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PREFACE

My experiences with the feline species began with Mittens and Sport and the other barn cats
that resided near my childhood home in Tonganoxie, Kansas, and at Deer Creek Ranch in
Edmond, Oklahoma. These experiences influenced me through my formative years. As I pro-
gressed through veterinary college and my postgraduate training program, I realized that this
wonderful and unique species would direct my research studies for the remainder of my career.
Through interactions with cats in research projects, in the clinic, and with my personal “herd,” I
have had many wonderful experiences. I am pleased to be able to interact with my colleagues and
present to you this compilation of chapters on feline internal medicine. I have tried to incorporate
the problem-based approach to internal medicine with the well-received and easy-to-use ques-
tion-and-answer format used in the Secrets Series®, This book is unique among current feline
textbooks in that a significant percentage of our authors are board certified in feline medicine and
work in exclusively feline practices. These individuals spend the entirety of their professional
time working with cats and their diseases in the clinical setting. This has led to a very practical
and user-friendly textbook.

A special thanks is extended to William Lamsback and Cecelia Bayruns at Hanley & Belfus
for helping bring this book to the veterinary profession.

Michael R. Lappin, D.V.M., Ph.D.
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1. Cardiopulmonary Disorders
Section Editor: Lynelle JoAnson, D.V.M.

I. SNEEZING AND NASAL DISCHARGE:
INITIAL DIAGNOSTIC PLAN

Michael R. Lappin, D.V.M., PA.D.

1. What is sneezing?

A superficial reflex that originates in the mucous membranes lining the nasal cavity.
Sneezing is easily induced by chemical or mechanical stimuli. The sneeze results in forceful,
high velocity expulsion of air through the airways that clears the respiratory passageways. Most
diseases of the nasal passages can induce sneezing.

2. What are the major nasal discharges?

* Serous * Mucopurulent

* Mucoid » Hemorrhagic

Depending on the primary cause of disease, mixed types of discharges also can occur.
Respiratory epithelium has serous, mucous, and mixed tubuloalveolar glands. Goblet cells also
are distributed throughout the nasal cavity. Most diseases of the nasal cavity result in serous nasal
discharge that can become mucoid or mucopurulent depending on chronicity and secondary bac-
terial overgrowth.

Differential Diagnoses for Sneezing and Nasal Discharge in Cats

Local diseases
Congenital; palate defects
Nasopharyngeal or sinus masses (neoplasia, granulomas, or nasopharyngeal polyps)
Allergic
Dental disease with oronasal fistula
Trauma
Otitis media (if nasopharyngeal polyps are present)
Foreign body
Dysphagia, vomiting, regurgitation (resulting in food aspirated into the nasopharynx)
Infectious diseases

Bacterial Fungal
Primary pathogens Cryptococcus neoformans
Bordetella bronchiseptica Aspergillus spp.
Chlamydia psittaci Viral
Mycoplasma spp. Feline herpesvirus 1
Secondary floral overgrowth Calicivirus

Coagulation abnormalities
Systemic arterial hypertension
Vasculitis
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3. What are the differential diagnoses for serous nasal discharge?
Serous nasal discharge is characteristic of most acute diseases of the nasal cavity. If the
serous nasal discharge is chronic, viral, parasitic, and allergic diseases are most common.
However, parasitic disease of the nasal cavity is extremely rare in cats of the United States.

4. What are the differential diagnoses for mucoid nasal discharge?
Mucoid nasal discharge occurs most commonly with allergic diseases, neoplasia, and fungal
diseases.

5. What are the differential diagnoses of mucopurulent nasal discharge?

Appearance of neutrophils in nasal discharges suggests bacterial involvement. The disease
may be associated with the primary bacterial pathogens or overgrowth of normal bacterial flora
secondary to any chronic nasal disease, including neoplasia, oronasal fistula, foreign body, in-
flammatory polyp, or viral disease. Mucopurulent discharge also occurs with fungal rhinitis.

6. What are the differential diagnoses for hemorrhagic nasal discharge?

Acute epistaxis that occurs without other detectable discharges is most common with
trauma, acute foreign body impaction, hypertension, vasculitis, and coagulopathy. However, vas-
culitis causing a nasal discharge is rare in cats. Epistaxis that develops after a mucoid to mucopu-
rulent discharge is most common with fungal disease, neoplasia, and oronasal fistula.

7. How do you organize the diagnostic work-up in cats with sneezing and nasal discharge?
The diagnostic work-up can be divided into three phases that progress from least invasive to
most invasive.

8. What physical examination techniques do you emphasize in phase 1 of a diagnostic
work-up for sneezing and nasal discharge?

A thorough physical examination is performed first. Otic examination should be performed
to evaluate for bulging or discoloration of the tympanum; these changes commonly occur with
nasopharyngeal polyps (see Chapter 5). Oral examination and palpation should be performed to
assess for oronasal fistula of the canine teeth, tooth root infections that may extend into the si-
nuses, and for defects in the soft palate. Ophthalmic examination may provide evidence of ante-
rior uveitis (herpesvirus 1) and chorioretinitis (Cryptococcus neoformans).

9. What diagnostic tests should be considered during phase 1 of a diagnoestic work-up for
sneezing and nasal discharge?

Cytology of nasal discharge should be performed on all cats with mucoid to mucopurulent
nasal discharge to evaluate for the presence of Cryptococcus neoformans. Neutrophils and bacte-
ria are commonly detected if mucopurulent disease is present but do not prove primary bacterial
disease. Secondary infections result in the same discharge as primary infections. Bacterial culture
and antimicrobial susceptibility testing on nasal discharge collected from the nasal planum are
usually not performed because results are difficult to interpret. It is better to collect tissue for cul-
ture from deep within the nasal cavity while under general anesthesia in phase 2 of the diagnostic
workup. Complete blood cell count, feline leukemia virus antigen test, and feline immunodefi-
ciency virus antibody test are usually performed in cats with nasal discharge. Results of the com-
plete blood cell count rarely give a definitive diagnosis, but the presence of eosinophilia may
support the diagnosis of allergic rhinitis. Feline leukemia virus and feline immunodeficiency
virus infections do not cause sneezing and nasal discharge primarily but may induce immunode-
ficiency that predisposes to other infections. If epistaxis without other nasal discharge is present,
a platelet count, activated clotting time, and systemic arterial blood pressure should be performed
to evaluate for coagulopathies or hypertension. Virus isolation, fluorescent antibody staining or
polymerase chain reaction (PCR) can be used to help detect infections by specific upper respira-
tory pathogens like herpesvirus 1 or calicivirus (see Chapter 3).
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10. Do you perform therapeutic trials during phase 1 of the diagnostic work-up?

Therapeutic trials often are performed in cats with acute or chronic sneezing and nasal dis-
charge, particularly if the client cannot afford further diagnostic procedures to be performed in
phase 2. Antibiotics, antivirals, immunostimulants, anti-inflammatory agents, topical deconges-
tants, or topical glucocorticoids are used in certain situations (see subsequent chapters for spe-
cific recommendations).

11. What diagnostic procedures do you consider in phase 2 of a diagnostic work-up for
sneezing and nasal discharge?

If a definitive diagnosis is not made during phase 1 and routine therapeutic trials fail, more in-
vasive diagnostic testing is indicated. Phase 2 diagnostics usually consist of laryngeal function ex-
amination, pharyngeal examination, skull and dental radiographs, rhinoscopy, bacterial and fungal
cultures, and biopsy for histology. Since biopsies are generally made in phase 2, a platelet count,
activated clotting time, and systemic arterial blood pressure are performed prior to anesthesia,
General anesthesia is induced by administering approximately one-third of an induction dose of a
thiobarbiturate. The arytenoids are examined to make sure both are abducting normally.
Oropharyngeal examination is performed to evaluate thoroughly for masses, foreign bodies, or
palate defects. The nasopharynx is examined with a dental mirror or rhinoscope. If a definitive di-
agnosis is not apparent, nasal, sinus, and dental radiographs are made. Rhinoscopy of the anterior
nasal cavity is then performed. If indicated, bacterial and fungal cultures are made using tissue
biopsy collected from within the nasal cavity. The nasal cavity is flushed with sterile saline to eval-
uate for the presence of foreign material. Placing the nipple of a 60-ml syringe filled with sterile
saline into the anterior nares and flushing rapidly will usually drive foreign material into the mouth
where it can be removed. Biopsies are then made using a bone curette or small biopsy instrument.
Finally, teeth are probed for evidence of oronasal fistula or periodontal pockets > 3 mm in depth.

Dental mirror examination of the nasal pharynx.

12. What procedures are used in phase 3 of the work-up of sneezing and nasal discharge?

Rhinotomy is rarely indicated in cats but may be utilized in phase 3 evaluation of cats with
sneezing and nasal discharge. For most cats with nasal cryptococcosis, medical therapy is suc-
cessful, and debulking of a mass in the nasal cavity is usually not needed. There is also no added
benefit to debulking nasal tumors prior to radiation therapy. Although removing turbinate tissue
can increase airflow through the nasal cavities in cats with chronic rhinitis, bacterial os-
teomyelitis and some nasal discharge often remain.

BIBLIOGRAPHY

1. Hawkins EC: Chronic viral upper repiratory disease in cats: Differential diagnosis and management.
Comp Cont Educ Pract Vet 10:1010-1013, 1988,

2. Lappin MR: Sneezing and nasal discharge. In, Lorenz MD, Cornelius LM (eds): Small Animal Medical
Diagnosis, 2nd ed. Philadelphia, J.B. Lippincott, Philadelphia, 1993, pp 235-244.



2. BACTERIAL DISEASES
John E. Stein, D.V.M.

1. What clinical signs are most commeon in cats with bacterial upper respiratory disease?

Cats with sneezing and a mucopurulent nasal discharge most likely have a bacterial compo-
nent to their disease, although it may be a primary or secondary condition. Some cats may have
an ocular discharge as part of underlying disease or because the nasolacrimal duct has become
obstructed. Coughing and retching occur in some cats when the nasal discharge is aspirated or
swallowed or when pharyngitis is induced by the infectious agent. Epistaxis may be seen with in-
vasive or chronic disease that disrupts the nasal mucosa, although this finding is rare with pri-
mary bacterial diseases alone. Noisy breathing is commonly noted, and open mouth breathing
can be seen in cats with bilateral nasal obstruction due to discharge.

2. How common is primary vs. secondary bacterial rhinitis as a cause of clinical disease?
Bacterial rhinitis is rarely the primary cause of nasal disease in cats, but it is commonly
noted as a secondary complication to other diseases affecting the nasal passageways and in cats
with impaired immune systems. Secondary bacterial rhinitis can follow many diseases, including
viral upper respiratory disorders, oronasal fistula, nasal foreign body, bony sequestrum, or nasal
neoplasia.

3. What bacterial agents can be responsible for primary rhinitis in cats?
Bordetella bronchiseptica, Mycoplasma spp., and Chlamydia psittaci.

4. Describe the clinical manifestations of chlamydiosis.

C. psittaci is an intracellular bacterium that may account for 5-32% of feline respiratory
tract diseases, depending on the study. In North America, however, the agent is associated most
commonly with mild-to-severe conjunctivitis. In fact, primary infection with C. psittaci should
be considered unlikely in cats with sneezing but no evidence of conjunctivitis. The most common
clinical signs, therefore, are serous to mucopurulent ocular discharge, chemosis, blepharospasm,
and eyelid swelling. Other clinical signs that may be noted include fever, submandibular lym-
phadenopathy, sneezing, nasal discharge, anorexia, and weight loss. Chlamydiosis is seen pre-
dominately in young cats, generally between 5 weeks and 9 months of age, and is more
commonly diagnosed in the summer months.

5. What evidence suggests that Mycoplasma spp. are associated with rhinitis in cats?

Mycoplasma spp. have been cultured from the upper respiratory tract of both healthy and
diseased cats. In one study, the organism was isolated from the nasopharynx of 35% of healthy
cats. Because the organism is common in healthy cats, most species are probably opportunistic
pathogens. Mycoplasma felis may cause conjunctivitis, mucopurulent nasal discharge, and sneez-
ing in cats when it colonizes mucosal surfaces. Mycoplasma spp., however, are not found in the
lower airways of healthy cats; thus the resident flora of the nasopharynx may represent a possible
source of infection in cats that develop mycoplasmal pneumonia (see Chapter 12).

6. What evidence supports Bordetella bronchiseptica as a primary cause of rhinitis?

B. bronchiseptica is a common organism in cats and has been isolated from the oropharynx
of both healthy and diseased cats. In one study, over 3% of cats without evidence of respiratory
disease were found to have B. bronchiseptica on bacterial culture of oropharyngeal swabs. In ad-
dition, 24% of healthy cats were seropositive for B. bronchiseptica, indicating previous exposure
to the organism. Its role as a potential primary pathogen has been confirmed by experimental in-
duction of disease in specific pathogen-free kittens. Life-threatening pneumonia can develop,
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particularly if kittens are infected before 4- 6 weeks of age (see Chapter 12). Of importance,
however, B. bronchiseptica appears much more likely to cause clinical disease in young Kittens
and group-housed cats, suggesting that concurrent disease, immune status, and stress factors such
as overcrowding, poor hygiene, and recent weaning are also important in the pathogenesis of dis-
ease. Its role as a primary pathogen of adult household cats remains controversial.

7. What are the most common causes of secondary bacterial rhinitis?

A diverse population of gram-positive, gram-negative, aerobic, and anaerobic bacteria is
found in the nasal passages of healthy cats, including Streptococcus spp., Staphylococcus spp.,
Corynebacterium spp., Pasteurella multocida, Escherichia coli, Pseudomonas spp., and
Enterobacter spp. Anaerobic bacteria are commonly found under the mucus layer in the nose
where oxygen tension is low. Any of these organisms or other normal inhabitants can overgrow
and cause clinical signs of bacterial rhinitis in cats with concurrent local disease or compromised
immune system. Overgrowth of normal nasal microflora can occur with viral, fungal, or (rarely)
parasitic infections; trauma; foreign bodies such as plant material; aspiration of food into the na-
sopharynx following dysphagia, vomiting, or regurgitation; neoplasia; nasopharyngeal polyps;
and extension of disease from the oral cavity, such as tooth root abscesses and oronasal fistulas
(see Chapter 1). Specifically, cats with chronic viral respiratory tract infections may develop
severe mucosal ulceration and turbinate destruction, resulting in chronic bacterial rhinitis/sinusitis.
Patients with feline leukemia virus (FeLV) or feline immunodeficiency virus (FIV) infections may
have impaired immune function and be particularly susceptible to secondary bacterial infections,
although positive serologic tests for these agents do not prove the existence of immunodeficiency.

8. What is the initial diagnostic plan for cats with suspected bacterial rhinitis?

Because bacterial rhinitis is most commonly a secondary complication, cats with mucopuru-
lent nasal discharge and sneezing should be evaluated carefully for an underlying primary dis-
ease (see Chapter 1). A thorough history and physical examination, with particular attention to
otic, oral, and ophthalmic examinations to detect evidence of local or systemic disease, is para-
mount. Ideally, vaccine history and retroviral (FeLV/FIV) infection status should be known for
every feline patient with chronic mucopurulent rhinitis. Cytology of nasal discharge is usually
considered in the initial diagnostic plan to rule out infection with Cryptococcus neoformans.
Whether more expensive and invasive tests are performed depends on history, physical examina-
tion, and initial diagnostic findings.

9. How does cytology potentially aid in the management of a cat with rhinitis?
Cytology of the nasal discharge confirms the presence of neutrophils and possibly bacteria,
although it cannot differentiate primary from secondary infection or distinguish normal flora
from pathogenic bacteria. C. negformans may be detected in some cats (see Chapter 4).

10. Should I culture the nasal discharge?

Bacterial culture of the exudates from the nasal planum is not typically performed because
of difficulty in interpreting the results. Since the nasal cavity has a rich normal flora, a mixed
bacterial population is usually obtained from both healthy and diseased cats. If bacterial cultures
are performed, samples are best obtained from deep tissue biopsies with the patient under general
anesthesia and only after the presence of significant underlying disease has been ruled out (see
Chapter 1). Isolation of a pure bacterial culture may be significant. C. psittaci is difficult to cul-
ture. Polymerase chain reaction is superior to culture for detection of the organism from conjunc-
tival swabs but has not been evaluated for respiratory disease.

11. Are there radiographic abnormalities associated with bacterial rhinitis?

Few changes, if any, are seen on nasal radiographs, particularly if the disease course is
acute. Rarely, turbinate destruction or bone lysis is caused by chronic bacterial disease alone.
Either finding strongly suggests a more aggressive disease process, such as neoplasia or fungal
infection.
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12. How should I use systemic antibiotic therapy for management of bacterial rhinitis?
Acute, non-life-threatening cases of rhinitis may resolve spontaneously and often are man-
aged with symptomatic care alone. Antibiotic therapy may prove unnecessary if an underlying
disease is identified and treated effectively. In mild, relatively acute cases, a short course (7-10
days) of relatively broad-spectrum antibiotic may prove sufficient to alleviate clinical signs.
Treatrent for chronic bacterial rhinitis, whether as a primary or secondary condition, gen-
erally involves long-term antibiotic therapy.

13. Which antibiotic agents are appropriate for bactrial rhinitis?

Drugs with anaerobic spectrum that penetrate bone and cartilage, such as amoxicillin or clin-
damycin, are effective in many cases. Clindamycin is a popular choice because of excellent
gram-positive and anaerobic coverage, good tissue penetration, availability of a liquid prepara-
tion, and once-daily dosage. Althongh nausea, vomiting, and diarrhea occur in some cats, nausea
may be lessened by storing the liquid in the refrigerator between administrations. Metronidazole
is effective in some cats because of excellent anaerobic coverage as well as a potential anti-in-
flammatory effect due to T-lymphocytic modulation. However, an anti-inflammatory effect in
nasal tissues has not been substantiated, Because metronidazole tablets are difficult to administer
to cats, formulated suspensions may be indicated. If B. bronchiseptica or Mycoplasma spp. infec-
tion is suspected, doxycycline, chloramphenicol, a quinolone, or azithromycin should be admin-
istered. Many B. bronchiseptica isolates are susceptible to amoxicillin-clavulanate, but it is not
an appropriate choice for Mycoplasma spp. Systemic doxycycline combined with topical tetracy-
cline or chloramphenicol is the preferred treatment for suspected C. psittaci infections, although
azithromycin is also effective. Administration of doxycycline tablets has been associated with
esophageal strictures in cats (see Chapter 26). Thus, formulated suspensions should be used, or a
small amount of water should be given orally after administration of tablets. Systemic tetracy-
clines may cause teeth enamel discoloration in kittens. Chronic bacterial rhinitis, usvally associ-
ated with the feline viral rhinotracheitis, neoplasia, or fungal infections, may require long-term
therapy (minimum of 4-6 weeks) in addition to addressing the underlying disease. In some cats
with severe turbinate destruction, pulse therapy with antibiotics may be needed to control clinical
signs of disease.

Drugs Commonly Used for Treatment of Bacterial Rhinitis in Cats

DRUG DOSE REGIMEN COMMENTS
Amoxicillin 11-22 mg/kg PO every 12 hr Gram-positive, anaerobes
Amoxicillin- 11-22 mg PO every 12 hr Gram-positive, anaerobes, select gram-
clavulanate negative, B. bronchiseptica
Azithromycin 5-10 mg/kg PO every 24 hr for B. bronchiseptica, Mycoplasma spp., C.
3 days, then every 72 hr psittaci, gram-negative, anaerobes
Cephalexin 22-50 mg/kg PO every 8-12 hr Gram-positive, anaerobes
Chloramphenicol 25-50 mg/cat PO every 12 hr B. bronchiseptica, Mycoplasma spp., C.
psittaci, anaerobes, gram-positive
Clindamycin 11-24 mg/kg PO every 24 hr Gram-positive, anaerobes; good tissue
penetration
Doxycycline 5-10 mg/kg PO every 12-24 hr B. bronchiseptica, Mycoplasma spp., C.

psittaci; possibly anti-inflammatory

Enrofloxacin 5 mg/kg PO every 12-24 hr Gram-negative, select gram-positive, B.
bronchiseptica, Mycoplasma spp., but
poor anaerobic coverage

Metronidazole 7.5-10 mg/kg PO every 8-12 hr Anaerobes; possibly anti-inflammatory

PO = orally.
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14. What adjunct treatments are used in addition to systemic antibiotics?

The nares should be kept clean and free of significant discharge. Humidification therapy to
improve mucociliary apparatus function may be beneficial and can be achieved by humidifying
the area where the cat sleeps, by bringing the cat into the bathroom while running hot water
through the shower, or by nebulization. Some cats may tolerate nasal instillation of saline, which
is mucolytic. Topical treatment with antibiotic nose drops or with nebulization of antibiotics may
be beneficial for some cases, particularly with infection by B. bronchiseptica and Mycoplasma
spp., which are thought to dwell on the surface (see Chapter 12). Nasal decongestants are gener-
ally not indicated if mucopurulent discharge is present. If a poor appetite is identified, feeding
warm, soft food may increase the aroma and encourage cats to eat (see Chapter 62).

15. What is the prognosis for cats with bacterial rhinitis?

The overall prognosis for primary bacterial upper respiratory tract infections is excellent,
with the possible exception of C. psirtaci infections, which can be difficult to eliminate and may
recur in times of stress. The prognosis for secondary bacterial infections of the upper respiratory
tract depends on the successful identification and management of the underlying cause.
Idiopathic chronic rhinitis generally is characterized by frequent recurrence of clinical signs with
variable responsiveness to therapy.

16. Can bacterial rhinitis be prevented in cats?

Bacterial rhinitis in cats is generally a secondary complication; therefore, prevention centers
on minimizing conditions that predispose the upper airways to invasion by bacteria. Careful hus-
bandry practices, including adequate hygiene, appropriate weaning, good nutrition, and avoiding
overcrowding, are critical to lessen exposure to infectious agents.

17. What is the role of vaccination?

Bolstering immunity through vaccinations against respiratory pathogens is also important. In
particular, immunization against feline viral rhinotracheitis (FHV-1) and calicivirus (FCV) is cru-
cial; these vaccines should be considered core vaccines, along with panleukopenia (FPV) and
rabies virus, as recommended in the 1998 vaccine guidelines from the American Association of
Feline Practitioners and the Academy of Feline Medicine (see Chapters 3 and 81).

Vaccines against the potential primary disease pathogens, C. psittaci and B. bronchiseptica,
are available. Neither vaccine prevents infection or eliminates shedding. Additionally in most pet
cats the diseases are relatively rare, non-life-threatening, and effectively treated with inexpensive
antibiotics. Thus, it appears unnecessary to vaccinate all cats against these organisms. Use of C.
psittaci and B. bronchiseptica vaccines probably are of most benefit in catteries and humane
shelters with persistent respiratory problems (see Chapter 81).
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3. VIRAL DISEASES
Michael R. Lappin, D.V.M., PA.D.

1. What are the commeon viral causes of feline upper respiratory disease?

Feline herpesvirus 1 (FHV-1), a double-stranded DNA virus and calicivirus (FCV), a single-
stranded RNA virus, are thought to be most common, FHV-1 strains vary little and have similar
pathogenicity, whereas FCV strains are variable. Coinfection with different FCV strains can
occur with variation in clinical signs. Feline leukemia virus (FeLV) and feline immunodeficiency
virus (FIV) do not directly cause respiratory disease. However, immunodeficient cats may be
predisposed to chronic clinical disease due 1o FHV-1 or FCV.

2. How prevalent is FHV-1 infection?

In studies in the United States and Australia, the prevalence of FHV-1 infections in cats with
and without upper respiratory tract disease or conjunctivitis was 13.7% and 21.2%, respectively.
Prevalence varies by detection technigue and study but was 31% by polymerase chain reaction
(PCR) in one study of healthy cats.

3. How are the respiratory viruses transmitted?

Susceptible cats contract both FHV-1 and FCV infections after common exposure to infected
animals in a crowded environment. Transmission can be by direct contact, fomites, or aerosaliza-
tion. FCV survives outside the host for up to 1 week if it remains moist, whereas FHV-1 survives
outside the host for up to 18 hours if it remains moist. Both viruses cause a carrier state in recov-
ered cats despite vaccination status.

4. How does FHV-1 cause disease?

Epithelial infection causes local necrosis and neutrophilic inflammation. The upper respira-
tory tissues, conjunctiva, and cornea are affected most commonly. Local bacterial flora may
cause secondary infection. Viremia is rare, but replication occurs in lower airways of some cats,
particularly kittens, and may result in pneumonia.

After a 2—-6-day incubation period, acute disease generally lasts for 1-3 weeks. Approx-
imately 80% of recovered cats are thought to develop 2 latent infection that is maintained in the
trigeminal ganglion. Repeat shedding is thought to occur in 50% and may be stress-induced (e.g.,
glucocorticoid administration, other infections). After a stressful event, shedding begins in ap-
proximately 1 week and lasts approximately 2 weeks. Clinical signs recur in some infected cats.

5. How does FCV cause disease?

The virus replicates primarily in oral and respiratory tissues. Ability to induce disease varies
by strain. A form fatal to some adult cats was recently described. As with FHV-1, inflammation
can result from viral replication or secondary bacterial overgrowth. Pneumonia in kittens is more
likely to result from FCV than FHV-1 infection. Latent infection occurs, and the virus can be



Viral Diseases 9

shed continually even without clinical signs of disease. After a 2-5-day incubation period, acute
disease generally lasts for 2-3 weeks.

6. What are the clinical signs of viral upper respiratory tract disease?

* Both FHV-1 and FCV infections initially result in varying degrees of sneezing and serous
nasal discharge that can progress to mucopurulent nasal discharge.

» Varying degrees of fever and inappetance occur with acute infection with both viruses.

* Chronic recurrent rhinitis and sinusitis can occur in some cats and is probably most
common with FHV-1 infection.

* Conjuctivitis occurs with both viruses but is thought to be more prevalent with FHV1 in-
fection.

« If keratitis with dendritic ulcer or corneal sequestrum is present, FHV-1 infection is most
likely.

» Anterior uveitis may be related to FHV-1 infection with or without keratitis.

» Cough or dyspnea may occur in some infected kittens but is most common with FCV in-
fection.

» Vesicles or erosions on the lips and tongue are most common with acute FCV infection but
may occur with reactivated disease.

» Chronic lymphocytic plasmacytic stomatitis is possibly related to chronic FCV infection.

« Stiffness and lameness of short duration result from polyarthritis due to acute FCV infec-
tion or modified live vaccination in some kittens.

7. How is infection with FCV or FHV-1 diagnosed?
1. Organism demonstration techniques

+ Both viruses can be grown in appropriate culture (virus isolation).

« Direct fluorescent antibody staining of conjunctival smears has been used to document
the presence of FHV-1 infected cells.

+» PCR can be used to amplify DNA of the organisms and is the most sensitive technique
for documenting presence of FHV-1.

« Because both FHV-1 and FCV can be detected in healthy as well as sick cats, the value of
these tests for proving disease is low. For example, in one study of cats with conjunctivitis,
more healthy control cats were FHV-1-positive on PCR than cats with conjunctivitis.

2. Detection of serum antibodies

« Serum neutralization and enzyme-linked immunosorbent assay (ELISA) have been used
to detect antibodies against FHV-1 or FCV.

« Most cats have been exposed to or vaccinated with FCV or FHV-1 antigens and so are
seropositive.

« Antibodies persist for years after exposure or vaccination.

« Increasing FCV or FHV-1 antibody titers can be demonstrated for a short time after
acute exposure, but titers usually do not rise on secondary exposure or with activation of
chronic infection.

+ Because so many healthy cats are antibody-positive, the diagnostic utility of serology
testing is minimal except for predicting whether vaccination is needed (see Chapter 81).

3. Testing of aqueous humor

» In aqueous humor of cats suspected to have idiopathic anterior uveitis, local production
of FHV-1 antibodies was documented frequently.

* FHV-1 DNA was detected frequently in aqueous humor of cats with uveitis but infre-
quently in normal FHV-1-infected cats. These results suggest that FHV-1 infects the in-
traocular tissues of cats and may be associated with anterior uveitis in some cats.

8. How are viral upper respiratory tract infections treated?
Manifestations of acute disease resolve in most adult cats without specific treatment. Fever
or mucopurulent nasal discharge suggests secondary bacterial infections, and antibiotic therapy
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may be indicated. Antibiotics with an anaerobic and Pasteurella spp. spectrum often are used, in-
cluding amoxicillin, amoxicillin-clavulanate, first-generation cephalosporins, and clindamycin
(see Chapter 2). Ocular FHV-1 infections are managed systemically and topically. Symptomatic
and supportive care is also important. Examples include:

* Airway humidification * Topical antibiotic administration

* Nebulization or topical instillation of saline * Appetite stimulants

9. Describe the role of interferon alpha.

Daily administration of interferon alpha (25 units orally) lessened clinical scores in acutely ill
cats experimentally inoculated with FHV-1. Although controlled studies are lacking, some author-
ities believe that administration of interferon alpha at 30 U/day orally lessens clinical signs of dis-
ease in some cats with chronic FHV-1 infection. Information is not available for FCV infection.

Interferon alpha at 10,000-20,000 U/kg/day subcutaneously is thought to have antiviral ef-
fects and is indicated for treatment of acute FHV-1 or FCV infections, particularily if viral preu-
monitis is suspected. Again, controlled studies are lacking.

10. What other treatments have been investigated?

* Lysine administered orally at 250 mg every 12 hours lessened viral shedding rates in cats
experimentally inoculated with FHV-1. Although controlled studies are lacking, some be-
lieve that this dose of L-lysine helps to lessen chronic or recurrent clinical signs induced
by FHV-1.

« Intranasal vaccines may lessen clinical signs of chronic FHV-1 infection in some cats.
Controlled studies are lacking.

» Administration of acyclovir may be beneficial for the treatment of FHV-1 infections, but
hematologic side effects may occur.

11. With what other disorder is FCV associated? How is it treated?

It is proposed that FCV is associated with chronic lymphocytic-plasmacytic stomatitis in
cats. No therapeutic protocol has been shown to be 100% effective. Controlled studies are lack-
ing, but the following approaches are recommended:

» Diseased teeth should be removed or repaired, and a biopsy should be procured to rule out

neoplasia.

» Glucocorticoids help to control inflammation in some cats but are not curative.

» Antibiotics (metronidazole, clindamycin) with anaerobic bacterial spectrums aid in con-

trolling secondary infections.

* Oral administraton of bovine lactoferrin has lessened disease in some cats.

» Immunostimulants (e.g., immunoreglan) and cytokines (e.g., interferon alpha) have been

anecdoctally successful in some cats.

* Carbon dioxide laser ablation of diseased tissues has been beneficial in some cases.

12

How are viral upper respiratory tract infections prevented?

* The best way to avoid FCV and FHV-1 infections is to avoid infected cats. However, be-
cause of the presence of chronic, subclinical carriers, this strategy is almost impossible.

* Topical or parenteral vaccines lessen disease in exposed cats but do not provide sterilizing
immunity (see Chapter 81).

« Intranasal vaccines are indicated in kittens in crowded environments because of the rapid
development of secretory IgA but may cause mild clinical signs.

* Booster vaccines currently are recommended every 3 years after 1 year of age.

* Stress should be avoided in multiple-cat households.

*» Hospital biosecurity should be maintained (see Chapter 80).

13. Do feline upper respiratory viruses infect humans?
To date, neither FHV-1 or FCV is considered a risk to human health.
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4. FUNGAL INFECTIONS
Stephen |. Dullard, D.V.M.

1. What are the primary upper respiratory fungal pathogens in cats?

Cryptococcus neoformans is the primary fungal pathogen that colonizes the nasal cavity of
cats; systemic dissemination occurs in some cats. Rarely, Aspergillus spp. or Penicillium spp.
infect the nasal passages of cats. Other fungal pathogens, such as Blastomyces dermatitidis,
Histoplasma capsulatum, and Coccidiomyces immitis, initially colonize the lungs and then dis-
seminate to various sites.

2. What causes cryptococcosis?

C. neoformans is a 3.5-7.0 micron, yeastlike organism with a thick polysaccharide capsule
that may approach 30 microns in diameter. The organism reproduces by narrow-base budding.
There are two varieties, C. neoformans var. neoformans and C. neoformans var. gatti. C. neofor-
mans var. gatti occurs in tropical and subtropical climates such as Australia and is associated with
eucalyptus trees. C. neoformans var. negformans is found worldwide and has been associated prin-
cipally with bird excrement and decaying plant matter. In the United States, southern California
has the most cases. Cats of all ages may be affected, with no breed or sex predilection. The initial
route of transmission is most likely through inhalation, which most commonly leads to nasal dis-
ease. Infection of skin, subcutaneous tissues, eyes, lymph nodes, and central nervous system
(CNS) probably results from hematogenous or lymphatic dissemination from the nose. CNS infec-
tion also may result from direct invasion across the cribiform plate from the nasal cavity.
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3. What factors predispose to cryptococcosis?

Approximately 50% of human cryptococcal infections occur in immunosuppressed patients.
In most feline cases, an underlying cause of immune suppression cannot be found, but dissemi-
nated disease is more common in FIV-infected cats. Cats should be evaluated serologically for
feline leukemia virus antigen and antibodies against feline immunodeficiency virus, although
studies have not confirmed an increased prevalence of these viral infections in cats with crypto-
coccosis. Other predisposing causes may include glucocorticoid administration, neoplasia, or
other diseases that compromise the immune system.

4. What are the presenting signs of feline cryptococcosis?

Clinical signs are variable and depend on lesion location. Infection of the nasal cavity result-
ing in sneezing, nasal obstruction, or nasal discharge occurs in 56-83% of cases. The nasal dis-
charge may be serous, mucopurulent, or hemorrhagic, unilateral or bilateral. Stertorous breathing
may result, Granulomatous lesions often arise within the nasal cavity, on the nasal planum, or
over the facial bones. In one study, 33% of cases had single or multiple cutaneous or subcuta-
neous nodules of variable fluctuance. Nodules may ulcerate and exude a serous discharge that
forms a crust. Regional lymphadenopathy often develops. Occasionally, ocular manifestations
such as granulomatous chorioretinitis, retinal detachment, optic neuritis, lens luxation, or ante-
rior uveitis occur. Ocular and CNS signs occur concurrently in some cats. In approximately 25%
of cases of feline cryptococcosis, CNS disease results from diffuse or focal meningoencephalitis.
Granulomatous masses may develop within the brain or spinal cord, resulting in signs of depres-
sion, ataxia, circling, seizures, blindness, and paresis. Signs of systemic disease, such as fever,
weight loss, anorexia, and malaise, are uncommon but possible. Variability in presenting signs
may relate to the thick polysaccharide capsule of the organism. The capsule inhibits plasma cell
function, phagocytosis, and leukocyte migration, which enhances local infection and may ac-
count for the lack of systemic signs.

Chorioretinitis from Cryptococcus
neaformans infection. (Courtesy of
Dr. Cynthia Powell, Colorado State
University.)

5. How do other nasal fungal diseases of cats manifest themselves?

Only a few cases of feline aspergillosis have been reported. The clinical findings are similar
to those associated with cryptococcosis. Most cats have a chronic, unilateral nasal discharge that
can be serous, purulent, or hemorrhagic. The disease may become bilateral and involve the si-
nuses or cribiform plate. Orbital cellulitis was reported in 1 case. Systemic mycoses such as blas-
tomycosis, histoplasmosis, and coccidioidomycosis rarely are associated with nasal disease.
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6. What are differential diagnoses for nasal fungal infections?

Other diseases to consider for cats with unilateral nasal discharge include nasal tumors, dental
disease, oronasal fistula, nasopharyngeal polyps, and foreign bodies (see Chapter 1). Causes of bi-
lateral nasal discharge include viral respiratory disease, nasal tumors (advanced disease), allergic
thinitis, cleft palate, and extranasal causes. Rarely, bacterial infections are the primary cause of
disease; Bordetella bronchiseptica, Mycoplasma spp., and Chlamydia psittaci are most likely (see
Chapter 2). Most bacterial infections result from damage caused by a primary disease process.

7. Which diagnostic tests should be performed initially to establish a diagnosis of nasal
fungal disease?

Nonregenerative anemia and monocytosis are the most common hematologic abnormalities;
biochemical panels are usually normal. Definitive diagnosis of nasal cryptococcosis can be made
by demonstrating the organism cytologically. Microscopic examination of stained thin smears of
nasal exudates or fine-needle aspiration of granulomas, cutaneous lesions, and lymph nodes often
yields organisms. Cryptococcal organisms can be identified with routine hematologic stains, but
new methylene blue, Gram stain and periodic acid-Schiff (PAS) provide better contrast. The cap-
sule does not absorb staining and appears as a large, clear halo around the organism. The smaller
and narrow-base budding helps to differentiate C. neoformans cytologically from B. dermatitidis,
which tends to be larger (5-20 pm) and reproduces by broad-base budding.

Branching, septate fungal hyphae seen on 10% KOH wet mounts or thin smears of nasal dis-
charge stained with new methylene blue or with routine hematologic stains suggest nasal as-
pergillosis. However, because the organism has been reported as a normal contaminant of the nasal
cavity in dogs, presence of only a few hyphae should not be used to make a definitive diagnosis.

Cryptococcus neoformans stained
with new methylene blue wet
mount. Note the thick capsule and
relatively uniform size.

8. How can serology aid in the diagnosis of fungal rhinitis?

Cryptococcal antigen can be detected in serum, aqueous humor, or cerebrospinal fluid in
most cats with cryptococcosis via the latex cryptococcal antigen test (LCAT) or enzyme-linked
immunosorbent assay (ELISA). Measurement of antibody is not useful. LCAT detects antigen
from the polysaccharide capsule produced by the organism. Positive titers appear within 3 weeks
of infection and strongly support the diagnosis. False-negative results can occur with acute dis-
ease, low-grade chronic infections, nondisseminated disease, and drug-induced remission with-
out complete clearance. The incidence of false-positive and false-negative titers in cats is
unknown. False-positive results have been reported in humans with Klebsiella infection or posi-
tive rheumatoid factor. Because the organism usually is demonstrated, serum antigen testing for
C. neoformans is rarely needed to confirm the diagnosis. However, most authorities recommend
measurement of titers for monitoring treatment (see question 14). Measurement of antibodies
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against Aspergillus spp. by agar gel immunodiffusion confirms exposure but not active disease.
The percentage of cats with nasal aspergillosis that are seropositive is unknown.

9. What is the further diagnostic plan for cases of suspected fungal rhinitis for which a di-
agnosis is not made cytologically?
Definitive diagnosis of the cause of chronic nasal disease is made with the combination of
radiology (computed tomography, if available), rhinoscopy, periodontal probing, histopathologic
evaluation of nasal tissue, and, potentially, bacterial and fungal culture (see Chapter 1).

10. What radiographic abnormalities are seen with fungal rhinitis?

Radiographic abnormalities seen with cryptococcal infections are usually nondestructive
with increased soft tissue/fluid opacity in the nasal cavities or sinuses. Occasionally, bony lysis in
the nasal cavity and overlying tissues of the maxilla is seen. Thoracic radiographs are often
normal but may reveal diffuse to miliary interstitial lung patterns with hilar lymphadenopathy.
Radiographs in feline nasal aspergillosis may reveal turbinate bone loss, punctate bone lysis, and in-
creased fluid opacity in the nasal cavity and sinuses due to secretions or direct fungal involvement.

11. What endoscopic abnormalities are associated with fungal rhinitis?

Typically, cryptococcal infection results in space-occupying granulomas with variable amounts
of nasal discharge. These masses and the surrounding discharges should be sampled and examined
cytologically because C. neoformans usually is found in high numbers in aspirates or biopsies.
Infection by Aspergillus spp. often results in white, black, or yellow-green fungal plaques located
within the turbinates. Granulation tissue or increased turbinate space resulting from destructive rhini-
tis may be seen. Necrotic debris and mucus may fill the turbinates and obscure visualization initially.

12. When is fungal culture useful in the diagnosis of fungal rhinitis?

In establishing a definitive diagnosis, fungal culture should be performed on any infected
material, such as swabs from nasal or cutaneous exudates, aspirates of lesions, cerebrospinal
fluid, or biopsy specimens. C. neoformans and Aspergillus spp. can be cultured from the nasal
cavity of healthy cats; thus, a disease association cannot be based on positive cultures alone.
Materials for culture should be placed in a media suitable for supporting the growth of fungi
during transport to the laboratory.

13. How is cryptococcosis treated?

Several drugs have been used in the treatment of cryptococcosis—most frequently, ketoco-
conazole, itraconazole, fluconazole, 5-flucytosine, and amphotericin B alone or in combination.
Because ketoconazole commonly causes anorexia, vomiting, diarrhea, weight loss, and increased
activity of liver enzymes, it is rarely used in cats. Oral fluconazole and itraconazole have been suc-
cessfully used with minimal toxicity. Cats receiving 100 mg/day of itraconazole occasionally de-
velop anorexia, depression, and increased alanine aminotransferase activity; these findings are rare
at doses of 50 mg/day. Because of expense, most clinicians choose itraconazole. Fluconazole
should be given to cats with CNS involvement because it is superior to itraconazole for penetrating
the blood-brain barrier. Treatment with either agent should continue at least 1-2 months after res-
olution of clinical signs. Cats with immunosuppressive diseases may require longer-term therapy.

Antifungal Drugs Used in the Management of Feline Fungal Rhinitis

DRUG DOSAGE
Amphotericin B 0.25 mg/kg, IV, 3 times/week*
0.5-0.8 mg/kg SQ 2 times/week!
Amphotericin B (lipid or 0.5 mg/kg IV as test dose, then 1.0 mg/kg IV 3-5 times/week*
liposomal)
Fluconazole 50 mg PO every 12-24 hr

Table continued on following page
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Antifungal Drugs Used in the Management of Feline Fungal Rhinitis (Continued)

DRUG DOSAGE
Flucytosine 50 mg/kg PO every 8 hr
Ketoconazole 10 mg/kg PO SID
Itraconazole 5 mg/kg PO twice daily for 4 days; then 5 mg/kg PO SID

IV = intravenously, SQ = subcuteneously, PO = orally, SID = one time daily.

* In cats with normal renal function, dilute in 50-100 ml 5% dextrose and administer [V over 3-6 hours.

T Mixed in 0.45% saline and 2.5% dextrose. Total volume of 400 ml in cats and 500 m! in dogs. Subcutaneous
route rarely leads to sloughing of tissues and is less toxic than TV route. To date, this regimen has been re-
ported primarily for C. neoformans.

¥ Dilute the contents of a vial with 5% dextrose to a final concentration of 1.0 mg/ml, and shake for 30 sec-
onds. Draw up needed volume, and filter through an 18-gauge monoject filter needle into 100 ml of 5% dex-
trose. Infuse IV over 15 minutes. (Abelcet, Liposome Co., Princeton, NJ.)

14. How is antigen testing used to monitor treatment of cryptococcosis?

Antigen titers can be used to monitor effectiveness of therapy because titers parallel severity
of disease. Effective therapy and a good prognosis are indicated by a decline in antigen titer.
Serum cryptococcal antigen titers are monitored every 1-2 months to evaluate treatment.
Preferrably cats should be treated until serum antigen negative, however, many cats have had res-
olution of clinical disease but maintained serum titers, This may be suggestive of persistent infec-
tion, lack of susceptibility to a given antifungal agent, or a false positive titer. If this occurs,
switching to a different treatment drug is indicated. If low titers are seen for several months,
treatment can be discontinued. Titers can be monitored and treatment reinstituted if titers in-
crease or clinical signs reoccur.

15. What should I do if my feline patient fails to respond to itraconazole or fluconazole?

Failure to respond to triazole therapy may be due to a number of reasons. For example, cure
may be more difficult in immunosuppressed cats or cats with central nervous system (CNS) or
ocular infections. Resistance to one triazole (itraconazole or fluconazole) does not confer resis-
tance to the other, and a trial of an alternate drug in this class may be attempted.

In cats with poorly responsive CNS cryptococcosis, flucytosine can be administered concur-
rently with a triazole or amphotericin B. Flucytosine may cause vomiting, diarrhea, hepatotoxic-
ity, cutaneous eruptions, and bone marrow suppression,

Amphotericin B also can be used to treat resistant cases, including those with CNS involvement,
Regular amphotericin B administered intravenously is rarely used in cats because of renal toxicity.
Use of liposomal or lipid encapsulated amphotericin B appears to be less toxic because of its renal
epithelial cell-sparing effect. For clients unable to afford liposomal or lipid encapsulated ampho-
tericin B, a subcutaneous protocol has proved to be safe and effective (see table in question 13).

16. What is the prognosis for cryptococcosis?
Most cats with nasal cryptococcosis can be cured or controlled. The prognosis is more
guarded for those with ocular or CNS involvement.

17. Are cats with nasal cryptococcosis or aspergillosis a public health risk?
Infection by these organisms is acquired from the environment. There is minimal to no risk
of acquiring infection from contact with affected cats (see Chapter 89).
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5. NASOPHARYNGEAL POLYPS
Julia K. Veir, D.V.M.

1. What are nasopharyngeal polyps?

Benign, pedunculated masses typically arising from the middle ear. They are composed of a
core of loosely arranged fibrovascular tissue covered by an epithelial layer that varies from strat-
ified squamous to ciliated columnar epithelium. The core has scattered plasma cells, lympho-
cytes, and, occasionally, neutrophils. Sometimes there are small numbers of mucous secreting
cells just beneath the surface, which is commonly ulcerated.

2. Why do nasopharyngeal polyps form?
No one really knows. The most popular theory currently is that they are secondary to an inflam-
matory stimulus, possibly associated with upper respiratory tract infections. In early case series,
most cats were very young, leading to the hypothesis that they were remnants of the branchial arches.

3. What clinical signs are commonly associated with nasopharyngeal polyps?

Clinical signs depend on the physical location. The overwhelming number of cases are uni-
lateral, although bilateral disease has been reported in the literature. Most polyps arise from the
eustachian tube, protrude through the tympanic membrane into the middle ear, and extend into
the nasopharynx or grow in both directions. Polyps in the middle ear and external ear lead to
otitis interna, media, and externa. Signs range from mild otic discharge to constant head shaking
with or without signs of vestibular disease (circling, head tilt), as well as Horner’s syndrome or
facial nerve paralysis. Polyps that grow into the naso- and oropharynx are associated with respi-
ratory signs (stertorous breathing, wheezing, chronic nasal discharge, and sneezing) and oropha-
ryngeal signs (dysphagia, gagging, and retching).

4. What is the typical signalment of cats with a nasopharyngeal polyp?
Cats with nasopharyngeal polyps are typically young. The reported median age of onset
varies between 3 and 5 years. However, polyps have been reported in cats as old as 14 years.
Gender and breed predilections have not been reported.
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5. How do I diagnose nasopharyngeal polyps?

Because polyps can grow into the middle ear, otic examination may reveal a bulge or discol-
oration of the tympanic membrane. Polyps protruding through the tympanic membrane can be vi-
sualized by otic examination. Nasopharyngeal polyps sometimes can be palpated through the soft
palate. Polyps in the nasopharyngeal or oropharyngeal regions sometimes can be seen on oral ex-
amination under anesthesia. Retraction of the soft palate rostrally with a spay hook helps to visu-
alize polyps confined to the nasopharynx, and direct visualization is usually possible with caudal
rhinoscopy using a flexible endoscope. Lateral skull radiographs can reveal a mass lesion in the
nasopharyngeal region. Radiographs of the bullae usually are obtained to detect middle ear in-
volvement and to assist in decisions about surgical treatment. Radiographs demonstrate a soft
tissue opacity in the middle ear canal or bulla, and the bulla is often thickened. Computed tomog-
raphy also can be used to delineate the tissues involved.

Plain radiographs of the bulla ot a cat with a
nasopharyngeal polyp. Note the thickened
bulla wall.

Computed tomography scan showing a na-
sopharyngeal polyp in the middle ear and
external ear canal.

6. How are nasopharyngeal polyps treated?
Physical removal of the polyp is the only proven method of treatment. External ear canal and
nasopharyngeal polyps can be removed successfully by the traction-avulsion technique that re-
quires little expertise or special equipment. Removal is performed under general anesthesia. For
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polyps in the nasopharynx, the mass is visualized via retraction of the soft palate with a spay hook.
Alternately, stay sutures can be placed in the soft palate to aid in manipulation. The soft palate usu-
ally does not need to be surgically incised unless the polyp is very large.

Polyps in the external ear canal can be visualized with an otoscope. The mass is grasped as
close to the base of the stalk as possible, using an endoscopic cup biopsy instrument, alligator
forceps, towel forcep, or hemostat, and pulled out with steady, firm traction. If bulla involvement
is detected radiographically, surgical removal is performed via a ventral bulla osteotomy (VBO).
The bulla is approached via the lateral aspect of the skull, the mass is removed, and the epithelial
lining is curetted.

7. What is the recurrence rate after treatment with the traction-avulsion technique?
Polyps removed by simple traction-avulsion recur in about 40% of affected cats. Because re-
currence with traction-avulsion is more common in cats with evidence of bulla involvement at the
time of diagnosis, the author currently recommends VBO as the initial treatment in such cats.
However, VBO requires an increased level of technical skill and a longer anesthetic period, has
an increased chance of postoperative complications, and can be much more expensive for the
owner. Risks and benefits of each option should be discussed with the owner.

8. What complications are associated with removal of nasopharyngeal polyps?

In some cats, polyps are quite large at diagnosis and occlude the oropharynx. If the polyp is
in the oropharynx, endotracheal intubation can be difficult. Difficulty in gaining control of the
airway during anesthetic induction can be life-threatening, and the need for an emergency tra-
cheostomy should be anticipated. Little blood loss should be associated with removal of a na-
sopharyngeal polyp. Postoperatively, ipsilateral Horner’s syndrome is not uncommon. It is
usually transient, especially with the simple traction-avulsion technique, but may be permanent
with VBO. Facial nerve paralysis and head tilt are also common postoperative complications that
are usually transient but may be permanent.

9. What postoperative care is recommended after polyp removal?

If facial nerve paralysis is present after polyp removal, lubrication for the affected eye is
mandatory until the problem resolves. Peri- and postoperative antibiotics for otitis media should
be continued until results of culture and sensitivity testing of the removed tissue are available and
for at least 21 days if the culture is positive.

10. What is the overall prognesis for cats with nasopharyngeal polyps?

Overall, the prognosis for surgical removal of a polyp is excellent, and a dramatic improve-
ment in clinical signs is evident almost immediately after removal. Owners should be aware that
some cats develop a polyp on the other side.
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6. CONFORMATIONAL DISEASES
Lynelle Johnson, D.V.M., PA.D.

1. What types of conformational diseases of the respiratory tract are seen in cats?
Conformational disorders of the respiratory tract may be structural or functional, congenital
or acquired, and can be encountered at different levels of the respiratory tract.

2. Define the most common examples of conformational disease in the upper respiratory tract.
Stenotic nares is a congenital conformational abnormality of the upper respiratory tract.
Elongated, cleft, or deformed soft palate is usually a congenital lesion, but deformation

may result from trauma.

Nasopharyngeal stenosis can be congenital but more often is due to chronic rhinitis. It has
been proposed that chronic inflammation from rhinitis stimulates production of a web of scar
tissue across the caudal opening of the nasal cavity.

Pharyngeal mucocoele is a rare cause of upper respiratory obstruction and respiratory dis-
tress due to a structural lesion.

Laryngeal paralysis is a functional conformational disease, in which a normally mobile
structure has been rendered immobile and dysfunctional by peripheral or central damage to the
recurrent laryngeal nerve. Damage may occur with trauma to the neck, iatrogenic injury to the re-
current laryngeal nerve (during thyroidectomy or other neck surgeries), or compression, infiltra-
tion, or interruption of the caudal laryngeal nerve anywhere in its course from the vagus trunk. In
some cats, laryngeal paralysis may be a congenital condition.

3. Define the most common conformational lesions in the lower respiratory tract.

Bronchial dysgenesis is a rare conformational abnormality caused by malformation of the
bronchial tree. Progressive signs of respiratory difficulty may be apparent, or the cat may be rela-
tively asymptomatic, depending on the extent of involvement of lower airways.

Bronchiectasis, an irreversible dilatation of the airways, is more common in males than in fe-
males and results from long-standing inflammatory diseases of the lower airways. It does not appear
to be primarily responsible for clinical signs, but it may worsen the clinical course of disease.

Cats with a bronchoesophageal fistula may have a history of recurrent pneumonia or present
acutely with aspiration pneumonia. If the fistula is acquired secondary to a foreign body in the
esophagus, a long history of dysphagia, gagging, or excessive salivation may be present.

4. Describe the typical signalment of cats affected by conformational diseases.

Brachycephalic cats may be predisposed to conformational abnormalities in the upper respira-
tory tract because of the breed preference for shortening of facial features. A true brachycephalic
syndrome has not been reported, but it is wise to be aware that signs can occur in Persian and
Himalayan cats. Cats with congenital lesions usually are presented at a young age, but the possibility
of a congenital lesion should not be ruled out solely on the basis of age. Owners may fail to notice
that the cat has a respiratory problem until later in life because of inexperience with pet ownership.
Alternatively, owners may acquire an adult cat with a previously undiagnosed lesion, or a mild prob-
lem that was recognized at an early age may suddenly worsen because of concurrent disease.

5. Describe the typical history of cats with conformational diseases.

Cats with upper airway lesions such as stenotic nares or elongated, deformed, or cleft soft
palate usually are presented for signs of abnormal, difficult, or noisy breathing. In mildly affected
cats, signs may be apparent only with exercise. In contrast, bilateral laryngeal paralysis generally
causes marked signs of respiratory distress at rest, and owners often note a voice change, dysphagia,
coughing, or anorexia. The cause of laryngeal paralysis is inapparent in most cats, but questions
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should be raised about a recent history of neck surgery, difficult intubation, or trauma to the neck.
Acquired nasopharyngeal stenosis is more often found in older cats with a history of chronic
rhinitis. Historically, such cats have longstanding, recurrent upper respiratory signs, such as
sneezing and nasal discharge, that are gradually replaced by signs related to nasal obstruction.

6. What are common presenting complaints in cats with conformational diseases?
Presenting complaints depend on the site within the respiratory tract that is affected. Open-
mouth breathing is a nonlocalizing sign because it can occur with respiratory distress at any level
of the pulmonary system and can be seen in cats that are stressed. However, cats that are unable
to breathe with the mouth held closed generally have disease of both nasal passages or the na-

sopharynx.

7. What complaints suggest conformational disease of the upper respiratory tract?
Diseases of the upper respiratory tract usually lead to loud and abnormal breathing sounds
such as stertor and stridor. Stertor resembles a snoring noise and is heard when passage of air
through the nose or pharynx is obstructed, as may occur with stenotic nares or an elongated soft
palate. With an elongated soft palate, intermittent airway obstruction or stertor may be observed
by the owner. Stridor classically is associated with laryngeal paralysis. Cats with laryngeal dis-
ease often present with a history of a voice change and inspiratory dyspnea.

8. What complaints suggest conformational disease of the lower respiratory tract?
Bronchial dysgenesis may lead to progressive signs of tachypnea and respiratory distress as-
sociated with obstruction of the airways. Cats with bronchoesophageal fistula may present with
recurrent pneumonia associated with the presence of gastrointestinal organisms on airway cul-
ture. Clinical signs can include lethargy, depression, anorexia, and a respiratory pattern consis-
tent with pneumonia. Eating or drinking may exacerbate clinical signs.

9. What physical examination abnormalities are seen in cats with stenotic nares?

Stenotic nares can be difficult to identify because the opening to the rostral portion of the
nasal cavity is naturally small in cats. Significant breed variations in appearance also make it im-
possible to construct guidelines for the diagnosis. Young kittens should be examined carefully at
each veterinary visit to assess the alar opening, particularly in brachycephalic breeds such as
Himalayan and Persian. Normally, the opening to the nasal cavity increases slightly as the cat
grows, and the kitten should have no difficuity with nasal respiration. Stenotic, slit-like openings
to the nasal cavity cause difficulty in inspiration and may be associated with noisy respirations
and increased effort on inspiration.

10. What physical examination abnormalities suggest obstruction of both nasal passages or
obstruction of the caudal nasopharynx?

Cats with obstruction of both nasal passages (due to a mass lesion or bilateral nasopharyn-
geal polyps) or obstruction of the caudal nasopharynx (due to a mass or stenosis) can present
with open-mouth breathing (see Chapter 5). Open-mouth breathing may be associated with respi-
ratory distress, or the cat may simply hold its mouth slightly open at all times. In the latter case, it
can be difficult to tell that the cat fails to breathe through the nose until it is forced to do so by
closing the mouth. Nasal airflow should be assessed by holding a cooled microscope slide in
front of the nose and watching for condensation or by holding a wisp of cotton in front of each
naris and looking for subtle movement of the cotton. Airflow should be assessed as present or
absent bilaterally or as decreased or absent unilaterally.

11. Describe the physical examination findings associated with palatal abnormatlities.

Cats with palatal abnormalities may present with nasal discharge from passage of oral con-
tents into the nasal cavity. After drinking, the cat can be observed for nasal discharge or sneezing.
A deformed or cleft soft palate can be visible on physical examination but often requires sedation
for complete evaluation. Stertor that varies in character as the soft palate obstructs respiration
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may be the most obvious physical examination finding in cats with an elongated soft palate.
Stertor can be difficult to distinguish from stridor. Stridor is usually a more continuous sound
and has less of a musical quality. Stridor and inspiratory dyspnea are suggestive of laryngeal
paralysis. The cat with stridor should be closely examined for signs of neck injury,

12. Describe the physical examination findings of conformational lesions in the lower res-
piratory tract.

Cats with bronchiectasis or bronchial dysgenesis usually present with expiratory effort be-
cause both diseases are associated with obstructed airways. Cats with pneumonia secondary to a
bronchoesophageal fistula typically have an increased respiratory rate, mild tracheal sensitivity,
and crackles on auscultation. Fever may or may not be present.

13. What differential diagnoses should be considered in cats with conformational respira-
tory diseases?

Upper respiratory signs may be due to infectious or inflammatory diseases of the nasal
cavity or mass lesions (abscess, granuloma, parasites, neoplasia) in the nose, pharynx, larynx, or
trachea. Lower respiratory signs may indicate bacterial or aspiration pneumonia, asthma,
pleural effusion, or congestive heart failure; however, auscultation and percussion findings usu-
ally help to rule out causes other than pneumonia.

14. How are stenotic nares and cleft palate diagnosed?

Stenotic nares and cleft palate can be diagnosed on visual inspection. Because the finding of
an elongated soft palate is subjective and requires surgical correction, a full oral and laryngeal
examination should be performed under anesthesia for accurate diagnosis.

15. Describe the diagnosis of nasopharyngeal stenosis.

Diagnosis of nasopharyngeal stenosis is relatively easy if a flexible endoscope can be
retroflexed into the caudal nasopharynx to allow visualization of the caudal opening of the nares.
Generally, this opening should be 5-6 mm across, and the nasal turbinates are seen on each side
of the nasal cavity. In cats with nasopharyngeal stenosis, the opening to the nasal cavity is re-
duced by a fibrous web of tissue, and the caudal aspect of the turbinates cannot be visualized.
The narrowed region can be present at any location within the nasopharynx. If an endoscope is
not available, a spay hook should be used to retract the soft palate rostrally while a dental mirror
is used to examine the nasopharynx (see Chapter 1). The patency of the ventral nasal meatus also
can be assessed by attempting to pass a tom-cat catheter through the nasal cavity into the phar-
ynx, similar to the way that a nasogastric tube is passed. Care should be taken to ensure that the
catheter goes ventrally rather than into the dorsal meatus, which terminates in the ethmoid
turbinates and brain. If an obstruction is met at the appropriate level within the ventral meatus,
nasopharyngeal stenosis should be considered.

16. How is laryngeal paralysis diagnosed?

Laryngeal examination is generally quite straightforward in cats because of their marked la-
ryngeal sensitivity. A light plane of anesthesia is induced (by giving '/+~'/2 the calculated dose of
thiobarbiturate), and the arytenoid cartilages should be seen to abduct with inspiratory motions.
Paresis or paralysis may be unilateral or bilateral. Thoracic and cervical radiographs are often ab-
normal in cats with laryngeal paralysis and are indicative of obstructive airway disease.
Abnormalities included caudal displacement of the larynx, lung hyperinflation, and aerophagia.

17. How are conformational diseases of the lower respiratory tract diagnosed?

Evidence of bronchial dysgenesis and bronchiectasis may be visible radiographically, but
definitive diagnosis requires histologic studies. A high index of suspicion is required for clinical
diagnosis. It can be difficult to obtain a definitive diagnosis of pneumonia caused by a broncho-
esophageal fistula. Radiographic changes may be similar to those expected in aspiration pneumonia,
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particularly if the fistula occurs in the dependent lung field or the middle lung lobes, which are
common sites of aspiration. An atypical location for aspiration pneumonia, along with suggestive
clinical findings, should encourage suspicion for a bronchoesophageal fistula. The presence of
megaesophagus or an esophageal diverticulum in the region of a pulmonary infiltrate also should
be considered suspect.

18. What other tests may be required in cats with conformational respiratory diseases?

To achieve a definitive diagnosis of bronchoesophageal fistula, an esophagram may be re-
quired. Fluoroscopy can reveal dynamic reflux of contrast material from the esophagus into the
airways, or static radiography may be used to define a connection between the gastrointestinal
and respiratory tracts.

19. Describe the management of stenotic nares and conformational diseases of the palate.

Stenotic nares can be opened by wedge resection of part of the alar fold. A deformed soft
palate may require reconstructive surgery or use of an implant to close the defect. An elongated
soft palate is trimmed to an appropriate length; complete apposition of mucosal edges should be
ensured to avoid dehiscence. Trimming the palate too short should be avoided because it can lead
to dysphagia.

20. How is nasopharyngeal stenosis managed?

Management of nasopharyngeal stenosis is problematic because the tough, fibrous band of
tissue is difficult to break down and often reforms after surgery. Methods used to remove the ob-
struction include balloon dilation of the stricture, laser removal of excessive scar tissue, use of a
stent to increase the diameter of the opening, conventional surgery to open the lesion, and surgi-
cal resection of the affected region with placement of a mucosal advancement flap to cover the
defect. Variable results are encountered, and a tracheostomy may be required to allow adequate
respiration.

21. Describe the management of laryngeal paralysis.

Treatment of laryngeal paralysis can involve lateralization of the arytenoid (as in dogs) or
occasionally tracheostomy. Thus far, reasonable quality of life has been reported in cats treated
with surgery.

22. How are bronchoesophageal fistulas and bronchiectasis managed?

A bronchoesophageal fistula requires surgical resection. Similarly, if bronchiectasis of a
single lung lobe is believed to be contributing to clinical signs, lung lobectomy should be consid-
ered.

23. What is the expected treatment response in cats with conformational respiratory dis-
eases?

In cats with stenotic nares and cleft or elongated soft palate, surgery is usually curative.
Generally, cats with laryngeal paralysis respond well to treatment, although occasionally tra-
cheostomy is required. Cats with nasopharyngeal stenosis are more problematic because exces-
sive fibrous tissue can reform after the stricture is opened. Little clinical information is available
about these cases, but control of inflammation and infection in the area is essential. Antibiotics
effective against primary and secondary pathogens should be used. Doxycycline or enrofloxacin
may be used to control Bordetella bronchiseptica and Mycoplasma spp. infections; these drugs
are also effective against some of the normal upper respiratory flora. Coverage against anaerobes
also should be considered, and long-term therapy is recommended in cats with chronic rhinitis
(see Chapter 2). Anti-inflammatory dosages of corticosteroids may help to control excessive de-
position of scar tissue, although the risk for poor wound healing at other surgical sites must be
considered. Cats with bronchiectasis or bronchial dysgenesis require management of obstructive
airway disease.
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7. NASAL TUMORS
Stephen |. Dullard, D.V.M,

1. How common are nasal tumors in cats?

They represent approximately 1% of all tumors and 75% of all respiratory tumors in cats. Of
primary nasal tumors, 80% are malignant; local invasion of surrounding tissue is the main biologic
feature. Distal metastases are rarely found at the time of diagnosis (< 10%) but may occur late in
the disease. The most common sites of metastases are regional lymph nodes, lung, and brain.
Paraneoplastic syndromes are rarely associated with nasal neoplasia. Benign nasal tumors are
quite rare, but inflammatory polyps (which have the gross appearance of a tumor) are common in
cats (see Chapter 5). Males have twice the risk of females for developing a nasal tumor.

2. What are the most common types of feline nasal tumors?

Tumors of epithelial origin are more common than tumors of mesenchymal origin. Squamous
cell carcinoma (SCC) is the most common type, followed by adenocarcinoma and lymphoma.
Lymphoma of the nasal cavity can be solitary or part of a multicentric neoplastic disease. The most
common types of mesenchymal tumors are osteosarcoma, fibrosarcoma, and chondrosarcoma.

3. What are the clinical signs of a nasal tumor?

Nasal tumors usually occur in older patients, but younger cats can be affected. SCC usually de-
velops on the planum of the nose. Prolonged exposure to ultraviolet light results in preneoplastic
changes to the nonpigmented planum, such as ulceration, crusting, swelling, and erythema. Tumor
formation results in slow, progressive local invasion of the nasal cavity with destruction of underly-
ing soft tissues and bone. In one study of 90 cats with nasal planum SCC, 73% had some white skin
or hair. White-haired cats have a 13.4 times greater risk of developing SCC than cats of other colors.

Other tumors and advanced SCC often elicit a nasal discharge (unilateral or bilateral), sneez-
ing, epistaxis, stertor, pain on examination of the nose or mouth, deformation of the facial bones
or hard palate, and regional lymphadenopathy. Weight loss and anorexia may be evident. Rarely,
the patient may present with neurologic disease (seizures, abnormal mentation) or ocular abnor-
malities (exophthalmos), which result from direct invasion of the cranial vault or orbit.

4. What nasal discharge is associated with tumors?
The nasal discharge can be serous, mucoid, mucopurulent, or hemorrhagic. One or both nos-
trils may be involved. Bilateral disease is suggestive of more extensive involvement, and often one
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side has more discharge than the other. History should note if the condition initially was unilateral
and progressed. This observation may help to direct further examination to one side vs. the other.

5. How can nasal airflow be assessed?
Assessment of nasal airflow is easily accomplished by placing a cold microscope slide in
front of the nasal planum and observing for symmetrical condensation on the slide.

6. What are the differential diagnoses for nasal tumors?

The main differential diagnoses for unilateral nasal discharge are nasal fungal infections, dental
disease, oronasal fistula, nasopharyngeal polyps, and foreign bodies (see Chapter 1). Causes of bi-
lateral nasal discharge include viral respiratory disease, fungal infections, allergic rhinitis, cleft
palate, and exiranasal diseases. Differentials for early SCC include pemphigus, mycoses, plastic
dish syndrome, solar dermatitis, eosinophilic granuloma complex, and other rare skin diseases.

7. What diagnestic tests should be performed?

All patients should have a complete blood count, serum chemistry profile, and urinalysis to
detect systemic disease. Definitive diagnosis is based on identifying abnormal tissue on the nasal
surface or within the nasal cavity on physical examination, radiographs, rhinoscopy, fine-needle
aspiration, or computed tomogram (CT). Once the abnormal tissue is identified, it must undergo
biopsy and histologic examination. If lymphadenopathy is present, needle aspiration with a cyto-
logic examination or biopsy of the lymph node is warranted. If lymphoma is suspected, the cat
should be tested for feline leukemia and feline immunodeficiency virus. Cytologic examination
of bone marrow and abdominal radiographs or ultrasound should be performed to determine the
stage of the disease (see Chapter 68).

8. What is the best radiographic view for evaluating nasal disease?

Open-mouth ventral dorsal radiographic views are essential in evaluating patients with nasal
disease. The open-mouth procedure requires anesthesia but allows radiographic evaluation of the
entire nasal cavity without interference of the mandible as well as separate visualization of both
nasal cavities. The use of ultraspeed nonscreen dental occlusal film sheets (2.25" x 3") works
well in cats and allows detailed evaluation of the turbinates. The patient is placed in dorsal re-
cumbency with the head parallel to the table. The x-ray tube is angled 10-15° from its normal po-
sition with the beam centered on the hard palate of the opened mouth. The head should be as
centered and as parallel to the table as possible.

A lateral open-mouth view may be helpful in identifying a nasopharyngeal mass lying dorsal
to the soft palate. Because such masses often originate in the middle ear, the bullae should be ex-
amined as well (see Chapter 5). Obtaining radiographs of the maxillary arcade of teeth using a bi-
secting angle technique allows evaluation of tooth roots to rule out sinusitis as a cause for nasal
discharge. Thoracic radiographs should be taken to detect metastatic pulmonary disease.

9. What radiographic lesions are seen with nasal tumors?

Radiographs may show evidence of turbinate, vomer bone, or facial bone lysis. Deviation or
lysis of the nasal septum may occur. Soft tissne mass lesions may be present along with increased
fluid opacity of the nasal cavity resulting from increased nasal secretions. However, these find-
ings are not diagnostic for nasal neoplasia because chronic rhinitis can result in similar radi-
ographic changes.

10. What lesions are seen on rhinoscopy?

Rhinoscopy should be performed anteriorly through the naris and posteriorly over the soft
palate, using a flexible endoscope or a dental mirror and light source. It is important to rule out
masses in the nasopharyngeal region. On rostral rhinoscopy, the nasal cavity should be evaluated
for increased or decreased air space. Neoplastic masses grow between the turbinates and de-
crease nasal air space. Frequently, nasal neoplasms elicit marked inflammation of the nasal
mucosa with secondary bacterial or fungal infections. The nasal cavity may be filled with large
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amounts of nasal discharge that must be flushed and suctioned to provide adequate visualization.
Any mass lesions must be biopsied.

Chondrosarcoma occluding right
and left posterior choanal openings.

11. How should a suspected mass be biopsied?

Suspicious areas should be biopsied with either an alligator cup biopsy forcep, Tru-cut
biopsy needle (Travenol Laboratories, Inc., Deerfield, IL), or a sharpened plastic tube fashioned
from the protective sleeve of an intravenous catheter or spinal needle. The sharpened tip of the
plastic tube is forced into the suspected mass and rotated; a negative pressure is applied with a
12-ml syringe; and then the plastic tube is withdrawn. The biopsy instrument should never pass
caudal to the medial canthus of the eye to avoid penetration of the cribiform plate and brain.

Different types of biopsy instru- —_——————
ments: Tru-cut biopsy device, en-

doscopic biopsy forcep, and tissue

core biopsy device made from a
polypropylene catheter and a 12-ml #’— m—— |
syringe.
\lll
.}

12. What should you do if lesions are not identified but neoplasia is still suspected?

Some cases of neoplasia are not diagnosed on initial examination. Diagnostic tests may need
to be repeated in 1-3 months when a definitive diagnosis is not made but signs of nasal disease
persist. Because viral respiratory disease is a common differential diagnosis in cats, client educa-
tion about follow-up examinations and disease differentials is important. Observation of type, lo-
cation, and change in nasal discharge volume should be attempted. CT may be recommended
because it detects soft tissue changes that may not be evident on radiographs or endoscopy.

13. Can a diagnosis be made cytologically?

Care should be taken in diagnosing nasal neoplasia based on cytology. Chronic inflamma-
tion and metaplastic changes within the nasal cavity may cause alterations in cytology that mimic
neoplasia. Some tumors can have similar cytologic characteristics, leading to incorrect classifica-
tion and improper treatment. All nasal tumors should have histiologic confirmation.
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14. When should CT or magnetic resonance imaging be used?

Whenever possible, because they are more sensitive in detecting and determining the extent
of abnormal tissue within the nasal cavity and paranasal sinuses than conventional radiography.
In recent years, they have become increasingly available.

15. Once diagnosed, how are intranasal tumors treated?

Because most nasal tumors are malignant, the recommended treatment is usually radiation
therapy with or without surgical debuiking. Surgery alone does not prolong survival time; in fact,
it may shorten survival times.

Chemotherapy can be used for tumors that do not respond to radiation or when radiation
therapy is not a viable option. Carboplatin and various multiagent chemotherapy protocols for
carcinomas can be tried. Cisplatin (which is toxic to cats) has resulted in palliation of clinical
signs in some dogs for up to 12 months. Piroxicam, given orally at 0.3 mg/kg every 48 hours, has
been used for treatment of epithelial tumors of the nasal cavity when the owner cannot afford
other modalities. Liver, clotting and renal functions should be evaluated periodically because
piroxicam is a potent nonsteroidal anti-inflammatory agent.

Lymphoma can be treated with various chemotherapy protocols or radiation (see Chapter
68). Local radiation avoids the systemic adverse effects of chemotherapy, but chemotherapy is
recommended to minimize the development of systemic lymphoma. Cats with localized in-
tranasal lymphoma had disease-free intervals that lasted more than 500 days.

16. How does radiation therapy affect survival in cats with nasal tumors?

Few studies have been performed in cats with intranasal tumors, but in dogs receiving local-
ized radiation median survival times improved substantially from 8 to 36 months. Dogs receiving
no therapy usually live < 6 months. In one study of cats receiving 48 Gy of telecobalt or ortho-
voltage radiation, survival times ranged from 1-36 months. The 1-year survival rate was 44.3%,
and the 2-year survival rate was 16.6%. In another study, cats receiving orthovoltage radiation
after rhinotomy had mean and median survival times of 27.9 and 20.8 months, respectively.
Survival rates were 66% at 1 year, 44% at 2 years, and 33% at 3 years.

17. How should SCC of the nasal planum be treated?

SCC of the planum, if detected early, can be treated by surgical removal of the planum, local-
ized radiation, photodynamic therapy, or carboplatin/cisplatin intralesional injection. If surgical re-
section is contemplated, advanced imaging techniques are recommended to assess extent of disease.

18. How is surgical resection done?

Surgical resection involves the removal of the planum, the underlying cartilage, and a por-
tion of the turbinates. Surgical margins should be submitted for histopathology to ensure tumor-
free borders. This procedure is well accepted by cats and owners as a treatment modality. In one
series of 9 feline cases treated with aggressive resection of the planum, the median postoperative
tumor-free period was 16 months with a range of 1-27 months.

19. How successful is localized radiation for treatment of SCC?

In cats with localized SCC of the nasal planum (1-2 cm diameter), 1-year control rates of
85% have been reported with localized radiation. Survival times for deeply invasive SCC tumors
have improved with higher dose and modified dose-fractionation schemes. After irradiation, 1-
and 5-year progression-free survival rates were 60,1 and 10.3%, respectively.

20. What is photodynamic therapy?

Photodynamic therapy is a new modality for cutaneous tumors. It involves the use of laser
light to activate a dye that absorbs light and produces oxygen radicals that destroy surrounding
tissue. The dyes themselves are nontoxic and have the advantage of localizing in abnormally pro-
liferating tissues in preference to normal tissue. Cure rates in a group of 60 cats with SCC were
reported at 60-90%. This modality is used for superficial tumors.
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21. How is chemotherapy used for SCC?

Carboplatin or cisplatin given intralesionally has caused remission of small tumors. Cisplatin
(10 mg in 1 ml of saline) may be mixed with 2 ml of sterilized sesame oil and injected intrale-
sionally. Of cats treated with this regimen, 83% had > 50% reduction in tumor volume; complete
resolution was reported in 64% of cats after 6 treatments with a similar protocol using cisplatin
and a collagen-matrix vehicle. Because of the depot nature of the treatments and slow release of
cisplatin, the systemic toxicity typically seen with cisplatin was not noted. Carboplatin has been
used in a similar manner, resulting in a complete remission rate of 73% and a 1-year control rate
of 55%. Carboplatin is safer to use in cats and can also be given as a systemic treatment.

22. What is the overall prognosis for nasal tumors?

The prognosis for cats with untreated malignant nasal tumors is poor. Survival is usually a
few months. Persistent dyspnea, epistaxis, anorexia, weight loss, and neurologic signs are often
reasons for euthanasia.

Radiation treatment is well tolerated, improves survival, provides palliation of clinical signs,
and improves the quality of life in many cats. Reported adverse reactions to radiation therapy in-
clude radiation-induced dermatitis, cataract formation, and nasocutaneous fistula.

SCC of the planum can be cured if aggressive treatment is instituted before deep invasion of
the nose. Early skin changes (crusting or hyperemic plaques) should be investigated immediately
to obtain a diagnosis. A “wait-and-see” approach is not appropriate.

Prognosis for lymphoma is difficult to provide for individual cats (see Chapter 68). Important
prognostic factors include stage of disease, anatomic site, response to therapy, and retroviral status.
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8. COUGH AND DYSPNEA:
INITIAL DIAGNOSTIC PLAN

Michael R. Lappin, DN.M., PA.D.

1. What is a cough?

The forceful expulsion of air from the lungs. Coughing is a normal physiologic response to
airway irritation. Irritant receptors from the oropharynx throughout the airway epithelium can
stimulate the afferent pathway, resulting in cough. Receptor density is greatest in the larynx and
major lobar airways. Foreign body contact with the airway epithelium stimulates mechanorecep-
tors. Exogenous chemicals (e.g., smoke) and endogenous chemicals (e.g., histamine) stimulate
chemoreceptors. It is possible that all causes of cough induce bronchospasm, which then acts as
the primary stimulus to the cough receptors.

2. What are the physiologic components of a cough?

The vagus and glossopharyngeal nerves carry afferent impulses to the cough center in the
dorsolateral region of the medulla. The efferent impulses resulting in cough are carried by the
vagal nerves, phrenic nerves, recurrent laryngeal nerves, and some spinal motor nerves. Cough
is divided into three phases: respiratory, compressive phase, and expiratory. Once a cough is in-
duced, the animal inspires deeply (respiratory phase). The compressive phase begins with clo-
sure of the glottis and contraction of the expiratory musculature. The expiratory phase occurs as
the glottis suddenly opens, leading to a sudden flow of air from the lungs through the airways.

3. What are the differential diagnoses for cough?

Differential diagnoses for cough in cats can be categorized into upper airway, lower airway,
and cardiovascular causes. Dirofilariasis is the exclusive cardiovascular cause of cough in cats.
Cardiac failure leads to dyspnea, not cough, in cats. Diseases resulting in coughing are relatively
rare in cats compared with dogs.

Differential Diagnoses for Cough in Cats

Upper respiratory tract disease

Congenital disorders Irritants
Masses Foreign body
Allergic Gastrointestinal disease with nasal aspiration
Anatomic Infectious diseases (see table in question 7)
Trauma

Lower respiratory tract disease
Congenital disorders Dysphagia, vomiting, or regurgitation resulting
Masses (neoplastic or granulomatous) in aspiration
Allergic Pulmonary thromboembolic disease (dyspnea
Anatomic more common than cough)
Irritants Noncardiogenic pulmonary edema (dyspnea
Foreign body more common than cough)

Infectious diseases (see table in question 8)

4. Define dyspnea and orthopnea.
Dyspnea is a state of difficult, labored, or painful breathing. It can occur intermittently or
continuously or may be more pronounced after exertion. Orthopnea is a state of difficult breath-
ing in a recumbent position.

28
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5. Define tachypnea, polypnea, and hyperpnea.

Tachypnea, polypnea, and hyperpnea describe conditions resulting in increased respiratory
rates. Tachypnea generally refers to rapid shallow respirations; polypnea and hyperpnea refer
to rapid deep respirations. Tachypnea, hyperpnea, and polypnea do not denote difficult breathing
and may be due to physiologic changes.

6. What are the differential diagnoses for dyspnea?

Dyspnea is a pathologic event; conditions resulting in dyspnea can be divided into nasal/
sinus diseases, pharyngeal diseases, airway diseases, pulmonary parenchymal diseases, pleural
diseases, diseases of the muscles of respiration, diseases affecting erythrocyte oxygen carrying
capability, central nervous system diseases, and pain. Several conditions including acidosis,
fever, glucocorticoid excess, and psychological anxiety, can cause tachypnea, polypnea, or hy-

perpnea and are commonly confused with dyspnea.

Differential Diagnoses for Dyspnea in Cats

Cardiac disease
Airway diseases
Pulmonary parenchymal diseases
Pleural diseases
Pneumothorax
Hemorrhage pleural effusions
Transudative pleural effusions

Modified transudate pleural effusions

Pyothorax

Chylothorax

Feline infectious peritonitis
Neoplasia
Peritoneopericardial hernia

Diaphragmatic diseases
Hernia
Muscular weakness
Neurologic (paralysis)
Impingement
Organomegaly (especially hepatomegaly)
Peritoneal effusions
Obesity
Masses
Erythrocyte diseases
Anemia
Methemoglobinemia
Central nervous system diseases

7. What infectious diseases may cause cough and dyspnea in cats?

Infectious Causes of Cough and Dyspnea in Cats

INFECTIOUS AGENT SYNDROME

Bacterial

Mpycoplasma spp. URI, pneumonia (77)

Bordetella bronchiseptica URI, pneumonia (?7)

Yersinia pestis Pneumonia

Chlamydia psittaci URI

Aerobes and anaerobes Pyothorax, secondary pneumonia
Viral

Feline calicivirus

Feline herpesvirus 1

Feline leukemia virus

Feline immunodeficiency virus

Feline infectious peritonitis virus

Fungal (rare in cats)
Blastomyces dermatitidis
Cryptococcus neoformans
Histoplasma capsulatum
Coccidioides immitis
Aspergillus spp.

URI, pneumonia in kittens

URI, pneumonia in kittens

Mediastinal lymphoma, secondary UR! or pneumonia
Mediastinal lymphoma, secondary URI or pneumonia
Pleural or peritoneal effusion; granulomatous pneumonia

Pneumonia

UR], rarely pneumonia
Pneumonia
Poneumonia

URI

Table continued on following page
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Infectious Causes of Cough and Dyspnea in Cats (Continued)

INFECTIOUS AGENT SYNDROME
Parasitic

Migratory
Toxocara cati Small airway disease, pneumonia
Strongyloides stercoralis Small airway disease, pneumonia

Primary
Aelurostrongylus abstrusus Small airway disease, pneumonia
Paragonimus kellicotti Small airway disease, pneumonia, pneumothorax
Capillaria aerophila Small airway disease, pneumonia

Polysystemic
Dirofilaria immitis Small airway disease, pulmonary embolism
Toxoplasma gondii Pneumonia

URI = upper respiratory infection.

8. Can the signalment help in ranking the differential diagnoses?

The age, breed, and gender of a cat with cough or dyspnea lends valuable information for
localization of lesions and identification of primary differentials. Kittens are more likely than
cats to present with congenital abnormalities resulting in cough or dyspnea. Young, nonvacci-
nated kittens commonly develop respiratory tract infections. Older cats commonly develop neo-
plasia, cardiac failure, and chronic bronchitis. Cough due to migratory parasitism is more likely
in kittens. Feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV) infection can
lead to immunosuppression and predispose to infectious causes of respiratory disease. Clinical
FeLV and feline infectious peritonitis virus (FIPV) infections are common in young cats; clinical
FIV infection is common in older cats. Pulmonic toxoplasmosis is more common in neonatal cats
than in older cats. Older cats with cough are likely to have chronic bronchitis and are more re-
fractory to treatment than young cats. Male cats may be more likely to hunt and thus, in the
Southwestern states, may become infected with Yersinia pestis.

9. How can the history help to rank differentials for cough and dyspnea?

* Severe, acute coughing occurs commonly with exposure 1o airway irritants, aspiration, for-
eign body inhalation, and acute infectious diseases.

* Coughing in cats with serous oculonasal discharge and pruritic skin disease that occurs sea-
sonally may suggest allergic lung disease.

* Mucopurulent oculonasal discharge with or without oral erosions suggests feline rhinotra-
cheitis, especially if the cat has been kenneled or a cattery problem is identified.

» Mild cough in cats with low-grade conjunctivitis may be consistent with chlamydiosis.

* Gagging and dysphagia are reported commonly in cats with pharyngeal or laryngeal causes
of cough, especially cats with nasopharyngeal polyps.

* Fungal diseases, heartworm disease, and many parasitic diseases depend on travel to en-
demic areas for exposure.

* Respiratory parasites are more common in outdoor cats than indoor cats.

* Unvaccinated cats, particularly those in contact with other cats, are likely to have infectious
causes of cough.

* Dirofilariasis commonly presents with a history of gagging or vomiting as well as cough.

* Slowly progressive cough is common with neoplasia.

* Hemoptysis is most common with dirofilariasis, pulmonary contusions, and neoplasia.

* Cough after eating may indicate diseases inducing dysphagia.

10. What historical evidence suggests respiratory tract abnormalities associated with dis-
eases of other body systems?

Evidence of other clinical abnormalities, such as vomiting (aspiration pneumonia), polyuria/
polydipsia (uremic pneumonitis), or weakness (diaphragmatic abnormalities).
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11. How should clinical problems be characterized?

Owners should be asked to identify the predominant clinical signs of respiratory disease, in-
cluding sneezing, nasal discharge, gagging, dysphagia, stridor (wheezing), stertor (snoring or
snorting), cough, terminal retch, dyspnea, and tachypnea. They should be questioned to deter-
mine whether a perceived cough is truly vomiting, regurgitation, or gagging. Each clinical prob-
lem should be characterized for duration, frequency, time of occurrence, and progression. Nasal
discharges should be characterized as continuous or intermittent, unilateral or bilateral, whether
they occur with sneezing, and whether they are serous, mucoid, mucopurulent, or hemorrhagic.

12. What physical examination findings are most helpful?

A complete physical examination should be performed on all cats with respiratory tract dis-

ease, including the following:

» Emaciation commonly occurs with chronic respiratory tract diseases, including dirofilaria-
sis, neoplasia, cardiac failure, and fungal pneumonia.

* Mucous membrane color (cyanotic or pale) and capillary refill time.

« Occasionally cats with gastrointestinal tract disease predisposing to aspiration have ab-
dominal palpation abnormalities or evidence of megaesophagus on evaluation of the cervi-
cal region.

* Neurologic abnormalities occur with several causes of respiratory tract disease, including
FIPV infection, toxoplasmosis, and systemic mycoses.

» Ocular abnormalities can be seen with infectious diseases (FIPV infection, toxoplasmosis,
respiratory viruses, and systemic mycoses) as well as with coagulopathies, hypertension,
and diseases inducing vasculitis.

 Abnormalities associated with cardiac dysfunction, including cardiac murmur or gallop
rhythm, arrythmias, jugular pulse, jugular distention, tachycardia, weak arterial pulses,
muffled heart or lung sounds, pulmonary crackles or wheezes, abdominal fluid wave, and
hepatosplenomegaly.

* Lymph nodes should be paipated carefully; lymphadenopathy occurs commonly with lym-
phosarcoma and systemic mycoses.

« Cats with dyspnea due to uremic pneumonitis commonly have either large kidneys (acute
nephrosis) or small kidneys (chronic renal failure) on abdominal palpation.

« The cat should be carefully assessed for evidence of pain; discomfort can lead to dyspnea
or tachypnea.

» The nares should be examined for discharge and size. Airflow through the nares can be es-
timated by holding a cool microscope stide over the nares and observing the area of vapor
condensation.

« The oral cavity should be evaluated carefully for evidence of masses, dental disease,
phlegm, tonsillar changes, or foreign bodies.

» The skull should be palpated for evidence of trauma or asymmetry (tumor or fungal disease).

» The trachea and larynx should be gently palpated to assess for tracheal cough or masses.

13. How should respiratory patterns be assessed?

Respiratory rate should be assessed at rest and after minimal exercise. The respiratory rate
should be 10-30 breaths/minute and should be effortless with minimal abdominal component.
An abdominal press or increased expiratory time is characteristic of obstructive airway disease
or asthma. If the respiratory rate or character is abnormal, attempt to characterize whether the
primary abnormality is dyspnea, tachypnea, or orthopnea. An abnormal respiratory pattern
should be characterized as obstructive (slow and deep) or restrictive (rapid and shallow).
Respiration should be evaluated carefully for the presence of stertor or stridor. Stertor occurs
most commonly with diseases of the nasal cavity, sinuses, and pharynx. Stridor occurs with la-
ryngeal and tracheal diseases. Inspiratory stridor is most common with laryngeal paralysis and
extrathoracic tracheal collapse. Inspiratory and expiratory stridor occur most commonly with
fixed lesions of the larynx and trachea.
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14. Discuss the proper technique for thoracic auscultation.

The thorax should be palpated gently for rib fractures, evidence of discomfort, compressibil-
ity (which can be decreased in cats with mediastinal disease), and evidence of cardiac thrill and
or a decreased apex beat. Thoracic auscultation is best performed in a quiet room on a cat that is
not panting or trembling. The respiratory tract should be ausculted prior to cardiac auscultation,
and the trachea should be auscultated to differentiate lower respiratory tract wheezes or crackles
from referred sounds from the trachea.

15. What are the relevant findings of respiratory tract auscultation?

Normal breath sounds vary based on the respiratory pattern, site of auscultation, and thickness
of the thoracic wall. Normal breath sounds are designated as bronchial, vesicular, and bron-
chovesicular. Bronchial sounds are heard predominantly in the perihilar area and trachea; they are
relatively loud and easy to detect. Bronchial sounds are slightly louder on expiration and the expi-
ratory phase is slightly longer than the inspiratory phase. Vesicular sounds develop in the lobar and
segmental bronchi and can be heard distal to the perihilar area. These sounds are described as sim-
ilar to the rustling sound made by wind blowing through trees and are more prominent on inspira-
tion than expiration. Bronchovesicular sounds are generated in the terminal airways and alveoli
and are very soft or difficult to hear. These sounds are heard at the periphery of the thoracic cavity.
Crackles, wheezes, or absence of breath sounds are abnormal. Crackles (rales) sound like crum-
pling cellophane and can be inspiratory, expiratory, or continuous. Crackles are most commonly
induced by fluid in the alveoli or inflammatory diseases of the small airways. End-inspiratory
crackles are consistent with fluid in the alveoli. Right-side and dependent lung lobe crackles are
consistent with aspiration pneumonia. Wheezes (rhonchi) are continuous musical sounds heard
best on expiration. Wheezes are most commonly heard with diseases of the airways. Cats with
asthma often breathe with their neck extended and may appear to have a “barrel chest.”

16. What findings of thoracic auscultation suggest cardiac disease?

In dyspneic cats, crackles may suggest hypertrophic cardiomyopathy. If crackles are due to
cardiac disease, cardiac murmurs and elevated heart rate are usually present concurrently, and af-
fected cats rarely cough.

17. What do muffled or absent breath sounds suggest?
They occur most commonly with diaphragmatic hernia, pleural effusions, pneumothorax,
obesity, consolidated lung lobes, and collapsed lung lobes.

18. What is the differential diagnosis for wet vs. dry cough?

With the exclusion of bacterial bronchopneumonia, cats rarely develop moist or productive
coughs. Dry cough occurs commonly with pharyngeal diseases, laryngeal diseases, tracheal dis-
eases, and low-grade inflammation induced by allergic and parasitic etiologies.

19. Can a tracheal cough help to localize the lesion?

The presence of pharyngeal, laryngeal, or tracheal inflammation does not correlate only with
upper airway disease; lower airway inflammation results in passage of inflammation cells up the
mucociliary apparatus to the mouth, leading to secondary inflammation of the upper respiratory
tract. This possibility preciudes the use of a tracheal cough to localize the lesion; tracheal cough
can occur just as readily with bacterial pneumonia as with a tracheal foreign body.

20. What is the initial diagnostic plan for most coughing cats?

After assessment of the signalment, history, and physical examination, diagnostic tests are
commonly performed to identify the primary cause of the cough or dypsnea. Primary causes of
cough in cats include asthma, heartworm disease, bacterial bronchitis, and respiratory para-
sitism. The initial diagnostic plan for coughing cats in a nonendemic area for dirofilariasis gen-
erally consists of a complete blood count (CBC), fecal examination, and thoracic radiographs.
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In endemic areas for dirofilariasis, Aelurostrongylus abstrusus, or Paragonimus kellicotti, heart-
worm serology, Baermann assessment of feces, and fecal sedimentation, respectively, are per-
formed as well. Further diagnostic testing depends on the results of these procedures.

21. What is the initial diagnostic plan for most dyspneic cats?

The initial diagnostic plan for evaluation of dyspnea is based on the severity of clinical dis-
ease at presentation combined with signalment, physical examination, and history findings. Most
cases ultimately require thoracic radiographs. Thoracocentesis may be necessary. Arterial blood
gas assessment is indicated in some stable, dyspneic cats with pulmonary parenchymal diseases.

22. Which should be performed first—thoracic radiographs or thoracocentesis?

This is one of the most important clinical decisions made by veterinary practitioners.
Although relatively safe, thoracocentesis is not indicated for most causes of dyspnea. However,
thoracocentesis is diagnostic as well as therapeutic for dyspnea due to pleural effusion or pneu-
mothorax (see Chapters 13-15). The veterinary clinician should evaluate the signalment, history,
and physical examination findings carefully; if evidence consistent with pneumothorax or pleural
effusion is present, thoracocentesis should be performed as the initial diagnostic procedure. If
dyspneic cats exhibit a restrictive breathing pattern and diminished breath sounds, thoracocente-
sis should be performed as soon as possible. If the clinician chooses to perform thoracic radi-
ographs as the initial diagnostic procedure, oxygen should be delivered by facemask and a single
dorsoventral radiograph should be made for evaluation of pneumothorax or pleural effusion.

23. How should cats be stabilized before performing diagnostic procedures?

All cats with dyspnea should be stabilized before performing diagnostic procedures. The
minimal stress associated with venipuncture, thoracocentesis, or thoracic radiographs is enough
to induce cardiopulmonary arrest in many cats with severe compromise. Delivery of oxygen by
facemask or, preferably, oxygen cage for 15-20 minutes often stabilizes dyspneic animals ade-
quately to allow performance of minimal diagnostic tests.

24, How can the CBC aid in the diagnosis of cough or dyspnea in cats?

Most cats with upper airway inflammation have normal leukograms. An inflammatory
leukogram with or without a left shift is most common with bacterial pneumonia and pyothorax.
However, the lack of an inflammatory leukogram does not rule out bacterial colonization of the
lower airways. All cats with bacterial inflammation of the lower respiratory tract should be eval-
uated for the presence of an underlying etiology especially FeLV and FIV. Lymphopenia is com-
monly induced by Fel.V and FIV and may be present in immunosuppressed cats. Monocytosis is
also a component of a stress leukogram and so can be hard to interpret. Persistent monocytosis is
consistent with chronic inflammation and occurs with many chronic respiratory diseases.
Monocytosis is commonly identified in cats with dirofilariasis. Eosinophilia and basophilia most
commonly occur with asthma, dirofilariasis and respiratory parasites. However, eosinophilia and
basophilia also occur commonly with allergic and parasitic diseases of the skin and gastrointesti-
nal tract. Cats with respiratory disease and eosinophilia or basophilia should be evaluated with
heartworm serology; thoracic radiographs; transtracheal wash for cytology, culture, and sensitiv-
ity testing; fecal flotation and sedimentation (in areas endemic for Paragonimus spp.); and
Baermann examination of feces.

25. When should you perform a serum biochemical panel or urinalysis in cats with cough
or dyspnea?

Occasionally cats with uremic pneumonitis present with cough; azotemia is noted on the bio-
chemical panel. The serum biochemical panel should be used to screen all older cats with bacterial
lower respiratory disease. Hyperglobulinemia occurs with some diseases of the respiratory tract,
particularly, dirofilariasis, chronic bronchitis, neoplasia, and toxoplasmosis. All cats with cough
and hyperglobulinemia should be evaluated for dirofilariasis. Total carbon dioxide is an indirect
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measurement of serum bicarbonate and can be used to estimate acid-base status. Hypoalbumi-
nemia can result in a transudative pleural effusion; the biochemical panel can be used to screen
for potential abnormalities. Urinalysis should be performed in any cat for which a serum bio-
chemical panel is justified. Proteinuria occurs most commonly with dirofilariasis, fungal dis-
eases, retroviruses, FIPV, and neoplasia. However, any chronic antigenic stimulation in the
respiratory tract may result in the production of circulating immune complexes, deposition at the
glomerular basement membrane, and induction of proteinuria.

26. What are the major thoracic radiographic abnormalities in alveolar lung disease?

Alveolar lung disease is characterized by air bronchograms that develop as the alveolar sacs
fill with fluid and outline air-filled airways. Air bronchograms occur most commonly with car-
diogenic pulmonary edema, neurogenic pulmonary edema, bacterial bronchopneumonia,
eosinophilic inflammation, and hemorrhage. Air bronchograms are seen occasionally with at-
electatic lungs and granulomatous diseases. In general, a transtracheal wash should be performed
in cats with cough and air bronchograms without physical or radiographic evidence of cardiac
disease. Toxoplasmosis is a cause of alveolar lung disease in neonatal cats.

27. Discuss the significance of bronchial patterns.

Bronchial patterns develop as the peribronchiolar tissues become inflamed. Inflammation of
the peribronchiolar tissues results in “doughnuts,” or air-filled circles surrounded by soft-tissue
density. Bronchial patterns develop most commonly with inflammation of the airways. Irritant
gases, allergic disease, viral disease, and some bacterial diseases commonly lead to a bronchial
pattern. Most cats with asthma have a marked bronchial pattern.

28. Discuss the significance of interstitial patterns.

The pulmonary interstitium is the supporting network of the lungs. The pulmonary blood
supply courses through the interstitial space. Interstitial patterns can be divided into the follow-
ing categories:

Diffuse interstitial patterns appear as an increased soft tissue density in the interstitium and
may occur in older cats as a result of normal aging. Interstitial disease develops in the first stages
of cardiogenic pulmonary edema. Mycoplasmal pneumonia can cause a diffuse interstitial pat-
tern. Any cause of vasculitis or coagulopathy can present with a diffuse interstitial pattern.

Miliary interstitial patterns are characterized by 1-5-mm masses and occur most commonly
with fungal disease and metastatic neoplasia.

Nodular interstitial patterns are characterized by 0.5-1-cm masses and are most common
with fungal disease, metastatic neoplasia, and primary pulmonary neoplasia.

Tumorous interstitial patterns are characterized by masses > 1 cm and are most common
with primary pulmonary neoplasia.

29. How do you assess for vascular patterns?

In the dorsoventral or ventrodorsal radiograph, the artery is located laterally, followed
medially by the bronchus and vein. Pulmonary venous hypertension occurs most commonly with
hypertrophic cardiomyopathy. Pulmonary arterial hypertension occurs most commonly with
dirofilariasis. In the lateral thoracic radiograph, the cranial lobar artery is most dorsal, fol-
lowed ventrally by the bronchus and vein.

30. What pleural diseases may result in restrictive breathing patterns?
Usually restrictive breathing patterns are associated with pneumothorax, pleural effusions,
mass lesions, or diaphagmatic abnormalities.

31. When should an airway washing be performed?
Airway washings should be performed after assessment of the thoracic radiographs and is
indicated for all coughing cats with interstitial, bronchial, or alveolar lung patterns that are not
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suspected to be due to cardiogenic disease or coagulopathy. The goal of transtracheal washing
(TTW) is to collect fluids from the lower airways for cytology, culture, and sensitivity testing.

32. How should airway secretions be collected?

Bronchoscopy with bronchoalveolar lavage is the most sensitive technique but requires gen-
eral anesthesia and a bronchoscope. Because cats commonly develop subcutaneous emphysema
and pneumomediastinum after TTW, it is preferable to use a transoral approach. Materials
needed include a sterile catheter or feeding tube (6 or 7 French), 2% lidocaine, sterile saline, ster-
ile swab, transport media (Portacul, Bectin-Dickinson Microbiology Systems, Franklin Lakes,
NI), syringes, needles, and microscope slides.

33. How is transoral TTW performed?

1. Intravenous administration of 10-30 mg of ketamine (100 mg/ml) and an equal volume
of diazepam (5 mg/ml) generally provides enough sedation to intubate the animal successfully
but not to ablate the cough response.

2. After administration of ketamine and diazepam, place 1 drop of 2% lidocaine on each
arytenoid.

3. Place the cat in sternal recumbency, and intubate with a sterile 3.5 tracheal tube, taking
care to avoid contact with the oral cavity.

4. The carina is located approximately at the point where the elbow crosses the midtho-
racic region. Measure from this point up the trachea to estimate how far to insert the TTW
catheter.

5. After intubation and placement of the sterile catheter, instill 2-3 ml sterile saline. As
you are injecting, encourage the cat to cough by tracheal manipulation or thoracic compression.

6. After injection of saline, immediately aspirate with the sterile collection syringe.
Recovered saline should contain respiratory secretions that are easily visualized as flocculent
material.

7. The tracheal washing can be repeated up to 3—4 times until an adequate sample is ob-
tained; 0.5-1.0 ml provides sufficient fluid for most analyses.

8. The washing can be performed in right or left lateral recumbency; if a unilateral lesion is
present, place the diseased side down.

9. After collection of respiratory secretions, place a sterile swab into the fluid; then place the
swab into the Portacul for aerobic culture, mycoplasmal culture, and antibiotic susceptibility testing.

10. The remainder of the respiratory secretions can be used for cytologic evaluation. Direct
smears and cytospins are generally performed. Examine for infectious agents, including intracel-
lular bacteria, white blood cells, and neoplastic cells.

11. Administer 100% oxygen through the tracheal tube while in sternal recumbency until
ready to be extubated.

34. What are the most common abnormalities noted on cytology of airway washings in cats?

The presence of eosinophils is consistent with asthma, parasitism, and granulomatous dis-
ease. Neutrophils and macrophages are commonly increased with bacterial disease, and intracel-
lular bacteria may be present, indicating bacterial infection. Bacteria can be found in airway
washings from healthy cats because they are commonly present at the carina. The presence of a
positive bacterial culture with no evidence of neutrophils on cytologic examination is difficult to
interpret. Parasitic larvae are commonly identified by TTW. Neoplastic cells are sometimes re-
trieved, and pulmonary involvement of lymphoma can be documented. Fungal elements can be
found in some cases.

35. When is transthoracic aspiration biopsy indicated?

Primary indications for transthoracic aspiration biopsy are interstitial (including masses) or
alveolar diseases that were not diagnosed by cytology of transoral washings. This technique is
more dangerous than TTW because of the increased risk for development of pneumothorax or
hemothorax, particularly in cats with severe cough or dyspnea.
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36. What materials are required for transthoracic aspiration biopsy?
Twenty-two—gauge spinal needles, 2% lidocaine, clipper blades, surgical preparation solu-
tions, sterile saline, culturette, transport media, syringes, needles, and microscope slides.

37. How is transthoracic aspiration biopsy performed?
1. Use the thoracic radiographs or ultrasound to identify the area to be aspirated.
2. Entry through the seventh, eighth, or ninth intercostal space is preferred to avoid great
vessels, large airways, and the liver.
3. Choose a spinal needle of appropriate length.
4, Clip a 3 x 3-cm area over the entry site, and perform a surgical preparation,
5. Administer 0.25-0.5 ml of 2% lidocaine subcutaneously over the entry site.
6. Position the spinal needle so that the entry avoids the periosteum (pain) and caudal area
of the ribs (vessels).
7. Pass the needle on a single plane to the depth calculated for the aspiration.
8. Remove the stylet, place a sterile syringe, and aspirate. It is generally safe to advance
the needle inward on a single plane, but do not move laterally.
9. Remove the needle from the animal.
10. Place a small amount of the aspirated material on a sterile swab and place in a Portacul;
make thin smears with remainder of the aspirate.
11. Request aerobic, anaerobic, and mycoplasmal culture as well as antibiotic susceptibility
testing from the Portacul and routine cytologic assessment of the thin smears.
12. If a poor yield is obtained, the aspirate can be repeated with injection of 0.5 ml of sterile
saline before aspiration to mobilize respiratory cells and secretions.

38. When is transthoracic biopsy indicated?

Transthoracic biopsies are reserved for cases with nodular to tumorous interstitial lung dis-
ease for which airway washing and transthoracic aspiration fails to give a diagnosis. A primary
indication is to differentiate granulomatous disease from neoplasia. Sedation or anesthesia is re-
quired. Biopsies are generally obtained by passing a small biopsy forceps (Biopty, CR Bard,
Covington, GA) through the intercostal space into the mass. Primary disadvantages include
hemothorax and pneumothorax. The procedure is performed as described for transthoracic aspi-
ration. Ultrasound, fluoroscopy, or thoracoscopy should be used to help guide the biopsy instru-
ment, if available. For solitary masses, surgical excision is often recommended for diagnosis and
potential cure.

39, When should ultrasound be used in the work-up of coughing or dyspneic cats?

Echocardiography is a valuable aid for the diagnosis of cardiac diseases such as cardiomyopathy
or pericardial effusion that may result in dyspnea. Dirofiliaria immitis can be seen in the main pul-
monary artery of many infected cats by ultrasound (see Chapter 10). Ultrasound can be used to iden-
tify diaphragmatic hernia or diaphragmatic-pericardial hernia. Transthoracic biopsy can be guided
by ulirasound. Ultrasonic evaluation of the mediastinum can be used to document mass lesions.
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9. SMALL AIRWAY DISEASE

Elisa M. Mazzaferro, M.S., D.V.M.

1. What is feline asthma?
Feline asthma is a syndrome characterized by acute bronchoconstriction leading to cough
and/or respiratory distress. Clinical signs may require immediate therapy or may resolve without
treatment. The exact cause of asthma in cats has not been determined.

2. How does feline asthma differ from chronic bronchitis?

Chronic bronchitis is a condition in which other causes of cough, such as pneumonia,
heartworm infestation, bronchopulmonary neoplasia, and langworm infection, have been ruled
out. Cats with chronic bronchitis typically cough on a daily basis for at least 2 months of the year.
The cough associated with chronic bronchitis is usually refractory to bronchodilator therapy.
Asthma is a disorder characterized by acute bronchoconstriction that causes signs ranging from
intermittent coughing to life-threatening respiratory distress. The cat with asthma commonly has
asymptomatic periods between episodes of respiratory signs. Usually the signs associated with
asthma in the cat are exquisitely responsive to bronchodilator therapy.

3. What unique features of the feline pulmonary system predispose to asthma?

The feline pulmonary system is unique in that airway smooth muscle can be found distally
as far as the alveolar duct. In addition, the ratio of airway smooth muscle to bronchial wall thick-
ness is greater in cats than in other examined species. Feline bronchioles are abundant in goblet
cells, and inflammatory stimulation results in mucus accumulation. Cilia extend to just beyond
the level of mucus-producing structures.

4. Are certain breeds of cats predisposed to developing asthma?
Feline asthma has been documented in cats of all breeds and ages. The Siamese cat, how-
ever, may have an increased incidence of bronchial disease compared with the general cat popu-
lation, suggesting a genetic predisposition.

5. What predisposing factors may contribute to development of chronic lower airway dis-
ease in cats?
» Congenital abnormalities in structure and function of airway cilia
* Parasitic infestation of the tracheobronchial tree
* Mycoplasmal infection
* Viral or bacterial infection
* Exposure to noxious substances or inhaled irritants
* Immune-mediated or allergic phenomena
* Airway hyperreactivity

6. What are the most common presenting complaints in cats with asthma?
Mild-to-moderate cough, wheezing, open-mouthed breathing, exercise intolerance or lethargy,
or acute respiratory distress.

7. What is the pathogenesis of clinical signs in cats with asthma or bronchial disease?
Inflammation probably plays a key role in feline small airway disease. Mast cell degranula-
tion and eosinophil-lymphocyte interactions result in the release of mediators and cationic pro-
teins that affect the epithelium and smooth muscle. The respiratory epithelium responds to
irritating or inflammatory stimuli by hypertrophy, metaplastic change, and erosion or ulceration.
The underlying smooth muscle layer also becomes hyperplastic, and in some cats airway hyper-
reactivity is present. Such changes cause a reduction in the size of the airway lumen, and small
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changes in airway diameter cause tremendous increases in airway resistance. Increased airway
resistance and inflammatory airway disease lead to clinical signs.

8. What are the mediators of bronchoconstriction in cats?

Studies in experimentally induced feline airway disease suggest that serotonin release from mast
cells causes smooth muscle contraction in vitro. This response may result in bronchoconstriction and
respiratory distress in cats with asthma. Stimulation of histamine receptors commonly causes bron-
choconstriction in dogs and humans; however, cats have different histamine receptors within the air-
ways. Activation of histamine receptors in cats may have no effect, cause bronchoconstriction, or
result in bronchodilation. The role of leukotrienes in airway constriction in cats is unclear.

9. What physical examination findings are associated with asthma in cats?

Physical examination in cats with acute respiratory distress can be dangerous because han-
dling can easily exacerbate dyspnea. Physical examination findings range from a normal respira-
tory pattern at rest to severe expiratory dyspnea. Tachypnea, adventitious lung sounds, increased
tracheal sensitivity, and crackles or wheezes on auscultation are often present. Marked expiratory
difficulty with an expiratory push may be apparent in severe cases. Some cats may develop a
barrel-shaped appearance to the thorax or show decreased thoracic compressibility.

10. What are the most appropriate emergency treatments for cats with asthma?

Emergency therapy for cats presenting with respiratory distress includes administration of
oxygen and use of minimal restraint or manipulation. Small changes in airway diameter with
bronchodilating agents can cause rapid and marked improvement in the clinical signs of dyspnea
associated with a feline asthmatic crisis. In addition to oxygen, bronchodilator therapy with sub-
cutaneous terbutaline (0.01 mg/kg) or intramuscular aminophylline (4 mg/kg) can be used.
Nebulization of terbutaline (0.01 mg/kg in detonized water) in a small oxygen cage also may be
beneficial. If respiratory distress persists after 5-10 minutes of observation, rapidly acting gluco-
corticoids are administered to decrease airway inflammation. When the patient’s respiratory pat-
tern is more stable, diagnostic tests such as bloodwork and radiographs can be performed.

Emergency and Long-term Therapy for Feline Asthma

EMERGENCY
DRUG DOSE OR LONG-TERM MECHANISM
Antibiotics
Chloramphenicol 12.5-20mg/kg PO every 12 Long-term Antibiotic
hr (24 wk)
Doxycycline S mg/kg PO every 12-24 Long-term Antibiotic and anti-inflamma-
hr (24 wk) tory
Enrofloxacin 5 mg/kg PO every 24 hr Long-term Antibiotic
(24 wk)
Bronchodilaters
Aminophylline 4 mg/kg IM Emergency  Phosphodiesterase inhibitor;
5 mg/kg PO every 8-12hr  Long-term increased or decreased his-
tamine release, decreased
release of slow-acting
subtance of anaphylaxis,
pulmonary smooth muscle
relaxation
Terbutaline 0.01 mg/kg SC Emergency  Beta agonist, smooth muscle
0.625 mg PO every 12 hr Long-term relaxation
Theophylline 50100 mg/cat PO every Long-term As for aminophylline
24 hr
Epinephrine 20 mg/kg SC, IV, IM, or Emergency Beta agonist, smooth muscle
IT relaxation

Table continued on following page
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Emergency and Long-term Therapy for Feline Asthma (Continued)

EMERGENCY
DRUG DOSE OR LONG-TERM MECHANISM
Glucocorticoids
Dexamethasone SP 1-2 mg/kg SC, IV, IM Emergency  Anti-inflammatory, decreases
eosinophil chemotaxis and
adherence, decreases cyto-
kine production
Dexamethasone 0.25 mg/kg PO every 8-24  Long-term As for dexamethasone SP
hr; then taper to every 48
hr for 1-2 mo
Prednisolone 1 mg/kg PO every 12 hrfor  Long-term As for dexamethasone SP
10-14 days; then taper to
2.5 mg/kg every 48 hr
Prednisone sodium  50-100 mg/cat [V Emergency  As for dexamethasone SP
succinate 0.1-0.625 mg/kg PO every  Long-term
12 hr
Triamcinolone 0.11 mg/kg PO every 12-24 Long-term As for dexamethasone SP
hr, then taper; or
0.11 mg/kg SQ and repeat
in 7-14 days if necessary
Others

Cyclosporine-A 10 mg/kg PO every 12 hr  Long-term Decreases activtated T-lympho-
cyte function

Cyproheptadine 2 mg/cat PO every 12 hr Long-term Serotonin antagonist, decreases
smooth muscle contraction,
may cause bronchodilation

Zafirkulase 5 mg PO every 12 hr Long-term Leukotriene D4 and E4 antag-
onist

PO = orally, IM = intramuscularly, SC = subcutaneously, IT = intratracheally, IV = intravenously.

11. What diagnostic tests should be performed in cats with asthma?
* Complete blood cell count
* Serum biochemistry profile
* Thoracic radiographs
* Occult heartworm test in endemic areas
* Fecal flotation and Bacrman examination for parasite ova and larvae (see Chapter 11)
* Airway sampling for cytology and culture (see Chapter 8)

12. What are the radiographic signs of feline asthma?
* Bronchial markings with “doughnuts” and “tram lines” (see figure on following page)
* Hyperlucent lung areas
« Flattening and caudal displacement of the diaphragm
* Air trapping and hyperinflation
* Right middle lung lobe atelectasis with mediastinal shift to the right

13. Define bronchiectasis.

Bronchiectasis is the irreversible dilation of bronchi due to destruction of the airway wall
from inflammation. Occasionally, these airway changes may be visible on radiographs. Bronchi-
ectasis may be secondary to chronic bronchitis in cats.

14. What changes may be observed in airway fluid from cats with asthma?
Cats with airway disease have increased numbers of inflammatory cells in airway fluid, and
the number of cells in bronchial fluid appears to correlate with the severity of clinical disease.
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A and B, Thoracic radiographs from a cat with bronchial and inter-
stitial lung disease consistent with asthma.

Eosinophils may predominate in some patients with asthma or bronchitis, but a large number of
eosinophils (up to 25% of cells) may be present in airways of normal cats. Therefore, the pres-
ence of eosinophils supports a diagnosis of asthma or bronchitis but does not necessarily prove
that the disease is present. In many studies, nondegenerate neutrophils were the predominant cell
type found in airway cytology from cats with a clinical diagnosis of bronchial disease or asthma.

15. Are infectious agents involved in feline small airway disease?

Flavobacterium, Bordetella bronchiseptica, Streptococcus spp., Acinetobacter spp., Entero-
bacter spp., and lesser numbers of Pseudomonas spp., and Klebsiella spp. have been isolated from
bronchial cultures of healthy cats. Bacteria also have been isolated from 25-42% of cats with
bronchial disease, making it difficult to interpret positive bacterial culture results. Mycoplasma spp.
have been cultured from the airways of approximately 25% of cats diagnosed with feline asthma
but have not been cultured from the airways of heaithy cats. Therefore, positive mycoplasmal cul-
tures from airway fluid may indicate involvement of Mycoplasma spp. in clinical disease. Some
cats with bronchopulmonary disease have clinical signs suggestive of upper respiratory tract infec-
tion, but the role of viruses in feline airway disease is unknown. Viral culture is often unrewarding.

16. How can infection with Mycoplasma spp. contribute to clinical signs in cats with small
airway disease?

Experimental investigations in some species indicate that Mycoplasma spp. can degrade a
neutral endopeptidase enzyme that breaks down substance P. Accumulation of substance P in the
airways can cause smooth muscle constriction and edema. Thus, in some cats, doxycycline trea-
ment can be beneficial both for its antimycoplasmal effects and for decreasing inflammation.

17. What are the differential diagnoses in cats with acute respiratory distress (see Chapter 8)?
» Lower airway disease
» Congestive heart failure/pulmonary edema
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* Pleural space disease (pleural effusion, pneumothorax, mediastinal masses)
* Pain

* Fear

* Pneumonia

* Anemia

* Methemoglobinemia (e.g., secondary to acetaminophen toxicity)

* Trauma (flail chest, pneumothorax, hemothorax, diaphragmatic hernia)

» Smoke inhalation

» Carbon monoxide intoxication

18. What is the mainstay of long-term therapy for cats with asthma or bronchial disease?

Long-term therapy (see table in question 10) is directed at suppressing inflammation with
sustained administration of glucocorticoids. Most commonly, prednisolone is administered at |
mg/kg orally every 12 hours for 10-14 days. The dose then is tapered gradually to 2.5 mg/kg
orally every 48 hours. The primary benefit of glucocorticoid therapy is inhibition of phospholi-
pase A,, that is necessary for metabolism of arachidonic acid to prostaglandins, leukotrienes and
platelet-activating factor. Glucocorticoids also can minimize airway inflammation by decreasing
eosinophil chemotaxis and epithelial adherence. Some cats that fail to respond to prednisolone
respond to dexamethasone or triamcinolone.

19. When is bronchodilator therapy useful?

In cats with reversible airway constriction, bronchodilator therapy may be added. Terbutaline
(0.625 mg orally every 12 hr) and extended-action theophylline (Theodur, Key Schering-Plough
Corporation, Kenilwirth, NJ; Slo-bid gyrocaps, Rhone Poulenc Rorer, King of Prussia, PA) ad-
ministered orally at 50-100 mg once daily in the evening are used most frequently. In addition,
there are anecdotal reports of some cats tolerating nebulization with terbutaline or aminophyiline
diluted in deionized water as a nightly treatment.

20. What other options are available?

In cats that are intolerant of glucocorticoids or have an inadequate response to glucocorti-
coids and bronchodilators, a trial of the antiserotonin drug cyproheptadine (2 mg orally every
12 hr) is recommended. In addition, adjunctive use of serotonin antagonist drugs with glucocorti-
coids may be useful for long-term therapy. Cyclosporine-A decreases activated T-lymphocyte
function and, in experimentally induced feline airway disease, histologic alterations that may be
responsible for signs of chronic airway disease. Therapy may prove beneficial in selected cases
of severe feline bronchial disease. Trough cyclosporine levels should be 500-1000 ng/ml. Anti-
interleukin-5 antibody treatment has been effective in alleviating clinical signs of bronchocon-
striction in cats with experimentally induced asthma. Fish oil supplementation, with high
omega-3 fatty acid concentrations, can decrease the amount of arachidonic acid available for
leukotriene release and may be beneficial in long-term therapy. Finally, there are anecdotal re-
ports of success with the antileukotriene zafirlukast (Accolate, Merck & Co., West Point, PA)
for treating cats with lower airway disease.

21. What effects do beta, agonists have on airways?
» Inhibition of cholinergic neurotransmission
* Stabilization of mast cell membranes with inhibition of mast cell mediator release
* Decreased vascular permeability
* Increased mucociliary clearance

22. Are antibiotics beneficial in the treatment of feline asthma?

If a bacterium is grown in pure culture or if Mycoplasma spp. are isolated, antibiotic therapy
should be instituted for a minimum of 3 weeks. Routine use of antibiotics in feline asthma, how-
ever, is controversial. Various bacterial species have been cultured from airways of healthy cats,
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and tracheobronchial cultures are often negative in cats with airway disease. Most cultured bacte-
ria probably represent colonization secondary to chronic airway inflammation rather than pri-
mary infections. The exception is Mycoplasma spp., which may be a primary pathogen, causing
structural damage to the airway epithelium. The use of doxycycline, enrofloxacin, or chloram-
phenicol is indicated when Mycoplasma spp. are cultured (see table in question 10).

23. Why is N-acetylcysteine contraindicated in the treatment of acute feline bronchocon-
striction?

N-acetylcysteine (Mucomyst, Apothecon, Inc., Princeton, NJ) is a mucolytic agent that
breaks disulfide bonds in proteins present in airway secretions, thereby decreasing the viscocity
of airway mucus. However, aerosol therapy with N-acetylcysteine can promote bronchoconstric-
tion by irritating the airway epithelium.

24. What other drugs are contraindicated in the treatment of feline asthma?

Beta-adrenergic blocking drugs, such as propranolol, are contraindicated because decreasing
adrenergic tone may aggrevate bronchoconstriction and worsen respiratory difficulty. Sedatives
that suppress respiration can exacerbate hypoventilation and hypoxemia. Atropine, as a single in-
jection, may temporarily relieve bronchospasm, but long-term use is contraindicated because it
increases viscocity of airway mucus. Similarly, inappropriate diuretic therapy can dry respiratory
secretions and decrease mucociliary clearance. Because histamine may be beneficial in cats with
asthma by causing bronchodilation, the use of antihistamines may be contraindicated or not
useful in cats with airway disease.

25. What is the long-term prognosis for cats with asthma?

Most cats with asthma experience additional acute episodes. Clients should be instructed
that immediate veterinary attention is necessary as soon as clinical signs develop. In addition,
avoidance of noxious gases, particulate matter (such as aerosol sprays or carpet powders), and
smoke can avoid or delay recurrence. Bronchiectasis may be a long-term sequela of feline lower
airway disease. With time, respiratory function can become severely compromised to such an
extent that humane euthanasia is warranted.
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10. DIROFILARIASIS
Jeff D. Bay, D.V.M.

1. What causes dirofilariasis?
Dirofilaria immitis, a nematode parasite transmitted by mosquitoes, is the causative agent in
both dogs and cats,

2. How does dirofilariasis differ in cats and dogs?

+ Cats are more resistant hosts than dogs and are less easily infected.

« Cats usually are infected with fewer worms (usually 6 or less and commonly [ or 2) be-
cause of a more aggressive immunologic response.

» The heartworm life span in cats is only about 2-3 years compared with 5-7 years in dogs.

* Caval syndrome (dirofilarial hemoglobinuria) is rare in cats because of the low worm
burden.

« Cats more often exhibit signs associated with aberrant migration of heartworms.

3. What is the prevalence of D. immitis infection in cats?

Feline heartworm disease (FHD) has been found practically everywhere in the world that it is
seen in dogs, but its incidence is generally lower. A recent survey analyzed the prevalence of posi-
tive heartworm antibody tests in subclinically infected cats from endemic and nonendemic areas of
the United States. This survey suggests regional differences in prevalence, with rates ranging from
4-33%. Of the cats that were antibody-positive, 3% were also positive for heartworm antigen.
However, correlation of antibody and antigen detection test results have varied among studies.

4. Which cats are susceptible to D, immitis infection?
Cats may be infected at any age. In some natural and experimental infections, male cats were
infected more frequently and more heavily. Indoor cats may be at lower risk for encountering in-
fected mosquitoes, but approximately one-third of cats with FHD live totaily indoors.

5. Describe the life cycle of D. immitis in cats.

Cats are infected by D. immitis when an infected mosquito injects stage L, larvae during
feeding. The larvae develop through an L, stage to adult worms (Ls), which usually arrive in the
pulmonary arteries at approximately 5-6 months after infection. An antibody response is
mounted against migrating larvae, and positive titers may be detected 3 months after infection. If
at least one adult male and one adult female worm are present, microfilaria (L, larvae) can be
found between 6 and 8 months after infection, but it appears that occult infections are common in
cats because their immunologic response rids the body of microfilaria. Thus, it is unlikely that
cats serve as a source of L, larvae to infect mosquitoes. For undetermined reasons, aberrant mi-
gration of heartworm occurs more commonly in cats than in dogs.

6. Are microfilaria prevalent in cats with FHD?

Cats with FHD are rarely microfilaria-positive. The period in which infected cats demon-
strate microfilaremia is small (approximately 1 month, between 195 and 228 days after infec-
tion). In addition, feline heartworm infection is typified by a low worm burden or infection with
immature worms, thus limiting the number of microfilaria produced. However, heartworm is the
only filarial disease in cats. Therefore, if microfilaria are detected, the diagnosis is confirmed.

7. What are the clinical signs of FHD?
The most common clinical signs involve the respiratory tract; cough, dyspnea, and tachypnea
are common. Vomiting is also common, either alone or in combination with respiratory signs in
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some cats. Central nervous system signs (e.g., blindness, seizures), probably due to aberrant
worm migration, can be appreciated in rare cases. Sudden death may occur without prior signs
apparent to the owner. A small percentage of infected cats exhibit no clinical signs, apparently
because the infection is cleared before worm maturation or the cat outlives the worm’s life span
with inapparent infection.

8. How is FHD diagnosed?

Diagnosing FHD can be difficult. In many cases, the tentative diagnosis is based on a variety
of suggestive findings rather than a single definitive test. Detection of D. immitis microfilaria in
blood confirms the diagnosis of FHD (high specificity) but has poor sensitivity. When concentra-
tion methods such as the modified Knott or filter tests are used, a larger volume of blood (3 ml)
should be used than the amount recommended for dogs (1 ml).

9. What routine laboratory abnormalities may be seen in FHD?

Peripheral eosinophilia and basophilia should increase suspicion of D. immitis infection, but
these findings are not specific because they can be caused by any internal or external parasitic
disease or hypersensitivity reaction. Polyclonal gammopathy and proteinuria also occur in some
cats but are not specific for FHD.

10. Discuss the role of serologic tests in the diagnosis of FHD.

Positive test results for serum host antibody (i.e., feline heartworm antibody titers) against
D. immitis antigens generally become positive 90 days after infection. These titers are highly sen-
sitive but not specific for FHD because antibodies can develop against larvae that never become
adult heartworms. In addition, antibodies may persist in cats that were exposed to D. immitis but
are not currently infected. Serologic tests detecting female heartworm antigen (i.e., occult heart-
worm tests) are nearly 100% specific, but their sensitivity is lower because of parasite immaturity
at the time of the test or because too few female worms infected the cat. When FHD is suspected,
antibody serology can be used as a screening test; a positive antigen test confirms infection.
However, antibody tests can be negative in cats with FHD. For example, in one study of 25 anti-
gen-positive cats, only 4 or 5 cats were positive for antibody when tested with two different com-
mercially available kits. In addition, a negative antigen test result does not rule out active disease.
Thus, serum tests should not be used alone to make the diagnosis of FHD.

11. What signs of FHD may be seen on thoracic radiographs?

Thoracic radiographs of cats with FHD commonly show enlarged caudal lobar arteries, with
the artery > 1.6 times the width of the ninth rib. This finding is generally evident 6-7 months
after infection. A diffuse bronchointerstitial pattern may be seen, but radiographic abnormalities
can be transient. Radiographic changes in the cardiac silhouette are rarely seen in cats infected
with FHD. Uncommon findings include pleural effusion and lung lobe collapse. Thoracic radi-
ographs are also valuable for assessing the severity of disease and monitoring its progression or
regression over time. (See figure on following page.)

12. Is echecardiography helpful in diagnosing FHD?

Sometimes. Echocardiography is a highly specific test if heartworms are seen in the right
heart. D. immitis typically appear as multiple, parallel, double-linear, hyperechoic objects in the
right ventricle or main pulmonary artery segment. However, because the organism commonly re-
sides in the pulmonary arteries, it may not be visualized by echocardiography.

13. Discuss the role of airway washing procedures in the diagnosis of FHD.

Because other diffuse pulmonary diseases (e.g., asthma, lungworm infection, neoplasia) are
typically on the differential list in a cat with FHD, transtracheal washes or bronchoalveolar lavages
are commonly performed. Airway wash cytology may reveal a preponderance of eosinophils 4-7
months after infection with D. immitis; however, airway eosinophilia is not specific for heartworm
infection. In addition, the absence of eosinophils does not preclude heartworm infection.
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Thoracic radiographs consistent with dirofilariasis in cats. Note
the enlarged pulmonary arteries in the VD view (B). (Courtesy of
Dr. Jan Bright, Colorado State University.)

14. Can FHD be diagnosed at necropsy?

Unfortunately, some cats with FHD are diagnosed via necropsy, especially those that die
suddenly. Look for intact or fragmented worms in the heart, pulmonary arteries, systemic veins,
and central nervous system (if neurologic symptoms were present). However, some cats that die
from sequelae of FHD may have cleared the infection; in such cases, worms are absent.

15. How is FHD treated?

Supportive care for secondary respiratory tract inflammation is most important; use of adul-
ticide treatment is controversial. Acutely ill cats should be stabilized with appropriate supportive
care such as supplemental oxygen, parenteral fluids, bronchodilators, and glucocorticoids.
Glucocorticoids decrease reaction to the worms in the pulmonary arteries and thus reduce clini-
cal signs. They can be used over the long term in cats with mild-to-moderate symptoms while
waiting for adult worms to die (up to 2-3 years). This approach usually decreases pulmonary ar-
teritis caused by the chronic presence of worms, but acute thromboembolic complications caused
by death of worms are still possible. Supportive treatment protocols are similar to those for
asthma and chronic bronchitis (see Chapter 9).

16. Should adulticide treatment be considered?

Thiacetarsamide was found to be effective in cats with FHD, but its use does not increase
survival rates over the use of glucocorticoids alone, and death has resulted from its administra-
tion in some cats. Thiacetarsamide usually is reserved for stable cats that continue to manifest
clinical signs despite glucocorticoid treatment. The dose is 2.2 mg/kg intravenously twice daily
for 2 days. Cage confinement and close observation are recommended for 3—4 weeks because
pulmonary thromboembolic complications can be expected in about one-third of treated cats.
Aspirin should not be used in cats with FHD.

The safety and efficacy of melarsamine have not been firmly established in cats; therefore,
its use cannot be recommended. One study found that a single intramuscular dose of 2.5 mg/kg
reduced worm burdens by only 30%.
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17. When should surgical removal of adult worms be considered?

In cats with caval syndrome, surgical removal may be considered if adult worms are visual-
ized echocardiographically in the right side of the heart. However, success rates are largely unde-
termined because of limited information.

18. What preventive measures can be used against heartworms in cats?

Monthly ivermectin at an oral dose of 24 pg/kg is highly effective in preventing heartworm
infection in cats. Milbemycin is effective at the canine preventive dose (0.5-0.99 mg/kg/month
orally) but has not been labeled for use in cats. Selamectin, a monthly topical heartworm preven-
tive labeled for cats, is an alternative for cats that refuse oral preventive medications. Because
even indoor cats are at risk in endemic areas, preventive drugs should be considered for them as
well as for cats who live predominantly outdoors. Depending on the product, heartworm preven-
tives have the added benefit of aiding in the control of other helminth parasites.
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11. RESPIRATORY PARASITES
Elizabeth |. Colleran, D.V.M., M.S.

1. What are the most common primary lung parasites?

Paragonimus kellicotti is a trematode in the family Troglotrematids, all of which are lung par-
asites. This lung fluke causes pulmonary disease in the states surrounding the Great Lakes and in
the Midwestern and Southern United States. P. westermani is more common on the West Coast.

Aelurostrongylus abstrusus is a nematode in the family Angiostrongylidae. This small lung-
worm is distributed throughout the United States and is considered the most common respira-
tory parasite.

Capillaria aerophila is a small worm in the superfamily Trichuroidea that contains several
common parasites of domestic animals including C. trichuris, the whipworm found in dogs and
rarely in cats. Capillaria spp. may cause mild cough in cats, but infection is usually subclinical.

2. What are the most common migratory respiratory parasites?
Toxocara cati and Strongyloides stercoralis migrate through the lungs of cats after primary
infection (see Chapter 19). Tissue migration leads to eosinophilic inflammation and cough in some
cats. Infection and visceral larva migrans resulting in cough may be more common in kittens.

3. What are the common polysystemic respiratory parasites?
Toxoplasma gondii and Dirofilaria immitis (see Chapter 10).

4. How are cats infected by Paragonimus spp.?

Paragonimus spp. eggs from a host are passed in feces about 6 weeks after infection. If the
eggs reach water, the miracidia stage develops and hatches in about 2 weeks. These organisms
enter the snail Pomatiopsis lapidaria. Several stages of development take place until the organ-
ism becomes a cercaria. The cercariae leave the snail and encyst in crayfish as metacercariae.
Cats that hunt near water containing crayfish may ingest the encysted cercariae with the crayfish
or consume paratenic hosts that have recently eaten crayfish. The flukes “excyst” from the in-
testines, migrate through the diaphragm, and encyst in lung parenchyma. The adults and eggs
that become trapped in alveoli and airways result in lung pathology.

5. What are the clinical signs of Paragonimus spp. infection?

The primary sign of Paragonimus spp. infection is chronic cough. Clinical signs are associ-
ated with the inflammatory reaction to the parasite, secondary bacterial infection, or cyst rupture.
Lung sounds are often normal, but crackles and wheezes can be auscultated when inflammatory
disease is present and may be confused with feline bronchitis. Acute respiratory distress occurs
when encysted organisms rupture, causing pneumothorax.

6. How is Paragonimus spp. infection diagnosed?

Thoracic radiographic abnormalities include well-defined cystic lesions approximately 1 cm
in diameter and pneumothorax may be present if a cyst ruptures. A nodular, interstitial pattern
may result from diffuse inflammation. Definitive diagnosis is made by identification of eggs
either in tracheal washings or feces after fecal sedimentation. Fecal sedimentation can be done by
an outside laboratory or by the following procedure:

1. Mix 5 gm of feces in 200 ml of water in a beaker.

2. Pour the mixture through a tea strainer, and discard the material in the strainer.

3. Afier 10 minutes, decant approximately 70% of the supernatant, and refill the beaker with
fresh water.

4. Repeat step 3 3-5 times until the supernatant is clear.
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5. Pour off 90% of the supernatant, and pour the sediment into a petri dish.
6. Examine the sediment under a dissecting microscope (20~30 x) or scanning objective (4
x) of the microscope (total magnification = 40 x) for large, single-operculated eggs.

7. Which cats are meost at risk for A. abstrusus infection?
The life cycle of A. abstrusus requires a mollusk (slug or snail) as an intermediate host and a
small mammal or bird as a transport host. Thus, cats that hunt in areas with sufficient moisture
for slugs and snails to thrive are at risk.

8. What are the clinical signs of A. abstrusus infection?

Clinical signs are related to parasite burden. Larvae in feces are an incidental finding in some
subclinically infected cats. Clinical signs range from mild cough to respiratory distress and even
death. Crackles and wheezes may be auscultated, mimicking feline bronchitis. Occasionally, sec-
ondary bacterial pneumonia can complicate the diagnosis.

9. Describe the radiographic appearance of A. abstrusus infection.
On thoracic radiographs, poorly defined nodular densities are observed, particularly in
caudal lung fields. These densities are deposits of egg “nests” in the lung parenchyma. Bronchial
and diffuse interstitial patterns are also common.

A and B, Thoracic radiographs from a cat with Aeluro-
strongylus abstrusus infection.

10. How is A. abstrusus infection diagnosed?

Diagnosis is made by identifying the parasite in feces or airway washings. Eggs hatch into
first-stage larvae while in the lungs. The larvae are then coughed up and swallowed and appear in
the cat’s feces 5-6 weeks after infection. First-stage larvae can be recovered in tracheal wash sam-
ples or by Baermann examination of feces. This test requires a Baermann apparatus, which con-
sists of a ring stand and ring holder and a glass funnel covered by a wire net or cheesecloth with a
piece of rubber tubing on the end. Approximately 3-5 gm of fresh feces are placed on the cheese-
cloth or wire mesh immediately above the water filied funnel. Over several hours, larvae migrate
out of the feces into the fluid and sink to the bottom of a funnel for collection and identification.

Zinc sulfate fecal flotation also can be diagnostic (see Chapter 19). The author has found this
technique useful for the diagnosis of A. abstrusus larvae in clinically ill cats. The larvae are dis-
tinguished from other parasitic infections by the spines on their tails.
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Cytologic evaluation of airway washings often demonstrate eosinophilic inflammation sug-
gestive of parasitism, but larvae may or may not be identified.

11. What is the life-cycle of C. aerophila? How is infection diagnosed?

The life cycle of C. aerophila is unclear but probably involves an earthworm host or ingestion
of eggs from the soil. C. aerophila infects the trachea and large bronchi of cats. Eggs are coughed
up, swallowed, and passed in the feces. Occasionally, clinical signs of cough or wheeze are pre-
sent, but most infected cats are subclinical. Diagnosis is made by identification of eggs in tracheal
wash fluid or in feces after fecal flotation (see Chapter 19). The eggs of C. aerophila are morpho-
logically similar to the double-operculated egg of Trichuris vulpis but are slightly smaller.

12. How are the primary lung parasites treated?
If clinical signs of disease worsen during treatment, prednisolone at 2 mg/kg orally every 12
hour may be needed to lessen eosinophilic inflammation.

13. What are the clinical signs of the migratory parasites?

Toxocara cati and S. stercoralis infections of cats may be subclinical. Alternately, gastroin-
testinal signs may occur, including vomiting and diarrhea. Infected kittens may be unthrifty. Mild
cough can occur in some kittens and adult cats.

14. How are the migratory parasites diagnosed and treated?

Fecal flotation reveals the ova of T. cati, and the Baermann technique can be used to demon-
strate larvae of S. stercoralis. Although drugs such as pyrantel pamoate and fenbendazole (see
Chapter 19) can clear the intestinal tract, it is unknown whether migrating tissue stages can be
treated successfully.

15. Does Toxoplasma gondii infection cause respiratory disease?

Cats are the definitive host for Toxoplasma gondii, and virtually all other warm-blooded an-
imals are intermediate hosts (see Chapters 19 and 84). After primary infection of the host, 7.
gondii replicates in most body tissues, including the lungs. In most immunocompetent hosts, pri-
mary infection results in minimal-to-no clinical signs. Thus, T. gondii is rarely diagnosed clini-
cally as a cause of respiratory disease in cats. In some infected cats, particularly young cats with
acute disease, coughing, dyspnea, and polypnea occur. Toxoplasmic pneumonia is most common
in transplacentally or neonatally infected kittens. Proliferative interstitial pneumonia was the
most consistent finding in a study of neonatally induced toxoplasmosis. Of 100 cats with histo-
logically confirmed, fatal toxoplasmosis, 26 had pulmonary lesions. Organisms were found in
76.7% of 86 lungs examined. Other clinical signs may include pyrexia (104-106°F,
40.0-41.1,C), anorexia, anterior uveitis, posterior uveitis, and abdominal discomfort.

16. How is toxoplasmosis diagnosed?

Antemortem diagnosis may be difficult. Thoracic radiographs reveal a patchy, diffuse infil-
trative pattern resembling bacterial or viral pneumonia. Hematologic findings are nonspecific.
Oocysts are small, intermittently shed, and easily overlooked in fecal preparations. Broncho-
alveolar lavage may or may not contain tachyzoites. Definitive diagnosis is made by a combina-
tion of the following:

* Serologic evidence of infection (IgG indicates exposure and IgM active disease)

* Clinical signs of toxoplasmosis

* Response to treatment

« Identification of organism histologically associated with inflammation

17. How is toxoplasmosis treated?

Because of the minimal number of cases of pulmonic toxoplasmosis, optimal treatment is
undetermined. Clindamycin HCI (Antirobe, Pharmacia and Upjohn Co., Kalamazoo, MI) at
12.5 mg/kg/day orally every 12 hours for a minimum of 4 weeks has been used most frequently
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for syndromes other than respiratory disease. Loose stool and emesis have been reported as po-
tential side effects in cats. Potentiated sulfas and azithromycin are effective alternative choices.
In general, pulmonic toxoplasmosis suggests overwhelming tissue replication and carries a
guarded-to-poor prognosis.
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12. PNEUMONIA
John E. Stein, D.V.M.

1. What is pneumonia?

Pneumonia refers to inflammation of the lung. It is generally due to infectious causes such as
bacteria, viruses, fungi, or parasites, but it also may result from a noninfectious cause such as as-
piration of material into the lower airways. The chemical inflammation induced by aspiration
often results in secondary bacterial pneumonia,

2. What historical findings suggest pneumonia in cats?

Pneumonia in cats may develop from a wide variety of causes. A thorough history provides
valuable clues to the underlying cause. Cats, and in particular Kittens, that have recently been
housed in stressful, multicat environments such as shelters are at increased risk of developing
bacterial pneumonia, In sick cats with a history of vomiting or a recent procedure requiring gen-
eral anesthesia, aspiration pneumonia should be considered. Hunting cats are at increased risk of
developing parasitic pneumonia and, during summer months in endemic areas, can encounter
pneumonic plague caused by Yersinia pestis (see Chapter 86). Although serologic tests by them-
selves do not prove immunodeficiency, the retroviral status of all sick cats should be known be-
cause coinfection with feline leukemia virus (FeLV) and/or feline immunodeficiency virus (FIV)
may predispose to infectious pneumonia.

3. What clinical signs of illness does pneumonia generally cause in cats?

The most common clinical signs are cough, which may be moist and productive, and dysp-
nea. Some cats demonstrate vague, nonspecific signs, including anorexia, lethargy, dehydration,
and weight loss. Some cats also have a nasal discharge and/or ocular abnormalities, depending on
the underlying cause of pneumonia. Aspiration pneumonia occurs most frequently in cats that
have a history of vomiting, regurgitation, or recent anesthetic event.
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4. What physical examination findings suggest pneumonia?

Fever, tachypnea or dyspnea, and weight loss arec common physical examination findings in cats
with pneumonia. In addition, thoracic auscultation may demonstrate the presence of increased bron-
chovesicular or adventitial sounds, such as “crackles,” that indicate fluid-filled alveoli. The presence
of submandibular lymphadenopathy in a hunting cat during summer months in plague endemic re-
gions should be cause for immediate quarantine until Y. pestis has been ruled out (see Chapter 86).
Generalized peripheral lymphadenopathy may be noted in cats with pulmonary mycoses. A fundic
examination may reveal evidence of uveitis or chorioretinitis with systemic infectious agents such as
Toxoplasma gondii or fungal agents, both of which can cause pneumonia in cats.

5. Which bacterial agents have been associated with pneumonia in cats?

Bacteria can enter and colonize the lower airways of cats via either the inhalation/aspiration or
hematogenous routes, and many possible agents can be involved. As with bacterial infection of the
upper respiratory tract, the resident population of bacteria in the oropharynx and trachea can over-
grow under certain circumstances and descend into the distal airways. Careful evaluation for an un-
derlying condition that may predispose the patient to bacterial pneumonia is always indicated.
Many bacteria, whether present as a primary or secondary infection, possess virulence factors that
further disrupt the normal mucociliary apparatus, interfere with local immunity, and/or damage res-
piratory epithelium. Among the more common bacterial agents found in feline bacterial pneumonia
are Pasteurella multocida, Moraxella spp., Klebsiella pneumoniae, Proteus spp., Pseudomonas
aeruginosa, Mycoplasma spp., and Bordetella bronchiseptica, in addition to the ubiquitous
Staphylococcus spp., Streptococcus spp., and Escherichia coli. These infections may represent
overgrowth of resident microflora, opportunistic invaders, or possibly primary pathogens arriving
either via the airway or hematogenously.

6. Which organisms may cause primary bacterial pneumonia in cats?

Although, in general, secondary bacterial pneumonia is more common in cats, the following
organisms are known to cause primary disease:

1. B. bronchiseptica has been shown to be a potential primary pathogen but appears to cause
severe pneumonia only in kittens less than 4-6 weeks of age, particularly those housed in over-
crowded, unsanitary conditions. Overall, B. bronchiseptica is commonly detected in healthy cats
and appears to be an unlikely cause of primary bacterial pneumonia in adult, household cats.

2. Mycoplasma spp. are not normally found in the lower airways of healthy cats and un-
doubtedly may be opportunistic invaders; however, their role as primary bacterial pathogens re-
mains somewhat controversial.

3. In the southwest portion of the United States, from late spring to early fall, pneumonic
plague caused by Y. pestis is an important and zoonotic differential for primary bacterial pneu-
monia in outdoor cats that hunt (see Chapter §86).

7. Discuss the role of canine distemper virus and Chlamydia psittaci in lower respiratory
tract disease.

The role of canine distemper virus and C. psittaci in lower respiratory tract disease was eval-
uated in a retrospective study (1987-1996) of 245 cases of feline pneumonia or conjunctivitis/
rhinitis. Patients were evaluated histologically and by immunohistochemical staining for both or-
ganisms, Neither organism could be demonstrated in the lungs of household cats, suggesting that
they are not involved with feline lower respiratory disease.

8. What other infectious agents may cause pneumonia in cats?
Viral, fungal, and parasitic pneumonia occur in some cats. Secondary bacterial infection may
result from colonization of the damaged airways after the primary infection.

9. What are the most common causes of viral pneumonia in cats?
Viral pneumonia has been noted with calicivirus and, less commonly, feline herpesvirus 1
(feline viral rhinotracheitis), aimost exclusively in kittens (see Chapter 3). Feline infectious
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peritonitis has been reported to resuit in pyogranulamatous pneumonia with patchy interstitial to
alveolar densities noted radiographically (see Chapter 38). Although not responsible for primary
viral pneumonia, both FeLV and FIV may result in decreased immune function in cats and in-
creased incidence of pneumonia due to infectious agents.

10. What causes mycotic pneumonia in cats?

Mycotic pneumonia is relatively rare in cats compared with dogs. The most common feline
fungal infection, Cryptococcus neoformans, typically results in rhinitis with possible ocular or cen-
tral nervous system manifestations rather than pneumonia (see Chapter 4). Cats with evidence of
pneumonia and concurrent rhinitis should be examined carefully for evidence of cutaneous lesions,
central nervous system signs, and ocular abnormalities, such as exudative retinal detachment, gran-
ulomatous chorioretinitis, or anterior uveitis associated with cryptococcal infection. Blastomyces
dermatitidis, Histoplasma capsulatum, and Coccidiodes immitis are possible, though less common,
causes of pneumonia in cats. Because these organisms often establish systemic infections, cats with
fungal pneumonia may demonstrate abnormalities in multiple body systems, including the eye, cen-
tral nervous system, bones, lymph nodes, intestinal tract, kidneys, and skin. Blastomyces spp. are
found most commonly in soil in the regions of the Mississippi, Missouri, and Ohio River valleys
and may cause anterior uveitis, optic neuritis, and/or retinal hemorrhage as well as dyspnea and po-
tentially draining skin lesions in cats with systemic disease. Histoplasma spp. are also found most
commonly in the central United States and may cause pneumonia as well as lymphadenopathy, he-
patosplenomegaly, and, occasionally, ocular, central nervous system, skin, bony, or gastrointestinal
lesions. Coccidioides spp. are found in the southwestern United States and are more likely to cause
skin lesions than pneumonia in cats; on occasion they also cause bony or ocular lesions.

11. Can respiratory parasites be involved with lung disease in cats?

Multiple parasites are associated with respiratory tract disease in cats. Some, like Toxoplasma
gondii, are polysystemic parasites that may cause pneumonia as well as ocular, central nervous
system, and other multisystemic signs (see Chapter 11). The two most common migratory para-
sites are Toxocara cati and Strongyloides stercoralis (see Chapter 11). The three most common
primary lung parasites are the lungworms, Aleurostrongylus abstrusus and Capillaria aerophila,
and the lung fluke, Paragonimus kellicotti (see Chapter 11). Dirofilaria immitis can cause severe
lower respiratory disease, but pneumonia is uncommon (see Chapter 10).

12. What causes sterile pneumonia?

Aspiration of gastric secretions results initially in chemical inflammation that is sterile.
However, because of the rich normal flora of the mouth, pharynx, and proximal trachea, bacteria
are usually aspirated as well. Chemical inflammation usually allows secondary bacterial colo-
nization. Aspiration pneumonia shouid be suspected in cats with a history of vomiting, regurgita-
tion, or recent anesthetic event that develop acute signs of respiratory distress. Examples of
underlying conditions reported in cats include regurgitation and megaesophagus secondary to
congenital or acquired esophageal strictures. Esophagitis with stricture formation has been seen
after esophageal reflux under general anesthesia and also in some cats given oral doxycycline
tablets (see Chapter 26).

13. How is pneumonia generally diagnosed in cats?

Evaluation of cats with evidence of respiratory disease must be tempered with caution. A pa-
tient that appears stable when initially examined may decompensate rapidly under stress.
Supplemental oxygen therapy is indicated before and during examination of dyspneic cats with sus-
pected pneumonia. In addition, in areas of the country where Y. pestis is endemic, it is vitally im-
portant to minimize exposure to personnel and to take proper precautions until this disease has been
ruled out. In general, a presumptive diagnosis of pneumonia is based on assessment of the signal-
ment, history, and physical examination, along with results of a complete blood count (CBC), tho-
racic radiographs, serum FeLV antigen test, serum FIV antibody test, and fecal examination
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techniques, including flotation, sedimentation, or Baermann test, depending on geographic loca-
tion and travel history (see Chapter 8). A definitive diagnosis of pneumonia requires cytologic
evaluation and culture of fluid obtained via transoral airway washings or bronchoalveolar lavage,
although these procedures may not be advisable in unstable, critically ill patients (see Chapter 8).

14. What are the characteristic abnormalities of the CBC?

With bacterial or fungal pneumonia, CBC may demonstrate an inflammatory leukogram with
or without a left shift; however some patients have a normal leukogram. In septic cats, neutropenia
with a degenerative left shift may be seen. Eosinophilia may be noted in some cats with parasitic
pneumonia. Normocytic, normochromic, nonregenerative anemia may be noted in response to
chronic inflammation with fungal pneumonia. Total protein can be increased in some cats with
systemic mycoses due to hyperglobulinemia. A macrocytic, normochromic, nonregenerative
anemia may be seen in patients with bone marrow suppression due to concurrent FeLV infection.
Anemia, neutropenia, and lymphopenia are relatively common abnormalities in patients with FIV.

15. What are the characteristic thoracic radiographic findings of pneumonia?

Thoracic radiographic findings vary with the cause of pneumonia. In acute aspiration pneu-
monia, radiographs may be normal. Patients with bacterial pneumonia typically show evidence
of an alveolar pattern characterized by air bronchograms, often distributed in the cranial ventral
lung region. Mycotic pneumonia usually causes a miliary-to-nodular interstitial pattern through-
out the lungs. Viral or mycoplasmal pneumonia often causes a diffuse interstitial pattern, particu-
larly early in the course of disease.

16. Should airway washing be performed?

In stable patients, cytologic evaluation and culture of airway fluids are indicated to aid diag-
nosis and determination of appropriate treatment (see Chapter 8). Washings can be obtained by
either bronchoscopy and bronchoalveolar lavage or transoral wash. Rarely, a transthoracic aspi-
rate may be required when other diagnostic techniques have been attempted without success.
Transthoracic aspiration is most beneficial in cats with interstitial pneumonia (see Chapter 8).

17. How can arterial blood gas analysis be used in the care of pneumonia cases?

Arterial blood gas measurements help to determine the severity of pulmonary parenchymal dis-
ease and to monitor response to therapy. Although arterial blood sampling may be difficult in cats, par-
ticularly those in respiratory distress, the changes are more sensitive than those noted on radiographs.

18. What is the alveolar-arterial gradient? How is it calculated and interpreted?
The alveolar-arterial (A-a) gradient on room air (21% oxygen) is calculated to determine rel-
ative oxygenation with the following formula:

A-a gradient = Calculated alveolar oxygen — measured PaO,
= [(Barometric pressure —47)(0.21) — PaC0O,/0.8] — PaO,

where Pa0, = partial pressure of oxygen in arterial blood and PaCO, = partial pressure of carbon
dioxide in arterial blood. A normal A-a gradient in a well-oxygenated patient is 0~10. An A-a
gradient of 10-20 is suspicious for impaired oxygenation ability. An A-a gradient of 20-30 indi-
cates oxygenation impairment, and a gradient > 30 indicates severe disease.

19. What formula is used for patients receiving supplemental oxygen therapy?
When the patient is receiving supplemental oxygen therapy, the following formula for the
oxygenation ratio must be used instead:

Oxygenation ratio = PaO,/F10,

where FIO, = concentration of inspired oxygen. FiO, may be presumed to be 40% (0.40) in pa-
tients receiving oxygen supplementation via a face mask and 100% (1.0) in patients receiving
oxygen from an anesthetic machine or ventilator via an endotracheal tube. A patient with an oxy-
genation ratio > 200 mmHg is considered to have normal oxygenation ability.
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20. How do I treat bacterial pneumonia?

The mainstay of treatment for bacterial pneumonia remains adequate systemic hydration and
antibiotic therapy. Ideally, therapy should be guided by results of bacterial culture and antibiotic sen-
sitivity testing. However, while you are awaiting results, particularly in patients not stable enough to
undergo respiratory tract fluid collection procedures, empiric antibiotic therapy is usually necessary.
In cats suspected to have severe pneumonia or bacteremia, parenteral administration of four-quadrant
antibiotics is indicated. The combination of a quinolone plus a penicillin or first-generation
cephalosporin provides excellent coverage, but this regimen should be reserved for life-threatening
or resistant infections. The maximal recommended daily dosage of enrofloxacin in cats has recently
been reduced because of reports of sudden blindness in some cats. If toxoplasmic pneumnonia is sus-
pected, clindamycin or azithromycin should be considered in lieu of penicillin or cephalosporin.
Afier initial therapy, cats without evidence of bacteremia may be maintained on penicillin, first-gen-
eration cephalosporin, or clindamycin alone (see table in Chapter 2 for doses and spectrums).

21. What additional therapy is important?

Additional therapy for all patients with pneumonia should include replacement of fluid deficits
and maintenance of adequate hydration to ensure adequate function of the mucociliary apparatus.
For the same reason, diuretics and drugs that interfere with the normal cough response, such as direct
antitussives, should be avoided. Finally, supplemental oxygen therapy may provide some relief to
cats in respiratory distress with poor oxygenation due to significant pulmonary parenchymal disease.

22. Should other adjunct treatments be considered for bacterial pneumonia?

Nebulization and coupage (repeated gentle chest percussion) may facilitate clearance of
mucus and exudates but may not be well tolerated in cats (nebulization is tolerated in a cage or
box, but coupage may not be). Nebulization for 10 minutes 3 times/day may be performed using
3-5 ml of sterile saline, which acts as a mucolytic agent and enhances hydration, alone or in
combination with an aminoglycoside such as gentamycin (25 mg). Drugs such as theophyiline
may be of benefit as mild, indirect antitussives and aid in mucociliary apparatus clearance.

23. How is fungal pneumonia diagnosed?

Mycotic pneumonia is suspected based on clinical signs, history, and radiographic findings.
Organism identification by culture, cytology, or histopathology gives a definitive diagnosis.
Serology is of variable usefulness in diagnosing mycotic infections and monitoring response to
therapy, depending on the fungal organism involved. Serology is particularly useful in cases of C.
neoformans because antigen can be detected and may be used to evaluate response to therapy
(see Chapter 4). Serum, cerebrospinal fluid, and aqueous humor can be tested effectively for
cryptococcal antigen. Serology for the other systemic fungal organisms is based on antibody
titers, and a positive result indicates exposure to the organism rather than a definitive diagnosis.
Serologic test results for most cats with blastomycosis or coccidiomycosis are positive. Serologic
test results for cats with histoplasmosis are extremely variable.

24. How is fungal pneumonia treated?

In general, mycotic pneumonia is a difficult disease to treat, requiring long-term therapy
with expensive, systemic antifungal drugs. Treatment should continue for at least 2 months after
resolution of clinical signs. Although itraconazole has been effective in cats with C. neoformans
infection, fluconazole has superior penetration into the central nervous system and should be
used in cats with central nervous system or ocular involvement (see Chapter 4). Ketoconazole has
serious side effects in cats and is not recommended. Although these drugs are effective in treating
chronic disease, a fungicidal drug such as amphotericin B is indicated in cats with life-threatening
systemic infections. Liposome-encapsulated microsomal amphotericin B is expensive but poten-
tially safer because it is less nephrotoxic. For C. neoformans, monitoring of serum antigen titers
can be beneficial. Ideally, a two-fold decrease in serum titer per month should be detected in a re-
solving case, although at least 10% of cats may remain seropositive despite effective treatment
and resolution of clinical signs.
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25. What is the prognosis for pneumonia?

The prognosis for pneumonia depends greatly on the underlying disease process. With secondary
pneumonia, resolution depends on accurately identifying and treating the primary condition. In gen-
eral, bacterial pneumonia responds well to aggressive antibiotic therapy, as discussed above. Viral and
aspiration pneumonia may resolve with symptomatic care and antibiotics to treat secondary bacterial
infections. Fungal pneumonia may resolve with appropriate therapy, particularly in the case of C. neo-
formans. Parasitic pneumonia usually responds well to antiparasitic therapy, with the exception of
severe Toxoplasma gondii-induced pneumonitis, which warrants a more guarded prognosis.
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13. PYOTHORAX
Elizabeth J. Colleran, D.V.M., M.S.

.

Define pyothorax.
An accumulation of purulent material in the pleural space.

2. What causes pyothorax?

Bacterial infection generally is involved with pyothorax. In cats, the inciting cause for pyotho-
rax often remains unknown. Infection may result from direct extension due to bite or puncture
wounds, migrating foreign bodies, pneumonia, pulmonary or thoracic trauma, or neoplasia.
Alternately, infection may result from hematogenous spread from other infection sites such as an
abscess or gingivitis. Immunocompromised cats may be at higher risk for pleural infection.

3. Which cats are more likely to be affected?
Young cats that roam freely outdoors are at risk for bite wounds and foreign bodies. Older
cats are at increased risk for neoplasia and immunosuppressive disorders. In all cases, other un-
derlying causes should be investigated.
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4. What are the signs of pyothorax?
Dyspnea, exercise intolerance, and cyanosis are common presenting complaints with dis-
eases of the pleural space (see Chapter 8). Cats also may present with nonspecific signs of
anorexia, lethargy, and depression.

5. What are the common physical examination findings in pyothorax?

The cat may or may not be febrile, but usually an altered breathing pattern is noted because
pleural effusion results in restrictive breathing (rapid and shallow breaths). Auscultation reveals
muffled heart sounds, with decreased respiratory noises ventrally. Thoracic compressibility may
be decreased.

6. What is the role of thoracic radiographs in the diagnosis of pyothorax??
Thoracic radiographs reveal pleural effusion, increased fluid density ventrally that obscures the
cardiac shadow, lung lobes are retracted from the thoracic cage, and rounded lung borders outlining
individual lung lobes. Rarely, a foreign body may be identified with radiographs or ultrasound.

A and B, Thoracic radiographs from a cat with pyothorax
taken before chest tube placement.

7. Explain the role of thoracocentesis in the diagnosis of pyothorax.
In cats with marked respiratory distress, thoracocentesis may be required for stabilization
before chest radiographs are obtained. Thoracocentesis is both diagnostic and therapeutic.

8. How is thoracocentesis performed?

A small area on the ventral portion of the chest at the seventh-to-eighth intercostal space is
clipped and surgically prepared. Thoracocentesis is performed with a syringe connected to a three-
way stopcock, extension set, and needle or catheter. The needle or catheter is inserted behind the
caudal border of the rib to avoid intercostal vessels and nerves. The needle should be directed ven-
trally, with the needle and syringe nearly parallel to the chest wall to minimize lung laceration. This
positioning becomes most important when the lung lobes reinflate as fluid is removed. The extension
set and three-way stopcock should be placed in line and are closed off to the patient when the chest
is entered. Once the needle is in place, connections are opened and fluid is aspirated. In some cases,
fluid may be too thick to be removed via a 22-gauge needle or small catheter, necessitating a
larger-bore catheter or placement of a chest tube. In some cats, the mediastinum is complete, and
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thoracocentesis on both sides of the thorax is required. Fluid samples should be analyzed cyto-
logically and submitted for both aerobic and anaerobic culture and susceptibility testing. Fungal
elements may be present but are uncommon.

9. Describe the fluid from a pyothorax.

The fluid is usually a highly cellular exudate, with bacteria visible cytologically in over 90%
of cases. Protein concentrations are high, and the fluid varies in color from amber to red to white.
It may be extremely malodorous, particularly in the presence of anaerobes such as Bacteroides
spp. Nucleated cells in the fluid are usually degenerate neutrophils, macrophages, and mesothe-
lial cells. If active phagocytic cells are present, they normally contain bacteria.
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10. Are additional diagnestic procedures needed?

Sepsis, moderate-to-severe dehydration, and electrolyte abnormalities may be present in ad-
dition to respiratory signs. Therefore, a complete blood count, chemistry profile, and vrinalysis
are generally performed when the cat is stable. Serum tests for feline leukemia virus (Fel.V) anti-
gens and feline immunodeficiency virus (FIV) antibodies are usually performed because most
cats with pyothorax roam outdoors and immunosuppression may worsen the prognosis. Fluid
may have obscured underlying causes, such as foreign bodies, lung abscesses, or intrapleural
masses, that alter treatment decisions and prognosis for recovery. Thoracic ultrasound is helpful
in the search for underlying diseases, for detecting the amount of fluid in the pleural cavity, and
for assessing the efficacy of fluid removal.

11. What kind of supportive care is important initially?

Oxygen therapy is started immediately in dyspneic animals, although removal of thoracic
fluid is more advantageous in improving gas exchange. Fluids are given intravenously when the
cat is stable, and parenteral antibiotics effective against gram-positive, gram-negative, aerobic,
and anaerobic organisms (four-quadrant approach) are administered after cultures have been
submitted. A good four-quadrant antibiotic regimen is the combination of a fluoroquinolone
combined with a first-generation cephalosporin, clindamycin, or ampicillin. Adjustments in an-
tibiotic selection should be based on culture and susceptibility results. Many specimens yield
multiple organisms.

12. What treatment course is most likely to be successful?

A chest tube should be placed after diagnosis because drainage and lavage are the mainstays
of successful treatment. Bilateral chest tubes may be necessary. Vigorous monitoring of cytologic
characteristics is important to assess resolution of disease. Radiographs or uitrasound also can be
used to assess drainage and presence of fluid pockets. Long-term antibiotics are needed and are
based on culture results. Antibiotic therapy should continue for at least 4-6 weeks.
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13. What materials are needed for chest tube placement?

* 12-French Sovereign red rubber catheter or feeding tube (Sherwood Medical, St. Louis)
or similar tube from Cook Veterinary Products (Bloomington, IN). In general, a stylet is
not required. If the tube has a closed end, carefully cut it off at an angle, and remove any
sharp edges. Multiple fenestrations can be made in the distal half, taking care not to
weaken the tube. A catheter cap, three-way stopcock, or other closed-end tubing is used to
close the tube.

* Sterile gloves

* 2 Mosquito or Kelly hemostats or other small hemostats with a fairly sharp point

* Scalpel and blade

« Nonabsorbable suture material

* Scissors

* Needle holders

* Thumb forceps

* Sterile antibiotic ointment

* Bandaging material

« Soft Elizabethan collar (optional but helpful)

14. How is a chest tube placed?

Because cats have more compliant chest walls and less muscle to penetrate, a simpler tech-
nique can be used than that required for dogs. In cats that present with respiratory distress, thora-
cocentesis should be performed first, and as much fluid is removed as is practical. The technique
for tube placement described below applies to a normal-sized adult cat.

1. If one tube is planned, the side most affected should be selected. If the mediastinum is
occluded by fibrin clots, chest tube placement is repeated on the second side.

2. Manual restraint should be kept to a minimum, particularly in cats with signs of respira-
tory distress. Mild sedation can be given intravenously to effect. If the cat is fractious or if strug-
gling continues, general anesthesia is used with a cuffed endotracheal tube.

3. The skin of the lateral chest wall is clipped and aseptically prepared.

4. Local anesthetic can be infiltrated into the intercostal muscles in the dorsal third of the
chest near the tenth rib space and in a second site lower on the thorax at the seventh or eighth rib
space.

5. A small skin incision is made in the dorsal third of the chest by the tenth rib space. The
skin is pulled cranially to the area of the seventh or eighth intercostal space.

6. The tube is tunneled subcutaneously to the region at the seventh or eighth intercostal
space, where it will enter the thorax.

7. A hemostat is used to separate the intercostal muscles gently at the site of insertion.

8. Light, controlled pressure is exerted downward (perpendicular to the table) to penetrate
the thoracic cavity. A low “pop” of air usually is heard as the tube enters the thorax.

9. The hemostat is released, and the tube is advanced gently into the thoracic cavity. About
two-thirds of the tube should lie within the thoracic cavity on the ventral surface.

10. The tube is secured to the skin with nonabsorbable suture. A lightly placed pursestring
suture begins the process.

11. Half of the length of the suture is pulled through the skin so that an even amount of
suture is on either end of the pursestring.

12. A Chinese fingertrap pattern is used to secure the tube to the chest wall. This simple pat-
tern is composed of the first throw of a surgeon’s knot in the front.

13. The two ends are then passed around the tube, one in each direction, and another double
throw is made.

14. Continue this pattern for 5-7 throws, and end with a complete surgeon’s knot.

15. Cut off the long ends of the suture.

16. Use sterile antibiotic ointment at the thoracostomy site, and wrap the thorax with a light
bandage. Cats often object to thoracic bandages, and minimal material is better tolerated.
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17. A soft Elizabethan collar, such as the Recovery Collar (Trimline Manufacturing, Boca
Raton, FL), is advised.
18. Radiographs are performed after the procedure to confirm proper placement of the tube.

15. What is the difference hetween continuous and intermittent suction for pleural lavage?
Continuous suction is considered ideal because it offers the advantage of maximal drainage.
However, intermittent suction is simpler and easier to manage.

16. How do I perform pleural lavage?
1. To a I-L bag of sterile isotonic solution (lactated Ringer’s solution or 0.9% sodium chlo-

ride), add 1500 units of heparin/100 ml of fluid. Heparin may lessen further fibrin formation. The

addition of antibiotics to the lavage fluid is no longer recommended by most authorities.

2. After the fluid is warmed to near body temperature, flush 10 ml/kg into each hemi-
thorax and leave for 1 hour, if the cat will tolerate it. Some absorption of fluid occurs during
this time.

3. Aspirate fluid from the pleural space. You should recover 50-60% of the original fluid
volume. Greater recovery is an indication that a pocket of exudate has been aspirated; less may
suggest some pocketing of fluid.

4. A single lavage should not be used as a measure of success or failure; the cumulative
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have been recommended

18. Discuss the role of fibrinolytic agents in pleural lavage.

In human cases of pyothorax (empyema), fibrinolytic agents are often added to the lavage
fluid to enhance breakdown of adhesions and improve fluid drainage. Streptokinase is used in pa-
tients who have not responded well to drainage and antibiotics. Some studies demonstrated short-
ening of the duration of treatment, improved drainage, and avoidance of surgical intervention.
The dose of streptokinase varied from 50,000 U in children to 250,000 U in adults. This approach
may be considered when “pockets” of fluid have localized with fibrin adhesions. However, strep-
tokinase is quite expensive, and no studies have been done in cats.

19. How is nutrition managed after pleural lavage?

Nutrition is critical to resolution of pyothorax in cats. Once the cat is afebrile, a good ap-
petite often returns. On the other hand, thoracic bandages, discomfort, and unfamiliar surround-
ings may cause inappetance or anorexia. Warming food, providing a variety of flavors, and
covering the cat’s cage for a certain period each day may be helpful (see Chapter 62). Privacy or
quiet or a combination of the two seems to improve appetite. Otherwise, force-feeding or the use
of esophagostomy tubes may be required. It is essential to feed the calculated amount of calories
necessary to maintain a positive nutritional balance.

20. Discuss the role of analgesia after pleural lavage.

Analgesia may speed recovery. Human patients report that chest tubes are uncomfortable,
and some cats seem restless. Therefore, use of a fentanyl patch (25ng/10 Ib cat) or intermittent
treatment with oxymorphone or buprenorphine should be considered. The fentanyl patch seems
to offer the best combination of continuous pain relief and ease of administration. If the cat re-
mains in pain after 3 days with a patch, a second patch may replace the first.
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21. Summarize proper care of the thoracostomy site.

The thoracostomy site should be checked daily for leaks and cleaned and rewrapped with a
sterile antibiotic ointment at the insertion site, if needed. Take care to avoid entry of bacteria or
air into the thorax during bandage changes.

22. How are patients monitored to determine when the chest tube can be removed?

Fluid pockets are easily visualized with ultrasound. Volume of fluid at each aspiration and
daily volumes of recovered fluid should be recorded. Declining fluid volume and changes in fluid
character indicate successful therapy. Fluid evaluation should begin no later than the third day, if
adequate fluid is recovered. Cellularity decreases, as does bacterial count. The absence of organ-
isms indicates resolution of pyothorax. Fluid aspirated from the chest tube before lavage should
decrease to 2 2 ml/kg/day before tube removal.

If fluid recovery appears to be inadequate, repeated radiographs help to assess chest tube(s)
position and fluid drainage. Complications of chest tube placement include kinking, occlusion by
fibrin clots, or migration from the ventral thorax. It is sometimes possible to reposition the chest
tube. The site should be aseptically prepared, sutures removed, and the tube withdrawn and
shifted ventrally. A second tube may be required. Surgical intervention may be indicated if fluid
recovery remains poor. Regular assessment of electrolytes is useful throughout treatment. Even
when electrolyte abnormalities are not found on presentation, aggressive IV fluid administration
and pleural lavage may create imbalances that require correction.

23. When is surgical intervention recommended?

If no improvement in clinical signs, fluid recovery, or fluid character is seen after the first 3
days of therapy, surgical intervention is indicated. Thoracotomy is needed when extensive pleural
adhesions prevent adequate drainage and lavage. Pyothorax in conjunction with Iung abscessa-
tion, thoracic foreign bodies, and intrapleural masses generally requires surgery. Complications
associated with chest tube placement also may require surgical intervention.

24. What is necessary after the chest tube is removed?

Long-term administration of oral antibiotics is indicated. After discharge, reevaluation
should take place in 1 week and then 1 month later. Antibiotic intervals depend on the organisms
isolated but are recommended for a minimum of 1 month. One week after discontinuation of an-
tibiotics, another reevaluation should be scheduled. Relapse is uncommon if lavage has been suc-
cessful and no underlying cause remains.

25. What are the potenfial complications of pyothorax?

Lung lobe perforation and pneumothorax can occur if the chest tubes are improperly placed.
Other potential complications of pyothorax include fibrinous pleural adhesions, lung lobe entrap-
ment, pneumonia, and overwhelming sepsis. However, the success rate of intermittent lavage, ag-
gressive antibiotic therapy, careful monitoring, and supportive care exceeds 80% in some studies. In
one study, cats with pyothorax had the best prognosis compared with other types of pleural effusion.
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14. PNEUMOTHORAX
Elisa M. Mazzaferro, M.S., DV.M.

1. What are the most common causes of pneumothorax in cats?

The most common cause of pneumothorax in cats is trauma, including being hit by a motor
vehicle, bite wounds, penetrating injuries (e.g., bullets, arrows), and high-rise syndrome. Other
documented causes of pneumothorax include barotrauma secondary to anesthetic equipment
malfunction, tracheal rupture, and dirofilariasis. Spontaneous pneumothorax has been docu-
mented in dogs but not in cats.

2. What are the three categories of pneumothorax?

Simple pneumothorax usually is associated with nonpenetrating trauma that damages lung
parenchyma, resulting in leakage of air into the pleural space.

Open pneumothorax results from a penetrating injury to the chest wall that allows commu-
nication between the pleural space and the atmosphere.

Tension pneumothorax occurs when a one-way valve develops in either an airway (bron-
chopleural fistula) or the chest wall (pleurocutaneous fistula). Negative intrapleural pressure
during inspiration aspirates air into the pleural cavity, but air cannot leave during expiration be-
cause the one-way valve closes. Once intrapleural pressure exceeds atmospheric pressure, tension
preumothorax develops and rapidly leads to a fatal reduction in gas exchange and cardiac output.

3. What are the clinical signs of pneumothorax?

Cats with pneumothorax typically are presented with respiratory distress, tachypnea, open-
mouth breathing, cyanosis or pale pink-to-gray mucous membranes, and a rapid, shallow restric-
tive respiratory pattern. Pneumothorax should be considered in any cat with known trauma.
However, the clinical signs associated with pneumothorax are not pathognomonic and may be
observcd with other pleural space problems, including pleural effusion and diaphragmatic hernia.
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supplementation in the form of flow-by oxygen. Analgesia and sedation may be required to alle-
viate stress of breathing, anxiety, and pain. Morphine (0.025 mg/kg subcutaneously) decreases

work of respiration and anxiety in patients requiring thoracocentesis.

5. How is a therapeutic and diagnostic thoracocentesis performed?
1. Clip a 4-inch square section of fur from each side of the thorax.
2. Quickly prepare each area aseptically.
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3. Insert a 1-inch, 20-22-gauge needle connected to an extension set, three-way stopcock,
and 60-ml into the mid thorax between the seventh-to-tenth intercostal space, carefully avoiding
the caudal border of the rib.

4. After inserting the needle into the pleural space, direct the needle parallel with the tho-
racic wall to avoid penetrating the lung parenchyma.

5. Aspirate air from the chest, and record the volume.

6. If negative pressure is encountered, redirect the needle in several spots, because pockets
of air may persist and restrict breathing or cause lung collapse.

7. Once negative pressure is obtained, the entire procedure should be repeated on the other
side of the thorax.

5. When are radiographs necessary in patients with pnenmothorax?

Radiographs should be performed only after the patient’s respiratory and cardiovascular
system have been stabilized. Therapeutic thoracocentesis, oxygen therapy, and intravenous fluids
for vascular support are often necessary before radiographs. After successful stabilization, radi-
ographs can be performed to evaluate the patient for continued air accumulation, rib fractures,
pulmonary contusions, and diaphragmatic hernia.

Severe posttraumatic pneumothorax
in a cat. Note the subcutaneous em-
physema.

6. What concurrent injuries are often observed in patients with pneumothorax secondary
to trauma?

When pneumothorax is secondary to trauma, concurrent injuries may include pulmonary
contusions, rib fractures or flail chest, myocardial contusions, and diaphragmatic hernia.
Penetrating wounds into the thorax also may be associated with vessel laceration and hemotho-
rax, myocardial contusion or hemorrhage, and presence of foreign bodies.

7. What treatment is appropriate for simple pneumothorax?
In most cases, the leak is self-limiting, requiring conservative management with thoracocen-
tesis.

8. How is open pneumothorax managed?

If the wound causing the pneumothorax is small relative to the size of the glottis, adequate
ventilation can be maintained. If the wound is large relative to the size of the glottis, severe hy-
poventilation results. Open pleural wounds should be covered immediately with sterile ointment
and bandages. Insertion of a thoracic drain and aspiration of the pleural space can then be done to
stabilize the patient.

9. Describe the appropriate management of tension pneumothorax.
Because respiratory impairment develops rapidly, therapeutic thoracocentesis must be per-
formed immediately. Management then proceeds as for open pneumothorax.
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10. Define flail chest.

A flail chest occurs when three or more contiguous ribs are fractured in two or more spaces,
causing instability of the chest wall. The flail segment often moves paradoxically with respira-
tion: inward during inspiration and outward during expiration. Hypoxemia results from hypoven-
tilation and underlying pulmonary contusions. The pain associated with flail chest contributes
significantly to inefficient gas exchange.

11. What is the most appropriate treatment of flail chest?

Treatment of flail chest is directed at alleviating the pain associated with rib fractures. Local
anesthesia (bupivacaine at 0.10-0.25 ml/site, taking care not to exceed 2 mg/kg) should be in-
fused at the caudal aspect of each affected rib proximally and distally. The ribs cranial and caudal
to the flail segment also should be blocked. Typically, the treatment can be performed up to 3
times/day. However, caution must be taken if lidocaine is used for local anesthesia, because ex-
cessive doses have been associated with seizures and hemolytic anemia. In rare cases, external
stabilization of the flail segment may be required.

12. What are the indications for placement of a chest tube in cats with pneumothorax?

A chest tube should be placed in cats that develop respiratory distress due to continued accu-
mulation of air within the thorax and cats that require performance of thoracocentesis more than
2-4 times/day.

13. Is sedation appropriate for placement of a chest tube in cats with pneumothorax?

The chest tube should be placed in a way that minimizes stress. When sedation is needed, a |
ug/kg intravenous bolus of fentanyl or 2—4 mg/kg of intravenous propofol, given to effect, can be
used for sedation and chemical restraint. The skin should be aseptically prepared on the side of the
thorax generating the air. Local anesthetic (0.75 mg/kg 2% lidocaine or maximum of 2 mg/kg
bupivicaine) is then infused near the tenth intercostal space and at a second site where the chest
tube will enter the mid-thorax (between the seventh and eighth intercostal space).

14. Describe the technique for placement of a chest tube after appropriate sedation.

1. Use an 8- or 10-French trocarized tube.

2. Make a stab incision with a scalpel blade at the tenth intercostal space, and tunnel the
tube under the skin to the seventh or eighth intercostal space. An assistant can pull the skin cran-
ioventrally to aid tunneling.

3. Compress the thorax over the sternum to increase intrathoracic pressure while placing
the trocar through the body wall.

4. Once the trocar enters the pleural space, push the tube rapidly off the trocar in a cran-
ioventral direction.

5. Use a large hemostat to clamp off the chest tube and prevent further leakage of air into
the chest.

6. The tip of the chest tube should lie on the ventral floor of the thoracic cavity at approxi-
mately the third intercostal space, just cranial to the heart.

7. Connect a Christmas tree adapter with extension tubing, three-way stopcock, and 60-ml
syringe to the chest tube, open the hemostat, and begin suctioning immediately.

8. Secure the chest tube to the skin with a horizontal mattress suture around the tube.

9. Use a pursestring suture to close the point of entry of the tube into the skin, and further
secure the tube with a Chinese finger trap.

10. Cover the entrance point of the tube with betadine-soaked sponges, and bandage the
thorax with layers of gauze. The tubing should be incorporated into the bandaging in a way that
covers all connections in the system and discourages withdrawal of the tube with traction.

11. The chest tube can be suctioned intermittently as needed or connected to a continuous
suction system.

12. If patient discomfort continues, 0.75 mg/kg bupivacaine can be flushed into the chest
tube 3 times/day.
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15. Describe an alternate method of chest tube placement if a trocarized tube is not avail-
able.

1. Use a sterile red rubber feeding tube and a sterile polypropylene urinary catheter.

2. Insert the urinary catheter into the feeding tube to provide rigid support while the feeding
tube is placed into the chest.

3. Grasp only the distal end of the red rubber tube with large, curved hemostats.

4. Place the hemostat through the stab incision in the skin and tunnel it with the trocar.
Using blunt force, insert the tips of the hemostat through the chest wall at the seventh intercostal

space.

5. Pass the red rubber tube into the pleural cavity, and direct it cranially and ventrally to the
third intercostal space.

6. Withdraw the urinary catheter, and clamp the red rubber tube with the hemostats.

7. After placement of a Christmas tree adapter, proceed as described for the trocar tube.

8. Take thoracic radiographs after insertion of the chest tube to ensure proper placement
within the chest cavity.

Correct chest tube placement in a
cat with pneumothorax.

16. Are Heimlich valves appropriate for treating pneumothorax in cats?

Heimlich valves require sufficient respiratory excursions and generation of positive in-
trapleural pressure during expiration to force the free air past the one-way Heimlich valve.
Because cats typically do not generate enough pressure during expiration to force air past the
valve, Heimlich valves are contraindicated in feline patients with pneumothorax.

17. Is continuous suction usually required for treatment of pneumothorax in cats?
Most cats with pneumothorax have small volumes of air in the pleural space and can be han-
dled by hand aspiration intermittently.

19. When should surgical intervention be considered in a cat with pneumothorax?
Conservative therapy is successful in the majority of cases with pnewmothorax. When a chest
tube is required to alleviate tension pneumothorax or persistent air accumulation, seal of the air
leak is expected within 5 days. If air continues to leak, surgical intervention should be consid-
ered, since devitalized lung tissue, pleural blebs, or bullae may be limiting resolution of disease.

20. What is the pathogenesis of hypotension in patients with pneumothorax?

Accumulation of free air within the thorax impedes venous return to the heart, resulting in
decreased cardiac output and hypotension. With trauma, hypotension is often complicated by
acute hypovolemia secondary to hemorrhage.
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15. CHYLOTHORAX
Elisa M. Mazzaferro, M.S., D.V.M., and Davyd Pelsue, D.V.M.

1. Define chylothorax.
Chylothorax is the accumulation of chylomicron-containing fluid within the thoracic cavity.
This fluid typically has a white or pink milky appearance, although if the cat is anorectic or on a
low-fat diet, the fluid may be less opaque.

2. What conditions have been associated with chylothorax in cats?

Conditions associated with chylothorax in cats include right heart failure, cranial mediastinal
mass (lymphosarcoma, thymoma), thrombosis of the jugular vein(s), infection, dirofilariasis,
traumatic diaphragmatic hernia, rupture of the thoracic duct, and lung lobe torsion. In many
cases, however, the cause of chylothorax is unknown (idiopathic chylothorax).

Conditions Associated with Chylothorax

Right heart failure Trauma Postoperative disorders
Persistent atrial standstill Diaphragmatic hernia Pulmonary thromboembolism
Restrictive pericarditis Lung lobe torsion Thrombosis of cranial vena cava
Tetralogy of Fallot Jugular catheter placement
Tricuspid dysplasia Neoplasia

Restrictive cardiomyopathy Lymphoma Infection

Hypertrophic cardiomyopathy Thymoma Feline infectious peritonitis
Dilative cardiomyopathy Chemodectoma Dirofilariasis

Metastatic pulmonary
adenocarcinoma Idiopathic chyletherax
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3. What diagnostic tests should be performed in cats with chylothorax?

Complete blood cell count, serum biochemistry profile, urinalysis, and serum tests for feline
leukemia virus antigens and feline immunodeficiency virus antibodies should be performed in all
cats with chylothorax. Echocardiography and thoracic radiographs help to determine whether di-
lated, restrictive, or hypertrophic cardiomyopathy is present. In addition, thoracic radiographs
(horizontal beam) and thoracic ultrasonography help to determine whether the anterior vena cava
is occluded by an intrathoracic mass. Determination of total T4 concentrations can be used to
rule out hyperthyroidism. In endemic areas, serum Dirofilaria immitis antigen and antibody tests
should be performed. In cats with dilated cardiomyopathy, plasma taurine levels should be con-
sidered, because levels < 30 nmol/ml are suggestive of systemic taurine depletion as a cause for
cardiac insufficiency. A fundic examination also should be performed because central retinal de-
generation may occur with taurine deficiency.

4. Does idiopathic chylothorax result from rupture of the thoracic duct?

Numerous studies have documented chylothorax without leakage of the thoracic duct. Positive
contrast lymphangiography often reveals lymphangiectasia of the cranial mediastinal lymphatic
vessels in cats with chylothorax. Although rupture of the thoracic duct has been documented sec-
ondary to blunt trauma, the duct often quickly heals and does not resuit in chylous effusion.

5. What are the presenting complaints in cats with chylothorax?
The most common presenting complaints from owners include dyspnea (respiratory dis-
tress), tachypnea, cough, anorexia or inappetance, weight loss, dysphagia, regurgitation, lethargy
or weakuness, exercise intolerance, depression, salivation, cyanosis, and acute collapse.

6. What are the physical examination findings in cats with chylothorax?

Physical examination findings in cats with chylothorax (or other causes of pleural effusion)
include tachypnea, muffled heart sounds, decreased or absent lung sounds below the effusion, in-
creased bronchovesicular sounds over aerated lung fields, and a rapid shallow respiratory pattern
consistent with restrictive pulmonary disease. Other signs, which depend on the underlying dis-
ease process, may include jugular venous distention (right heart failure, obstruction of the cranial
vena cava), arrthythmias, gallop rhythm, murmurs, noncompliant thorax (due to fluid or an ante-
rior mediastinal mass), dehydration, and cachexia due to chronic weight loss.

7. What are the radiographic findings of chylothorax?

Radiographic findings often include unilateral or bilateral pleural effusion with increased
opacity throughout the thorax, elevation of the trachea (due to effusion or an anterior mediastinal
mass), rounding or scalloping of the lung lobes, loss of the cardiac silhouette, widened interlobar
fissures, and retraction of the lung lobes from the thoracic wall. However, these findings are not
pathognomonic.

8. How do you perform thoracocentesis?

Thoracocentesis should be performed bilaterally in patients with a restrictive respiratory pat-
tern, often before radiographs are performed. An ethylenediamine tetraacetic acid (EDTA) tube,
red-top tube, sterile swab for culture, transport media for culture, microscope slides, and collec-
tion bowl should be readily accessible.

1. Clip a 4-inch area over the midthorax on both sides.

2. Prepare the area septically.

3. Use a 21-gauge butterfly catheter, 20-22-gauge fenestrated catheter, or 22-gauge needle
for thoracocentesis. :

4. An extension set with three-way stopcock and syringe is attached to the tubing of the but-
terfly catheter or should be available to connect to the catheter as soon as the stylet is removed.

5. Insert the needle or catheter between the seventh and ninth intercostal space in the ventral
portion of the thorax, taking care to avoid the intercostal vessels at the caudal aspect of the rib.
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6. Gently aspirate fluid from the thorax. The needle may need to be repositioned within the
thorax.
7. Bilateral aspiration is recommended to maximize fluid removal.

9. What are the characteristics of chylous effusions?

Chylous effusions typically are opaque and white to pinkish-white; they have a protein con-
tent of 2.5-6.0 gm/d1.The protein content may be increased artifactually by the triglyceride con-
centration. Fibrin content is variable. The fluid is typically nonseptic. Sudan III stain allows
visualization of fat droplets. Nucleated cell count varies, ranging from 500-20,000/ul, depending
on the cause and chronicity of the chylous effusion. Early in the course of the disease, lympho-
cytes are typically the predominant cell type, accounting for more than 50% of total nucleated
cells. Lymphocyte morphology should be evaluated closely for characteristics of malignancy (see
Chapter 16). As the chylous effusion becomes more chronic, necessitating repeated thoracocente-
sis, nondegenerate neutrophils or macrophages may predominate. Chylous effusions characteris-
tically have elevated triglyceride levels in comparison to serum concentrations. Therefore, an
accurate diagnosis of chylous effusion is made by measuring pleural effusion triglyceride and
cholesterol levels. A cholesterol:triglyceride ratio in pleural fluid < 1:1 is found in chylothorax.

Characteristics of Chylous Effusions

Color Milky white, pinkish

Turbidity Clear to opaque

Specific gravity 1.019-1.038

Cell count 500-20,000

Protein content 2.5-7.8 gm/d]

Fibrin Variable

Triglyceride Elevated (higher than serum levels)
Cholesterol Normal

Cholesterol:triglyceride ratio <1

Bacteria Absent

10. How do you distinguish between chylous effusion and pseudochylous effusion?

It is often difficult to distinguish chylous effusions from pseudochylous effusions visually or
cytologically. Triglyceride concentrations are higher in chylous effusion than in serum, whereas
pseudochylous effusions have higher cholesterol concentrations and lower triglyceride concen-
trations than serum.

11. What are the metabolic and pathologic consequences of chronic chylothorax?

Negative consequences of chronic chylothorax include fluid loss and subsequent dehydra-
tion, loss of fat-soluble vitamins, electrolyte imbalances (hyponatremia, hyperkalemia), hypopro-
teinemia, caloric depletion resulting in weight loss and cachexia, and infections secondary to a
compromised immune system, lymphopenia, and repeated thoracocentesis. Chronic chylothorax
in cats can result in life-threatening fibrosing pleuritis, a thickening of the pleura in response to
chronic fluid exudation. Fibrosing pleuritis can occur even after successful management of chy-
lothorax, resulting in restrictive pleural disease and severe respiratory difficulty.

12. What is the most appropriate form of medical management for chylothorax in cats?
Medical management of chylothorax involves repeat thoracic drainage when clinical signs of
tachypnea or respiratory distress are noted. If an inciting cause of chylothorax is established, the
primary disease should be treated. For example, diuretics, beta blockers, angiotensin-converting
inhibitors, and calcium-channel blockers have been used to treat hypertrophic cardiomyopathy
(see Chapter 17). Methimazole, surgical thyroidectomy, or radioactive iodine therapy can be used
to treat hyperthyroidism (see Chapter 53). Surgery, radiation therapy, or chemotherapy can be
used to treat neoplasia of the anterior mediastinum, depending on tissue type (see Chapter 16).
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13. How can dietary management assist in the treatment of chylothorax in cats?

A low-fat diet has been used successfully. Commercial diets or homemade diets can be used.
A commonly used homemade diet consists of 1 cup boiled rice, potato, oatmeal or pasta; 1 cup
low-fat (2%) cottage cheese (or skinned chicken breast or water-packed tuna instead of cottage
cheese), and % teaspoon calcium carbonate. Medium-chain triglycerides have been advocated,
with the rationale that they do not enter the lymphatic system and, therefore, do not contribute to
the development of chylothorax. However, medium-chain triglycerides have been documented in
the thoracic duct of humans and dogs with chylothorax. Therefore, their efficacy is questionable.

14. What drugs may be helpful?

Diuretics are not routinely recommended for cats with chylothorax. There is no definitive
proof that they decrease production of chylous fluid, and diuretic therapy may lead to dehydra-
tion. Benzopyrones, such as rutin, have been used with some success to decrease lymph produc-
tion and increase lymph removal.

15. Describe the mechanism of action of rutin in the treatment of chylothorax.

Benzopyrone derivatives, such as the bioflavinoid rutin (250500 mg/cat orally every 8 hr), have
been used successfully with low-fat diets in the treatment of chylothorax—with or without surgical
intervention. Bioflavinoids have several proposed mechanisms of action, including decreased leak-
age from blood vessels, increased protein removal from lymphatic vessels, increased phagocytosis
via macrophage stimulation, and increased proteolysis and lymph removal from tissues.

16. Is administration of glucocorticoids beneficial?

Some authoritites have advocated the administration of glucocorticoids to cats with chronic,
idiopathic chylothorax. The rationale is that glucocorticoids decrease inflammation due to pleuri-
tis and may decrease chylous effusion production. However, no controlled studies document the
efficacy of glucocorticoids for this syndrome.

17. Should pleurodesis be attempted?

Chemical pleurodesis achieved by instilling sterile talc or tetracyclines through previously
placed chest tubes has not been documented to be effective for the treatment of idiopathic chy-
lothorax. However, it does increase inflammation and discomfort for the cat.

18. Name several surgical options for treatment of chylothorax.

« Ligation of the thoracic duct and its tributaries

* Passive pleuroperitoneal shunting, which shunts chyle into the abdomen for absorption by

a large surface area,

* Active pleuroperitoneal or pleurovenous shunting

* Pleurodesis

Surgery may be more difficult in cats because of their small size. Ligation of the thoracic
duct successfully resolved chylothorax in approximately 53% of cats in which the procedure was
performed.

19. How is thoracic duct ligation performed?

A thoracic duct lymphangiogram typically is performed before a left tenth intercostal thora-
cotomy. Alternatively, a transdiaphragmatic approach may be used. Injection of methylene blue
into a mesenteric lymph vessel may improve visualization of the thoracic duct. Once identified, it
is ligated with silk or hemoclips. The lymphangiogram helps to define the anatomy of the tho-
racic duct and demonstrate abnormalities, if present. A postoperative lymphangiogram may be
performed to demonstrate complete occlusion of the duct.

20. When should I consider surgery for cats with chylothorax?
When clinical signs require thoracic drainage more often than once a week and medical
management does not appear to be reducing chyle formation, surgical intervention should be
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considered. Cats that have developed significant protein or caloric malnutrition are poor surgical
candidates; therefore, surgery should be considered before the animal becomes debilitated.

21. What is the prognosis for cats with chylothorax?

The prognosis for cats with chylothorax is guarded to poor, unless definitive treatment for an

underlying disease is successful. Spontaneous remission has been reported, and medical therapy
may benefit a certain percentage of cases. Use of rutin may improve management of cats with
chylothorax. In a recent study, 3 of 4 cats treated with low-fat diets and rutin had long-term reso-
lution of chylothorax. Surgery also can be considered for cats with chylothorax. Regardless of
treatment, however, fibrosing pleuritis can decrease quality of life and increase mortality rates.

1.

12.
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16. LOWER RESPIRATORY TRACT NEOPLASIA

Nicole Leibman, D.V.M.

1. What are the most common tumors in the larynx and trachea of cats?

Neoplasia of the larynx and trachea are rare in cats. The most common histologic types of

tumors in these areas are squamous cell carcinoma, adenocarcinoma, and lymphoma.

2. What are typical clinical signs in cats with laryngeal or tracheal neoplasia?

* Voice change * Dyspnea

*» Ptyalism *» Gagging

* Respiratory stridor + Anorexia

*» Dysphagia * Hemoptysis
 Cyanosis ¢ Cough

Affected cats also may carry the neck in an extended position.
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3. What diagnostic tests should be performed in cats with suspected laryngeal or tracheal
neoplasia?

Radiography often reveals a distinct mass, although sometimes only narrowing of the airway
lumen may be evident. Laryngoscopy, tracheoscopy, computed tomography, and magnetic reso-
nance imaging may be required alone or in combination to determine the extent of disease. A dis-
advantage of these procedures is the need for general anesthesia in a potentially compromised
patient. If obstruction of a large airway is suspected, it is wise to anticipate the need for a tra-
cheotomy. Often anesthesia is reserved for a surgical procedure that is both therapeutic and diag-
nostic. Usually, laryngeal tumors can be visualized intraorally; therefore, they can easily be
biopsied. Surgery or endoscopy is often necessary to gain biopsy samples from tracheal tumors.

Routine blood work generally is performed, depending on the cat’s age. Thoracic radiographs
should be performed to rule out metastatic disease and pneumonia. Regional lymph nodes should
be aspirated and cytology examined, regardless of whether or not they are enlarged. If lymphoma
is suspected, chest and abdominal radiographs, complete blood cell count, serum biochemical
panel, urinalysis, serum tests for feline leukemia virus (FeLV) angitens and feline immunodefi-
ciency virus (FIV) antibodies, and cytology of a bone marrow aspirate may be indicated.

4. What are the treatment options for cats with laryngeal or tracheal neoplasia?
Lymphoma is best treated with combination chemotherapy and/or radiation therapy. Benign
tumors on a stalk can be removed via endoscopy. Resection and anastamosis can be used to
remove small tracheal tumors that involve only 3—4 tracheal rings. Laryngeal or tracheal tumors
with metastatic spread are not candidates for curative surgical procedures, although debulking
surgery may prolong life and result in temporary improvement in clinical signs. Palliative surgi-
cal, chemotherapeutic, and radiation treatments also may be used, depending on tumor type.

5. What is the progneosis for cats with tumors of the trachea or larynx?
Because these tumors are so rare, there is little information about prognosis.

6. What is the most common primary lung tumor of cats?
Primary lung tumors are rare, but histologically the most common type is the bronchial or
bronchial-alveolar adenocarcinoma. Tumors of mesenchymal origin are very uncommon.
Conversely, the lung is a common site for metastatic disease.

7. Describe the typical signalment of a cat with a primary lung tumor.
Most cats are 1012 years of age, and spayed females seem to be overrepresented. Domestic
shorthairs also are overrepresented.

8. What clinical signs are common in cats with primary lung tumors?
Cats often present with dyspnea, coughing, lethargy, and anorexia. Nonrespiratory signs, in-
cluding general lethargy, weight loss, and pyrexia, may be predominant in some cats. Lameness
occurs in some cats because of metastatic disease or hypertrophic osteopathy.

9. What diagnostic tests should be performed to stage suspected pulmonary neoplasia?

Radiographic findings suggestive of a primary lung tumor include a single, circumscribed mass
or marked lobar consolidation. A diffuse, mixed pattern composed of severe peribronchial infiltra-
tion, a reticulonodular pattern, and alveolar filling also can be found with pulmonary neoplasia.

The possibility of metastatic pulmonary neoplasia should be excluded by completing a com-
plete blood cell count, serum biochemical panel, urinalysis, FeLV serum antigen test, FIV serum
antibody test, abdominal radiographs and/or ultrasound, and potentially bone radiographs.

If pleural effusion is present, it is often necessary to remove the fluid to evaluate the lung
parenchma appropriately on radiographs. Cytologic evaluation of the effusion should be per-
formed to help differentiate heart failure, lymphoma, mesothelioma, feline infectious peritonitis,
and thymoma.
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Fine-needle aspiration (FNA) of pulmonary masses, with or without ultrasound guidance,
can be a useful tool. Neoplastic seeding of the pleura has not been reported, and in one study
FNA was diagnostic for primary lung tumors in 80% of cases. Cytology of primary carcinomas
usually reveals round epithelial cells forming glands or arranged in rows. Other markers of ma-
lignancy include anisocytosis and anisokaryosis, basophilic cytoplasm, and a high nuclear-to-cy-
toplasma ratio. Biopsy may be necessary for definitive diagnosis in some cats. Biopsies can be
obtained through surgical exploratory, thoracoscopy, or ultrasound-guided procedures.

Primary pulmonary adenocarcinoma in the left candal lung
lobe of a middle-aged cat.

10. What is the most common anatomic site for primary lung tumor in cats?
The left caudal lung lobe is involved in most cases.

11, What are the differential diagnoses for solitary lung masses in cats?
Differential diagnoses include metastatic neoplasia, cyst, infarct, granuloma, localized hem-
orrhage, localized pneumonia, fungal disease, lung lobe torsion, and abscess.

12. What is the treatment of choice for cats with primary pulmonary neoplasia?

Surgery is the treatment of choice if less than 3 nodules are visible on radiographs and the
cat does not demonstrate negative prognostic factors, such as lymph node metastases and distant
metastatic disease.

13. What is the prognosis for cats treated with surgery for primary lung tumors?

In one study, cats with primary lung tumors treated with surgery alone had a median survival
of 115 days. Cats with tracheobronchial lymph node enlargement treated with surgery had a
median survival time of 73 days, whereas cats without tracheobronchial lymph node enlargement
at the time of surgery had a median survival of 412 days. Cats with poorly differentiated tumors
have a worse prognosis after surgery than cats with moderately differentiated tumors (median
survival time of 75 days vs. 698 days).

14. What is the most common tumor of the mediastinum in cats?
Lymphoma in the most common mediastinal tumor and is thought to originate from mediasti-
nal lymph nodes or thymic tissue. Differential diagnoses include thymoma, thymic cyst, ectopic
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thyroid tumors, and chemoreceptor tumors. In general, mediastinal lymphoma affects younger
cats, whereas thymic neoplasia develops in older cats.

15. What clinical signs and physical examination findings are typical in cats with mediasti-
nal disease?

Cats often present with dyspnea, cough, and dysphagia. Because of mass effect or pleural ef-
fusion, most have a restrictive breathing pattern if dyspnea is present. Pleural effusion is sec-
ondary to tumor compression of lymphatics and decreased venous return to the heart, causing
congestion and secondary transudation. Many cats with a mediastinal mass have a cranial tho-
racic cavity that cannot be compressed.

16. What diagnostic tests should be performed when mediastinal disease is suspected?

Radiography, thoracocentesis with cytologic evaluation of pleural fluid, and FNA of mass le-
sions are performed when possible. For staging suspected mediastinal lymphoma, a complete blood
count, serum chemistry profile, urinalysis, abdominal ultrasound, FeLV serum antigen test, FIV
serum antibody test, and cytology of a bone marrow aspiration should be performed. Of cats with
mediastinal lymphoma, 80% are positive for FeLV. These diagnostic tests are also important to rule
out other diseases.

17. How do effusions associated with lymphoma differ from those associated with thymoma?
Both tumors lead to effusions that usually are characterized as modified transudates.
Effusions induced by thymoma contain primarily small, mature lymphocytes, epithelial cells,
and sometimes mast cells. Effusions induced by lymphoma usually contain large lymphoblastic
lymphocytes. However, small lymphocytes are the predominant cell in some cases.

18. What are the chemotherapeutic options for cats with mediastinal lymphoma?

Several chemotherapuetic options have been described in the literature. Historically, the cy-
clophosphamide, vincristine, and prednisone (COP) protocol has been the basis for treatment. In one
study, 12 cats treated with a COP protocol attained a 92% complete remission rate, with a median re-
mission duration of 6 months. In another study, cats with mediastinal lymphoma were treated with
vincristine, cyclophosphamide, and methotrexate. Only 45% responded, with a median remission of
2 months. In cats with stage I and I lymphoma treated with combination chemotherapy consisting of
L-asparaginase, vincristine, methotrexate, cyclophosphamide, and prednisone, the median survival
was 7.6 months. Lastly, cats with lymphoma in several anatomic locations that were treated with in-
duction chemotherapy with the COP protocol and maintained with 5 doses of doxorubicin enjoyed a
median remission duration of 281 days. Overall, combination chemotherapy is recommended, al-
though each patient should be evaluated individually. In some cases single agent therapy may be
more appropriate.

19. Can radiation be effective for treatment of mediastinal lymphoma?

Cats with severe respiratory signs secondary to a mediastinal mass can respond favorably to ra-
diation therapy. Because malignant lymphocytes are extremely radiation-sensitive, radiation therapy
can cause a rapid reduction in tumor burden during life-threatening episodes. Chemotherapy should
be administered with radiation treatment because lymphoma is considered a systemic disease.

20. What is the treatment of choice for cats with a thymoma?
Surgery is the treatment of choice. The median survival is 16 months for cats that survive the
perioperative period. Encapsulated tumors seem to have a better prognosis.

21. Are paraneoplastic syndromes associated with thymomas and }ymphomas in cats?

Paraneoplastic syndromes, such as myasthenia gravis, polymyositis, and hypercalcemia, are
much more common in dogs. In one study, only 2 of 12 cats developed paraneoplastic syn-
dromes, and both developed acquired myasthenia gravis. Paraneoplastic syndromes associated
with lymphoma have been described in cats, although hypercalcemia associated with mediastinal
lymphoma is rare.
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17. MYOCARDIAL DISEASES

C. Bisque Jackson, V.M.D.

1. Define cardiomyopathy.

Cardiomyopathies represent a heterogeneous class of diseases characterized by primary
structural abnormalities and functional impairment of the heart muscle. Idiopathic or primary
cardiomyopathy excludes conditions that result from valvular, pulmonary, vascular, pericardial,
congenital, or systemic disease. Secondary cardiomyopathy refers to abnormalities of the heart
muscle related to systemic disease. Examples include hypertrophic cardiomyopathy associated
with hyperthyroidism or arterial hypertension.

2. What are the different types of cardiomyopathies?
The primary myocardial diseases in cats can be divided morphologically and functionally
into hypertrophic, restrictive, and dilated cardiomyopathy.

3. What is hypertrophic cardiomyopathy?

Hypertrophic cardiomyopathy (HCM) is the most common feline myocardial disorder. It af-
fects a broad range of ages, although young to middle-aged male cats seem to be affected most
frequently. The hailmark characteristic of HCM is a hypertrophied, nondilated left ventricle in
the absence of other cardiac, systemic, or metabolic diseases. Left atrial or biatrial enlargement
(dilation) is common, and mild-to-moderate right ventricular hypertrophy is often present. The
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functional abnormality associated with HCM is diastolic dysfunction due a reduction in both left
ventricular chamber size and distensibility secondary to hypertrophy. Systolic function tends to
be normal to increased. Left ventricular hypertrophy has many morphologic expressions and
variable distributions; hypertrophy may be symmetric, affecting all wall segments proportionally,
or asymmetric, affecting only segments of the interventricular septum, left ventricular free wall,
and/or papillary muscles. Morphologic changes may include septal hypertrophy that leads to nar-
rowing of the left ventricular outflow tract and dynamic outflow obstruction. Systolic anterior
motion (SAM) of the mitral valve also can contribute to outflow obstruction. The typical histo-
pathologic lesion in HCM is ventricular myofiber disorganization.

4. Which breeds are predisposed to HCM?

Domestic shorthair, Maine coon, and Persian cats seem to be predisposed to HCM, and evi-
dence for genetic transmission in these breeds is mounting. Recent studies suggest that HCM is a
familial disorder with an autosomal dominant pattern of transmission. The mutation is thought to
involve a defect in the cardiac B-myosin heavy chain gene (the gene that encodes the cardiac sar-
comere protein),

5. Define restrictive cardiomyopathy.,

Recently attention has focused on a newly classified feline myocardial disease termed restrictive
cardiomyopathy (RCM). Although RCM shares many structural and functional features with HCM,
its unique feature is severe diastolic dysfunction with little-to-no ventricular hypertrophy. Significant
left atrial or biatrial enlargement is another hallmark. Systolic function is usually well preserved or
only slightly impaired. The disease is not well characterized but seems to result from impaired ven-
tricular compliance and filling due to infiltration of the myocardium or endomyocardium by fibrous
tissue or some other infiltrative process. The disease, however, is frequently classified as idio-
pathic. Histopathologically, extensive endocardial scar formation and myocardial fibrosis are present.

6. What is dilated cardiomyopathy?

The hallmark characteristic of dilated cardiomyopathy (DCM) is dilation of all chambers of
the heart and severe systolic dysfunction. In 1987, the association between taurine deficiency and
DCM in cats was recognized. At that time, supplemental taurine was added to most commercial
feline diets, and the number of cats affected with DCM markedly declined. Presently, DCM due
to taurine deficiency is a rare disease in cats. The few cats affected tend to be on unsupplemented
homemade diets or some other unconventional food. Idiopathic DCM is diagnosed more com-
monly in cats with systolic myocardial failure. Myocyte degeneration and necrosis are the
common histopathologic findings.

7. Why is taurine important for cardiac function?

Tavurine is an essential amino acid for cats. Cats have a low concentration of cysteine-sulfinic
acid decarboxylase, an enzyme required for taurine biosynthesis. As a result, their ability to syn-
thesize taurine from cysteine and methionine is limited. Taurine is essential for normal structural
and functional integrity of the heart and tapetum. Evaluation of the heart and retina should be
performed on cats that are fed noncommercial diets.

8. What are the normal taurine values?
Cats with myocardial failure have plasma taurine concentrations < 30 nmol/ml (normal = >
60 nmol/ml) or whole blood taurine concentrations < 100 nmol/mL {(normal = > 200 nmol/mi). In
addition, most of these cats were found to have concurrent retinal lesions, consisting of bilateral
elliptical hyperreflective lesions in the area centralis in the early stages and diffuse retinal degen-
eration and blindness in the later stages.

9. Are myocardial changes reversible with taurine supplementation?
Treatment with oral taurine supplementation probably improves clinical signs, restores myo-
cardial function, and improves survival when taurine deficiency is responsible for DCM.
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Echocardiographic improvements can be seen within 1 month of treatment, and some cats may
be normal after 2-3 months of therapy. The recommended dose of taurine is 250-500 mg/cat/
day. Cats with idiopathic DCM show little-to-no improvement on oral taurine supplementation.

10. What are the common clinical signs in cats with heart disease?

The broad range of clinical abnormalities depends on the severity of the underlying cardiac
disease. Many cats are affected subclinically, and evidence of heart disease is detected during
routine examination. Clinically affected cats tend to have a history of inactivity, depression,
anorexia, and vomiting. Some cats may present for syncope secondary to bradyarrythmias or
tachyarrhythmias, and others present with acute pelvic limb paralysis secondary to a distal aortic
thrombus. Cats with distal aortic thrombus have absent femoral pulses and cool pelvic limbs and
tend to experience significant pain. In addition, some cats display paresis of a front limb associ-
ated with embolization.

11, What are the common physical examination features in cats with heart disease?

Common physical examination findings include tachypnea, dyspnea, and crackles due to pul-
monary congestion from left-sided heart failure. Decreased lung or heart sounds also may be pre-
sent and suggest pleural and/or pericardial effusion. Ascites, hepatomegaly, and jugular venous
distention may be present with right-sided heart failure. Because cats rarely present with exclusive
right-sided heart failure, biventricular failure is likely if these findings are present. Heart rates can
vary, but typically cats are tachycardic with heart rates > 200 beats/min. Systolic murmurs, abnor-
mal heart sounds (gallop rhythms), arrhythmias, and possible pulse deficits are also frequently
present. Other physical examination findings may include hypothermia, pale mucous membranes,
and weak femoral pulses secondary to a low output state due to myocardial dysfunction.

12. What is the initial diagnostic plan for cats with myocardial disease?

After a thorough history and physical examination, the diagnostic work-up for cats with my-
ocardial disease should include a complete blood count, biochemistry profile, urinalysis, total T4
concentration, thoracic radiographs, arterial blood pressure, electrocardiogram, and echocardio-
gram. The diagnostic work-up should not be initiated until the patient has stabilized completely.

13. What are the common Iaboratory findings in cats with heart disease?

Cats are often mildly azotemic as a result of decreased renal perfusion, decreased water con-
sumption, and fluid sequestration. Mild elevations in liver enzyme activities may be seen from
hypoxia due to decreased liver perfusion. A stress leukogram is usually present, along with hyper-
glycemia. If aortic thromboembolism is present, increased creatine phosphokinase (CPK), lactate
dehydrogenase (LDH), and aspartate aminotransferase (AST) activities usually are detected.

14. How is hyperthyroidism associated with heart disease?

Hyperthroidism results in a high-output cardiac state with low peripheral vascular resis-
tance. The high-output state causes an increase in myocardial metabolic rate (work load) and
oxygen consumption. The resulting cardiac compensatory change is an increase in myocardial
protein synthesis and subsequent hypertrophy. Circulating thyroid hormone also interacts with
the sympathetic nervous system, causing an increase in the number of B-receptors and in their
sensitivity to catecholamines. This change also causes an increase in the metabolic rate of the
myocardium. Reduced peripheral vascular resistance causes volume retention via renal mecha-
nisms that conserve fluid (renin-angiotensin-aldosterone system). The cardiac compensatory
changes seen with increased blood volume lead to chamber dilation.

15. When should hyperthyreidism be considered a possible diagnosis?

Hyperthyroidism should be considered in any cat over 6 years of age that exhibits clinical
signs of hyperthyroidism (tachycardia, weight loss, polyuria, polydipsia, hyperactivity) and heart
disease. Therefore, careful palpation of the cervical region to detect thyroid nodules is recom-
mended for cats with historical or physical exam features consistent with cardiomyopathy.
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Cardiomyopathy associated with hyperthyroidism tends to be reversible with appropriate treat-
ment in an otherwise healthy heart.

16. What are the radiographic findings in cats with cardiomyopathies?

The purpose of thoracic radiographs is to evaluate heart size and shape, pulmonary
parenchyma, and pulmonary vasculature. Left-sided heart enlargement or generalized car-
diomegaly are the most common radiographic findings. Pulmonary parenchymal changes can in-
clude an interstitial and/or alveolar pattern that may be diffuse, patchy, or focal in
distribution. Pulmonary venous distension may be present secondary to left-sided heart fail-
ure. Other findings may include pleural effusion, hepatomegaly, or ascites.

Thoracic radiographs of a cat with hypertrophic cardiomyopa-
thy and heart failure. (Courtesy of Dr. Chris Orton, Colorado
State University.)

17. Are cats with heart disease hypertensive?

Systemic arterial hypertension does not usually occur secondary to heart disease, but hyper-
tension should be considered in the differential diagnoses for any cat with left ventricular hyper-
trophy. Myocardial changes usually result from rather than cause hypertension. Common causes
for systemic hypertension in cats include renal disease, and hyperthyroidism (see Chapter
63). Other less common diseases include pheochromocytoma, primary aldosteronism due to an
adrenal tumor or hyperplasia (Conn’s syndrome), and hyperadrenocorticism. Primary (essential)
hypertension is now a recognized disease in cats.

18. What electrocardiographic (EKG) findings are associated with cardiomyopathies?

The EKG of cats with cardiomyopathy is often unremarkable. When present, electrocardio-
graphic abnormalities are highly variable and do not distinguish among the forms of cardiomy-
opathy. The purpose of the EKG is to determine heart rate and to evaluate for the presence and
type of arrhythmias as well as left and/or right-sided heart enlargement. Typically, cats with heart
disease are tachycardic. Some, however, may have normal rates, and others may be syncopal as a
result of severe bradyarrhythmias.

Among the more common EKG abnormalities are supraventricular tachycardia, atrial pre-
mature contractions, first-degree atrioventricular block, left anterior fascicular block, left bundle-
branch block, ventricular premature contraction, and ventricular tachycardias. Measurement of
EKG complexes helps to determine whether left- and/or right-sided heart enlargement is pre-
sent. Left atrial enlargement is present if the P-wave duration is > 0.04 sec; right atrial enlarge-
ment if the P-wave amplitude is > 0.2mV; and left ventricular enlargement if the QRS duration is
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> 0.04 sec and the R wave amplitude is > 0.8mV. Low-voltage QRS complexes can be seen with
severe pleural and pericardial effusion.

19. What echocardiographic findings are associated with cardiomyopathy?

The morphologic patterns encountered on echocardiography are complex and depend on
the type and severity of underlying cardiomyopathy. In brief, HCM is characterized by thicken-
ing of the left ventricular free wall or septum at end-diastole; measured wall thickness is > 6
mm. Typically, cats with RCM demonstrate severe left atrial enlargement in the absence of
severe left ventricular dilation or hypertrophy. Abnormal echogenicity of the left ventricular free
wall may be present. DCM is typified by increased left ventricular end-systolic dimension (> 12
mm) with decreased fractional shortening (< 30%). Often, all four cardiac chambers are dilated.

20. What cardiovascular emergencies are commonly seen in cats?

The most common medical emergency is left-sided heart failure resulting in pulmonary
edema and, less commonly, pleural effusion. Such cats usually present in severe respiratory dis-
tress with pulmonary crackles. Acute arterial thromboembolism resulting in pelvic limb paralysis
is another frequently encountered emergency. Less common emergencies include biventricular
failure resulting in pulmonary edema and systemic venous congestion (ascites, pericardial effu-
sion) and syncope from brady- or tachyarrhythmias.

21. What other diseases can cause an acute onset of respiratory distress?

Cats that present with an acute onset of respiratory distress (tachypnea, dyspnea, open mouth
breathing) usually have cardiac disease, lower airway disease (asthma), or pleural space disease
(see Chapter 8). Thorough thoracic auscultation can determine accurately whether pleural space
disease is present, requiring thoracocentesis. A history of cough and/or the presence of tracheal
sensitivity indicates that airway disease is more likely, whereas a heart murmur or gallop rhythm
is more typical in cats with cardiac disease. In compromised cats, oxygen should be adminis-
tered, and treatment for both cardiac disease (diruretic) and asthma (glucocorticoids) may be re-
quired to stabilize the cat before diagnostic testing.

22. What are the initial goals of therapy for left-sided congestive heart failure?

Important initial therapy includes cage rest and supplemental oxygen therapy. It is impera-
tive not to stress a cat in severe respiratory distress, because pulmonary edema can be rapidly and
progressively life-threatening.

23. What drugs may be used to treat left-sided congestive heart failure?

Furosemide should be administered intravenously as soon as possible, although the intramus-
cular route is sufficient in a severely compromised cat. Furosemide, a loop diuretic, inhibits tubular
reabsorption of sodium, chloride, and potassium in the ascending loop of Henle, thereby decreasing
water reabsorption. Decreased water reabsorption reduces vascular volume and preload, thus de-
creasing left ventricular filling pressures and pulmonary edema. The dose of furosemide therapy
ranges from 0.5-2.0 mg/kg every 1-12 hr. The goal of diuretic therapy is to resolve congestion
within 24 hours so that the cat can breathe comfortably and oxygen therapy can be
discontinued. At that time, maintenance doses of furosemide can be initiated. Recommended
doses range from 1.1-2.2 mg/kg orally every 2448 hr.

Nitroglycerine ointment (2%) also should be used in the treatment of acute, life-threatening
pulmonary edema. Nitroglycerine is a potent, direct-acting vasodilator that increases venous ca-
pacitance, thus reducing preload. The recommended dose is %2 inch cutaneously to the pinna
every 6-8 hours for the first 2448 hours. Gloves are worn during application of nitroglycerine to
prevent systemic absorption.

24. Describe the treatments for acute aortic thromboembolism.
Most cats with thromboembolism (TE) have accompanying signs of congestive heart failure;
therefore, treatment for heart failure should be instituted as previously discussed. Judicious use
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of analgesics is appropriate for the first 2448 hours because the ischemic insuit is very painful.
Butorphanol (0.05-0.2 mg/kg intravenously or intramuscularly every 8 hr) or morphine (0.05-0.1
mg/kg intramuscularly every 8 hr) provides good analgesia. Various medical treatments have
been advocated for the treatment of TE, but most are empirical and no data support any single
treatment. Current therapy is aimed at lysing the existing clot with thrombolytic agents or at pre-
venting new thrombus formation or growth with anticoagulants. The current thrombolytic agents
include tissue plasminogen activator (t-PA), streptokinase, and urokinase. Bleeding, severe reper-
fusion injury, and death are severe complications that can be associated with these drugs, and
they should be used cautiously in cats. The anticoagulants used to impair clotting factor synthesis
or enhance inactivation are warfarin and heparin, respectively. These drugs should be used with
caution because they can result in severe bleeding complications without appropriate monitoring.
Monitoring of bleeding times (one-stage prothrombin time or international normalized ratio for
warfarin and activated partial thromboplastin time for heparin) is imperative if an anticoagulant
is used. Aspirin often is used to retard thrombus formation or growth, because inhibition of
thromboxane production theoretically should block platelet aggregation. The clinical effects of
aspirin therapy are controversial, and most cats reembolize despite aspirin therapy.

25. What are the goals of maintenance therapy for HCM and RCM?

+ To prevent congestion (diuretic therapy);

« To control heart rate and rhythm (beta blockers, calcium channel blockers)

« To block the neurohormonal mediators of heart failure, notably angiotensin, aldosterone,
and epinephrine, and thus induce regression of the hypertrophy, (angiotensin-converting
enzyme [ACE] inhibitors, spironolactone, beta blockers)

» To reduce the likelihood of TE with anticoagulants (heparin, warfarin, aspirin)

26. What is the recommended therapy for HCM and RCM?

There is no single treatment recommendation for heart disease. Therapy must be tailored to the
particular type, severity, and duration of the cardiomyopathy. Frequent monitoring of patients is ad-
vocated. and drug therapy should be adjusted accordingly. Most cats affected with HCM or RCM
are treated with furosemide, calcium channel blocker or a beta blocker, and an ACE inhibitor.

Drugs Used Frequently in the Management of Cardiac Disease in Cats

DRUG/CLASS INITIAL DOSE
ACE inhibitors
Enalopril 0.25-5.0 mg/kg PO every 12-24 hr
Benazepril 0.50 mg/kg PO every 24 hr
Beta blockers
Atenolol 6.25-12.5 mgfcat PO every 12-24 hr
Metoprolol 2-15 mg/cat PO every 8 hr
Calcium channel blocker
Diltiazem (Dilacor XR: 30 mg/cat PO every 12 hr
extended release)
Digitalis
Digoxin Cats < 3.0 kg: 0.031 mg PO every 48-72 hr
Cats 3.0-6.0 kg: 0.031 mg PO every 24 hr
Cats > 6.0 kg: 0.031mg PO every 12-24 hr
Diruetic
Furosemide 6.25 mg/cat PO every 24-48 hr-12.5 mg/cat PO every 8 hr
Anticoagulants
Aspirin 25 mg/cat PO every 72 hr
Warfarin (Coumadin) 0.25-0.5 mg/cat PO every 24 hr
Heparin 100-200 U/kg IV once; then 100-300 U/kg SQ every 8 hr

Table continued on following page
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Drugs Used Frequently in the Management of Cardiac Disease in Cats (Continued)

DRUG/CLASS INITIAL DOSE
Others
Nitroglycerine % inch cutaneously to the pinna every 6-8 hr for the first 2448 hr
Taurine 250-500 mg/cat PO every 12 hr

ACE = angiotensin-converting enzyme, PO = orally, SQ = subcutaneously, IV = intravenously.

27. Why is the use of ACE inhibitors controversial in cats with HCM?

It has been well documented in dogs that activation of the renin-angiotensin-aldosterone
system negatively affects the natural history of heart failure, primarily mediated by increased an-
giotensin II levels. Despite the many beneficial effects of ACE inhibitors for cardiac disease, their
use in cats with HCM may be controversial. ACE inhibitors cause mild arteriolar dilation by in-
hibiting production of the vasoconstrictor angiotensin II. A decrease in afterload theoretically may
result in an increased pressure gradient in cats with dynamic outflow obstruction and/or SAM of the
mitral valve. In practice, however, ACE inhibitors are sometimes used in cats with HCM.

28. What are the treatment options and goals of maintenance therapy for DCM?
* To prevent congestion (diuretic therapy)
» To promote increased forward cardiac output and improve myocardial contractility (posi-
tive inotropy)

29. What is the recommended therapy for DCM?

Most cats affected with DCM are maintained on furosemide and digitalis. Furosemide ther-
apy is the same as for HCM or RCM: 1.2-2.2 mg/kg orally every 24-48 hr. The inotropic effects
of digoxin are mediated through inhibition of the sodium-potassium-adenosine triphosphatase-
pump. By increasing the concentration of sodium in the cell, more calcium enters the cell via the
sodium-calcium exchanger, ultimately producing a more forceful cardiac contraction. Therapy is
based on a calculated dose of 0.005-0.01 mg/kg. The 0.125-mg tablet is more easily administered
to most cats than the elixir form. The recommended doses are listed in question 26. Serum digoxin
concentrations should be monitored as well as renal values because digoxin is eliminated by the
kidneys. In addition, taurine is administered empirically (250-500 mg/cat orally every 12 hr).
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1. What differentiates vomiting from regurgitation?

Vomiting is the forceful ejection of stomach and proximal duodenal contents through the
mouth. Vestibular, vagal, chemoreceptor trigger zone, or direct input to the emetic center can induce
vomiting. Regurgitation is the passive expulsion of food or fluid from the oral cavity, pharyngeal
cavity, or esophagus (see Chapter 26). Esophageal diseases are rare in cats compared with dogs.

2. How is diarrhea characterized?

Diarrhea is characterized by increased frequency of defecation, increased fluid content of the
stool, or increased volume of stool. Markedly increased frequency of defecation, small-volume
stools, tenesmus, urgency, hematochezia, and mucus are consistent with large bowel diarrhea.
Slight increase in frequency of defecation, large volume, melena, steatorrhea, and polysystemic
clinical signs are more consistent with small bowel diarrhea. Mixed bowel diarrhea is a com-
bination of characteristics or clinical signs. The clinical differential diagnoses for vomiting and
small bowel diartheas are similar.

3. What are the major differential diagnoses for vomiting and small bowel diarrhea?
Causes can be grouped as either primary or secondary gastrointestinal (GI) tract diseases:

Differential Diagnoses for Vomiting and Small Bowel Diarrhea in Cats

PREDOMINANT SIGN

Primary GI diseases
Obstruction: masses, foreign body, intussusception
Dietary intolerance

Vomiting or diarrhea
Vomiting or diarrhea

Drugs or toxins

Inflammatory gastric and bowel diseases
Neoplasia

Infectious diseases

Parasites

Secondary GI diseases

Renal disease

Hepatic disease

Pancreatitis

Hypoadrenocorticism (rare in cats)
Diabetes mellitus with ketoacidosis
Peritonitis

Central nervous system/vestibular disease
Pancreatic exocrine insufficiency

Vomiting or diarrhea

Vomiting primarily, some diarrhea
Vomiting or diarrhea

See table in question 4

See table in question 4

Vomiting primarily

Vomiting primarily, some diarrhea
Vomiting primarily

Vomiting or diarrhea

Vomiting primarily

Vomiting or diarthea

Vomiting primariliy

Diarrhea primarily
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4. What are the major differential diagnoses for large bowel diarrhea?

Most causes of large bowel diarrhea involve the GI tract primarily and include inflammatory
disease, neoplasia, obstruction {ileocecocolic valve), spastic disorder (idiopathic), dietary intoler-
ance, infection, and parasitism. Secondary GI diseases usnally are not associated with large
bowel or mixed bowel diarrhea. Inflammation of the cecum, large intestine, and rectum can result
in vomiting; the mechanism is vagal afferent nerve transmission to the emetic center.

Infectious Disease Differential Diagnoses for Vomiting and Diarrhea in Cats*

Bacterial agents Helminths
Salmonella spp. (S, M) Ancylostoma/Uncinaria spp. (S, M, L)
Enterotoxigenic Escherichia coli (S, M) Strongyloides cati (S, M, rare)
Clostridium perfringens (L, rare) Dirofilaria immitis (V)
Helicobacter felis and H. heilmannii (V) Toxocara cati (V)
Bacterial overgrowth (S) Ollulanus tricuspis (V)
Bacterial peritonitis (S) Physaloptera spp. (V)
Bacterial cholangiohepatitis (S) Flagellates

Viral agents Giardia spp. (S, M)
Feline coronaviruses (S) Trichomonas hominis (L, rare)
Feline lymphoma (S, M, L) Amoeba
Feline immunodeficiency virus (S) Entamoeba histolytica (L, rare)
Feline panleukopenia (V only frequently, S) Coccidian

Fungal Cystoisospora spp. (M, L)
Histoplasma capsulatum (L) Cryptosporidium spp. (S, M)
Saprophytic fungi (S, M, L) Toxoplasma gondii (V, S, rare Gl diseases)

S = small bowel diarrhea, M = mixed bowel diarrhea, L = large bowel diarrhea, V =vomiting.
* All diseases resulting in diarrhea also can cause vomiting.

5. Is a diagnostic work-up always indicated for cats with vomiting or diarrhea?

Vomiting or diarrhea due to drugs, toxins, and dietary intolerance can be excluded by history
and diet change. Otherwise healthy cats with acute vomiting and normal physical examination
findings often can be managed conservatively by withholding food for 24 hours, followed by in-
troduction of bland food for several days.

6. What is the minimal diagnostic plan for cats with vomiting or diarrhea?

Fecal flotation and complete blood cell count (CBC) are indicated for most cats with vomit-
ing. Although the CBC generally does not lead to a specific diagnosis, the presence of eosino-
philia makes inflammatory bowel diseases and parasitism more likely. If diarrhea is present, wet
mount examination for trophozoites, rectal cytology, and Cryptosporidium screen (fecal enzyme-
linked immunosorbent assay [ELISA] or acid-fast stain of a thin fecal smear) also are indicated.
Fecal fat assessment with Sudan IV stain with and without acetic acid helps to confirm malab-
sorption/maldigestion but is not specific for a single disease.

7. How do you screen for secondary GI tract diseases associated with vomiting and diarrhea?
A serum biochemical profile, urinalysis, feline leukemia virus (FeLV) antigen assay, and
feline immunodeficiency virus (FIV) antibody assay generally are performed in cats with chronic
vomiting and diarrhea (see Chapter 25). The author generally assesses serum total T4 concentra-
tion in all cats with vomiting or small bowel diarrhea that are older than 5 years. Although amy-
lase and lipase are poor predictors of pancreatitis in cats, a trypsin-like immunoreactivity assay
has now been validated (Texas A & M University, College Station, TX). It can be used to support
the diagnosis of acute pancreatitis (increased) or exocrine pancreatic insufficiency (decreased) in
cats (see Chapter 36). If a cat with suspected pancreatitis has abdominal effusion, measure lipase
concentrations in the serum and effusion; if pancreatitis is present, effusion lipase is usually
greater than serum lipase.
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8. What are the indications for direct smears? What techniques are used?

Liquid feces or feces that contain large quantities of mucus should be microscopically ex-
amined immediately for the presence of protozoal trophozoites, including Giardia spp. (fla-
gellate) and Pentatrichomonas hominis (flagellate). A direct saline smear can be made 1o
facilitate observation of these motile organisms. The amount of feces required to cover the
head of a match is mixed thoroughly with one drop of 0.9% sodium chloride (NaCl). After ap-
plication of a coverslip, the smear is evaluated for motile organisms by examining it under
100 x magnification,

9. How does rectal cytology aid in the diagnostic evaluation of cats with diarrhea?

A thin smear of feces should be made from all cats with diarrhea. Material should be col-
lected by rectal swab, if possible, to increase chances of finding white blood cells. A cotton swab
is gently introduced 3—4 cm through the anus into the terminal rectum, directed to the wall of the
rectum, and gently rotated several times. Placing a drop of 0.9% NaCl on the cotton swab facili-
tates passage through the anus but does not adversely affect cell morphology. The cotton swab is
rolled on a microscope slide gently multiple times to give areas with varying thickness; three
slides are usually made. After air drying, one of the slides can be stained with Diff-Quick or
Wright’s-Giemsa stains. The slide should be examined for white blood cells and bacteria mor-
phologically consistent with Campylobacter jejuni or Clostridium perfringens. Histoplasma cap-
sulatum or Prototheca spp. may be observed in the cytoplasm of mononuclear cells. Methylene
blue in acetate buffer (pH = 3.6) stains trophozoites of the enteric protozoans. Iodine stains and
acid methyl green also are used for the demonstration of protozoans. Acid-fast or monoclonal an-
tibody staining (Meridian Diagnostics, Cincinnati, OH) of a fecal smear should be performed in
cats with diarrhea to aid in the diagnosis of cryptosporidiosis. Cryptosporidium parvum is the
only enteric pathogen of approximately 4-6 pm in diameter that stains pink to red with acid-fast
stain. Presence of neutrophils on rectal cytology may suggest inflammation induced by
Salmonella spp., C. jejuni, or C. perfringens; fecal culture is indicated in such cases.

10. What fecal flotation solutions should be used for cats?

Ability to float parasite ova, oocysts, or cysts is based on the specific gravity of the solu-
tion; most ova, oocysts, and cysts are easily identified after zinc sulfate centrifugal flotation
(see Chapter 19). This procedure is considered by many to be optimal for the demonstration of
protozoan cysts, in particular Giardia spp.; it is a good choice for a routine flotation technique.
Sugar centrifugation can be used for routine parasite evaluation and may be superior to many
techniques for the demonstration of oocysts of Toxoplasma gondii and C. parvum. Giardial
cysts are distorted by sugar centrifugation but can still be easily identified. Fecal sedimentation
recovers most Cysts and ova but also contains debris. This technique is superior to flotation pro-
cedures for the documentation of fluke eggs.

Zinc Sulfate Centrifugation Procedure

1. Place 1 gm of fecal material in a 15-mi conical centrifuge tube.

. Add 8 drops of Lugol iodine, and mix well.

. Add 7-8 ml of zinc sulfate (1.18 specific gravity),* and mix well.
. Add zinc sulfate until there is a slight positive meniscus.

. Cover the top of the tube with a coverslip.

. Centrifuge at 1500-2000 rpm for 5 minutes.

. Remove the coverslip, and place on a clean microscope slide for microscopic examination.

(>SS B« Y I 7S I S )

. Examine the entire area under the coverslip for the presence of ova, cocysts, or larvae at 100 x
magnification.

* Add 330 gm of zinc sulfate to 670 ml of distilled water.
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11. If a delay is expected before feces are evaluated, should a preservative be used?

Feces should be refrigerated, not frozen, until assayed. If a fecal sample is to be sent to a diagnos-
tic laboratory for further analysis and will niot be evaluated within 48 hours, it should be preserved.
Polyvinyl alcohol, merthiolate-iodine-formalin, and 10% formalin can be used; 10% formalin is com-
monly used because of its routine availability. Add 1 part feces to 9 parts formalin, and mix well.

12. How can I increase the likelihood of diagnosing Salmonella or Campylobacter spp. in-
fections?

Approximately 2-3 gm of fresh feces should be submitted to the laboratory immediately for
optimal results; however, Salmonella and Campylobacter spp. are usually viable in refrigerated
fecal specimens for 3-7 days. The laboratory should be notified of the suspected pathogen so ap-
propriate culture media are used. Cary-Blair medium (Bectin-Dickinson Microbiclogy Systems,
Sparkes, MD) is appropriate for transport.

13. Are any of the fecal antigen techniques beneficial in the evaluation of cats with gas-
trointestinal disease?

Parvovirus, C. parvum, and Giardia spp. antigen detection procedures are available for
feces. In a limited number of feline samples assessed at Colorado State University, canine par-
vovirus assays detected feline parvovirus antigen and correlated well with results from electron
microscopy. Sensitivity and specificity of C. parvum and Giardia antigen assays have not been
determined when used with feces from cats. They should be interpreted in conjunction with re-
sults of fecal examination techniques.

14. How can viruses other than parvovirus be detected in feces?

Electron microscopy can be used to detect viral particles in feces of cats with GI signs of dis-
eases. Approximately 1-3 gm of feces without fixative should be transported to the laboratory
(Diagnostic Laboratory, Colorado State University, College of Veterinary Medicine and
Biomedical Sciences, Fort Collins, CO) by overnight mail on cold packs. In some research labo-
ratories, virus isolation can be performed. In addition, reverse transcriptase-polymerase chain re-
action (RT-PCR) can be used to detect coronavirus particles in stool (see Chapter 21).

15. How can I assess cats for helicobacteriosis?

Gastric biopsies should be placed on urea slants to assess for urease, which is found in the cell
wall of Helicobacter spp. but not in nonpathogenic spirochetes. A presumptive diagnosis of heli-
cobacteriosis can be based on the identification of inflammatory cells and spirochetes in the gastric
biopsies plus a positive urease test and exclusion of other causes of GI disease (see Chapter 20).

16. What imaging techniques are beneficial in evaluating primary GI tract diseases?

Imaging techniques such as radiographs, contrast radiographs, and ultrasound can aid in the diag-
nosis of diseases resulting in obstruction. Abdominal radiographs should be used to support palpation
findings, particularly to help prove or deny obstructive disease. Contrast radiographs are beneficial to
document obstructive disease and localize lesions. Ultrasound of the GI tract can be difficult to inter-
pret; its value depends on the skill of the operator. However, ultrasound is quite valuable in the diag-
nosis of secondary Gl tract diseases such as pancreatitis, renal diseases, and hepatic diseases.

17. When should endoscopy be considered in the work-up of a GI case?

The esophagus, stomach, proximal duodenum, rectum, colon, and distal ileum can be as-
sessed endoscopically. The technique is most valuable to diagnose and retrieve foreign bodies
and to obtain biopsies for evaluation of inflammatory and neoplastic diseases. Because endo-
scopic biopsies are small and lesions may be focal, at least 8~10 biopsies should be made from
the stomach, duodenum, colon, and ileum, if possible. Full-thickness biopsies may be required to
make a definitive diagnosis in some cats. There is no benefit to performing duodenal aspirates for
quantitative bacterial cultures or giardial trophozoite evaluations in cats. The normal bacterial
count range is broad in cats, and Giardia spp. are found in the distal small intestine.
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19. GASTROINTESTINAL PARASITES
Glenda Taton-Allen, M.S., and John Cheney, D.V.M., M.S.

1. What internal parasites infect the gastrointestinal (GI) system?
Nematodes, cestodes, protozoans, and trematodes can be harbored in the GI tract of cats.
Several of these organisms also infect humans; zoonotic aspects are discussed in depth in

Chapter 84.
Morphologic Characteristics of Feline Gastrointestinal Parasites
ORGANISM LIFE STAGE AND DESCRIPTION
Helminths
Toxocara cati Egg: 65-75u

Toxascaris leonina
Ancylostoma cati
Ancylostoma braziliense
Uncinaria stenocephalia
Spirocerca lupi
Strongyloides stercoralis

Ollulanus tricuspis
Physoloptera spp.

Trichuris spp.

Cestodes
Dipylidium caninum

Taenia spp.

Echinococcus multilocularis
Mesocestoides lineatus

Flukes
Alaria
Protozoans
Coccidians
Toxoplasma gondii
Isospora felis
Isospora rivolta
Sarcocystis spp.
Cryptosporidium spp.
Flagellates
Giardia lamblia

Pentatrichomonas hominis

Egg:upto 80

Egg: 55-65 px 3445 p

Egg: 55-76 px 3545 u

Egg: 60-75 ux33-50p

Egg; 12ux40p

Egg: 55u % 30 y; larvated

Larvae: rhabditiform first-stage larva
Aduit: 0.7-2.00 mm long

Adult: 3-6cm

Egg: 30-33 u x 45-55 y; larvated
Egg: 35-38 p x 75-80 p, bipolar plugs

Proglottid; double pored

Egg packet: 25-40 u x 3045 p
Proglodttid; single pored
Egg:37ux32p
Egg:37ux32p

Proglottid: central genital pore
Egg: 22-25u x 25-30 p

Egg: 70 p x 134 y; operculated

Qocyst: 10ux12u
Oocyst: 21-31 ux38-51 p
Oocyst: 20-26 px 23-29 p
Oocyst: 12-16 ux 7-9 p
Oocyst: 46 ux4-T

Cyst: 7-10 p x 8-12 p
Trophozoite: 10-12 p x 15-18 p
Trophozoite: 4-6 ux 7-14 p
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2. What are the most common GI helminthes?
The large roundworms (ascarids) Toxocara cati and Toxascaris leonina and the tapeworms
Taenia taeniaeformis and Dipylidium caninum are very common in cats. 7. cati is the most common
parasite of kittens, and T. faeniaeformis and D. caninum are the most common parasites in adult cats.

3. How are cats infected with ascarids?

Adult T. cati live in the small intestine of cats, and eggs are passed with the feces into the envi-
ronment. The eggs become infective in as little as 1 month, and when the infective eggs are ingested
by another cat, the larvae migrate via the liver and lungs to the small intestine, where they mature.
Rodents can serve as transport hosts, and larvae of the organism can be transmitted lactationally to
kittens. The larval stage does not migrate through tissues when transmitted through milk but goes
directly to the small intestine to mature. Prenatal infection does not occur with T. cati.

T. leonina eggs develop in the environment and become infective in as little as 1 week. Cats
become infected after ingestion of the egg or infected transport hosts (primarily rodents). Trans-
placental and transmammary infection do not occur. Instead of migrating through tissues, the larvae
burrow into the intestinal wall, undergo development, and then return to the lumen to mature into the
adult stage. 7. cati but not T. leonina can cause visceral larva migrans in people (see Chapter 84).

4. What are the clinical signs of ascarid infections?
Ascarid infections in adult cats are usually subclinical. In kittens and young cats, vomiting,
small bowel diarrhea, and abdominal distention are common clinical findings. Kittens may be
listless, fail to thrive, and have a poor hair coat.

5. What hookworms infect the GI tract of cats?

Ancylostoma braziliense, A. tubeforme, and Uncinaria stenocephala infect cats. Prevalence
of hookworm infections varies by region of the United States. Both Ancylostoma spp. prefer
warm, humid climates, whereas U. stenocephala survives well in colder climates. Hookworm in-
fections in cats are more common in the southern and southeastern United States.

6. Describe the life cycle of feline hookworms.

The hookworm has a direct life cycle. Eggs passed in the feces larvate and hatch in the envi-
ronment. If the environment is moist and warm, the larvae can hatch in a matter of hours; cats are
infected by skin penetration or ingestion of infective larvae. There is no evidence that feline
hookworms are transferred transplacentally or lactationally. Rodents can act as transport hosts.

7. What are the clinical manifestations of hookworm infection?

Hookworm infection is not nearly as devastating in cats as in dogs. Intestinal bleeding may
occur, but it is usually minimal. Heavy infection must be present to manifest clinical signs such
as poor hair coat, weight loss, and melena. Adult cats are infected more heavily than kittens be-
cause transplacental and lactational transmission do not occur. Infected people can develop cuta-
neous larva migrans (see Chapter 84).

8. What diagnostic techniques best recover hookworm, ascarid, and other nematode eggs?
The centrifugation fecal flotation technique is the best method to recover nematode eggs
from fecal samples (see Chapter 18). The specific gravity of the salt solution used for flotation
should be 1.18-1.25. Zinc sulfate at a specific gravity of 1.18 is a good solution because it is op-
timal for recovery of giardial cysts as well as most helminth eggs.

The prepatent period for Toxocara spp. is 6-8 weeks; eggs are not present in infected kittens
younger than this age. Eggs of T. cati are large (65-75 p) and dark brown with a thick, roughened
outer (corticate) wall. Eggs of 7. leonina are slightly larger than 7. cati eggs (up to 80u) and have
a light golden brown color with a smooth outer wall and an undulating interior wall. Finding the
unembryonated oval eggs in fresh feces establishes the diagnosis of hookworm infection. The eggs
range from 55-95 p in length, depending on the species of hookworm (see table in question 1).
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Comparison of Toxocara spp. eggs (dark brown eggs with
corticated outer wall) with Toxascaris spp. eggs (lighter,
more diffuse egg with smooth outer wall).

9. What stomach worms may infect cats?

Physaloptera spp. is the only common stomach worm of cats but can be found in the small
intestine as well. This parasite requires insects, including crickets, various beetles, and cock-
roaches, as the intermediate host. Transport hosts are primarily mice. Cats become infected when
they ingest the intermediate or transport host. Diagnosis can be difficult because the eggs do not
float well in most salt solutions except in saturated magnesium sulfate (specific gravity = 1.30).
Eggs are larvated and measure 30-33 p X 45-55 p. Immature or mature worms (1-6 cm) may be
vomited, although these nematodes have small teeth and attach strongly to the gastric mucosa to
suck blood. Endoscopy is a useful diagnostic tool since usually few eggs are found. Clinical ab-
normalities include vomiting and gastric ulcers.

Rare infections with two other parasites, Ollulanus tricuspis and Gnathostoma spinigerum,
have been reported in the United States. The entire life cycle of O. tricuspis can take place within
the stomach of the cat. It is an extremely small worm, only 0.7-1.0 mm long. Cats become infected
from eating vomitus containing L3, L4, or adult nematodes, and the larvae can live in the vomitus
up to 10 days, depending on environmental conditions. Microscopic examination of vomitus or gas-
tric fluids is the primary way to diagnose O. tricuspis infection. G. spinigerum requires two inter-
mediate hosts, first a crustacean and then a freshwater fish, amphibian, or reptile. The cat ingests the
intermediate host. The parasites migrate throughout the body and cause severe ulceration and necro-
sis of the stomach wall, where the adults live. Diagnosis is difficult because few eggs are produced
and usually are not present in feces. There is no treatment, and the infection is often fatal.

10. If adult worms are present in vomitus, how can 7. cati be distinguished from
Physaloptera spp.?

Adult Physaloptera spp. are similar to Toxocara and Toxascaris spp. except that they are
shorter and usually coiled. The head of the ascarid has a small mouth opening surrounded by
three lips. Physaloptera spp. are unique in that adults have two spines at the anterior end and a
“collar” type structure around the head area.

11. What other nematodes are found on rare occasions in the feline GI tract?

Strongyloides stercoralis is an unusual parasite because it has both a parasitic life cycle and
a free-living life cycle. This organism is generally a parasite of younger animals; the finding of
larvated eggs (30 p X 55 p) or, more commonly, rhabditiform larvae in the feces is diagnostic.
The entire life cycle can be completed in cats; diarrhea is the primary clinical sign. The organism
can cause cutaneous larva migrans in people (see Chapter 84).

Spirocerca lupi adults generally live in the esophagus but can be harbored in the stomach. This
organism uses coprophagic beetles as intermediate hosts as well as numerous paratenic hosts, in-
cluding lizards, mice, and chickens. Infection is diagnosed by the finding of small, thick-walled lar-
vated eggs in feces. The eggs measure 12 u x 40 p. Endoscopy is also a useful diagnostic tool to find
esophageal granulomas and make a definitive diagnosis. Clinical signs of disease are rare in cats.
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Trichuris campanula and T. serrata infections (whipworms) occur sporadically in cats in the
United States. Adult worms live in the large intestine and cecum. The life cycle is direct; cats can
become infected by ingestion of the eggs that have developed in the environment. Development
of Trichuris spp. eggs takes from 10 days to 2 months. Infections normaily do not cause severe
disease in cats. Eggs are recovered using a fecal float and identified by the characteristic barrel
shape and bipolar plugs; they range in size from 35-38 p x 75-80 p. Differentiation from the
lungworm, Capillaria aerophilia, is necessary.

12. What are the principal anthelmintics used for treatment of nematodes infecting cats?

Several anthelmintics are used in cats to treat ascarids, hookworms, and other nematodes.
Pyrantel pamoate, although not approved for use in cats, is extremely safe and efficacious in the
treatment of ascarids and hookworms. It must be given in two doses about 2-3 weeks apart be-
cause the drug kills only parasites in the GI tract, not the tissue migratory stages. Fenbendazole,
also extremely safe, is not approved for use in cats. It is effective for the treatment of ascarids,
hookworms, whipworms, S. stercoralis, and other less common nematodes. The liquid formula-
tion of fenbendazole is usually given for 3-5 days. Treatment must be repeated in 2-3 weeks for
ascarids and hookworms. Treatment needs to be repeated at 4 weeks and 8 weeks for whipworms.
Fenbendazole also has antigiardial activity (see question 30). The combination of praziquantel and
pyrantel is approved for use in cats and is also effective for the treatment of tapeworms. Piperazine
is approved for use in cats, but efficacy is variable and less than desirable. Selamectin is approved
to treat 7. cati and hookworms in cats. Ivermectin is effective for the control of hookworms.

Drugs Used for Control of Gastrointestinal Tract Parasites in Cats
GENERIC DRUG COMMON FELINE DOSAGE

Alaria marcianae

Praziquantel*

Cestodes

Epsiprantel*

Fenbendazole (7aenia spp. only)

5 mg/kg/day PO for 2-3 days

2.75 mg/kg once PO
50 mg/kg/day PO for 3 days

Praziquantel*
Cryptosporidium parvum
Azithromycin
Paromomycin

Tylosin

Isospora spp.
Trimethoprim-sulfonamide
Sulfadimethoxine
Furazolidone

Amprolium
Paromomycin

Giardia spp.
Metronidazole
Fenbendazole
Furazolidone

Helminths

Fenbendazole®

Ivermectin?

Pyrantel pamoate*

Pyrantel plus praziquantel*¥
Piperazine*>

Selamectin*t

23 mg/cat PO or 56.8 mg/m! SC or IM once

7-15 mglkg every 12 hr PO for 5-7 days
150 mg/kg every 1224 hr PO for 5 days
10-15 mg/kg every 8-12 hr PO for 21 days

15 mg/kg every 12 hr PO for 5 days
50-60 mg/kg/day PO for 5-20 days

8-20 mg/kg every 12-24 hr PO for 5 days
60-100 mg/day for S days

165 mg/kg every 12 hr PO for 5 days

10-25 mg/kg every 12 hr PO for 8 days
50 mg/kg every 24 hr PO for 3-7 days
4 mg/kg every 12 hr PO for 7 days

50 mg/kg/day for 3-5 days PO; repeat in 2-3 wk
Label dose PO monthly

20 mg/kg once PO; repeat in 2-3 wk

72.6 mg pyrantel/18.2 mg praziquantel, | tablet PO
110 mg/kg once PO; repeat in 2 wk

6 mg/kg topically once monthly

Table continued on following page
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Drugs Used for Control of Gastrointestinal Tract Parasites in Cats (Continued)

GENERIC DRUG COMMON FELINE DOSAGE
Pentatrichomonas hominis
Metronidazole 10-25 mg/kg every 12 hr PO for 8 days
Paromomycin 150 mg/kg every 12-24 hr PO for 5 days
Toxoplasma gondii
Azithromycin 7-15 mg/kg every 12hr PO for 5-7 day
Clindamycin hydrochloride 12.5 mg/kg every 12 hr PO, IM for 28 days
Clarithromycin 5-10 mg/kg PO every 12 hr for 7 days
Pyrimethamine Rarely used because of toxicity
Trimethoprim-sulfonamide 15 mg/kg every 12 hr PO for 28 days

IM= intramuscular, IV = intravenous, SC = subcutaneous, PO = oral, NA = not applicable

* Drugs are approved for use in cats

* Effective against hookworms, roundworms, whipworms, and stomach worms.

# Heartgard for cats, Merck, Whitehouse Station, NJ; effective for hookworms.

# Effective against hookworms and roundworms.

§ Drontal Plus, Bayer Animal Health, Shawnee Mission, KS; effective against hookworms, roundworms, and
tapeworms.

= Effective against hookworms and roundworms.

£ Revolution, Pfizer Animal Health, Exton, PA; effective against hookworms and roundworms.

13. How do cats become infected with tapeworms?

The most common tapeworms in cats are T. taeniaeformis and D. caninum. Adult tapeworms
live in the small intestine, and both species require an intermediate host to complete their life
cycles. Gravid proglottids containing many eggs are released from adult worms either singly or in
chains attached to each other. These proglottids may rupture in the intestine, liberating the eggs,
or, more commonly, intact proglottids may be expelled in or on the feces. The white proglottids
may crawl out of the anus spontaneously and remain motile for a time. Occasionally, multiple
proglottids still attached to one another are passed in vomitus. The intermediate host must ingest
eggs from proglottids; then the larval stage develops. Rodents (mice) are the intermediate host for
T. taeniaeformis, and dog and cat fleas are the intermediate hosts for D. caninum. Cats become in-
fected with tapeworms by ingesting the intermediate host. The prepatent period is 4-6 weeks.

14. Do tapeworm infections cause clinical manifestations?

Usually no clinical signs are associated with tapeworm infections. Heavy infections occa-
sionally cause anal pruritus, diarrhea, vomiting, or intestinal obstruction. People can be infected
by D. caninum if they ingest infected fleas (see Chapter 84).

15. How are tapeworm infections diagnosed?

Tapeworm proglottid identification is probably the most common way to diagnose infec-
tions. Owners may observe the dried proglottids, which appear as “rice granules” on the perianal
area. A squash mount, which causes release of eggs from the proglottid, facilitates identification.
The proglottid is placed on a microscope slide with a drop of distilled water or saline. A large
coverglass is pressed over the proglottid to force the eggs from the genital pore. Taenia eggs are
mid-sized (30-35 p X 35-40 ) and expelled as single, thick-walled, round eggs with the hexa-
canth embryo visible inside. The wall has a striated or “sunburst” effect. Each proglottid has a
genital pore on one side only. Dipylidium eggs are expelled in egg packets with 4—15 oncos-
pheres per packet. Each proglottid has two genital pores, one on each side. Dried tapeworm
proglottids can be hydrated in water first before a squash mount is performed. When fecal sam-
ples are submitted, it is important to look for tapeworm proglottids not only on the feces, but also
on the walls of the container, because the proglottids may crawl off the feces. Eggs of Taenia
spp. can be recovered with the zinc sulfate centrifugation concentration technique, but this tech-
nique is not as common as finding proglottids. Dipylidium egg packets range in size from 25-40
M X 30-45 p and are rarely recovered in a fecal float.
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Above, Taenia-type eggs with thick, stri-
ated wall and hexacanth embryo. Right,
Dipylidium caninum egg packet.

16. What other tapeworm infections occur in cats?

Taenia pisiformis and T. hydatigena are transmitted to cats by ingestion of rodents or rab-
bits. Clinical and diagnostic issues are the same as for T. taeniaeformis.

Cats can complete the lifecycle of Echinococcus multilocularis; infection usually is subclin-
ical. E. multilocularis is acquired by eating infected rodents, which serve as intermediate hosts.
Tiny proglottids and Taenia-type eggs (32 p x 37 p) are passed in the feces after a prepatent
period of about 2 months. The eggs are infective to humans and, if ingested, can invade tissues to
develop into hydatid cysts (see Chapter 84). E. multilocularis is most common in northern and
central parts of North America.

Cats can be the definitive hosts of Diphyllobothrium latum and Spirometra mansonoides.
Both agents require two intermediate hosts; the first intermediate host is a copepod, and the
second a vertebrate. D. latum uses a freshwater fish for the second intermediate host, whereas S.
mansonoides uses mammals, tadpoles, or water snakes. Eggs rather than gravid proglottids are
passed in feces. Eggs of D. latum are heavy and do not float well in salt solutions except at higher
specific gravity solutions (magnesium sulfate at 1.30 specific gravity). The eggs are operculated
and are 45 p x 70 p. Spirometral eggs are smaller (30 p x 60 p) and operculated. Clinical mani-
festations include diarrhea and secondary anemia. Cats and dogs can serve as reservoir hosts for
infections in humans. D. larum occurs in more temperate areas; humans can be a definitive host
and become infected from eating raw fish. 5. mansonoides occurs throughout North America,
and humans can become infected from eating pork.

Mesocestoides lineatus occurs worldwide and requires two intermediate hosts. The first host
includes beetles or orbatid mites; the second may be mammals, birds, or reptiles. This tapeworm
is unusual in that cats can be the intermediate or definitive host, and the organism can multiply
asexually in the peritoneal cavity to cause massive infections. The proglottids are about the size
of sesame seeds. Identification is made by examining the proglottid to find the central genital
pore. Eggs (22-25 p x 25-30 p) also may be recovered in a centrifugation fecal float.

17. How are tapeworm infections of cats treated?

Praziquantel and epsiprantel are the drugs of choice to treat most tapeworms. Both drugs are
approved for use in cats. Efficacy against Taenia spp. and D. caninum tapeworms is 100% with
either drug in a single treatment. Praziquantel but not epsiprantel has efficacy against
Echinococcus spp. Because of public health concerns in areas where E. mutilocularis is endemic,
cats allowed to hunt may be treated as often as monthly with praziquantel to control shedding of
eggs into the environment.
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18. What trematodes infect the GI tract of cats?

Alaria marcianae, Nanophyetus salmincola, and Cryptocotyle lingua rarely occur in the small
intestine of cats in North America. These parasites require two intermediate hosts and may use
transport hosts. A snail is the first intermediate host, and a fish is usually the second intermediate
host. Cats become infected with trematodes by ingesting the second intermediate host or mice,
frogs, and snakes, which serve as transport hosts. Intestinal fluke infections are usually subclinical
in cats. Eggs are best recovered from the feces by use of sedimentation techniques. The eggs are
dense and do not float well with fecal flotation salt solutions. Fluke eggs are large, ranging from
80-130 p x 50-80 p, depending on the species of fluke. In dogs, N. salmincola transmits
Neorickettsia helmintheca (salmon poisoning), but the disease is not transmitted to cats.

19. How are GI trematode infections treated?

Praziquantel is the drug of choice to treat flukes. Usually the same dose is administered as
for tapeworms, but it may need to be given daily for 2-3 days to be fully effective. Albendazole
has shown some efficacy against flukes, but treatment requires 2-3 weeks.This drug is not ap-
proved for use in cats, and it is not as safe to administer to cats as praziquantel.

20. What are the most common protozoan GI parasites in cats?

Coccidians and flagellates commonly infect the GI tract of cats (see table in question 1).
The coccidians, Isospora felis and I. rivolta, are the most common protozoans in kittens.
Toxoplasma gondii and Cryptosporidium parvum are other coccidians of clinical importance.
Infection with Hammondia spp., Besnoitia spp., and Sarcocystis spp. is usually subclinical in
cats. The flagellates Giardia lamblia and Pentatrichomonas hominis infect cats and occasion-
ally are associated with clinical illness. Infection of cats with Entamoeba histolytica, an
amoeba, has rarely been reported.

21. What are the clinical findings of Isospora spp. infections in cats?

Infections in kittens may be subclinical or cause symptoms ranging from transient diarrhea
to severe hemorrhagic diarrhea. Adult cats tend to be more resistant to clinical coccidiosis be-
cause immunity develops, although stressed or immunocompromised cats occasionally become
clinically ill. Subclinically infected adult cats may shed oocysts sporadically, thus contributing to
environmental contamination. Oocysts sporulate in the environment to become infective. Cats
become infected directly by ingestion of sporulated oocysts or rodents harboring cyst stages.
Enzootic infections are found frequently in catteries where animals are housed together or in
close quarters. Diagnosis is made by demonstrating oocysts in feces after flotation. /. felis
oocysts range in size from 27-31 p x 38-51p, and I rivolta oocysts range from 20-26 p x 23-29
. Because 1. felis and I. rivolta can infect cats directly or indirectly, taxonomists have created a
new genus name, Cystoisospora. Isospora consists of one-host species. Because tissue infections
can occur in mice, rats, hamsters, rabbits, and sheep, Cystoisospora genus better describes these
coccidian species. However, Isospora is still more commonly used.

22. Describe the other enteric coccidians of cats.

Cats serve as the definitive hosts for Besnoitia besnoiti and Hammondia hammondi; cattle
and rodents are intermediate hosts, respectively. Because the oocysts are indistinguishable from
those of T. gondii, animal inoculation is used for definitive diagnosis of T. gondii infection. B.
besnoiti and H. hammondi are considered nonpathogenic in cats. However, because the oocysts
are indistinguishable, T. gondii should always be suspected and precautionary measures taken.

Sarcocystis spp. also use two hosts; the cat can be a definitive host. Several Sarcocystis spp.
use cattle, sheep, mice, and rabbits as intermediate hosts. Cats become infected by ingesting tissue
cysts from the intermediate hosts. The sexual cycle occurs in cat intestinal cells, and fully sporu-
lated oocysts are passed in the feces. Unlike other feline coccidians, Sarcocystis spp. are infective
when passed and require no development in the environment. Sarcocystis spp. usually cause no
illness in cats or other carnivores, but infection of herbivores can result in serious illness. The
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sporulated oocyst may be recovered from the feces by use of the centrifugation fecal flotation
method. The oocysts resemble giardial cysts in shape, but Sarcocystis spp. oocysts are slightly
larger (12-16 p x 7-9 p), and contain 4 sporozoites.

Isospora (Cystoisospora) felis unsporulated cocysts
(larger oocysts; | sporoblast), I. felis sporulated
oocysts (larger oocysts; 2 sporocysts), and /. rivolta
oocysts (smaller oocyst; | sporoblast).

23. Does enteric coccidiosis require treatment?

If Isospora spp. oocysts are detected in cats with GI signs, treatment is usually administered.
Sulfa drugs are generally effective (see table in question 12). Treatment of subclinically infected
cats may lessen oocyst shedding and environmental contamination but does not clear infection
because the treatment drugs are coccidiostats. Hammondia spp., Sarcocystis spp., and Besnoitia
spp. infection do not require treatment.

24. Is T. gondii infection associated with GI disease?

Cats are the only known definitife hosts of T. gondii (see Chapter 84) and the only species
known to shed oocysts. However, most cats are subclinically infected when shedding 7. gondii
oocysts. Because of rapid development of immunity, oocyst shedding occurs only for 7-14 days. If
diarrhea occurs, it is of short duration (days) and involves the small bowel. The centrifugation fecal
flotation method is the choice for recovery of oocysts (10 p x 12 p) from cat feces, but because the
shedding period is so short, it is uncommon to find them in a routine sample. Clinical illness due to
toxoplasmosis in cats is usually polysystemic. Uveitis (see Chapter 67) and fever (see Chapter 64)
are common manifestations. Clindamycin hydrochloride administered orally ar 10-12 mg/kg every
12hr is effective for polysystemic toxoplasmosis and may shorten the oocyst shedding period.

25. What are Cryptosporidium spp.?

Cryptosporidium spp. are the smallest of the coccidians found in cats. The organism infects a
large number of animals, including humans. Transmission between other animal hosts and people
occurs with some genotypes; thus the organism is an important zoonotic protozoan parasite (see
Chapter 84). Cryptosporidium spp. are unusual in that they form autoinfective oocyts and can
cause life-threatening infections in immune deficient animals and humans, especially those with
acquired immunodeficiency syndrome.

Cryptosporidium spp. oocysts are sporulated when shed in the feces and thus are infective.
The thick-walled oocysts may remain viable for several months in favorable environments. It
takes extreme temperatures (> 65°C and< 0°C) to kill the oocysts. Desiccation and strong disin-
fectants also kill the oocysts, but disinfectants require extended contact to be effective. When the
oocysts are ingested, sporozoites invade the microvillous border of the gastric glands (C. muris)
or the lower half of the small intestine (C. parvum). Approximately 20% of oocysts have a thin
wall that breaks open in the GI lumen. The released sporozoites reinvade host cells, which may
account for chronic shedding of oocysts by some cats. Most clinical infections are probably due
to C. parvum, but evidence of C. felis infection is increasing (see Chapter 84).

26. Does clinical cryptosporidiosis occur in cats?
In a study performed at Colorado State University, Cryptosporidium spp. cocysts or antigens
were detected in 5.4% of the cats with diarrhea. However, oocysts also can be detected in feces of



Gastrointestinal Parasites 93

clinically normal cats. Lymphocytic plasmacytic duodenitis has been detected in some infected
cats. Acute or chronic small bowel diarrhea is the primary clinical sign of cryptosporidiosis in cats.

Cryptosporidium spp. float in salt solutions, but they are difficult to differentiate from small
yeast organisms. The oocysts are very small (4—7 p X 4-6 p). Staining of a thin fecal smear helps
to identify the oocysts; modified acid-fast stain is commonly used. Immunofluorescent staining
techniques are also useful diagnostic tools. Fecal antigen tests used for human cryptosporidiosis
is under evaluation for use with cat feces.

Although no drug is consistently efficacious for treating cryptosporidiosis, tylosin and paro-
momycin apparently have been effective in some infected cats (see table in question 12). Chronic
infection of immunocompetent cats has been documented.

27. Describe Giardia spp. infections.

Giardia spp. are probably among the most commonly diagnosed intestinal protozoan para-
sites in humans and animals. Their distribution is worldwide in tropical and temperate areas, and
the organism does not appear to be host-specific. Giardia spp. can be harbored in virtually any
animal. It is questionable how many species exist. At present three species are accepted: G. duo-
denalis (G. lamblia) in mammals, Giardia muris in mice, and Giardia ranae in frogs. Some
feline isolates are identical genetically to human isolates. However, new genetic information sug-
gests that a feline-specific species may exist (see Chapter 84).

Giardia spp. have a direct life cycle. Cats, other animals, and humans become infected by in-
gestion of cysts shed in the feces, and the cysts are infective when passed. Infection occurs by the
fecal-oral route and occurs most commonly via contaminated drinking water and food.
Excystment takes place in the duodenum, where two trophozoites are released. The trophozoites
attach to the intestine by a sucking disc and multiply by binary fission. In cats, the jejunum and
ileum are the primary areas of multiplication instead of the duodenum. Encystment occurs as the
trophozoites pass through the GI tract. Trophozoites also may be passed in cases of severe diar-
rhea. The cyst stage is resistant in the environment, particularly to cold, and even chlorination
may not be totally effective at killing cysts. Drying kills cysts more rapidly. Trophozoites do not
survive long in the environment and are not the infective stage.

&"' “r%e

Left, Toxocara cati egg and Giardia spp. cyst. Right, Giardia spp. cyst

28. What are the clinical findings of giardiasis?

Giardial cysts are commonly excreted in cat feces. Some cats are subclinically infected,
whereas others may be presented with acute, chronic, or episodic small bowel diarrhea.
Intestinal malabsorption may contribute to persistent diarrhea that is mucoid, soft, and malodor-
ous. Diagnosis is made by the zinc sulfate centrifugation concentration flotation technique,
using Lugol's iodine to stain the cysts. Other salts and sugar distort giardial cysts rapidly,
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making them difficult to recognize. The cysts range in size from 8-12 u x 7--10 p. If diarrhea is
present, a direct saline fecal smear should be examined to look for trophozoites, which range in
size from 10-12 p x 15-18 p. In the vast majority of cases, however, diagnosis is made by find-
ing the cysts in a fecal float. Unfortunately, giardial cysts are shed sporadically in the feces;
thus, serial fecal samples over the course of 1 week may need to be collected to rule out giardia-
sis. The fecal antigen ELISA appears to be fairly accurate for diagnosis of giardiasis in cats.

29. How is giardiasis treated?

Commonly used drugs include retronidazole, fenbendazole, and albendazole (see table in gues-
tion 12). Because albendazole has significant hematologic side-effects, it is not recommended. None
of these drugs is approved for use in cats. Repeated treatments may be required. Addition of insolu-
ble fiber may lessen trophozoite adherence to the microvillus. Vaccination is under evaluation as a
therapy. In some chronically infected dogs, administration of 2 subcutaneous vaccines controlled di-
arrhea and lessened cyst shedding. It may be impossible to clear the infection in some cats.

30. How can giardiasis be prevented?

Giardial infection rates may be very high in catteries and difficult to control because the
cysts are infective immediately when passed in the feces. Environmental disinfection helps con-
trol contamination. Dilute solutions of bleach or quaternary ammonium, heat, and drying kill the
cysts. It is important to clean litter trays once or more daily to control reinfection. Environmental
clean-up may be impossible because almost any animal may harbor Giardia spp. and thus conta-
minate water sources. In problem catteries, the combination of treatment of all cats, environmen-
tal disinfection, bathing to lessen cyst transmission, and vaccination may be helpful.

31. What are Trichomonas spp.?

Trichomonas spp. are flagellates occasionally seen in direct wet-mount fecal samples. They
usually are considered to be commensal organisms but have been associated with diarrhea. Tt is
questionable whether they are the primary cause of diarrhea or opportunistic organisms that mul-
tiply because of the changes in the intestinal environment due to diarrhea. Naturally occurring
trichomonads have been reported in cats, but the organism associated with illness generally is
Pentatrichomonas hominis, the same trichomonad that infects monkeys, dogs, rats, and humans.
Thus it is unclear whether the cat is an accidental host. Large or mixed bowel diarrhea occurs in
most clinically affected cats. The life cycle is direct, by contact or through contaminated food or
water. Trichomonal trophozoites do not live long outside the host. Diagnosis is based on demon-
stration of the 7-14 p x 4-6 u trophozoite with an anterior flagella, undulating membrane, and
posterior flagellum on fecal wet mount. The organism also can be cultured.

32. Should trichomonal infection of cats be treated?

If Trichomonas spp. are detected in the stool of cats with mixed or large bowel diarrhea and
there is no other explanation for the diarrhea, treatment is indicated. Many drugs, including
metronidazole, fenbendazole, enrofloxacin, and paromomycin, have been used, but none has
been shown to lead to cure. Paromomycin was associated with acute renal failure in 4 cats with
bloody diarrhea and should be used with care. None of these drugs is approved for use in cats.
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20. BACTERIAL DISEASES
Margie Scherk, D.V.M.

1. What bacteria should be considered on a differential list for vomiting or diarrhea in cats?
¢ Helicobacter spp. * Clostridium perfringens
* Salmonella spp. » Escherichia coli
* Campylobacter jejuni and C. coli

2. Summarize the morphologic characteristics of each.

Morphologic Characteristics of Gastrointestinal Bacterial Pathogens

Campylobacter jejuni Gram-negative; slender, curved or gull-shaped; motile rods (singles,
pairs, chains of 3-5 spirals)

Clostridium perfringens Gram-positive, spore-forming rods

Escherichia coli Gram-negative, medium-sized, short rods

Helicobacter spp. Gram-negative, spiral-shaped, highly motile spirochetes

Salmonella spp. Gram-negative, non-spore-forming, motile rods

3. Do any of these bacteria pose a potential public health concern?

C. jejuni, C. coli, Helicobacter spp., E. coli, and Salmonella spp. have potential zoonotic im-
plications, especially in immunocompromised people. Thus, a thorough diagnostic work-up is
warranted in cats with vomiting or diarrhea that does not resolve with initial, symptomatic ther-
apy (see Chapter 84).

4, What initial symptomatic therapy is recommended for suspected gastrointestinal bac-
terial infections?
Fluid and electrolyte support, withholding food for 24 hours followed by gradual introduc-
tion of a bland, enteric-type diet are non-specific, supportive measures for the cat who is not seri-
ously ill with vomiting or diarrhea.

5. What antibiotic should be used empirically in cats with diarrhea?
Oral antibiotics should not be administered non-specifically for the treatment of diarrhea in
cats.

6. What tests are usually performed initially on cats with diarrhea?

Because there are multiple infectious and parasitic causes of vomiting and diarrhea in cats,
fecal flotation, fecal wet mount examination, and rectal cytology are usually performed (see
Chapter 18 and 19). Romanowsky and Gram stains of thin fecal smears are simple techniques
used to assess cats with suspected bacterial enteritis (see Chapter 18). With bacterial enteritis,
neutrophils are common and morphologic forms consistent with Campylobacter spp. and
Clostridium perfringens may be noted. If evidence suggests that a zoonotic pathogen may be in-
volved, culture and antimicrobial sensitivity testing of feces should be recommended.
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7. What are the clinical findings of Helicobacter spp. infection?

Since 1984, a pathogenic role has been recognized for some Helicobacter spp. in humans. In
people, H. pylori causes most cases of peptic ulcer disease and type B gastritis; gastric carcinoma
and B cell lymphoma occur secondarily in some cases. Cats are commonly infected by H. felis,
H. heilmannii, H. pametensis, and, rarely, by H. pylori. The failure of one study to isolate H.
pylori from stray cats indicates that in cats it may be an animal infection with a human pathogen.

Because Helicobacter spp. can be found in the stomach of healthy as well as ill cats, it is dif-
ficult to determine a disease association. The organisms may be commensal with opportunistic
tendencies. The prevalence of Helicobacter-like organisms in gastric tissues ranges from 41—
100% of healthy cats and 57-100% of vomiting cats. Transmission is probably by ingestion of
food or water contaminated by vomitus, feces, and possibly saliva.

Chronic lymphocytic or lymphofollicular gastritis has been detected in some cats, suggest-
ing that infection occasionally results in disease. Clinical signs in infected cats range from none
to intermittent vomiting and weight loss due to chronic gastritis and gastroduodenal ulcers (rare).
In the small number of cats with H. pylori infection, clinical signs were absent despite persistent
colonization and presence of mucosal lesions.

8. How is a diagnosis of Helicobacter spp. gastritis made?

A presumptive diagnosis of Helicobacter spp. gastritis is based on exclusion of other causes

of gastritis as well as the following tests;

» The characteristic endoscopic findings include multifocal mucosal punctate hemmorhages
with rugal thickening.

* Helicobacter spp. produce urease. To screen for urease, mucosal biopsies are placed on a
urea slant medium that contains urea and phenol red indicator. If urease is present, ammo-
nia is liberated, raising the pH and turning the indicator red.

* Cytology of impression smears or mucosal brushings may reveal numerous motile spiral
bacteria.

« Histopathology of gastric mucosal biopsies shows lymphocytic gastritis with prominent
lymphoid follicles, fibrosis, erosions, and spiral bacteria in the gastric glands, surface
mucus, and occasionally in the gastric parietal cells. Warthin-Starry silver staining in-
creases visibility of the spiral bacteria in gastric biopsies.

* Culture, mouse inoculation, and polymerase chain reaction are used in research settings.

9. How is Helicobacter spp. infection treated?

In humans, combinations of antimicrobials and antacids have been used. Amoxicillin or
doxycycline, combined with metronidazole and bismuth subsalicylate, was used most frequently
initially. The combination of clarithromycin and other antacids, including famotidine or omepra-
zole), also is frequently prescribed. Because of the difficulty in medicating cats, the clar-
ithromycin protocol may be more practical; both drugs can be given once daily. If a positive
response occurs within 7-10 days, treatment should be continued for a minimum of 3 weeks.
Reinfection and incomplete elimination occur.

Drugs Used in the Treatment of Bacterial Gastrointestinal Diseases

DRUG DOSE INDICATIONS

Amoxicillin 10-20 mg/kg PO every 8 hr Clostridium perfringens, Helicobacter spp.

Ampicillin 10-20 mg/kg PO every 8hr C. perfringens

Ampicillin 10-20 mg/kg IV or SCevery 8 hr  Anaerobic or gram-positive sepsis (use
with aminoglycosides or quinolones)

Bismuth sub- 17.5 mg bismuth/kg every 8 hr Helicobacter spp.

salicylate (Pepto-Bismol liquid: 17.5 mg/ml
bismuth, 8.7 mg/ml salicylate)
Cephalothin 22-44 mg/kg IV or IM every 8 hr  Anaerobic or gram-positive sepsis (use

with aminoglycosides or quinolones)
Table continued on following page
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Drugs Used in the Treatment of Bacterial Gastrointestinal Diseases (Continued)

DRUG DOSE INDICATIONS
Chloramphenicol 1015 mg/kg PO or SC every 12 hr  Campylobacter spp.
Clarithromycin* 7.5 mg/kg PO every 12-24 hr Helicobacter spp.
Erythromycin 10 mg/kg PO every 8 hr Campylobacter spp.
Enrofloxacin 5 mg/kg PO or SC every 12 hr Campylobacter spp., gram-negative sepsis

(including Escherichia coli and Sal-
monella spp.), Clostridium difficile

Famotidine 0.5-1.0 mg/kg PO every 24 hr Helicobacter spp.

Gentamicin 2.2 mg/kg IV or SC every 8 hr Gram-negative sepsis (including E. coli
and Salmonella spp.)

Metronidazole 10-15 mg/kg PO every 12 hr C. perfringens, Helicobacter spp.

Omeprazole 0.7-1.0 mg/kg PO every 24 hr Helicobacter spp.

Tylosin 15 mg/kg PO every 12 hr C. perfringens, bacterial overgrowth (?)

PO = orally, IV = intravenously, IM = intramuscularly, SC = subcutaneously
* Usually combined with either famotidine or omeprazole.

10. How common is salmonellosis in cats?

Salmonella spp. have been isolated from feces in up to 18% of healthy cats. The prevalence
is thought to be even higher in cats with diarthea. However, in a recent study of healthy cats and
cats with diarrhea in Colorado, Salmonella spp. were identified in feces from 0.8% of client-
owned cats and 1.3% of shelter cats with or without diarrhea.

11. How do cats become infected with Salmonella spp.?

The route of infection is almost always oral-fecal; airborne transmission is rare. Contact with
contaminated food (especially raw meat or poorly processed diets), water, or fomites is the common
mode of transmission. Poultry products are commonly contaminated. Moistened food left at room
temperature may pose a risk to cats. Cats should not be fed undercooked meats. Ingestion of in-
fected transport hosts, such as songbirds, may result in salmonellosis in cats; cats should not be al-
lowed to hunt. Animal caregivers are most likely infected with nontyphoid Salmonella strains; these
infections are generally self-limiting and do not pose an anthropomorphic risk.

12. How can salmonellosis in cats be prevented?

The organism is hardy and survives well in the environment in fecal-contaminated material,
including hospital cages and litter trays, endoscopic equipment and sinks, food dishes, and
grooming equipment. Cages and kennels should be cleaned and disinfected between each animal
(see Chapter 80). Hand washing between each patient as well as after contact with feces is cru-
cial. Bedding and clothing contaminated with fecal material should be washed, with bleach
added to the laundry. Clinic resident cats and long-term boarders should not be housed with the
hospital population because they may become infected and shed Salmonelia spp. in the future.

13. What are the clinical findings of salmonellosis?

Bacteremia and endotoxemia are the most life-threatening form of infection. Acute episodes
may occur as soon as 3-5 days after exposure, and patients may present with fever, anorexia, and
lethargy with subsequent diarrhea, vomiting, and apparent abdominal discomfort. Diarrhea may be
watery to mucoid with the presence of fresh blood. Localized infections, such as abscesses, cellulitis,
osteomyelitis, pyothorax, pneumonia, or meningitis, occur in some cats. Poor reproductive perfor-
mance (genital tract infection, abortions, stillbirths, fading kittens) is of concern in a breeding cattery.

14. What factors determine the clinical form of Salmonella spp. infection?
Salmonella spp. can cause subclinical infection. However, isolation of the organism from
the gastrointestinal tract of diseased animals or normally sterile areas such as blood, urine,
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cerebrospinal fluid, joint fluid, tracheal washings, or bone marrow is significant. Repeat shed-
ding occurs in previously infected animals suffering from stress or other illness. The immune
status of the host, the presence of concurrent disorders, and bacterial burden at presentation affect
what form of disease will result.

15. Should salmonellosis be treated?

Parenteral administration of antibiotics should be reserved for treatment of endotoxemia,
bacteremia, or other forms of systemic infection (see table in question 9). Oral administration of
antibiotics not only reduces the host’s intestinal resistance to salmonellosis by altering the bal-
ance of normal enteric flora but also has been shown to prolong the disease course in experimen-
tal animals. In addition, the organism may develop plasmid-mediated antibiotic resistance. Thus,
the use of antibiotics is not recommended in uncomplicated gastroenteritis.

16. How is campylobacteriosis transmitted?

As with the other bacterial agents of diarrhea, fecal-oral, water-borne, or food borne routes
of infection are the norm. Most human Campylobacter infections are due to ingestion of under-
cooked meat (especially chicken). Infected cats may be a source of infection for humans.

Privately owned animals are less likely to contract the disease than animals housed in ken-
nels or catteries, stray animals, and animals in hospitals where nosocomial infections are preva-
lent. In a study from north central Colorado, 0% of cats from a shelter and 1.6% of client-owned
cats with or without diarrhea were culture-positive.

17. What are the clinical findings of Campylobacter spp. infection?

In many cats, infection with C. jejuni or C. coli is subclinical. Diarrhea usually occurs in cats
younger than 6 months and is usually watery with mucous or blood. Often the development of
clinical signs is associated with coinfection with other enteric pathogens.

18. How is campylobacteriosis diagnosed?

Because the infection is localized to the colon, rectal cytology is helpful in establishing the
diagnosis. Gram-negative, slender, gull wing-shaped organisms may be seen along with neu-
trophils. Confirmation is by fecal culture. It is unknown whether serum antibody titers reflect
current infection.

19. How is diarrhea due to Campylobacter spp. treated?

Supportive care is administered as indicated. It is unknown whether antibiotics alter the
course of infection. In severe cases, antibiotic therapy is indicated (erythromycin, second-genera-
tion cephalosporins, or enrofloxacin may be considered (see table in question 9). It is important
to base treatment on antimicrobial susceptibility results and to treat for a complete course of 21
days; failure to do so may allow development of an antibiotic-induced carrier state.

20. What are the clinical findings of Clostridium perfringens gastrointestinal infections?

Clostridium perfringens is a normal intestinal flora; thus, not all culture-positive cats are dis-
eased. Some types of C. perfringens produce enterotoxin that may induce disease. If diarrhea
occurs, it is usually watery to mucohemmorhagic. Anal tissues may become inflamed, and occa-
sionally colonic epithelium may slough. Diarrhea usually subsides after a few days. However,
some authorities believe that the organism is associated with chronic intermittent diarrhea.

21. How is C. perfringens-associated diarrhea diagnosed?

Detection of > 5-10 safety-pin shaped spore-forming rods per high-power field, combined
with the appropriate clinical findings, is suggestive. As previously discussed, culture of stool can
document carriage of C. perfringens but does not prove a disease association. Enterotoxin can be
detected in stool by reverse passive latex agglutination or enzyme-linked immunosorbent assay
(ELISA); positive results were previously thought to have the best predictive value for disease.
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However, positive results can occur in both healthy and diseased animals. In addition, false-nega-
tive enterotoxin results occur in cats with severely watery diarrhea and cats with chronic disease.
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22. Can diet prevent clostridial diarrhea?

Diets high in soluble fiber provide short-chained fatty acids through fiber fermentation.
These acids acidify the colonic environment and alter microbial flora, which may help to reduce
the proliferation of clostridial organisms.

23. Are oral antibiotics indicated in the treatment of suspected clostridial diarrhea?

In acute cases of suspected clostridial diarrhea, withholding food for 24 hours and then feed-
ing small amounts of a high-fiber diet usually results in resolution of clinical signs within 2-3
days. Administration of oral antibiotics with presumed activity against C. perfringens (amoxi-
ciilin, tylosin, or metronidazole) may speed resolution of clinical signs. In addition, in some cats
C. perfringens overgrowth may relate to coinfection with other pathogens. Thus, administration of
tylosin (Cryptosporidium spp.) or metronidazole (Giardia spp.) may be effective for other reasons.

24. Is Escherichia coli infection associated with disease in cats?

E. coli is most commonly a normal enteric flora in cats. Some strains are true entero-
pathogens and cause inflammation resulting in severe watery diarrhea. Some enterotoxigenic
strains also release toxins in the small intestine that inhibit resorption of sodium and chleride, re-
sulting in water loss. Enteroinvasive forms actively invade the colonic cells and other cells, caus-
ing septicemia and endotoxemia.

25, How is E. coli transmitted?

Most cases of zoonotic E. coli infection result from ingestion of inadequately cooked ground
beef or raw milk products; however, it is possible for people to become infected via fecal material
of cats. E. coli is a hardy organism that survives in fecal material, dust, and water for long periods.
The route of transmission is oral; fomites such as dishes, brushes, hospital equipment and instru-
ments, respiratory equipment, floors, and even disinfectant solutions, may harbor the organism.

26. How is E. coli infection managed clinically?

Routine fecal culture cannot differentiate nonpathogenic E. coli from enteropathogenic
strains; thus, E. coli-associated disease is nsually not proven in small animal practice. Treatment
is reserved for cats with systemic signs of infection. Supportive fluid treatment and parenteral an-
tibiotic therapy is indicated in such cases. Because E. coli is a gram-negative organism,
quinolones are appropriate empirical antimicrobial choices.
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27. Do cats develop small intestinal bacterial overgrowth?

The range of quantitative bacterial counts from the duodenum of normal cats varies from 0
to > 108. Thus, in contrast to dogs, it is unclear whether small intestinal bacterial overgrowth
occurs as a disease entity in cats.
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21. VIRAL DISEASES

Jordan Q. laeger, D.V.M.

1. What are the common viral causes of gastrointestinal (GI) disease?
Vomiting or diarrhea has been associated most frequently with feline panleukopenia virus
(FPV), coronaviruses, feline leukemia virus (see Chapter 76), and feline immunodeficiency virus
(see Chapter 77).

2. What causes feline panleukopenia?

Feline panleukopenia is caused by FPV, a small parvovirus. This single-stranded, DNA-type
virus is related closely to canine parvovirus. Cats also can be infected by canine parvovirus and
occasionally have clinical signs of disease. The name was derived from the clinical observation
that many cats develop severe leukopenia, but this finding is not considered pathognomonic. The
disease syndrome also has been called feline distemper. Clinical findings of FPV infection in cats
are similar to those associated with canine parvovirus infection.

3. How is FPV transmitted and maintained in the environment?

FPV is shed in all body secretions; large quantities are present in the feces during active
stages of infection. Cats continue to shed virus in feces and urine for a maximum of 6 weeks after
infection. The virus is ubiquitous in the environment and can survive readily for more than 1
year. Susceptible animals are infected via fecal-oral transmission. Fomites are believed to play an
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important role in transmission because the virus can survive for prolonged periods on contami-
nated surfaces. Examples of fomites include clothing, shoes, hands, food dishes, and cages. Flies
and other insects may serve as transport hosts during warmer periods of the year.

4. Which species are susceptible to FPV? What areas of the body does it infect?

All species of Felidae as well as raccoons, coatimundi, and mink are susceptible to the virus.
Feline panleukopenia infects rapidly dividing cells; thus it has a predilection for the GI tract,
lymphoid tissue, and bone marrow. In prenatal and early neonatal infections, the cerebrum, cere-
bellum, retina, and optic nerves are also commonly infected, resulting in clinical abnormalities.

5. Is FPV passed in utero?

The virus is passed from queen to fetus. Infection early in pregnancy results in fetal death
and resorption with infertility, abortions, or birth of mummified fetuses. If infection occurs closer
to term, the kittens are born alive with varying degrees of damage to the late developing neural
tissue. Littermates may be affected to varying degrees.

6. What are the effects of FPV infection on the CNS and other developing neuronal tissue
in late uterine and early prenatal infection?

About 70-80% of small neurons in the cerebellar cortex and granular cell layer of the cere-
bellum do not develop until after birth. FPV inhibits the normal cerebellar cortical development
and migration of cells. The results are the gross pathologic finding of small or hypoplastic cere-
bellum and histologic findings of distorted cell layers and marked depletion of the granular cells
and Purkinje’s cells. Less commonly the spinal cord, optic nerve, and retina also may be affected.

7. What is the pathogenesis of FPV-associated GI tract disease?
After oral exposure, the virus induces a plasma viremia. GI disease develops as cells in the
intestinal crypts are destroyed. leading to sloughing of the villi. Increased absorption of bacteria
and bacterial toxins leads to systemic bacteremia or sepsis.

8. What is the typical signalment of cats with clinical feline panleukopenia?

The incidence is highest in cats under 1 year of age. There is no sex or breed predisposition.
Often there is a seasonal increase in late summer to early fall, when the major annual crop of kit-
tens is at the end of maternal antibody protection. The frequency of clinical disease is much lower
than the actual number of cats infected with the virus. Most adult cats have subclinical infection.
The finding of a high infection rate with low incidence of clinical disease in older cats is sup-
ported by a high prevalence of FPV antibody titers in the adult cat population; up to 75% of pre-
sumably unvaccinated feral cats are seropositive.

9. Describe the clinical presentation of kittens with prenatal or early postnatal FPV infection.
Kittens infected transplacentaly or shortly after birth often appear normal until they start to
walk. At that time, varying degrees of ataxia, incoordination, intention tremors, broad-based
stance, hypermetria, and falling are frequently observed. Affected kittens have normal mental
status, which is typical of cerebellar hypoplasia. Some may have signs of forebrain involvement ,
such as seizures, behavioral abnormalities, or postural reaction deficits accompanied by a normal
gate. The ataxia is nonprogressive.

10. Describe the clinical presentation in kittens with late postnatal FPV infection.

Generalized infection in young unvaccinated cats is the most common form of FPV disease.
Severe disease may result in acute death. In less severe cases, fever (104-107°F), anorexia, and
depression precede presentation by 3—4 days. At some time during the course of the disease,
vomiting that is not associated with eating often develops. Diarrhea is a common but not consis-
tent finding. The intestines may be painful and feel thickened during abdominal palpation. In
complicated cases, bloody diarrhea, icterus, and severe dehydration may develop.
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11. What laboratory abnormalities are associated with feline panleukopenia?

Specific laboratory abnormalities are found most often in the complete blood count. Severe
panleukopenia is seen often but not in every case. In severe infections, the total white cell count
varies between S0 and 3,000 cells/pl; in more moderate cases, between 3000 and 7000 cells/ul.
Complete blood counts should be repeated because other diseases also may present with pan-
leukopenia. The leukopenia associated with FPV resolves within a few days of recovery from ill-
ness. Thus, it can be differentiated from other causes of chronic leukopenia. If prolonged
panleukopenia exists, other diseases, such as feline leukemia or septic salmonellosis, should be
considered. The severity of the leukopenia often reflects the severity of clinical illness. A mild
decrease in hematocrit and absolute reticulocyte count may be present in cats with viremia but
should not result in marked anemia, unless severe GI bleeding occurs. The anemia remains mild
because of the short course of the disease and the long life span of red blood cells. In cases of
severe infection, thrombocytopenia may develop. Clotting abnormalities consistent with dissem-
inated intravascular coagulation (DIC) also can be detected in severe infection.

Biochemical abnormalities are usually nonspecific. Azotemia due to dehydration is most
often detected. Mild renal damage also may result from viral replication. In rare cases, mild ele-
vations of liver enzyme activities may be detected. Hypoglycemia and hypokalemia result from
sepsis and GI losses, respectively.

12. How is feline panteukopenia diagnosed?

A presumptive diagnosis is based on the presence of appropriate clinical findings in a sus-
ceptible host after exclusion of other diseases that produce acute GI signs or leukopenia. Peracute
and acute cases must be differentiated from intoxication or foreign body ingestion; careful his-
tory taking is vital. Abdominal radiographs as well as fecal examination for parasites should be
performed to rule out intestinal obstruction or extreme parasite burden. Clinical signs also may
be compatible with acute toxoplasmosis. Toxoplasmosis often has accompanying respiratory
signs, which may be helpful in differentiating between the two diseases. Negative feline leukemia
virus status also should be confirmed.

Exposure to FPV can be confirmed by documenting increasing antibody titer on samples
taken at the time of presentation and 2 weeks later. A fourfold rise in titer is supportive of acute
infection. Presence of viral particles in feces on electron microscopy or viral antigens in feces by
enzyme-linked immunosorbent assay (ELISA) also can confirm exposure to FPV. However,
canine parvovirus ELISA has not been validated for use with feline feces, and neither electron
microscopy nor ELISA can distinguish modified live vaccine strains from virulent strains.

13. How is FP treated?

Symptomatic and supportive care are the cornerstones of therapy. Fluid therapy, control of
Gl signs, antimicrobial therapy, potassium replacement, maintenance of euglycemia, and contro}
of oncotic pressure are key components. Specific antiviral treatment is not available. The key is
to support the patient until the immune response is able to overcome the infection.

14. What fluid therapy is suggested?

Fluid deficits and ongoing losses should be corrected parenterally. Use of a jugular catheter is
preferred over other sites because the jugular catheter is usually not positional, can be used to
obtain blood samples, is not likely to be contaminated with feces, is unlikely to develop phlebitis,
and allows monitoring of central venous pressure. The fluid deficit (body wt [kg] x percent dehy-
drated x 1000 = ml) is replaced over 24 hours, along with estimates of ongoing losses and mainte-
nance. Balanced isotonic fluid replacement is used with potassium supplementation. Electrolytes
should be measured intermittently to aid in determining potassium needs; a minimum of 20 mEq/L
should be used. Blood glucose should be monitored and supplemented as indicated. If clinical ev-
idence of decreased oncotic pressure (peripheral or pulmonary edema) is present concurrently
with hypoalbuminemia, plasma or colloids should be administered. Anemia due to severe GI blood
loss may develop in addition to hypoproteinemia; therefore, blood transfusion may be needed.
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Platelet count, fibrin degradation products (FDPs), and clotting times should be assessed in mori-
bund or septic cats to evaluate for possible DIC.

15. How are GI signs of FP managed?

Eliminating oral intake of food and water decreases the amount of vomiting and slows repli-
cation of intestinal cells in the GI tract, which is needed for viral replication. Antiemetics may be
used to control vomiting, if necessary. Anticholinergic medications should not be used because
they produce ileus. First-line antiemetic therapy is metoclopramide, administered subcutaneously
at 0.2-0.5 mg/kg every 6-8 hr. If vomiting persists, a continuous infusion of metoclopramide
(1-2 mg/kg/day) is often helpful. Water can be reintroduced no sooner than 24 hours after cessa-
tion of vomiting. Initially, small amounts of water should be offered. If no vomiting occurs for 24
hours, small amounts of a bland food (specifically a commercial GI diet or rice with small
amounts of baby food) may be introduced. If feedings are tolerated, the amount should be in-
creased gradually. After the patient is consuming normal amounts, a slow transition over 4-6
days should be made to regular maintenance diet.

16. What antibiotics should be used if findings of bacteremia or sepsis exist?

Broad-spectrum antibiotics, such as ampicillin (22 mg/kg intravenously every 6-8 hr) or a
first-generation cephalosporin (20-25 mg/kg intravenously every 6-8 hr) should be used to help
prevent systemic bacterial infection. If sepsis is suspected, a fluoroquinolone (5-10 mg/kg intra-
muscularly or intravenously every 24 hr) or an aminoglycoside (3 mg/kg intravenously every 8hr)
can be added to improve the gram-negative spectrum. Aminoglycosides should not be adminis-
tered until the cat is well hydrated and potassium deficits have been corrected to lessen the chance
of nephrotoxicity. Alternatively, a second-generation cephalosporin can be used. Antibiotic ther-
apy also may decrease bacterial counts in the GI tract, which are known to increase mitotic rate of
intestinal epithelia. In germ-free kittens, the clinical manifestations are not as severe.

17. Is passive immunotherapy of benefit in the treatment of FP?

In dogs, administration of lyophilized serum from hyperimmune dogs decreases morbidity
associated with canine parvovirus infection. Although data from cats are not available, the same
principle probably applies because the pathogenesis is similar to that in dogs. Administration of 1
ml/kg of plasma or serum from a well-vaccinated cat or survivor of feline panleukopenia may be
administered intravenously, intraperitoneally, or subcutaneously.

18. How long do colostral antibodies and maternal virus-neutralizing (VN) antibodies per-
sist in kittens?

Colostral antibodies have a half-life of 9.5 days. Thus, maternal VN antibodies may interfere
with vaccination until 12-14 weeks of age.

19. When should kittens be vaccinated? With what type of vaccine?

Kittens presented for vaccination before 12 weeks of age should receive either inactivated or
modified live vaccines every 3 weeks until they are 12 weeks of age. Kittens presented for vaccina-
tion after 12 weeks of age should receive two inactivated vaccines, 3 weeks apart, or | modified live
vaccine. Boosters should be given at 1 year of age and then no more frequently than every 3 years.
In one study, cats vaccinated with two inactivated vaccines had 100% protection when challenged
with virulent FPV 7.5 years later. There is no benefit from use of intranasal products. Queens should
be vaccinated before pregnancy; if vaccinated during gestation, they should receive only inactivated
products because modified live vaccines may infect the fetal or neonatal cerebellum. Kittens born to
naive queens may be vaccinated as soon as 4 weeks of age with inactivated products.

20. How is the virus inactivated once in the environment?
If FP is diagnosed in a household, a 1:32 dilution of household bleach should be used on all
cages, bowls, litter pans, and floors. Plastic litter pans should be discarded because of the difficulty
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in disinfecting. New cats with past infection of FPV should not be introduced into the household
without prior vaccination. Other susceptible cats in the household usually show initial signs
(anorexia, lethargy, and vomiting) in 2-6 days. Passive immunity, as described in question 17,
should be considered for exposed susceptible cats that need immediate protection.

21. What are feline coronaviruses? How are they transmitted?

The coronaviruses are ubiquitous RNA viruses transmitted by the fecal-oral route. Some iso-
lates are limited to the intestinal tract, leading to subclinical infection in most (feline enteric coro-
navirus [FECV]). Other isolates have the ability to infect macrophages, disseminate through the
body, and induce the clinical syndrome known as feline infectious peritonitis (see Chapter 38).

22. What are the clinical signs in cats infected with FECV?

When clinical signs occur, mild small bowel diarrhea is usually present. Occasionally, mucus
and fresh blood also may be seen. Occasionally, vomiting, low-grade fever, anorexia, and
lethargy may accompany the diarrhea. Clinical signs often resolve within 24 days. Although en-
teric coronaviruses are limited to the GI tract, spontaneous mutation to feline infectious peritoni-
tis (FIP)-inducing strains can occur in the host.

23. How is a diagnosis of FECYV infection made?

FECYV infection is often a diagnosis of exclusion. It is important to rule out more common
causes of mild diarrhea and vomiting, such as foreign body ingestion, parasite infestation, dietary
intolerance, intestinal perforation, and other enteric viruses. Documentation of increasing coron-
avirus antibody titers suggests recent infection. FECV can be documented in feces with electron
microscopy or virus isolation. Reverse transcriptase polymerase chain reaction also can be used
to detect RNA of the organism in feces.

24. How is clinical FECV infection treated?
Treatment consists of supportive care (as in feline panleukopenia), but sepsis is less likely.
Fluid therapy and gut rest are the most important components.

25. How is FECY infection prevented?

In crowded environments, most cats are seropositive for coronavirus antibodies. It is esti-
mated that approximately 30% of seropositive cats are shedding coronaviruses in stool at any ane
time. The spread of the virus in catteries is highly efficient, and prevention of spread is essen-
tially impossible. Stress should be avoided if possible, and care should be taken to lessen crowd-
ing of litter boxes. Vaccination with the intranasal coronavirus vaccine is not warranted because
of the mild clinical signs seen in cats and associated low morbidity.

26. Can serology be used to differentiate FECV from FIP-inducing strains?
Currently no serologic test can differentiate antibodies against FECV from those against
FIP-inducing strains (see Chapter 38).
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22. FUNGAL AND MISCELLANEOUS DISEASES
Chad Johannes, D.V.M.

1. What is the most common gastrointestinal (GI) fungal disease in cats?

Cats tend to be highly susceptible hosts for Histoplasma capsulatum. This systemic fungal
infection results from inhalation or ingestion (less likely in cats) of infective conidia and subse-
quent hematogenous and lymphatic dissemination. The organism grows best under moist, humid
conditions in nitrogen-rich soil (high in organic material such as bird and bat excrement). It is
most prevalent in the central United States in regions of the Ohio, Missouri, and Mississippi
Rivers as well as in Texas. Clinical histoplasmosis is most commonly seen in cats younger than 4
years of age, although cats of any age can be affected.

2, What signs are typically seen with GI histoplasmosis?

Although GI involvement with systemic histoplasmosis tends to be observed less commonty
in cats than in dogs, it can produce chronic small or large bowel diarrhea. As all layers of the in-
testinal wall are disrupted by granulomatous inflammation, severe chronic malabsorption results
in voluminous watery diarrhea. Protein-losing enteropathy is a potential sequela. If the large
bowel is also affected, tenesmus, hematochezia, and fecal mucus can be seen. Physical examina-
tion often identifies diffusely thickened loops of bowel, along with palpably enlarged mesenteric
lymph nodes. Additional systemic signs may include anorexia, rapidly progressive weight loss,
fever, and lethargy. Intestinal histoplasmosis should be considered in any young cat with in-
tractable large or small bowel diarrhea that has lived in or traveled through an endemic region.

3. How is GI histoplasmosis diagnosed?

Definitive diagnosis requires identification of H. capsulatum organisms (usually within
macrophages) on cytology or biopsies. Although primary intestinal histoplasmosis has been re-
ported, intestinal involvement most often results from systemic infection. Radiographs of the
thoracic cavity may reveal a diffuse interstitial pattern, with infiltrates coalescing to produce a
miliary or nodular interstitial appearance. Other signs of systemic involvement include peripheral
lymph node enlargement, abdominal organomegaly, clinical icterus, and occasionally skin nod-
ules or ulcerated lesions. Therefore, diagnosis is often aided by bone marrow, lung, lymph node,
liver, splenic, or skin nodule aspirates. Ocular involvement is also possible, and physical exami-
nation should include a thorough evaluation of the fundus.

With intestinal involvement, H. capsulatum organisms may be seen on cytology from rectal
mucosal scrapings and impression smears made from intestinal (endoscopic or surgical) or
mesenteric lymph node biopsy samples. The yeasts are round to oval in shape with a distinct wall
and are approximately 2-4 pm in diameter (about one-fourth to one-half the diameter of an ery-
throcyte). With Romanowsky type stains, the interior portion of the organism typically stains pale
to medium blue to purple. In addition, organisms can be visualized on histopathology sections
with appropriate fungal stains. Serologic tests for H. capsulatum antibodies are available, but
their reliability is poor.
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Macrophage containing numerous Histoplasma capsulatum yeasts. (Courtesy of Dr. Steven L. Stockham,
Department of Veterinary Pathobiology, University of Missouri-Columbia.)

4., What laboratory values are commonly seen in disseminated histoplasmosis?

Normocytic, normochromic, nonregenerative anemia is the most common hematologic ab-
normality in cats with disseminated histoplasmosis. The anemia may result from chronic inflam-
matory disease, bone marrow infiltration by H. capsulatum, or intestinal blood loss. Leukocyte
counts are quite variable, but neutrophilia and monocytosis are observed most frequently.
Thrombocytopenia, resulting from increased platelet utilization or destruction, has been reported
in as many as one-third of affected cats. With extensive bone marrow involvement, pancytopenia
may be present. On occasion, H. capsulatum organisms may be visualized within monocytes or
neutrophils on a blood smear.

Hypoalbuminemia, the most consistent serum biochemistry profile finding in cats with sys-
temic histoplasmosis, may result from GI loss or liver dysfunction. Globuiins may be elevated
(chronic antigen stimulation), but this finding varies, depending on concurrent intestinal loss.
Hypercalcemia has been reported in several cats and probably is due to systemic granulomatous
disease. Elevations in serum alanine aminotransferase, alkaline phosphatase, and total bilirubin
indicate possible hepatic involvement. Most affected cats that were tested for feline leukemia
virus (FeLV) and feline immunodeficiency virus (FIV) have been negative.

5. What treatment options are available for intestinal histoplasmosis?

Itraconazole is the drug of choice for treatment of disserninated histoplasmosis. Treatment is
initiated at 10 mg/kg orally every 24 hours, and if no signs of hepatotoxicity (elevated liver en-
zymes) develop, dosing can be increased to twice daily. An oral suspension (10 mg/ml) is avail-
able and is more consistently absorbed than the capsules. Combination therapy of itraconazole
with liposome-encapsulated amphotericin B (0.25-0.5 mg/kg intravenously every 48 hr until a
cumulative dose of 4-8 mg/kg is reached) may be necessary in severe or fulminating cases.
Owners should be aware that treatment is needed for at least 4-6 months, sometimes as long as
12 months, depending on response to therapy. The prognosis for intestinal histoplasmosis is fair
to good, depending on the severity of involvement. Relapse several months after discontinuing
oral antifungal therapy is possible.

6. Is histoplasmosis a zoonotic disease?

Although concurrent common-source infections of animals and people have been reported,
direct transmission of H. capsulatum between animals or from animals to humans has not been
shown. Cats and humnans in endemic regions are at risk of exposure from infected soil; prevention
lies in minimizing this contact.
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7. What other fungal organisms can cause diarrhea in cats?

Opportunistic fungal organisms that can cause enteritis and diarrhea in cats include
Aspergillus spp., Candida spp., and Mucor spp. FPV, FIP, or FeLV infection, antibiotic therapy,
or glucocorticoid therapy appear to be important predisposing factors that increase susceptibility
to tissue invasion by these fungi. Both small and large bowel are often affected, causing a chronic
mixed bowel diarrhea. Antemortem diagnosis of intestinal mycoses can be quite difficult and re-
quires histopathologic identification of organisms in tissue sections. In some animals with renal
involvement, fungal hyphae may be visualized on routine urine sediment examination.

Most reported cases have been identified on necropsy, providing limited information about
treatment, drug dosages, and length of therapy. Ketoconazole (10 mg/kg orally every 12 hr), itra-
conazole (2.5-5 mg/kg orally every 12 hr), or liposomal amphotericin B (3-5 mg/kg intra-
venously every 48 hr until a cumulative dose of 12 mg/kg is reached) may be options for treating
disseminated aspergillosis. Treatment with an oral imidazole may be needed for months to years,
and long-term prognosis is generally grave. Nystatin (100,000 units/cat orally every 6 hr), keto-
conazole (50 mg/cat orally every 12-24 hr), or itraconazole (5-10 mg/kg orally every 12-24 hr)
may be considered for systemic candidiasis.

8. Do cats develop protothecosis, mucormycosis, or pythiosis?

Pythium insidiosum is a water mold associated with GI tract disease in dogs, primarily along
the Gulf Coast. Infection of cats is rare. Infection with Mucor spp. fungi occurs in cats as a systemic
disease. Protothecosis is a disseminated disease in dogs caused by the algae Prototheca zopfii and
- P. wickerhamii. Bloody diarrhea is a common manifestation. To date, only cutaneous protothecosis
has been reported in cats.
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23. INFLAMMATORY BOWEL DISEASE
Alice ]. Johns, D.V.M.

1. Define inflammatory bowel disease.

Inflammatory bowel disease (IBD) is a group of idiopathic, chronic gastrointestinal (GI) tract
disorders characterized by infiltration of the lamina propria by inflammatory cells. The cellular in-
filtrate may be lymphocytes, plasma cells, eosinophils, neutrophils, macrophages, or combinations
of these.



108 Inflammatory Bowel Disease

2. What causes IBD?

The cause of IBD is probably multifactoral. It appears to involve host hypersensitivity re-
sponses to antigens (food, bacterial, or self) within the bowel lumen or mucosa. Genetic and psy-
chosocial factors also may be involved. Increased permeability allows luminal antigens to cross
the mucosa, leading to inflammation and further mucosal damage, which in turn further increase
permeability. Mucosal inflammation occurs in a diverse group of disorders, including bacterial,
viral, protozoal, and parasitic infections, bacterial overgrowth, metabolic disease, neoplasia, pan-
creatitis, and cholangiohepatitis. These conditions should be excluded from the differential list
before a cat is assumed to have IBD due to dietary hypersensitivity.

3. Describe the pathophysiolegy of IBD.

IBD is an abnormal mucosal immune response, which resuits in the recruitment of inflam-
matory cells to the intestine. The immune response itself leads to tissue destruction and impair-
ment of digestive and absorptive capabilities. Damage results from the following factors:

* Arachidonic acid metabolites

» Proinflammatory cytokines

* Leukotrienes, produced in the lipoxygenase pathway, that act as chemotactic agents, in-

crease vascular permeability, and induce smooth muscle contraction

* Prostaglandins from the cyclo-oxygenase pathway, which result in pain, vasodilation, in-

creased vascular permeability, and increased secretion of water and electrolytes

* Platelet-activating factor, which is chemotactic and increases vascular permeability

* Interleukins. which regulate the mucosal immune system

* Oxygen-derived free radicals and nitric oxide, which damage the mucosa

* GI peptides, including substance P, vasoactive intestinal peptide, and somatostatin

« Clonal expansion of activated intestinal B and T lymphocytes.

4. Describe the typical signalment for cats with IBD.

There is no age, sex, or breed predilection, although purebred cats may be at increased risk
for lymphocytic-plasmacytic enteritis. Although most affected cats are middle aged (6-8 years)
or older, about one-third of the patients are 2 years old or younger. IBD has been diagnosed as
early as 5 months of age.

5. What are the common clinical signs of IBD?

Chronic vomiting and diarrhea are the most common clinical signs and may occur alone or in
combination. Vomiting often is not associated with eating and should be differentiated from regur-
gitation (see Chapter 26). Diarrhea may contain mucus or blood, indicating large bowel involve-
ment. Anorexia, weight loss, lethargy, loss of litter training, abdominal pain, and hematemesis also
may be seen. The clinical signs are generally intermittent or cyclical and reflect the predominant
sites of disease. Clinical signs are similar among the various histologic forms. Symptoms vary
from mild to severe. Exacerbations and spontaneous remissions are common.

6. What characteristic abnormalities are found on physical examination?

No physical examination findings are pathognomonic, but several findings may suggest IBD.
Cranial abdominal discomfort may be present and is more noticeable in cats with concurrent pancre-
atitis. Intestinal bowel loops may be thickened. Cats with “triaditis”—the combination of inflamma-
tory bowel disease, pancreatitis, and cholangiohepatitis—may be icteric and have a palpable liver.
Many cats are ill kempt, and emaciation may be noted, particularly if malabsorption is occurring.

7. What are the primary differential diagnoses for IBD?
« Endocrine diseases (hyperthyroidism, exocrine pancreatic insufficiency)
» Food intolerance
* Bacterial enteritis (Helicobacter spp., Salmonella spp., Campylobacter spp., Clostridium
perfringens, Escherichia coli; see Chapter 20)
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* Parasites (helminths, cestodes, protozoans; see Chapter 19)

« Fungal enteritis (Histoplasma capsulatum;, see Chapter 22)

« Neoplasia (lymphosarcoma, adenoma, adenocarcinoma; see Chapter 24)

« Viral enteritis (feline leukemia virus [FeLV], feline immunodeficiency virus [FIV], feline
enteric coronavirus, feline panleukopenia; see Chapter 21)

« Obstruction

8. How is IBD diagnosed?

IBD is diagnosed by combining histologic evidence of inflammation with exclusion of other
causes of GI inflammation. Baseline laboratory tests should include complete blood count
(CBC), serum biochemical profile, FeLV antigen test, FIV antibody test, serum total T4 concen-
tration (for cats at risk for hyperthyroidism), urinalysis, fecal parasite examination (zinc sulfate
flotation and direct smear), fecal wet mount, Cryptosporidium spp. screening, rectal cytology,
and survey abdominal radiographs (see Chapter 18). Fecal culture is indicated in cats with sus-
pected bacterial enteritis (see Chapter 20).

9. What CBC abnormalities support the diagnosis of IBD?

The CBC may show increased eosinophils. However, parasitic diseases and hypoadrenocor-
ticism also induce this abormormality. Microcytic anemia may develop if IBD is severe and re-
sults in iron deficiency due to chronic blood loss. Plasma protein concentration decreases if
protein-losing enteropathy is present.

10. How do serum biochemical abnormalities aid in the diagnosis of IBD?

The primary benefit of serum biochemical testing is to exclude other causes of vomiting
and diarrhea. Panhypoproteinemia is consistent with protein-losing enteropathy, which may
occur with some forms of IBD. Some cats (25%) with lymphocytic-plasmacytic enteritis are
reported to have mildly increased serum alanine transferase (ALT), aspartate transferase
(AST), and alkaline phosphatase (ALP) activities. Liver function tests are usually normal; in
some cats, however, histologic examination of the liver reveals periportal inflammatory infil-
trates. Because the pancreatic and biliary ducts are shared in cats and empty into the duode-
num, IBD may result in concurrent pancreatitis and cholangiohepatitis (see Chapters 29 and
36). This syndrome has been called “triaditis” and may explain serum biochemical evidence of
hepatic and pancreatic involvement. Triaditis may be due to translocation of bacteria from the
diseased GI tract into the portal circulation. Cobalamin, folate, and vitamin K levels may be
decreased as a result of malabsorption.

11. What is the diagnostic benefit of imaging procedures?

Survey and contrast films of the abdomen have a low likelihood of showing abnormalities
(masses or increased small intestinal diameter). Barium studies may show flocculation of barium
contrast material, irregular mucosal-barium interface, delayed transit time, or persistent adher-
ence of barium to mucosa. Ultrasound may show small intestinal abnormalities, including altered
echogenicity, small intestinal wall thickening, or poor small intestinal wall definition. However,
results of imaging procedures are not specific for IBD and are used primarily to exclude other
causes of vomiting or diarrhea.

12. How should tissues be obtained for histologic evaluation?

Endoscopically obtained or full-thickness surgical biopsies may be used for histologic evalu-
ation. Endoscopic mucosal biopsy is less invasive than surgery but provides small samples (usu-
ally 2.8 mm in diameter at most) that include mucosa only. Samples are easily obtained from the
stomach, duodenum, rectum, and colon; the jejunum and ileum are less commonly sampled.
Samples often have crush artifact, which makes histologic characterization difficult. Because
only mucosa is obtained, deeper inflammation or neoplasia may be missed, and it is difficult to
document the presence of lymphangectasia. It is important to obtain samples even if the mucosal
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surface appears normal. Multiple samples should be obtained from each site. In dogs, duodenal
aspirates are performed to assess for Giardia spp. and bacterial overgrowth. In cats, however,
Giardia spp. reside more distally in the small bowel, and normal cats have extremely variable
numbers of bacteria in the duodenum. Thus the diagnostic benefit of these tests is limited. If
gastritis is suspected, samples should be collected from the cardia and placed on a urea slant to
assess for the presence of urease activity, which supports the diagnosis of helicobacteriosis (see
Chapter 20).

If endoscopic biopsies are nondiagnostic in a cat with clinical signs of IBD and other causes
of vomiting and diarrhea have been ruled out, surgical, full-thickness biopsies are warranted.
Surgery has the additional benefit of allowing visualization and biopsy of the pancreas and liver
in cats with suspected triaditis. Because endoscopically obtained biopsies are occasionally falsely
negative, require specialized equipment, and limit testing to the mucosal surface, exploratory la-
parotomy may be the preferred procedure for clients with limited budgets.

13. In what forms does IBD occur?

IBD is classified by the area of the GI tract that is affected and the predominant type of in-
flammatory cell:

Lymphocytic-plasmacytic enterocolitis is the most common type of IBD diagnosed in cats.
The lamina propria is infiltrated with lymphocytes and plasma cells. The disease may progress to
diffuse intestinal lymphoma.

Eosinophilic enterocolitis and hypereosinophilic syndrome are rare forms of IBD charac-
terized by diffuse or focal infiltration of mature eosinophils into one or more layers of the intesti-
nal tract. Usually they are accompanied by peripheral eosinophilia. Although eosinophilic
enterocolitis is confined to the GI tract, hypereosinophilic syndrome may involve the liver,
spleen, lymph nodes, bone marrow, lung, pancreas, adrenal glands, or skin. Hypereosinophilic
syndrome responds poorly to glucocorticoids, is considered a preneoplastic condition, and has a
high mortality rate.

Regional granulomatous enterocolitis is less common. It is characterized by transmural
granulomatous inflammation, usually of the ileum and colon, that causes stenosing, mass-like
thickening of a region of bowel wail. Regional lymph nodes and adjacent mesentery also may be
involved.

Other rare forms (all treated as lymphocytic-plasmacytic IBD) include neutrophilic (suppu-
rative) colitis, granulomatous colitis, histiocytic colitis, necrotic colitis, and angiopathic colitis
with vasculitis and ischemic ulcers.

14. How is IBD treated?

The basic concepts of treatment are to remove the antigenic source of inflammation and
then suppress the cell-mediated inflammatory response in the GI tract. The goals are remission
of clinical signs, control with dietary management, and use of metronidazole and/or pred-
nisolone. Relapses often occur and require drug therapy. Severe and refractory IBD may require
the use of potent immunosuppressive drugs. Some cats require indefinite drug administration
for control.

15. Describe dietary management of IBD.

The diet should contain a single, highly digestible, novel protein (one that the cat has not
eaten before) and reduced amounts of food additives. It also should be gluten-free; use rice or
potato as a carbohydrate source. High-fat diets should be avoided. If colitis is present, consider
high-fiber diets containing either insoluble (cellulose) or soluble (psyllium) fiber. When a
homemade diet is used for initial treatment, many cats find baby rice cereal more palatable than
cooked white rice. Some people advocate a “sacrificial protein” for the first 6 weeks of treat-
ment, on the theory that the cat is more likely to develop dietary sensitivity during the time that
the gut is inflamed. Protein hydrolysates have reduced molecular weights (< 10,000 daltons)
that should decrease antigenicity.
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Commercially Available Hypoallergenic Diets

Lamb Venison
Hill’s Prescription Diet D/D (canned) Innovative Veterinary Diets (canned or dry)
Innovative Veterinary Diets (dry or canned) Waltham Select Protein (canned)
Tams Eukanuba Response Formula (canned) Duck

Rabbit Innovative Veterinary Diets (dry)
Innovative Veterinary Diets (canned) Hydrolyzed proteins
Nature’s Recipe Rabbit (canned) Hills Prescription Diet Z/D (dry)

Hill’s Pet Nutrition, Topeka, KS; Innovative Veterinary Diet, Nature’s Recipe Co., Newport, KY; lams
Company, Dayton, OH; Waltham USA, Vernon, CA.

16. What dietary supplements are commonly recommended?

Various nutritional deficiencies secondary to IBD require supplementation. In addition,
some nutritional supplements may have anti-inflammatory effects or promote healing of the in-
testinal tract. Controlled studies of these supplements for treatment of feline IBD are lacking.

» Vitamin B12 (cobalamine) and folate concentrations are often reduced by malabsorption.

» Vitamin K deficiency due to malabsorption of fats may be severe enough to cause bleeding

and abnormal hemostasis.

* N-acetyl glucosamine has shown promise in the treatment of inflammatory disorders, in-
cluding IBD, colitis and Crohn’s disease in people.

» Glutamine can be supplemented as an energy source for mucosal cells of the digestive tract.

» Vitamin C scavenges free radicals, enhances immune function, has anti-inflammatory
properties, and may reduce stress.

« Lactobacillus acidophilus is a probiotic that may help to restore normal intestinal flora.

* Dimethylglycine modulates production of lymphocytes and antibodies. It is theorized to
decrease the allergic response.

* Proanthocyanidin complex is a bioflavinoid that theoretically works with vitamin C to
reduce inflammation, strengthen capillaries, scavenge free radicals, and improve immune
function. Antiviral activity also has been proposed.

« Vitamin E, vitamin A, and selenium are antioxidants that may protect cells from free
oxygen radical-induced damage.

» Zinc is thought to potentiate immune system response and enhance healing.

Dietary Supplements for Management of IBD

SUPPLEMENT PROPOSED DOSE
Cobalamine 125-250 mg/wk SC or IM for 6-8 weeks
Dimethylglycine 50-250 mg/cat PO, indefinitely
Folate 0.5 mg/day PO for 1 month
Glutamine 250~5000 mg/cat PO, indefinitely
N-acetyl glucosamine 250~-1500 mg/cat PO, indefinitely
Laciobacillus acidophilus 50-500 million microorganisms/cat PO, until stool returns to
normal consistency
Proanthocyanidin complex 10-200 mg/cat PO, indefinitely
Selenium 15 pg/day PO, indefinitely
Vitamin A 1000-5000 1U/day PO as beta carotine, indefinitely
Vitamin C 250-300 mg/cat PO, indefinitely.
Vitamin B 200 TU/day PO as alpha tocopherol daily, indefinitely.
Zinc 7.5 mg/day PO, indefinitely

SC = subcutaneously, IM = intramuscularly, PO = orally.
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17. What drugs are used to manage IBD?

DRUG PROPOSED DOSE
Chlorambucil 2 mg PO every other day or 2 mg/ M%day for 7 days; then 1 mg/M%day for 7
days; then taper to lowest effective maintenance dose
Cyclophosphamide 50 mg/M? PO 4 times/wk; during remission, use chlorambucil

Cyclosporine 0.5-8.5 mg/kg PO every 12-24 hr, indefinitely
Methylprednisolone  10-20 mg/cat IM every 2 wk until controlled; then as needed
Metronidazole 10-20 mg/kg PO every 8-12 hr for 2-4 wk; then gradually taper off over 1-2 mo
Prednisolone 1-2 mg/kg PO every 12-24 hr for 2-4 wk; then reduce dose by half every
2 weeks until lowest effective maintenance dose is found.
Azathioprine 0.3 mg/kg PO every 48 hr, indefinitely.
Sulfasalazine 10-20 mg/kg PO every 24 hr for 7-10 days

PO = orally, IM = intramuscularly.

18. Describe the effects of metronidazole.

This antibiotic is one of the antiprotozoal drugs of choice for Giardia spp. in cats. Because it
has an excellent anaerobic spectrum, it may aid in the treatment of secondary bacterial over-
growth, It is proposed to inhibit celi-mediated immunity and to alter neutrophil chemotaxis and
thus may be an effective adjunct to glucocorticoids. Side effects include salivation (due to bad
taste), anorexia, vomiting, central nervous system abnormalities (seizures), and neutropenia.

19. Discuss the role of glucocorticoids.

Prednisolone is used most frequently, but if the cat cannot or will not take oral medications,
methylprednisolone can be used. Control seems to be more difficult with parenteral depository
glucocorticoids. Transdermal dosing of prednisolone also may be helpful when oral drugs cannot
be administered. Glucocorticoids should not be prescribed until the diagnosis of IBD is con-
firmed by histology. Common side effects include polyuria, polydipsia, polyphagia, skin disease,
weight gain, and type 2 diabetes mellitus (see Chapter 54).

20. How does azathioprine work?

The mechanism of immunosuppression has not been determined, but it is thought to depend
on several factors. Azathioprine antagonizes purine metabolism, resulting in inhibition of RNA,
DNA synthesis, and mitosis. Incorporation into nucleic acids may cause chromosome breaks,
and inhibition of coenzyme function may disrupt cellular metabolism. Azathioprine has a greater
effect on cellular immunity and delayed hypersensitivity than on humorat antibody responses. It
is thought to take at least 1-3 weeks to become fully effective, and clinical response may require
6 weeks. It is used most often in cases of IBD that cannot be controlled by diet modifications and
glucocorticoids or in cats that glucocorticoids make ill. Side effects may include bone marrow
suppression, pancreatitis, hepatic damage, and anorexia. CBC should be monitored once or twice
weekly for 10-14 days after starting, then monthly.

21. What is the mechanism of action of sulfasalazine?

The mechanism of action is not known. It is thought that after colonic bacteria cleave sul-
fasalazine into sulfapyridine and 5-aminosalicylic acid (5-ASA), the antibacterial (sulfapyridine)
and anti-inflammatory (5-ASA) activity modify the course of the disease. Levels of both drugs
are higher in the colon when the compound is used than with separate administration, Dosing in
cats may be difficult without compounding. Primary side effects include anorexia, vomiting, and
anemia; in dogs sulfasalazine has induced keratoconjunctivitis sicca.

22. How do cyclophosphamide and chlorambucil work?
The metabolites of eyclophosphamide act as alkylating agents, interfering with DNA replica-
tion, RNA transcription and replication, and nucleic acid function. The phosphorylating activity of
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cyclophosphamide also enhances its cytotoxic properties. The mechanism of action for its im-
munosuppressive activity on T-cells and antibody production is unknown. The drug is associated
with bone marrow suppression and hemorrhagic cystitis (rarely). It should not be used over the
long term. If it is effective during the induction phase, the related drug chlorambucil should be
used for chronic management.

The mechanism of action of chlorambucil is cross-linking with cellular DNA. It is cyto-
toxic and cell cycle-nonspecific. Side effects include myelosuppression, resulting in anemia,
leukopenia, and thrombocytopenia. It can also result in anorexia, vomiting, and diarrhea. A
complete blood count with platelets should be done weekly until the cat is stable, then every
other week.

23. Describe the mechanism of action of cyclosporine.

The mechanism of action is impedance of calcium-dependent signal transduction in the cy-
tosol of lymphocytes. Cyclosporine stimulates secretion of transforming growth factor beta,
which inhibits interleukin 2-stimulated T-cell proliferation and generation of antigen-specific cy-
totoxic lymphocytes. The primary side effects in people and dogs include inappetence, Gl irrita-
tion, and gingival hyperplasia. Blood levels should be measured 24-48 hours after starting
therapy to ensure adequate levels and periodically during therapy. The goal is a 12-hour whole-
blood trough level of 250-500 ng/ml. Gelatin capsules may be needed for administration because
of the unpleasant taste.

24. What is the prognosis for cats with IBD?
The prognosis depends on the form of IBD. In general, although the condition cannot be
cured, the prognosis for control is good.
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24. NEOPLASIA AND OTHER FORMS
OF INTESTINAL OBSTRUCTION

Kim Selting, D.V.M.

1. List the possible clinical signs of intestinal neoplasia and/or obstruction (partial or
complete) in cats.
* Vomiting
* Anorexia/inappetence
« Gagging/dysphagia (linear foreign body anchored in the mouth)
¢ Weight loss/cachexia
« Diarrhea
« Tenesmus (with lesion in colon or ileum)
« Hematochezia (colon or rectum); melena (small intestine)
« Lack of stool/constipation
* Dehydration
* Lethargy/malaise
* Ascites and/or carcinomatosis
* Central nervous system (CNS) signs and icterus
« Palpable abdominal mass (approximately 50% of cases)
» Rectal prolapse of ileocecal lymphoma mass

2. Which clinical findings are most common?

In most reports, vomiting, anorexia, and weight loss are by far the most common signs, although
the order of their prevalence varies. Clinical signs do not necessarily correlate with the location of the
tumor in the gastrointestinal (GI) tract with the exception of tenesmus and hematochezia, which
occur with colonic or rectal disease. Palpating an abdominal mass is a consistent finding but depends
on the practitioner’s level of palpation skill, The rest of the clinical findings are less common.
Duration of clinical signs before diagnosis can range from days to months. Many cases are treated
for clinical signs conservatively before relapse and definitive diagnosis. CNS signs, icterus, and other
polysystemic signs may occur in cats with feline infectious peritonitis (see Chapter 38).

3. What are the most common differential diagnoses for intestinal obstruction?

Intestinal neoplasia, foreign body, and intussusception are common causes of intestinal ob-
struction in cats. Lymphoma is the most common neoplasm. Despite repeated references in cur-
rent texts to mast cell tumor as the second most common feline GI neoplasm, no current studies
focus on this disease. Adenocarcinoma is the most common nonlymphatic/nonhematopoietic
neoplasm. Intestinal obstruction due to adenocarcinoma results from an annular ring of tissue
created by the solitary tumor. Lymphoma and mast cell tumors may be discrete or diffuse.

Uncommonly diagnosed GI tract tumors include lipoma, leiomyosarcoma, leiomyoma, glob-
ule leukocyte tumor, granulated round cell tumor, fibrosarcoma, carcinoid, osteosarcoma, gan-
glioneuroma, gastric extramedullary plasmacytoma, and granulated round cell tumor.

Intussusception most commonly occurs in the ileocecocolic region. Predisposing causes in-
clude parasites, foreign body, previous abdominal surgery, viral enteritis, and mural lesions.
Many cases, however, are idiopathic.

Trichobezoar, volvulus, intestinal torsion, incarceration of bowel in a hernia, adhesions,
stricture, intramural abscess, granuloma or hematoma, congenital malformations, and feline in-
fectious peritonitis (FIP) are less common causes of GI obstruction. Trichobezoars may form in
part because of a lack of interdigestive migrating myoelectric complexes in cats.
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4. How does FIP cause obstructive disease?

Noneffusive FIP can create solitary mural intestinal inflammatory lesions. In one study, this
presentation predominated in approximately 20% of cats with histopathologically documented
FIP. Histologically, the intestine is markedly thickened; multifocal pyogranulomas extend
through the wall with areas of necrosis and fibrosis. Presence of coronavirus was confirmed by
immunohistochemical staining of the tissues (New York State Veterinary Diagnostic Laboratory,
Ithaca, NY). In the 26 cats reported in the study, 76% of obstructions occurred in the colon or at
the ileocecocolic junction. Ragdolls and Himalayans may have been overrepresented, but re-
ported numbers are small. Half of the cats were < 1 year of age, 11 of 26 were 1-6 years old, and
only 2 of 26 were 11 years old. Most cats died of the disease within 9 months. A few cats had ef-
fusions at surgery, but the fluid was not typical for effusive FIP (see Chapter 38).

5. What hematologic abnormalities may be seen in cats with intestinal obstruction?
Hematologic abnormalities are common but generally not specific for any one disease:
Complete blood cell count. Leukocytosis with or without left shift, monocytosis, and lym-

phopenia have been detected in some cats. Eosinophilia, basophilia, and thrombocytosis were de-
tected in a cat with lymphoma. Anemia may result from chronic disease, GI blood loss (anemia
may be microcytic because of iron deficiency in chronic cases), or bone marrow involvement
(feline leukemia virus [FeLV]).

Serum biochemical panel. Panhypoproteinemia may result from GI blood loss. In some
cats, hyperglobulinemia results from chronic inflammatory disease, FIP, or neoplasia. Hyper-
glycemia, increased activities of liver enzymes, and hypercholesterolemia may occur. Hypo-
chloremic metabolic alkalosis may be seen with pyloric outflow tract obstruction.

Serology tests. FeLV serum antigen tests are usually negative with adenocarcinoma and oc-
casionally positive with lymphoma. Positive coronavirus titers indicate only exposure to a coron-
avirus, not FIP (see Chapter 38).

Serum electrophoresis. Monoclonal gammopathy is most consistent with plasmacytoid
neoplasia but is occasionally detected in cats with FIP.

6. What imaging studies may be helpful in evaluating intestinal obstruction?

Plain radiographs may reveal a mass effect, fluid-filled stomach, or intestinal obstructive
pattern characterized by gas-filled loops of bowel. Thoracic radiographs rarely reveal metastasis,
but findings consistent with aspiration pneumonia may be present.

Positive contrast radiographs are used to confirm partial or complete obstruction.

Barium series in a cat with adenocarcinoma of the small intes-
tine. (Courtesy of Dr. David Twedt, Colorado State University.)




116 Neoplasia and Other Forms of Intestinal Obstruction

Ultrasound may be used to document masses localized to the GI tract, thickened bowel
loops, enlarged mesenteric lymph nodes, abnormal peristalsis, and intussusceptions. In addition,
tissue aspirates for cytology also can be guided by ultrasound.

Endoscopy/colonoscopy can be used to visualize mass lesions and to obtain biopsies, de-
pending on the location of the abnormality. Biopsies should be done in all patients because dif-
fuse, microscopic disease may be detected on histopathology. Adenocarcinoma may look like
stricture or fibrous tissue rather than a mass lesion.

7. What other diagnostic techniques may be helpful?
* Exploratory laparotomy is used to confirm and relieve obstructive disease and to obtain
tissue for definitive diagnosis.
* Cytology obtained before surgery or intraoperatively can help to make a definite diagnosis,
especialty of lymphoma. Aspiration cytology is unreliable for adenocarcinoma.
* Histology and immunohistochemistry are used to confirm the diagnosis of neoplasia and
FIP.

8. How are intestinal obstructions treated?

For most intestinal obstructions, surgery is the mainstay of treatment. Some foreign bodies
in the pyloric outflow tract can be removed via endoscopy, but disease in other regions requires
surgery. If an intussusception is documented, it should be reduced if the intestine is viable and
the primary disease treatable (e.g., foreign body). If the primary disease is neoplasia or the intes-
tine is not viable, resection and anastomosis are indicated. Enteroplication should be considered
because the recurrence rate for intussusceptions is as high as 27%. When adenocarcinoma is de-
tected, surgery is the primary treatment (see question 14). When lymphosarcoma is detected,
chemotherapy should be used as the primary treatment if possible (see question 18). Most tri-
chobezoars are found in the proximal jejunum to distal ileumn.

9. What preventive methods are used after surgical removal?
* Administration of emollient laxatives (use petroleum-based products, not mineral oil, to
avoid lipid aspiration pneumonia)
* Attempts to prevent overgrooming (brush frequently, control fleas, and address behavioral
problems)
* Shaving long hair
* Administration of prokinetic drugs (e.g., metoclopramide)

10. What are adenocarcinomas? How common are they?

Adenocarcinomas are malignant tumors of glandular epithelium that originate from the
crypts of Lieberkuhn. They are the most common nonlymphoid neoplasia, accounting for
25-30% of all Gl neoplasms. Osseous or chondroid metaplasia occurs in some cases. In one
study, luminal stricture occurred in 12 of 44 cats.

11. Describe the typical signalment of cats with adenocarcinoma.

Adenocarcinomas occur most commonly in middle-aged cats (mean age = 8-11 years, range
= 2-17 years). Siamese are overrepresented, accounting for 71% of cases (8 times the incidence
in other breeds). The disease is more common in females than males.

12. Where are most adenocarcinomas located?
Adenocarcinomas may occur in either the small or large intestine. Up to 70% occur in the
small intestine, especially the jejunum. The tumor is uncommon in the duodenum.

13. How does metastasis occur? What are the most common sites?
Adenocarcinomas spread via the lymphatic system. If metastasis occurs, the mesenteric
nodes are the most common site (50%), followed by carcinomatosis (29%), lung, and liver.
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14. What treatment is recommended for adenocarcinoma?

Surgical resection and anastomosis are the treatment of choice. In one study, administration
of adriamycin (1 mg/kg intravenously every 3 weeks for 5-6 treatments) improved median sur-
vival time for colonic adenocarcinoma.

15. Describe the prognosis for cats with adenocarcinoma.
Prognosis varies among studies. A major limitation is the small number of reported cases.
Notable findings of several studies include:

« In the study by Birchard, survival after surgery was 7 days (range = 1-13 day) vs. 3 days
without surgery.

« In the study by Kosovsky, cats that lived for > 2 weeks after surgery had a mean survival
time of 15 months.

» In the study by Cribb, the mean survival time after resection and anastamosis was 2.5
months with a range of 0-24 months.

« In the study by Turk, the mean survival time after surgery was 5 weeks; the median survival
time was 20 weeks with a range of 2 days to 2 years.

*» Kosovsky reported survival times of 4.5 and 28 months in two cats that survived surgery
but with carcinomatosis.

« The presence of metastasis is prognostic. According to Cribb, the postoperative mean
survival times for cats with and without metastasis were 5 months and 10 months, re-
spectively.

» Histologic type may be prognostic as in humans. According to Cribb, the mean survival times
for tubular, undifferentiated, and mucinous types were 11, 4, and 4 months, respectively.

16. What causes intestinal lymphosarcoma?
Most intestinal lymphosarcomas are of T-cell origin. Feline coronavirus-associated cell
membrane antigen (FOCMA) may be causative after exposure to FeLV.

17. Describe the presentation of intestinal lymphosarcoma.
* The median age is 12 years (range = 3—18 years).
« Discrete and diffuse lymphosarcomas occur with equal frequency in the small intestine.
» Fewer cases occur in the large intestine.
« Affected cats can be either FeLV-positive or FeLV-negative.
* Approximately 13% of feline lymphosarcomas are exclusively in the GI tract.
* Approximately 40% of feline lymphosarcomas metastasize to extra-GI sites.
» Lymphoblastic lymphosarcoma (59%) is more likely than lymphocytic lymphosarcoma
(24%) to present with an abdominal mass.

18. How are intestinal lymphosarcomas treated?
Recommended treatment is discussed in Chapter 68. Recently, the combination of pred-
nisolone with chlorambucil was reported.

19. Discuss the prognosis for cats with lymphosarcoma.

« The most consistent prognostic factor is response to therapy. Duration of first remission
also correlates directly with survival.

* A positive FeLV serologic test is a negative prognostic indicator in some studies.

« Anatomic location does not predict response rate or survival time.

« Survival ranges from 2-2000+ days. The mean survival time ranges from 50 days to 23
months. Survival time is probably prolonged in a subset of cats.

» Histologic grade may be prognostic. In one study, the complete remission rates and
median survival times for lymphoblastic lymphosarcoma were 18% and 2.7 months, re-
spectively; the corresponding values for lymphocytic lymphosarcoma were 69% and
22.8 months.
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20. How does colonic neoplasia differ from neoplasia in other areas of the GI tract?

Colonic neoplasia accounts for 10~15% of GI neoplasms and <1% of all feline neoplasms.

The mean age for diagnosis of colonic cancer is 12.5 years, and the median age is 13 years, which
is comparable to neoplasia in other areas of the GI tract. Adenocarcinoma is most common, fol-
lowed by lymphosarcoma and then by mast cell tumors. A few cases of neuroendocrine carci-
noma have been reported. Treatment combines surgery and chemotherapy, as discussed for
adenocarcinoma and lymphoma of the small intestine.

21. Summarize the prognosis for cats with colonic neoplasia.

PROGNOSTIC FACTOR ADENOCARCINOMA LYMPHOSARCOMA MAST CELL TUMOR
Received Doxorubicin Not prognostic All 4 cats in study
chemotherapy with, MST = 280 days treated with pred-
without, MST = 56 days nisone
Type of surgery
Subtotal colectomy ~ MST = 138 days Surgery not prog- All had surgery, but
Mass resection MST = 68 days nostic, but 1 cat numbers too small
Biopsy MST = 10 days lived 1355 days for assessment
Metastasis With: MST = 49 days Not evaluated Not evaluated
Without: MST = 259 days MST = 199 days
for 4 cats

MST = median survival time.
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25. SECONDARY GASTROINTESTINAL DISEASES
Craig B. Webb, Ph.D., DV.M.

1. Define secondary gastrointestinal disease.

Secondary gastrointestinal (GI) diseases are disorders that do not directly involve structures
of the primary GI tract (oral cavity, esophagus, stomach, small and large intestines) but manifest,

at least in part, with vomiting and diarrhea.

2. What are the secondary GI differentials for vomiting and diarrhea?
Inflammatory, infectious, metabolic, endocrine, and neurologic diseases of organs outside
the gastrointestinal tract can result in vomiting or diarrhea.

Common Secondary Gastrointestinal Causes of Vomiting and Diarrhea

Inflammation
Pancreatitis
Cholangiohepatitis
Nephritis

Peritonitis

Encephalitis

Steatitis
Metabolic/endocrine disorders
Diabetic ketoacidosis
Hyperthyroidism
Hypokalemia
Hypoadrenocorticism
Uremia (renal failure)
Urinary tract obstruction
Bile duct obstruction
Congestive heart failure
Exocrine pancreatic insufficiency
Drugs/toxins
Antibiotics
Chemotherapeutics
Digoxin

Ethylene glycol

Heavy metals

Plants

Infection
Viral
Feline infectious peritonitis
Feline leukemia virus
Feline immunodeficiency virus
Bacterial
Pyelonephritis
Cystitis
Pyometra
Cholangiohepatitis
Heartworm disease
Neoplasia
Pancreatic
Hepatic
Central nervous system
Neurologic disorders
Vestibular disease
Encephalitis
Hydrocephalus
Trauma
Psychogenic

3. What are the common inflammatory and infectious causes of secondary GI disease?
Hepatic or pancreatic neoplasia, pancreatitis, peritonitis, cholangiohepatitis, bile duct ob-
struction, steatitis, pyelonephritis, heartworm disease, pyometra, and septicemia.

4. What are the common metabolic and endocrine causes of secondary GI disease?
Hepatic lipidosis, lipemia, uremia, hypokalemia, hypercalcemia, urinary tract obstruction,
hyperthyroidism, diabetic ketoacidosis, and hypoadrenocorticism.,

5. What primary neurologic disorders are associated with secondary vomiting?
Vestibular disease, dysautonomia, central nervous system neoplasia, encephalitis, hydro-

cephalus, and psychogenic disorders.
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6. Besides vomiting and/or diarrhea, what are the common presenting signs in cats with
secondary GI disease?

Most of the historical and chief complaints for cats with secondary Gl disease are nonspe-
cific. Examples include thin body condition, anorexia, polyphagia (i.e., hyperthyroidism or dia-
betes mellitus), polyuria, polydipsia, weakness, lethargy, hyperactivity (i.e., hyperthyroidism),
and weight loss.

7. What mechanisms cause vomiting in secondary GI diseases?
Vomiting from secondary GI diseases can be induced by afferent impulses to the emetic
center, stimulation of the chemoreceptor trigger zone (CRTZ), and altered GI motility.

8. How do secondary GI diseases stimulate the emetic center?

The emetic center is located in the reticular formation in the lateral medullary region of the
brain. Within the reticular formation, the nucleus of the solitary tract receives convergent input from
the vagus nerve, area postrema, and vestibular and limbic systems. Sources of neural input to the
emetic center include afferents from the GI tract, abdominal viscera, heart, vestibular system,
CRTZ, and higher brain centers. Within the abdomen, the liver, pancreas, urinary tract, internal gen-
italia, and abdominal mesentery provide input to the brainstem emetic center. Afferent fibers from
the abdomen travel to the emetic center in the medulla via the vagal and sympathetic nerve fibers.

9. What are other potential causes of vomiting in secondary GI diseases?

Fluid and electrolyte imbalances (i.e., hypokalemia, hyponatremia, hypercalcemia) and aci-
dosis (i.e., renal failure, diabetic ketoacidosis) often occur with systemic diseases. These condi-
tions may alter GI motility or stimulate the CRTZ. Endocrine disease also may produce metabolic
abnormalities that stimulate the CRTZ. The CRTZ is on the floor of the fourth ventricle—specif-
ically, the area postrema. The area postrema is located on the dorsal surface of the medulla ob-
longata, as part of the floor of the fourth ventricle, and lacks the usual blood-brain diffusion
barrier. In this position, the CRTZ can monitor chemical levels in both blood and cerebrospinal
fluid, making it susceptible to many stimuli.

10. What is the initial diagnostic plan for assessment of secondary causes of GI symptoms?

Complete blood cell count, serum biochemical panel, urinalysis, and plain abdominal radi-
ographs are often used to assess for secondary causes of GI tract signs. Most renal, hepatic, pan-
creatic, and endocrine diseases produce abnormalities that are evident on these tests.

11. What pancreatic diseases result in secondary GI disease?

Vomiting, inappetence, weight loss, and, occasionally, diarthea can result from pancreatitis
(see Chapter 36). Small bowel diarrhea, polyphagia, and failure to thrive result from exocrine
pancreatic insufficiency (EPI).

12. What chemistry panel abnormalities may suggest pancreatitis in cats?

Elevated activities of the liver enzymes (alkaline phosphatase [ALP], alanine aminotransferase
[ALTY), elevated total bilirubin, and azotemia are common. Hypocalcemia and hypoproteinemia
occur in some cats. Histologically confirmed cases of feline pancreatitis may have serum amylase
and lipase activities that are above normal, normal, or below normal; therefore, these tests are not
often helpful.

13. What other diagnostic procedures are used to diagnose pancreatitis?

In some cats with pancreatitis, radiographs reveal a decrease in serosal detail in the cranial
abdomen, displacement of the pyloric antrum and duodenum, and dilated, gas-filled loops of in-
testine, especially the duodenum. Ultrasonographic findings of pancreatitis include hypoechoic
pancreatic parenchyma, dilated pancreatic ducts, hyperechoic peripancreatic fat, and a mild peri-
toneal effusion. An assay for feline trypsin-like immunoreactivity (fTLI) has been developed and
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may prove to be a more specific marker of the disease. Several studies have found significantly
elevated fTLI levels in cats with pancreatitis, although one recent report found a poor association
between fTLI levels and pancreatic histopathology (see Chapter 36).

14. What is the most common cause of EPI in cats?

Chronic pancreatitis is the most common cause of exocrine pancreatic insufficiency in cats.
Other causes include pancreatic fluke infestation, pancreatic adenocarcinoma, and possibly con-
genital conditions and idiopathic acinar atrophy.

15. Describe the most common presentation of EPI. How is it diagnosed?

As with dogs, the most common presenting complaints for cats with EPI are polyphagia,
weight loss, diarthea, and vomiting, with an oily, unkempt haircoat. Patients often produce large
volumes of soft, pale, malodorous stool. Increased neutral fats may be found on Sudan staining
of feces from cats with EPI, but a more sensitive test is the recently developed assay for fTLIL
Significantly decreased fTLI levels are found in cats with EPL.

16. Which hepatic diseases most commonly result in secondary GI tract disease?
Hepatic lipidosis, cholangiohepatitis/cholangitis complex, feline infectious peritonitis, and
hepatic neoplasia (see Chapters 29, 30, 31, and 38).

17. What is “triaditis’?

Triaditis refers to concurrent liver (hepatic lipidosis, cholangiohepatitis), pancreatic (pancre-
atitis), and intestinal disease (inflammatory bowel disease) in cats exhibiting symptoms of pri-
mary GI disease (see Chapter 29).

18. What is the anatomic explanation for concurrent cholangiohepatitis in cats with pan-
creatitis?

In cats, the common bile duct and main pancreatic duct conjoin before entering the duode-
num at the major duodenal papilla. Acute suppurative cholangiohepatitis probably is caused by
an ascending infection from the GI tract to the biliary tree through the bile duct. This ascension
also may affect the pancreas.

19. Which endocrine diseases most commonly cause GI signs and symptoms?
Diabetic ketoacidosis, hyperthyroidism, and hypoadrenocorticism can induce vomiting or
diarrhea.

20. What are the common historical complaints and physical examination findings?

The most common historical sign of hyperthyroidism is weight loss; other presenting com-
plaints include polyphagia or anorexia, vomiting, hyperactivity, polyuria and polydipsia, diarrhea,
and muscle weakness (see Chapter 53). Physical examination findings include a palpably en-
larged thyroid gland, thin body condition, tachycardia, and cardiac murmur. Most cats are older.

21. What are the most common serum chemistry abnormalities in cats with hyper-
thyroidism?

Hyperthyroidism is the number-one cause of elevated liver enzyme activities (ALT, ALP, and
aspartate aminotransferase) in cats. Most patients have increased total T4 concentrations. Less
common biochemical abnormalities include elevated blood urea nitrogen, creatinine, blood glu-
cose, and packed cell volume.

22. Why do hyperthyroid cats have diarrhea?

Approximately 45% of hyperthyroid cats have diarrhea. Although the exact cause is un-
known, the most likely candidates are a thyroid hormone-induced increase in GI motility and a
decrease in Gl transit time. Increased enterocyte levels of cyclic adenosine monophosphate,
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relative deficiency of trypsin secretion by the pancreas, intestinal mucosal edema, and polypha-
gia are also potential contributing factors.

23. What causes emesis in hyperthyroid cats?

There are several possible, but still unproven, causes of vomiting in cats with hyperthy-
roidism. Proposed mechanisms include gastric hypoacidity, hypergastrinemia, superficial gastri-
tis, and esophageal dysfunction. Thyroid hormone may act directly on the CRTZ.

24. What historical, physical examination, or serum biochemistry panel findings may help
to distinguish between cats with or without diabetic ketoacidosis (DKA)?

Anorexia or decreased appetite is more common in cases of DKA (see Chapter 56).
Decreased activity, weakness, thin body condition, and vomiting are also more common in cats
with DKA. Elevated liver enzymes, azotemia, and electrolyte abnormalities (hypokalemia, hy-
ponatremia, and hypochloremia) are more frequent and more significant in cats with DKA,

25. What diseases most commonly accompany DKA?
Hyperthyroidism, inflammatory bowel disease, eosinophilic granuloma complex, urinary
tract infection, and pancreatitis.

26. What historical, physical examination, and chemistry panel findings lead to inclusion
of hypoadrenocorticism on a list of differentials for vomiting cats?

In addition to vomiting, owners may report lethargy, anorexia, weight loss, and polyuria (see
Chapter 55). Physical examination may reveal dehydration, hypothermia, prolonged capillary
refill time, weak pulses, and sinus bradycardia. Hyponatremia and hyperkalemia should be seen
on a chemistry panel. The diagnosis can be confirmed with an adrenocorticotropic hormone stim-
ulation test.

27. What are possible explanations for vomiting and diarrhea in cats with hypoadreno-
corticism?

As in dogs, the cause of these symptoms remains unclear. Physiologic levels of cortisol act
as a trophic factor for the gastrointestinal mucosa. Without that input, there is a decrease in mu-
cosal blood flow. Gastric motility is also decreased in hypoadrenocorticism because of elec-
trolyte imbalances and inhibition of gastric contractions by elevated levels of corticotropin-
releasing factor (CRF).

28. What are the most common presenting clinical signs in cats with heartworm disease?

Vomiting is one of the most frequently reported presenting complaints in cats subsequently
diagnosed with heartworm disease (see Chapter 10). Other common symptoms include cough-
ing, dyspnea, lethargy, anorexia, and weight loss. Vomiting episodes may be intermittent and un-
predictable (i.e., not necessarily related to food ingestion).

29. What causes emesis in cats with heartworm disease?
Although the mechanism is unknown, one possible pathway involves the release of inflam-
matory mediators from diseased lungs that interact with receptors in the CRTZ.

30. What other feline cardiac diseases may be associated with vomiting?
In cases of feline cardiomyopathy (restrictive, dilated, hypertrophic, or idiopathic), vomiting
may proceed cardiopulmonary signs (e.g., dyspnea, cough, lethargy) by 1-3 days.

31. Which classes of drugs are currently used as antiemetics in feline veterinary medicine?

Antiemetics agents include alpha,-adrenergic antagonists (e.g., chlorpromazine, prochlorper-
azine), D,-dopaminergic antagonists (e.g., metoclopramide), histaminergic antagonists (e.g.,
meclizine, diphenhydramine), and 5-HT;-receptor antagonists (e.g., ondansetron, metoclopramide).
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32. Is antiemetic therapy for cats different from antiemetic therapy for dogs?

Lesions in the CRTZ of dogs can abolish vomiting in response to oral emetic agents in
almost 80% of trials, whereas similar lesions in cats abolish emesis to the same agents in only
30% of trials. Various explanations are under investigation, including differences in neurotrans-
mitter receptor type, location, and sensitivity.

33. What is the role of metoclopramide as an antiemetic in cats?

Metoclopramide, a D,-dopamine receptor antagonist, is a highly effective, centrally acting
antiemetic in dogs. Research suggests that D,-dopamine receptors are much less important in
centrally mediated emesis in cats; therefore, metoclopramide is significantly less effective as a
central antiemetic agent. As a prokinetic, metoclopramide acts peripherally as a 5-HT, receptor
agonist. However, the ability of metoclopramide to enhance gastric emptying of solids (com-
pared to liquids) is questionable.

34. How effective are antihistamines for motion sickness in cats?

Although antihistamines are useful for the treatment of motion sickness in dogs, histamine
receptors have not been demonstrated in the CRTZ of cats, making antihistamine therapy much
less effective for motion sickness. Research suggests that 5-HT) , receptor agonists (e.g., bus-
pirone) suppress vomiting secondary to motion sickness in cats.

35. Ondansetron is one of the newest antiemetics in veterinary medicine. What is its mech-
anism of action? In what circumstance does it seem particularly effective?

Ondansetron, a 5-HT; receptor antagonist, appears to be particularly effective in the control
of chemotherapy-induced emesis. As with other antiemetics, the receptor location and mode of
action may be different for cats (central) and dogs (peripheral).
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26. REGURGITATION
Donald S. Westfall, D.V.M.

1. Define regurgitation, dysphagia, and vomiting.

Regurgitation is the passive expulsion of food or fluid from the oral cavity, pharyngeal cavity,
or esophagus. Dysphagia is regurgitation of oral or pharyngeal origin. Vomiting is the forceful
ejection of stomach and proximal duodenal contents through the mouth. Input into the vestibular
system, vagal nerve, chemoreceptor trigger zone, or emetic center can induce vomiting. Localized
diseases usually cause regurgitation of an esophageal origin, although many of these diseases have
systemic consequences. Esophageal diseases are relatively rare in cats compared with dogs.

2. What pathophysiologic mechanisms can lead to esophageal regurgitation?
Regurgitation can be caused by local obstruction to the passage of esophageal contents,
obstruction at the level of the lower esophageal sphincter, or decreased esophageal peristaltic
activity.

Differential Diagnoses of Regurgitation in Cats

Obstructive causes-esophagus Obstructive/structural causes
Foreign bodies Hiatal hernia
Neoplasia Gastroesophageal intussusception
Intraluminal Gastric neoplasia
Squamous cell carcinoma Pyloric stenosis
Sarcoma
Extraluminal Decreased esophageal peristalsis
Mediastinal lymphoma Congenital idiopathic megaesophagus (Siamese cats)
Thymoma Acquired idiopathic megaesophagus
Heart-based tumors Acquired megaesophagus
Lung tumors Esophagitis
Strictures Chronic obstructive esophageal disease
Doxycycline-associated Systemic neuromuscular disease
NSAID-associated (not reported Feline dysautonomia (Key-Gaskell syndrome)
in cats to date) Myasthenia gravis
Gastroesophageal reflux Lead toxicity
Idiopathic Polymyositis
Postanesthetic Polymyopathies
Vascular ring anomaly Polyneuropathies

Persistent right aortic arch (most common)

NSAID = nonsteroidal anti-inflammatory drug.

3. What local esophageal obstructions lead to regurgitation?
Local esophageal obstruction can result from foreign bodies (bones, toys), intra- or extralu-
minal neoplasia (Fig. 1), esophageal strictures (Figs. | and 2), or vascular ring anomalies (persis-
tent right aortic arch).

4. Describe the pathophysiology of esophageal stricture formation.

Benign esophageal strictures result from esophageal irritation and cause dysphagia and re-
gurgitation. Specific causes include esophageal tranma secondary to foreign body ingestion,
gastroesophageal reflux leading to esophagitis (idiopathic or postanesthetic), chronic vomiting,
and substances that damage the esophageal mucosa. There have been numerous reports of
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Figure 1. Lateral barium contrast radiograph from
a cat with esophageal squamous cell carcinoma.

tablet-associated esophageal strictures in humans and cats. In humans, nonsteroidal anti-inflam-
matory drugs as well as other medications, including tetracycline antibiotics such as doxycycline,
are most common.The Colorado State University Veterinary Teaching Hospital (CSU-VTH) has
documented 7 cats with doxycycline tablet-induced esophageal strictures. The proposed mecha-
nism is failure of adequate esophageal propagation of the tablet into the stomach, leading to
esophageal retention, focal esophagitis, and subsequent esophageal stricture formation from the
caustic nature of the antibiotic.

5. How do you prevent esophageal stricture formation during treatment with doxycycline?
Cats do not successfully propagate tablets given routinely (dry) through the esophagus into
the stomach, as documented by fluoroscopic evaluation of barium tablet administration. Typically,
the tablets remain lodged in the esophagus for > 180 seconds, which can lead to esophageal
trauma and, possibly, esophageal stricture formation. Conversely, when cats are given tablets fol-
lowed by 6 ml of water, tablets easily pass into the stomach within 30 seconds. Based on these re-
sults, CSU-VTH recommends that all cats be given 6 ml of water after tablet administration,
particularly when prescribing doxycycline and NSAIDs.

L)

Figure 2. Lateral (A) and ventrodorsal (B) thoracic
radiograph of a cat with suspected congenital mega-
esophagus.
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6. What structural abnormalities or obstructions at the level of the lower esophageal
sphincter (LES) lead to regurgitation?

Diseases affecting the LES include hiatal hernias, gastroesophageal intussusception, gastric
neoplasia, and pyloric stenosis. Hiatal hernias are protrusions of the distal esophagus or proximal
stomach through the esophageal hiatus of the diaphragm into the thorax. Gastroesophageal intus-
susceptions are prolapses of the stomach into the lumen of the distal esophagus. Hiatal hernias
and gastroesophageal intussusception are rare in the cat. Esophageal diverticula also are associ-
ated with regurgitation in cats.

7. What is the normal peristaltic activity of the feline esophagus?

The proximal two-thirds of the feline esophagus is composed of striated muscle; the lower
third, which leads to the LES, is composed of smooth muscle. Innervation of both striated and
smooth muscle and the LES is via the vagus nerve and its branches. Coordination of swallowing
involves three stages: oropharyngeal, esophageal, and gastroesophageal. A bolus of food or
liquid is formed in the oropharyngeal stage; this bolus is perpetuated through the upper
esophageal sphincter. The esophageal stage transports the bolus through most of the esophagus
via a primary peristaltic wave, which is initiated by swallowing. Additional primary peristaitic
waves or secondary peristaltic waves transport any residual volume. The gastroesophageal stage
involves transport of the bolus through the LES. Normally, mechanical, neural, and hormonal
factors allow relaxation of the LES. LES pressure is maintained between boluses to prevent
esophageal reflux.

8. What causes decreased esophageal peristaltic activity?

Primary idiopathic congenital megaesophagus can occur in cats, but is rare compared with
dogs (see Fig. 1). Familial congenital megaesophagus and a gastric emptying disorder occur in
Siamese cats. Acquired megaesophagus may be either idiopathic or secondary. Idiopathic ac-
quired megaesophagus is diagnosed by excluding all other known causes of megaesophagus.
Secondary causes include esophagitis, chronic obstructive lesions, and systemic neuromuscular
diseases. Esophagitis of any cause (reflux esophagitis due to esophageal reflux through the LES,
chemical injury, drugs, trauma, or foreign body ingestion) can lead to esophageal motility disor-
ders. Any metabolic, endocrine, or systemic disease with neuromuscular manifestations can theo-
retically affect the esophagus. Examples include feline dysautonomia (Key-Gaskell syndrome),
myasthenia gravis, lead toxicity, polymyositis, polymyopathies, and polyneuropathies. To the
author’s knowledge, megaesophagus associated with hypoadrenocorticism, systemic lupus ery-
thematosus, and hypothyroidism has not been documented in cats.

9. How can signalment help to rank the differential list?

Signalment can give hints as to the underlying cause of regurgitation in many cases. For ex-
ample, the incidence of esophageal neoplasia (squamous cell carcinoma) in younger cats is lower
than in older cats. Mediastinal masses associated with lymphoma are more common in younger
cats, wheras thymoma is more common in older cats. Younger cats may be more likely to ingest
foreign bodies than older cats. Typically, regurgitation associated with a persistent right aortic
arch manifests just after weaning.

10. How can the history help to rank the differential list?

Systemic illnesses leading to muscle weakness and regurgitation often are associated with
concurrent medical problems. A history of doxycycline administration should alert the clinician
to the possibility of tablet-associated esophageal stricture. Likewise, a history of esophageal
trauma (such as foreign body ingestion) or postanesthetic esophageal reflux should result in a
high index of suspicion for esophageal stricture. An acute onset of clinical signs is most consis-
tent with foreign body ingestion; a more insidious course suggests other causes. Timing of the re-
gurgitation after eating also helps to localize the cause of regurgitation. For example,
regurgitation immediately after ingestion of food implies a problem in the proximal esophagus or
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oropharynx, whereas delayed regurgitation implies a problem in the distal esophagus. Regurgi-
tation of both solids and liquids implies a more complete obstruction.

11. Outline a diagnostic plan to determine the cause of regurgitation.

If systemic illness is present, complete blood cell count, serum bichemical panel, and urinaly-
sis should be performed to search for underlying systemic illness that may lead to muscle weakness
and esophageal hypomotility. The most useful information often is obtained by performing barium
contrast radiography (see Fig. 2). It is important to obtain a radiograph immediately after adminis-
tering the contrast material to ensure a diagnostic study if the source of regurgitation is located
proximally. You should use both solid (food mixed with barjum) and liquid barium in performing a
study to identify the source of regurgitation. Fluoroscopy can be used as an adjunct procedure to
identify abnormalities in primary and secondary contractions. Manometry and esophageal scintig-
raphy also have been used to evaluate esophageal motility in cases of megaesophagus. If a localized
problem is identified (such as a stricture), endoscopy can obtain more useful information, such as
exact location, extent of disease, and pathogenesis of the disease process. For example, esophagitis
due to esophageal reflux may be diagnosed by visualizing diffuse ulceration at the distal portion of
the esophagus and by documenting a dilated LES. Barium contrast radiography, fluoroscopy, and
endoscopy are also useful in diagnosis of hiatal hernias or gastroesophageal intussusceptions.

12. What treatment options are available for regurgitation?

The treatment of regurgitation depends largely on the underlying cause. Localized obstruc-
tions such as neoplasia, vascular ring anomalies, and esophageal strictures are best treated with
local therapy. Extralaminal compression of the esophagus with mediastinal lymphoma is best
treated with chemotherapy, whereas thymoma is a surgical disease. Intraluminal masses such as
squamous cell carcinoma are best treated with surgery followed by chemotherapy. A persistent
right aortic arch is best treated with surgery (thoracotomy or thoracoscopy). Esophageal stric-
tures can be managed with endoscopy and balloon dilatation or bougienage. The author prefers
balloon dilatation. Esophagitis is treated with sucralfate in a liquid suspension (V4 gm crushed
and mixed with 6 ml of water orally every 8 hours or 1.0-2.5 ml of 100 mg/ml commercially
available suspension orally every 12hr), which acts as a diffusion barrier to promote mucosal
ulcer healing and an antacid (H, blocker or proton pump inhibitor). The author prefers famoti-
dine (0.5-1.0 mg/kg orally or intravenously every 24 hours) or omeprazole (0.7 mg/kg orally
every 24 hours). Omeprazole is available only in a 20-mg sustained-release capsule. For adminis-
tration to cats, mix the contents of the capsule in a strip of melted butter in foil and freeze. The
appropriate dose is easily administered by sectioning the butter/omeprazole mixture. For exam-
ple, a 5.7-kg cat should receive 4.0 mg of omeprazole, which is equivalent to one-fifth of the
butter-mixed strip of medication. If the underlying cause is esophageal reflux, further therapy can
be aimed at promoting LES tone and gastric emptying. Metoclopramide (0.2-0.4 mg/kg orally
every 8 hours) or cisapride (0.1-0.5 mg/kg orally every 8 hours) is used most frequently. The
author prefers cisapride, which is more potent than metoclopramide at the LES and is superior at
promoting gastric emptying. Systemic diseases should be treated specifically.
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27. CONSTIPATION, OBSTIPATION,
AND MEGACOLON

Elyse M. Kent, D.V.M.

1. What differentiates constipation from obstipation?

Constipation is defined as the infrequent or difficult evacuation of feces. It may be acute or
chronic and does not imply a permanent loss of function. Obstipation is intractable or refractory
constipation that has failed to resolve after several courses of medical and dietary therapy. It im-
plies a permanent loss of function.

2. Define dyschezia, tenesmus, and megacolon.

Dyschezia, a term applied to some cats with constipation, refers to difficult or painful evacu-
ation of feces. Cats with constipation or obstipation may exhibit tenesmus, which is defined as
painful or ineffective straining during defecation. Recurring episodes of either constipation or
obstipation may culminate in megacolon, which is defined as chronic constipation with a marked
increase in the diameter of the colon.

3. What are the two pathologic mechanisms by which megacolon can develop?

Megacolon can develop by hypertrophy or dilation. Hypertrophic megacolon results from
obstructive lesions (e.g., malunion of pelvic fractures causing narrowing of the pelvic canal, for-
eign bodies, tumors) and may progress to dilated megacolon. If unchecked, dilated megacolon is
the end-stage result of colonic dysfunction. Cats with idiopathic dilated megacolon have perma-
nent loss of colonic function and frequently also have loss of colonic structure. Colonic dilation
disrupts the coordinated motility patterns of the distal colon and rectum that allow fecal storage.
Dilation also interferes with the large migrating contractions of the colon and rectum that lead to
the defecation reflex.

4. What causes megacolon?

The list of differential diagnoses includes neuromuscular, pharmacologic, obstructive, di-
etary, environmental, metabolic-endocrine, behavioral, and idiopathic causes. Most cases are or-
thopedic, neurologic, or idiopathic in origin. More than 60% of the cases are idiopathic. Spinal
cord or pelvic nerve injuries account for about 6% of cases. About 5% of all cases occur in Manx
cats as a result of congenital sacral and caudal vertebral defects with malformations of the caudal
spinal cord and cauda equina.
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Causes of Constipation

Dietary: bones or foreign material mixed with feces

Environmental: decreased exercise, dirty litier box or change in type of litter, change of location or
schedule, hospitalization, introduction of new pets

Traumatic: fractured pelvis or hip, dislocated hip, bite wound, or abscess in perineal area

Obstructive: anal stricture, rectal foreign body or tumor, pseudocoprostasis (hair pasted over anus),
healed pelvic fracture causing a narrowed pelvic canal

Neuromuscular: spinal cord disease or congenital spinal anomaly (Manx cat), paraplegia, central ner-
vous system dysfunction, dysautonomia, idiopathic megacolon (colonic smooth muscle dysfunction)

Metabolic-endocrine: hypokalemia, dehydration, generalized debility, muscle weakness secondary to
another disease

Pharmacologic: antihistamines, anticholinergics, diurectics, barium sulfate

5. What anatomic or physiologic alterations cause colonic dysfunction in cats with idio-
pathic megacolon?
Colonic smooth muscle function appears to be impaired in cats with idiopathic megacolon.
In one study, megacolonic smooth muscle developed less isometric stress compared with healthy
controls in response to neurotransmitters (acetylcholine, substance P, and cholecystokinin), mem-
brane depolarization (potassium chloride), and electrical field stimulation. These changes were
observed in both longitudinal and circular smooth muscle in the proximal and distal colon.
Megacolon probably results from a disturbance in the activation of smooth muscle myofilaments.
Smooth muscle cells and myenteric neurons appear histologically normal.

6. What are the clinical findings of megacolon?

Cats with megacolon typically present with a history of fecal obstruction and show signs includ-
ing dyschezia, depression, anorexia, and vomiting. A small amount of liquid feces (possibly contain-
ing mucus or blood) may ooze around a central colonic or rectal fecal mass. Abdominal palpation
reveals a large amount of abnormally firm feces in an enlarged colon. Other signs suggestive of
spinal cord or pelvic injury may be present, including decreased tone and sensation of the tail, de-
creased or absent anal tone, atonic bladder with urinary incontinence, and paraparesis or paraplegia.

7. Describe the minimal diagnostic plan for cats with obstipation or suspected megacolon.

1. Complete blood count, serum biochemical panel, and urinalysis should be evaluated.

Although changes in laboratory parameters are unlikely to be found, dehydration and hy-
pokalemia may be observed occasionally.

2. Digital rectal palpation should be performed, preferably in an anesthetized cat.

3. Abdominal radiographs should be made in all recurrent cases (Fig. 1). Possible predispos-
ing factors such as radiopaque foreign material, intra- or extraluminal colonic masses, pelvic frac-
tures, and spinal canal abnormalities may be seen on radiographs. However, radiographic features
cannot differentiate between constipation, obstipation, and idiopathic megacolon in some cases.

8. What additional studies may be ordered?

1. Abdominal ultrasound, proctoscopy, and colonoscopy are used to define mass lesions, in-
flammatory lesions, strictures, or diverticula in greater detail.

2. Barium enemas are helpful in delineating masses, strictures, or tumors if colonoscopy is
not available.

3. Cerebrospinal fluid taps, myelograms, computed tomography, or magnetic resonance
imaging should be considered (when financially practical) if the cat has neurologic signs.

4. If masses or lymphadenopathy is suspected, fine-needle aspiration with cytology and ab-
dominal radiographs are recommended. Colonic impaction may be confused with gastrointesti-
nal lymphoma. Masses or enlarged mesenteric lymph nodes are often difficult to differentiate
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Figure 1. Abdominal radiographs of a cat with constipation. A,
Ventrodorsal view. B, Lateral view.

from impacted feces by palpation of the abdomen alone. Megacolon is identified radiographi-
cally by extreme dilation of the colon on survey radiographs (Fig. 2). Obstructive lesions causing
secondary megacolon (e.g., tumors, strictures, or old pelvic fractures) may be visible on survey
abdominal radiographs after multiple enemas, anesthesia, and manual removal of the fecal mass.

9. How should the first episode of constipation be managed?

A solitary episode of constipation may resolve spontaneously. However, most practitioners
administer an enema to provide immediate relief of discomfort. Warm water enemas are most
often used, but dilute diocyt! sodium succinate (DSS; 10% in warm water) is also effective as an
emollient enema. Several other types of enema solutions are commonly used, such as mineral oil,

Figure 2. Abdominal radiographs of a cat with idiopathic megacolon.
A, Ventrodorsal view. B, Lateral view
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mild soap (without hexachlorophene, which is potentially neurotoxic), warm isotonic saline, or
lactulose. The volume of DSS, mineral oil, or lactulose in an enema solution should not exceed
5-10 ml/cat. It is safest to use a well-lubricated, 10-12-French soft red rubber catheter or feeding
tube attached to a 60-ml syringe to administer an enema. The soft tube can be “threaded” inward
gently to reduce mucosal trauma. Do not mix DSS and mineral oil in an enema solution because
DSS increases mucosal absorption of mineral oil. A single episode of constipation does not war-
rant management at home other than observation of defecation by the owner in an effort to detect
any signs of recurrent constipation. Sodium phosphate enemas (prepackaged enemas for humans)
are contraindicated in cats because they induce hypernatremia, hyperphosphatemia, and hypocal-
cemia that may be life-threatening.

10. What therapy is used for recurrent episodes of constipation or idiopathic megacolon?

1. Mild-to-moderate fecal impaction that recurs requires initial relief of the impaction by
enemas and manual evacuation in the hospital. The dangers of having clients administer enemas
to cats at home include the possibility of perforation of the rectum or colon (too much intralumi-
nal pressure) and owner injury due to poor restraint techniques.

2. Take steps to improve both fecal hydration and bulk at home. Advise owners to increase
fiber content in the cat’s diet through fiber-enriched food or fiber suppiements (cellulose, methyl-
cellulose, psyllium, bran, pumpkin). Fiber helps to prevent constipation by increasing fecal water
content, decreasing intestinal transit time, and increasing the frequency of defecation. All cats
must be well hydrated before initiating fiber supplementation to maximize therapeutic effects
and prevent exacerbation of impaction by mixing of dry fiber with dry feces. Premeasured doses
of powdered psyllium are available in capsule form and as chewable treats (tablets). Bran can be
added to food but is not palatable to most cats. Canned pumpkin is somewhat palatable when
added to food.

3. Periodic enemas may be administered intermittently if a cat shows signs of impaction or
if no bowel movements are observed over several days.

4. Various types of laxatives are recommended, and each should be used singly or in combi-
nation to effect in a given patient.

5. Colonic prokinetic drugs or motility agents (ranitidine, cisapride, nizatidine) help to stim-
ulate colonic propulsive motility, some via stimulation of colonic smooth muscle.

11. Describe the various types of laxatives and their indications.

Emollient laxatives (e.g., DSS), lubricant laxatives (e.g., mineral oil or petrolatum), stimu-
lant laxatives (e.g., bisacodyl), saline laxatives (e.g., magnesium citrate), and hyperosmotic laxa-
tives (lactulose) are effective in some patients. Bisacodyl is classified as a stimulant laxative and
tends to work well in most cats. It is available over the counter and produces its effect by stimu-
lating colonic smooth muscle and the myenteric plexus to cause peristaltic contractions.
Bisacody! is often the laxative of choice, combined with fiber, for control of mild-to-moderate
constipation. Hyperosmotic laxatives (e.g., lactulose) are effective alone in some cats or in com-
bination with increased fiber and possibly additional laxatives. Osmotic and emollient laxatives
are irritating to colonic mucosa and should not be used before endoscopic procedures. Mineral
oil and flavored petrolatum are helpful only in the mildest cases of constipation. Chronic use of
lubricant laxatives may lead to malabsorption of fat-soluble vitamins. Mineral oil must be admin-
istered orally with caution because it can cause “lipid-aspiration pneumonia” if it is aspirated.

12. What prokinetic drugs are available?

Oral cisapride has been the author’s choice for the past several years but currently is not
available because of toxicity in humans. Ranitidine and nizatidine (H, receptor antagonists) stim-
ulate motility by increasing the amount of acetylcholine available to bind smooth muscle mus-
carinic cholinergic receptors. Erythromycin stimulates colonic motility in dogs but has no such
effect in cats. The prokinetic effect of metoclopramide is seen only in the proximal gastrointesti-
nal tract, not in the colon.
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13. Summarize the medical therapy for feline constipation and obstipation.

DRUG CLASSIFICATION AND EXAMPLE

DOSE

Enemas
Warm tap water
Warm isotonic saline
Dioctyl sodium sulfosuccinate
Dioctyl sodium sulfosuccinate
Mineral oil
Lactulose
Oral laxatives
Bulk laxatives
Psyllium
Canned pumpkin
Coarse wheat bran
Emollient laxatives
Dioctyl sodium sulfosuccinate
Dioctyl calcium sulfosuccinate
Lubricant laxatives
Mineral oil
Petrolatum
Hyperosmotic laxative
Lactulose
Stimulant laxative
Bisacodyl
Prokinetic agents
Ranitidine
Nizatidine

5-10 ml/kg
5-10 ml/kg
5-10 ml/cat
250 mg (12 ml) given per rectum as needed (prepackaged)
5-10 ml/cat
5~10 ml/cat

1-4 tsp mixed with food every 12-24 hr
14 tbsp mixed with food every 24 hr
1-2 tbsp mixed with food every 24 hr

50 mg/cat orally every 24 hr
50 mg/cat orally every 12-24 hr as needed

10-25 ml/cat orally every 24 hr
1-5 ml/cat orally every 24 hr

0.5 ml/kg orally every 8-12 hr as needed

S mg/cat orally every 24 hr

1.0-2.0 mg/kg orally every 8-12 hr
2.5-5.0 mg/kg orally every 24 hr

Modified from Washabau RJ, Hasler AH: Constipation, obstipation, and megacolon. In August JR (ed):
Consultations in Feline Internal Medicine, vol. 3. Philadelphia, W.B. Saunders, 1996, pp 104-111, with per-
mission.

14. How should severe, protracted cases of fecal impaction be managed?

Most cats with severe, protracted fecal impaction need to be hospitalized to correct fluid and
electrolyte abnormalities and to allow sufficient time for repeated enemas and multiple manual
evacuations of feces. Fecal concretions can be removed digitally with a well-lubricated, gloved,
hooked index finger or with sponge forceps. General anesthesia is required for manual evacua-
tion in most cases. Rapid administration of an enema may induce vomiting, even in an anes-
thetized cat. To prevent aspiration of vomitus, place the head in a “nose-down” position and
intubate the cat with an inflated cuff on the endotracheal tube. Sometimes it is helpful to instill
40-60 ml of warm water or dilute DSS (10% solution) and subsequently “knead” the hard feces
through the abdominal wall and then “milk” the softened feces toward the rectum and anus
before attempting to grasp or pull out the feces. Be as gentle as possible while breaking down and
removing fecal concretions. Some colonic and rectal mucosal bleeding is common during this
procedure. In the most severely impacted patients, alternating enemas and manual fecal evacua-
tion are best performed over 1-3 days.

15. Describe the home medical management of severe cases of fecal impaction.

* Fiber (preferably in diet)

» Hyperosmotic (lactulose) or stimulant laxative (bisacodyl)

* Prokinetic agent (ranitidine or others)

» Close monitoring for frequency and consistency of bowel movements

Evaluate the status of the cat and palpate for fecal concretions twice monthly at the start of
the medical management program to assess success or failure of therapy.
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16. Summarize the approach to management of constipation in cats.

Resolution

Mild Constipation‘__. Dietary Fiber

Recurrence

Dioctyl sodium sulfosuccinate or
petrolatum + prokinetic drugs

Moderate or Enemas + Manual Dietary Fiber,|
Recurrent extraction of feces| Lactulose,

Constipation Rinitadine

Obstipation o
Megacolon

Figure 3. Therapeutic approach to constipated cats, (Adapted from Washabau RJ, Hasler AH: Constipation,
obstipation, and megacolon. In August JR (ed): Consultations in Feline Internal Medicine, vol. 3. Phila-
delphia, W.B. Saunders, 1996, pp 104-111, with permission.)

17. When should a colectomy be recommended?

Colectomy should be considered in any cat suffering from obstipation or idiopathic mega-
colon that is unresponsive to medical therapy. The objective of the surgery is to remove all of the
colon, except for a short distal segment necessary to reestablish intestinal continuity (Fig. 4).
Preservation of the ileocolic valve is controversial because the valve minimizes access of colonic
bacteria to the small intestine. Removal of the ileocolic valve may lead to bacterial overgrowth in
the small intestine along with steatorrhea and deconjugation of bile salts.

After surgery, most cats initially exhibit tenesmus and have dark, tarry stools. The diar-
rhea gradually changes 1o soft, formed stool over 6-8 weeks. Occasionally, cats produce semi-
formed feces permanently. Studies have indicated that enteric function is similar in normal
cats and cats that have had a colectomy. The most common complication of colectomy is con-
stipation. Usually, the constipation can be easily managed by a high-fiber diet, laxatives, and
DSS.

Middie Colic

Figure 4. Partial colectomy. Vascular
ligations and level of resection with (1)
preservation of the ileocolic valve, or
colocolostomy (squares) and (2) re-
moval of the ileocolic valve and part of
the ileum, or ileocolostomy (circles).
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18. What is the prognosis for cats with chronic constipation or megacolon?

The prognosis is guarded for cats receiving medical treatment alone. Therapeutic success or
failure depends on the severity and stage of disease at first presentation and client compliance in
persisting with ongoing therapy at home. The prognosis for patients treated with subtotal colec-
tomy is good. As soon as it is evident that colonic dysfunction is irreversible, colectomy is the
treatment of choice. Owners perceive the long-term results of colectomy as good to excellent.
Most clients say that the cat’s personality improves postoperatively and that behavior returns to
what it was before the onset of constipation.
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28. HYPERBILIRUBINEMIA AND ICTERUS:
INITIAL DIAGNOSTIC APPROACH

Michael R. Lappin, DV.M., Ph.D.

1. Define hyperbilirubinemia and icterus.

Hyperbilirubinemia is defined as serum total bilirubin concentrations greater than the
normal range. When hyperbilirubinemia is severe enough, a characteristic yellowing of tissues
known as icterus can be detected on physical examination. Icterus generally is detected when
serum bilirubin concentrations are > 2 mg/dl and is most evident on the sclera and mucous mem-
branes. After serum bilirubin concentrations normalize, it may take days for icterus to resolve.

2. What causes hyperbilirubinemia?

Hyperbilirubinemia can be grouped into prehepatic, hepatic, and posthepatic causes.
Hemolysis of red blood cells is the cause of prehepatic hyperbilirubinemia (see Chapter 72).
Multiple primary hepatic diseases result in hyperbilirubinemia. In approximately 90% of cases,
one of the following is found to be the cause; hepatic lipidosis, cholangiohepatitis/cholangitis
syndrome, feline infectious peritonitis virus, or feline leukemia-associated hepatic lymphoma.
Posthepatic hyperbilirubinemia can result from intrahepatic cholestasis or extrahepatic bile duct
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obstruction. Extrahepatic bile duct obstruction generally results from biliary tract neoplasia, pan-
creatitis, or duodenal disease.

Primary Differential Diagnoses for Hyperbilirubinemia and Icterus

Prehepatic
Haemobartonella felis
FeLV-associated immune-mediated hemolytic anemia
Cytauxzoon felis
Vaccine-induced, drug-induced, or idiopathic immune-mediated hemolytic anemia

Hepatic
Bacterial cholangiohepatitis (suppurative)
Immune-mediated cholangiohepatitis (nonsuppurative)
Hepatic lipidosis (idiopathic or associated with diabetes mellitus)
FeLV-associated lymphosarcoma
Feline infectious peritonitis
Toxoplasma gondii
Hepatic abscessation
Hepatotoxins (acetaminophen)
Epithelial neoplasia
Hyperthyroidism
Posthepatic
Bile duct neoplasia
Pancreatitis
Duodenal disease
Cholelithiasis
Platynosomum concinnum (liver fluke, Florida and Hawaii)

FeLV = feline leukemia virus.

3. How can the signalment help to rank the differential list?
Young cats are more likely to have congenital liver diseases such as portosystemic shunts;
old cats are more likely to have hepatic neoplasia. Effusive feline infectious peritonitis (FIP) is
more common in young cats than old cats. Hyperthyroidism is more common in older cats.

4. How can the history help to rank the differential list?

Cats with toxoplasmosis have a history of hunting, particularly mice. Cats with haemobar-
tonellosis often have a history of exposure to Ctenocephalides spp. or other cats. Cats with cytau-
zoonosis come from the southern states and may have a history of Dermacentor tick infestation.
Cats with pancreatitis often have vomiting, weight loss, and an intermittent, vague history. Cats
with FIP generally have polysystemic disease. Cats with idiopathic lipidosis are often previously
obese and have had recent stressful events in their lives.

5. How can the physical examination help to rank the differential list?

Most cats with prehepatic disease have pale mucus membranes and elevated heart and respi-
ratory rates. Hepatic neoplasia generally results in hepatomegaly. In addition, cats with acute he-
patic or posthepatic diseases often have hepatomegaly. The liver may become smaller with
chronicity if inflammation leads to fibrosis and cirrhosis. Cats with FIP or toxoplasmosis may
have conconcurrent uveitis. Fever is detected in many cats with bacterial hepatic diseases, FIP,
toxoplasmosis, haemobartonellosis, and pancreatitis. Splenomegaly is commonly palpated in
cats with icterus due to lymphoma, mastocytosis, and haemobartonellosis.

6. Describe the initial diagnostic plan for most cats with icterus.
Packed cell volume is assessed immediately to determine whether prehepatic icterus is
likely. Complete blood count, serum biochemical panel, urinalysis, feline leukemia virus antigen
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test, feline immunodeficiency virus antibody test, and total T4 concentration (cats > 5 years old)
are indicated for the initial assessment of icteric cats. Fecal flotation or sedimentation should be
included in areas endemic for liver flukes. Urinalysis is important; normal cats do not have biliru-
binuria. Hemolysis of red blood cells due to traumatic collection may cause false increases in
bilirubin concentrations on many blood chemistry machines. If serum bilirubin is elevated but
urine bilirubin is negative, the serum result is probably a laboratory error.

7. How do patterns of hepatic enzyme activities aid in the ranking of differential diag-
noses?

Differences in hepatic enzyme activities have some predictive value. In general, cats with
lipidosis generally have greater activities of alkaline phosphatase (ALP) than alanine aminotrans-
ferase (ALT), whereas cats with the cholangiohepatitis/cholangitis complex generally have
greater activities of ALT (see Chapter 29). Cats with lipidosis generally have increased ALP ac-
tivity but normal gamma-glutamy] transferase (GGT) activity (see Chapter 30).

8. Can routine biochemical testing document posthepatic diseases?

No serum biochemical test can document posthepatic disease. However, if the magnitude of
the hyperbilirubinemia is great (> 10 mg/dl) but clinical signs are minimal, posthepatic disease is
likely. If bilirubin but not urobilinogen is present in urine, posthepatic disease is likely. The
serum total T4 concentration is usually elevated in cats with hyperthyroidism.

9. Is measurement of serum bile acids indicated in cats with hyperbilirubinemia or
icterus?
Measurement of pre- and postprandial bile acids is indicated only in the evaluation of cats
with suspected hepatic disease that have normal serum bilirubin concentrations,

10. How do imaging techniques aid in the ranking of differential diagnoses?

Abdominal radiographs can be used to confirm hepatic size, to distinguish between diffuse
or focal disease, to assess peritoneal effusions, and to assess evidence of pancreatitis. Hepatic and
pancreatic ultrasound exams are beneficial for evaluating parenchymal tissues and assessing peri-
toneal fluid, bile duct obstruction, and gallbladder abnormalities. If peritoneal effusion is present,
abdominal pericentesis is indicated. Ultrasound also can be used to guide aspirates or biopsies of
hepatic tissues.

11. When are hepatic aspirates or biopsies indicated? What techniques should be used?

Hepatic aspirates or biopsies can be obtained percutaneously on the basis of landmarks or
palpation or with ultrasound guidance, by laparoscopy, or by exploratory laparotomy. If the
liver is enlarged, percutaneous biopsy by paipation or ultrasound guidance is generaily easy. If
the liver is small, laparoscopy or laparotomy is a safer technique. Laparotomy should be per-
formed if extrahepatic bile duct obstruction caused by something other than pancreatitis is sus-
pected. Activated clotting time (ACT) and platelet estimate should be performed in all
hyperbilirubinemic cats before hepatic aspiration or biopsy.

Icteric cats with cholestatic liver disease develop vitamin K absence and subsequently
decreased concentrations of active factors II, VII, IX, and X. If the ACT is prolonged, ad-
minister vitamin K, (1 mg/kg subcutaneously) and recheck in 12 hours. Cats with coagula-
tion problems due to decreased factor production from hepatic insufficiency do not respond
to vitamin K treatment. Hepatic aspiration can lead to a definitive diagnosis of hepatic lym-
phoma and mastocytosis and a presumptive diagnosis of hepatic lipidosis. Hepatic biopsy is
the optimal procedure for all other hepatic diseases. Biopsies for histopathologic evaluation,
aerobic culture, anaerobic culture, and antimicrobial susceptibility should be performed. If
the bile or gallbladder wall appears thickened on ultrasonic evaluation, bile should be aspi-
rated for culture.
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Laparoscopic appearance of lymphocytic-plasmacytic hepatitis in a cat.

12. Describe the initial treatment plan for icteric cats.
Intravenous fluids as supportive care are indicated in most cats, particularly if dehydration is
occurring. The primary disease should then be treated.
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29. CHOLANGITIS/CHOLANGIOHEPATITIS
COMPLEX

Margie Scherk, D.V.M.

1. Define cholangitis and cholangichepatitis.

Cholangitis is inflammation of the biliary tract. Chelangiohepatitis refers to inflammation
of the peribiliary hepatocytes as well as the biliary tract. The biliary tract is composed of the bile
canaliculi, collecting ducts, bile duct, and gallbladder. When both conditions are present, the
term cholangitis/cholangiohepatitis complex (CCHC) is often used.

2. What is unique about the anatomy of the feline biliary tree? Why is it significant?

In cats, the pancreatic duct enters the common bile duct before it opens into the duodenum.
When disease (e.g., inflammation, infection, neoplasia, stasis) is present in the small bowel, it
may ascend into the common bile duct and from there affect the pancreas and the rest of the bil-
iary tree. Similarly, disease in the biliary tree or pancreas may affect the other two regions. This
scenario is termed triaditis.
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3. What are the most common forms of CCHC?
The most common forms are suppurative and nonsuppurative. Histologically, neutrophils are
the predominant cell infiltrate in the suppurative form, whereas lymphocytes and plasma cells are
the predominant cell infiltrate in the nonsuppurative form.

4. How is a diagnosis of CCHC made clinically?

The clinical presentation includes a vague history of inappetence, anorexia, and lethargy as
well as possible nausea, vomiting, diarrhea, and weight loss. The signs may have a chronic inter-
mittent occurrence. Physical examination may reveal signs of dehydration, weight loss, muscle
wasting, icterus, salivation, palpable liver margins, and cranial abdominal tenderness or firmness.
Suppurative and nonsuppurative CCHC cannot be differentiated on the basis of history and phys-
ical examination alone; both forms may or may not present with an elevated temperature.

5. What minimal database should be performed to help make the diagnosis of CCHC?

Complete blood cell count, serum biochemical panel, urinalysis, and blood pressure evalua-
tion are indicated initially. These tests help to differentiate CCHC from other conditions but cannot
be used for definitive diagnosis. An inflammatory leukogram increases the likelihood of a suppura-
tive condition. As with any chronic, inflammatory condition, nonregenerative anemia and hyperglob-
ulinemia may be present. Hepatic disease may change red cell morphology, resulting in the presence
of schistocytes, blister cells, elliptocytes, acanthocytes, or keratocytes. If hepatic insufficiency devel-
ops from chronic inflammation, red blood cell microcytosis and thrombocytosis may be present.

Cats with CCHC often have hyperbilirubinemia and bilirubinuria, but these findings do not
differentiate the conditions from other hepatic, prehepatic or posthepatic causes of icterus. In pa-
tients with bilirubinuria, lack of urobilinogen should increase suspicion of extrahepatic bile duct
obstruction. Serum alkaline phosphatase (ALP), alanine transferase (ALT), and gamma glutamyl
transferase (GGT) may be increased to varying degrees but do not distinguish between suppura-
tive and nonsuppurative CCHC. Cats with hepatic lipidosis usually have markedly increased ALP
activity compared with ALT activity and normal GGT activity (see Chapter 30). In contrast, cats
with CCHC usually have ALP and ALT increases of equal magnitude, or the increase is greater in
ALT than ALP; GGT activity is usually increased as well.

Some patients may have chronic CCHC, resulting in decreased functional liver mass; there-
fore, increases in ALT, ALP, GGT or bilirubin may not occur. There may be variable changes in
albumin, glucose, blood urea nitrogen, and cholesterol. If you believe that liver disease is possi-
ble, a liver function test is indicated. The combination of pre- and postprandial serum bile acid
measurement is used most frequently to assess liver function.

6. What further tests help to make a definitive diagnosis of CCHC?

Ultrasound of the abdomen is ideal before obtaining biopsies of the liver. It allows determi-
nation of the extent of the disease process and determines whether the disease is focal or general-
ized, which helps you advise the client about the best biopsy method and which tissues should be
sampled. Ultrasound also allows visualization of the pancreas and may indicate whether the duo-
denum is involved. Hepatic fine-needle aspiration (FNA) can lead to a definitive diagnosis of he-
patic lymphoma and mastocytosis and a presumptive diagnosis of hepatic lipidosis. Hepatic
biopsy is the optimal procedure for all other hepatic diseases, including CCHC (see Chapter 28).

7. Why is hepatic biopsy preferred over FNA for CCHC?

If you were blind-folded and told to sample an apple pie with a drinking straw, the sample
sucked up through the straw would be limited; you would get mush and liquid that tastes of
apples. With FNA, you are restricted in what you harvest, and the limited sample is mutilated by
the aspiration action and slide preparation. On the other hand, if you were to take a full-thickness
piece of pie, you would recognize the crust, chunks of apples, apple-tasting mush, and cheddar
cheese. Some types of cells do not exfoliate readily (e.g., mesenchymal neoplasias such as fi-
brosarcoma). With FNA you get only a cytologic diagnosis of whatever cells are sampled easily
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and may not see a real picture of the underlying disease process. In addition, orientation of the
cellular reaction within tissue is critical in differentiating what role neutrophils or lymphocytes
play. For example, peribiliary inflammation and periportal inflammation define different disease
processes and may indicate different therapy and different prognosis.

8. What hepatic biopsy techniques are preferred for CCHC?

Before the liver is aspirated or biopsied, a platelet count and factor function test or a PIVKA
(protein induced by vitamin K absence or antagonism) test should be performed (see Chapter
71). Hepatic tissue can be obtained percutaneously using landmarks or with ultrasound guidance
via laparoscopy or laparotomy. Percutaneous techniques usually use Tru-cut needles, which
obtain tissues of superior quality compared with FNA, but often result in the collection of small,
broken samples compared with wedge biopsies. They do not allow direct visualization of the
liver and do not contribute to hemostasis. With laparoscopy, part of the hepatic parenchyma can
be visualized, large biopsies can be made, the pancreas can be biopsied (if indicated), and hemo-
stasis can be applied (if required). However, special equipment is required. Surgicaily obtained
biopsies have many advantages. The entire biliary tree can be examined, the gallbladder can be
palpated, expressed, and aspirated for culture and sensitivity, and both the duodenum and pan-
creas can be biopsied in cases of suspected triaditis. Tissue obtained through biopsy should be
submitted for histopathologic evaluation as well as aerobic and anaerobic bacterial culture and
antimicrobial susceptibility.

9. How do suppurative and nonsuppurative CCHC differ histologically?

Changes associated with suppurative CCHC include infiltrates of nondegenerate and degen-
erate neutrophils within dilated intrahepatic bile ducts, canaliculi, and hepatic parenchyma. The
adjacent tissues (duct lining) bave varying degrees of fibrosis, but usually it is minimal, In cases
with suppurative cholangitis, Escherichia coli, Clostridium spp., Bacteroides spp., Actinomyces
spp., and alpha-hemolytic Streptococcus spp. are often cultured. Nonsuppurative CCHC has ag-
gregates of inflammatory cells (lymphocytes, plasma cells, eosinophils, and some neutrophils) in
portal regions and around the bile ducts. Fibrosis also may be present.

10. How is suppurative CCHC treated?

Wherever possible, underlying or concurrent problems, such as inflammatory bowel disease,
pancreatitis, liver flukes, or hepatic lipidosis, should be identified and treated. Suppurative
CCHC requires appropriate antimicrobial therapy. If a culture of liver tissue or bile was obtained,
choice of antimicrobial should be based on the sensitivity profile. While awaiting culture results
or if treating empirically, choose an antibiotic that concentrates in the liver and biliary system
and is tolerated by cats and that the client will be able to administer. Therapy is required for a
minimum of 6—8 weeks and perhaps as long as 6 months. Appropriate choices include penicilling
(ampicillin, amoxicillin, or amoxicillin-clavulanate), first- or second-generation cephalosporins,
or a fluoroquinolone. Because anaerobic bacteria are often present, penicillins, cephalosporins,
or metronidazole often is used in combination with fluoroquinolones, particularly if evidence of
sepsis exists. Metronidazole also may be beneficial for its immune-modulating properties, partic-
ularly if inflammatory bowel disease exists concurrently. Glucocorticoids should be avoided
except in cats that fail to respond to antimicrobial therapy.

11. What diet is recommended for nonsuppurative CCHC? ?

Lymphocytic/plasmacytic disorders like nonsuppurative CCHC require elimination of aller-
gens, wherever possible, as well as modulation of the immune response. Thus, an enteric bland
diet, which has limited antigens and low residue and is calorie-dense, is advisable once the pa-
tient is eating well. Some diets may include omega-6 and omega-3 fatty acids in a 5:1 ratio,
which has an anti-inflammatory effect. Protein restriction is not required unless the patient is
encephalopathic. The fact that the cat is eating is more important than what the cat eats (see
Chapter 62).



140 Cholangitis/Cholangiohepatitis Complex

12. What drugs are used to treat nonsuppurative CCHC?

Glucocorticoids, such as prednisone or prednisolone, are the cornerstone of therapy of lym-
phocytic/plasmacytic disorders in cats. Prednisolone may be more effective because it requires
less hepatic biotransformation than prednisone. As with inflammatory bowel disease, it is impor-
tant to start with a high enough dose to suppress the inflammatory response. Prednisone and
prednisolone, 2-4 mg/kg orally every 12 hours for 1 month or uatil clinical remission is
achieved—are commonly used. The dose is then tapered to 0.5 mg/kg orally every 48 hours over
2-3 months, if possible (see Chapter 23).

Metronidazole often is used concurrently for its anaerobic bacterial spectrum as well as its
immune-modulating properties. At oral doses of 7.5 mg/kg every 12 hours, it can be used for
long periods (months) in conjunction with glucocorticoids. Higher doses should be avoided be-
cause metronidazole is metabolized in the liver and has the potential for hepatotoxicity.

Cats with sclerosing CCHS do not respond to prednisolone, metronidazole, and ursodeoxy-
cholic acid alone; thus, adjunctive therapies such as methotrexate may be tried. Although treat-
ment with chlorambucil or azothioprine has not been helpful in sclerotic cases, both agents may
be tried as alternatives or adjunctive therapies in nonsclerotic nonsuppurative CCHC when pred-
nisolone, metronidazole, and ursodeoxycholic acid do not achieve clinical improvement.

Drugs Used in the Management of CCHC

DRUG STARTING DOSES
Amoxicillin 11-22 mg/kg PO every 8-12 hr
Amoxicillin/clavulanate 15 mg/kg PO every 8 hr
Ampicillin 20-40 mg/kg PO every 8 hr
Azathioprine 0.3 mg/kg PO every 48 hr
Cefoxitin 30 mg/kg IV every 6-8 hr
Cephalexin 22-35 mg/kg PO every 12 hr
Chilorambucil 2 mg/cat PO every 48 hr
Enrofloxacin 5-20 mg/kg PO or IM every 24 hr
Methorexate 0.13 mg/cat every 12 hr x 3 doses, repeated once weekly
Metronidazole 7.5-10 mg/kg PO every 12 hr
Prednisolone 24 mg/kg PO every 12 hr
Taurine 250 mg/cat PO every 12-24hr
Ursodeoxycholic acid 15 mg/kg PO every 24 hr
Vitamin Bl (thiamine) 5-50 mg/cat PO every 24 hr
Vitamin B12 (cobalamin) 50-100 p/cat PO every 24 hr
Vitamin E 100200 IU/day PO
Vitamin K 0.5--1.0 mg/kg SC every 24 hr for 3-4 days; then once weekly

PO = orally, IV = intravenously, IM = intramuscularly, SC = subcutaneously.

13. What treatments are used for both suppurative and nonsuppurative forms of CCHC?
* Supportive care * Ursodeoxycholic acid
¢ Subcutaneous administration of vitamin K, ¢ Vitamin E
» Water-soluble vitamin B complex

14. What are the essential elements of supportive care?

Supportive care includes fluid therapy to normalize electrolytes and acid base imbalances as
well as to re-hydrate and correct hypovolemia. Inappetant cats are generally hypokalemic, which
should be corrected. Nutritional support cannot be overemphasized (see Chapter 62). Placement
of a feeding tube may be necessary. Cats require approximately 60-80 kcal/kg/day. If a cat is
vomiting and antiemetic therapy is ineffective, feeding of smaller meals more frequently over the
24-hour period, continuous trickle feeding through a feeding tube, or total parenteral nutrition
may be required.
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15. Why is subcutaneous vitamin K; recommended?

Vitamin K is absorbed in the small bowel and recycled in the liver. Cats with liver diseases
are often inappetent and do not ingest vitamin K. Because of the severe cholestasis in cats with
CCHC, fat-soluble vitamins, including vitamin K, are not readily absorbed. In addition, cats with
CCHC may have altered mucosal permeability due to bacterial colonization and may have de-
creased or absent vitamin K epoxidase activity in the liver.

16. What is the role of water-soluble vitamin B complex?

Addition of a water-soluble vitamin B complex to intravenous fluids or daily oral adminis-
tration is recommended because B vitamins are minimally stored and inappetence reduces their
availability. In addition, cats with liver failure and polyuria lose water-soluble vitamins in the
urine. Cobalamin deficiency may play a role in hepatic lipidosis; lipidosis often occurs concur-
rently with CCHC (see Chapter 30). Cervical ventroflexion may indicate a deficiency in thi-
amine, which is easily corrected.

17. Discuss the effects of ursodeoxycholic acid.

Ursodeoxycholic acid (Actigall, Ciba-Geigy) is a therapeutic bile acid used to alleviate
sludged bile as well as to ease bile flow in swollen hepatocytes or narrowed canaliculi. It carries
IgA and is believed to have hepatoprotective effects. It should be used in cats with hepatic lipido-
sis or inflammatory liver diseases. It is contraindicated in complete bile duct obstruction; be sure
to check for the presence of urobilinogen. In cats administered ursodeoxycholic acid, taurine
supplementation is advised for conjugation.

18. Why is vitamin E supplementation recommended?
Because of its antioxidative properties.

19. What is the most serious complication of CCHC?
Severe, chronic CCHC can lead to hepatic insufficiency, which may result in hepatic en-
cephalopathy. Treatment of this condition is described in Chapter 35.

20. How is therapeutic response evaluated?

The client’s perception and observations of the cat are helpful, although subjective. Physical
examinations help to assess hydration weight gain and overall condition as well as to evaluate
previously noted abnormalities. However, because it is unlikely that the disease “started” exactly
when the client first noticed it and because some degree of illness most likely preceded the first
observable signs, evaluation of previously abnormal serum biochemistries (liver enzymes, liver
function tests) is recommended. Ultrasound or repeat evaluation of liver biopsies is ideal.

21. What is the prognosis for cats with CCHC?

The prognosis for cats with CCHC depends on the extent of histopathologic changes, pres-
ence of fibrosis or cirrhosis, and concurrent disorders. Most cats with suppurative CCHC recover
fully. Most cats with nonsuppurative CCHC recover clinically but have ongoing lymphocytic/
plasmacytic inflammation that must be controlled to avoid development of hepatic insufficiency
and hepatic encephalopathy.
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30. HEPATIC LIPIDOSIS
Michelle L. Berry, DV.M.

1. Define hepatic lipidosis.
Hepatic lipidosis (HL), one of the most common hepatobiliary disorders of domestic cats in
North America, is defined as a clinical syndrome in which at least 50% of hepatocellular cytosol
is displaced by triglyceride (TG).

2. What causes HL?

Abnormal fat accumulation in hepatocytes may occur for various reasons. It has been associ-
ated with endocrine conditions, nutritional and metabolic derangements, and some forms of he-
patic disease. As free fatty acids (FFAs) are introduced to the liver, they can be (1) esterified into
TG, packaged as very low density lipoproteins (VLDL), and exported from the liver, (2) esterified
into TG and stored in the hepatocytes, or (3) undergo beta oxidation and be utilized as energy. Any
condition that decreases VL.DL synthesis or export or overwhelms the ability to oxidize FFAs for
energy results in increased TG storage. Specific causes include obesity, imbalanced caloric intake,
poor nutrition, hepatotoxins, systemic diseases, and idiopathic disease (approximately 50%).

3. Describe the typical history of a cat with HL.

Typically the owner notes weight loss, lethargy, and anorexia. Feline HL occurs twice as
often in females as males. Cats that are obese may be predisposed. The anorexia usually occurs
for at least 2 weeks, and weight loss often exceeds 25% of original body weight. The cat may
have a history of vomiting, diarrhea, or constipation.

4. What physical examination findings are typical in cats with HL.?

Icterus, hepatomegaly, and dehydration often are detected on physical examination. The cat
may exhibit signs of hepatic encephalopathy (HE), such as ptyalism or other neurologic signs,
but they are generally uncommon. Other findings consistent with a primary disease process in-
ducing anorexia may be found (see Chapter 62).

5. What are the differential diagnoses for cats with these findings?

Because icterus is the main clinical presentation with specific diagnoses, the primary differ-
entials include all causes of prehepatic, hepatic, and posthepatic hyperbilirubinemia (see Chapter
28). Because hepatomegaly is common, hepatic and posthepatic causes are higher on the differ-
ential list than prehepatic causes.

6. Describe the initial diagnostic plan for a cat with suspected HL.

Packed cell volume should be assessed immediately to eliminate prehepatic causes of hyper-
bilirubinemia. Complete blood count (CBC) and serum biochemisty profile, including elec-
trolytes, urinalysis, feline leukemia virus antigen test, and feline immunodeficiency virus antibody
test, are indicated. In cats older than 5 years, total T4 concentration should be determined as well.
A search for underlying diseases should be undertaken, as indicated by other historical and physi-
cal examination findings. Disorders associated with feline HL are listed in the table below.

Disorders Associated with Hepatic Lipidosis in Cats

DISEASE PROPOSED MECHANISMS
Diabetes mellitus Increased lipolysis of adipose tissue
Intestinal bacterial overgrowth and Formation of endotoxins, impaired gut absorption of
inflammatory bowel disease nutrients, formation of toxic bile acids

Table continued on following page

142



Hepatic Lipidosis 143

Disorders Associated with Hepatic Lipidosis in Cats (Continued)

DISEASE PROPOSED MECHANISMS

Anorexia Increased mobilization of FFA, decreased protein; any
illness with associated anorexia can precipitate HL

Carnitine deficiency Decreased fatty acid beta-oxidation

Poor nutrition Insufficient protein

Cholangiohepatitis Anorexia, liver dysfunction

Chronic parenteral carbohydrate Increased hepatic synthesis of triglycerides, blocking of
beta infusion oxidation of fatty acids

Hepatotoxins (various) Impaired oxidation of fatty acids, assembly of VLDL, and
export of VLDL

FFA = free fatty acids, HL = hepatic lipidosis, VLDL = very low density lipoprotein.

7. Is there a typical pattern of hepatic enzymes in HL?
In most cats with HL, alkaline phosphatase (ALP) activity is higher than alanine transferase
(ALT) activity; gamma-glutamy] transferase activity is usually normal. Approximately 80% of
cats have a twofold or more increase in ALP activity; 55% have a fivefold or more increase.

8. What other abnormalities are often identified on CBC and serum biochemistry profile?

CBC often reveals a mild anemia, which may be regenerative or nonregenerative. Poikilocytosis

is common. The leukogram may be helpful because cats with idiopathic HL usually do not have an
inflammatory leukogram, whereas cats with underlying disease leading to HL often do.

Serum biochemisty profile changes often reflect cholestasis with hyperbilirubinemia. Some
cats may have a low albumin concentration with a normal globulin concentration. Additional incon-
sistent findings include hypercholesterolemia, decreased blood urea nitrogen, and hyperglycemia.

Serum electrolyte concentrations are variable. Approximately 30% of cats with HL have hy-
pokalemia, which is significantly related to failure to survive.

9. What additional diagnostic tests should be performed?

Abdominal radiography is rarely helpful in supporting a diagnosis of HL. Hepatomegaly may
be detected, but usually it is recognized on abdominal palpation during the physical examination.
Abdominal ultrasound in the hands of an experienced ultrasonographer can provide valuable infor-
mation about the cause of liver dysfunction. Cats with HL have diffuse hyperechoic parenchyma.
Findings consistent with bile duct obstruction or cholangitis/cholangiohepatitis, such as gallbladder
wall thickening or bile duct thickening, increase suspicion of other underlying disorders.

10. How is HL definitely diagnosed?

Liver tissue must be evaluated microscopically to arrive at a definitive diagnosis of HL. This
goal can be achieved with fine-needle aspirate and cytology or biopsy and histology. Because
liver disease commonly results in coagulopathies, coagulation tests should be performed before
aspiration or biopsy. An activated clotting time (ACT), prothrombin time (PT), or activated par-
tial thromboplastin time (APTT) may help to identify cats with increased risk of bleeding. A test
for proteins induced by vitamin K absence or antagonism (PIVKA) also may be valuable.

Ultrasound-guided percutaneous fine-needle aspiration may be sufficient for a diagnosis of
HL, but it also may miss other underlying hepatic diseases. If an underlying liver disease is sus-
pected, hepatic biopsy should be performed (see Chapter 29).

11. Why are cats with liver disease predisposed to bleeding tendencies?

Because normal liver function and regular flow of bile is necessary to absorb fat-soluble vit-
amins such as vitamin K, cats with abnormal liver function or cholestasis may have a decreased
amount of vitamin K available to activate clotting factors II, VII, IX, and X. The other primary
mechanism is decrease in hepatic production of clotting factors.
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12. What should you do if the PT or APTT is prolonged?

The patient should be treated with subcutaneous administration of vitamin K; at 5 mg/cat. You
should wait 12 hours before biopsy is performed. This therapy should treat vitamin K deficiency ef-
fectively but does not correct clotting factor deficiency secondary to liver insufficiency. In cats sus-
pected of having a clotting factor deficiency, fresh frozen plasma or fresh whole biood should be given
before biopsy to provide necessary clotting factors. All cats should be blood-typed or cross-matched
before biopsy in case bleeding occurs. Many clinicians prefer to treat cats with liver dysfunction with
vitamin K, regardless of coagulation status before biopsy because side effects are minimal.

13. Describe the initial treatment plan for HL.

Fluid therapy should be initiated immediately to replenish fluid losses and normalize acid-
base status. Normal saline (0.9% sodium chloride) or other polyionic isotonic solutions are ap-
propriate. Because hypokalemia is common, 20 mEq of potassisum chloride should be added per
liter of fluid for maintenance. If hypokalemia is present, more aggressive potassium supplemen-
tation may be warranted. Dextrose should not be added to the fluids unless hypoglycemia has
been identified because excessive carbohydrates stimulate hepatic synthesis of triglycerides and
block oxidation of fatty acids, further exacerbating the lipidosis. Because the liver metabolizes
lactate to produce bicarbonate, fluids with lactate added as a buffer (i.e., lactated Ringer’s solu-
tion) should be avoided in patients with liver dysfunction, especially cats with HL.

Aggressive nutritional management is the cornerstone of effective HL therapy. Sufficient
protein must be provided because cats catabolize a set amount of protein for energy to be used for
hepatic triglyceride clearance.

14. What is the best way to provide nutritional support?

Gastrostomy tubes provide the easiest, most reliable method of long-term alimentation. A
self-retaining, 14-20-French catheter with a reinforced mushroom tip (Bardex self-retaining
catheter, Bard Urological Division, Murray Hill, NJ) is commonly used. Some clinicians use
esophagostomy tubes with success (see Chapter 62). Pharyngostomy tubes are poorly tolerated
by cats and should be avoided.

15, When should a gastrostomy tube be placed?

A gastrostomy tube should be placed as soon as possible. If the cat needs to be stabilized
before anesthesia for tube placement, a nasoesophageal or nasogastric tube can be placed to de-
liver nutrition. Because of the small size of these tubes, a liquid diet must be used. A commercial
feline liquid diet (CliniCare Feline Maintenance, Pet Ag Inc., Hampshire, IL) is often sufficient for
short-term nutritional support. Because liquid formulations do not provide adequate protein, they
are not recommended for long-term nutritional therapy. Force feeding by the oral route, while suc-
cessful in some cats, is generally unreliable and not recommended. It is difficult to ensure proper
caloric intake, and cats may develop a food aversion because of oral forced feeding.

16. What should you do if the cat shows signs of hepatic encephalopathy (HE)?

Cats showing overt signs of HE should be evaluated for conditions known to precipitate
HE, such as gastrointestinal bleeding, hypokalemia, alkalosis, systemic infection, azotemia, and
constipation.

17. How is HE treated?

Treatment is aimed at decreasing production and absorption of alimentary-derived toxins.
The most often implicated toxin associated with HE is ammonia, a breakdown product of pro-
tein. Cats presenting with signs of HE should be treated with warm cleansing enemas of normal
saline to evacuate the colon. Cleansing should be followed with retention enemas containing lac-
tulose (5-10 ml diluted 1:3 with warm water) or neomycin.

Hypokalemia should be treated by addition of potassium chloride to intravenous fluids.
Delivery of potassium chloride should not exceed a rate of 0.5 mEq/kg/hr.
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Once the signs abate, the cat can be managed with a diet containing decreased protein and
oral lactulose (see Chapter 35). Oral antibiotics, such as amoxicillin, neomycin, or metronida-
zole, may be beneficial.

18. How should a cat be fed with a gastrostomy tube?

Twenty-four to 36 hours after placement, feeding can begin. Initially, 5 ml of warm water is
instilled into the tube. If it is tolerated with no signs of nausea or vomiting, small amounts of food
may be given. Caloric requirements should be calculated for each cat. The following formula is
commonly used:

Estimated caloric needs = 1.5 x [30 x body wt (kg) + 70}

At first, small amounts of food should be given. Caloric requirements usually are introduced in
thirds. On the first day, one-third of the nutritional requirement is given, divided into separate feed-
ings every 4-6 hours. As the cat adjusts to the introduction of food, volumes are increased gradually
in thirds until full caloric requirements are received. After full caloric requirements are met, the fre-
quency of feeding can be reduced gradually until the cat is fed every 8 hours. Before each feeding,
the tube should be aspirated to quantify residual stomach contents. If the amount aspirated is > 20%
of the previous feeding, the scheduled feeding should be skipped and therapy with a prokinetic drug,
such as metoclopramide (0.2-0.5 mg/kg every 8 hr), should be initiated. Always return the aspirated
fluid to the cat to avoid potential acid-base and/or electrolyte imbalances.

Typical Gastrostomy or Esophagostomy Feeding Plan for 4-kg Cat with Hepatic Lipidosis

« Estimated caloric needs = 1.5 x [(30 x 4) + 70] = 285 kcal/day
* Blenderize food with enough water to make 1 kcal/ml

» Strain the blenderized mixture twice and refrigerate
« Warm the amount of mixture to room temperature or slightly warmer before feeding

Day 1

24 hours after tube placement, instill 5 m! of warm water in tube. If no vomiting or signs of nausea

occur, proceed with feeding. If vomiting or signs of nausea occur, initiate parenteral metoclopramide

therapy.

« Offer wet food orally before feeding through the tube. Do not force the cat to eat.

* Before administering food, aspirate the tube. If > 5 ml of fluid is retrieved, skip the feeding. Give the
aspirated fluid back through the tube. Initiate metoclopramide therapy. Give 16 ml of blenderized
food mixture through the tube over 20~30 minute. If the cat vomits during feeding, stop. Flush the
tube with 5 ml of warm water, and wait until next feeding. If the cat tolerates the feeding, finish the
16 ml, and flush the tube with 5 ml warm water. Repeat every 4 hours for the first 24 hours.

* Subsequent feedings throughout the day. Before administering food, aspirate tube. If > 5 ml is aspi-
rated during the first day, skip the feeding. Give the aspirated fluid back through the tube. Initiate
metoclopramide therapy.

Day 2

If the cat has been tolerating the feedings, increase daily total amount to two-thirds of total require-

ments. If the food is 1 kcal/ml, the total daily amount increases to 188 m!, given as 31 ml every 4

hours. If aspirate is > 6 ml before feeding, skip the feeding and wait until the next scheduled feeding.

Day 3

If the cat has been tolerating the feedings, increase daily total amount to full caloric requirements. If

the food is 1 kcal/ml, the total daily amount increases to 285 ml, given as 48 ml every 4 hours. If aspi-

rate is > 10 ml before feeding, skip the feeding and wait until the next scheduled feeding.

After full caloric requirements are being given

As the cat does better with the feedings, decrease the frequency to every 6 hours for a few days, then
every 8 hours. For example, if the cat is fed every 6 hours at full caloric requirements, a total of 71 ml
is given at each feeding. If the cat is fed every 8 hours at full caloric requirements, a total of 95 ml is
given at each feeding.
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19. What kind of food should be fed?

A balanced commercial feline diet is the best choice because it contains all of the necessary
protein and amino acids for cats. Canned food should be blenderized with water to form a sturry
that can be given through the tube with ease. If a homemade diet is used, ensure that adequate
amounts of arginine and taurine are provided.

20. What should be done if the cat vomits?

Vomiting is a common complication in cats with feeding tubes. If vomiting occurs, proki-
netic drugs such as metoclopramide shouid be used. In the hospital, metoclopramide can be
given parenterally via subcutaneous injection or in a continuous-rate infusion with intravenous
fluids. Alternatively, the medications may be given via the gastrostomy or esophagostomy tube
30 minutes before tube-feeding. Protracted vomiting may signify other underlying disorders,
such as worsening hepatic disease, pancreatitis, or tube problems (e.g., cellulitis or sepsis), and
should be investigated.

21. How should the tube be managed at home?

Give specific written instructions for tube feeding and care at home. Instruct the owner to in-
spect the exit sight daily for exudate or irritation, and call if there is any concern. Tube clogging
is a common problem and usually can be alleviated with a flush of warm water. For more difficult
clogs, about 5-6 ml of a carbonated beverage can be instilled in the tube. Wait 5-10 minutes, then
try flushing again. Before each feeding, the owner should offer the cat a tasty variety of food to
stimulate normal eating. Once the cat is eating spontaneously, tube feedings can be decreased
gradually until the cat is eating all of the nutritional requirements orally. At that time, tube re-
moval should be considered.

22. How long should the gastrostomy tube stay in the cat?

Because all cats are different, the time varies on an individual basis. Many cats require tube
feeding for 4-6 weeks. For appropriate healing, the tube should not be removed before 2 weeks
after placement. Some clinicians remove the tube when the cat is ingesting all nutritional require-
ments with no supplementation from the tube for at least 2 weeks. The cat should gain weight (if
needed) or maintain current weight with oral feeding. A serum biochemistry profile should reveal
normal hepatic enzyme activities and normal total bilirubin.

23. Are additional dietary supplements needed for cats with HL.?

Some clinicians prefer to supplement the diets of cats with HL. A list of the most commonly
used supplements and their suspected benefit is included in the table below. To date, no scientific
evidence indicates that these supplements are necessary or beneficial.

Nutritional Supplements for Cats with Hepatic Lipidosis

Arginine May be essential for formation of certain apoproteins. Cats can develop hepatic en-
cephalopathy if fed a diet low in arginine. An oral dose of 1 gm/cat every 24 hr has
been recommended.

Taurine Taurine is essential in cats for conjugation of bile acids, among other activities.
Because cholestasis may occur with HL, cats may deplete taurine stores. An oral
dose of 250-500 mg/cat every 12 hr has been recommended.

Carnitine Carnitine may help to increase fatty acid beta-oxidation. An oral dose of 250-500
mg/cat every 24 hr has been recommended.

Thiamine Supplementation may be needed in anorectic cats. An oral dose of 50—100 mg/cat
every 24 hr has been recommended.

Vitamin K Normal liver function and flow of bile are necessary for absorption of fat-soluble vi-
tamins such as vitamin K. Vitamin K is necessary for activation of clotting factors I,
VIL IX, and X. An oral dose of 5 mg/cat every 12 hr for 2-3 days, then every 3

days, is recommended. Table continued on following puge
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Nutritional Supplements for Cats with Hepatic Lipidosis (Continued)

Vitamin E This fat-soluble vitamin has antioxidant properties. An oral dose of 20-100 mg beta
tocopherol/cat every 24 hr is recommended.
Zinc Low levels of zinc have been documented in humans with liver insufficiency. Low

levels of zinc are suspected to cause signs of hepatic encephalopathy; therefore, zinc
is supplemented by some clinicians. An oral dose of 7-10 mg/cat every 24 hr has
been recommended.

24. What is the prognosis for cats with hepatic lipidosis?

Identification of underlying causes followed by appropriate and aggressive treatment has im-
proved the prognosis for cats with hepatic lipidosis. Cats that receive the necessary therapy have
a > 60% chance at survival, regardless of whether there is an underlying cause or the lipidosis is
idiopathic.
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31. HEPATIC NEOPLASIA
Timothy M. Fan, D.V.M.

1. What is the difference between a primary hepatic neoplasm and a secondary or
metastatic hepatic neoplasm?
A primary hepatic neoplasm is a tumor that originates from the hepati¢ parenchyma or as-
sociated structures, whereas a secondary or metastatic hepatic neoplasm arises from another
source and spreads or invades into the liver parenchyma as a consequence of disease progression.

2. Name the most common malignant primary hepatic neoplasms of the feline liver.

The most common primary feline hepatic neoplasms may be of epithelial or nonepithelial
origin. Hepatobiliary epithelial neoplasms include hepatocellular adenocarcinoma, biliary duct
carcinoma, and biliary duct adenoma. Hepatobiliary nonepithelial neoplasms include heman-
giosarcoma, fibrosarcoma, and leiomyosarcoma.

3. What are the most common metastatic hepatic neoplasms in cats?

Lymphosarcoma, infiltrative mast cell tumors, pancreatic carcinoma, intestinal carcinoma,
and carcinoids are the most common metastatic neoplasms affecting the feline liver. The term
visceral mastocytosis describes infiltrative mast cell tumors involving the internal organs, such
as the liver and intestines. Most metastatic hepatic neoplasms are characterized by diffuse infil-
tration of the liver, resulting in generalized hepatomegaly.

4. Which are more common, primary hepatic neoplasms or metastatic hepatic neoplasms?
Metastatic neoplasms of the liver are more common than primary hepatic neoplasms.
Hepatic lymphosarcoma and visceral mastocytoma typically cause generalized hepatomegaly;
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however, metastatic pancreatic or intestinal carcinoma generally produces multiple discrete nod-
ules involving more than one liver lobe. The most common primary hepatic neoplasm of epithe-
lial origin in cats is bile duct adenoma, followed by bile duct adenocarcinoma.

5. What are the common clinical manifestations of hepatobiliary neoplasia?

Most affected cats are presented for vague nonspecific signs of illness, including anorexia,
vomiting, diarrhea, weight loss, and lethargy. Some are overtly icteric. Icterus associated with
feline hepatic neoplasia is caused most commonly by intrahepatic biliary duct occlusion, re-
sulting in posthepatic hyperbilirubinemia. In extreme cases, advanced neoplastic infiltration
may compromise liver function, resulting in hepatic icterus. A minority of cats with hepatobil-
iary neoplasia have peritoneal effusion. Potential causes of peritoneal effusion include in-
creased vascular permeability due to the release of inflammatory cytokines, occlusion of
hepatic lymphatics from neoplastic infiltration, and decreased oncotic pressure secondary to
hypoalbuminemia.

6. Name common hematologic and biochemical abnormalities that may be supportive of
hepatobiliary neoplasia.

Hematologic abnormalities may include nonregenerative anemia and leukocytosis. Degree
of leukocytosis can be variable and should not be automatically attributed to infectious causes of
hepatic disease. Profound leukocytosis (> 80,000 cells/ul) can be a paraneoplastic syndrome as-
sociated with neoplastic production and release of granulocyte colony-stimulating factor.
Biochemical abnormalities may include increased serum activities of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and alkaline
phosphatase (ALP), hyperbilirubinemia, and abnormal coagulation tests. The absence of bio-
chemical abnormalities does not exclude the possibility of hepatobiliary neoplasia. If hepatic
function is severely compromised by advanced neoplastic disease, biochemical abnormalities as-
sociated with liver failure, such as hypoalbuminemia, hypoglycemia, low blood urea nitrogen,
and hypocholesterolemia, may be identified.

7. Describe potential radiographic and sonographic findings associated with hepatobiliary
neoplasia.

Abdominal radiographs may identify diffuse hepatomegaly or a cranial abdominal mass
effect. Significant abdominal effusion may impede visualization of normal anatomic structures be-
cause of diminished radiographic contrast and detail. Sonographically, primary and metastatic he-
patobiliary neoplasms may produce variable patterns of echogenicity. Diffuse hepatomegaly, a
solitary hepatic mass, or multiple hepatic nodules may be identified, depending on the location
and type of hepatobiliary neoplasm. Imaging studies are helpful in supporting the diagnosis of he-
patobiliary neoplasia; however, definitive diagnosis is based on cytologic or histologic findings.

8. How is a liver biopsy obtained in cats?

Definitive diagnosis of hepatic neoplasms other than lymphosarcoma and mastocytosts tradi-
tionally requires a liver biopsy for histologic evaluation. Methods for obtaining an adequate
amount of tissue include percutaneous ultrasound-guided liver biopsy, laparoscopic biopsy, or
exploratory laparotomy with biopsy. Risk for hemorrhage is greatest with percutaneous, ulira-
sound-guided liver biopsy; this technique also yields the smallest amounts of tissue. During ex-
ploratory laparotomy, large biopsies can be taken and hemorrhage can be controlled, but general
anesthesia is required and there is risk of poor wound healing in severely affected patients.
Percutaneous ultrasound-guided and laparoscopy-obtained biopsies have the benefits of not re-
quiring a significant surgical incision, and both techniques can be performed with sedation.
Although histopathologic evaluation is the only definitive method for diagnosing some malig-
nancies, cytologic confirmation of malignancy can be obtained by fine-needle aspiration of the
liver or, in some cases, evaluation of peritoneal effusions and can be performed instead of biopsy
for the benefit of compromised patients.
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9. How can surgery aid in the treatment of hepatic neoplasia?

Surgical resection may prove to be curative in dealing with solitary primary hepatocellular
adenocarcinomas or adenomas. In general, primary tumors affecting one or two lobes should be
excised by hepatic lobectomy. Unfortunately, most epithelial and nonepithelial hepatobiliary
neoplasms involve multiple liver lobes, precluding complete surgical excision. Surgical resection
of biliary duct adenocarcinomas is rarely curative becanse of anatomic limitations for complete
surgical resection, as well as the aggressive metastatic behavior of the tumor. Approximately
75% of hepatobiliary adenocarcinomas at time of diagnosis have already metastasized to the
lungs, regional lymph nodes, and intestinal serosa.

10. When should I use systemic chemotherapy in the treatment of hepatic neoplasia?

Systemic chemotherapy should be considered as a primary therapeutic modality for hepatic
lymphosarcoma or visceral mastocytoma. Systemic chemotherapy should be recommended in an
adjunctive setting for the control of micrometastatic disease after surgical debulking of primary
hepatobiliary neoplasms. At this point in veterinary oncology, the effective use of radiation ther-
apy or immunotherapy for the treatment of hepatobiliary neoplasia remains poorly explored.

11. How successful is systemic chemotherapy in the treatment of hepatobiliary neoplasms?
In general, when treating hepatobiliary neoplasms with systemic chemotherapy, response
rates, remission duration, and survival times remain disappointing. One postulated explanation
for the poorer response rates concerns the expression of P-glycoprotein by hepatocytes. For a
chemotherapeutic agent to be effective in killing a tumor cell, several requirements must be met,
including a high enough concentration of the agent within the tumor cell to induce apoptosis
(programmed cell death). Certain tumor cells protect themselves from reaching this lethal thresh-
old concentration by upregulating an intrinsic cellular efflux pump known as P-glycoprotein.
Activation of P-glycoprotein enhances the ability of tumor cells to export chemotherapeutic
agents, thereby circumventing cellular death. Normal tissues involved with xenobiotic metabo-
lism and excretion, such as the liver and kidney, have higher inherent expressions of P-glycopro-
tein. Neoplasms originating from the liver or kidney tend to express very high levels of
P-glycoprotein, making them more resistant to the effects of systemic chemotherapy.

12. In treating an icteric cat with systemic chemotherapy for hepatobiliary lymphosar-
coma, which chemotherapy drugs should be used with caution?

Most traditional chemotherapeutic regimens for the treatment of lymphosarcoma include the
use of adriamycin, vincristine, cyclophosphamide, prednisone, and L-asparaginase (See Chapter
68). Both adriamycin and vincristine rely on hepatobiliary excretion and at the very least should
be dose-reduced, if not completely avoided, in the treatment of icteric patients. If the patient does
not have evidence of icterus, standard dosing of adriamycin and vincristine may be recommended.
Cyclophosphamide and prednisone are prodrugs requiring hepatic transformation to their respec-
tive active metabolites, 4-hydroxycyclophosphamide and prednisolone. There are no contraindica-
tions for the use of cyclophosphamide or prednisone in icteric cats, but if hyperbilirubinemia is
secondary to synthetic liver failure, biotransformation of cyclophosphamide or prednisone to its
active metabolite may be incomplete. L-asparaginase degrades endogenous L-asparagine to L-as-
partic acid and ammonia, depriving malignant lymphoid cells of necessary L-asparagine for rapid
protein synthesis and growth. There have been no reported contraindications for the use of L-as-
paraginase in the treatment of feline hepatic lymphosarcoma, but hyperammonemia with subse-
quent hepatic encephalopathy has been reported in humans treated with L-asparaginase.

13. What is visceral mastocytosis? How can you manage the clinical signs associated with
visceral mast cell degranulation?

Visceral mastocytosis describes the diffuse infiltration of neoplastic mast cells within a vis-
ceral organ. Visceral mastocytosis may affect the liver, spleen, or intestines. Systemic signs of ill-
ness are caused not only by neoplastic infiltration into organ sites but also by mast cell
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degranulation. Mast cells contain numerous cytoplasmic granules that are released by immuno-
logic (IgE or complement-mediated) and nonimmunologic (temperature, pressure, drug expo-
sure) mechanisms. The process of cytoplasmic granule release is termed degranulation. One
major component responsible for many of the clinical signs associated with mast cell degranula-
tion is histamine. Histamine can activate H; receptors on the parietal cell, resulting in excessive
hydrochloric acid production and subsequent vomiting, anorexia, melena, and gastric ulceration.
In addition, histamine can activate H; receptors found on vascular endothelium, resulting in pro-
found vasodilation and increased capillary membrane permeability. The use of an H, blocker
(diphenhydramine) and an H, blocker (famotidine, ranitidine, or cimetidine) may ameliorate sys-
temic signs attributed to mast cell degranulation.

14. What chemotherapeutic protocol is used for visceral mastocytosis?

Visceral mastocytosis tends to be a highly aggressive disease, with common involvement of
the intestine, liver, and spleen. Even with multiorgan involvement, splenectomy has proved to be
beneficial in prolonging survival times of cats. The use of systemic chemotherapy should be
viewed at best as palliative, with a low probability of providing a definitive cure for systemic vis-
ceral mastocytosis. Adjunctive medical therapies with histamine blockers (diphenhydramine and
famotidine) should be implemented in attempts to improve quality of life scores. Effective
chemotherapy protocols for the treatment of visceral mastocytosis in cats have yet to be critically
evaluated in a prospective manner. The concurrent use of lomustine and prednisone provides a
relatively cost-effective and rational means of treating visceral mastocytosis. If hematologically
tolerable, lomustine may be dosed at 60 mg/m? by mouth every 21 days, and prednisone may be
dosed at 20 mg/m? by mouth daily. Vinblastine and cyclophosphamide used together or as single
agents also may be effective in treating visceral mastocytosis.
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32. HEPATIC INFECTIONS
Timothy M. Fan, DV.M.

1. What infectious agents are associated with hepatic disease in cats?

Infectious causes of hepatic disease include viruses (feline infectious peritonitis, feline
leukemia virus), parasites (Toxocara cati, Platynosomum concinnum, Toxoplama gondii,
Cytauxzoon felis), bacteria (suppurative cholangitis/cholangiohepatitis complex), and fungi
{Mucor spp., Aspergillus spp).

2. What is the most common hepatic infection?
The bacterial cholangitis/cholangiohepatitis complex is most common (see Chapter 29).

3. Which protozoans are associated with hepatic infections?

At least four different protozoal organisms have been associated with hepatic infections:
Toxoplasma gondii; a coccidia-like organism from the protozoan family Eimeriidae; a protozoan
parasite similar to Hepatozoon canis; and Cytauxzoon felis (see Chapter 75). T. gondii is the most
frequently encountered protozoan parasite causing cholangitis/cholangiohepatitis.

4. How does hyperbilirubinemia due to toxoplasmesis develop?

Cats are infected by T. gondii by ingestion of sporulated oocysts or tissue cysts or transpla-
centally or lactationally from primary infection of the queen. Clinical toxoplasmosis is most
severe in transplacentally infected or neonatally infected kittens; the type and severity of clinical
illness depend on the degree and localization of tissue injury. The organism infects the gastroin-
testinal epithelium and disseminates through the blood. Intracellular replication of T. gondii
tachyzoites results in destruction of infected cells and necrosis. Replication is common in hepato-
cytes and the pancreas and can result in hyperbilirubinemia from either hepatic disease or pan-
creatic disease. Hepatic disease seems to be uncommon in chronically infected cats. Clinical
signs in acutely infected cats include anorexia, depression, fever, abdominal distension, crying,
dyspnea, central nervous system signs, icterus, and death.

5. How is hepatic toxoplasmeosis diagnosed?

A diagnosis of T. gondii infection can be made by various testing procedures. Tachyzoites
may be detected cytologically in various tissues and body fluids (pleural and peritoneal effu-
sions) during acute infection. Fecal examination for 7. gondii oocysts may be beneficial 1-2
weeks after initial exposure. Serologic testing has become the most practical and accepted means
of diagnosing T. gondii infection. Serologic evidence of recent or active infection consists of
high IgM titers, or a fourfold or greater increase in IgG titers. However, these findings document
only recent infection, not clinical disease due to infection.

6. How is hepatic toxoplasmosis treated?

Drugs attempted for the treatment of acute extraintestinal toxoplasmosis include clin-
damycin (10-12.5 mg/kg orally every 8-12 hr), pyrimethamine (0.25-0.5 mg/kg orally every 12
hr), and trimethoprim-sutfonamide (15 mg/kg orally every 12 hr). If pyrimethamine is used, it is
generally combined with one of the other drugs; it is rarely given to cats because of the high inci-
dence of side effects.

7. How does Cytauxzoon felis cause hyperbilirubinemia?

Cytauxzoon felis results in severe disease in most infected domestic cats (see Chapter
75). Hyperbilirubinemia in infected cats is probably due to two mechanisms: (1) red blood
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cell destruction from the piroplasm stage and (2) hepatic dysfunction or cholestasis from hepatic
infiltration by schizont-infected macrophages.

8. What trematode parasites cause hyperbilirubinemia in cats?

The liver fluke, Platynosomum concinnum, has been reported to infect cats in tropical to
semitropical climates. Infestation with this trematode is uncommon but has been reported in cats
living in or with a history of travel to Hawaii, Florida, Polynesia, Malaysia, New Guinea,
Australia, Nigeria, Brazil, Bahamas, and Puerto Rico. Other species of trematodes that have been
identified in the livers of cats include Amphimerus pseudoflineus, Opisthorcus tenuicollis, and
Metorchus conjunctus; infestation with these species is rare.

Platynosomum concinnum requires two intermediate hosts to complete its life cycle: a land
snail and a reptile (gecko, lizard, or skink) or amphibian (toad). Embryonated eggs are ingested
by the land snail and hatch within the snail’s intestinal tract. The miracidia then penetrate the
host’s tissues and transform into sporocysts. The second intermediate host ingests oocysts shed
by the snail, and the cat becomes infected when it ingests an infected second intermediate host.
Infective flukes migrate up the common bile duct into the gallbladder and bile ducts.

Although most cats are subclinically infected, some cats with a high, chronic fluke burden
may manifest weight loss, vomiting, diarrhea, icterus, and hepatomegaly (“lizard poisoning”).
The presence of the flukes within the biliary system incites an inflammatory process that eventu-
ally may lead to bile duct fibrosis and biliary epithelial hyperplasia.

9. How are liver fluke infections diagnosed?

Diagnosis of P. concinnum can be difficult because most cats are subclinically infected.
Identification of the parasite by fecal examination has poor sensitivity because of the small number
and variable morphology of P. concinnum eggs. Observe for the double-operculated eggs after fecal
sedimentation. Cholecystocentesis is a more definitive means of diagnosing P. concinnum infection
in cats; however, given the invasive nature of the procedure, it should be reserved for cases in which
the index of suspicion for fluke infestation is high and the cat is clinically symptomatic.

10. How are liver fluke infections treated?

Effective treatment of P. concinnum infection remains poorly defined. Current recommenda-
tions are to administer albendazole (50 mg/kg/day) until fluke eggs disappear from feces or fen-
bendazole (50 mg/kg orally every 12 hr) for 5 consecutive days. Albendazole may cause bone
marrow toxicity in cats treated for more than 5 consecutive days; therefore, the risk-benefit ratio
must be considered with chronic administration of albendazole.

11. Is toxocariasis a common cause of liver disease in cats?

Toxocara cati migrates through the liver of cats after ingestion of larvated eggs or infected
transport hosts (see Chapter 19). However, clinical findings consistent with liver disease are usu-
ally not detected.

12. What are the clinical findings of liver disease due to feline infectious peritonitis?

Feline infectious peritonitis (FIP) is thought to result from infection by a mutated variant of the
universally prevalent feline enteric coronavirus (FECV). FIP can manifest as either effusive (wet) or
noneffusive (dry), depending on predominant type (humoral or cell-mediated) and efficacy of the
host’s immune response (see Chapter 38). Hyperbilirubinemia has been associated most commonly
with the noneffusive form of FIP. A primary mechanism for hyperbilirubinemia due to FIP is the for-
mation of perivascular pyogranulomas within the hepatic parenchyma and bile duct system severe
enough to cause either synthetic liver failure, intrahepatic biliary obstruction, or extrahepatic biliary
obstruction. In addition, the hyperbilirubinemia associated with FIP can result from hepatic lipidosis
induced by anorexia. The definitive diagnosis of hepatic involvement with the FIP virus requires a
liver biopsy to document the characteristic lesions and to perform immunohistochemistry. Classical
lesions include perivascular infiltration (arterioles and venules) of proliferating macrophages, lym-
phocytes, plasma cells, and neutrophils. Treatment responses are variable and prognosis is guarded.
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13. How does feline leukemia virus infection result in hyperbilirubinemia?

Feline leukemia virus (FeLV) is the other principal viral cause of hepatic disease in cats.
Although FeLV infection may cause multisystemic illness, the mechanism for liver disease usu-
ally is not associated with synthetic liver failure but rather with FeLV-induced malignant cell
transformation leading to the development of hepatic lymphosarcoma. Hepatic lymphosarcoma
causes hyperbilirubinemia as a result of malignant lymphocyte invasion into the hepatic
parenchyma with subsequent intrahepatic cholestasis (see Chapters 24 and 31). Other mecha-
nisms for FeLV associated hyperbilirubinemia include:

* Direct viral induction of hemolytic anemia and subsequent hyperbilirubinemia (see

Chapter 76).

* Induction of immunosuppression and subsequent predisposition to H. felis-associated he-

molytic anemia (see Chapter 75), FIP, or toxoplasmosis.

* Induction of anorexia and subsequent hepatic lipidosis

14. What are the clinical findings of liver disease associated with fungal infection?

Cats with systemic fungal disease are occasionally presented for evaluation of clinical find-
ings consistent with hepatic disease. Anorexia, wasting, lethargy, diarrhea, and icterus are the
most common clinical manifestations. In one report, Mucor spp. and Aspergillus spp. were the
two reported isolates. A presumptive diagnosis is based on cytologic or histopathologic evidence
of fungal infection; definitive diagnosis is based on culture. In the one large case series, all cats
were diagnosed on necropsy; therefore, definitive treatment recommendations cannot be made.
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33. BILIARY DISEASES
Lynda Melendez, DV.M., M.S.

1. Which diseases typically affect the biliary system of cats?

Inflammatory diseases such as cholecystitis, choledochitis, and cholangiohepatitis/cholangi-
tis complex (CHCC) occur, as do obstructive processes, Platynosomum concinnum infestation
(see Chapter 32), and neoplastic disorders. Other than CHCC (see Chapter 29), most of these
conditions are uncommon in cats.

2. What clinical signs are seen in cats with biliary disorders?

As with most liver diseases, the clinical signs of biliary disorders are often nonspecific. Cats
can be subclinically affected for quite some time. Anorexia, lethargy, vomiting, fever, and varying
degrees of icterus may be seen. If the condition is subacute or chronic, weight loss also may be de-
tected. Some cats may exhibit signs of abdominal pain, but this can be difficult to assess. With
severe cholestatic disease, acholic feces may be noted. If rupture of the bile duct or gallbladder has
occurred or if concurrent hepatic disease has resulted in increased portal pressure or severe hy-
poalbuminemia, abdominal effusion may be present and detected on physical examination.

3. Which laboratory tests are helpful in diagnosing biliary tract disease in cats?
In icteric cats or cats with other signs that may be attributed to the liver, gastrointestinal
system, or pancreas, a complete blood count (CBC), serum biochemistry panel, and urinalysis
should be performed.

4. Describe the typical CBC findings.

CBC findings are often variable. Septic inflammation of the biliary tract often results in a
neutrophilia with or without an increase in the number of band neutrophils in circulation. A stress
leukogram also may be found. Cats with liver fluke infestation often have eosinophilia. With
chronic disease, nonregenerative anemia may be present as a result of chronic inflammation or
gastrointestinal blood loss.

5. What abnormalities may be seen on the serum biochemistry panel?

The serum biochemistry panel reveals an increase in the activities of cholestatic liver enzymes
alkaline phosphatase (ALP) and gamma-glutamy! transferase (GGT) along with varying degrees
of hyperbilirubinemia. If cholestasis is severe or concurrent liver disease is present, serum concen-
trations of hepatocellular enzymes alanine transferase (ALT) and aspartate transferase (AST) also
are elevated. Hypercholesterolemia is usually associated with bile duct obstruction.

6. What does urinalysis reveal?
Urinalysis reveals bilirubinuria and, in cases of complete bile duct obstruction, lack of uro-
bilinogen.

7. What other biochemical tests may be useful?

Coagulation times should be assessed in cats with hyperbiliubinemia or other clinical evi-
dence of cholestasis. Because bile is necessary for the absorption of fat-soluble vitamins, cats
with chronic cholestatic disease often have prolonged clotting times secondary to vitamin K defi-
ciency. Fluid analysis should be performed in any cat with abdominal effusion.

8. Which imaging techniques can assist in the diagnosis of biliary tract disease?
Abdominal radiographs are often nonspecific but may reveal mineralized densities within
the biliary tree, representing either dystrophic mineralization from chronic inflammation or
cholelithiasis. Hepatomegaly or a mass in the region of the galibladder, liver or pancreas may be
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evident. Gas within the biliary system or parenchyma of the liver is diagnostic for emphysema-
tous cholecystitis or a hepatic abscess caused by gas-forming bacteria such as Clostridium spp.
This problem is recognized most frequently in diabetic patients or patients who have a disease
process resulting in ischemia of the liver and/or gallbladder.

In the hands of a skilled ultrasonographer, abdominal uitrasound is more reliable than radi-
ographs for evaluating the biliary structures and finding both radiodense and radiolucent stones.
The galibladder wall can be evaluated for thickness and irregularities as well as the presence of
polyps or other discrete masses. Common bile duct enlargement can be recognized with ultra-
sound, and the region surrounding the common bile duct (e.g., pancreatic region, hepatic
parenchyma, intestines) can be evaluated as well. In some cases, small amounts of abdominal ef-
fusion may be detected and aspirated for evaluation. Bile can be collected via ultrasound-guided
fine-needle aspiration for cytology, anaerobic culture, aerobic culture, and antimicrobial suscep-
tibility testing. Hepatic nuclear scintigraphy using technetium-labeled organic anions that are
excreted in the bile can be used to help diagnose bile duct occlusion, gallbladder malfunction,
and small-volume bile leakage into the peritoneal cavity.

9. What causes cholecystitis and choledochitis?

Cholecystitis (inflammation of the gallbladder) and choledochitis (inflammation of the
common bile duct) are uncommon as primary diseases in cats. They generally are the sequelae of
other inflammatory or infectious disease processes affecting the liver, duodenum, and/or pan-
creas. Because the feline common bile duct forms an anastomosis with the pancreatic duct before
emptying into the proximal duodenum, pancreatic and intestinal diseases can cause the extension
of inflammation up the biliary system to the gallbladder. Reflux of duodenal juices often intro-
duces gastrointestinal flora into the biliary system, resulting in septic inflammation. Other dis-
ease processes that result in prolonged anorexia, which may cause bile stasis and sludging, also
can result in inflammation or infection of the biliary system.

10. How are cholecystitis and choledochitis diagnosed?

Clinical signs are consistent with any cholestatic disease in cats. Abdominal ultrasound may
show a thickened irregular gallbladder wall or dilated, tortuous common bile duct with varying
degrees of bile sludging and stasis. With emphysematous cholecystitis, gas accumulation within
the gallbladder may be evident on plain abdominal radiographs. Severe necrotizing cholecystitis
may result in biliary rupture and bile peritonitis. Because cholecystitis and choledochitis in cats
are often secondary to another disease process, every effort should be made to identify underly-
ing or coexisting problems. Surgical biopsies are the best method for diagnosis of cholecystitis
and choledochitis; abdominal exploratory surgery also provides the opportunity to evaluate for
underlying disease. A portion of the gallbladder wall or a sample of bile should be submitted for
anaerobic culture, aerobic culture, and antimicrobial susceptibility testing. With severe disease,
cholecystectomy or biliary diversion procedures may be necessary.

11. Describe the treatment of cholecystitis and choledochitis.

Treatment should be directed primarily at any underlying condition. Fluid and electrolyte
balance and nutritional support should be addressed. Colloidal support should be instituted for
patients with hypoalbuminemia. While you are waiting for culture and sensitivity results, a
broad-spectrum antibiotic regimen should be implemented. The author prefers ampicillin (22
mg/kg intravenously every 8 hr) combined with a fluorinated quinolone (enrofloxacin, 2.5-5
mg/kg intravenously every 12-24 hr). Vitamin K, (2.5 mg/kg subcutaneously or intramuscularly,
divided every 12 hr) should be administered to all patients with evidence of chronic cholestatic
disease and/or increased coagulation times, especially before going to surgery.

12. How common is cholelithiasis in cats?
Cholelithiasis (gallstone formation) is uncommon in cats. Although it has been associated
with CHCC as well as cholecystitis, in many cats it is an incidental finding. The exact cause of
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cholelithiasis is unknown, but bile stasis and abnormal composition of bile are thought to con-
tribute. Only about 50% of choleliths are radiodense, making abdominal ultrasound better for di-
agnosis than plain or contrast films. For cats with mild clinical signs, medical treatment with
ursodeoxycholic acid (10-15 mg/kg orally every 24 hr) can be attempted for dissolution.
Clinically ill cats with cholecystitis or bile duct occlusion should be explored surgically. A por-
tion of the gallbladder and a sample of bile or a stone should be submitted for anaerobic culture,
aerobic culture, and antimicrobial susceptibility testing. Long-term antibiotic therapy should be
guided by susceptibility results. In the short term, broad-spectrum antibiotic coverage should be
initiated as described in question 11.

13. What causes extrahepatic bile duct obstruction (EHBDO) in cats?

Pancreatitis, masses involving the common bile duct, cholelithiasis, and trematode infesta-
tion may cause EHBDO in cats. Other causes include extrinsic compression from regional lymph
nodes and pancreatic masses, stricture formation as a sequela to severe inflammation, blunt
trauma, or previous bile duct surgery, polycystic liver disease, and choledochitis. Diagnosis of
EHBDO is based on clinical signs, biochemistry abnormalities, and confirmation with abdominal
ultrasound, nuclear scintigraphy, and/or exploratory surgery. Treatment is aimed at identifying
and correcting the underlying cause. In some cases, rerouting of the biliary system is required.
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Distended bile ducts (A) and dis-
tended gallbladder and bile ducts
(B) in a cat with EHBDO.

14. What causes bile peritonitis?

Leakage of bile into the abdominal cavity may result from traumatic rupture of the biliary
system. Any disease process that interferes with the integrity of the gallbladder wall or biliary
tree also may result in bile leakage (e.g., necrotizing cholecystitis, neoplasia). latrogenic damage
to the biliary system may occur during surgery or percutaneous hepatic biopsy or aspiration. A
small amount of sterile bile leaking into the peritoneal cavity is usually benign. Because bile is
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caustic, however, a large amount of bile accumulation or a continuons Ieak leads to an inflamma-
tory response and subsequent abdominal effusion. Slow leakage of bile into the abdomen from a
small defect may result in the loculation of fluid by the omentum (focal bile peritonitis) and be an
incidental finding during abdominal ultrasound or exploratory laparotomy in evaluating an icteric
patient. A large accumulation of bile results in diffuse abdominal effusion, which is usuaily evi-
dent on physical examination. Because marked inflammation of the peritoneal cavity can com-
promise the integrity of the intestinal wall, animals with diffuse bile peritonitis are at an increased
risk of developing sepsis secondary to bacterial translocation from the gastrointestinal tract.

15. How is bile peritonitis diagnosed?

Diagnosis is based on analysis of the abdominal effusion. The fluid is often turbid and
golden-brown or golden-green. Cytology reveals a marked inflammatory reaction containing
many neutrophils and macrophages with intra- and extracellular particles of bile. Sepsis also can
be determined from cytology. However, a sample of fluid should be submitted for culture and
sensitivity to help direct long-term antibiotic therapy. The clinician also may compare concentra-
tions of bilirubin in the fluid to serum bilirubin concentrations (with bile peritonitis, abdominal
fluid has a markedly higher concentration of bilirubin).

16. How is hile peritonitis treated?

The patient should be fully assessed with CBC, serum biochemistry panel, and coagulation
status in an attempt to identify any underlying or coexisting problems. Hypovolemic patients
should be stabilized with adequate fluid therapy, and endotoxic shock should be addressed. Close
attention should be given to electrolyte status. For patients with hypoalbuminemia or coagulation
disorders, fresh or fresh frozen plasma should be administered. Once the animal is stabilized, sur-
gical correction of the bile leakage is necessary. Collection of abdominal fluid in the area closest
to the bile leak for cytologic evaluation and Gram stain for initial antimicrobial therapy as well as
submission for culture and sensitivity for long—term antimicrobial therapy should be performed.
Once the leak is repaired, copious lavage of the abdominal cavity with warm, physiologic saline
should be done until the abdomen is free of bile-stained fluid.

17. What causes hepatobiliary cysts?

Hepatobiliary cysts may be congenital or acquired. Congenital cysts may be single or multi-
ple and are thought to arise from embryonic bile ducts that lack communication with the biliary
system. Polycystic disease often affects both the liver and the kidneys. Often the cysts affecting
the liver are discovered incidentally during evaluation of a cat with evidence of renal insuffi-
ciency. Acquired cysts are usually solitary and may result from recent trauma, inflammation, or
neoplasia. Although most cysts are incidental findings, they may become apparent if large
enough to cause abdominal distention, impingement on normal surrounding tissues, or impaired
movement of the diaphragm.

18. How are hepatobiliary cysts treated?

When a cat becomes symptomatic for an enlarged cyst, two options are available. The cyst
can be aspirated with ultrasound guidance to relieve pressure. Fluid analysis should be performed
to rule out other causes of fluid accumulation. The other option is surgical removal, which is per-
formed if the cyst is causing biliary obstruction or if aspiration of the cyst has to be repeated mul-
tiple times to decrease pressure on neighboring structures.
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34. DRUG-INDUCED HEPATIC DISEASE

Marcella D. Ridgway, VM.D., M.S.

1. Define drug-induced hepatopathy.

Any abnormality of liver function or structure resulting from the action of a drug or its
metabolites on liver cells may be termed drug-induced hepatopathy. Lesions may be obvious, such
as massive hepatic necrosis, or minute, such as changes in hepatocellular plasma membrane per-
meability that allow increased levels of cytosolic enzymes to leak into the systemic circulation.

2. What types of hepatic disease result from adverse drug reactions?

Adverse drug reactions produce either acute or chronic hepatic disease. Acute hepatic dis-
ease is more common and is associated histologically with hepatocellular necrosis. Acute disease
may range from mild and inconsequential to massive hepatic necrosis and fulminant hepatic fail-
ure. Medications that cause acute hepatic disease also can cause chronic hepatic disease if the
acute disease is mild and undetected while drug administration is continued. Chronic hepatic dis-
ease is associated histologically with mild degenerative changes and hepatic lipidosis.

3. Which drugs have been implicated in causing hepatic disease in the cat?

Hepatotoxicity of individual drugs varies significantly among species. Agents known to be
hepatotoxic in other species cannot be assumed to be hepatotoxic in cats. Likewise, agents may
cause hepatic injury in cats but not in other species. Drugs associated with acute hepatic disease
(hepatocellular necrosis), chronic hepatic disease, or cholestasis are listed below. For drugs with
no reported hepatotoxicity in cats, a high index of suspicion should be maintained for drugs with
known hepatotoxicity in other species and drugs metabolized by the liver.

Acute hepatic necrosis Chronic hepatic disease
Acetaminophen Anabolic steroids
Aspirin Corticosteroids
Diazepam Colchicine
Iron-containing supplements Megestrol acetate
Glipizide Tetracycline
Griseofulvin Valproic acid
Ketamine

Ketoconazole Cholestasis
Methimazole Erythromycin
Phenazopyridine Methyltestosterone
Propylthiouracil Trimethoprim-sulfa
Tetracycline

Thiacetarsamide

Tiletamine/zolazepam

4. Describe the mechanisms by which drugs cause acute hepatic disease.

Acute hepatic injury may be caused by a direct toxic effect of the drug or its metabolites on the
hepatocyte, producing a predictable dose-dependent effect (acetaminophen, thiacetarsamide), or by
idiosyncratic drug reactions, which occur unpredictably in a small number of cats exposed to a par-
ticular drug (diazepam, griseofulvin, glipizide, methimazole, others). Idiosyncratic drug reactions
probably result from preexisting abnormalities of drug-metabolizing pathways, which are due to
genetic differences or previous hepatic injury. Individual differences in drug metabolism may result
in an inability to metabolize the drug to a nontoxic form or in transformation of a normally nontoxic
drug to a toxic form via an atypical metabolic pathway. Most drug-related hepatotoxicities are due

158



Drug-induced Hepatic Disease 159

to idiosyncratic reactions. In either direct toxicity or idiosyncratic reactions, the toxic form of the
drug, usually a metabolite, causes cell damage by oxidative injury, depletion of intracellular com-
pounds or binding cellular components, resulting in impaired cell function or cell death. The hepa-
tocyte is usually the affected cell, although biliary epithelium may be affected concurrently. Chronic
hepatic disease may result from continued administration of drugs that cause mild acute hepatic
injury or with use of medications that alter metabolic pathways but do not usually cause hepatocel-
lular necrosis. Tetracycline impairs fat mobilization by the liver by inhibiting synthesis of apopro-
tein or interfering with dispersal of very-low-density lipoprotein, leading to accumulation of
triglycerides and hepatic lipidosis, Corticosteroids increase mobilization of free fatty acids to the
liver by increasing lipolysis of peripheral fat stores; this process may result in hepatic lipidosis if
hepatic fat metabolism is already compromised by anorexia or other abnormalities.

5. How frequently do drug-induced diseases occur?

The true incidence of drug-induced hepatic disease is unknown. Clinical signs and labora-
tory test results are nonspecific and do not differentiate drug-induced from other causes of he-
patic disease. Consequently, drugs known to have hepatotoxic potential may be wrongly blamed
for hepatic disease in a patient receiving the medication and subsequently found to have evidence
of hepatic injury. This error may delay determination of an accurate diagnosis and lead to overes-
timation of the prevalence of drug-related hepatopathy. Conversely, failure to recognize the po-
tential hepatotoxicity of a drug may delay measures to minimize exposure and the amount of
resulting hepatic damage and also lead to underestimation of the prevalence of drug-related he-
patopathy. Although the overall incidence of drug-induced hepatic disease is uncertain, severe
drug-associated hepatotoxicity is uncommon.

6. What determines the severity of hepatic disease resulting from drug administration?

The degree of hepatic damage caused by a drug may range from mild degenerative changes
and hepatic lipidosis to massive hepatic necrosis. Dose of the medication, route of administra-
tion, frequency and duration of administration, and physiologic condition of the individual
animal affect the degree of liver damage. Administration of drugs at high doses, at greater fre-
quency, or for longer periods or failure to recognize the onset of hepatic damage early in the
course of therapy (i.e., greater total amount of drug to which a cat is exposed) may result in more
severe hepatic injury if an adverse drug reaction occurs. Oral administration may potentiate hepa-
totoxicity because hepatocytes are exposed first and at higher drug concentrations via portai
blood flow. Likewise, drugs undergoing enterohepatic circulation may have enhanced potential
for hepatotoxicity. Host-related factors govern the response of an individual animal to a particu-
lar medication and the tendency to develop drug-associated hepatopathy.

7. What hest factors may predispose to drug-induced hepatic disease?

Host factors such as age, sex, individual genetic constitution, nutrition, disease status, and
prior or concomitant use of other medications can affect the likelihood and severity of drug-in-
duced hepatic disease. Reduced protein binding in very young animals may alter the hepatotoxic
potential of highly protein-bound agents. The rate of metabolism of some drugs may be decreased
in younger animals because of lower hepatic enzyme activities. Older animals are more likely to
have preexisting disease and alterations in hepatic blood flow that affect rates of drug metabolism
and ability to compensate for hepatic injury. Females may be predisposed to drug-induced hepatic
disease because of higher drug-metabolizing hepatic enzyme activities and increased capacity to
generate toxic metabolites. Genetic make-up is important in determining hepatic enzyme activi-
ties, and inherited enzyme defects may significantly alter drug metabolizing capacity.

8. How may preexisting disease influence the hepatotoxic potential of a drug?
Malnutrition, especially protein deficiency, adversely affects hepatic enzyme and protein carrier
systems and is of great significance in cats, which depend on dietary protein intake to meet energy as
well as protein requirements. Any condition that alters hepatic blood flow, including cardiovascular
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disease, portosystemic shunting, and even dehydration, also alters drug metabolism by the liver. In
animals with preexisting liver disease, reduced populations of functional liver cells as well as archi-
tectural changes and acquired portosystemic shunting limit the capacity of the liver to metabolize
drugs and compromise its ability to compensate for additional hepatic damage. Cholestasis increases
the toxic potential of drugs normally excreted in bile. Concurrent exposure to other medications that
share high levels of protein binding or utilize the same carrier or enzyme systems can influence the
hepatotoxicity of a drug. Many drugs and chemicals are metabolized via cytochrome P450 enzyme
systems; prior administration of agents metabolized via this system may induce increases in P450
enzyme activities and result in increased capacity to metabolize other drugs, enhancing hepatotoxic-
ity of drugs biotransformed by the P450 enzyme system to more toxic forms.

9. What species differences in metabolisin may predispose cats to drug-induced hepato-
toxicity?

Cats are true carnivores and have higher protein requirements than most other species.
Energy is derived largely from dietary protein and fat rather than carbohydrate, and the cat has
high levels of hepatic enzymes that deaminate amino acids for energy production. Metabolic
adaptation or downregulation of these enzyme systems to compensate for changes in dietary pro-
tein does not occur; cats are unable to curtail metabolism of proteins for energy in the face of de-
creased protein intake. If dietary protein intake is inadequate, cats rapidly become deficient in
important cellular proteins, including carrier proteins and enzymes that are necessary compo-
nents of drug metabolic pathways. Another species variation affecting drug metabolism in cats is
a relative deficiency of glucuronyl transferase, which mediates conjugation of various drugs to
glucuronide for elimination. The inability to form glucuronide conjugates predisposes cats to toxi-
city with drugs dependent on glucuronide conjugation, such as aspirin, acetaminophen, morphine,
and phenols. Some of these agents, such as aspirin, may be administered safely by increasing
dosing intervals. Others, such as acetaminophen and phenolic compounds, should not be used at
all in cats, yet exposure may occur when uninformed owners administer acetaminophen or apply
phenolic dermal preparations (keratolytics, coal tar products, hexachlorophene) to their pets.

10. What clinical signs are associated with drug-induced hepatopathy in cats?

Clinical manifestations range from subclinical to chronic disease to acute hepatic failure.
Subclinical mild acute hepatic injury may remain undetected unless serum chemistry profiles are
obtained. In patients with clinical disease, presenting signs are nonspecific but may suggest he-
patic disease. The severity of signs varies with the severity of the hepatic damage. Clinical signs
consistent with drug-induced hepatic disease include depression, anorexia, ptyalism, vomiting,
weakness, jaundice, and, less commonly, fever, hepatomegaly, cranial abdominal pain, and diar-
rhea. In severe cases, hemorrhage or petechiation may be noted, and neurologic signs of hepatic
encephalopathy may be present. Ascites may develop but is relatively uncommon in cats. Most
cases of drug-induced hepatopathy are mild and present with vague signs of lethargy and
anorexia with or without vomiting or jaundice.

11. What laboratory findings are consistent with drug-induced hepatopathy?

Laboratory abnormalities reflect hepatic injury and are nonspecific for drug-induced vs. other
causes of hepatic disease. Elevations in alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) activities are the most consistent finding. Serum alkaline phosphatase and gamma-
glutamy] transferase activities also may be increased. Bilirubinuria and hyperbilirubinemia occur
more commonly in cats than in dogs. Abnormalities in hepatic function tests {(serum bile acid and
ammonia testing) and reduced levels of hepatic synthetic products (glucose, albumin, cholesterol)
are seen in more severe cases and roughly parallel the severity of the hepatic damage. Clotting
factor deficiencies may arise as a result of synthetic failure or disseminated intravascular coagula-
tion secondary to severe hepatic insult; coagulation profiles should be assessed before liver aspi-
rate or biopsy procedures are performed. Electrolyte imbalances (hypokalemia, hyponatremia)
and acid-base disturbances (metabolic acidosis) may occur. Patients with hepatic encephalopathy
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may develop respiratory alkalosis and hypophosphatemia. Complete blood count may show mild
nonregenerative anemia, reduced platelet numbers, and either neutrophilia or neutropenia.

12. How is drug-induced hepatopathy diagnosed?

Because no clinical signs, laboratory profiles, or histopathologic changes are pathognomonic
for drug-induced hepatic discase, diagnosis depends largely on recognition of the hepatotoxic po-
tential of therapeutic agents, historical association of exposure to a drug coincidental with onset
of hepatic disease, and diagnostic evaluation to rule out other causes of hepatic disease. Drug-in-
duced hepatopathy should be considered as a differential in ail cases of hepatic disease. A pre-
sumptive diagnosis of drug-induced hepatopathy may be based on the following findings:

» History of drug exposure

« Clinical signs and/or laboratory abnormalities consistent with hepatic damage due to ad-

ministration of the drug

*» Resolution of clinical signs and laboratory abnormalities (within a few days to a few

weeks) when drug administration is discontinued.

Liver biopsy may help to rule out other potential causes of hepatic disease, but histopatho-
logic changes seen in cases of adverse drug reactions are nonspecific and not diagnostic of drug-
induced hepatopathy. Often, if a patient improves after withdrawal of the drug, a biopsy is not
performed. Definitive diagnosis by resuming administration of the implicated drug and evaluat-
ing for recurrence of hepatic disease is usually contraindicated.

13. How are cats with drug-induced hepatic disease treated?

Immediate withdrawal of the drug is indicated in all patients with suspected drug-induced
hepatopathy. With the exception of acetaminophen, phenol, or iron toxicity, there are no specific
treatments or antidotes to counteract the effects of hepatoxic drugs. Treatment, therefore, is di-
rected at limiting exposure to the drug and providing supportive care proportionate to the level of
hepatic dysfunction. In subclinical cases, identified only by elevations of hepatic transaminases,
simply discontinuing the drug may be sufficient. In clinical cases, additional measures of general
supportive treatment for acute hepatic disease are initiated and may include intravenous fluids,
electrolyte supplementation, correction of acid—base status, glucose supplementation, antibiotics,
and management of coagulopathies and hepatic encephalopathy. Use of medications that affect
cytochrome P450 enzyme activity are best avoided. Cats showing clinical signs of hepatic dis-
ease usually require aggressive nutritional support to meet caloric and protein needs.

14. What additional treatments are available for specific therapy of hepatic disease caused
by acetaminophen, phenol, or iron toxicity?

In addition to general supportive care, cats with acetaminophen-induced hepatic necrosis are
treated with N-acetylcysteine to help to restore hepatic glutathione, which is depleted rapidly in
cats exposed to acetaminophen or phenacetin. When given within the first 8—10 hours after expo-
sure, N-acetylcysteine may limit formation of toxic metabolites. A 5% solution is administered
initially at an intravenous or oral loading dose of 140 mg/kg, followed by 5-7 additional treat-
ments of 70 mg/kg intravenously or orally every 4 hours. Treatment with N-acetylcysteine is also
used in cases of phenol intoxication to limit hepatic injury, which occurs within the first 12-24
hours of phenol exposure. Iron toxicity is treated with desferroxamine, which chelates iron and
enhances urinary excretion. Desferroxamine is administered by constant-rate infusion of 15
mg/kg/hr intravenously or 40 mg/kg intramuscularly every 4-8 hours until serum iron levels drop
below 300 pl/dl.

15. Describe the main characteristics of diazepam-associated hepatic disease,

Severe acute hepatic necrosis and failure occur sporadically in cats treated with routine doses
of diazepam prescribed for behavioral or micturition problems. Diazepam-associated hepatotoxi-
city is most likely due to an idiosyncratic drug reaction, occurring in only a few of the cats re-
ceiving the medication, and requires no prior sensitization. Affected cats show anorexia, lethargy,
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and ataxia within 4 days of starting therapy and jaundice within 11 days. Marked elevations of
serum ALT and AST activities are consistently found; hypoglycemia, hypocholesterolemia, and
abnormal coagulation tests also may be present. Most affected cats die of fulminant hepatic fail-
ure. Because of this hepatotoxic potential, cats placed on diazepam should be monitored for in-
creases in ALT and AST. If hepatic enzyme abnormalities arise, drug therapy should be
suspended and supportive care provided.

16. What is the prognosis for recovery from drug-induced hepatic disease?

Clinical outcome depends on the extent of hepatic damage. In most cases, the degree of liver
injury is mild; with discontinuation of the drug and supportive therapy, complete recovery is
likely. The liver has tremendous regenerative capacity. Even in severe cases, recovery of adequate
hepatic function is possible if the patient can be supported through the initial period of acute he-
patic necrosis and if the liver retains the ability to regenerate (adequate remaining cell popula-
tions and intact reticular framework). However, most cats that develop acute fulminant hepatic
failure do not survive.

17. Are drug-induced hepatic diseases preventable?

Awareness of potential hepatotoxicity and predisposing factors as well as early detection of
hepatic injury are key to selecting therapeutic agents and preventing clinically significant hepatic
disease. Patients receiving drugs with hepatotoxic potential should be monitored for evidence of
hepatic injury on serum chemistry profiles. Baseline chemistry values should be determined
before treatment to serve as a reference point for monitoring and to help identify preexisting dis-
ease conditions. Avoid exceeding recommended dosing levels and frequency, and limit duration
of therapy to the minimum required for effectiveness. Maintaining an index of suspicion of drugs
as potential hepatotoxins and early evaluation of patients that develop clinical signs after receiv-
ing any drug for evidence of hepatic injury help to limit the degree of liver damage.
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35. PORTOSYSTEMIC SHUNTS

Margo L. Mehl, D.V.M.

1. Define portosystemic shunt.

A portosystemic shunt (PSS) is an abnormal vascular communication between the portal
venous system and the systemic venous system. The portal system normally drains blood from
the abdominal viscera to the liver for removal of toxins. A PSS diverts normal portal blood flow
around the liver and directly into systemic circulation.

2. What is the difference between intrahepatic and extrahepatic portosystemic shunts?
The ductus venosus is a normal fetal structure that allows umbilical venous blood to bypass
the liver; during gestation or shortly thereafter, it is stimulated to close. Intrahepatic shunts occur
more commonly in dogs than cats and typically are congenital, singular shunts that represent
failed closure of the ductus venosus. Extrahepatic shunts may be congenital or acquired. In cats,
extrahepatic shunts are more common than intrahepatic shunts, and most shuat vessels arise from
the left gastric vein and empty into the abdominal vena cava.

3. What is the difference between congenital and acquired portosystemic shunts?
A congenital shunt is present at birth and usually remains as a single intra- or extrahepatic
shunt. An acquired shunt results from sustained portal hypertension, most often secondary to
chronic liver disease. Most acquired shunts are multiple and extrahepatic; they are rare in cats.

4. Are portosystemic shunts hereditary?

Portosystemic shunts have not proven to be hereditary. However, they are recognized more
frequently in male cats of mixed breeding (approximately 70%) that are < 3 years of age. Of the
remaining 30% of purebred cats, 23% are of Himalayan and Persian breeds. Acquired PSS re-
sults from chronic liver disease and therefore can occur in any breed.

5. What are the common clinical findings of portosystemic shunts?

Physical examination findings and clinical abnormalities associated with PSS usually result
from central nervous system disease, liver insufficiency, or urinary tract disease. Affected ani-
mals are usually thin and undersized. Ptyalism is the most frequently reported clinical sign in
cats. In addition, copper-colored irises have been reported in cats with PSS,

Clinical Signs Associated with Portosystemic Shunt

Central nervous system

Behavior changes Deafness Pacing
Blindness Aggression Ataxia
Seizures Stupor/coma Weakness
Dementia Tremors Disorientation
Liver insufficiency

Anorexia Lethargy Diarrhea
Depression Polydipsia Ptyalism
Polyuria Pica Nausea
Weight loss Stunted growth Vomiting
Urinary system

Hematuria Stranguria

Pollakiuria Urethral obstruction
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6. Why do patients with portosystemic shunts have decreased liver function?

Portal venous blood supplies 50% of oxygen delivery to the liver and contains hepatotrophic
(liver-supportive) growth factors such as insulin. These factors are necessary for hepatocyte
growth and function. When a substantial PSS is present, these growth factors bypass the liver, re-
sulting in atrophy, atresia, hypoplasia, and dysfunction. Hepatic hypertrophy, hyperplasia, regen-
eration, and glycogen storage are impaired.

7. Define hepatic encephalopathy.

Hepatic encephalopathy (HE) is abnormal mentation and neurologic function induced by ab-
sorbed intestinal toxins that have not been removed by the liver. To date, the exact mechanism of
HE is not clear. HE is believed to result from diversion of portal blood flow arcund the liver, al-
lowing ammonia, encephalotoxins, and endotoxins into systemic circulation. These toxins di-
rectly affect the cerebral cortex.

8. What findings of routine bloodwork and urinalysis support a diagnosis of PSS?
Laboratory findings are often nonspecific. The most common abnormalities include micro-
cytic anemia, low blood urea nitrogen, hypoalbuminemia, hypoglycemia, hypocholesterolemia,
and mild-to-moderate elevations in alanine aminotransferse (ALT) and alkaline phosphatase
(ALP) activities. In any patient with a typical history, supportive clinical findings, and presence
of ammonium biurate crystalluria, further liver function testing is recommended.

Laboratory Abnormalities Associated with Portosystemic Shunt

Hematologic findings
Anemia Neutrophilic leukocytosis
Microcytosis Poikilocytosis
Hypochromasia Target cell formation
Serum biochemical panel
Low blood urea nitrogen Hyperammonemia
Increased alkaline phosphatase Increased alanine aminostransferase
Hypoglycemia Hypocholesterolemia
Hypoproteinemia Hypernatremia
Hyperchloremia Hypokalemia
Urinalysis
Isosthenuria Ammonium biurate crystalluria
Hematuria

9. How is PSS diagnosed?

Liver insufficiency is suggested by the combination of history, physical examination find-
ings, and both hematologic and serum biochemical abnormalities. Results of pre- and post-
prandial measurements of serum bile acid concentration and ammonium folerance tests are
more sensitive than serum biochemical tests for detecting hepatic dysfunction but are not spe-
cific for PSS.

10. What imaging modalities are used to diagnose PSS?

Various imaging modalities are used to determine the extent and location of PSS.
Abdominal radiographs often detect a small liver. Ultrasonograhy is a noninvasive way to evalu-
ate liver architecture and vessels but is highly operator-dependent. Ultrasound also can be used
intraoperatively to locate an intrahepatic PSS. Nuclear scintigraphy is a sensitive and specific
technique to detect PSS but is not consistent in differentiating intra- and extrahepatic shunts.
Angiography can be used to visualize the portal venous system, diagnose a shunt, and determine
its Jocation. Laparoscopy may allow visualization of an extrahepatic PSS. Most patients with
PSS undergo exploratory laparotomy for diagnosis, determination of location, and potential sur-
gical correction.
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Imaging Modalities Used in the Diagnosis of Portosystemic Shunt

TECHNIQUE SUPPORTIVE FINDINGS DISADVANTAGES
Radiology Microhepatica Not specific
Renomegaly
Ultrasonography Microhepatica Highly operator-dependent, less sen-
Undetectable portal or hepatic sitive for extrahepatic shunts
veins

Nuclear scintigraphy ~ Initially greater fraction of radio-  Unable to determine location of shunt
activity in heart than in liver Unable to distinguish between single
and multiple shunts

Angiography Visualization of portal blood flow  Invasive, requires general anesthesia
Laparoscopy Direct viewing of extrahepatic Unable to see within liver parenchyma
shunting vessel or lack thereof or to perform surgical correction

and obtaining of liver biopsy

11. What differential diagnoses should be considered?

Other differential diagnoses refer to the organ system affected; gastrointestinal system, central
nervous system, or urinary tract. Typical examples include liver failure due to other causes (hepa-
totoxins, infection, autoimmune disorder, neoplasia, or lipidosis), congenital urea cycle enzyme
deficiency, other hepatic vascular disorders, and other causes of seizures in young animals.

12. How are most cases of PSS managed?

A combination of medical and surgical management is often used. The goal of medical man-
agement is to prevent the production and slow the absorption of central nervous system toxins
produced by bacteria in the intestinal tract. Medical management alone has been successful in
supporting some cases for more than 2 years. However, surgery should be performed, if possible,
to redirect portal blood flow to the liver and potentially reverse hepatic atrophy and alleviate clin-
ical signs. If surgery is performed, medical management typically is continued for 2-4 weeks
beyond the resolution of clinical signs. Medical management includes a high-carbohydrate, low-
protein diet to reduce the dietary source of ammonia, cathartics to decrease ammonia production
and absorption, colonic pH modifiers to trap NH,* in the colon, and oral antibiotics to reduce
urease-producing intestinal bacteria.

Long-term Medical Management of Portosystemic Shunt and Hepatic Insufficiency

Dietary modifications

The goals of dietary modifications are to decrease the amount of protein available for ammonia produc-
tion, increase fiber concentration, and promote fecal nitrogen excretion. Diets with protein requirements
of at least 16% to 30% protein on a dry matter basis with easily digestible carhohydrate sources should
be used. Diets used for the management of renal insufficiency (see Chapter 40) may be effective.

Oral antibiotics
Oral antibiotics are administered to decrease numbers of urease-producing bacteria in gastrointestinal
tract. Urease-producing bacteria hydrolyze urea to ammonia in the intestine, thereby causing high am-
monia levels.

* Neomycin, 10-20 mg/kg orally every 8-12 hr

*» Metronidazole, 7.5 mg/kg orally every 8 hr

« Ampicillin, 22-33 mg/kg orally every 8hr
Cathartics
Lactulose is a disaccharide that is converted in the colon to organic acids that lower colonic pH, re-
sulting in conversion of NH; to NH4*, which is not as readily absorbed. In addition, lactulose in-
creases intestinal transit time, thereby decreasing time for production and absorption of toxins.
Dosage is empirical, starting with 0.25-0.5 ml/kg orally every 812 hr.
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13. What considerations must be given to drug therapy and anesthetic use in patients with
PSS?

In selecting anesthetic agents, hepatic metabolism, cardiovascular effects, and effects of the
anesthetic agent on portal venous and hepatic arterial blood flow need to be considered.
Barbiturates, acepromazine, and diazepam should be avoided because they are highly protein-
bound and require liver metabolism. In addition, halothane is potentially hepatotoxic and should
not be used. Isoflurane is the anesthetic agent of choice for induction and maintenance but has
been reported to produce hypotension in some cases. An alternative for induction is fentanyl in
small boluses (0.01-0.03 mg/kg intravenously) or as a constant-rate infusion (0.7 pg/kg/hr).
However, narcotics can result in prolonged recovery time and may require administration of
naloxone (0.02-0.04 mg/kg intravenously) as a reversal agent.

14. What parameters should be monitored postoperatively in cats with PSS?
Postoperatively cats should be monitored closely for signs of portal hypertension, including
diarrhea, vomiting, distention of the abdomen or ascites, and abdominal pain as well as hypov-
olemia. Blood glucose should be monitored postoperatively. Cats with PSS also require close
monitoring for seizures, which have been reported to occur up to 3 days postoperatively.

15. What are the complications of PSS?

The primary complications of medical management relate to progressive worsening of
clinical disease associated with liver atrophy. Complications of preoperative anesthesia may
include hypotension, hypothermia, and hypoglycemia. Portal hypertension during or after
surgery, hemorrhage at liver biopsy site or during dissection, postsurgical sepsis, seizures,
and recurrence of clinical signs are also possible. The most common complication after PSS
ligation is abdominal distention, which may not need treatment if it is the only clinical abnor-
mality.

16. What are the most common signs of postoperative portal hypertension? How should it
be treated?

Clinical signs associated with portal hypertension include cardiovascular collapse, severe
abdominal pain and distention, and delayed recovery from anesthesia. If clinical signs of portal
hypertension occur after surgery, the patient requires supportive care and immediate surgical in-
tervention to remove the ligature.

17. How is hepatic encephalopathy treated?

High-protein meals, constipation, infection, gastrointestinal hemorrhage, hypovolemia, hy-
pokalemia, alkalosis, and hypoglycemia exacerbate neurologic signs in animals with PSS.
Treatment, therefore, is aimed at correcting fluid deficits and electrolyte and or acid-base ab-
normalities, minimizing formation and absorption of ammonia and other toxins, and treating
seizures. Administration of 0.9% sodium chloride with potassium supplementation helps to cor-
rect metabolic alkalosis and hypokalemia. Lactulose and either neomycin or metronidazole
should be administered to conscious animals to increase intestinal transit time and to trap am-
monium ions in the bowel. In comatose cats, lactulose or 10% povidone-iodine enemas should
be given. Cats with seizures at the time of presentation should be treated parenterally to stop
seizure activity.

18. What is the prognosis for a patient with PSS?

Although several different patterns of abnormal portosystemic vasculature connections have
been described in dogs, the most common anomaly in cats is a single extrahepatic shunt. A single
extrahepatic shunt in canine patients carries a good prognosis with surgical correction, but in cats
this does not appear to be the case. Because of postoperative complications and decreased ability
of the liver to accommodate the increased hepatic blood flow, the prognosis for PSS with surgery
is less favorable in cats than in dogs.
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36. PANCREATIC DISEASE
Margie Scherk, D.V.M.

1. Which pancreatic diseases occur in cats?

For years, feline pancreatic diseases were assumed to be similar to those in dogs. Currently, it
appears that pancreatic disorders are quite different in cats. Overall, acute septicemic pancreatitis
and exocrine pancreatic insufficiency (EPI) are much less common in cats than in dogs. Chronic
nonsuppurative and suppurative pancreatitis are the most common forms. The most common pan-
creatic neoplasms include primary pancreatic adenocarcinoma as well as metastatic lymphosar-
coma and mast cell tumor. Pancreatic abscesses are occasionally found. Toxoplasma gondii,
Eurytrema procyonis (liver fluke), feline infectious peritonitis, feline parvovirus, and herpesvirus
1 can infect the pancreas. However, more than 90% of cases of feline pancreatitis are idiopathic.

2. What forms of pancreatitis are seen in cats?

Both acute and chronic pancreatitis are reported. Although both can be mild or severe, acute
cases tend to be more severe than chronic cases. Mild pancreatitis generally results in minimal
clinical signs, minimal necrosis, and low mortality rates In severe pancreatitis (necrotizing, hem-
morhagic), extensive pancreatic necrosis and multiple-organ involvement with or without organ
failure lead to a poor prognosis. Fortunately, this form is rare in cats.
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Pancreatitis in cats is usually either suppurative (neutrophilic) or nonsuppurative (lympho-
cytic/plasmacytic or eosinophilic). These disorders may be discrete or occur in conjunction with
idiopathic inflammatory bowel disease, cholangitis/cholangiohepatitis complex, or both (triadi-
tis). See Chapters 23 and 29 for a further discussion of triaditis.

3. What are the clinical findings of pancreatitis?

Presenting complaints are vague and may include lethargy, inappetence, weight loss, vomit-
ing, diarrhea, abdominal pain, and ataxia. On physical examination, dehydration, hypothermia,
weight loss, lethargy, icterus, and abdominal pain, which may be localized to the right anterior
quadrant, are often detected. Pleural and peritoneal effusion rarely occur but can result in abdom-
inal distention or dyspnea.

4. What is the initial diagnostic plan for cats with suspected pancreatitis?

Complete blood cell count with differential, serum biochemical panel, urinalysis, and blood
pressure evaluation are usually performed in sick cats but do not show pathognomonic changes
for pancreatic disease. An inflammatory leukogram, which indicates inflammation, infection, or
an immune-mediated process, may be present, depending on the form of pancreatitis and degree
of chronicity. In addition, mild, nonregenerative anemia (anemia of chronic disease) and hyper-
proteinemia occur in some cats with chronic inflammation. Changes in liver enzyme activities
and other serum biochemical abnormalities vary, depending on predisposing diseases and pres-
ence of cholangiohepatitis.

5. Can imaging techniques aid in the diagnosis of pancreatitis?

Abdominal radiographs may show decreased serosal detail in the right anterior quadrant and
bunching of small bowel loops in cases of acute pancreatitis. Sonographic evaluation of the pan-
creas by an experienced ultrasonographer may help to identify pancreatic changes, to interpret
active inflammation or fibrosis of the pancreas, and to note other changes in adjacent viscera.
Ultrasound may detect small amounts of fluid, which can aspirated for fluid analysis.

6. Are concurrent disorders common?

Many cats with pancreatitis have other diseases. Hepatic lipidosis, cholangitis/cholangiohep-
atitis, idiopathic inflammatory bowel disease, enteritis, diabetes mellitus, and vitamin K -respon-
sive coagulopathy are common. Cats with hepatic lipidosis and pancreatitis have a poorer
prognosis than cats with lipidosis alone.

7. Are serum amylase and lipase concentrations predictive of pancreatitis?

Not really. Amylase is a nonspecific gastrointestinal (GI) enzyme in cats; it may be elevated
because of disease in other parts of the GI tract. In addition, amylase is excreted by the kidneys;
decreased renal clearance (dehydration, concurrent renal disease) causes elevations of serum amy-
lase. Thus, increased amylase activity does not correlate with the presence of pancreatic inflam-
mation. Lipase is similar to amylase, but an elevated level is usually significant. The pancreas
should be assessed with other tests, such as ultrasound or serum trypsin-like immunoreactivity
(TLI). Unfortunately, many cats with pancreatitis have normal amylase and lipase activities.

8. Can abdominal effusion aid in the diagnosis of pancreatitis?

If abdominal effusion is present, routine cytologic evaluation should be performed. Most effu-
sions are nonseptic suppurative exudates with increased protein concentrations and a mixture of
degenerate neutrophils, nondegenerate neutrophils, and macrophages. It has been proposed that if
lipase or amylase activities are greater in abdominal effusion than in serum, pancreatitis is present.

9. How does serum TLI aid in the diagnosis of pancreatic diseases?
Theoretically, serum TLI concentrations increase with inflammatory diseases of the pan-
creas and are decreased with EP1. However, serum TLI frequently fails to correlate with presence
of chronic pancreatitis in cats.
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10. How can suppurative and nonsuppurative pancreatitis be differentiated?

Histopathologic evaluation of pancreatic tissues is the only way to confirm and classify pan-
creatitis. Because triaditis is common, liver and small intestinal biopsies are often obtained at the
same time (see Chapters 23 and 29). Pancreatic biopsies can be obtained via laparotomy or la-
paroscopy. The pancreas should be isolated gently, and 3—4-mm wedge samples should be taken
from abnormal-appearing areas or from both left and right poles of the pancreas with small, sharp
scissors such as iris scissors, Overall, laparoscopy-obtained biopsies are less invasive, but the
areas of the pancreas that can be sampled are limited.

11. How is the pain associated with pancreatitis treated?

Regardless of the type, pancreatitis is painful. Use an opioid such as oxymorphone, hydro-
morphone, or morphine. Butorphanol is less effective for visceral analgesia. If the patient appears
to benefit from a test dose of opioid, consider application of a transdermal fentanyl patch
(Duragesic, Janssen Phamaceutical, Titusville, NJ). Analgesia is required for a number of days,
and the continuous release by a transdermal patch avoids peak and trough levels of opioid. Do
not make patients show you that they are in pain.

Analgesics Used in the Treatment of Pancreatitis

GENERIC NAME TRADE NAME DOSE

Butorphanol Torbugesic 0.1-0.8 mg/kg every 4 hr [V, IM, SQ
Hydromorphone Dilaudid 0.08-0.2 mg/kg every 4 hr IV, IM, SQ
Morphine Morphine sulfate 0.1-0.4 mg/kg every 4hr IV, IM, SQ
Oxymorphone Numorphan 0.025-0.1 mg/kg every 4 hr IV, IM, SQ

IV = intravenously, IM = intramuscularly, SQ = subcutaneously.

12. What antiemitics should be used?

Antiemetics should be used as indicated clinically; in cats with concurrent hepatic dysfunction,
doses should be reduced accordingly. Antiemetics commonly used in the cat include metoclopramide
and clorpromazine. Each has its side effects. Central nervous system sedation, frenzied behavior, or
disorientation may be associated with metoclopramide, and chlorpromazine has a hypotensive effect.
While costly, ondansentron is quite beneficial in the patient with intractable vomiting.

Antiemetics Used in the Treatment of Pancreatitis

GENERIC NAME TRADE NAME DOSE
Chlorpromazine Thorazine, Largactil 0.5 mg/kg every 8hr IM
Prochlorpromazine Compazine 0.1 mg/kg every 6 hr IM
Diphenhydramine Benadryl 2.0-4.0 mg/kg every 8hr PO
2.0 mg/kg every 8 hr IM
Dimenhydrinate Dramamine 8.0 mg/kg every 8 hr PO
Prochlorpromazine Darbazine 0.5-0.8 mg/kg every 12 hr IM, SQ
+ isopropamide
Metoclopramide Reglan 1-2 mg/kg constant-rate IV infusion over 24 hr
Ondansentron Zofran 0.1-0.15 mg/kg slow IV push every 6-12 hr, as needed

IM = intramuscularly, PO = orally, SQ = subcutaneously, [V = intravenous.
Adapted from Ogilvie G: Presentation at the Fall Meeting of the American Association of Feline
Practitioners, 1997, with permission.

13. Describe the approach to nutritional support in cats with pancreatitis.

Nutritional support is critical even in the acute phase. In acute pancreatitis, total or par-
tial parenteral nutrition may be required. If exploratory laparotomy for biopsies and lavage is
performed, jejunal and gastric feeding tubes should be placed. Jejunal feeding should be given during
the acute phase (see Chapter 62) because stimulation of pancreatic secretion is less likely than with
use of a gastrostomy tube.
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14. What other nonspecific treatments are used for acute pancreatitis?
» Fluid therapy with appropriate electrolyte adjustments and water-soluble vitamins is essential.
» If hypoalbuminemia develops, colloid support is indicated.
* Dopamine administered at a constant-rate infusion of 3 pyg/kg/min improved pancreatic
perfusion in a model of alcoholic pancreatitis in cats.

15. How is suppurative pancreatitis treated?

A quinolone combined with a penicillin or metronidazole should be administered empiri-
caily while you wait for bacterial culture and antimicrobial susceptibility results. Antimicrobial
choices are then based on the results and administered for at least 6-8 weeks.

16. How is nonsuppurative pancreatitis treated?

1. Prednisolone or another glucocorticoid is the cornerstone of therapy for lymphocytic/
plasmacytic disorders in cats. As with inflammatory bowel disease, it is important to start with a
high enough dose to suppress the inflammatory response. A reasonable starting dose of pred-
nisolone is 2-4 mg/kg orally every 12 hours for 1 month or until clinical remission occurs. The
dose is then tapered to once every 48 hours for 2-3 months (see Chapter 23).

2. Metronidazole can be used concurrently for its anaerobic spectrum as well as its immune-
modulating properties. At oral doses of 10 mg/kg every 12 hours, it can be used for long periods
(months).

3. With lymphocytic/plasmacytic disorders, it is best to eliminate allergens whenever possi-
ble as well as to modulate immune response. Thus, an enteric bland diet, which has limited anti-
gens and low residue and is calorie-dense, is recommended once the patient is eating well. Some
of these diets may include omega-6 and omega-3 fatty acids in a 5:1 ratio, which has an anti-in-
flammatory effect. Protein restriction is not required unless the patient is encephalopathic. The
fact that the cat eats is more important than what the cat eats (see Chapter 62).

17. Describe the treatment of pancreatitis induced by Toxoplasma gondii.

Pancreatitis induced by T. gondii is almost never documented on antemortem evaluation.
Increasing 1gG titers or high IgM titers suggest acute infection. The organism can be identified
on histologic examination of pancreatic tissue. If it is suspected, clindamycin (1012 mg/kg
orally everyl2 hr) may be an effective treatment (see Chapter 36).

18. Describe the treatment of pancreatitis induced by Eurytrema procyonis and Amphimerus
Dpseudofelineus.

E. procyonis may infest the pancreatic duct, whereas A. pseudofelineus may infest the pan-
creas itself. The diagnosis is made by finding the eggs on examination of fresh feces using forma-
lin-ethyl sedimentation. Fenbendazole (30 mg/kg orally every 24 hr for 6 days) is recommended
for treatment of E. procyonis; praziquantal has been used at a very high dose (40 mg/kg orally
every 24 hr for 3 days) to treat A. pseudofelineus. E. procyonis may be considered when cats are
exposed to raccoons or foxes.

19. How is therapeutic response monitored?

Cessation of vomiting and diarrhea are obvious signs of improvement. If lesions were ini-
tially present, repeat ultrasound examination can provide objective evidence of disease resolu-
tion. If CBC or biochemical abnormalities were present, resolution suggests improvement. Client
and clinician evaluations are subjectively valuable; concrete assessments of body weight, muscle
tone, coat condition, activity level, attitude, and appetite are also helpful.

20. What is the prognosis for cats with pancreatitis?

Prognosis depends on the type of pancreatitis as well as duration and severity. Many cats have
chronic, low-grade smoldering pancreatitides and live long lives, but they do better with diagnosis
and appropriate therapy.
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21. Does chronic pancreatitis predispose to other clinical syndromes?
* Untreated nonsuppurative pancreatitis has the potential to develop into acute necrotizing
pancreatitis.
* Type I diabetes mellitus may develop as a result of loss of beta cells.
* Exocrine pancreatic insufficiency (EPI) may result from loss of acinar tissue.
* Chronic lymphocytic plasmacytic inflammation may progress to small cell lymphoma in
some patients (controversial).

22. Is EPI common in cats?
Congenital EPI is rare in cats compared with dogs. Occasionally EPI results from chronic
pancreatitis.

23. Describe the clinical findings of EPL.

If active pancreatitis is not present, most cats have polyphagia with failure to thrive or weight
loss and poor coats. The stool is often voluminous and may appear as undigested food; diarrthea
may be present.

24. How is EPI diagnosed?

Increased neutral fats are present when stool is evaluated microscopically with Sudan IV
stain. Fecal trypsin, as assessed by gel digestion, should be decreased, but this finding is not spe-
cific for EPI. Serum TLI concentrations should be decreased, but this parameter has not been
used to assess large numbers of cats with EPI. Serum cobalamin and folate levels are expected to
be subnormal in most cases.

25. How is EPI treated?
High-fat foods should be avoided. Pancreatic enzyme replacement is added to food to effect.
Preincubation with the food for 15-30 minutes before feeding may be beneficial.

26. What is the prognosis for cats with pancreatic neoplasms?

The management and prognosis of pancreatic lymphosarcoma are similar to those described
for alimenteric lymphosarcoma (see Chapter 24). Because there is no effective therapy for adeno-
carcinoma, the prognosis is guarded.
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37. ABDOMINAL DISTENTION AND ASCITES
Michael R. Lappin, DV.M., Ph.D.

1. Define abdominal distention.
Abdominal distention is defined as a sudden or gradual increase in the size of the abdomen.

2. What causes abdominal distention?
Major differential groups include fluid accumulation, organomegaly, masses in the peri-
toneal cavity not involving organs (including obesity), and muscle weakness (usually associated
with hyperadrenocorticism).

3. What are the principal fluid accumulations resulting in abdominal distention?
The most common abnormal fluid accumulations include blood, urine, ascites, exudates, and
chyle (rare).

4. Define ascites.
Ascites is an abnormal accumulation of a transudate (low protein concentration) or modified
transudate (high protein concentration) in the peritoneal cavity.

5. What are the primary differentials for hemoabdomen?

Organ or vessel ruptures are common causes of hemoabdomen and usually result from
trauma, tumors, or torsions of the stomach and spleen. Although tumors (mainly of the liver
and/or spleen) and trauma are possible causes of hemoabdomen in cats, torsions are extremely
rare. The other major differential diagnosis for hemoabdomen is coagulopathy. Factor deficien-
cies such as those associated with warfarin toxicity are most common (see Chapter 71).
Thrombocytopenia, platelet function abnormalities, vasculitis, and systemic arterial hypertension
usually do not cause hemoabdomen.

6. What are the primary differentials for uroabdomen?
Uroabdomen results most commonly from rupture of the bladder due to trauma, neoplasia,
or obstruction. Diseases associated with urine leakage from the kidneys, ureters, or urethra result
in retroperitoneal leakage of fluid; if the peritoneum is also damaged, uroabdomen results.

7. What causes transudative ascites?

Transudates have low protein concentrations (< 2.5 gm/dl) and small numbers of cells (<
1000/ul). Abdominal effusions in this category are associated most commonly with decreased
oncotic pressure due to hypoalbuminemia. Hypoalbuminemia is associated most frequently with
renal loss, decreased hepatic production, gastrointestinal loss, starvation, and third spacing into
tissues or body cavities. In rare cases, sustained portal hypertension from chronic liver diseases
results in transudative ascites.

8. What causes ascites due to modified transudates?

Modified transudates have moderate protein concentrations (2.5-6.0 gm/dl) and moderate
numbers of cells (250-20,000/ul). Right-sided congestive heart failure is a common cause in
dogs but a rare cause in cats. Pericardial disease or obstruction of the caudal vena cava or hepatic
vein can lead to vascular congestion of the liver and leakage of high-protein fluid from hepatic
lymph vessels. In some cases, neoplasia, chyloperitoneum, and inflammatory diseases such as
feline infectious peritonitis are classified as modified transudates based on cell and protein con-
centrations. However, other findings usually support the primary diagnosis. For example, neo-
plastic cells are often detected cytologically; triglycerides are elevated in chylous effusions.
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9. What are the most common causes of exudative peritoneal effusion?

Exudates have high protein concentrations (> 3.5 gm/dl) and high numbers of cells (>
30,000/ul). Most cases result from infectious inflammatory diseases (feline infectious peritonitis
[FIP], bacterial peritonitis from penetrating wounds, bowel rupture) or from diseases resulting in
chemical irritation (pancreatitis, leakage of bile, leakage of urine).

10. What types of diseases result in organomegaly?

Organs can become enlarged when masses develop. Tumors, abscesses, granulomas, cysts,
and hemotoma are the most common mass lesions. Congestion of the liver and spleen can cause
organomegaly. Gastric or intestinal distention due to ileus, parasites, or obstructive diseases are
other causes of organomegaly. Torsion of the stomach or spleen also may result in abdominal
distention.

11. How is the initial differential list for abdominal distention determined?

Signalment, history, and physical examination are used initially. For example, young inbred
cats from crowded environments most commonly develop effusive FIP; uveitis and fever may be de-
tected. FIP, neoplasia and pancreatitis are the most likely causes of concurrent pleural effusion.
Uroabdomen and hemoabdomen are commonly associated with trauma and are usually acute.
Hypoalbuminemia associated with gastrointestinal (GI) loss is most often chronic and accompanied
by a history of GI signs such as vomiting or diarrhea. Hypoalbuminemia associated with hepatic fail-
ure usually is chronic and has other signs, including hepatic encephalopathy and weight loss.
Trauma, pancreatitis, exudates, and torsions usually have abdominal pain. A fluid wave can generally
be ballotted when abdominal distention is severe enough to be visible. Extreme abdominal distention
with a fluid wave in a cat with minimal other clinical signs is more likely ascites than hemoperi-
toneum, uroabdomen, or exudates. Increased respiratory rate may result from diaphragmatic im-
pingement. Polysystemic signs such as fever (exudates), pain (trauma, exudates), weakness (blood
loss, heart failure), dermatologic changes (hyperadrenocorticism), and polyuria/polydipsia (hypera-
drenocorticism) may help to differentiate causes of abdominal distention.

12. Describe the initial diagnostic plan for evaluating cats with abdominal distention.

Abdominal pericentesis is the logical first diagnostic procedure if a fluid wave is ballot-
ted. Because a large volume of fluid is required to result in abdominal distention, a single,
midline aspirate is adequate. Four-quadrant abdominal pericentesis is indicated when a single
midline tap is negative. It is better to use the linea alba for needle penetration because fewer
sensory nerve endings are involved and, if a coagulopathy is present, hematomas are less
likely to develop than if muscle is penetrated. Fluid should be placed onto a sterile swab and
into transport media for possible culture and sensitivity and into an EDTA tube for fluid
analysis; for cytologic assessment, it should be applied to a microscope slide in a thin smear.
If the fluid is red, packed cell volume and total protein assessment should be performed and
compared with peripheral blood to assess whether a vessel was hit or whether hemoabdomen
exists. Remove only enough fluid for diagnostic testing and to relieve diaphragmatic impinge-
ment if dyspnea is present. If it is unclear whether fluid is present, abdominal radiographs
should be taken.

13. What additional diagnostic tests are used for cats with organomegaly?

Additional tests depend on which organ is enlarged and the primary diseases suspected. For
renal, splenic, and hepatic masses, complete blood count (CBC), serum biochemical panel. and
urinalysis are usually performed. Ultrasound is often performed to evaluate enlarged parenchy-
mal organs. Barium series are indicated if obstructive GI tract disease is suspected but cannot be
confirmed by usual assessment of plain abdominal radiographs. Fecal examination is indicated in
some animals, particularly kittens with possible toxocariasis. Laparoscopy or exploratory laparo-
tomy can be used to evaluate enlarged organs and to obtain biopsies. Exploratory laparotomy
should be performed if the mass can be excised.
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14. Describe the additional diagnoestic work-up for cats with transudates.

CBC, serum biochemical panel, and urinalysis should be performed to determine whether
hypoalbuminemia is present and to assess for a site of potential loss. If hypoalbuminemia is pre-
sent, assessment of serum globulin concentrations can be beneficial. Renal loss usually results in
proteinuria with normal serum globulin concentrations. The further diagnostic plan usually in-
cludes the urine protein/creatinine ratio, renal ultrasound, and a search for potential causes of
glomerulonephritis. Potential tests may include an antinuclear antibody titer, Dirofilaria immitis
antigen and antibody testing, and renal biopsy. Decreased hepatic production of albumin usually
has normal-to-increased serum globulin concentrations. Pre- and postprandial bile acid measure-
ment, hepatic ultrasound, and hepatic biopsy are used for further assessment of hepatic diseases
associated with transudative ascites. When GI diseases result in hypoalbuminemia, serum globu-
lin concentrations are usually decreased as well. Rectal cytology, fecal examination, fecal fats,
trypsin-like immunoreactivity, barium series, endoscopy, and exploratory laparotomy for biop-
sies are examples of tests used to evaluate causes of protein-losing enteropathies. If hypoalbu-
minemia is not present, the liver should be evaluated for potential canses of protracted portal
hypertension by use of bile acid assessment, ultrasound, and, potentially, biopsy.

15. What additional diagnostic tests are used for cats with modified transudates?

Modified transduate should be examined cytologically to rle out neoplasia. If chyloperi-
toneum is suspected, triglyceride concentrations should be measured. Most cats with disease cranial
to the liver have hepatomegaly. If cardiac tamponade is occurring, jugular pulses and jugular disten-
tion may be present; thoracic radiographs, cardiac ultrasound, and measurement of central venous
pressure are indicated. If cardiac causes of the modified transudate are eliminated, CBC, serum bio-
chemical panel, and urinalysis are indicated to evaluate other possible primary causes. Abdominal
ultrasound, laparoscopy, or exploratory laparotomy often is needed to identify the primary cause.

16. Describe the additional diagnostic work-up for cats with exudates.

If an exudate is detected, CBC, serum biochemical panel, and urinalysis often are performed
to evaluate for primary causes. Peritoneal effusion and serum lipase activities should be com-
pared; the abdominal fluid lipase activity is usually greater if pancreatitis is present. If uroab-
domen is suspected, creatinine and urea nitrogen concentrations in the abdominal fluid should be
measured and compared with serum concentrations, Abdominal ultrasound often is indicated if a
cytologic diagnosis cannot be made. If the exudate is septic or contains bile, immediate ex-
ploratory laparotomy is indicated. If the fluid has high protein concentration but only moderate
increases in mature neutrophils and macrophages, FIP is likely. The albumin-to-globulin ratio of
the fluid should be evaluated. Values < 0.4 suggest FIP, whereas values > 0.8 suggest that another
disease is present.

17. What additional diagnostic tests are used for cats with hemoabdomen?

If trauma is not obvious, coagulopathy should be excluded by measuring an activated clot-
ting time (or other factor tests, such as prothrombin time or activated partial thromboplastin time)
and platelet count. Organ-associated bleeding is evaluated by ultrasound, laparoscopy, or ex-
ploratory laparotomy.

18. What additional diagnostic tests are used for cats with suspected myopathy associated
with hyperadrenocorticism?

Exogenous glucocorticoid administration should be excluded by history. Naturally occurring
hyperadrenocorticism is excluded by a combination of blood tests and imaging techniques (see
Chapter 54).

19. How should abdominal distention be treated?
The treatment plan is based on the primary diagnosis. Palliative treatments include rest, de-
livery of oxygen, and therapeutic abdominal pericentesis to relieve diaphragmatic impingement.
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38. FELINE INFECTIOUS PERITONITIS
Michelle L. Berry, D.V.M.

1. Define feline infectious peritonitis.

Feline infectious peritonitis (FIP) is a disseminated disease caused by feline coronaviruses
(FCoV). Field strains of FCoV vary in disease-inducing potential. Some isolates cause FIP
(feline infectious peritonitis virus [FIPV]), and some isolates cause a more localized gastroin-
testinal disturbance that often results in diarrhea (feline enteric coronavirus {[FECV]). These two
strains cannot be distinguished from one another morphologically or antigenically. FECV can
mutate spontaneously in the host to become a FIP-inducing stain.

2. How do cats become infected with FCoV?

Cats usually become infected with FCoV by ingestion of virus, but inhalation may provide
viral entrance. Because cats shed viral particles in feces, litterbox exposure and mutual grooming
are probably the most important sources of infection. Cats living in multiple cat households or
having exposure to multiple cats are at a greater risk of contracting FCoV and, as a result, FIP, in
part because of higher levels of virus exposure and probably a higher level of stress.

3. Why is disease limited to enteric signs in some cats, whereas others develop FIP?

Both viral strain factors and host factors may play a role. FECV attaches to an enzyme in the
intestinal brush border and replicates in enterocytes. This process causes the villous tips to
slough, and diarrhea ensues, which usually is self-limiting. If the cat is exposed to FIPV or if
FECV mutates to FIPV, the organism is able to replicate in enterocytes and macrophages.
Disseminated infection can then occur. Genetic predispositions also are suspected. Host-derived
immunity also may play a role in resistance to development of FIP.

4. Describe the typical presentation for a cat with FIP.

Cats with FIP can present for evaluation of many clinical syndromes. Anorexia is
common, but some cats have a normal appetite. Ascites may be the only clinical sign.
Historically, the cat is usually young, lives in a multicat household or cattery, and has been re-
cently stressed with a new environment, surgery, or illness. The history may include diarrhea,
lethargy, weight loss, or inappetence. Many cats present with a low-grade fever unresponsive
to antibiotics. The clinical disease of FIP has two primary clinical forms, the effusive (wet)
form and the noneffusive (dry) form. The most common historical and physical examination
findings of noneffusive FIP relate to organomegaly and resultant organ failure. Hepatic, ocular,
renal, alimenteric, and central nervous system dysfunction are common. Clinical manifesta-
tions of the effusive form relate to the development of body cavity effusions. A distended ab-
domen due to ascites and dyspnea and muffled heart and lung sounds due to pleural effusion
are common. Although these distinctions are useful in diagnosing the disease and recognizing
signs, they are not mutually exclusive; an individual cat can have manifestions of both forms.
Some cats may initially have manifestations most consistent with the noneffusive form and
later become effusive or vice versa.
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Clinical Abnormalities Suggestive of Feline Infectious Peritonitis

Signalment and history
Cats < 3 years of age or > 10 years of age
Purebred cat
Purchase from a crowded cat environment
Previous history of gastrointestinal or upper respiratory disease
Serologic evidence of infection by feline leukemia virus
Nonspecific signs of anorexia, weight loss, or depression
Seizures, nystagmus, or ataxia
Acute, fulminant course in cats with effusive disease
Chronic, intermittent course in cats with noneffusive disease

Physical examination
Fever
Weight loss
Pale mucous membranes with or without petechiae
Dyspnea with a restrictive breathing pattern
Muffled heart or lung sounds
Abdominal distention with a fluid wave with or without scrotal swelling
Icterus with or without hepatomegaly
Chorioretinitis or iridocyclitis
Multifocal neurologic abnormalities
Irregularly marginated kidneys with or without renomegaly
Mesenteric lymphadenopathy
Splenomegaly

Clinicopathologic abnormalities

Nonregenerative anemia

Neutrophilic leukocytosis with or without a left shift

Lymphopenia

Hyperglobulinemia characterized as a polyclonal gammopathy with increases in alpha, and
gammaglobulins; rare monoclonal gammopathies

Nonseptic, pyogranulomatous exudate in pleural space, peritoneal cavity, or pericardial
space

Increased protein concentrations and neutrophilic pleocytosis in cerebrospinal fluid

Positive coronavirus antibody titer

Pyogranulomatous or granulomatous inflammation in perivascular location on histologic
examination of tissues

Positive results of immunofluorescence or polymerase chain reaction performed on pleural
or peritoneal exudate

5. What are the neurologic manifestations of FIP?

Some studies estimate that 12-35% of cats with FIP have neurologic signs. These numbers
vary widely among institutions and possibly are affected by a skewed population. Some cats may
show only central neurologic signs. The most common neurologic signs associated with FIP are
ataxia, followed by nystagmus and seizures. Other neurologic signs depend on the location of the
granuloma or whether the virus is causing meningitis.

6. What are the most common ocular manifestations of FIP?

Uveitis can be detected in cats with either form of disease, but it is thought to be more
common in cats with noneffusive FIP. The most common ocular sign in FIP is iritis, which mani-
fests as a color change (see Chapter 67). Keratic precipitates also may be seen because large
numbers of inflammatory cells settle on the back of the cornea. Chorioretinitis due to vasculitis is
recognized in some affected cats.
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7. Why do effusions form in some cases of FIP?

When the organism is disseminating in infected macrophages, the body responds with anti-
body production, resulting in complement activation. It is hypothesized that the combination of
viral particles or antigens bind to antibody, resulting in complement fixation and circulating
immune complexes, which attach to blood vessels and cause severe vasculitis. It is also possible
that complement is fixed to immune complexes in tissues. Vasculitis results in leakage of high
protein fluids from affected organs; common sites of leakage are the peritoneum, kidney, and
uvea. Exudation of fluid and plasma proteins occurs primarily in body cavities, resulting in as-
cites and pleural effusion. Cats developing the effusive form of disease may have poor cell-medi-
ated immune responses.

8. Describe the pathophysiology of the noneffusive form of FIP.

It is hypothesized that the noneffusive form of FIP occurs in cats that are capable of mounting
a partial cell-mediated immune response that does not totally contain the infection. Effusion may
be less likely because less virus is available for the formation of immune complexes, resulting in
less severe vasculitis. When circulating or tissue-associated immune complexes fix complement,
neutrophils and macrophages are attracted to the involved organs and pyogranulomatous inflam-
mation develops. Pyogranulomatous inflammation may become severe enough to cause organ
dysfunction or failure.

9. At what age are cats more likely to develop FIP?

FIP is said to be a disease of the very young and the very old. Newborn kittens usually are
protected by maternal antibodies that last for the first few weeks of life. As maternal aniibody
protection fades, the kittens are susceptible to infection. The most common age range for cats
with FIP is 3 months to 3 years. Another peak in susceptibility occurs in cats older than 10 years,
presumably because of an age-related decline in immune responses.

10. What is the relation between FIP and feline leukemia virus?

Previously it was believed that feline leukemia virus (FeLV) compromised the immune
system and facilitated development of FIP. If this were true, it seems likely that the dramatic de-
crease in the incidence of FeLV would be accompanied by a parallel decrease in the incidence of
FIP. Because the incidence of FIP has remained the same despite a decrease in the incidence of
FeL.V, the correlation between the two viruses is much weaker than once imagined.

11. How is FIP diagnosed?

Histology of affected tissues is considered the only way to reach an indisputable diagnosis of
FIP. Immunochistochemical staining of tissues allows identification of viral antigen associated
with inflammation and therefore provides a specific diagnosis.

12. How can effusions be used to aid in the diagnosis of FIP?

If the cat has ascites or pleural effusion, centesis and fluid analysis are valuable diagnostic tools.
Typically the fluid is pale yellow and has increased viscosity. Evaluation of protein content yields a
total protein > 3.5 gm/dl, over 50% of which is composed of gammaglobulins. Cytology of the fluid
reveals an exudate with cellularity (< 5000 cells/ul) consisting primarily of nondegenerative neu-
trophils. In rare cases, the effusion is pink and chylous. With a combination of the above protein con-
tent, globulin predominance, and cytology, the positive predictive value for diagnosis of FIP based
on fluid analysis is > 90%. In addition, the albumin-to-globulin ratio of the effusion is usually < 0.8;
aratio < 0.45 is usually predictive of effusive FIP. Documentation of coronaviral RNA by reverse
transcriptase polymerase chain reaction (see question 15) supports the diagnosis of effusive FIP.

13. Can noneffusive FIP be diagnosed without obtaining tissue?
Clinicians strive to arrive at a diagnosis with less invasive methods because of the patient’s
often compromised condition. The noninvasive approach to diagnosis can prove to be difficult.
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Currently no single test of serum or effusion fluid can give a definitive diagnosis of FIP; there-
fore, the clinician must rely on careful history and observation, thorough physical examination,
and multiple diagnostic tests. If the history and physical examination are suggestive of FIP, diag-
nostic tests can aid in confirmation.

Cats with clinical signs consistent with FIP and the combination of lymphopenia (< 1.5 x
103 cells/ul), FCoV antibody titer > 1:160, and hyperglobulinemia (> 5.1 gm/dl) have an 88.9%
probability of having FIP. If the cat has clinical signs of FIP but does not have all three of the
above diagnostic criteria, there is a 98.8% probability that the cat does not have FIP, Therefore,
these tests can be quite helpful in excluding the diagnosis of FIP.

In cats with neurologic FIP, cerebrospinal fluid (CSF) analysis can provide helpful informa-
tion to aid in diagnosis. CSF analysis in cats with neurologic FIP usually reveals increased protein
concentrations and neutrophilic pleocytosis. Detection of coronavirus antibodies in CSF has not
correlated consistently with a diagnosis of FIP and does not seem to correlate with serum titers.

14. What kind of serologic tests are available? How reliable are they in diagnosing FIP?
No available serologic test can differentiate between strains of FCoV. A positive test result
reveals that the cat has been exposed to a coronavirus but does not predict that the cat wilt de-
velop FIP. One study reported that cats with high coronavirus antibody titers had only a 38.9%
probability of having FIP. In addition, cats that have been vaccinated for FIP can become
seropositive. Although negative titers strongly suggest that the cat does not have FIP, some stud-
ies have reported negative antibody titers in cats with histologically confirmed FIP. A possible
explanation is that, with widespread immune complex formation, the antibody may be bound in
the complex and prevented from reacting in the test. Alternatively, the cat may have had fulmi-
nant FIP and died before mounting a humoral response. For these reasons, clinicians are urged
not to rely on serology as a single diagnostic test. Many cats have been euthanized because of
misconceptions about the validity of serologic tests as the sole determinant of disease.

15. What other tests are available for FIP?

Reverse transcriptase polymerase chain reaction (RT-PCR) test is available. Because coron-
aviruses are RNA viruses, reverse transcriptase is used first to convert RNA to DNA. The DNA is
then amplified in the polymerase chain reaction. Positive results of this test on whole blood may sup-
port the diagnosis of FIP in a clinically ill, seronegative cat. However, as with serologic tests, RT-
PCR does not distinguish between FCoV strains; a positive test indicates only exposure to a
coronavirus. In one study, cats with enteric coronavirus infections were just as likely to be PCR-pos-
itive as cats with FIP. In addition, false positives and false negatives have been reported. Whether RT-
PCR performed on aqueous humor or CSF aids in the diagnosis of FIP is currently unknown.

16. What is the prognesis for cats with FIP?

Clinical FIP is almost always a fatal disease with a mortality rate > 95%. Cats with the effu-
sive form of FIP usually progress more quickly and often die within 2 months of initial clinical
signs. The noneffusive form may run a slower course; some cats live for months to years.

17. What treatment is recommended for FIP?

Because FIP is an immune complex disease, immunosuppression is the mainstay of treatment.
High doses of glucocorticoids are commonly used for their immunosuppressive and antiinflamma-
tory properties. Cytotoxic drugs such as cyclophosphamide and chlorambucil have been used in con-
junction with glucocorticoids. Success is greater with noneffusive FIP, Cats with effusive FIP are
thought to have poor immunity and heavy viral load; glucocorticoid administration may exacerbate
disease. In addition, although these drugs are needed to help control the immune response associated
with clinical FIP, they also may cause susceptibility to bacterial infections due to myelosuppression
and general immunosuppression. Therefore, broad-spectrum antibiotic therapy may be necessary as
a prophylactic treatment. Reasonable choices include amoxicillin and cefadroxil. If an infection is
documented, antibiotic selection should be based on culture and sensitivity.
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18. What other drugs are used for treatment of FIP?

Antiviral drugs and immune-modulating drugs have been evaluated for the treatment of FIP.
Recombinant human interferon-alpha has been given to cats in experimental settings and has
slowed progression of disease. For debilitated cats with the effusive form, recombinant human
interferon-alpha at high doses has been recommended. For cats with the noneffusive form. lower
doses have been recommended. To date, no antiviral drugs have proved effective that can be tol-
erated by cats without severe side effects.

Treatment Recommendations for Feline Infectious Peritonitis

DRUG DOSE
Immunosuppressive drugs
Prednisolone 2-4 mg/kg orally every 24 hr
Cyclophosphamide 200-300 mg/m?® orally every 2-3 wk or

2.2 mgfkg every 24 hr for 4 consecutive days each week

or
Chiorambucil 20 mg/m? orally every 2-3 wk
Antibiotic therapy
Amoxicillin/clavulanic acid  10-20 mg/kg orally every 12 hr
or
Cefadroxil 20 mg/kg orally every 12 hr

Immune-modulating drugs

Recombinant human interferon-alpha
Effusive form 2 % 10* IU/kg intramuscularly or subcutaneously every 24 hr for up to 3 wk
Noneffusive form 30 IU orally every 24 hr for life

19. What measures should be taken to aid in prevention of FIP?

Prevention strategies should be based on the housing and exposure possibilities of each pa-
tient. Cats living in a single cat household need a much less rigid prevention protocol than cats in
a cattery or multiple cat household.

20. What prevention strategies are appropriate for seronegative single cat households?

Seronegative cats living in a single cat household are at low risk for developing FIP (inci-
dence = 1 in 5000). Prevention is aimed at limiting exposure to other cats. Any new cat to be in-
troduced to this household should be seronegative 30 days before entrance. Optimally, new cats
should be quarantined for 3 weeks, then retested before free access to the household is given.
Kittens should be tested after 12 weeks of age to allow time for clearance of lactationally derived
antibodies and to allow seroconversion if they have been naturally exposed.

21. What prevention strategies are appropriate for seronegative multiple cat households?

Prevention is geared toward the same goal as the single cat seronegative household—Ilimit-
ing exposure. New additions to the household should be seronegative 30 days before entrance
and should be quarantined for 3 weeks, then retested before gaining access to other cats in the
household. Kittens should be tested at 12 weeks of age. Fecal contamination should be mini-
mized by keeping food away from litterboxes and cleaning litterboxes daily.

22. Describe the appropriate prevention strategies for seropositive multiple cat house-
holds.

Decreasing stress and fecal-oral contamination are main concerns. Care should be taken to
decrease fecal contamination of food by keeping food bowls and litterboxes in separate areas.
Litterboxes should be cleaned daily and disinfected with a 1:32 dilution of bleach weekly. There
should be one litterbox for every 1 or 2 cats. Cats should be kept in stable groups of three or four
to decrease stress. In boarding or rescue facilities, cats should be housed singly.
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23. Describe the appropriate prevention strategies for catteries,

In catteries or other breeding colonies, cleanliness guidelines should be enforced without ex-
ception. The kitten room should be kept separate from other rooms in the cattery, and exposure to
other cats should be eliminated. The room should be cleaned with 1:32 dilute bleach solution
before the queen is introduced into the room before parturition. Seropositive queens should be
separated from their kittens at 5 weeks to limit exposure to the kittens. Kittens that are seronega-
tive at 12-14 weeks of age can be assumed to be FoCV-naive.

24. When should vaccination for FIP be used?

Vaccination with the commerically available intranasal FIP vaccine is not recommended for
all cats. Because cats from one- or two-cat households have such a low risk for development of
FIP, vaccination is not recommended. In multicat households where FCoV is enzootic, vaccina-
tion of resident or incoming seronegative cats potentially decreases the incidence of FIP.
Vaccination in these settings has been shown to decrease the incidence only in cats that were
seronegative before vaccination.
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39. POLYURIA AND POLYDIPSIA:
OVERVIEW AND DIAGNOSTIC PLAN

Michael R. Lappin, D.V.M., PA.D.

1. Define polyuria and polydipsia.

Polyuria is increased urine production, and polydipsia is increased water consumption. In
dogs and cats, polydipsia is defined as water consumption > 100 ml/kg/24 hours; polyuria is de-
fined as urine production > 50 ml/kg/24 hours. There are primary causes of each condition, but
clinical manifestations of both occur in most affected cats. For example, cats with polydipsia uri-
nate larger volumes to clear the body of excessive fluids; polyuric cats dehydrate themselves and
drink excessively to compensate.

2. What diseases are commonly associated with polyuria and pelydipsia?
The multiple causes of polyuria/polydipsia in cats can be grouped into four major categori-
ers: renal, endocrine, metabolic, and miscellaneous. By far, the most common causes of polyuria/
polydipsia in cats are renal failure, diabetes mellitus, and hyperthyroidism.

Primary Causes of Polyuria and Polydipsia in Cats

Renal Metabolic

Acute renal failure Hepatic failure

Chronic renal failure Hypercalcemia

Pyelonephritis Hypocalcemia

Primary renal glycosuria (rare)

Glomerulonephritis Miscellaneous

Idiopathic or congenital nephrogenic diabetes insipidus Gram-negative endotoxins
Drugs

Endocrine Hyperviscosity syndromes

Diabetes mellitus Psychogenic polydipsia (rare)

Hyperthyroidism

Hypoadrenocorticism (rare)
Hyperadrenocorticism (rare)
Central diabetes insipidus

3. Describe the signalment most commonly associated with causes of pelyuria/polydipsia.
Acute renal failure and pyelonephritis can occur in cats of any age. Chronic renal failure is
most common in older cats; exceptions include breeds with congenital renal diseases (see
Chapters 40 and 42). Endocrine and metabolic disorders are most common in older cats; an ex-
ception is hepatic insufficiency due to congenital liver disease. Breed associations are seen with
some causes of polyuria/polydipsia. For example, Persian cats commonly have polycystic kidney
disease, and Abyssinian cats commonly have amyloidosis. Pyometra is most common in intact
female cats.
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4. What historical findings are commonly associated with causes of polyuria/polydipsia?

Clients generally report excessive urine in the litterbox, inappropriate urination, increased
water consumption, or clinical signs reflecting the primary problem. Water intake may be from
unusual sources (e.g., tubs, sinks, toilets, plant water containers). Drugs and toxins (nephrotoxi-
cants) often can be excluded by history. Cats with pyelonephritis or chronic renal failure may
have had recurrent episodes of lower urinary tract disease preceding polyuria/polydipsia. Cats
with hepatic insufficiency commonly have protracted history of doing poorly and may have had
weight loss, anorexia, vomiting, or icterus consistent with hepatic disease. Cats with hypoadreno-
corticism usually have a history of intermittent gastrointestinal signs as well as polyuria/polydip-
sia. Polyphagia with polydipsia/polyuria is most common in cats with hyperthyroidism or
diabetes mellitus, Cats with hyperthyroidism or hyperadrenocorticism often have a history of ag-
gression; hyperadrenocorticism is commonly associated with dermatologic problems.

5. What physical examination findings are most commeonly associated with causes of
polyuria/polydipsia?

Cats with polyuria/polydipsia associated with renal diseases may have several different physical
examination abnormalities. For example, large kidneys occur with acute renal diseases, obstructive
nephropathy, and lymphoma. Cats with chronic renal failure usually have small, irregularly mar-
ginated kidneys with evidence of weight loss and may have soft bones or retinal lesions. Thyroid
nodules often can be palpated in the ventral cervical region of cats with hyperthyroidism. Cats with
hepatic failure usually are thin and may have evidence of ascites, icterus, or neurologic dysfunction.
The uterus may be palpated in cats with pyometra. Many cats with diabetes mellitus have palpable
hepatomegaly. Most cats with hyperadrenocorticism have alopecia and thinning of the skin.

6. How can I confirm polyuria/polydipsia?
Performance of a 24-hour water consumption study at home is best for determining whether
a cat has polydipsia/polyuria. All faucets should be turned off, and the toilet lids placed in the
down position so that a single water source can be used to determine consumption. Normal cats
should drink < 100 ml/kg/24 hr and urinate < 50 ml/kg/day. In the absence of an accurate quanti-
tated water consumption measurement, dilute urine on a urinalysis is supportive of polyuria.

7. What is included in the initial diagnostic plan for cats with polyuria/polydipsia?
In cats with documented polyuria/polydipsia, the combination of complete blood cell count,
serum biochemical panel, urinalysis, serum osmolality, and total T4 (cats older than 5 years) is a
good initial diagnostic plan that proves or eliminates most differential diagnoses.

8. How does the urinalysis aid in the ranking of the differential diagnoses?

The urine specific gravity is usually < 1.035 in cats with polyuria/polydipsia. Proteinuria is
usually detected in cats with glomerular or tubular lesions in the kidneys. In cats with diabetes
mellitus, glycosuria with or without ketonuria is detected. Glucosuria may be detected with tubu-
lar disease such as primary renal glycosuria, but the cat is euglycemic. Ammonium biurate crys-
tals may be detected in cats with hepatic insufficiency; other crystal types may be detected in cats
with other forms of obstructive uropathy. Pyuria and bacteriuria are common in cats with
pyelonephritis. Cats with hyperadrenocorticism may have bacteriuria without pyuria; excessive
urinary cortisol lessens inflammation while promoting infections. Cats with central or nephro-
genic diabetes insipidus have the lowest urine specific gravity measurements (e.g., 1.001-1.008).

9. How does the serum osmolality aid in the ranking of differential diagnoses?

Most cats either have polydipsia with compensatory polyuria or polyuria with compensatory
polydipsia. Cats with primary polydipsia dilute the serum osmolality and urinate excessively to
clear the extra volume. Cats with polyuria dehydrate, increasing serum osmolality and resulting
in compensatory polydipsia. Serum osmolality values < 280 and > 310 are most consistent with
polydipsia and polyuria, respectively. Because of chronicity and compensatory mechanisims,
however, a normal serum osmolality is observed-in most cases.
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10. What specialized blood tests are commonly used in the diagnostic work-up of cats with
polyuria/polydipsia?

Diabetes mellitus is confirmed in cats with hyperglycemia, glycosuria, and three of the fol-
lowing clinical signs: polyphagia, polyuria, polydipsia, and weight loss. A baseline fructosamine
concentration usually is determined after diagnosis and is used to monitor therapy (see Chapter
56). Cats with hepatic insufficiency resulting in polyuria/polydipsia usually have low albumin,
low blood urea nitrogen, low glucose, low cholesterol, and high bilirubin concentrations on rou-
tine blood chemistries. Pre- and postprandial serum bile acids can be used to document hepatic
insufficiency in cases with questionable resuits (see Chapter 28). Measurement of multiple serum
total T4 concentrations, a T3 suppression test, or a technecium scan may be required to confirm
hyperthyroidism (see Chapter 53). The adrenocorticotropic stimulation test can be used to ex-
clude hyperadrenocorticism and hypoadrenocorticism (see Chapters 54 and 55). Most cats with
hypoadrenocorticism have elevated potassium and low sodium concentrations. Protein elec-
trophoresis determines the type of gammopathy in cats with hyperviscosity syndromes.

11. How do imaging techniques aid in the diagnosis of polyuria/polydipsia?

Radiographs and ultrasound are commonly used to aid in the evaluation of hepatic, renal or uter-
ine causes of polyuria/polydipsia. Thoracic and abdominal radiographs usually are reviewed in cats
with hypercalcemia to assess for evidence of neoplasia. Nuclear scintigraphy can be used to docu-
ment glomerular filtration rate or to confirm hyperthyroidism. Computed tomography or magnetic
resonance imaging of the brain may be required to evaluate causes of central diabetes insipidus.

12. When should a water deprivation test be performed?

Other than idiopathic nephrogenic diabetes insipidus, central diabetes insipidus, and psy-
chogenic polydipsia, most causes of PU/PD in cats can be excluded as described above. Because
these conditions are rare in cats, water deprivation testing is almost never required.
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40. ACUTE AND CHRONIC RENAL FAILURE

Helen Tuzio, DV.M., M.S.

1. Define renal failure.

It is the inability of the kidneys to perform hemodynamic, filtration, and excretory functions,
resulting in the accumulation of uremic toxins and deregulation of fluid, electrolyte, and acid-
base balance. Clinically, it is defined as azotemia (elevated concentrations of blood urea nitrogen
[BUN] or creatinine) and concurrent decrease in urine-concentrating ability (urine specific grav-
ity [USG] < 1.040).

2. Define azotemia.
Azotemia is an excess of urea and other nitrogenous compounds in the blood. It results from
increased protein catabolism or reduced excretion capabilities and may be divided into renal. pre-
renal, and postrenal causes.

3. What causes renal azotemia?
Renal azotemia, defined as persistent azotemia with suboptimal urine concentrating ability
in the absence of nonrenal factors, is due to a functional loss of nephrons (at least 75%).
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4. What causes prerenal azotemia?

Increases in blood urea nitrogen (BUN) occur with factors other than renal failure, including de-
hydration, high protein diet, starvation, fever, burns, blood loss (especially gastrointestinal ulceration),
and glucocorticoid administration. Creatinine may be falsely elevated if the sample is hemolyzed. In
these nonrenal causes of azotemia, urine specific gravity (USG) is usually > 1.040. The kidneys re-
ceive 25% of cardiac output and do not have collateral circulation. As 2 result, ischemia can occur
whenever renal blocd flow is reduced. One of the most common prerenal causes of kidney failure is
prolonged anesthesia. Other common causes are diuretics, thromboembolism, malignant hyperten-
sion, trauma, and hemorrhage. Conditions such as hypotension, circulatory collapse, prolonged renal
vasoconstriction, disseminated intravascular coagulation, shock, pancreatitis, hypoproteinemia, and
heat stroke also can produce hypovolemia or hypoperfusion. If left untreated, ischemia from reduced
blood flow can produce intrinsic renal damage and subsequent acute or chronic renal failure.

5. What causes postrenal azotemia?
Azotemia also can occur with urinary tract obstruction (mucous plugs, uroliths, neoplasia)
and leakage of urine into tissues (ruptured bladder, ureter or urethra), which result in failure to
excrete uremic waste.

6. How does acute renal failure differ from chronic renal failure?

Acute renal failure (ARF) usually is associated with a sudden onset of clinical signs, rapid
(hours to days) increases in BUN and serum creatinine, and electrolyte and acid—base distur-
bances. All of these manifestations result from tubular dysfunction and reduction in glomerular
fikration rate. Chronic renal failure (CRF) is a long-term condition caused by a decrease in the
number of functioning nephrons that can last for months to years. ARF that persists for 2 weeks
or longer is considered chronic.

7. Does it make a difference whether renal failure is acute or chronic?
Unlike CRF, ARF is potentially reversible, especially if diagnosed early and treated appro-
priately. However, if therapy is delayed, ARF can produce irreparable kidney damage and subse-
quent death of the patient.

8. What causes intrinsic renal failure?

Diseases that directly or indirectly affect the vasculature, glomeruli, tubular epithelium, or
interstitium of the kidney cause intrinsic renal failure. Glomerulonephritis, pyelonephritis, feline
infectious peritonitis, lymphoma, and nephrotoxicants (e.g., ethylene glycol, nonsteroidal anti-
inflammatory drugs [NSAIDs], aminoglycosides) are common causes.

9. Describe the progression of ARF.
AREF progresses sequentially through three phases;
1. In the initiation phase, the parenchyma and tubular epithelium are injured.
2. In the maintenance phase, the damage to the epithelium becomes irreversible.
3. During the recovery phase, repair occurs and some or all of the renal function is regained.
The initiation phase may last from hours to days. If treatment is instituted before the patient
enters the maintenance phase, further progression of the disease can be prevented.

10. How common is renal failure in cats?

A study completed at the University of Minnesota between 1980 and 1990 found an overall
prevalence of 3.05%. However, this figure annually increased from 0.5% to 4.5% over the 10-year
period. Because detection techniques, client knowledge, and clinician awareness of renal disease
have improved significantly since 1990, the prevalence of renal failure may be far greater today.

11. How does age affect the prevalence of renal failure?
The incidence of renal failure increases with advancing age. Studies of age distributions have
shown that cats younger than 10 years account for 37% of cases: cats between 10 and 15 years old
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are 5 times more likely to have renal failure than cats of other age groups and account for 31% of
cases; and 32% of cats older than 15 years are diagnosed with renal failure. Cats older than 15 years
are 20 times more likely to have renal failure than other age groups. According to published reports,
the mean age of cats with CRF is 12.6 years, whereas the mean age at diagnosis is 7.4 years.

12, What other factors may predispose to renal failure?

Factors leading to the development of CRF may be inherited or acquired. The tendency to
develop polycystic renal disease, for instance, appears to be familial (see Chapter 42). A higher
incidence of renal failure has been identified in Abyssinian, Burmese, Maine coon, Russian blue,
and Siamese cats. Acute renal insults, if left untreated, can lead to CRF by irreparably damaging
the renal parenchyma, resulting in loss of functional nephrons. However, ARF may not be recog-
nized in some cases. A study of cats with primary renal disease found that chronic tubulointersti-
tial nephritis was the most common (70.4% of 47 cats) histopathologic finding. It has been
suggested that ch