complete surgical resolution 
now seems futile. 
 
Cloacolith: these are firm, rough surfaced aggregations of urates.  They are 
uncommon and the pathogenesis is unclear.  This author has experienced them most 
frequently in carnivorous birds, especially in birds which have recently under gone 
extended nesting or brooding behaviour, such that they may not have voided faeces as 
frequently as normal.  Birds present with repeated straining, often passing scant traces 
of blood.  The condition is readily diagnosed on digital exploration of the cloaca.  The 
bird is anaesthetised; the cloacolith may be fragmented with artery forceps, and 
removed piece meal.  Analgesics and antibiosis should be administered. 
 
Cloacopexy: cloacal prolapse is the common indication for a cloacopexy.  Cloacal 
prolapse is commonest in hypersexual birds.  Cockatoos and ducks are most commonly 
afflicted.  Behavioural modification subsequent to GnRH implants (Suprelorin. Virbac) 
and behavioural modification training are essential.  The GnRH implant will turn off FSH 
and LH production, which in turn will stop oestrogen and testosterone and hence stop 
sexual behaviour.   Dominance training should then be geared to gaining dominance 
over the bird and reducing its psychological and nutritional drive towards sexual activity.   
A cotton bud is advanced into the cloaca, and used to tent the cloaca within the 
abdomen, to confirm its position.  A horizontal incision is made over the most anterior 
portion of the cloaca, being careful not to incise the thin walled cloaca.  The fat pad 
which is present on the ventral aspect of the cloaca is removed.  In severe cases, two 
sutures are placed one around the 8th rib on each side, then each is passed through 
the full thickness of the cloaca on the same side, and each suture is tightened, such that 
the cloacal wall is apposed to the rib.  To achieve this, a needle is passed from the 
external surface of the abdominal wall, via rib space 1-7, into the coeliomic cavity.  The 
needle is exteriorised via the coeliomic opening (adjacent to the cloaca.  The needle is 
passed through the cloacal wall, then passed back into the abdomen and passed back 
through the abdominal wall (inside to out), just caudal to the eight rib. Two further 
sutures are placed through the cloacal wall and incorporated in the abdominal wall 
closure. Although surgical procedures exist for the control of cloacal prolapses, 
reoccurrence is common, particularly if the behavioural abnormalities are not 
addressed.  Cloacoplasty is often performed simultaneously with cloacopexy. 
 
Cloacoplasty: (reducing the diameter of the cloacal aperture) is also recommended 
where there is atony of the vent sphincter.  The internal margin of the vent (lateral or 
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dorsal section) is excised for up to 60% of the circumference (to provide a cut edge for 
healing).  The edges are then sutured from side to side, bilaterally, to reduce the 
diameter of the cloacal aperture. This condition most commonly occurs in hypersexual 
cockatoos that masturbate.  If the underlying behavioural / sex hormone abnormality is 
not resolved, the cloaca is likely to stretch again. 
 
Colonic and oviductal prolapses 
In either of the above situations, a coeliotomy will be required, reduction of the prolapse 
and intussusception followed by pexi, to maintain in the correct position or resection. 
 
Coeliotomy: the caudal thoracic and abdominal air sacs receive fresh air from the 
trachea.  It is important to appreciate that coeliotomy is impossible without opening the 
posterior air sacs this has a profound effect on both the effectiveness of inhalant 
anaesthesia and on intra operative heat loss.   Once a coeliotomy incision is made, 
openings around the surgery site may be packed off, or plugged with abdominal organs.  
Alternatively, parenteral anaesthetic agents may be used.  During any coeliotomy 
procedure, the birds head should be raised at 30-40o to prevent any surgical irrigation 
fluid from entering the lung field. 
Left lateral coeliotomy: this is the most useful approach and is used for access to the 
gonads, left kidney, oviduct, ureter, proventriculus and ventriculus.  The bird is placed in 
right lateral recumbency.  The wings are reflected dorsally, whilst the left leg is 
restrained in a dorso-caudal direction.  The skin web between the abdominal wall and 
the left leg is incised to facilitate further abduction of the left leg.  A skin incision is 
created from the sixth rib to the level of the pubic bone on the left abdominal wall.  The 
superficial medial femoral artery and vein will be visualised traversing dorsal to ventral 
across the lateral abdominal wall medial to the coxofemoral joint.  These vessels should 
be cauterized with the bipolar forceps prior to transection.  The musculature (external 
and internal abdominal oblique and transversus abdominis muscles) should be tented 
up away from the coeliomic contents and incised with sharp fine scissors whilst 
protecting the internal viscera.  The incision is extended from pubis to the eight rib.  The 
caudal 2-3 ribs (i.e. numbers 7 and 8) being transected. Bipolar forceps are placed 
around each rib, from the caudal aspect, such that the forceps close over the anterior 
border of the rib in order to cauterise the intercostal vessels prior to transecting the rib 
(with large scissors).  A small retractor (e.g. Heiss or Alm) is then inserted between the 
cut rib ends to enable full visualization of the abdominal cavity.  The Lone Star retraction 
system is invaluable for such surgeries.  On completion of the inter coeliomic surgery 
the incision is closed using 4-0 to 6-0 absorbable monofilament synthetic material in a 
continuous or interrupted pattern in two layers.  The intercostal muscles are opposed 
and no attempt is made to rejoin the transected ribs. 
 
Enterotomy:  is an infrequent procedure typically necessitated following trauma to the 
gastro intestinal tract, iatrogenic surgical damage, intussusceptions, torsion's, 
adhesions, enteroliths or areas of necrosis.  The procedure carries a guarded to grave 
prognosis. If colon is prolapsed via the cloaca, an intussusception must be present.  
Such cases require an immediate mid line (with or without flap) coeliotomy, reduction of 
the intussusception, which may contain a length of devitalised gut.  An enterectomy will 
be required to remove any devitalised gut. Intussusception has also been seen 
secondary to linear foreign bodies or following enteric infections.  If the bird is 
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particularly shocked or weakened, then rather than resecting and re-joining the gut at 
one surgery, it may be prudent to create a stoma or a loop jejunostomy or colostomy, 
with re-attachment several days later (VanDerHeyden 1993).   Midline flap incisions 
give optimal access.  Micro surgical instrumentation and techniques are mandatory. 
Blood vessel appositional clamps (e.g. Acland clamps) are invaluable to atraumatically 
achieve intra operative intestinal occlusion whilst simultaneously maintaining the tissue 
sections in apposition during suture placement.  These vascular clamps, are designed 
to avoid tissue slippage, whilst maintaining low pressure to avoid tissue damage.  The 
clamps may be used individually, or preferably attached to a bar or rectangle, so that 
both ends of the tissue adjacent to each other.  When passing needles through fine 
tissue, it is important that the needle is encouraged to follow its natural curvature, 
otherwise an excessive needle hole is created.  The arcing instrument action achieved 
by finger rolling of round bodied instruments minimizes this problem. 
 
Intestinal Anastomosis: of the intestine may be performed using an end to end 
technique using 6-0 to 10-0 material with a simple appositional method. If the gut is < 
2mm in diameter then 6-8 simple interrupted sutures are used (similar to a blood vessel 
anastomosis).  If the gut is >2mm in diameter a continuous pattern should be used.  The 
advantages of a continuous pattern is that it reduces surgery time, yields improved 
apposition and so reduces risk of leakage, reduces tissue irritation and achieves 
improved endothelialisation.  Care should be taken not to over tighten a continuous 
pattern, as this would then cause a purse string and compromise food passage across 
the repair site.   Sutures are initially placed at 12pm and 6pm then sutures are placed in 
the caudal section of gut, before placing sutures in the anterior aspect.  If the sections of 
gut being joined are of unequal size, or where end to end anastomosis is technically 
difficult for other reasons, a side to side or side to end technique may be used.  If using 
a side to side the end sections may be closed with sutures or haemoclips.  One section 
of gut is offered up to the side of the other and the back of the anastomosis is sutured, 
prior to the aperture being created and then the front being sutured. If necessary, the 
front repair sutures may be pre-placed. 
 
Salpingohysterectomy: removal the avian ovary is challenging and often dangerous 
(as it is firmly attached to the dorsal abdominal wall), however in order to prevent further 
egg laying one may instead remove all of the oviduct and uterus.  A review of 
ovariectomy techniques is discussed by Scott Echols (2002). The ventral suspensory 
ligament (of the oviduct and uterus) is broken down with blunt dissection.  A significant 
blood vessel enters the infundibulum on the medial aspect from the ovary, this should 
be clamped off with two haemoclips, prior to transection.  The dorsal suspensory 
ligament of the uterus should be identified extending from the dorsal abdominal wall to 
the uterus.  In this ligament are a number of blood vessels which should be coagulated 
or clipped.  The uterus and oviduct are then exteriorised.  As one moves dorso-caudally 
towards the dorsal abdominal wall care should be taken in resecting the dorsal 
suspensory ligament.  If resection is continued too far, there is a danger of resecting 
one or more ureters.  The placement of a cotton bud per cloaca, will assist in delineating 
where the uterus should be clamped off.  The latter is achieved by applying two clips to 
the uterus and transecting on the uterine side of these.  All haemorrhage is controlled 
prior to closure of the abdominal muscle wall and the skin, each with a simple 
continuous suture pattern. 
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Egg binding is the failure of an egg to pass through the oviduct at a normal rate 
(delayed oviposition). Dystocia is the mechanical obstruction of an egg in the caudal 
reproductive tract; this obstruction can result in cloacal impaction and/or prolapse. Egg-
binding is a problem seen regularly in general practice even if only in Cockatiels. Diet is 
really the answer. So a good owner who feeds a good quality diet and keeps their birds 
well is least likely to have the problem. The following is about parrots and raptors. 
 
Formation of the egg 
In embryonic birds, two ovaries form but cells from right ovary migrate to the left. In 
almost all adult birds only the larger left ovary only is functional and only a left oviduct 
forms. Sometimes a small right ovary is present. 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 in non-breeding birds. In adult sexually active birds 
the follicles are enlarged dramatically by the presence of yolk. This large follicle 
develops suspended on a stalk of smooth muscle, blood vessels, and nerves. It 
contains a large primary oocyte surrounded by a multi-layered wall that is potentially 
divided by a white meridional band, the stigma. The stigma is devoid of connective 
tissue and smooth muscle and has less nerves. At ovulation 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 almost encloses the ovary directing the oocyte 
to the funnel-shaped entrance of the infundibulum. If the oocyte is shed but not 
enveloped by the infundibulum it is falls into the peritoneal cavity and is usually 
reabsorbed. 
The oviduct is supported by the muscular cord, the dorsal and ventral ligaments; it 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 (chalaziferous) layer of albumen (egg white). 
Fertilisation 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. 
In the isthmus the two shell membranes are produced which cover the egg and also 
predict its final shape. The egg then enters the uterus (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 (testa) is produced that is finally 
covered with a cuticle giving the egg its shiny appearance. 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 but many birds have pigments within the 
shell. 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, 
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some of the sperm is stored; some is able to reach the infundibulum within a few 
minutes. 
It is 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 abdominal 
cavity whilst the oviduct moves over it by peristalsis. Whilst this distinction may sound 
trivial it is the root cause of some of the problems that vets see in breeding birds. 
In most birds the egg is laid pointed end first. 
 
Medullary bone normally occurs only in female birds in the reproductive phase. The 
formation of medullary bone is controlled by oestrogens and androgens. It is laid down 
in the medullary cavity of bones that are not pneumatised and consists of 
interconnected spicules that grow out from the endosteal surface of the long bones and 
resembles embryonic bone. Medullary bone has no Haversian canal system and 
contains less collagen than normal bone. Phases of formation and destruction alternate 
during the laying cycle. It is most obvious in the long bones. 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. The presence of this bone is genus specific, not all birds develop it, but 
most of the birds seen by avian vets produce it. 
 
Eggs 
Parrot eggs are white, relatively small and have little difference between the blunt and 
narrow ends. Most parrots lay their eggs on alternate days. The eggs are incubated 
from the time that they are laid, usually by the female. Parrots brood their eggs 
continually and turn them regularly. Diurnal raptors have coloured eggs, and there is a 
more obvious blunt end. Incubation may be shared or is mainly by the female. The eggs 
are laid on alternate days by the smaller birds but eagles may lay eggs up to 5 days 
apart. 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 egg its smooth sheen. It is responsible 
for repelling water and bacteria. The testa is the calcified portion (98% CaCO3 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 onto 
the surface (under the cuticle) and also connect with canaliculi that run right though the 
shell to 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, as the 
female regularly turns hers eggs it 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 
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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 that 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 it 
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 egg shell production is obtained from the duodenum and upper jejunum or 
from reabsorption of bone. If there is sufficient calcium in the diet (3.5 to 4% for poultry) 
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.  
It is well known that birds have an ‘appetite’ for calcium. It is greater in birds that are 
producing eggs. Laying poultry will knowingly balance the calcium content in their diet 
(Holcombe DJ et al 1975). Preference for calcium rich food during this time has been 
shown in other species of birds as well. Not all families of birds lay down medullary 
bone so they have to have strategies for getting regular calcium. Great Tits (Parus 
major) use snail shells as a source of calcium. Consumption of shells increases 
significantly a few days before, during and after laying a clutch of eggs. Females in 
areas with few snail shells lay less eggs and these eggs have shells that are thinner or 
even missing; they also have more spots. Females that have been deprived of calcium 
and then allowed to eat snail shells start to lay eggs with 1-2 days. (Gravelands and 
Bereland 1996). Other species have been shown to consume extra calcium e.g.  
Sandpipers (Calidris spp.) breeding in the arctic have lemming (Lemmus trimucronatus) 
bones in their stomach during follicular development  (MacClean 1973). A normal shell 
allows normal respiration and hydration as well as protection. During the last third of 
incubation, the chorioallantoic 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 most of the calcium to form its skeleton. 
 
Based on the Scaly-headed Parrot (Pionus maximiliani), parent birds weigh 230 grms 
and their skeleton (non-breeding) weighs 14.5 grms (6.3% of bodyweight). A clutch of 5 
eggs weighed 72.5 grms (31.5% of bodyweight) and the total weight of the shells was 
6.2 grms (42.7% of skeleton). Time from laying first to last eggs = 9 days. 
 
History and examination 
Because obstetrical problems have many causes the prognosis varies. Start by 
obtaining a general and reproductive history followed by a physical examination. 
Obviously egg binding is not a problem that affects males but in sexually monomorphic 
birds a careful history and general scepticism is important – many owners do not know 
the sex of their bird. 
Ask the owners: How long have they owned the bird? Age of bird, rearing etc. 
Sex – how do they assess this? How long has it been unwell, signs etc. 
Is there a previous history of egg-laying. 
 
Egg binding and dystocia can be caused by: hypocalcaemia and other nutritional 
deficiencies (most common), illness due to infection or disease, or problems with the 
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oviduct, uterus, or vagina which can be caused by tumours, torsion, hernias etc, old age 
and/or obesity. In many texts exhaustive lists of causes may be valid but some are 
speculative as there is no evidence base for the claims.  
Life threatening circulatory disorders, shock, and nerve paralysis can occur during 
dystocia. It has been suggested that these occur secondary to compression of pelvic 
and renal vasculature and nerves. Cessation of defaecation and urination will lead to 
severe metabolic disturbances. Pressure necrosis of the oviduct results in rupture. Egg-
laying lethargy is normal but seeing it in a bird on the perch is unusual; they are usually 
in their nest box. The egg bound bird is depressed, lethargic, quiet, and tachypnoeic. It 
has a wide non-perching stance and can have uni- or bi-lateral paresis/paralysis. The 
abdomen and cloaca are usually doughy and swollen; an egg may be palpable.  
Beware it is depressingly easy to fail to palpate a shelled egg! Always take a 
radiograph. Tail wagging, dyspnoea, straining, decreased frequency of defaecation are 
abnormal whereas an increased volume of faeces, as well as nesting behavior is more 
likely to be normal.  
It is suggested that in cases of severe dystocia, the bird’s feet may become "blue-
white", indicating circulatory compromise and warrants immediate intervention. 
Clinical examination should determine if the bird is ill while laying an egg or is it egg 
bound? If the bird is unwell, patient stabilization is critical. Ideally fluids (saline or LRS) 
should be given SQ, but occasionally supplementation with a slow IV bolus may be 
needed. Placement of a jugular or metatarsal vein IV catheter, or an interosseous 
catheter, should be reserved for cases of severe dehydration. Subcutaneous 10% 
calcium borogluconate should be given in all situations (2mls for a cockatiel, 20 mls for 
an eagle – using several sites). It is useful to give some high calorie food supplemented 
with a calcium/vitamin D supplement such as (Nutrobal VetArk UK)The patient should 
be placed in a warm, humid, (oxygenated) incubator. The incubator should provide 
subdued light and the bird should be kept quiet. In the UK it is unusual to see 
dehydrated patients. Usually a radiograph is all that is needed. In some cases a CBC + 
biochemistry is necessary. Ionised calcium may be normal in an egg-bound bird. BUT 
hypocalcaemia is the most frequent cause of egg binding, usually secondary to low 
calcium diets. 
In birds with a prolapse, the tissues should be cleaned with warm sterile saline and 
coated with sterile lubricant whilst the bird is given fluids, food, and general support 
before surgery is carried out. If there is an egg present it may be possible to reduce the 
prolapse and deliver the egg manually. If this is impossible, surgery is necessary. 
Radiography of parrots and birds of prey before and during laying should show 
medullary bone in most long bones. Well-developed medullary bone suggests adequate 
calcium reserves for egg production. An egg with a shell is easy to diagnose 
radiographically. Ultrasonography is useful for the diagnosis of impacted soft-shelled 
eggs, ectopic soft shelled or shell-less eggs, and salpingitis, as well as to differentiate 
oviduct masses from other caudal abdominal masses.  
Hormone-related treatments such as prostaglandins or oxytocin have been 
recommended. Oxytocin is not produced in birds; given parentally it produces profound 
cardiovascular effects as well as painful and potentially ineffective smooth muscle 
contractions. 
If the bird does not lay the egg within the expected time (definitely within 24 hours) it 
should be anaesthetised and the egg manipulated towards the vent. This is done by 
palpation and slowly pushing the egg caudally. Constant gentle pressure usually forces 
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the egg to become visible through the opening vent. Once the end of the egg is visible 
lubricated cotton bud can be used to push the oviduct over the egg. With care and firm 
caudally directed pressure it is usually possible to expel the egg. Many times the egg 
shell is not covered with a cuticle. In some cases when the egg has been retained for a 
few days the shell with no cuticle can adhere to the oviduct making it impossible to 
deliver the egg without the risk of a prolapse. In these cases it is possible to deliver the 
egg by making a small hole, aspirating the contents and if the egg shell is thin it will 
collapse. If the shell is hard it must be broken up and removed piece meal. With care 
and common sense this is a safe procedure. Sometimes it is necessary to aspirate with 
a needle placed through the abdominal wall: useful for soft-shelled eggs which are 
passed easily after being collapsed. 
In some cases it is impossible to deliver the egg through the vent. Either manipulation 
fails to present the egg through the oviduct, or radiography may show the egg 
presenting blunt end first. Delivery of the egg in these cases requires surgery. My 
personal preference is for a ventral midline laparotomy. In some cases a hysterectomy 
is indicated.  
 
Surgical technique for delivering an egg 
Pluck the bird midline from the caudal edge of the sternum to the vent. This space is 
often quite devoid of feathers just before and during incubation as it is the brood patch. 
Sterilise the skin and drape with a plastic drape. Midline incision through the skin. Tent 
up the muscle layer and carefully make a midline incision from the edge of the sternum 
to the space between the pubic bones. Enter the cavity below being careful not to cut 
the intestines that are close to the surface. Enter the left side of the abdominal 
peritoneal cavity and find the egg and oviduct (they may be separate). In most cases 
the oviduct needs to be incised longitudinally to expose the egg. The egg needs 
removing either as a whole or piecemeal. If the egg is to be cut up, make a small hole in 
the most dorsal (to the incision) part of the egg and aspirate the contents. Then cut up 
and remove the egg shell. It is usually possible to close the oviduct with a continuous 
suture pattern with 1.5 or 1.0 metric absorbable suture material e.g. polyglecaprone 
(Monocryl, Ethicon UK). Once closed, inspect the oviduct for more eggs. Inspect the 
ligaments for tears and if these are present they must be repaired.  
If the oviduct is irreparable it must be removed completely to the cloaca. This is usually 
easier in a laying bird. Whilst haemostat clips are useful it is quite possible to carry out 
this procedure without them. Large blood vessels may require ligating but can often be 
prevented from bleeding by tearing them between two pairs of artery forceps. It appears 
to be unusual for a bird to ovulate when the oviduct has been removed. Repair the 
peritoneal structures as you leave the abdomen, again with fine absorbable suture 
material. Repair the abdominal musculature with 2 or 1.5 metric polydioxanone (PDS 
Ethicon UK) I use 2 or 1.5 metric uncoated polyglactin (Vicryl Rapide Ethicon UK). 
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Introduction 
Hysterectomy (or salpingohysterectomy) is indicated to prevent egg production, resolve 
disease conditions associated with egg production, like persistent egg-laying, 
infectious/inflammatory disease of the oviduct, neoplasia, oviductal torsion, oviductal 
prolaps, and other problems accociated with female reproduction disorders. In general 
hysterectomy is not performed as a routine preventive procedure due to possible risks 
like haemorrhage. Surgical removal of the ovary in birds is a difficult and high-risk 
procedure due to the extreme vascularity of the area and is rarely attempted. 
The anatomy of the female reproductive tract includes the ovary, infundibulum, oviduct, 
uterus, and vagina, which joins the cloaca at the vaginal cloacal orifice. In sexual 
inactive birds the oviduct is very small and may be difficult to find. During sexual and 
egg-laying activities, the oviduct is hypertrophied and blood supply to the ovary and 
oviduct is significant. It is recommended to delay surgery if possible until the 
reproductive tract is in regress.  
The size and condition of the oviduct varies with the reproductive and physiologic state 
of the patient. After previous reproductive diseases and infections (yolk peritonitis) 
massive adhesions may be found, which complicate surgical removal of the oviduct and 
lead to an increased risk of injuries. After removal of the oviduct there is presumably a 
hormonal feedback loop between the uterus and the ovary which prevents follicular 
development and ovulation. In most of the birds following salpingohysterectomy, follicles 
will develop but will not progress to ovulation. There are some case reports, where birds 
developed large follicles and ovulate freely into the coelom. These ova may be resorbed 
without incident, but some birds develop coelomitis.  
 
Method: 
As with any other surgical and anaesthetic procedure, the patient should be stabilized 
and medical issues addressed prior to surgery. Ocular loupes greatly facititate surgical 
magnification of small structures.  
If the oviduct is hypertrophied, it is easy to recognize it in the body cavity and to follow it 
to the ovary. The oviduct can be identified by its whitish colour. The ovary is positioned 
at the cranial pole of the left kidney. For salpingohysterectomy the patient may be 
placed in dorsal recumbency and a ventral midline coeliotomy with or without a 
midabdominal transverse incision may be performed. Another possibility is to place the 
bird in right lateral recumbency and a left lateral coeliotomy is performed. However this 
approach involves an extensive incision requiring transection of ribs and abdominal 
musculature and restricts exposure to the left coelomic cavity.  
The proximal portion of the oviduct – the infundibulum lies caudally to the ovary. The 
dorsal ligament courses caudally along the uterus. If there are big follicles, they should 
be aspirated to prevent yolk spillage into the coelomic cavity and to improve visuability 
of the structures. There is a small blood vessel from the ovary through the infundibulum, 
which should be transsected with a bipolar radiosurgery forceps, a haemostatic clip, or 
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a ligature. In very small birds this ligament may be very flimsy and may be torn without 
ligature, if the oviduct is not very active. After transsection the dorsal ligament retracts 
dorsal to the ovary and is the irretrievable. Bleeding may be stopped by manual 
pressure. 
Once the infundibulum is free, the oviduct is retracted ventrocaudally. This exposes the 
dorsal suspensory ligament, several small blood vessels and branches of the ovarian 
artery, which should be coagulated or ligated. The dissection is continued caudally 
toward the cloaca. The ureter has to be identified as a white, tubular structure extending 
from the kidney to the cloaca and avoided. For better identification of the cloaca it is 
recommendable to put a cotton-tipped swab inside. The uterus is ligated at its junction 
with the cloaca with suture material or a haemostatic clip, using caution not to trap the 
ureter. 
The incision is closed by a standard two-layer closure. In very small birds it is also 
possible to suture both layers together.  
It is recommendable to place the bird in a heated box without perches for some hours 
after surgery to prevent falling from the perch during recovery from the anaesthesia and 
to avoid excessive movement which could result in bleeding. Post surgical treatment 
should include antibiotics for some days, analgetics for the first two to three days and 
control of the suture. It is not necessary to remove the sutures as they will be scuffed  
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Introduction soft tissue surgery 
Experience required: Any aspiring avian surgeon, should first become a competent 
small animal surgeon.  The sympathetic handling of soft tissues is mandatory in a 
successful avian surgeon.  Avian surgery requires exactness in view of small body size 
and increased metabolic rate, as any such errors are magnified. Surgery on birds of 
less than 2kg requires micro surgical techniques and equipment as well as a significant 
degree of manual dexterity. For avian surgery to be safe and effective - haemorrhage, 
tissue trauma, anaesthetic time as well as anaesthetic and metabolic complications 
must all be minimised and good post operative care (including analgesia) must be 
provided. 
 
Equipment 
In order that avian soft tissue surgery is performed without undue risk of failure, the 
following items of equipment should always be available:- 
Microsurgical instruments: only the tips should be miniaturized, the handles should 
be a normal length and preferably be counter weighted. Counterweights do minimise 
digital fatigue, but this is not relevant until one has a considerable surgical case load, 
which may take some years. Conversely relatively few instruments are required in an 
avian surgical kit (fine pointed scissors, needle holders, 2x artery forceps, atraumatic 
grasping forceps - e.g. Harris ring tip forceps, a retractor (e.g. Alm) – are the 
essentials).  Where possible handles should be round in outline, so that instrument tip 
movement can be accomplished by a finger rolling action, rather than the traditional 
wrist movement.  Spring loaded, locking instruments will also greatly assist in 
preventing finger fatigue.   
Haemoclips (and applicators): are essential for clamping intra abdominal vessels 
which, in view of their position, ligation is precluded.  Care and practice is required in 
the safe and effective application of clips. 
Sterile cotton buds: are invaluable for applying 'point pressure' to control 
haemorrhage, as well as moving tissues in an atraumatic manner. 
Surgical drapes: during avian surgery a minimum area of plumage should be plucked 
(to minimise body heat loss and hypothermia). Excessive wetting of the skin should be 
avoided, in particular with labile fluids such as alcohol (in view of heat loss due to latent 
heat of evaporation).  The accurate visualization of respiration is essential for monitoring 
depth of anaesthesia.  For all these reasons the use of sterile clear plastic surgical 
drapes maintained on the skin with an aerosol surgical spray adhesive is advantageous.  
Magnification: some form of magnification is essential for all patients under 1 Kg in 
size.  Bifocal surgical lens attached to a rechargeable halogen light source (and hence 
no trailing light cables or attachments to immobile light sources), with a variable focal 
distance are ideal.  If finances are limited then modified hobby loupes, with an attached 
light source are adequate.  The disadvantages of the latter systems are that they have a 
fixed focal distance, and movement of the head away from the optimum distance can 
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lead to a ‘motion sickness sensation’.  With practice this is over come.  The stronger the 
lenses selected the shorter the focal distance, and hence the closer the clinician will be 
to the surgical tissues.  This should be considered in relation to table and standing or 
sitting height.  An ergonomic operating position is important. A seated position for avian 
surgery is recommended in order to achieve greater hand movement control.   
Suture materials: the finest material, with the least number of sutures should be used.  
A suture material which does not permit capillary action (i.e. no multi-filament), which 
causes minimal tissues reaction (i.e. monofilament nylon or polydioxanone (PDS: 
Ethicon), but not polyglactin (Vicryl: Ethicon)) should be used.  The duration of 
maintenance of suture strength, must be appropriate to the speed of tissue healing.  
Tendons, ligaments and fascia heal slowly (50% strength in 50 days) and should be 
repaired using polydioxanone or nylon.  Suture sizes in birds vary, but generally range 
from 3-0 to 6-0.  Birds poorly tolerate bandages or dressings.  In areas where some 
additional support is required over a suture line, hydrocolloidal skin dressings 
(Granuflex: Convatec) may be sutured in place.  Such a dressing will promote healing, 
whilst also providing protection to the area. 
 
Microsurgery: Surgeons must gain familiarization with magnification.  Slight instrument 
movements are exaggerated when magnified and the surgeon’s natural ability to control 
such movements is rincreased by magnification.  When planning avian surgery, other 
distractions and stresses such as time constraints should be eliminated.  Fine muscle 
control will be impaired if you have under gone excessively strenuous exercise in the 
previous 24 hours.  Do not alter caffeine intake.  Assess all risks and possible 
complications prior to surgery so that you are not phased as they occur.  Never 
commence surgery unless you are wholly familiar with the anatomy.  Use cadaver 
surgery for anatomical familiarisation and in order to become experienced at tissue 
handling and evaluating what traction and trauma can be placed on delicate structures 
without causing lasting damage. Small infrequently used instruments are those most 
likely to have been misplaced.  Ensure all the equipment required is available and 
sterile prior to patient induction.   The operating table must be stable (against movement 
of people or machinery in the vicinity) and staff should be advised not to touch or knock 
the table during surgery as patient movements result in significant surgical risks. 
 
Radiosurgery: employs high frequency alternating current to generate energy.  There 
are two electrodes; the active electrode should remain cool. Radiosurgery is invaluable, 
however training and care is required. Correct utilization of radiosurgery will not cause 
excessive tissue damage or delayed wound healing but will facilitate incision in the 
absence of significant haemorrhage, as well as accurate control of any bleeding points 
(using the bipolar forceps).  The control of haemorrhage is essential to prevent 
significant blood loss and to facilitate uninterrupted visualization of the surgical field, 
thus reducing surgical time and increased precision of surgery.  The Surgitron (Ellman 
International Inc., Hewlett, NY) and other radio surgical units use radio frequency 
current (as opposed to an electrical current), which is received at the indifferent plate, 
so that direct contact between the patient and the plate is not required.  This removes 
any risk of heat generation at the patient-indifferent plate contact point, which can 
otherwise lead to patient tissue necrosis.  The two points of the bipolar forceps 
constitute the two separate electrodes (active and indifferent), so there is no need for 
the ground plate.  Bipolar forceps are invaluable for controlling point haemorrhage, 
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(even in the presence of a liquid blood filled field).  Cautery with the monopolar head is 
ineffective in a wet (e.g. blood) field. Intra-operative sterile switching from monopolar to 
bipolar is essential to facilitate effective mono and bipolar use.  Correct use of 
radiosurgery is important.  3.8 – 4.0 MHz is the optimum frequency for incisions.  This 
frequency provides a precision focus of the energy in a minimal area.  Excessive 
sparking or lateral heat should not occur if it does the power setting is too high.  If the 
power is too low, the electrode drags this in turn increases the lateral heat and tissue 
damage, which is undesirable (this can also occur when trying to cut through fat).  Any 
excessive tissue damage will delay post operative tissue healing.  A fully filtered 
waveform is ideal as this minimizes lateral heat.  The smallest possible electrode size 
(in order to minimize lateral heat and hence collateral tissue damage) is always used.  
For the same reason the electrode should be in contact with the tissue for the minimum 
time possible.  Once cut the operator should not return to the same tissue with a single 
wire within 7 seconds, or 15 seconds if it is a loop electrode. Fully rectified, fully filtered 
(90% cutting 10% coagulation) current should be used for cutting skin and biopsy 
collection.  Fully rectified (50% cutting and 50% coagulation) current should be used for 
dissection with haemostasis, whilst partially rectified (10% cutting, 90% coagulation) 
current should be used for coagulation. 
 
Surgical Lasers: Laser (light amplification by the stimulated emission of radiation) 
surgery is now more readily available and affordable.  Tissues may be cut or ablated 
(vaporized) using contact (least co-lateral damage - typically 300-600u) or non-contact 
(when visualization is improved, although lateral damage tends to be slightly greater) 
modes.  Using either technique, blood vessels of up to 2mm diameter may be incised in 
the absence of any haemorrhage.  Laser surgery can be used endoscopically.  There is 
no doubt that the application of surgical lasers will have a growing place in avian 
surgery during the next few years.  The main advantages are the reduction of oedema, 
post operative swelling, lateral damage, reduced healing times, less post operative pain, 
enabling more extensive surgeries (e.g. orchidectomy) to be performed. 
 
Preparation: The patient must be assessed in relation to energy and nutritional status, 
as well as circulatory fluid or blood deficit and any abnormalities corrected.  Intra-
operative and post-operative hypothermia, analgesia, sepsis and shock must be 
controlled.  Pre surgical starvation should be sufficient purely to ensure an empty crop.  
Any longer period of starvation would be detrimental in view of the risk of a negative 
energy balance.  All birds over 100g are entubated to protect the airway from gastric 
reflux.  Smaller birds are generally not entubated in view of the reduced effective 
diameter of the respiratory airway and increased risk of blockage of small diameter 
tubes by respiratory secretions. 
 
Skin Preparation: sufficient feathers are removed (never flight feathers) to enable 
adequate sterile access to the operative site.  Adjacent feathers may then be retracted 
from the surgical field and held in place with proprietary office supplies adhesive tape.  
In the authors practice skin preparation is performed using iodine based alcoholic 
tincture disinfectant.  An aerosol surgical adhesive is applied to the skin, and a sterile 
transparent drape is applied.  The minimization of the area of feather removal, whilst still 
enabling intra operative control of sepsis is beneficial in the control of intra or post-
operative hypothermia. 
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Indications for tracheal surgery 
Tracheal trauma, syringeal aspergilloma, tracheal stenosis, foreign body inhalation or 
tracheal neoplasia or xanthoma, are all indications for tracheal surgery. 
Locating the position of tracheal surgery: whilst it is possible to open, even remove 
up to 5 tracheal rings from most birds, making the initial incision in the correct position is 
essential.  This is best facilitated, with Tracheoscopy and advancing the endoscope to 
the point of pathology, then from the cutting down onto the trachea, at this point, from 
the ventral aspect. 
Tracheotomy: this procedure is most commonly indicated in the treatment of syringeal 
aspergilloma or retrieval of a tracheal foreign body.  The bird is placed in dorsal 
recumbency, with the head elevated at 45o and directed towards the surgeon.  A ventral 
skin incision is made proximal to the thoracic inlet.  The crop is identified, bluntly 
dissected and displaced to the right.  The inter-clavicular air sac is entered, and the 
trachea elevated.  The exact position of the syrinx varies between species, but will be 
located at or inside the thoracic inlet.  The Sternotrachealis (attached bilaterally to the 
ventral aspect of the trachea), is transected.  Stay sutures may be placed into the 
trachea, in order to draw it in a cranial direction.  A tracheotomy is performed, cutting 
1/2 of the tracheal circumference, through the ligament between adjacent tracheal 
cartilages (using a number 11 scalpel blade), at a position as far caudad as possible, 
but so that repair is still possible.  A stay suture is placed cranial and caudal to the 
incision, 2 rings from the incision and used as stay sutures, so that the trachea does not 
require forcep handling which would result in excessive trauma.  Access is gained to the 
tracheal lumen and suction, curettage or forceps are used to removed unwanted 
tissues.  The incision is repaired with single interrupted sutures (6/0 maxon 1-3 sutures 
only) placed to include two rings either side of the incision.  If additional access is 
required, the superficial pectoral muscles may be elevated, and a unilateral osteotomy 
of the clavicle performed.  On closure the two ends of the clavicle are apposed but not 
rejoined. The muscle is replaced and sutured into position.  The crop is sutured back 
into place, to create an airtight repair over the inter-clavicular air sac, using a continuous 
suture pattern and absorbable suture material.  The skin is closed in a routine manner. 
Trachectomy: in cases where a severe tracheal stenosis occurs following trauma 
(including recent entubation) or infection, tracheal resection and removal of the affected 
tissue can be performed.  Depending on the site of the lesion, most species can 
accommodate a loose of up to 5 tracheal rings.  In such cases close apposition of 
cartilages following surgery, using a suture material which elicits minimal tissue reaction 
(eg Polydiaxonone, Ethicon) is used in order to minimise the risk of intra-luminal 
granuloma formation.  Trauma to tracheal tissues during surgery must be minimised.  It 
is preferable to place sutures in the trachea at the time of resection, to facilitate 
apposition and anastomosis.  Two to four sutures are used (depending on patient size) 
and are all preplaced before any are tied. 
Post surgical Care 
Post-surgical care greatly effects the outcome of the procedure.  Prevention of self-
trauma, a rapid recovery, sufficient analgesia, fluid, thermal and nutritional support as 
well as the minimization of stress are vital. 
 
REFERENCES 
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Introduction 
Bumblefoot is a condition recognised as an inflammatory, and typically infected lesion of 
the plantar aspect of the foot, affecting either the ball of the foot or one or more toes.  
Bumblefoot is a common disease of large species of raptors maintained in captivity and 
tends to become chronic, progressive, invasive and eventually disabling, which is often 
either unresponsive to traditional therapy or recurrent. The condition most commonly 
affects falcons (long-wings) and larger owls, whilst hawks (short-wings) (e.g. goshawk 
(Accipiter gentilis), and broad wings (Harris’ Hawk (Parabuteo unicinctus), buzzards 
(Buteo spp.)) are very rarely affected.  The condition is very common in captive birds 
but is rare in free living birds.   
 
Aetiology 
Raptor's feet are protected by a thick layer of stratified squamous epithelium, which in 
turn is covered by a layer of keratin.  On the plantar surface is a covering of hard 
papillae, these are thought to help to disperse the pressure of the weight bearing 
function of the foot.   
Bumblefoot is caused by one of two main aetiologies.  Firstly any penetration of the foot, 
caused by a talon, thorn or other sharp foreign body, or abrasive object may 
simultaneous introduce infection either into the dermis or sub dermal tissues.  Secondly 
and far more commonly, captive birds, whether tethered on perches or free in aviaries, 
may suffer from an ‘avascular necrosis’ of the plantar aspect of the ball of the foot or a 
toe.  The enforced use of unsuitable perches, or simply the effect of greater periods of 
inactivity, during which time they are taking excessive weight on their feet, leading to 
pressure necrosis (similar to a human bed sore).  Once such an area of avascular 
necrosis occurs the normal epidermal defense mechanisms fail, facilitating the migration 
of pathogenic bacteria through the skin.   
The organism most commonly implicated is Staphylococcus aureus, this bacteria has a 
complex pathogenesis, frequently producing endotoxins or exotoxins, which serve as 
virulence factors.  The organism is considered to be an opportunist, taking advantage of 
a breakdown of host immune defences. Malnutrition such as vitamin A or vitamin E 
deficiencies or any cause of immuno-suppression, such as stress or intercurrent 
disease, predisposes to bumblefoot infection.  However foot trauma in other species or 
individuals with similar deficiencies do not result in the same clinical scenario, hence 
some other reason or mode of immune suppression has been postulated (Oaks 1993).  
Oaks (1993) attempted to stimulate falcon's immune response to S. aureus, by 
immunisation of bumblefoot affected falcons however there was no evident 
improvement in recovery rates. Other organisms have been implicated, E coli,  
Pasturella spp.,  Klebsiella spp., Clostridium spp., Corynebacterium spp., Bacillus spp., 
Diplococcus spp., Nocardia spp., Actinobacillus spp., Actinomyces spp., Aeromonas 
spp., Proteus spp., Pseudomonas spp., Candida spp. and Aspergillus spp.. In the 
author's experience the nature of the pathogen has a great influence on the outcome of 
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the case.  The pathogens with the gravest prognosis are the last four listed above.  It is 
of interest that Aspergillus spp. and Candida are not recognised as significant 
pathogens in the Middle East, where much of the current falcon research is carried out.  
The author postulates that this relates to differing temperature and humidity rates.  
Remple et al. (1993) demonstrated perivascular cellular reactions, some leading to 
perivascular inflammatory infiltrate, oedema, degeneration of collagen and a necrotising 
vasculitis, in many bumblefoot cases.  In all cases there was a marked nodular vascular 
proliferation/fibrous thickening with endothelial and smooth muscle hyperplasia with 
consequent luminal narrowing, representing endarteritic obliterative vascular changes.  
Such changes will inevitably reduce cellular perfusion at the site of the lesion and hence 
to perpetuate the disease.  The formation (within 3 -5 days of initial trauma, (Cooper 
1978)) of a fibrin barrier, (which is catalysed by staphyloccal coagulase), insulates the 
pathogen from phagocytosis and antimicrobial action, which may explain the 
progression, failure to self heal, and reoccurrence rate of many cases.   Although it has 
been shown that avian heterophils can ingest S. aureus in vitro, Glick et al (1964) 
demonstrated that heterophil activity in vivo in the presence of S. aureus  to be 
markedly reduced.  The later observation suggests a phagocytic paralysis that may 
result from staphylococcal toxins or a vague immunosuppressive response somehow 
induced by the presence of the pathogen.  Whilst S. aureus is the predominate 
pathogen in raptor bumblefoot, Cooper and Needham (1976) demonstrated that the 
incidence of naturally occurring S. aureus on raptor feet is rare.  Raptors may be poorly 
adapted to human S. aureus and that when challenged with these organisms the bird 
may be unable to mount the appropriate immune response.   Turk and Stamm (1970) 
reported that the introduction of S. aureus into the skin can initiate a hypersensitization 
reaction with considerable resultant tissue damage.  Hypersensitisation is likely to be an 
Arthus Type III reaction, which would result in thrombosis and vasculitis, as 
demonstrated by Remple (1993).   
 
Clinical signs 
Response rates are greatly improved if treated early. The severity of cases is graded. 
 
Class I.  
Early devitalisation of a prominent plantar area without disruption of the epithelial 
barrier, subdivided into: 
A. Hyperaemia (bruise) or early ischaemia (a blanched area with compromised 
capillary perfusion). 
B. Hyperkeratotic reaction (an early callous). 
Favourable prognosis, as there is no evidence of infection.  The changes generally 
respond to conservative, husbandry changes, including changing perching surfaces and 
application of topical emollients eg. Preparation H (Whitehall Labs). 
 
Class II.  
Localised inflammation/infection of underlying tissues in direct contact with devitalised 
area, with no gross swelling, subdivided into:  
A. Puncture wound. 
B. Ischaemic necrosis of epithelium (a penetrating callous or scab) 
Good prognosis as infection is localised.  Such lesions respond well to surgery as the 
total affected area is easily resected and epidermal defects are characteristically small, 
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hence the architecture of the weight bearing structures of the plantar aspect are 
maintained intact.  This class will generally not respond to conservative treatment. 
 
Class III.  
More generalised infection with gross inflammatory swelling of underlying tissues.  The 
origin may be puncture wounds or ischaemic necrosis, however by this stage the initial 
cause is of minor significance in comparison with the gross on-going pathology.  
Subdivided into: 
A. Serous (acute)- oedema and hyperaemia of the tissues. 
B. Fibrotic (chronic)- attempt at encapsulation and confinement. 
C. Caseous - accumulation of necrotic debris. 
Traditionally carries a fair to guarded prognosis, as infection is well established, and 
structural changes have affected the foot.  The majority should be treated by complete 
surgical removal of all affected tissue, followed by first intention healing. 
 
Class IV.  
Established infection with gross swelling and involvement of deeper vital structures. 
Radiology and surgical exploration will often be required to differentiate types III from IV.  
Class IV is a chronic condition causing tenosynovitis and occasionally arthritis and 
osteomyelitis.   
Carries a guarded to poor prognosis as infection is harbored in and affected deeper vital 
structures, making surgical debridment difficult or impossible.   In view of the chronicity 
pockets of encapsulated infective tissues are often present, which if not cleared will 
result in latter reoccurrence (see treatment regimes later).   
 
Class V is an extension of Class IV and is characterised by crippling deformities, such 
cases have previously been considered to be inoperable and best euthanased without 
treatment.  
 
Until recently the treatment of Class IV and in particular Class V cases carried a poorto 
grave prognosis. Remple and Forbes (1998) described the use of antibiotic impregnated 
methymethacrylate beads (AIPMMA), in the treatment of bumblefoot.  The use of 
AIPMMA beads, following aggressive surgical debridement, offers an alternative 
method for the delivery of antibiotics to an infected site.  This technique has been used 
safely and efficaciously in birds for the treatment of cellulitis and osteomyelitis. By this 
method higher local concentrations of antibiotic can be achieved than with systemic 
administration without relying on vascular supply and soft tissue.  Ototoxic and 
nephrotoxic serum levels, and other undesirable side effects such as allergies and 
nausea, are avoided as minimal systemic uptake occurs.  AIPMMA beads are easily 
made and may be sterilised with ethylene oxide or gamma irradiation. In their study 
AIPMMA beads, with a range of different antibiotics and antibiotic combinations, were 
used in a number of cases of bumblefoot ranging in severity from Class II to Class IV, 
following the classification of Oaks (1993), in a range of raptor species, resulting in a 
marked improvement in long term resolution and cure rates. 
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Clinical management 
The first step in bumblefoot management is the education of one's clientele.  The 
routine of daily handling, and monitoring of foot health is invaluable.  If cases can be 
detected as Class I stage, then virtually all will immediately respond to conservative 
therapy.  Inevitably as a consequence of poor husbandry, or in cases where breeding 
birds are in secluded aviaries, regular close inspection may not occur.  In such 
situations birds may be presented in more advanced stages.  Conversely, at whatever 
stage a case is diagnosed, if the underlying husbandry cause is not addressed, the 
case will inevitably reoccur. 
On presentation a full history should be taken and the bird should receive a full clinical 
examination.  Any concurrent disease, leading to excessive weight bearing on either 
foot, or causing pedal problems (eg. pox, frost bite, spinal or pelvic limb injuries etc.) or 
general illness (eg. nutritional deficiencies, aspergillosis, tuberculosis etc.) should be 
evaluated.  Some authors have considered Vitamin A deficiency to be significant, any 
bird fed regularly on day-old chicks (so long as the yolk sack is left intact at last once a 
week) is highly unlikely to suffer such a deficiency.  Vitamin E deficiency has also been 
implicated, this is most often caused by the storage of frozen food for excessive periods 
prior to feeding.  Food should not be stored frozen for more than three months. 
Bumblefoot never only affects one foot.  As soon as one foot is affected additional 
weight is born by the good foot, the latter rapidly leads to a pressure necrosis 
bumblefoot in the good foot.  In view of this on the occasion of the initial examination, if 
one foot appears unaffected, action should be taken to dissipate weight over the whole 
surface of the good foot, including the toes, rather than simply the ball of the foot, in 
order to prevent disease of the second foot.   
Each case should be classified and the appropriate investigative procedures should be 
carried out, eg. microbiology, radiology, surgical investigation.  In the author's hospital 
microbiology swabs are taken for bacteriology and sensitivity testing, prior to surgery.  
The importance of this is that the fibrotic reaction can encapsulate infective organisms 
within 3 - 5 days (Cooper 1978).  If sensitivity testing is carried out at the time of 
surgery, the results may not be available in time to be effective prior to fibrotic 
encapsulation of infective organisms.  Such a scenario would render the surgery 
ineffective.   Prior to the results of sensitivity testing being available a first line antibiotic 
should be administered.  In this situation the author favours marbofloxacin or B 
lactamase potentiated penicillin.  Some clinicians administer Vitamin A prior to surgery 
(30,000 iu Vit A/kg body weight) .  In cases where there is extensive oedema and 
swelling of the tissues of the foot, a ball bandage soaked in a combination of Dimethyl 
sulphoxide (DMSO), dexamethasone and piperacillin is placed for 2- 3 days prior to 
surgery.   Such therapy reduces the swelling of the foot very rapidly, controlling any 
hypersensitivity reaction that may be present, which in turn it is hoped will improve 
vascularity.  DMSO when applied topically will cause a 'garlic like' odour on the birds 
breath, this can depress the birds appetite, such therapy should not normally exceed 4 
days duration.   
   
Surgery 
The aim of surgery is to reduce the antigen loading, were possible removing infected 
and fibrotic tissue in toto thereby converting a necrotic infected area into a clean, 
vascular surgical site that may be closed to heal by first intentions.  The skin is carefully 
prepared to remove any bacterial contamination.  A tourniquet is applied to the leg, for a 
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minimal period during surgery to facilitate a ‘good blood free’ operative site.  The bird is 
placed in lateral or dorsal recumbency, with the talons extended by a stationary device 
as described by Remple (1993).  The initial incision should include all devitalised or 
ischaemic areas of the plantar aspect of the foot.  The direction and size will take into 
account directions of tension and the requirement for normal functional post surgical 
anatomy.  All fibrotic, ischaemic, necrotic, exudative and caseous material is removed. 
All surrounding tissues are debrided.  Some authors favour the use of enzymatic-
debridement following physical debridement.  Prior to closure of the wound, cavities are 
explored between phalanges 1 and 2, between 2 and 3 and on the lateral aspect of the 
foot between phalanges 3 and 4 (in a position above the plantar surface, over which the 
jessie cannot rub).  Into each of these cavities an AIPMMA bead is placed (as described 
by Remple and Forbes 1998).  These beads will continue to release antibiotics into the 
local area surrounding the previously infected tissue for a period of months.  These 
beads may typically be left in situ, although the position of their placement is such that 
they may be removed from the dorsal aspect of the foot, if that should prove necessary.  
 
In Class IV and V cases, following full assessment it may be considered that first degree 
healing is not practical.  Such a decision will be based upon the bacterial isolate and the 
degree of tissue damage and ischaemia.  In such cases the wound edges are drawn 
together, (trapping AIPMMA beads inside), often using a purse string suture but are not 
closed.  Topical applications of antibiotics, anti-inflammatories, cleansing agents (eg. 
proflavine) or epitheliogenic agents are used.   
 
Following surgery it is imperative that pressure is effectively relieved from the plantar 
foot.  In a normal stance the total bird's weight is applied to this particular area.  In 
recent years a number of different systems have been advocated for raising the 
operation site off the ground.  A number of dressing or resin based structures have 
been advised.  In essence a soft (pressure sparing) dressing, which achieves weight 
bearing around the periphery of the foot and hence way from the ball of the foot.  Such 
a dressing will require changing every 7-10 days.  Differing structures are required for 
different species, for small species corn plasters are used, larger species a similar 
shaped dressing made of rigid foam, or a fabricated circular padded structure.  Such 
dressings are shaped (simliar to a ring doughnut) to make contact with the plantar 
aspect of the foot, at a point half way along the length of each toe.  The latter dressings 
may be fashioned from rigid foam, plastic, wood or metal circle, amply padded with 
foam or cotton wool.  If correctly applied, birds appear comfortable in these dressings.  
Even birds with severely affected feet no longer spend periods of time lying down to rest 
their feet.  The bird’s food does need to be cut up, as bandaged birds are unable to hold 
food in their talons and so cannot feed in the normal manner.  Antibiosis is maintained 
for 14 - 21 days.   
 
Conclusion 
Bumblefoot has been a serious affliction of falconer’s birds for thousands of years. A 
detailed description was made by Holy Roman Emperor Frederik II of Hohenstaufen 
(1194-1250) in his monumental treatise, De Arte Venandi Cum Avibus.  The earliest 
reference to surgical treatment of the disease appears in Falconry, or the Falcons Lure 
and Cure published in 1615 (Cooper 1980).  However despite its long recognition, the 
condition remains an all too common affliction of captive raptors.   
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What are the determining factors 
This is a regular conundrum, particularly for the less experienced clinician, but equally 
one which ‘longer toothed’ clinicians should keep asking themselves.  The main factors 
in consideration are: 
 
Availability of equipment 
Avian surgery of any type, does require certain instrumentation. For conventional 
surgery, microsurgical instrumentation is a great asset.  The latter should have normal 
sized handles with only the tips miniturised. The handles should preferably be counter 
weighted in order to minimise finger fatigue.  Atraumatic tissue forceps are essential 
(e.g. Harris ring tip forceps).  Conversely relatively few instruments are required in an 
avian surgical kit (fine pointed scissors, needle holders, 2x artery forceps, atraumatic 
grasping forceps, a retractor – are the essentials). Spring loaded, locking instruments 
will also greatly assist in preventing finger fatigue.  In addition illumination and 
magnification is required, as well as some form of adequate retraction system (e.g. 
Lone Star Retractor).  Against this the endoscopy route, requires suitable endoscopes 
(00 [look straight ahead] and 300 [look around], obturators (to gain access and protect 
the scope to prevent bending and rod breakage).  If endoscopic surgery is contemplated 
one will need biopsy forceps, grasping forceps, scissors and potentially more 
sophisticated instruments such as endo cautery, insufflators, aspirators etc.. 
Experience oft he clinician 
All surgical training, whether conventional or endoscopic is ideally gained at conference 
wet labs, then reinforced with practical training on the job.  Endoscopic surgery probably 
requires more ‘further training’, when compared with avian conventional surgery, for the 
typical experienced  small animal clinician.  A lack of training is not a long term reason 
to use one technique over another, but it may be a reason for a choice in the short or 
immediate term. 
Size of the patient 
This decision takes one both ways in different situations.  On occasions a very small 
bird (say 100g), the tracheal lumen may be too small to get an endoscope safely down.  
When it comes to tracheal surgery, the bigger the patient the more endoscopic surgery 
one can achieve.  Certainly for endoscopic beginners, performing on the larger patient 
is far easier and hence safer, as one gains in experience and confidence, small patients 
also become comfortable and there is even more reason to use endoscopy on these 
small patients, so the iatrogenic stress and trauma caused by conventional surgery can 
be minimised. 
Size of access and location oft he lession 
Lesions in certain locations, e.g. anterior thoracic air sac, syrinx, infra-orbital sinus, 
would be very difficult to access with a conventional surgical approach (if highly 
destructive access surgery is to be avoided), whilst other lesions (e.g. cloacal 
papilloma), lend themselves much more readily to conventional techniques. 
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Purpose i.e. Diagnosis or surgery 
In general terms endoscopy is a far quicker, safer, minimally invasive technique, if one 
is simply making a diagnosis.  The air sac system (designed by the Almighty with the 
express purpose of making life easier for avian vets), facilitates the visual examination 
of all internal organs, it is then only a small step further to collect endoscopic diagnosic 
biopsies from suspect internal organs (e.g. liver, kidney, lung, spleen, pancreas, bursa 
of fabricius etc.).  The only downside of such techniques are the reduction in size of 
biopsy harvested and on occasions a marginally reduced ability to ensure the biopsy is 
representative of the entire or suspect parts of the organ.  Haemorrhage whilst 
collecting biopsy is very rare, (at least once a practitioner is experienced). 
 
Potential risks of either technique 
Contamination of other structures on removal of infective material – for example the 
removal of an aspergilloma lesion from the cranial thoracic air sac, which could well also 
have secondary bacterial infection, might be readily achieved, with minimal risk of 
spreading infection, if carried out by conventional methods.  (Although such a lesion 
should not normally be removed until it is considered to be inert). 
Size limitations in relation to tissue or debris to be removed via obturator – the same 
applies as the above, if a lesions is larger than the diameter of the obturator up which it 
needs to be recovered, then the lesion will break up and the risk of contamination 
increases. 
Reduced ability to control haemostasis: serious inter-operative  haemorrhage is rare, 
but the surgeons ability to deal with it, may be greater if increased access is available, 
i.e. conventional surgery, (although the down size is that the procedure will take longer 
to complete).  This is particularly relevant with liver biopsy, as by definition liver 
pathology, and hence effect on clotting factor production, is likely to be present at a time 
when liver biopsy is indicated. 
Potential for collateral damage to adjacent organs – the more visible the surrounding 
organs are, the less risk of collateral damage.  However conversely, the illumination and 
magnification provided by an endoscope, is typically superior to that of conventional 
surgery. 
Inability to see ‘the bigger picture’ when using endoscopy’ – conventional surgery may 
allow the surgeon to see the totality of the clinical scenario, particularly where multi 
organs are involved, as opposed to endoscopy where (particularly for the less 
experienced), the surgeon may not be aware of some issues. 
Spillage of ascitic fluid from the coeliom into air sac – if the endoscopic surgeon, is 
unaware prior to commencement, that the patient has ascites, then entry may be 
achieved, via the air sac into the coeliom and leakage of ascites into the air sac and 
lung, before one is aware of what is happening.  This is potentially life threatening. 
Endoscopy can be problematic, when organomegally or neoplastic masses, have 
deranged normal anatomical positioning. 
Inability to cope if something ‘goes wrong’ with endoscopic surgery – although an 
endoscopic surgery can generally be turned into a conventional access, there may be 
some time delay.  In the event that something goes wrong during endoscopic surgery, 
the ability to resolve that matter may be restricted or delayed. 
Longer wound healing with conventional surgery – there is no doubt that wounds 
created at conventional surgery do take longer to heal.  The larger the wound and the 
longer healing takes, the greater the risk of wound break down prior to total healing. 
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Conventional surgical procedures generally take longer, thereby leading to an increased 
risk of the procedure over all. 
 
Conclusion 
If endoscopy is to be utilised, the surgeon should be adequately equipped, trained and 
experienced.  This being so, endoscopy should be used in all situations where the 
overall ‘risk benefit’ profile of endoscopy is superior to that of conventional surgery.  
Although there are no hard and fast rules, there are certain situations in which one 
would always use endoscopy, whilst there are others where one would always use 
conventional access, with residual grey areas in between where a choice will be made 
due to the surgeons personal preferences, equipment and experience.  As equipment 
advances and surgeons skills increase, it is likely that more and more procedures 
should be completed endoscopically.  As such clinicians should keep challenging 
themselves in relation to optimum techniques, rather than just repeating their previous 
‘comfortable’ procedures. 
 
Always use endoscopy 
Tracheoscopy and treatment if possible 
Coeliomic (including thoracic) diagnostics, including assessment of gonadal activity 
Renal biopsy 
Sinography 
Retrieval of enteric foreign bodies if possible 
Salpingohysterectomy, orchidectomy or in immature birds 
Vasectomy in birds of any age 
Ingluvioscopy and proventriculoscopy 
 
Always use conventional surgical approach 
Where reproductive disease is anticipated, where egg coeliomitis, egg shell fragments 
or other retained egg material are likely to be present 
Where lower GIT blockage, intussusceptions, non viable sections of GIT etc. are 
anticipated and any situations where an enterotomy is required 
Salpingohysterectomy, orchidectomy in mature sexually active patients 
 
The grey areas – use whatever seems right at the time 
Lung and liver biopsy 
Cloacal examination and surgery 
Complex situations, with multi organ involvement 
Removal or treatment of abscessated material, including aspergilloma. 
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Use of Diagnostic Endoscopy 
Although rigid endoscopy has been used since the 1970s for sexing parrots it is only 
really in the last decade that it has been employed as a primary diagnostic tool. The 
procedure is minimally invasive, quick and safe. A rigid endoscope is a stainless steel 
tube with an internal rod-lens system. This provides very high quality images compared 
with flexible endoscopes. Optical fibres carry light to the tip of the tube, and the 
construction of the endoscope permits a wide angle of view with an infinite depth of 
field. Halogen or Xenon light sources are preferred with the latter being vital if 
photographic images or video are to be taken of procedures. In general terms the bigger 
the diameter of an endoscope the better quality image obtained. Endoscopes come with 
a 0, 30 or 70 degree angled view. The 30 degree scopes allows the operator to obtain a 
wider field of view by simply rotating the scope, and this has become the standard 
system used in veterinary medicine, especially for biopsy work. The system is modular 
with a variety of instruments available to use in a standard operating sheath. The author 
uses a rigid 2.7 mm 30 degree endoscope with a sheath in most birds for all diagnostic 
and biopsy work although in birds weighing more than 1kg, a 4mm scope is preferred as 
the increased light transmission provides better quality images. If video endoscopy is 
available it can be very useful both to demonstrate conditions to your client (and justify 
the bill!) and your staff. It is also vital for most biopsy and surgical procedures which 
would normally be expected to involve two surgeons. Once the equipment has been 
purchased the procedure is extremely economic to perform. Recently more invasive 
endoscopic procedures have become commonplace including keyhole surgery and 
biopsy techniques, in some cases involving multiple incisions in the bird. In the UK, 
laparoscopic neutering of companion animals is becoming routine and it would be 
expected that this trend would eventually move into exotic animal veterinary practice. 
Already endoscopy is recognised as a significant diagnostic tool in exotic species as 
nearly all the organs can be visualised via one small incision and now there is the 
potential to take biopsies from any lesions identified.  
It is advisable to practice the technique, preferably on fresh cadavers, to gain 
proficiency at different techniques and the use of the equipment. In contrast to 
mammals no inflation techniques are required to examine birds laparoscopically, 
although air may be introduced to examine the cloaca or internal lumen of the 
gastrointestinal tract. Endoscopy is normally performed in right lateral recumbency with 
the legs pulled backwards and the wings raised dorsally. The procedure involves a 
small incision between the final 2 ribs allowing a 2-4mm endoscope to be inserted. The 
endoscope will usually enter the cranial abdominal air sac and immediately the gonad, 
kidney and adrenal gland will be visualised through the air sac wall. It is then useful to 
assess the coloemic cavity assessing all the abdominal organs prior to directing the 
endoscope cranially to assess lung, heart and cranial air sacs. This procedure gives you 
a limited view of the liver only allowing one lobe to be visualised, so occasionally a 
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ventral, or right sided approach will be used if the liver is the main area of concern. It is 
vital to be familiar we normal avian anatomy to allow accurate identification of 
pathological changes. Therefore this presentation will review the normal appearance of 
birds visualised endoscopically and identify common pathological conditions diagnosed 
via this approach. 
 
Respiratory System 
Diagnostic rigid endoscopy has transformed the diagnosis of respiratory conditions in 
birds. A single examination will frequently identify the aetiology of a respiratory problem 
and can often immediately differentiate between fungal and bacterial infections 
transforming the success of managing aspergillosis in birds.  
A standard approach is followed usually commencing with examination of the upper 
respiratory tract. Endoscopic examination of the tracheal lumen is a vital part of any 
avian examination. In many birds a scope with a smaller diameter is required and some 
commercial scopes are tantalisingly too short to visualise the syrinx. The author 
therefore has a human 0 degree 1.1mm rigid endoscope specifically for trachea 
examinations. Alternatively, and with your employer’s permission, the sheath can be 
removed from the endoscope to reduce the effective diameter, although this prevents 
the use of instruments. In larger birds, such as swans, a flexible endoscope may be 
required but the image quality is obviously reduced.  
The neck of the anaesthetised bird placed in dorsal recumbency should be extended 
and the scope gently advanced towards and into the glottis after a thorough 
examination of the choana. The endoscope should be advanced into the choana to 
reveal any pathology or exudation. Gently it can enter the rhinal cavity to examine the 
turbinates although haemorrhage is a slight risk.  
The structure of the choana should be evaluated (width and loss of normal papillae and 
this is a common site for discharges or foreign bodies. Using a 300 2.7mm it is possible 
to enter the choana and visualise the nasal chonchae. The sinuses can be flushed 
using the fluid port and samples taken for cytology and microbiology evaluation. 
Unfortunately the operculum prevents examination of the nares directly, although the 
usual flushing points for the sinus system can be used as ports for endoscopy. 
On entering the tracheal lumen the normally appearance is light pink but it becomes red 
and swollen in cases of tracheitis. In severe cases it is difficult to visualise the tracheal 
rings and exudation is common. Samples can be taken for cytology and culture using a 
swab (long handled swabs are marketed specifically for use in endoscopes) introduced 
through the endoscope port. Alternatively biopsy forceps or brushes can be employed to 
dislodge plaques (fungal lesions) and removed by suction. In addition to identifying 
areas of inflammation or exudation, endoscopy permits immediate diagnosis of tracheal 
strictures (common in macaws and owls), fungal granulomas (especially commonplace 
at the base of the syrinx in raptors, parasites (air sac mites or Syngamus trachea) and 
foreign bodies (seeds common in cockatiels). Any endoscopic examination of the 
trachea should be taken with some care in view of the risk of tracheal stricture 
developing from trauma. Always endeavour to keep the scope within the lumen of the 
trachea rather than coming into contact with the wall. 
If the procedure is expected to be prolonged or the bird is severely dyspnoeic an air sac 
tube should be placed (see critical care presentation), but in most cases simply 
withdrawing the endotracheal tube for a quick inspection is sufficient. 
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The air sacs should be transparent permitting an excellent view of the organs via 
transillumination using a single incision. The structure and function of the air sac system 
predisposes it to pathological problems, particularly fungal infections. Any opacity or the 
presence of excessive blood vessels suggests significant air sac inflammation. This is a 
common finding in many feather plucking parrots in the author’s experience, and in 
many cases appears to be sufficient inflammation to cause the problem. This early 
inflammation is difficult to determine on even the best quality radiographs. As air sac 
pathology progresses the endoscope will identify thickened walls, abscesses, 
granulomas and increased vasculature. The aetiology may be infectious (especially 
aspergillosis) or due to inhaling irritants (smoke). In the majority of cases cytology, 
culture or biopsy will be required for a definitive diagnosis although direct visualisation 
can be sufficient. In cases of suspected aspergillosis a simple wet cytological smear can 
be processed from active lesions whilst the bird is still anaesthetised to enable 
immediate therapy. Treatment can then also involve debaulking of the lesions or direct 
topical therapy via the endoscope. Chronic granulomas can be excised using 
radiosurgery directly through the endoscope ports. 
The small bright pink lungs can be easily identified on the dorsum aspect of the bird and 
in normal birds the branching bronchi and ostia are easily identified. Any pathology in 
the lung carries a poor prognosis as all the gaseous exchange occurs in this relatively 
small organ. Pneumonia is characterised by a yellow discolouration of the normally 
bright pink lung tissue and loss of the normal characteristic appearance. Black spots on 
the lung surface indicate smoke inhalation and are a common, often coincidental, 
finding in older parrots kept indoors. Following trauma or in cases of Teflon toxicity 
bleeding can be identified directly on the lung surface. The ostia, linking the pulmonary 
and air sac systems, should be carefully evaluated as inflammatory exudates are 
frequently encountered here. 
The heart and transparent pericardium can be better identified using the left lateral 
approach with the left leg pulled cranially to facilitate the endoscope entering the cranial 
thoracic air sac. Any opacity in the pericardium is suggestive of pericarditis and this is a 
common finding in chlamydophila infection. Pericardial effusions can be identified by 
direct visualisations and drained surgically with the assistance the endoscope although 
the prognosis is poor. Fat should always be identifiable on the apex of the heart and its 
absence is suggestive of chronic disease or malnutrition.  
 
Gastrointestinal System 
It is inadvisable to attempt to endoscope a bird’s oropharynx without anaesthesia. An 
auriscope with a parrot gag will suffice in most cases if this is the only region of concern. 
However, if the bird is sedated a full endoscopic examination of the oral cavity can be 
very revealing. It is preferable to starve birds prior to perfuming gastrointestinal 
endoscopy in order that food does not interfere with the view although this is not, of 
course, always practical.  
The examination of the proventriculus, oesophagus and crop is a common procedure in 
avian medicine. Insufflation is required to obtain good images and the author 
recommends warm sterile fluid rather than air. This permits flushing of food debris in 
addition to providing dilation of the gastrointestinal tract. Most sheaths have three ports. 
One permits fluid in, another allows fluid to drain and the third is an instrument channel. 
For longer procedures two large syringes attached to both fluid ports allow the operator 
to assess the amount of fluid present in the gastrointestinal tract. The crop, oesophagus 
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and proventriculus have homogenous light pink mucosal surfaces so any areas of 
inflammation, trauma (crop burn), bleeding, neoplasia, infection (Candida albicans) or 
ulceration can be readily identified and biopsies procured. The proventriculus has 
numerous papillae and the crop is furrowed. Any change in the proventriculus’ pink 
mucosal colour or enlargement of the organ can suggest Proventricular Dilatation 
Disease. Care must be taken in birds with suspect PDD as the Proventricular wall can 
easily rupture. In large birds if the endoscope is too short to enter the proventriculus an 
approach may be made from an incision in the crop. The ventriculus or gizzard can 
rarely be usefully identified endoscopically. The intestines are examined along their 
length using a standard abdominal approach. Parasites can be identified through the 
lumen of the intestinal tract. With experience it is possible to assess both thickening and 
thinning of the intestinal wall normally associated with enteric infections including 
coccidiosis. Peristaltic activity can be evaluated by direct visualisation. The pancreas is 
easily identified in the duodenal loop and any thickening or colour change may suggest 
pathology but a biopsy is usually necessary for a definitive diagnosis. The spleen is 
found on the right side of the bird dorsal to the proventriculus. Splenomegally is a 
common easily identified finding, merely suggesting non-specific infection, but 
Chlamydophilosis is always a differential. In hepatic lipidosis the spleen can appear 
yellow. 
Endoscopy is an invaluable technique to investigate the liver in birds due to the lack of 
useful blood assays compared with mammals. In addition to the left lateral approach 
which only reveals small sections of the liver, the author will use a right lateral and 
ventral approach in cases of suspected hepatic disease. The ventral approach is also 
useful for evaluating the pancreas and the incision should be made directly caudal to 
the sternum. Both the right lateral and ventral approaches are preferable for liver biopsy 
procedures. The organ should be of uniform brown colour with sharp edges. Hepatic 
Lipidosis is common in seed feed parrots and is easily identified endoscopically by a 
yellowing liver with rounded edges. Cases of iron storage disease have a dark almost 
black liver. In cases of infection numerous foci are present ranging in colour from white 
(abscesses or necrosis, herpes virus infection) to yellow (Yersiniosis). Granuloma 
formation is common in avian mycobacterium infection. In most cases of liver disease 
an endoscopic biopsy is useful to confirm the diagnosis by histopathology and provide 
fresh material for culture. 
 
Kidneys and gonads 
The normal appearance of the avian testes is a cream coloured, smooth bean shaped 
structure. The size and vascularisation of the testicle varies with maturity and with 
experience sexual development can be assessed which explains why DNA techniques 
have not replaced surgical sexing completely. However, in male birds it is difficult to 
assess breeding performance from a visual examination of the gonads. A bird with a 
small testicle may breed just as well as one with large testes. In cases where the male 
is suspected of being infertile a testicular biopsy is indicated and this can be easily 
performed endoscopically. 
The ovary is comma shaped in immature specimens but small insignificant follicles can 
normally be identified. With maturity the follicles become unmistakable. In immature 
birds identifying the suspensory ligament as it crosses the kidney can be used to 
differentiate the sexes. Black gonads are not unusual particularly in Australasian 
species and this is not a pathological finding. Increasingly laparoscopic procedures are 
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being used to investigate breeding problems via biopsy work. Both the ovaries and 
testes enlarge during sexual activity but become smaller with stress, malnutrition and 
lack of nesting stimulation. 
In sexually mature females any damage to the suspensory ligament is consistent with 
poor breeding performance. Indeed if this ligament is cut in young birds the hen will not 
lay eggs once it reaches sexual maturity. A tortuous, enlarged uterus indicates previous 
egg laying. In cases of egg peritonitis adhesions may be identified or ectopic eggs. The 
oviduct is usually grossly enlarged and free yolk material can be identified. It is 
important to evaluate the uterus along its entire length. A salpingohysterectomy can be 
performed endoscopically. Many birds with chronic egg peritonitis will develop ascites 
so endoscopy is contraindicated. Therefore all birds with suspect reproductive disease 
should be radiographed prior to endoscopy. 
The adrenal gland is easily identified in birds and often used as a location point for the 
gonads. Any unexpected increase in size suggests the bird is under stress and the 
gland is relatively large in any event.  
The brown-red kidney lies next to the adrenal gland and is divided into three sections. 
Normally the ureter can be readily identified and the passage of urates visualised. White 
or yellow deposits on the kidney surface may suggest gout. More commonly in the 
author’s experience these deposits are associated with dehydration and are fully 
reversible with fluid therapy. Some drugs also appear to produce these changes 
especially Terramycin based antibiotics, but the significance is unknown and the 
changes reversible. The deposits can appear with no obvious clinical significance. 
Single individual yellow spots suggest abscessation. Neoplasia is not unusual and the 
kidney can be relatively easily biopsied for a definitive diagnosis.  
The endoscope has transformed our examination and understanding of the cloaca, 
once again fluid is required for insufflation. First the fluid is used to clear the cloacal 
cavity of faeces and urine. The urethral papillae can be identified by waiting for sight of 
urine emanating from them. Any sign of inflammation in the mucosal is significant and 
by far the most common diagnosis is papillomatosis. This presents as raised, wart like 
lesions on the cloacal wall. The lesions can be biopsies for confirmation of the 
diagnosis, debaulked (although haemorrhage reduces visualisation) or topical treated 
with anti-viral drugs. 
 
Endoscopic guided biopsy work and surgery 
The most basic endoscopic surgical technique to learn is biopsy work as most organs 
can be harvested using a pair of 5fg biopsy forceps through the working channel. The 
technique is difficult to master as it requires hand eye co-ordination but extremely 
useful. Practising on vegetables with a hollow cavity is ideal, especially red peppers as 
you can attempt to biopsy the seeds. 
Biopsy needles and brushes are available which can be used to aspirate fluid samples 
or take cytology samples. The rigid endoscope system made by Karl Storz has 
developed into a modular system which can be adapted for increasingly adapted 
surgical procedures. This has enabled a number of interchangeable instruments to be 
used with the same handles. A major problem is cost with a standard endoscopic single 
use pair of scissors costing in the region of £600. In practice for veterinary avian surgery 
the instruments can be reused following chemical or gas sterilization. The system is 
developed to work with the Ellman 2 radiosurgical system, allowing both monopolar 
cutting techniques and bipolar coagulation to take place within the birds’ body cavity 
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through a single incision. This system is particularly useful for sterilising birds although 
the procedure is high risk if the birds are sexually mature and the author still prefers 
more traditional techniques. The administration of intravenous fluids enables the 
surgeon to differentiate the ureters from the oviduct as the urates can be seen passing 
through. For removal of tumours or granulomas multi-entry techniques have been 
developed. The endoscope is used to provide a field of vision whilst instruments, usually 
connected to radiosurgery systems, are introduced through another incision. The idea is 
to form a triangle with the incisions for operator comfort. 
The only complication of endoscopic techniques is haemorrhage particularly if the liver 
or kidney capsules are accidentally punctured. Radiosurgery coagulation, sterile cotton 
wool buds or commercial oxidised cellulose can be used to clot the blood. Alternatively 
the endoscopic entry site will need to be enlarged. The Ligasure Vessel Sealing system 
is specifically designed for use in endoscopic “key hole” surgical techniques but is too 
expensive for use in most cases. 
In conclusion although many veterinary surgeons shy away from endoscopy once the 
technique is mastered it can transform the success of avian work. 
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Introduction 
Ileus in rabbits is common in pet rabbits and several terms are used to describe the 
condition including: gut stasis, hairballs, trichobezoars, gastric stasis, gastrointestinal 
hypomotility. There is confusion between the role of trichobezoars and gastric dilation in 
ileus, which can be classified as non-obstructive or obstructive. The purpose of this 
presentation is to describe the clinical features of gut stasis and intestinal obstruction 
and to describe the surgical options. In order to understand these conditions, some 
anatomical and physiological knowledge of the digestive tract of rabbits is required.    
 
Digestive physiology 
The stomach of rabbits is large and distensible and always contains some food, even if 
the rabbit has not eaten for several days. The pH of the stomach contents is very acidic. 
The cardiac and pyloric sphincters are well developed and rabbits are unable to vomit. 
The duodenum starts with a slight enlargement, approximately 1cm from the pylorus, 
then the diameter suddenly narrows (Harcourt-Brown, 2001). Digestion and absorption 
of nutrients from the small intestine is the same as other species but digestion in the 
hindgut is different and adapted for a diet of fibrous food. The ileum opens into a 
spherical thick walled enlargement known as the sacculus rotundus that forms a T- 
junction between the ileum, caecum and colon. At the entrance to the sacculus 
rotundus, there is an ileocolic valve, which narrows the diameter of the small intestine. 
The caecum forms a coiled spiral and has mesenteric attachments with parts of the 
ileum and the colon, which form a colied ileocaecocolic complex. The caecum contains 
large numbers of a variety of microorganisms and volatile fatty acids produced by the 
caecal microflora provide an energy source for the rabbit. The ascending colon has four 
anatomically distinct sections; (i) a section with three bands of taeniae separating rows 
of haustra or sacculations, (ii) a section with a single taenia and fewer, smaller haustra, 
(iii) the 'fusus coli', which is a muscular area about 4cms long (iv) a section that is 
histologically indistinguishable from the transverse and descending colon. The fusus coli 
forms a natural division between two morphologically and functionally distinct sections 
of the colon. For this reason, the terms ‘proximal’ and ‘distal’ colon are often used. The 
proximal colon mixes and separates ingesta into small and large particles. The large 
particles are moved distally, compressed and expelled as hard faecal pellets. Small 
particles are moved proximally into the caecum to be degraded by the caecal microflora. 
Periodically the motility of the caecum and proximal colon and the caecum contracts to 
expels its contents as caecotrophs. The formation of hard faeces or 'hard faeces phase' 
coincides with feeding activity. The expulsion of caecotrophs or 'soft faeces phase' 
coincides with periods of rest and the radiographic appearance of the abdomen 
contents varies with these phases.  Optimum gut motility is important to drive food 
through the gastrointestinal tract and supply the caecal microflora with nutrients and 
fluid. The fusus coli acts as a pacemaker for colonic gut motility. It is well vascularised, 
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highly innervated and is influenced by many factors. Fibre is also important to stimulate 
gut motility. 
 
Gut stasis 
Stimulation of the sympathetic nervous system inhibits gut motility and stress stimulates 
the sympathetic nervous system. Pain is stressful, so almost any disease or stressful 
situation has the potential to slow gut motility in rabbits. This can trigger a sequence of 
events than may be fatal if left untreated. Slow gastric emptying results in dehydration 
and impaction of the stomach contents and, because hair is ingested during grooming, 
the impacted stomach contents contain large amounts of hair. At one time, it was 
believed that these balls of impacted hair caused anorexia by obstructing the pylorus 
and gastrotomy to remove the hairballs was recommended. Nowadays, it is recognised 
that hairball formation is a secondary problem and that medical rather than surgical.  
The clinical signs of gut stasis are: (i) slow onset, often with a history of surgery, dental 
spurs or other painful or stressful incident (ii) reduced or absent faecal output, perhaps 
with small hard faecal pellets (iii) progressively quieter demeanour (iv) firm small 
stomach, both radiographically and palpably (iv) reduced amount of ingesta in GI. 
Without treatment, a number of other problems can develop. Gastric ulcers are 
common. Slow gut motility also results in fermentation of the intestinal contents and 
accumulation of gas, especially in the caecum and proximal colon. Sometimes a halo of 
gas can be seen around impacted stomach contents on radiographs. Reduced food 
intake reduces the supply of fluid and nutrients, both to the foregut and to the caecal 
microflora. A drop in blood glucose stimulates the mobilisation of free fatty acids and 
fatty infiltration of the liver. Oxidation of free fatty acids causes ketoacidosis. Rabbits are 
particularly susceptible to acidosis because some of renal compensatory mechanisms 
are absent or restricted. Once ketoacidosis occurs, rabbits become increasingly 
depressed and anorexic. Hepatic lipidosis develops rapidly and death typically occurs 
within a few days. Obese rabbits and pregnant or lactating does are at greater risk of 
developing hepatic lipidosis and die more rapidly. 
 
Gastric dilatation due to intestinal obstruction 
Gastric dilation or 'bloat' is a common condition in rabbits and is nearly always due to 
small intestinal obstruction. Rabbits cannot vomit and saliva is produced continuously, 
so obstruction of the small intestine rapidly leads to accumulation of liquid and gas in 
the stomach and small intestine. Rapid, severe distension of the stomach and intestine 
proximal to the site of the obstruction is the result, which is acutely painful and can 
cause secondary ileus. In some cases, the foreign body is moving and can pass into the 
colon, in which case the rabbit can make a spontaneous dramatic recovery. If the small 
intestine remains obstructed, shock, hypovolaemia, electrolyte and acid-base 
abnormalities quickly develop and the rabbit dies within 24 hours. Rupture of the 
stomach or small intestine often occurs just before death. Clinically, there is a history of 
sudden onset, complete anorexia. Affected rabbits are unresponsive, depressed and 
immobile. They often hide. Blood glucose is high, sometimes as high as 30mmol/l. A 
firm, dilated, balloon-like stomach is palpable behind the ribs on the left hand side. 
Radiography confirms the presence of gastric dilation and can indicate the site of the 
obstruction. If the intestine remains obstructed, surgery (or euthanasia) is the only way 
to prevent a painful death. In any circumstances, some cases still die from the 
catastrophic events of intestinal obstruction and gastric dilation, especially if the 
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condition has been present for more than a few hours. The most common cause of 
intestinal obstruction is a pellet of impacted fur, althrough dried pulses, foreign objects, 
tumours, tapeworm cysts, strangulations and intussusceptions are among other causes.  
 
Trichobezoars 
The term trichobezoar is a source of confusion because there are two unrelated types of 
trichbezoar that are often confused. The first is a ball of impacted stomach contents that 
have developed because of slow gastric motility. The second is a small pellet of 
impacted hair similar in size and appearance to a hard faecal pellet. It has been 
postulated that these pellets are felts of matted hair, ingested during grooming or pieces 
of impacted stomach contents that have broken off and passed into the small intestine. 
Current evidence indicates that neither of these explanations is correct. Although these 
pellets are more common during moulting and in long haired rabbits, they can occur in 
short coated breeds or even wild rabbits. A plausible explanation is that the pellets are 
formed by compression of ingested hair during its passage through large intestine. 
Excreted pellets of compressed hair are then re-ingested and, if the rabbit is lucky, the 
pellet is small enough to pass through the digestive tract. If the rabbit is unlucky, the 
pellet is just large enough to obstruct the small intestine.    
 
Treatment of rabbits with gastric dilatation 
Immediate analgesia with opioids is always required. Sedation may also be beneficial. 
Radiography will confirm the presence of gastric and intestinal dilatation and can help to 
localise the site of an obstruction. It might also show other diseases (e.g. kidney stones) 
that may influence a decision to proceed with surgery. Most rabbits with an intestinal 
obstruction allow a lateral radiograph to be taken without sedation; many will allow a 
ventrodorsal or dorso ventral projection too. If possible, decompression of the stomach 
is helpful to relieve pain, reduce the likelihood of perforation and improves venous 
return. The next step is to decide whether it is a medical or surgical case and  
consider other supportive measures such as fluid therapy, warmth and medication. The 
rabbit with a gastric dilation always poses a dilemma. If it is caused by a pellet of hair, it 
could pass through to the hindgut so the rabbit might recover without surgery. If the 
pellet is large and has caused a complete obstruction, or the obstruction is due to 
something else, the only hope of saving the rabbit is by surgical intervention. In the 
author’s opinion, if there is a dilemma, prompt surgery is the best option. Table 1 may 
help in the decision making process. 
In the author’s opinion, if there is a dilemma, prompt surgery is the best option and 
gives the best chance of success. Surgery is quick, easy and, if performed correctly, 
well tolerated by rabbits. It is diagnostic and resolves the situation. Inoperable cases 
can be euthanased. It preferable to perform surgery on a moving foreign body that could 
have moved through to performing a post- mortem examination on a rabbit that you 
wished you had operated on. Monitoring the rabbit's condition and repeat radiography 
allows the clinician to see if the obstruction is moving but delays surgery and therefore 
decrease the chances of survival if surgery is performed. The demeanour of the rabbit, 
its clinical and radiographic signs, blood glucose levels, time of day and financial 
considerations are all important in the decision making process.  
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Table 1: Clinical and radiological findings in rabbits with intestinal obstruction 
 
Clinical signs Radiographic 


signs 
Conclusion 


Collapsed, hypothermic, 
abdominal pain - may or 
may not have palpably 
distended stomach. It 
might have is ruptured 


Gas in stomach 
and intestines. 
Free gas in 
abdomen  
 


Ruptured gut. 
Exploratory surgery will confirm 
situation 
Euthanasia is indicated. 


Unresponsive, painful 
abdomen. Large stomach 
palpable  


Gas/fluid in 
stomach. 
Minimal gas in 
intestines 
 


Obstruction in proximal small intestine 
Euthanasia or immediate gastric 
decompression and surgery is 
necessary. 


Unresponsive, abdominal 
pain. Large stomach 
palpable on left hand side 
behind the ribs 


Gas/fluid in 
stomach 
Lots of gas filled 
small intestinal 
loops 
 


Obstruction in distal small intestine- 
could pass through.  
Either go for surgery at outset or 
repeat radiography after 30 minutes 
and go for surgery if gas shadows are 
same. Delay surgery if gas shadows 
are different. Abandon idea of surgery 
if there is new gas in caecum/colon. 


Depressed. Palpably 
enlarged stomach but not 
huge 


Gas in caecum 
 


Foreign body has probably passed 
through. Offer rabbit some tempting 
food. It might eat. 


 
Rabbits differ from dogs and cats in their response to surgery. Although thorough 
exploratory surgery, with a large incision so all the organs can be inspected, is 
commendable, rabbits fare much better postoperatively with minimal tissue handling, 
leaving the organs in situ if possible. This is a compromise and it is possible that lesions 
may be missed. Laparotomy starts with a 2cm midline incision at the umbilicus, which 
can be extended if necessary. Once the abdomen is opened, it is usually easy to find a 
section of distended small intestine. It may bulge out of the incision. This can be 
followed to the site of the obstruction. Similarly, in the absence of distended gut, empty, 
deflated intestine can be followed distally to the site of an obstruction. The intestine will 
need to be exteriorised and it is vital to handle it gently and keep it moist. The presence 
of fluid or ingesta in the abdomen indicates that gastric or intestinal rupture has already 
occurred and euthanasia is indicated. Similarly, euthanasia may be necessary if a 
tumour obstructs the intestine or the tissue is so devitalised that surgery is difficult or 
impossible. Otherwise, the obstruction can be removed either by enterotomy or by 
milking the obstruction carefully along the intestine until it can be squeezed through the 
ileocolic valve into the hindgut. Milking the obstruction along is preferable to an 
enterotomy or enterectomy. If an enterotomy is necessary, the ante-mesenteric border 
is incised sufficiently to allow removal of the foreign body without tearing the intestinal 
wall and the incision repaired with 4/0 or 5/0 monofilament, absorbable suture material 
in a simple interrupted pattern. Magnification is beneficial for this. The enterotomy 
incision must be tested for leakage by gently occluding the intestine proximal and distal 
to the obstruction and injecting saline into the lumen to dilate it. The omentum is small in 
rabbits and it is often impossible to omentalise the enterotomy site. 
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Once the surgery has been completed, the rabbit requires attentive management in a 
warm, quiet environment. Fluid therapy should be maintained, taking care not to over-
perfuse the patient. Post-operative treatment with a prokinetic agent, such as cisapride 
(0.5mg/kg p/o) or metoclopramide is very important to prevent gut stasis. Repeated 
doses of analgesia are also required and animals should be offered food, particularly 
long fibre containing food such as grass and dandelions, as soon as they recover from 
anaesthesia. Syringe feeding may be necessary or liquid food may be introduced into 
the stomach via the stomach tube to provide calories and fluid post operatively. 
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Cases of liver torsion at the Bristol Rabbit Clinic 
Several cases of liver lobe torsion have presented to the clinic in the last 4 years, with 3 
cases reported (Wenger et al, in press). The rabbits typically present with sudden onset 
of anorexia, lethargy and abdominal pain. Abdominal palpation may reveal a mass in 
the cranial abdomen in the area of the liver yet firmer than usual. The haematology and 
blood biochemistry abnormalities were helpful in confirming liver injury in these cases. 
Abnormalities include anaemia with a PCV of 16 - 17% and elevations of the liver 
enzymes alanine aminotransferase, aspartate aminotransferase, creatine kinase and 
gamma-glutamyl transferase several multiples above normal. Abnormal radiological 
findings include hepatomegaly, gas-filled intestinal loops consistent with gastro-
intestinal ileus, and ascites. Ultrasonographic findings include heterogeneous appearing 
liver parenchyma, free abdominal fluid and reduced bowel motility.  
 
Treatment  
Surgical removal of the liver lobe torsion is recommended. The rabbit is placed in dorsal 
recumbency, the abdomen clipped and prepared for surgery. A ventral midline approach 
is performed. The affected liver lobe appears mottled with pale and dark brown tissue 
and firm. The affected liver lobe is resected by clamping the pedicle and ligating at the 
site of the torsion with absorbable suture (O PolysorbTM, Tyco Healthcare Group, UK). 
The abdominal incision is closed in 3 layers with absorbable suture in a simple, 
continuous pattern for each layer (3/0 PDS Ethicon, Johnson & Johnson Medical 
Limited, Berkshire, UK and 3/0 PolysorbTM, Tyco Healthcare Group, UK).  
Successful surgical lobectomy has been performed in a rabbit and other domestic 
species. Anecdotal reports (www.vin.com) exist of rabbits diagnosed with hepatic lobe 
torsion that recovered completely with supportive care. In those rabbits the liver 
enzymes decreased and the twisted hepatic lobe atrophied with time. In the author’s 
experience however, supportive care of such patients has not resulted in success and 
emergency supportive care is now administered as preparation for urgent surgical 
resolution. 
 
Causes  
The underlying cause of the hepatic lobe torsion was not identified in the author’s 
cases. There was no history of previous trauma in any of the rabbits and there was no 
evidence of endoparasitism on post-mortem examination. All rabbits received an 
adequate diet consisting mainly of hay. Weisbroth (1975) found torsion of the caudate 
lobe of the liver during necropsy in 3 of 984 laboratory rabbits, and it is possible that 
many cases are currently undiagnosed or underreported as suggested by Taylor and 
Staff (2007). The rabbit liver is divided by a deep sulcus into the right and left lobes, 
which are further divided into anterior and posterior lobules. The right lobe additionally 
comprises the quadrate lobe, which is positioned caudal to the gallbladder. There is a 
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small circular caudate lobe adjacent to the right kidney which has a narrow attachment. 
The caudate lobe is prone to torsion or detachment in the rabbit. Torsion of the posterior 
lobe of the left lobe has been seen in a New Zealand white rabbit. In the present study 
the caudate lobe was involved in only one rabbit, the right lobe and the quadrate lobe 
were twisted in other cases. Most of the cases have been in larger breeds of rabbit such 
as the French Continental and French Lops but also a few Dwarf lops.  
 
Conclusion 
Performing laboratory tests, radiology and ultrasonography of the abdomen are 
advisable in the investigation of the sick rabbit. A low PCV with elevations in ALT, ASK, 
CK and GGT are indicative of liver torsion in rabbits. Liver lobe torsion should be 
considered as a differential diagnosis for rabbits presenting with sudden onset anorexia, 
lethargy and abdominal pain and urgent surgical treatment is recommended. 
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AUSTRIA 
 
Pancreatic neuroendocrine tumours are epithelial neoplasms, which may present a 
benign or malignant biology and can be divided into functional or non-functional. 
Insulinoma is the most common neoplasia in older ferrets. An insulinoma is derived from 
the beta cells, which while retaining the ability to synthesize and secrete insulin is 
autonomous of the normal feedback mechanisms. Islet cell neoplasia could be benign 
or malignant. Metastasis could be found most commonly in regional lymph nodes, 
spleen, liver and kidneys; however it could be also present in lungs. 
The hypoglycaemia resulting from insulinomas accounts for various clinical signs. 
Neuroglucopaenic signs result in mental dullness, lethargy, episodic weakness, weight 
loss and nausea (manifested by ptyalism). Severe hypoglycaemia may result in 
seizures, coma, and permanent neurological damage. Adrenergic manifestation occurs 
when blood glucose decreased rapidly and these signs include tachycardia, tremors 
and irritability. In many cases these signs are ameliorated by feeding. 
 
Diagnosis 
It is stated that presumptive diagnosis of insulinoma should be based on the clinical 
signs and results of repeated glucometry (normal range 3.5 – 7.4 mmol/l) and elevated 
insulin levels (up to 35 mIU/l; normal range 4.9-34.8 mIU/l). Based on clinical 
experience, insulin and glucose levels could be found also within reference range in 
some cases of the insulinoma. In these cases, patient should be fasted 3-4 hours 
carefully monitored 3-4 hours and then the glucose could be measured again. Blood for 
plasma must be centrifuged as soon as possible to minimize red cell metabolism 
resulting in artificially decrease glucose levels. Increase in activity of ALT and AST 
could be also due to hepatic 
metastasis. AST and CK could be 
elevated also due to muscle 
seizures.  
Use of radiography for pancreatic 
neoplasia detection is problematic 
due to the small size of tumours 
(microscopic to 0.5 cm in diameter). 
Nevertheless, metastasis could be 
also found in lungs, so preoperative 
thoracic radiographs are helpful 
(Figure 1). Ultrasonography could 
detect enlarged hyperechogenic 
nodular structures within the 
pancreas.  
       Figure 1: Insulinoma mestastasis in lungs 
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However, in many times lymph nodes of the gastrointestinal tract are enlarged too and 
this could lead to misdiagnosis. Laparoscopy or explorative laparotomy are in many 
cases the only methods for direct tumour imaging and localization. Definitive diagnosis 
could be based only on histopathological examination.  
 
Conservative therapy 
Conservative therapy consists of administration of prednisone alone or in combination 
with diazoxide. Recommended prednisone dosage is 0.5-2 mg/kg po q 12 hours. 
Authors used the dosages up to 5 mg/kg q 12 hours. Adverse effects of so high 
dosages could be accompanied by general hypotrichosis and drop in leukocyte count. 
Authors did not record any intestinal haemorrhages associated with corticosteroid 
therapy also in other treated ferrets. Diazoxide, a nondiuretic benzothiadiazide, directly 
inhibits pancreatic insulin secretion. Recommended dosage is 5- 30 mg/kg q 12h. 
Dietary management consists of frequent feeding with vitamins (B and C) 
supplementation. Ferrets should be fed with high-protein, low-carbohydrate diet. 
 
Surgery 
Laparoscopy and laparotomy could be the best option for the final diagnosis. Surgery 
(parcial pancreatotomy and nodulectomy) offers the best long-term survival and 
disease-free interval. 
Preoperative assessment 
Detailed history and clinical examination should be performed in all cases.  
Haematology, plasma biochemistry, immediate glucometry, serum insulin level 
assessment and urinalysis were performed also in all cases. Ferrets are stabilized in 
oxygen tent and are placed on heating pads. Fluids (electrolytes, 60 ml/kg q 24 hours) 
are administered via cephalic catheter. Supportive care also included: B-vitamins, 
vitamin C (15 mg/kg sc once a day), H2-blocators (ranitidin 5 mg/kg im q 12 hours) and 
antiemetics (metoclopramide 0.5 mg/kg im q 8 hours). If the ferret is in comatose status 
or in seizure, 4% glucose is administered iv to the effect. Any life threatening concurrent 
disease (cardiopathy, shock, infection, etc.) should be diagnosed and treated before 
surgery. 
Topographic anatomy 
The pancreas is an elongate, lobulate organ usually light pink to white in colour. The 
organ is divided into right and left limbs united by a body that lies close to pylorus. The 
left limb lies within the mesoduodenum, between the greater curvature of the stomach 
and the spleen. It is bordered by the portal vein and left kidney dorsally and by the 
transverse colon and jejunum ventrally. The right limb is larger than left limb, and lies 
dorsomedial to the duodenum and follows the descending duodenal part. The entire 
right limb is located to the right of the root of the mesentery. It is bordered dorsally by 
the caudal vena cava, aorta, right kidney, and caudate lobe of the liver. The intestines 
lie ventral to the right limb. Left and right pancreatic ducts usually connect to form a 
common pancreatic duct that joins the bile duct and opens into the duodenal lumen 
(major duodenal papilla) about 2.8 cm caudal to the cranial duodenal flexure. 
The cranial and caudal pancreaticoduodenal arteries are the main vascular supply to 
the right limb. Pancreatic branch of the splenic artery supplies blood to the left limb. 
Lymphatics drain into duodenal lymph nodes and into hepatic, splenic and mesenteric 
lymph nodes.  
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Anaesthesia and surgery 
The animal is anaesthetised and placed into the dorsal position. The authors use a 
combination of butorphanol (0.1-0.2 mg/kg im), meloxicam (0.2 mg/kg sc), 
medetomidine (0.03-0.05 mg/kg im) and ketamine (1-2 mg/kg im) as premedication. 
Propofol is administered iv to the effect if necessary. Ferret is intubated and closely 
monitored (ECG, pulse oximetry, capnography, breathing, rectal temperature). 
Continual fluid infusion is important to maintain optimal tissue perfusion. 
A standard cranial laparotomy is performed. Pancreas should be carefully observed 
using a combination of visual examination and gently palpation. Nodulectomy and 
partial pancreatectomy are the most commonly used surgical procedures. The omentum 
or mesoduodenum overlying the lesion is incised. Nodules localised in the central parts 
of the pancreas are bluntly dissected and blood support to these lesions is ligated as 
close as nodule as possible. In case of minimal blood support, vessel ligation is not 
necessary and surgical gelatine and fatty tissue is used to fill the postoperative lesion to 
stop any bleeding and to eliminate postoperative synechias. Lesions near the 
extremities could be removed by the “suture fracture technique”. Absorbable suture 
material is passes from one side of the pancreas to the other, so the suture is proximal 
to the lesion being excised. This suture is then tightening to allow crash through the 
parenchyma, which ligates vessels and ducts. Lesion with part of the pancreas is then 
excised distal to the ligature. All mesoduodenal holes are ligated. A full abdominal 
exploratory is recommended to evaluate for areas of potential metastasis and any 
concurrent conditions. Biopsies of any suspicious tissues should be collected for 
histopathology. As the authors experience also from other cases, white unbounded 
nodules are mostly adenomas, larger nodules (more than 0.4 cm in size) are mostly 
enlarged lymph nodes. 
 
Postoperative care 
Based on author’s experience, low-fat food could be offered 2-3 hours after the surgery. 
Pancreatic disease is usually found in middle-aged or geriatric ferrets, so the 
postsurgical therapy usually consists of: fluid administration, dietary modification (as 
described above) and treatment of any concurrent disease. Follow-up repeated 
glucometry, haematology and plasma biochemistry and insulin level determination is 
recommended.  
In dogs, the most common complication of pancreatic surgery is pancreatitis. However, 
in ferrets it is uncommon. As the authors experience also from other cases, 
postoperative elevated blood glucose levels are seen more commonly than 
hypoglycaemia.  
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AUSTRIA 
 
Hepatic diseases are common in ferrets, but rarely accompanied by obvious clinical 
manifestation. Unfortunately, clinical signs of hepatic diseases may not be apparent 
until the disease is advanced. In many cases, the hepatic disease is a secondary 
problem. Commonly described diseases are hepatitis (as a complication of 
gastroenteritis), vacuolar hepatopathy (secondary to adrenal hormonal dyscrasias or 
cortisone administration), biliary cysts and biliary obstruction. Less common are 
neoplasia (lymphoma, haemangiosarcoma, hepatocellular adenoma). Surgery on the 
liver and gallbladder provides diagnostic possibilites for definitive diagnosis (biopsy) and 
possible treatment (lobectomy, cholecystotomy, etc.).  
 
Diagnostic trial 
Hepatic diseases are diagnosed based on clinical signs, blood analysis, 
ultrasonography, radiography and biopsy.  
Clinical signs: Practitioner must be accurate in history recording. Clinical signs can 
include rather unspecific symptoms such as anorexia, weight loss, haemorrhage, 
diarrhoea, neurological signs, distension of the abdomen or jaundice. 
Blood analysis: A complete blood cell count is necessary. Morphological changes of 
erythrocytes associated with liver diseases include microcytosis, acanthocytosis, 
schistocytes and Heinz bodies. Most inflammatory progresses within the organism are 
associated with leukocytosis; septic cases, on the other hand, are accompanied by 
leukopenia. Bacterial infections can cause neutrophilia with a left-shift and a higher 
proportion of toxic neutrophils and monocytes. Typical biochemical profiles display an 
elevation of liver enzymes (ALT, GGT, AST, bile acid) and liver products (glucosis, 
albumin, urea, coagulation factors fibrinogen, prothrombin, factors V, VII, IX, X, XI, and 
XII, antithrombin III, plasminogen, α2-macroglobulin, α2-antiplasmin). 
Ultrasonography: Ultrasonography can be used to display the liver parenchyma 
structure, liver size, and also masses or focal changes, such as abscesses, tumours 
and cysts. 
Radiography: Radiographs can equally reveal masses associated with or adjacent to 
the liver (tumours, abscesses), as well as position changes due to a hernia and a 
torsion of liver lobes. Radiography in small mammals may confirm the presence of 
ascites (manifested as a loss of clarity and detail of the abdominal cavity), enlarged liver 
or abdominal mass. 
Biopsy is a method aiding the determination of a precise diagnosis and prognosis. Liver 
biopsy is indicated in cases of abnormal enzymatic activities associated with liver 
functions and their persistence for as long as 30 days and more. Equally, hepatomegaly 
of undetermined origin, liver complications of systemic diseases, suspected neoplasia, 
therapy response determination and disease progression might also prompt to a liver 
biopsy. Following methods can be considered in small mammals: fine-needle aspiration 
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biopsy, percutaneous biopsy, biopsy under the guidance of ultrasonography or 
endoscopic/otoscopic guidance and biopsy at the time of an exploratory laparotomy. 
 
Surgical  anatomy 
The liver is composed of six lobes. The gallbladder is located between the quadrate 
lobe and the right medial lobe. The opening of the bile duct is located in the duodenum, 
together with that of the pancreatic duct. The biliary system of ferrets is composed of 
three hepatic ducts that lead into a common bile duct. The gallbladder vents into the 
cystic duct, which joins the central hepatic duct and continues as a common bile duct. 
 
Anaesthesia and surgery 
Ferrets with hepatic diseases require stabilization. Fluid therapy should also include the 
supplementation of glucose, amino acids and minerals (60 – 70 ml/kg per day). An 
intravenous catheter can be placed in the saphenous or cephalic vein.  Antibiotic 
therapy is recommended in patients with a hepatic aetiology caused by bacterial 
infection. Recommended antibiotics which are excreted in active form in the bile are 
amoxicilin (25 mg/kg sc or po, 12 hours) and enrofloxacin (10-15 mg/kg im or po, 12 
hours).  
In advanced liver diseases, clotting abnormalities may lead to haemorrhage. 
Coagulation profiles and platelet counts should be determined before liver biopsy and 
liver surgery are undertaken. 
Animals with hepatic dysfunction may display a reduced ability to metabolize and 
inactivate some drugs and anaesthetics due to a decreased hepatic blood flow and 
decreased hepatic efficiency.  Authors used a combination of midazolam (0.5-1.0 mg/kg 
im) and butorphanol (0.1-0.2 mg/kg im) as premedication and anaesthesia is then 
maintained by isoflurane. The patient should be constantly monitored (EKG, pulse 
oximetry, capnography, rectal temperature) through the surgrery. 
 
Liver biopsy 
Laparotomy is indicated in diseases which have to be surgically treated, extra-hepatic 
biliary tract obstructions and neoplasia affecting only one liver lobe. This method 
includes direct visualisation of all organs in the abdomen and allows to obtain samples 
from a number of organs (like lymph nodes, in suspected cases of neoplasia) and if 
needed immediate surgical treatment. The biopsy sample can be provided using a 
punch biopsy technique, a true cat biopsy needle, “guillotine suture” or endoscopic 
biopsy or partial lobectomy. The “guillotine” suture is a simple method. For ligature, 
absorbable monofilament 4-0 is recommended. An encircling ligature is placed around 
the affected liver tissue. The suture is then gently tightened, and the sample carefully 
excised.  
A main complication after biopsy can be bleeding. Therefore, the patient should be 
closely monitored for 24 hours after biopsy. 
 
Surgery of extrahepatic biliary obstruction (EBO) 
EBO occurs when the biliary tract is obstructed from liver to gallbladder and/or 
gallbladder to intestine. The authors have so far encountered neoplastic, inflammatory 
and lithogenic cause for EBO.  
Cholecystotomy is indicated to remove inspissated bile or bile duct stones: A standard 
cranial laparotomy is performed, and the area surrounding the gallbladder is packed 
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with sterile moistened sponges. Stay sutures are placed in the gallbladder or distended 
common bile duct. During the surgery, evacuation of the bile from the gallbladder has to 
be provided. Inspissated content is removed and the biliary tract is flushed with warmed 
sterile saline. The incision is closed with one layer inverting suture pattern, using 
absorbable suture material size 5-0 or 4-0. 
Potential complications after cholecystotomy include peritonitis, hypoglycaemia, 
stricture and ascending cholangiohepatitis. 
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Clinical signs 
Medistinal masses are not uncommon in pet rabbits and are nearly always neoplastic 
although mediastinal abscesses can occur. The most common neoplasms are either 
thymomas or thymic lymphomas. Thymic carcinomas also occur (Wagner et al. 2005). 
In rabbits, instead of coughing and regurgitation, most of the clinical signs that alert the 
practitioner to the possibility of the presence of a mediastinal mass in a rabbit are linked 
with a large space occupying lesion in the anterior chest. The mass restricts expansion 
of the lungs and compresses the blood vessels at the base of the heart. There can also 
be related immunological effects. Typical clinical signs include: 
• Diminished lung sound and muffled heart sounds, dysrythmias or murmurs. 
• Increased respiratory rate 
• Periodic, marked bilateral exophthalmos, presumably due to compression of the 
venous return to the heart and dilation of the orbital large venous sinus. 
• Immune disorders such a sebaceous adenitis or haemolytic anaemia. 
Not all these signs are present in every case. Most affected rabbits are over 4 years old, 
often older. In the early stages, affected rabbits eat well and behave normally and it is 
not uncommon to detect the warning signs during routine healthchecks or at the time of 
vaccination. Radiology is diagnostic of a mediastinal mass and ultrasound is useful to 
differentiate a tumour from an abscess and to obtain a fine needle aspirate although 
cytology is unreliable. These techniques, along with CT or MRI scanning can allow 
staging of thymomas. 
 
Treatment 
The treatment options are (i) surgical removal, (ii) radiation therapy and (iii) 
chemotherapy. Chemotherapy is a treatment for thymoma in man and other species 
and, anecdotally, prednisolone (0.5-2mg/kg orally, once a day) appears to be successful 
in slowing the growth of the tumour in some cases. 
The decision about treatment can be difficult, especially if there are financial constraints.  
Surgical removal also has the advantage of collecting diagnostic material. Although 
practitioners might not have the confidence to embark on surgical removal and would 
prefer to refer such a case, it is a procedure that can be performed in practice. The 
success rate is good.  
 
Surgery for thymoma removal 
Intermittent positive pressure ventilation (IPPV) is required for thoracotomy and there is 
a choice between a mechanical ventilator and manual ventilation. Manual IPPV is not 
difficult in rabbits, although intubation is essential. Small cuffed tubes are available 
although IPPV with uncuffed tube is usually not a problem. A pulse oximeter is useful. 
Cardiac monitoring is seldom a problem as the surgeon can visualise the heart directly. 
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As with any surgical procedure in rabbits, the rate depends on the speed of surgery and 
degree of tissue handling. Blood pressure monitoring, placing intravenous lines and 
setting up monitoring equipment can be time consuming. Although these procedures 
are commendable, they are of secondary importance to completing the surgery quickly 
and should not hinder the surgeon. A good set of clippers is essential and a method of 
preparation that is quick and does not cool the rabbit is important. In our practice we 
use chlorhexidene in spirit (Vetasept, AnimalCare York UK) that is applied to the skin 
without the use of water or skin scrubs. 
 
Step by step surgical procedure 
• Lie the rabbit on its back – i.e. in dorsal recumbency. A trough or sandbags can be 
used to keep it in place. A heatpad is put under the rabbit to prevent hypothermia. 
• Clip the fur midline from mid abdomen to just cranial to the thoracic inlet and laterally 
to the costochondral junction and prepare the skin. Cover the whole area with a sterile 
plastic drape. 
• Incise through the drape and skin as a single cut. Small American pattern Allis  
tissue forceps are used clip the drape to the skin and retract it. The incision is made 
midline to the sternebrae and an elevator is used to push the insertion of the various 
muscles away from the sternebrae leaving a clear site about 1cm in width. 
• Identify the most cranial point of the sternum and start the incision through the bone 
here. It is unnecessary and unwise to divide the whole length of the sternum; the 
incision is made through the cranial two-thirds. I use a Stratec Mini-drill with the 
reciprocating saw attachment. This saw blade makes a very narrow cut and is ideal. If 
one is not available a cut could be made using a cold-sterilised diamond cutting disc 
and a Dremel or dental drill. Any heat that is generated should be dissipated with a flow 
of sterile saline. 
• Once the bony incision is made. I use Alm retractors or a mini West retractor to 
spread the bones. The tumour is now visible. The incision is not usually into the thoracic 
cavity. I then use a blunt periosteal elevator to free the whole margin of the thymoma 
within the mediastinum. The blood supply to the thymus is from an artery and vein in the 
cranial part of the incision. These vessels become obvious when the mass is lifted out 
and can be tied off at that point. Thymomas are usually firm and less friable than 
lymphomas so they are removed more easily. 
• The incision is closed by opposing the cut sternebrae using either 0.6mm cerclage 
wire or 2/0 polydioxanone (PDS, Ethicon UK). The sutures need to be placed as close 
to the bone as possible. A blood vessel runs parallel to the sternum on either side and it 
is good surgical practice to avoid occluding it with a suture. The sutures are placed 
before tying any of them, making sure that they oppose the bodies of each sternebra by 
tightening (but not tying) each suture. 
• Tie all the sutures tight except the most caudal one then insert a pair of forceps 
between the edges of the sternebra and make the first tie. Ask the anaesthetist to inflate 
the lungs on three occasions and on the last hold the lungs inflated whilst you tie the 
final suture. This should remove the majority of air from the chest. 
• Repair the distracted pectoral muscles so that they meet over the midline incision. 
• Repair the subcutaneous layer and finally the skin. 
• Take a lateral radiograph to check for the presence of a pneumomediastinum. If this 
is present use a 21 gauge needle and 20 ml syringe to aspirate the air. 
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• Stop IPPV and await the first breath. This will take some time as pCO2 levels are low 
and have to build up to stimulate the respiratory centre. It would be very unusual for the 
rabbit not to start spontaneous respiration – eventually! 
I do not use a chest drain. I think that chest drains are only necessary if there is pleural 
inflammation and effusion or if the surgeon thinks that there is a lung injury that could 
allow air to leak slowly into the chest. Most animals resent a chest drain and all chest 
drains provoke some effusion. 
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Introduction 
The abdominal scent gland of the Mongolian gerbil (Meriones unguiculatus) has been 
well described in its function, composition and hormonal regulation. The abdominal (or 
ventral) sebaceous scent gland is macroscopically visible from the age of 30 days, 
although histological differentiated glandular cells are recognised from the age of 21 
days. Marking behaviour occurs as early as 40 days of age onwards. This behaviour is 
testosterone driven in males and oestrogen driven in females. Marking-like behaviour 
remains in males after castration and decreases in frequency with age. During marking, 
gerbils express a lipid secretion which is used as part of their communication. 
Histological structures are similar between the sexes with well developed lobules with 
acinar cells containing large amount of eosinophilic hyaline droplets in their cytoplasma. 
From the age of 12 months some male gerbils’ glands showed a slight atrophy with 
small acini, slight hyperfibrosis around acini and acinar cells. 
The size of the male abdominal scent gland corresponded to high doses of testosterone 
propionate. 
Hyperplastic and neoplastic changes of scent glands have been published anecdotally. 
A larger pathological examination of 80 male gerbils revealed that 22 carried 
spontaneous neoplasm of which 18 suffered from sebaceous gland carcinomas 
(Matsuoka/Suzuki, 1995). Further immunohistochemical characterisation of a 
sebaceous gland carcinoma in a gerbil has been achieved by Gil de Costa et al. (2007). 
Squamous cell carcinomas of the ventral abdominal pad have been described by 
Meckley et al. (1978) and Jackson et al. (1995). 
Regular surgical excision of the scent gland was only preceded once where an 
unchanged marking behaviour was noticed in 12 gerbils which underwent scent gland 
excision in comparison with 12 intact gerbils (Blum/Thiessen, 1970). Routine removal of 
abnormal glands and pathohistological examination of the tissue subsequently has not 
been published so far. 
 
Materials and Methods  
Between November 2007 and January 2009 we excised the ventral (abdominal) scent 
gland of 12 male gerbils which were presented at Cranmore Veterinary Centre, Wirral, 
United Kingdom. The rodents were generally operated within three days of initial 
presentation of recognition of a scent gland alteration. 
Eight gerbils were from one owner, two from another owner and the rest had different 
owners. 
The gerbils were anaesthetised with a facemask which provided 5-7 % sevoflurane 
(Sevoflu®) and oxygen. Preoperative subcutaneous injections of enrofloxacin 2.5 % 
(Baytril®) and meloxicam (Metacam®) were applied. With the achievement of sufficient 
anaesthesia, Sevoflurane was reduced to a maintenance concentration of 3-4 %. The 
abdominal skin had been shaved approximately 1cm around the scent gland and 
routinely cleaned and disinfected with diluted Hibiscrub® and alcohol. The operation 
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site was covered with a windowed drape. An ellipsoidal incision around the scent gland 
was made and the gland, including dermal margins, was carefully dissected from the 
underlying peritoneal wall. Bleeding vessels were either electrically cauterised or waited 
until coagulation occurred. The wound was closed with Vicryl® 6-0 interlocking 
continuous mattress sutures and 3-4 single stitches on top of the continuous closure. 
All 12 gerbils woke up within 3-5 minutes and after 15 minutes showed almost normal 
activity. Post-surgical check up appointment was 2 days later and, apart from “Hopkirk” 
who received the first surgery, no re-suturing was necessary. Because of the possibility 
of gastro -intestinal side-effects we abstained from continuing any antibiosis. 
Out of 12 scent glands, we sent 8 to the Department of Veterinary Pathology at the 
University of Liverpool. These were fixated in 10% Formalin solution and 2 biopsies 
were divided and additionally fixed in a buffered Formalin solution. 
 
Results 
All gerbils survived the surgical procedure without major complications. So far only male 
gerbils have been affected. At the time of surgery they were between 4 and 42 months 
old (mean = 21 months, standard deviation = 11 months). All gerbils apart from “Dave” 
could be well followed up after their surgery. Sadly 6 of them have already died leaving 
the group between 14 and 33 months old (mean = 30 months, standard deviation = 8 
months). The post-surgical survival time ranged from 22 days to 12 months (mean = 8 
months, standard deviation = 4 months). 
 
Discussion 
Spontaneous ventral scent gland neoplasia occurred only in male gerbils which has 
been experienced before. The influence of age is controversial: glandular atrophy in 
gerbils older than 12 months has been described, but Matsuoka and Suzuki (1995) 
found scent gland neoplasia predominantly in gerbils older than 36 months. Of the 
gerbils we operated on, 2 (of the same litter) gerbils were only 4 months old with benign 
scent gland adenoma. However, 7 of the operated animals were 2 years or older. The 
average surviving time after the excision is over 10 months for 4/6 gerbils, although the 
gerbil (“Presley”) with the worst prognosis of a scent gland carcinoma, already showed 
at the time of the surgery some infiltrative growth into the peritoneum and the underlying 
liver, only survived 22 days. He was the only one who was euthanased on humane 
grounds as he showed severe effects of a paraneoplastic syndrome (weight lost, 
inappetance) and liver failure. 
The incidence of scent gland neoplasia within one group of male gerbils which are 
closely related and have permanent contact leaves some room for speculative thoughts 
about the origin of the tumours. Anderson et al. (1996) found high levels of expression 
of ERV3 (which is a complete human endogenous retrovirus) enveloped mRNA in 
human sebaceous glands in normal skin and the expression of ERV3 could therefore be 
androgen-dependent. Hadjiolov et al. (1993) could prove that a topically applied 
chemical substance induced sebaceous gland hyperplasia in Syrian hamsters 
(Mesocricetus auratus). Sundberg et al. (1988) found papillomaviruses responsible for 
various cutaneous tumors which included sebaceous gland carcinoma in mice. 
In the intention to control reproduction of their pet gerbils, owners tend to keep male and 
female gerbils separated with the males in small groups together. At the current stage it 
is unknown how much this influences testosterone production and marking behaviour 
and may be beneficial towards scent gland alterations. 
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Mammary tumors 
Importance of mammary tumors in rats 
Several scientific studies conducted on populations of rats of more than 1000 
individuals have estimated that 30% to 50% of non-sterilized female rats developed at 
least one mammary tumor in their lifetime. Male rats may also have mammary tumors, 
but to a lesser extent: 0.5% of males. Considering the importance of the development of 
mammary tissue, it is possible to observe mammary tumors on the back or neck. The 
tumors are hormone-dependent, under the influence of sex hormones, and prolactin. 
Since female rats are in heat as of puberty (2 to 3 months old) until "menopause" 
(between 15 to 18 months in general), the tumors grow very fast, every 3 to 5 days 
(lenght of an estrus cycle). This growth is also increased when prolactin is secreted, 
such as autocrine or paracrine, 
by tumor cells, or mammary cells 
in lactation. After a while, the 
tumor becomes a real handicap 
for the animals due to its weight: 
the female rat is unbalanced and 
cannot jump or climb the bars. 
Then, the tumor may ulcerate 
due to friction with the skin next 
to the tumor or against the floor. 
At this stage, the female rat 
becomes tired and constantly 
licks the ulcerated wound. 
Infectious complications are 
frequent. 
                     Figure 1: Adeniocarcinoma in a female rat 
Risk Factors 
Many risk factors have been known for many years, some of which are currently 
controversial. We can cite genetic factors, chronic stress (poor detention conditions), 
obesity, pituitary tumor. 
 
Nature of mammary tumors  
Mammary tumors (Figure 1) are predominantly benign (80%). They are mammary 
fibroadenomas, adenomas, fibromas or rarer tumors (adenolipoma). The first ones are 
characterized by a rather spherical, well circumscribed and firm mass, and have to be 
differentiate from mammary benign hyperplasia wich is a rather soft and poorly 
circumscribed mass. It is possible that several fibroadenomas appear simultaneously. 
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This is referred to as "fibroadenomatosis." The prognosis and treatment do not change. 
The fibroadenomas are poorly vascularized and often irrigated by a single vessel at 
their bases.  
Malignant mammary tumors (mammary adenocarcinoma) are a minority or less than  
20% in any case. At the beginning of their evolution, they look macroscopically like a 
fibroadenoma, and their form becomes less round, less circumscribed, and may 
become attached to the underlying muscles. The vasculature of these tumors is 
important, which explains why the skin often has a bluish appearance. Their local 
invasive power is slow, and their metastasis is late. The latter are located in loco-
regional lymph nodes, lungs, bones and skin. Note: adenocarcinoma can appear on the 
site of a fibroadenoma. 
 
Diagnosis 
A recent study (Karim et al. 2008) has shown that a cytological examination, from a fine 
needle aspiration (23 gauge) of the mammary masses is a reliable examination in order 
to differentiate benign tumors from the malignant tumors. This fast, easy, and 
inexpensive examination, offers a sensitivity of 92.3% and a specificity of 89.4% for the 
malignancy criteria according to the practitioners. The only limitation is that 14% of the 
cytology slides are not usable because of paucicellularity. However, 100% of these 
slides in the study correspond to fibroadenomas ; they are all confirmed by histological 
examination.  
 
Mammary gland surgery 
The only curative treatment for mammary gland tumors is surgery and involves the 
removal of the tumor (s). 
General considerations 
Surgical treatment consists of a nodulectomy, after a concave skin incision. Indeed, it is 
impossible to perform an excision of a mammary chain in considering tissue 
development. The rules of oncological surgery are the same as those used for canines. 
Preoperative considerations 
Diet: rats cannot vomit, and a diet may be undesirable in view of possible hypoglycemia.  
Analgesia : it is essential for anaesthesia quality, a fast awakening, and minimization of 
the immediate post-surgery risk of gnawed threads. Depending on the anaesthetic 
protocol used, this may be achieved by an anti-inflammatory, non steroidal drug 
(meloxicam, 0.3 mg/kg SC), or a morphinoid (morphine 0.3 mg/kg SC, IM), or a 
combination of both. 
Antibiotic prevention: a large broad-spectrum antibiotic is administered for prevention. 
For example: marbofloxacin 10 mg/kg SC, enrofloxacin 10 mg/kg SC. 
Anaesthetic Considerations 
A protocol of volatile anaesthesia is preferable, but it has the disadvantage of not 
carrying an analgesic component. The female rat is placed in a small induction cage 
(oxygen flow of one to two liters per minute, depending on the size of the cage, and 3% 
of isoflurane), and then the anaesthesia is continued with a mask (oxygen flow equal to 
one liter per minute, 1.5% of isoflurane). Ophthalmic gel is essential, to protect the well 
developed ocular globes of these animals, and due to the volatile anaesthetic that dries 
the cornea. 
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Fixed anaesthesia protocols are available for rats that are in general good condition, 
such as the association of 100 µg/kg of medetomidine SC, followed, three to five 
minutes after, by 20 mg/kg of ketamine IM.  
The ophthalmic gel is still needed, especially since the medetomidine produces 
hypotension which results in moderate bilateral exophthalmos caused by swelling of the 
venous retro-orbital sinus. 
Preparing the surgical site 
Site preparation is classic: shearing and local disinfection. Pay attention to alcohol 
which promotes the onset of hypothermia. Moreover, the rats are preferably placed on a 
heated carpet, for the duration of the anaesthesia. 
ECG monitoring is provided with non-traumatic clamps.  
Surgical Considerations 
Technical: as mentioned before, this regards one or more nodulectomys. When tumors 
are very large, a skin plasty is required. The rules are the same as in conventional 
species. 
It is important to note that the tensile forces on the scar must be minimized as much as 
possible, which implies the orientation of the incision on the skin (vertical rather than 
horizontal over the trunk), and stitching for skin approximation over the hollow area left 
by the excision of the tumor in order to avoid the onset of a serohemorrhagic collection, 
and the implementation of a subcutaneous or intradermal continuous suture. If the 
tension on the skin of the wound is too high, then the healing will take longer, with 
higher risk of dehiscence, and a high risk that the suture may be gnawed by the 
animals. 
General information about the behavior of fibroadenomas: fibroadenomas are 
remarkably easy to operate, to the extent that they pit with dissecting foam or 
Metzenbaum scissors, up to their vascular pedicle which is usually located in their 
deepest center. The pedicle is almost always unique (Figure 2) and its ligature is not a 
problem. However, it is preferable to properly identify the vessel to suture (less local 
reaction and therefore, less gnawed thread).  
The thread and the stitches: the vessels are stitched with resorbable 0.7 to 1.5 decimal 
thread. 
Simple approximation stitches are made if 
necessary, with resorbable 1.5 decimal thread 
(ex: Vicryl 4/0): lower decimal thread break 
when tightening the knot, if small tensile force 
occurs. A subcutaneous continuous suture 
pattern is easily done with rapid resorption and 
small decimal resorbable thread (maximum 
decimal 1.5 = 4/0). 
Finally, depending on the tensile forces exerted 
on the wound, separated single stitches or 
stitches in X are implemented. The thread is 
1.5 to 2 decimal resorbable. Non resorbable 
thread has the disadvantage of increasing the 
rodent behavior of the animals, because of 
their hardness on the skin.  
 
                Figure 2: Note the vascular pedicle (arrow) 
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The use of tissue adhesive for the cutaneous suture is possible if the tensile forces are 
mild, and the incision is short. 
Post-operative considerations 
No dressing is put in place 
because of skin irritation 
risk often associated with 
glue, and the resulting 
increased rodent behavior. 
No jacket is necessary 
(Figure 3). 
It is important to continue 
the antibiotics and 
painkillers for a few days 
after surgery. The drugs are 
administered using syrups 
mixed with compote, or 
white cheese bay jars. 


       Figure 3: Postoperative photography 
Adjuvant therapy      
Diet 
Food restriction: dietary restrictions have limited interest in veterinary practice. 
Foods with anti-tumor properties: numerous studies have revealed anti-cancer and anti-
metastatic properties in tested rats (honey, soy, essential fatty acids). 
Oophorectomy/ovariohysterectomy  
The prevention of mammary tumors is possible, and consists in sterilizing young female 
rats that are not intended for reproduction. The frequency of occurrence of mammary 
tumor drops to 5% among sterilized rats. Oophorectomy can be performed from the age 
of four months. Cases of secondary osteopenia have been reported in rats sterilized 
before that age. This type of intervention is fast and well supported by the rats. Some 
practitioners prefer to perform an ovariohysterectomy in rats older than one year, taking 
into account possible uterine disorders, such as polyps and uterine aneurysms. Other 
advantages of sterilizing female rats are the clear decrease in the incidence of pituitary 
tumors, metritis prevention, and reproductive control. However, to my knowledge, no 
study has shown any surgical sterilization influence on the incidence of ulterior 
mammary tumors in aged female rats that have undergone mammary tumor surgery. 
GnRH agonists 
Leuprolide acetate: some studies have been conducted on the effects of leuprolide 
acetate on rat reproduction. Leuprolide acetate is an analogue of GnRH, which acts on 
the hypothalamic-pituitary axis and also on the ovaries. Its administration conducts to a 
chemical and temporary sterilization. Moreover, the use of leuprolide acetate 30-day 
depot form, not available in France, allows the prevention of mammary tumors in rats 
that received a carcinogen product (DMBA), and it would be as efficient as surgical 
sterilization. Thus, leuprolide provide an alternative to surgical sterilization, even though 
it is expensive and impractical (due to the need to make a subcutaneous injection, every 
month). Its use in preoperative female rats with big tumors can be interesting, 
considering the tumor regression (the surgery is easier and less agressive for the 
animal). 
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Others GnRH agonists have been used in rats in this indication, such as buserelin. To 
my knowledge, no studies on mammary tumors in female rats were performed with 
deslorelin implants (Suprelorin©, Virbac), but it is tempting to think that they could be a 
much better alternative than leuprolide, given their presentation and their cost. 
Tamoxifen  
This is an anti-estrogen drug, widely used for mammary cancer in women and in female 
rats during experimentation. However, this molecule presents a carcinogenic force to 
the liver. Its use in female rats should be banned. 
Cabergoline  
This is an anti-dopamine molecule that lowers prolactinemia. Therefore, this molecule is 
interesting for female rats : during lactation, when a mammary tumor secretes prolactin 
which acts as a local growth factor, and when prolactin pituitary adenoma is present. 
Attention must be paid to its use in breeding females because it causes miscarriage 
during the first ten days of gestation (progesterone secretion by the corpus luteum is 
stimulate by prolactin in the first 10 days, and only after by the placenta of the foetus). 
There is not, to my knowledge, a usual posology for female rats in this indication. 
However, the literature presents a very large scale: the initial anti-prolactin effects are 
observed from 0.001 mg/kg/day, and some practitioners use a dose of 1 mg/kg/day. At 
this high dose, aggressiveness and behavioral disorders are reported, along with 
dysorexia and weight loss. Anti-prolactin effects are dose dependent, and it is 
interesting to note that the effects are long : one administration in alternate days (for 
example: every 3 to 5 days) is sufficient to maintain low prolactinemia. 
 
In conclusion, mammary gland surgery in female rats is quite easy to perform  when 
the tumors are not to large. In this last case, a skin plasty is required, and the rules are 
the same as in conventional species. It is important to note that the tensile forces on the 
scar must be minimized as much as possible, and that the analgesia is necessary, to 
avoid the gnawing behavior of theses animals. I recommend the use of resorbable 
thread with separated single stitches or stitches in X for the cutaneous suture.  The 
mammary gland surgery can be completed with an adjuvant therapy, such as 
sterilization (medical or surgical). Finally, in case of several tumors, a pituitary adenoma 
shall be suspected, and cabergolin shall be administered. 
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PRACTICAL ANAESTHESIA AND SPAYING OF RABBITS 
 


WILLIAM LEWIS, BVSC CERTZOOMED  
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Rabbit anaesthesia and spaying is something that every vet in practice should be able 
to perform safely and efficiently. Rabbits are spayed to prevent unwanted pregnancies, 
reduce aggression and most importantly to prevent the inevitable uterine 
adenocarcinomas from developing. They are routinely performed at 5 – 6 months of 
age. I would like to share my protocol which I have refined over many years and now 
proves a reliable and repeatable procedure. 
 
Few colleges actually teach the theory or practice leaving young vets to discover their 
own method of performing this common procedure. Few texts describe the procedure in 
an adequate fashion, many leaving out some vital steps to performing the procedure 
quickly, safely and easily .I would like to suggest a protocol which provides simple and 
safe anaesthesia with adequate pain relief, a small wound, easy location of the uterus, 
simple exteriorisation of the ovary, rapid recovery from anaesthesia and minimal post op 
complications. 
 
The usual pre anaesthetic checks should take place with particular attention to 
assessing the respiratory system. I don’t perform routine blood tests but these may be 
performed if required. 
 
All spays I perform have an intravenous catheter placed in the marginal ear vein. With a 
little practice they are very easy to place. The hair is clipped off the lateral                 
aspect of the ear. Lidocaine spray ( Intubeaze: Dechra)  is sprayed on the skin overlying 
the vein- it seems to provide a  local anaesthetic affect and is  much more rapid in onset 
of action than EMLA Cream. A 26 Gauge winged catheter is inserted into the vein. 
Because the vein is very superficial and immobile the catheter is easy to insert. Be 
careful to choose a part of the vein that is as straight as possible to allow a good run at 
advancing the catheter without encountering a corner. The catheter can be glued or 
taped into place. We glue a wing of the catheter to the pinna and cover it with tape. A 
cap with an injection port (Lucomed Inc) can be placed on the end of the catheter. 
These are quite heavy and an alternative is to place the rubber bung from a one ml 
syringe into the open end of the catheter. A pre op dose of analgesia using Meloxicam 
(Metacam: Boehringer Ingelheim) at 0.3- 0.6mk/kg subcutaneously is administered.  
 
My current protocol uses as small a dose of intravenous anaesthesia as possible and I 
intubate the patient. Tiny doses are used so I draw them up individually in an insulin 
syringe. This way I ensure that my doses are very accurate and I can administer small 
doses and top up to effect. I use a combination of Medetomidine (Domitor:Pfizer) at 0.1 
ml/kg (100  ug/kg), Ketamine (Narketan:  Vetoquinol) at 0.03 ml/kg (3  mg/kg) and 
Butorphanol (Torbugesic: Fort Dodge ) at 0.03 ml/kg (0.3 mg/kg). I inject approximately 
three quarters of this cocktail intravenously and top up to effect. If it is not possible to 
insert an iv catheter for some reason, the anaesthetic may be injected directly into the 
marginl ear vein, lateral saphenous or cephalic vein. If for some reason one cannot 
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access any of these veins then I consider intramuscular combinations of agents. My 
favourite combination and one which I have used successfully on many hundreds of 
rabbits is Xylazine (Rompun: Bayer , Xylacare:  Animalcare Ltd) at 5mg /kg and 
Ketamine at 25-30 mg/kg. I draw them up in separate syringes and give one injection in 
each hind limb. The patient can then be intubated. If intubation is not successful I use a 
mask ensuring that the nares are included but never compressed against the front edge 
of the mask. If Xylazine is not available in your practice then consider a combination of 
Medetomidine (0.15- 0.25 mg/kg) and Ketamine (10-15mg/kg) given subcutaneously. 
Fentanyl and fluanisone (Hypnorm: VetaPharma Ltd) may be used at 0.2- 0.5ml 
intramuscularly and can be reversed with buprenorphine (Vetergesic: Alstoe). The 
patient may then be masked to allow deepening of anaesthesia and intubation. 
Remember to use lubricant in the eyes as rabbits do not blink under Ketamine 
anaesthesia and the corneas can dry out rapidly leading to corneal ulceration. 
 
Most rabbits are quite easily intubated using the visual method. There are two important 
factors - the rabbit needs to be deeply enough anaesthetised and needs to be held in 
the correct position. The assistant should place the rabbit in ventral recumbency and lift 
the patient up by the head so that the feet are clear of the table. Once the head is 
adequately elevated it should be tilted backwards so that the open end of the mouth is 
pointing towards the ceiling. I pull the tongue out to the right side of the rabbits mouth 
(the left side as I face the rabbit) with my left hand and insert an auroscope with the 
largest head over the base of the tongue and push it as far back as possible. This way 
the opening to the larynx is easily visualised. An assistant then holds the handle of the 
auroscope (or with practice one can do it oneself) which points to my right side while I 
insert a 2.5 – 3.0 mm tube with an introduction stylet down the auroscope.  At this point 
the tube should not have the blue connector attached. The introducer is inserted into the 
opening of the larynx and the tube advanced. If there is resistance and closing of the 
larynx then the patient will need to be topped up with a little more of the cocktail or gas 
applied with a mask. Ideally the tube should go in with no resistance.  The tube is then 
advanced through the auroscope and the auroscope gently withdrawn. I always pluck a 
bit of the rabbits fur and place it over the end of the tube to ensure that the tube is 
correctly placed in the trachea. The blue connector is then attached and the tube tied in 
place. As the tubes are very narrow, we attach tape around the tube and secure one 
piece of tube around each ear. This keeps the tube nice and straight and prevents it 
kinking or pulling to one side. The patient is then attached to the anaesthetic machine. 
Isoflurane (Isoflo: Schering Plough) in oxygen is used routinely but newer products such 
as Desflurane or Sevoflurane may also be used. At this stage I usually give a bolus of 
intravenous fluids slowly- Hartmanns is adequate- about 5 ml to a 2.5 kg rabbit. 
 
The patient is then placed in dorsal recumbency on a heat mat and prepared for 
surgery. The hair is clipped from the pubis to the xiphoid bone and the skin is prepared 
aseptically using Chlorhexidine gluconate (Hibiscrub) taking care to use warm water 
and not too much surgical spirit to avoid cooling the patient down too much. Most texts 
advise making the incision from the umbilicus to the pubis. In my experience these 
landmarks are not always easy to find and can result in an incision that is too large or in 
the incorrect position not allowing for easy retrieval of the uterus or possibly leading to 
the caecum or other parts of the GI tract popping out of the wound. My landmark is the 
last pair of nipples. I make an incision about 2-3 cm long with 2/3 of the incision cranial 
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to a line drawn through the last pair of nipples and 1/3 caudal. This creates a wound in 
exactly the correct position for easy retrieval of the uterus. This is the MOST 
IMPORTANT TIP in this article. Many rabbits seem to have non symmetrical nipples 
and in these cases the incision is from the more caudal to the more cranial of the last 
pair of nipples. The skin is incised and the linea alba identified. The linea is raised using 
toothed forceps and a stab incision is made with the sharp edge of the blade pointed to 
the ceiling. The wound is then elongated in the usual fashion taking care to elevate the 
linea to avoid damaging the intestines, caecum or bladder. 
The uterus will be found immediately under the incision at this point- there will be no 
need to look for it by inserting instruments and no gut segments will be visible. The fat 
around the cervical area of the uterus is grasped and elevated which raises the double 
cervix out of the wound. One of the uterine horns is followed until its cranial end where it 
continues as the Fallopian tube. The Fallopian tube courses ventrally and then curves 
back upwards to join the ovary. This is another critical stage of the procedure. If the end 
of the uterine horn is elevated to try and lift up the ovary, the thin mesovarium will tear 
resulting in an ovary that drops down into the wound and is difficult to locate. Instead 
one should walk ones fingers along the length of the Fallopian tube until it curves 
around to the ovary. At this point the ovary, together with its large pad of fat should be 
elevated and two clamps placed beneath it- a small window is made in the thin 
mesovarium between this thick pad of fat and the cranial end of the uterine horn. Make 
sure that the loop of Fallopian tube is elevated upwards to avoid leaving a section 
behind. The tissue below the ovary is ligated using vicryl or PDS and the mesovarium is 
transected. The mesovaurium is then ligated in a couple of sections until the cervix is 
reached- there is a large blood vessel on either side of the cervix and this should be 
ligated- the vagina is then clamped as far cranial as possible and a transfixing suture is 
placed. The tract is then removed. My preference for closure of the linea is to use a 
continuous pattern of Vicryl. PDS leaves a large knot which is easily visible through the 
thin skin of a rabbit. An intradermal layer of Vicryl is then used to close the midline. In 
fatter rabbits a row of subcutaneous sutures may be placed as well. 
The wound is cleaned and the patient placed in ventral recumbency. The Isoflurane is 
switched off and Atipamizole (Antisedan: Pfizer) is administered at 500ug/kg (the same 
volume as Domitor administered). I routinely send rabbits home post spay with a 10 ml 
bottle of meloxicam (Metacam) to be used at 0.3 mg/kg BID for 3-5 days. 
Metoclopramide (Maxolon: Amdipharm) may also be injected and some rabbits are sent 
home on oral Maxolon paediatric drops (Shire) at 0.5 – 1.0 mg/kg TID if there is any 
concern about gut motility. This comes in a handy 15 ml bottle which is enough to last 3-
4 days for most rabbit spays. Most rabbits are fully recumbent within 4-10 minutes using 
this anaesthetic protocol. Following this protocol allows rabbit spays to be performed 
quickly and safely with minimal complications. 
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Diseases of the uropoetic system in small mammals are seen very frequently by 
practitioners. Urolithiasis is one of the most common diseases requiring surgical 
intervention. Both the formation and growth of uroliths may be influenced by urine pH, 
matrix availability, the degree of crystalluria and presence or absence of crystalline 
inhibitors. Urinary infection can be a predisposal factor or a sequela of urolithiasis. 
Based on the author’s experience, uroliths in rabbits are most commonly found in the 
urinary bladder and kidneys. In guinea pigs, it’s the uretra; in ferrets, the urinary 
bladder. Renoliths may be present alone or in conjuction with other uroliths. Struvites 
and calcium phosphate uroliths are usually formed in alkaline urine, cystin in acid, and 
calcium–oxalate and urate stones in acid to neutral urine. The genesis of very large 
uretral stones is presumably the result of a nidus of the calculi formed in the urinary 
bladder and then passing into the uretra, where it lodges and accumulates. As a result, 
the uretral lumen becomes slightly enlarged and thus allows a continous flow of urine 
around the stone. 
Predisposing factors for urinary calculi formation can be uropoetic tract inflammation, 
muskuloskeletal pain (arthrosis, fractures, spondylosis, and trauma), metabolic 
disorders, obesity, dehydration, urinary neoplasia or any previous uropoetic surgery. 
The urine alkaline pH of herbivorous small mammals also increases the risk of forming 
insoluble calcium precipitates, especially when feeding a high calcium diet.   
 
Diagnosis 
Uroliths can cause clinical signs such as inflammatory changes of the uropoetic system, 
renal dysfunction, mucosal hyperplasia and pain. The patient with a urinary obstruction 
secondary to urolithiasis has a life-threatening condition which must be solved as as 
soon as possible. Animals are presented with anorexia, dysuria, haematuria, frequent 
urinartion and perineal urine scald. However, in some cases, obvious clinic signs are 
unapparent. 
Haematology and plasma/serum biochemistry are very important in regard to the follow-
up medical approach and prognosis determination.   
Urinalysis could reveal erytrocytes, inflammatory cells, mucosal cells and crystals. 
Urinary pH is influenced by the specific species metabolism, feeding, actual metabolic 
status, inflammatory changes or previous drug administration. Finding crystals in the 
urine does not necessarily indicate that urolithiasis is present. However, if any signs of 
uropoetic disease or abdominal pain are present, further investigation is advisable. In 
general, with low urinary pH and ketonuria determined in herbivorous species, the 
prognosis is very guarded to poor. 
Radiography should always be performed when suspecting uroliths. Practitioners 
should be certain that both kidneys and all portions of urethra are on film. Compared to 
soft tissue density, most uroliths (struvite, calcium oxalate, calcium phosphate, cystine) 
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are radiodense (Figure 1), while urate may be radiolucent. Contrast studies (intravenous 
extretory radiography, positive contrast, double contrast, urethrogram) may be helpful in 
locating uroliths. Retrograde 
double contrast cystography may 
provide the clinician with valuable 
diagnostic and prognostic 
information about the bladder 
disease in question. This contrast 
study is particularly helpful in 
males and in females with 
separate urinary papilla (rats, 
chinchillas, guinea pigs, degus, 
etc.). Abdominal ultrasound allows 
a non-invasive evaluation of the 
urinary tract. It is helpful in the 
detection of anatomical 
abnormalities, neoplasia, and 
urolithiasis.                                                   
            Figure 1: Radioopaque uroliths in the urinary bladder of rabbit 
 
Conservative treatment of calcium oxalate and calcium phosphate urolithiasis 
Dietary therapy consists of reducing calcium and oxalate (avoid green leafy vegetables), 
moderate protein and sodium restriction. Administration of potassium citrate inhibits 
calcium oxalate formation and has an alkalinizing effect on the urine. Its use in rabbits is 
questionable due to enhancing the calcium reabsorption in kidneys. The antibiotic 
therapy should be based on urine/urinary calculi bacteriology. Antibiotics of choice are 
fluorochinolones or tetracyclines for herbivorous rodent species, except when facing a 
urinary obstruction. In the case of rabbits and ferrets, beta lactams can be an 
alternative. Sulfonamides should be avoided due to urolith formation, associated with 
their administration. Moreover, pre-existing uroliths might be surrounded by drug 
metabolites, making them resistant to dissolution. 
 
Surgery 
Preoperative assessment 
Detailed history recording and clinical examination are a must. Haematology, plasma 
biochemistry and urinalysis are consequently arranged in all cases. Animals are 
stabilized in oxygen tents and placed on heating pads. A secure intravenous access 
and consequent fluid therapy are mandatory to restore hydration and proper diuresis. 
Blood electrolytes, acid-base homeostasis and urine production should be closely 
monitored and corrected before surgery.  
Anaesthesia and surgery 
The animal is anaesthetised and placed into dorsal position. The use of a combination 
of opioids and benzodiazepins is recommended for premedication. Propofol is 
administered i.v to the effect if necessary. Animal is intubated (if possible) and closely 
monitored (EKG, pulse oximetry, capnography, breathing, rectal temperature). 
Continual fluid infusion is important to ensure optimal kidney perfusion. Anaesthesia is 
then maintained by the use of isoflurane. 
Urinary bladder/uretral catheterization 
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Catheterization of the male urinary bladder is usually conducted wihtout any problems.  
The anatomy of the female mouse, rats, chinchillas and guinea pigs is unique in that the 
urinary orifice is external and just anterior to the vaginal opening. This characteristic 
makes the bladder of these animals easier to catheterize than that of other species. The 
urethral orifice in female ferrets is located approximately 1-1.5 cm cranial to the blind 
clitoral fossa, which is situated on the ventral floor of the vestibule, just immediately 
cranial to the mucocutaneous junction. In female rabbits, the external uretral opening 
lies 4-6 cm cranial to the vulva. 
Urethral catheters or tomcat catheters of size 1.8-5 French with guide-wire can be used. 
Care should be taken that the tip of the guide-wire does not extend past the end of the 
catheter. Atraumatic and aseptic techniques should be used during all procedures. The 
animal is placed in ventral recumbency, with a rolled towel beneath the abdomen to 
elevate the hind quarters (females), or in dorsal recumbency (males). A vaginal 
speculum is placed in the vulva in rabbits and ferrets to enable uretral opening 
visualisation. Prior to the insertion of the catheter, the external uretral opening should be 
cleansed by using an antiseptic solution. The distance from the external urinary orifice 
to the neck of the bladder should be estimated, and small amounts of water-soluble 
lubricant placed on the external uretral orificium. Minimal to moderate resistance is 
usually noted during catheterization. If resistance is encountered, withdraw the catheter 
for a short distance and apply 0.2-5 ml of saline (amount according to animal size) to 
enlarge uretral lumen and then reinsert while gently rotating the cathether. Alternatively, 
3-4 drops of 2% lidocaine can be applied.  
Cystotomy 
A standard caudal laparotomy is performed. In males, one must assure not to damage 
the prepucium and the penis. The caudal ureters, urinary bladders and proximal uretra 
are reached by this approach. Moistened pads or gauze are placed beneath the urinary 
bladder and a stay suture is applied on the bladder apex to facilitate manipulation. Urine 
should be removed via intraoperative cystocentesis, before entering the urinary bladder. 
An incision is performed on the ventral or dorsal bladder surface while keeping distance 
to large veins and ureters. Urinary calculi are removed, and the bladder flushed with 
saline. The mucosal surface is checked for any pathological changes. The catheter is 
then passed into the uretra for additional flushing. Retrograde and/or normograde 
urohydropropulsion must be performed in all cases to remove any possible obstructions. 
The bladder wall is closed in two layers with absorbable material by two continuous 
inverting sutures. Polydioxanone, polyglyconate or polyglactin 910, poliglecaprone 25 
are preferred suture materials.  
Kidney surgery 
Renal functions should be determined before surgery. If severe renal damages are 
determined, neprectomy should be taken into account. A nephrotomy should not be 
performed in patients with severe hydronephrosis, due to possible postoperative urine 
leakage. This kind of surgery comprises temporarily the renal function, so the patient 
must be closely monitored. Especially when performing unilateral nephrectomy, the 
contralateral renal function must be adequate. 
To reach the kidneys, a ventral midline incision is made, extending from xiphoid to 
pubis. Before kidney surgery takes place, the entire abdomen should be inspected. 
Intestines, caecum in herbivorous species included, ought to be elevated out of the 
abdominal cavity and covered with moistured sponge or gauze. For nephrotomy, renal 
vessels should be located and then temporally occluded with vascular forceps or 
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tourniquet. Th lateral renal surface is exposed and then a sharp incison is made into the 
capsule and parenchyma to enable calculi removal. The ureter is then flushed with 
saline. Concludingly, the cutting surface edges are opposed to each other and the 
capsule sutured with a continuous pattern. A digital pressure is applied for 
approximately five minutes while restoring the blood flow. If this technique fails to 
achieve adequate haemostasis, absorbable horizontal mattress sutures should be 
placed through the cortex. Electrocautherization should be avoided due to excessive 
renal damage. 
For nephrectomy, the kidneys are bluntly dissected and elevated. Renal artery/arteries 
and renal vein(s) are double ligated. Care must be taken not to ligate both vessels 
together, to prevent the formation of an arteriovenous fistula. The ureter is ligated close 
to the pelvis. The whole kidney is then excised and removed.  
Lithotripsy 
Lithotripsy is a minimally invasive technique which provides an alternative to surgical 
urolith extraction. Iintracorporeal laser lithotripsy and extracorporeal shock wave 
lithotripsy have been described as successful methods to treat urolithiasis in dogs. 
Lithotripsy may be particularly beneficial for patients with renoliths and marginal renal 
function, and has already been used in rabbits and guinea pigs under experimental 
settings. 
 
Postoperative care 
Postoperative care is the continuation of the preoperative treatment. Electrolytes, 
urination and renal and heart function should be closely monitored. If needed, antibiotic 
therapy should be corrected, based on results of the bacteriology and discontinued after 
three weeks. All concements should be sent in for further analysis (polarization 
microscopy, infrared spectroscopy) to adjust possible treatment options. All animals 
should be encouraged to drink to form more diluted urine and decrease the 
concentration of calculogenic substances in the urine. Uroliths tend to recur; therefore, 
close monitoring thorough life is recommended. Analgesics are administered at least 
seven days postsurgically. 
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UTERINE PATHOLOGY IN RABBITS 
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THE WYLIE VETERINARY CEBTRE, 196 HALL LANE, UPMINSTER, ESSEX RM14 1TD 
 
Pathology of the uterus is a frequent finding in pet rabbits- this may include abscesses, 
cysts, pyometra, hydrometra , endometrial venous aneurysms, cystic endometrial 
hyperplasia, endometritis and tumours such as leiomyosarcomas, leiomyomas and 
adenomas and adenocarcinomas. Many of these conditions appear asymptomatic and 
may be discovered upon routine examination. Uterine tumours and aneurysms may 
present with a history of haematuria or blood loss from the vagina. 
 
Ovarian abscesses and pyometra are usually caused by Pasteurella multocida. 
Endometritis, metritis and pyometra cases have been found to be caused by Pasteurella 
multocida, Staphylococcus aureus, Chlamydophila, Listeria monocytogenes, Moraxella 
bovis, Brucella melitensis, Salmonella and Actinomyces pyogenes. 
 
Uterine torsion, dystocia and ectopic pregnancies have also been reported in rabbits. 
 
By far the most common conditions in unspayed does are cystic endometrial 
hyperplasia, uterine adenoma and uterine adenocarcinoma. Some investigators feel 
that uterine adenocarcinoma is the end stage of an evolutionary process. There is no 
difference in the incidence of these tumours in breeder rabbits as opposed to aged 
virgin rabbits. All rabbits seem to undergo sequential changes in the uterus starting with 
cystic endometrial hyperplasia. This then changes to become an adenoma and 
ultimately an adenocarcinoma. In a study of 140 rabbits that were biopsied on a regular 
basis, every rabbit went through these changes culminating in adenocarcinoma. 
Adenocarcinomas may spread silently to the myometrium and peritoneal cavity early in 
the course of the disease. Haematogenous spread to the lungs, liver and bones may 
occur within 1-2 years. The prognosis is poor if metastasis has already occurred. 
Successful chemotherapy has not been reported for these tumours. Up to 80% of 
rabbits reaching 5-6 years of age may be affected but only 4% of those in the 2-3 year 
age group. 
Diagnosis of most of these conditions is by the presence of blood or haematuria and 
confirmed by abdominal palpation, radiography, ultrasound with or without fine needle 
aspirates and ultimately surgical exploration. Prognosis depends on the histological 
diagnosis and stage of the disease. 
Routine spaying of rabbits at 6-12 months is advised as a prophylactic measure. 
 
CASE STUDY: 
A four year old entire female Lop Eared Rabbit was presented for routine vaccination. 
The weight was recorded as 2.8kg which was 700g lighter than when weighed 7 months 
earlier. Abdominal palpation revealed a large mass. 
The patient was admitted and anaesthatised with Xylazine( Rompun:Bayer) at 5mg/kg 
im and Ketamine ( Vetalar: Pharmacia and Upjohn) at 30mg/kg im. A mask was placed 
over the nose and oxygen was administered at one litre per minute together with 
Isoflurane (Isoba: Schering-Plough) at 1%. A lateral radiograph of the abdomen 
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confirmed the presence of a mass. Chest radiographs did not reveal any signs of 
metastases. 
The rabbit was placed in dorsal recumbency on a heat mat and the ventral abdomen 
was clipped and prepared for aseptic surgery using Chlorhexidine gluconate( 
Hibiscrub:Schering- Plough).  A midline exploratory laparotomy was performed. The 
uterus was grossly enlarged and an ovariohysterectomy was performed. Ligation of the 
ovarian pedicles, mesovarium and cervices was performed using 2/0 polyglactin 910 ( 
Vicryl: Ethicon). There was no evidence of metastatic disease in the abdomen. The 
linea alba was sutured with 3/0 polydioxanone (PDS:Ethicon) . The skin was closed with 
3/0 Vicryl using an intradermal pattern. Carprofen (Rimadyl: Pfizer) was injected 
subcutaneously at 4mg/kg for analgesia and an injection of antibiotics was given using 
oxytetracycline (Engemycin 5%: Intervet) at 30mg/kg. The reproductive tract that was 
removed weighed 175 grams. The patient was discharged with Meloxicam (Metacam: 
Boehringer Ingelheim) to be used at 0.2mg/kg twice daily per os. Cisparide (Prepulsid: 
Janssen-Cilag Ltd) was also dispensed to be used at 1mg/kg four times daily to aid gut 
motility. 
Histopathology confirmed a diagnosis of cystic endometrial hyperplasia with uterine 
adenocarcinoma. 
The patient made an uneventful recovery from the surgery. Two months later she 
presented with caecotrophs attached to the anus and a palpable abdominal mass. 
General anaesthesia was induced as previously described and a lateral abdominal 
radiograph confirmed the presence of a mass. Chest radiographs did not show any 
evidence of metastatic disease. An exploratory laparotomy revealed widespread 
metastatic disease in the mesentery, cervical stump, bladder wall, liver and diaphragm. 
Biopsies were taken of all these organs and submitted for histopathology. The patient 
was euthanised while under general anaesthesia using Phenobarbital 20% (J.M. 
Loveridge plc, Southampton). Histopathology confirmed metastatic uterine 
adenocarcinoma in all the organs submitted. 
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OVARIAN CYSTS IN GUINEA PIGS 
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Ovarian cysts are very common findings in female guinea pigs. There seem to be 
different kinds of ovarian cysts, but cysts originating from the rete ovarii (serous cysts) 
appear to be more prevalent. Follicular cysts and paraovarian cysts are also reported. 
 
In one study serous cysts in the rete ovarii has been detected in female guinea pigs as 
young as 11 days of age and with a prevalence of 100% in females over 12 months 
(Quattropani 1981). In another study histopathology was performed on normal guinea 
pig ovaries from each day of the estrous cycle. Serous cysts were found in 63.5% of the 
85 guinea pigs, and the incidence of cysts did not vary through the estrous cycle. It was 
suggested that serous cysts are a normal part of the cyclic guinea pig ovary. In the 
same study 22.4% of the guinea pigs had follicular cysts; however they were less 
common during diestrus indicating that many cysts resolved spontaneously with time. 
Only 1 out of 85 guinea pigs had a paraovarian cyst, which is a cyst in the vestigial 
remnants of the wolffian body. 
 
Diseases related to ovarian cysts in guinea pigs are frequently reported. Most common 
signs are abdominal distension, nonpruritic symmetric alopecia starting over the flanks, 
anorexia and depression. Other abnormalities including infertility, uterine leiomyoma, 
cystic endometrial hyperplasia, endometritis and mucometra has also been associated 
with ovarian cysts. Infertility due to ovarian cysts may be caused by ovarian dysfunction 
due to compression atrophy. 
Large ovarian cysts can easily be palpated in the cranial half of the abdomen, but 
abdominal ultrasonography is the most reliable diagnostic tool. However, 
ultrasonography is unable to determine the type of cyst. 
Ovarian cysts vary in size, from 5um in diameter in juvenile sows to 7cm in elderly 
specimens. In an ultrasound study of 43 guinea pigs aged 6 to 50 months 53% was 
diagnosed with ovarian cysts, 36% had bilateral cysts. At the age group over 24 
months, 93% had detectable cysts and in 62% cysts were bilateral. Many animals had 
multiple or multilocular cysts. 3/43 animals had abdominal distension, 2 of these had 
bilateral alopecia on flanks and sides, 0/43 suffered from anorexia and/or depression. 
Cyst prevalence and size was found to be uncorrelated to the breeding history. A follow 
up study 15 months later on the same individuals showed increased cyst prevalence, 
number and size. A strong correlation between increasing age and increasing cyst size 
was shown. Why many cysts develop to an excessive size of 2-3, up to 7cm, is 
unknown. In case of the rete cysts it has been suggested that malfunctioning of the 
epithelial ion pump results in excess electrolyte influx through the cyst wall resulting in 
osmotic water diffusion into the cyst. 
Surgical treatment has up till now been considered as the most efficient. As many 
uterine disorders seem to be associated with cystic ovaries, ovariohysterectomy is the 
treatment of choice. The author has experienced, that not all ovariohysterectomies are 
uncomplicated. Very large cysts may be difficult remove, and ovaries may be adherent 
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to surrounding structures like the liver, possibly after spontaneous rupture of one and 
more cysts. After successful surgery complete recovery with regrowth of hair is seen 
within 3 months. Guinea pigs, which are anorexic and/or depressed, are in the authors 
opinion not good candidates for anaesthesia and surgery. They must have a medical 
work up with blood work and imaging to rule out other causes of anorexia and 
depression and to establish the best supportive therapy for preoperative stabilisation. If 
the guinea pig is likely to be painful an analgesic and/or cyst tapping may be 
considered. In the authors experience tapping alone gives only temporary relief, and 
cysts will soon refill.  
Medical treatment with GnRH agonists (e.g. leuprorelin, deslorelin) has been 
recommended by some, but reports about results are anecdotic. A leuprorelin acetate 
dose of 0.2-0.3mg/kg IM q 28d has been suggested. Hormonal influence on various 
types of cysts, size and number is not fully understood. However, serous cyst incidence 
seems to some degree to be FSH dependent, which indicates that there may be a 
positive effect of GnRH agonists. More need to be known about the subject. 
 
In conclusion it seems that ovarian cysts are present in the majority of adult female 
guinea pigs, and that serous cysts in the rete ovarii should be considered as normal 
components of the cycling ovary. Various cyst types have been described. Although 
cyst related disease has been reported, the great majority of even very large cysts 
seem to be present without notice. Whether a certain type of cyst causes clinical signs, 
or they are due to cyst size alone still needs to be determined. Ovariohysterectomy 
seems to be the treatment of choice, but maybe it will gradually be replaced by GnRH 
agonists.  
 
Whilst it seems obvious to suggest treating of guinea pigs with clinical signs, what 
should recommendations be to owners presenting healthy guinea pigs for routine health 
checks and should guinea pigs with diagnosed ovarian cysts but without clinical signs 
be recommended a therapy? Until we know more about the prevalence of clinical signs 
(probably low) compared to the prevalence of ovarian cysts (up to 100%) and the 
influence of different cyst types and sizes, it is hard to give a proper answer. Individual 
recommendations must be given based upon the age and the general health of the 
guinea pig, presence of clinical signs and client wishes. Until more is known, the 
personal opinion of the author is that only guinea pigs with clinical signs like symmetric 
alopecia and abdominal distension and no or only minor concurrent diseases should be 
treated. Guinea pigs with depression and anorexia often develop complications like 
ketosis, and must be considered as poor risk patients. Most cases of ovarian cysts 
seem to be of no discomfort to the guinea pig, and most of them die from other old age 
related diseases without ever developing clinical signs. 
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AUSTRIA 
 
Various types of endocrinopathies are among the most serious health complications 
frequently diagnosed in pet ferrets. Prolonged oestrus and hyperadrenocorticism are 
two of the most common hormonal diseases in ferrets.  Both of them are comparable to 
each other in regard to the similar clinical manifestation and high levels of sex 
hormones. 
 
Ethiology 
The underlying cause of the pathologic changes in the adrenal glands is unknown. 
 
1. During the embryologic development, ovaries and adrenal glands develop in close 


proximity to one another. Undifferentiated gonadal cells may be carried to the 
adrenal gland. Luteinizing hormone receptors have thus been detected in normal 
adrenal gland tissues of humans, mice and ferrets and in adrenal gland tumours.  


2. Hyperadrenocorticism is most often detected in ferrets neutered at an early age (4 – 
6 week). Chronic stimulation of the adrenal gland cortex by LH induces adrenal 
gland hyperplasia and facilitates tumour induction and growth. 


3. The effects of early sterilization, combined with an artificially prolonged photoperiod 
predisposes ferrets to the development of adrenal gland disease. 


4. The disease is more prevalent in ferrets of small founder populations and closed 
colonies of large breeders (USA, Canada). 


5. Adrenal gland neoplasia may have a genetic component, as the protein marker 
GATA-4 is significantly expressed in cases of ferrets with adrenocortical adenomas 
and carcinomas. 


 
Diagnostic steps 
The diagnosis of adrenal disease begins with the determination of the clinical signs, the 
following tests of sex hormone levels in blood serum and ultrasonography. 
History and clinical signs: Hair loss is the most common symptom. It usually starts 
around the rump and tail and progresses up the flanks, over the back and chest and 
down to the abdomen. The head and limbs usually retain some hair). The hair loss often 
starts in late winter and early spring; it can be progressive, or regrow and recur the 
following spring. Other possible signs include vulvar swelling (female), stranguria 
(male), lethargy and weakness. Palpation of both adrenal glands may form the basis of 
a presumptive diagnosis. 
Complete blood count is usually unremarkable. Biochemical profiles equally tend to be 
without any pathological elevations 
Testing of three sex hormones (oestradiol, androstenedione, and 17-
hydroxyprogesterone) provides better sensitivity for identifying adrenal gland disease. 
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Ultrasonography can determine which gland is affected, as well as its size, 
architecture and neovascularization. 
 
Surgical  anatomy 
The adrenal glands lie in close association to the cranial borders of the right and the left 
kidney, often entirely embedded in fat and covered by a thin peritoneum. The right 
adrenal gland is larger and more elongated than the left one, and found craniomedial to 
the cranial pole of the right kidney, ventrolateral to the caudal vena cava, and adjacent 
to the caudomedial aspect of the caudate process of the caudate liver lobe. The left 
adrenal gland is found craniomedial to the cranial pole of the left kidney, and 
lateroventral to the aorta (Figure 1). The left adrenal gland is usually 2 to 3 mm wide 
and up to 6 to 8 mm long. The right adrenal gland is usually 8 to 11 mm long and 
located more cranially than the 
left adrenal gland. Individual 
variations of the blood supply 
exist, but in general, a branch of 
the aorta supplies the cranial 
pole, branches from the renal 
artery supply the caudal pole, 
and an additional branch from the 
aorta supplies the left adrenal 
gland. The phrenicoabdominal 
vein is found on the ventral 
surface of the gland, coursing 
from lateral to medial. In ferrets 
with adrenal gland disease, the 
adrenal glands may be grossly 
enlarged and cystic, or may 
extend into adjacent tissue, 
including the caudal vena cava. 
             Figure 1: Topographic anatomy of the left adrenal gland  
 
Anaesthesia and surgery 
Patient stabilization is the essential first therapeutical step. Fluids are administered by 
intravenous catheter (v.cephalica or v. saphena). Oxygen supplementation and thermal 
comfort are advisable. 
General anaesthesia is provided by the use of isoflurane. For premedication, the 
authors use a combination of butorphanol (0.1-0.2 mg/kg im), medetomidine (0.3-0.5 
mg/kg im) and ketamin (1-3 mg/kg im). The patient is continuously monitored (EKG, 
pulse oximetry, capnography). 
The most frequently practised and effective treatment is the surgical removal of the 
entire affected adrenal gland. The left gland is much easier to remove due to its position 
in a fat pad above the left kidney. The adrenolumbar vein must be ligated before the left 
adrenal gland is removed, using sharp or blunt dissection. 
The right gland is much more difficult to approach, as positioned beneath a liver lobe 
and attached to the posterior vena cava. The hepatorenal ligament must be incised 
sharply to allow the liver lobe to be elevated.  
If both glands are affected with neoplastic growth, it is recommended to remove one of 
the glands completely and as much as possible of the neoplasia of the other gland. 
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Be aware that tumours can invade the caudal vena cava. It is thus recommendable to 
approach the adrenal gland in question from both the right and left side of the caudal 
vena cava to isolate as much of the tumour as possible and then place the vascular 
clamp around the tumour. With the vascular clamp stopping the blood supply, the 
tumour can be dissected. Any openings in the vena cava should be closed with a fine, 
absorbable suture, such as 6-0 o 8-0, and a small needle. Abdominal closure is 
performed according to standard procedure. 
Common postoperative complications include hypoglycaemia, hypothermia, bleeding, 
heart and renal failure. 
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AUSTRIA 
 
Postoperative care is aimed at meeting the patient's physical and psychological needs 
directly after surgery. In general, postoperative care begins in the recovery room and 
continues throughout the recovery period. Critical concerns are optimal patient 
hydration, pain control, a relaxed mental status and surgical wound healing. Preventing 
postoperative anorexia, paralytic ileus, wound auto-mutilation and constipation is also 
very important in small herbivorous mammals.  
 
After general anaesthesia, all patients should recover in a specially designated area 
with optimal oxygen support and environmental temperature set up to 39 °C. All drugs, 
fluids and equipment required for resuscitation and management of anaesthetic and 
surgical complications should be immediately available in every recovery area.  
 
Fluid therapy 
Intravenous fluid therapy is one of the mainstays of treatment in both preoperative and 
postoperative care. Even when a specific diagnosis has not been made yet, the fluid 
should be chosen after careful consideration of the acid-base, electrolyte, dehydration, 
and blood pressure status of the animal. Anaesthetic fluid requirements might differ due 
to large amount of fluid lost from open body cavities and leaking into the anaesthetic 
circuit. Typically, the rate of intravenous isotonic crystalloid fluid (0.9% saline, Lactated 
Ringer's solution) administration during anaesthesia should be 10 ml/kg/hour in a 
healthy animal. Hypotension during surgery can occur due to anaesthesia-induced 
vasodilatation, decreased cardiac output, or haemorrhage. If any of these scenarios 
occur, an intravenous isotonic crystalloid (10 ml/kg) or colloid (5-10 ml/kg; Hetastarch, 
Dextran 40, Dextran 70, and Oxyglobin) solution should be administered to effectively 
increase systemic blood pressure. If the colloid fluid is administered along with a 
crystalloid one, a total crystalloid requirement should be decreased by 25-50 % due to 
the possible danger of overhydration. 
Intraosseous catheterisation is a useful alternative in critically ill patients, especially in 
very small animals in which a safe intravenous access can not been achieved. 
Preferred sites for intraosseous needle insertion and subsequent fluid administration are 
the proximal humerus, the proximal tibia or the greater trochanter of the femur.  
The loose skin along the dorsal cervical region and back are preferable sites for 
subcutaneous (SC) administration. In general, the SC administration is well tolerated in 
small herbivorous mammals and only gentle restraint is needed. Administration of as 
much as 50 ml/kg SC given at once was described in rabbits. However, such large 
volumes might cause paniculitis, pain and the accumulation of fluid at the ventral parts 
of the subcutis. Due to these reasons, the authors advise to use a smaller volume – at 
most 15 ml/kg SC once into three to four places.     
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Physiological daily fluid requirements for small herbivorous mammals (rabbits, 
herbivorous rodents) are 80-150 ml/kg. 
 
Pain control and mental status 
There are certain behaviours frequently observed in herbivorous pets suffering from 
postoperative pain. The most prominent ones are depression, immobility, a hunched 
posture and anorexia. An effective management plan of pain control includes pre-, intra- 
and postoperative pain modulation. Multimodal analgesia is therefore recommended. 
The authors routinely use the combination of nonsteroidal anti-inflammatory drugs 
(meloxicam) and opioids (butorphanol or buprenorphine). Medetomidine and ketamine, 
which belongs to the anaesthetics with analgesic feature, can be used for 
premedication. Pain control may be achieved by local anaesthetics or epidural 
anaesthesia. Based on clinical experiences involving behaviour modulation, the authors 
also recommend the administration of L-tryptophan or haloperidol.  
 
Analgesics drug doses for small herbivorous pets 
 


 Butorfanol1 Buprenorphin1,2 Meloxicam2,3 Carprofen2,3


 q 4-6h q 6-8h q 12h q 12-24 h 
Rabbit 0.1 – 0.5 mg/kg 0.01 – 0.05 mg/kg 0,5 – 1 mg/kg 4 mg/kg 


Guinea pig 2 mg/kg 0.05 mg/kg 0,3 – 1 mg/kg 4 mg/kg 


Degu 2 mg/kg 0.05 mg/kg 0,3 - 1 mg/kg 4 mg/kg 


Chinchilla 2 mg/kg 0.05 mg/kg 0,3 - 1 mg/kg 4 mg/kg 
1 intramuscularly, 2 subcutaneously, 3orally 
 
Surgical wound healing  
Patients should be kept individually in a clean box with towels, paper-towels or cellulose 
litter as a substrate to avoid possible wound contamination. To prevent postoperative 
wound mutilation, the authors suggest to routinely use “intradermal suture” when closing 
the skin. For quicker wound healing, the administration of vitamin C is equally advisable, 
especially in guinea pigs. 
 
Other concerns 
The manifestation of a postoperative paralytic ileus can be avoided by the 
administration of prokinetics (metoclopramide, ranitidine, itopride or cisapride). The use 
of stomachics, B-vitamins and vitamin C can help to improve the wound healing and 
prevent anorexia. Food intake could be stimulated by offering fresh greens, vegetables 
and fruits.  
If a patient is reluctant to eat, force-feeding might be necessary. Oxbow critical care® or 
Rodicare® are commendable, both special instant diet mixes designed for herbivorous 
pets. 
A quick check of the current metabolic status could be performed by urinalysis. In 
particular, the evaluation of the urinary pH, physiologically alcalic in herbivorous pets, 
can be a useful diagnostic tool. 
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Prokinetics used in small herbivorous pets 
 


 Metoclopramide1,2 Ranitidin1,2,3 Cisapride1,2 Itopride2


 q 6h q 12h q 12h q 12h 
Rabbits  
Herbivorous rodents  


 
0.5-1 mg/kg 


 
3-5 mg/kg 


 
0.5 mg/kg 


 
10 mg/kg 


1 intramuscularly, 2orally,3 intravenously 
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AUSTRIA 
 
A prerequisite of a successful therapy is high quality post-operative care.  Small 
mammals are easily prone to stress, resulting in hypoglycaemia. In general, all surgical 
procedures pose a severe impact on the basal metabolism. Providing supplemental 
heat (by the means of external heating devices) and sustaining a stable core body 
temperature via the administration of warmed intravenous fluids is recommendable. 
Ferrets and omnivorous rodents should at first be supported by intravenous fluid 
therapy and then by supplementary feeding. It is a necessity to create good conditions 
for the recovery after anaesthesia. 
 
Housing the pet omnivorous animal 
Important requirements for housing facilities are an easy and safe access to the patient, 
means of oxygen supplementation, heating advices and a place for monitors and 
perfusion pumps. The authors employ different types of plastic boxes or wire cages for 
the transport and short-term safekeeping of the patient. Oxygen supplementation is 
recommended during the recovery period after anaesthesia. Thermal comfort should be 
provided by the use of heating pads or lamps. However, doing so, one should be careful 
to avoid causing hyperthermia. The optimal temperature in a cage should be 25 – 28 
ºC. 
 
Postoperative monitoring 
Critical care monitoring techniques are performed to detect early homeostatic 
instabilities before irreversible damage takes place. The cardiovascular, respiratory and 
central nervous system (CNS) form the essential body systems; failure of one usually 
results in failure of the others and the subsequent death of the patient. The cardiac 
system must be evaluated in any critical patient in which arrhythmia or heart murmur is 
identified. In routine practice, measuring temperature, auscultation of heart and lungs, 
ECG and pulse oximetry can be implemented. The decision, which kind of monitoring to 
use, depends on the severity of the disease and the surgery. 
 
Body temperature is easily recorded in most species of small mammals by using a 
rectal thermometer. 
 


 Ferret Rat Mice Hamster 
Body temperature 37.8 – 39.8 37.7 37.1 37.6 


 
Monitoring of the cardiovascular system includes the perfusion parameters 
controlled during the physical examination (i.e., mucous membrane colour, capillary 
refill time, auscultation of the heart rate, pulse rate, rhythm and strength as well as 
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temperature). The cardiac function is evaluated by recording an electrocardiogram 
(ECG). 
 
Monitoring of the respiratory system  
The auscultation of the lungs is a basic monitoring method. To correctly evaluate the 
respiratory system in small mammals, a good-quality stethoscope is required. The 
veterinarian should control the breathing frequency and quality of respiratory sounds. 
An accurate auscultation can help to reveal a pulmonary oedema. 
A pulse oximeter is a non-invasive means of estimating the arterial haemoglobin oxygen 
saturation (SpO2). Most pulse oximeters used in veterinary medicine feature a clip that 
can be applied to the patient’s tongue, toe web, or pinna. 
 


 Ferret Rat Mice Hamster 
Heart rate (beats/min.) 200 - 400 313 - 493 427 - 697 310 - 471 


Respirations 
(breaths/min.) 


33 - 36 71 - 146 91 - 216 38 - 110 


 
 
Blood analysis 
The technique of blood sampling from the vena cava cranialis is recommended as a 
method well suited to ferrets and other small mammals during short-term inhalation 
anaesthesia.  Minimum stat blood work should include haematocrit, total protein, blood 
glucose, blood urea nitrogen (BUN) and phosphorus level. The analysis of the 
biochemistry panel and a complete blood count, including reticulocytes, helps to 
improve the control of the therapeutical success. 
 
Urinalysis 
Urine samples can be collected by manual squeezing of the urinary bladder, free catch 
or cystocentesis. It is recommended to control the pH, glucose, proteins, blood and 
ketone levels of the urine. Urinalysis provides a good way of controlling excretory 
functions and current state of the basal metabolism. 
 


 Ferret Rat Mice Hamster 
Urine volume (ml/24 h) 15 - 60 13 - 23 0.5 – 2.5 5.1 – 8.4 


Specific gravity 1.001 - 1.085 1.022 – 1.050 1.034 1.060 


pH 6.5 – 7.5 5-7 5.01 8.5 
 
 
Pain management 
In small mammals, pain can be a major cause of anorexia. In the worst case, increased 
weight loss and a negative energetic balance accompanied by ketosis might lead to 
hepatic lipidosis and metabolic failure. Pain management can help to reduce these 
potential complications. For controlling postsurgical pain, opioids are often utilized. 
Buprenorphine and butorphanol can be used in small mammals. When the pain is 
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considered to be moderate or mild, nonsteroidal antiinflammatory drugs (NSAIDs) are 
often sufficient. Commonly used drugs include ketoprofen, carprofen, and meloxicam. 
 


 Butorphanol Buprenorphin Meloxicam Carprofen 
Ferret 0.4 mg/kg, im, 


sc, q 4 h 
0.01-0.03 mg/kg, 
im, sc, iv, q 6-12 h


0.4 mg/kg, sc, q 
24 h 


4 mg/kg, im, sc, q 
24 h 


Rat 2 mg/kg, im, sc, 
q 4 h 


0.05 mg/kg, im, sc, 
q 8-12 h 


1-2 mg/kg, sc, 
po, q 12 h 


5 mg/kg, sc,po q 24 
h 


Mice, 
Hamster 


1-5 mg/kg sc, q 
4 h 


0.1 mg/kg, sc, q 6-
12 h 


1-2 mg/kg, im, 
sc, po, q 24 h 


5 mg/kg, sc, q 24 h 


 
 
Fluid therapy 
A safe vascular access should be established. In ferrets, the catheter can be placed into 
the cephalic or saphenous vein (22G). An intraosseous catheter can be used in other 
animals (22G). Additional fluid requirements (due to dehydration, ongoing losses) and 
fluid supplements (eg, dextrose, vitamin Bs, potassium) should be calculated in 
accordance with standard small mammal protocols. Make sure to monitor the animal for 
signs of overhydration. If possible, intravenous fluids should be administered in a 
continuous infusion rate (5 – 10 ml/kg per hour).  
 


 Ferret Rat Mice Hamster
Fluid requirements ml/kg per day 60 - 70 60 - 80 60 - 80 60 - 80 


 
 
Nutritional support 
Force-feeding is equally important to prevent hypoglycemia and hepatic lipidosis in 
anorectic animals. Ferrets are carnivores with high fat and protein requirements and 
metabolize fat more efficiently than carbohydrates. The authors tend to feed a feline 
concentration diet (Waltham) to fulfill protein and energy requirements in carnivorous 
and omnivorous animals.  However, one should be aware that this diet does not offer a 
completely adequate nutrition for a longer time span. Therefore, it should only be used 
for a short time, until the ferret accepts a more complete diet. 
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