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CARDIORESPIRATORY SECTION 

 

“STAGED” APPROACH TO CANINE HEART DISEASE / CHF 

Introduction                                                                                                                              
Canine mitral valve disease (MMVD, endocardiosis) is a frequent medical issue seen by 
practitioners on a regular basis.  Case surveys suggest that approximately 10% of dogs 
presented to primary practices have heart disease and 75% of these patients have MMVD.  
Canine dilated cardiomyopathy (DCM) is less commonly diagnosed in comparison to canine 
mitral valve disease (MMVD, endocardiosis) but is the second most common cause of 
congestive heart failure in the dog.   Although the majority of practicing veterinarians are not 
trained in and may not perform echocardiography, MMVD and dilated cardiomyopathy can still 
be diagnosed and treated in primary care practice.  Therefore, complete understanding of these 
canine cadiac diseases, including diagnostic testing and current treatment principles, is critical 
for all small animal veterinary practitioners.   

Prevalence 
CMVD affects the left atrioventricular (mitral) valve apparatus, although in approximately 30% of 
canine patients the right atrioventricular (tricuspid) valve is also involved.  CMVD prevalence is 
highest in smaller breed (< 20 kg) mature to geriatric dogs (85% of dogs 13yr or older have 
some evidence of involvement).  Larger breeds are less commonly affected.  Cavalier King 
Charles Spaniels frequently develop CMVD at a younger age compared to other breeds.  The 
disease is generally slowly progressive with most dogs developing a recognizable systolic heart 
murmur months to years before the clinical onset of heart failure.  The development of a murmur 
associated with valve leakage does not necessarily indicate that a dog will eventually develop 
clinical signs of heart failure as the underlying cause of the disease and the factors that 
determine the progression remain unknown.  Larger breed dogs with CMVD often progress 
more rapidly compared to smaller breed dogs.  The exact cause of CMVD remains unknown, 
but there appears to be an inherited component in some breeds.  CMVD is characterized by 
changes in the matrix of the valve apparatus (including the valve leaflets and chordae 
tendineae).  Progressive deformation of the valve structure eventually prevents effective 
coaptation and causes regurgitation (valve leakage). Progressive valvular regurgitation 
increases cardiac work, leading to ventricular remodeling (eccentric hypertrophy and 
intercellular matrix changes) and ventricular dysfunction. 
 
Canine DCM most commonly affects the myocardium of both the left and right ventricular wall.  
Progressive myocardial cell death and subsequent ventricular remodeling (eccentric 
hypertrophy and intercellular matrix changes) results in systolic ventricular dysfunction, 
increased myocardial oxygen consumption, increased ventricular workload, reduced cardiac 
output and eventual heart failure. 



 

 

 
DCM is primarily recognized in larger breed dogs (Doberman Pinscher, Great Dane, Boxer, Irish 
Wolfhound, Scottish Deerhound, Afghan, etc… ) although any breed can develop the disease.  
American Cocker Spaniels also have a high incidence of the disease.  The presence of a heart 
murmur is variable and often not detectable in the early stages of the disorder.  DCM is a 
progressive disease and all affected dogs will likely develop clinical signs of heart failure.  The 
exact cause of DCM remains unclear but genetic factors likely play a strong role and there 
appears to be an inherited component in some breeds.   
 
Progression and Staging 
CMVD patients may be identified at varying stages of disease.  The most common presentation 
is the detection of a heart murmur in an otherwise asymptomatic older dog.  Other patients may 
present with a murmur and varying degrees of clinical signs including tiring or heavier breathing 
with normal activities, intermittent coughing or overt acute labored breathing effort. 
CMVD patients can be objectively classified in the course of their heart disease and this system 
can be used to help determine introduction and modification of appropriate drug treatments as 
the disease progresses over time. 
 
Most DCM patients are identified at an advanced stage of clinical disease (CHF) unless routine 
screening is performed in at-risk patients.   Acute collapse or acute pulmonary edema is often 
the first clinical presenting sign.  In some patients an owner may recognize tiring or heavier 
breathing with normal activities, intermittent coughing prior to congestive heart failure.  Ascites 
and pleural effusion are often present due to right heart involvement.  Cardiac arrhythmias, 
including atrial fibrillation and ventricular tachycardia, are common. 
 

• Stage A - patient at high risk for developing heart disease but currently have no 
identifiable structural disorder of the heart (eg, every Cavalier King Charles Spaniel), 
Doberman Pinscher). 
 

• Stage B - patients with structural heart disease (eg, typical murmur of mitral valve 
regurgitation present), but that have never developed clinical signs caused by heart 
failure. Because of important clinical implications for prognosis and treatment may be 
further subdivided Stage B1 and B2.  Radiographic evidence of cardiomegaly may or 
may not be recognizable at this stage.  An elevated cardiac biomarker (BNP) may be 
present at this stage.  Focused Echocardiography and evaluation of cardiac chamber 
sizes and basic ventricular functional indices are very helpful for diagnosis at this stage.  
 

▪ Stage B1 refers to asymptomatic patients that have no radiographic or 
echocardiographic evidence of cardiac remodeling in response to CVHD. 

• Stage B2 refers to asymptomatic patients that have significant valve regurgitation, as 
evidenced by radiographic or echocardiographic findings of left-sided heart enlargement. 

 
• Stage C - patients with past or current clinical signs of heart failure associated with 

structural heart disease.  This stage contains varied presentations including acute heart 
failure requiring aggressive hospital care and chronic recurring heart failure that can be 
stabilized on an outpatient basis. 
 

• Stage D - patients with end-stage disease and clinical signs of heart failure refractory to 
standard therapies.   Such patients require advanced or specialized treatment strategies 
in order to remain clinically comfortable with their disease.  
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Diagnostic Testing and Treatment Recommendations by Stage 
MMVD - Standard diagnostic testing of suspected MMVD patients includes routine lab 
screening (CBC/CHEM, UA as many older dogs have concurrent metabolic or endocrine 
issues), heartworm testing (some patients develop pulmonary hypertension related to MMVD), 
thoracic radiography, electrocardiography (ECG) and echocardiography (ECHO).  Cardiac 
biomarkers (BNP, troponin) are not useful in the diagnosis of CMVD but may prove to be 
informative regarding stage of disease, efficacy of therapy and anticipated survival time. 
Important features of MMVD to be noted on thoracic survey radiographs include overall size of 
the cardiac silhouette (VHS), left atrial size approximation, pulmonary vascular appearance 
(both pulmonary veins and arteries) and presence or absence of alveolar pulmonary infiltrates 
(edema).  In my opinion, radiographic features may suggest the opportunity for earlier treatment 
prior to eventual heart failure. 
Electrocardiography is variable in MMVD patients.  ECG evaluation is normal in many dogs and 
varying arrhythmias (APC, SVT, AFib, VPC) may be noted in individual patients.  I assess ECG 
for rhythm disturbances as this may influence my treatment considerations but I do not rely on 
waveform measurements to estimate chamber size as other imaging studies are more accurate. 
Echocardiography remains the “gold standard” for diagnosis and evaluation of CMVD.  The 
important features that I pay most attention to are mitral valve leaflet appearance, left atrial size 
(LA:Ao ratio) and left ventricular end diastolic and systolic dimensions.  Color-flow evaluation is 
also helpful in evaluating the severity of mitral regurgitation.  Evaluation of the right heart is also 
very important to determine if there is concurrent tricuspid valve disease or pulmonary venous 
hypertension development.  I do not routinely perform additional advanced ECHO 
measurements in MMVD patients as they would not likely influence my treatment 
recommendations. 
 
DCM - Standard diagnostic testing of suspected DCM patients includes routine lab screening 
(CBC/CHEM/T4, UA as many older dogs have concurrent metabolic or endocrine issues), 
heartworm testing, thoracic radiography, electrocardiography (ECG) and echocardiography 
(ECHO). Cardiac biomarkers (BNP, troponin) may be very useful in the early diagnosis of DCM 
patients and may prove to be informative regarding stage of disease, efficacy of therapy and 
anticipated survival time. 
Thoracic survey radiographic changes in DCM patients include generalized cardiomegaly 
(VHS), left atrial enlargement, pulmonary vein distention and presence or absence of alveolar 
pulmonary infiltrates (edema).  In my experience, radiographic changes are often not seen until 
overt CHF is diagnosed and often do not suggest the opportunity for earlier treatment. 
Electrocardiography is variable in DCM patients.  ECG evaluation is normal in many dogs and 
varying arrhythmias (APC, SVT, AFib, VPC, VTach) may be noted in individual patients.  
Arrhythmia may be present in pre-CHF patients so routine ECG and/or Holter ECG examination 
may be helpful in determining underlying ventricular disease.  I assess ECG for rhythm 
disturbances only as this may influence my diagnostic and treatment considerations but I do not 
rely on waveform measurements to estimate chamber size as other imaging studies are more 
accurate. 
Echocardiography remains the “gold standard” for diagnosis of DCM.  The important features 
that I pay most attention to are left atrial size (LA:Ao ratio), left ventricular end diastolic and 
systolic diameters.  Ventricular fractional shortening, ejection fraction and cardiac output 
measurements are helpful in assessing severity of disease.  Color-flow evaluation often  
documents varying degree of mitral and tricuspid regurgitation due to increased annular 
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diameter.  Evaluation of the right heart usually reveals eccentric ventricular dilation, enlarged 
right atrial chamber size and distended vena cava. 
 
 
 
 
Diagnostic recommendations for Stage A dogs – Perform regular yearly examination 
including auscultation as part of routine health care for dogs at risk MMVD breeds.  Consider 
regular yearly examination including careful cardiopulmonary history, auscultation, BNP assay 
and ECHO screening for at-risk DCM breeds. 
 
Treatment recommendation for Stage A dogs - No drug therapy is recommended for any 
patient.  No dietary therapy is recommended for any patient.  If MMVD is identified early  in 
KCCS breed consider removal from breeding stock. 
 
 
 
Diagnostic recommendations for Stage B MMVD dogs - Stage B MMVD are identified based 
on an auscultable murmur.  Thoracic radiography is recommended in all patients to assess 
hemodynamic significance of the murmur (left heart and/or left atrial enlargement) and also to 
obtain baseline thoracic radiographs while patient is asymptomatic. 
Blood pressure measurement is recommended for all patients.  Echocardiography in small 
breed dogs with typical murmurs only if the cause of the murmur is not answered adequately by 
auscultation and thoracic radiography.  Echocardiography is indicated in larger breed dogs 
because the murmur of MR is more likely to be related to other causes (eg, DCM). 
 
Diagnostic recommendations for Stage B DCM dogs - Stage B DCM dogs may have an 
auscultable murmur or rhythm disturbance but are often normal - you often must seek and find 
them !  Further diagnostic testing is indicated if cardiac disease is suspected based on breed, 
clinical history, physical exam findings.  BNP testing is recommended.  Thoracic radiography is 
recommended in all patients to assess the cardiac silhouette.  ECG examination and focused 
echocardiography is indicated to assess cardiac status and determine if DCM is present. 
 
Treatment recommendation for Stage B dogs – 
 
• Stage B1: Hemodynamically insignificant MR (defined as radiograph VHS/VLAS and/or 

ECHO normal LA, LV, or both, with normal LV systolic function; normotensive.   
 

• No drug or dietary therapy recommended.   
Re-evaluation is suggested by radiography or ECHO approximately every 6-12 months. 
 
 

• Stage B2 - Hemodynamically significant MR with cardiac remodeling (enlarged LA, LA/Ao > 
1.6; enlarged LV, LVIDDn > 1.7;, increased radiograph VHS/VLAS score).   
 

• For patients with clinically relevant left atrial enlargement, or in which the left atrium has 
increased in size dramatically on successive monitoring examinations the introduction of 
Pimobendan 0.25-0.30 mg/kg PO BID is recommended.   
 
An angiotensin converting enzyme inhibitor is recommended - enalapril or 
benazepril 0.5 mg/kg PO BID.  Clinical trials evaluating efficacy of ACEI treatment in 
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Stage B2 have had mixed results - either no effect or a positive effect delaying the onset 
of CHF; one study did show preCHF introduction of ACEI results in longer survival time.   
 
Spironolactone 2 mg/kg PO QD should be considered to block aldosterone effects. 

 
 
 
 
Stage C – Patient’s current or previous clinical signs of heart failure caused by CMVD.   
Includes all patients that have had an episode of clinical heart failure.  Patients remain in this 
stage despite improvement of their clinical signs with standard therapy (compensated Stage C).  
Some patients develop CHF gradually over time and can be managed with standard outpatient 
therapy.  Some patients present in acute CHF and require more extensive initial therapy. 
 
Diagnostic recommendations for Stage C dogs - Clinical database including chest 
radiographs and preferably an echocardiogram and basic laboratory tests must be obtained and 
examined carefully to accurately determine the cause of clinical signs in animals with CMVD.  
Imaging tests are critical as there is relatively high prevalence of chronic tracheobronchial 
disease in the same population at risk for CMVD; the presence of a typical left apical regurgitant 
murmur in a coughing dog does not necessarily mean that the clinical signs are the result of 
CMVD.  Serum N-terminal pro-B  naturetic peptide (BNP) concentration can be considered 
when assessing the cause of clinical signs in dogs with CMVD as dogs with clinical signs 
caused by heart failure have higher serum BNP concentrations than those with clinical signs 
caused by primary pulmonary disease. 
 
Acute (hospital-based)Treatment recommendation for Stage C dogs -   
• Oxygen supplementation can be administered via a humidity and temperature-controlled 

oxygen cage or incubator or via a nasal oxygen canula. 
 
• Sedation - Anxiety associated with dyspnea should be treated.  Butorphanol (0.2–0.25mg/kg) 

administered IM or IV is the narcotic most often utilized. 
 
• Furosemide - specific dosing in CHF should be related to the severity of clinical signs and the 

response to initial therapy. A range of lower to higher doses (eg, 1–4 mg/kg) may be 
appropriate in specific cases.  Repeated 2 mg/kg IV boluses or a constant rate IV infusion may 
be indicated for poorly responsive dogs; for life-threatening pulmonary edema, furosemide is 
administered as a constant rate infusion (CRI) at a dose of 1mg/kg/h after the initial IV bolus. 

 
• Pimobendan - 0.25–0.3 mg/kg PO BID. 
 
• Angiotensin Converting Enzyme Inhibitor (enalapril or benazepril 0.25-0.5mg/kg PO BID).  

There is clear evidence that acute administration of enalapril plus furosemide in acute heart 
failure results in substantial improvement in pulmonary capillary wedge pressure when 
compared with the administration of furosemide alone.   

 
• Nitroglycerin 2% ointment, approximately 1/2’’ paste per 10 kg body weight for 24–36 hours. 

 
• Mechanical treatments (eg, abdominocentesis and thoracocentesis) are recommended to 

remove effusions judged sufficient to impair ventilation or cause respiratory distress. 
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Chronic (home-based) Treatment recommendation for Stage C dogs -   
• Furosemide oral administration to effect, often at dosage 2 mg/kg BID.  Daily furosemide 

dosage for dogs with CHF is wide and can be as low as 1–2 mg/kg PO BID to 4–6 mg/kg PO 
TID. The dosage must be titrated to maintain patient comfort and with attention to effects on 
renal function and electrolyte status.  Chronic oral furosemide (doses > 6 mg/kg BID) needed 
to maintain patient comfort indicates disease progression to Stage D. 

• Alternate oral loop diuretic therapy (Torsemide 0.2-0.6 mg/kg PO BID) may provide more 
effective diuresis compared to furosemide.   

 
• Pimobendan (0.25–0.3 mg/kg PO BID). 

 
• ACEI (enalapril or benazepril 0.25-0.5 mg/kg PO BID).  Monitor serum creatinine and 

electrolyte concentrations 5–7 days after beginning diuretic and ACEI therapy is 
recommended. 

 
• Spironolactone (2.0 mg/kg PO QD).  The primary purpose of spironolactone in this situation 

is aldosterone antagonism. No clinically relevant diuretic effect should be anticipated. 
 
• Digoxin (0.0025–0.005 mg/kg PO BID with target plasma concentration 8 hours post-pill of 

0.8–1.5 ng/mL).  Addition of digoxin in used in cases complicated by persistent atrial fibrillation 
to slow the ventricular response rate. 

• Oral calcium-channel blocker therapy (diltiazem) is also be used in AF for ventricular rate 
control. 

 
• The use of Beta-blocker therapy (atenolol, carvedilol) remains controversial and there are no 

studies to support use.  I do not routinely use this drug in my patients unless attempting to 
slow ventricular response in dogs with concurrent ventricular arrhythmias.                      

 
• Narcotic cough suppressants (Butorphanol 0.5 mg/kg PO q 6-12hr, Hydrocodone 0.25 

mg/kg PO q 6-12hr) can be used if needed for reducing cough episodes. 
 
• Maintain adequate calorie intake (approximately 60 kcal/kg body weight) to minimize weight 

loss (specifically muscle mass loss) that often occurs in CHF.  Modestly restrict sodium intake, 
taking into consideration sodium from all dietary sources (including dog food, treats, table 
food, and foods used to administer medications) and avoid any processed or other salted 
foods.  Monitor serum potassium concentrations and supplement the diet with potassium from 
either natural or commercial sources if hypokalemia is identified.  Consider supplementing 
with OM-3 fatty acids, especially in dogs with decreased appetite, muscle mass loss, or 
arrhythmia. 

 
 
Treatment recommendation for Stage D dogs – Clinical signs of failure refractory 
to standard treatment for Stage C heart failure. 
 
Acute (hospital-based) Treatment considerations for Stage D dogs -   
• In the absence of severe renal insufficiency, additional furosemide administered IV as a bolus 
dosage of 2 mg/kg followed by either additional bolus doses, or a furosemide CRI at a 
dosage of 1 mg/kg/hr until respiratory distress (rate and effort) has decreased, or for a 
maximum of 4 hours.  Alternate oral loop diuretic therapy (Torsemide) may be considered once 
life-threatening edema control is achieved. 
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• Pimobendan dosage may be increased to 0.3 mg/kg PO TID. 
 

• Vigorous afterload reduction in patients that can tolerate arterial vasodilation. Drugs potentially 
beneficial include sodium nitroprusside (starting at 0.5–1 mg/kg/min), hydralazine (0.5– 
2.0 mg/kg PO), or amlodipine (0.05–0.1 mg/kg PO). Direct vasodilators should be started at a 
low dosage and up-titrated hourly until adequate clinical improvement accompanied by a 
decrease of approximately 5–10% in systolic blood pressure is observed. 
 
Chronic (home-based)Treatment recommendation for Stage D dogs -   
• Alternate oral loop diuretic therapy (Torsemide 0.2-0.6 mg/kg PO BID) may provide more 

effective diuresis compared to furosemide with advanced stage CHF.  The addition of a non-
loop diuretic (eg Hydrochlorothiazide) can also be considered; start at low dose (1-2 mg/kg 
PO QD-BID) and gradually uptitrate dose while monitoring renal function. 
 

• Pimobendan dosage may be increased to 0.5 mg/kg PO BID. 
 

• continue ACEI, Spironolactone. 
 

• consider oral amlodipine or hydralazine for additional after load reduction as necessary. 
 

• continue anti-arrhythmic therapy as necessary. 
 

• continue narcotic cough suppression as necessary. 
 

• continue to maintain adequate caloric intake; use of appetite stimulant therapy (e.g., 
carpromorelin) as necessary. 

 
 
Comments on Pulmonary Venous Hypertension 
The development of pulmonary venous hypertension can be seen with Stage 3 & 4 MMVD 
patients.  Coughing, exercise intolerance and increased respiratory rate are often seen.  These 
signs can mimic pulmonary edema and care should be taken to differentiate the conditions (eg, 
radiographs, ECHO).  Overzealous diuretic therapy can be detrimental in these patients due to 
reduced left heart preload.  The addition of Sildenafil (1–2 mg/kg PO BID) or Tadalafil (1 mg/kg 
PO QD) to other background drugs may be beneficial in reducing clinical signs relating to 
pulmonary hypertension when present. 
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MANAGING THE SYMPTOMATIC CONGESTIVE HEART FAILURE CAT 
How to control clinical signs and improve life quality. 
 
INTRODUCTION 
Cats with cardiomyopathy (CM) may progress to congestive heart failure (CHF).  Heart failure is 
characterized by reduced cardiac output (reduced systolic function) and fluid retention (edema, 
effusion).  As a definitive cure is not available for feline CM CHF patients, the treatment 
emphasis is primarily supportive and aimed at controlling clinical signs and improving quality of 
life by improving cardiac output and reducing fluid retention. 
 

Feline Cardiomyopathy Classifications 
Feline cardiomyopathies are classified based on phenotypic appearance of the heart.  
Classification can only be made via echocardiographic evaluation in the clinical setting.   
However, there can be substantial variation and overlap in morphology depending on the stage 
of heart disease and other concurrent factors (hypertension, hyperthyroidism, hydration status). 

Hypertrophic Cardiomyopathy (HCM) is characterized by concentric hypertrophy of the 
 ventricular free and septal walls and papillary muscles, affecting the left ventricle in most 
feline cases.  The thickened walls cause impaired diastolic relaxation and reduced ventricular 
filling.  Left atrial enlargement is significant due to the high filling pressure.  Systolic function is 
initially maintained until CHF development at later stage. 

HCM cats are further classified based on the presence or absence of systolic anterior motion 
(SAM) of the mitral valve and dynamic obstructive of left ventricular outflow (LVOTO).  Abnormal 
movement of the enlarged anterior papillary  muscle and mitral valve obstructs the ejection of 
blood from the left ventricle into the aorta.  Hypertrophic obstructive cardiomyopathy (HOCM) is 
diagnosed when SAM and outflow impairment is noted.  The finding of HOCM has been 
suggested to have important therapeutic considerations.  If SAM/LVOTO is not present, then a 
diagnosis of standard HCM is reported. 

Dilated Cardiomyopathy (DCM) is caused by weakened ventricular myocardium resulting 
 in poor systolic function leading to eventual CHF.   Both ventricles are affected leading to 
 global (4 chamber) dilation.  Primary DCM is rare; most secondary cases are linked to 
 nutritional taurine deficiency.   The disease is less frequently encountered as taurine is 
now a standard supplement in commercial cat foods.   Chronic end-stage myocardial 
degeneration of any phenotype will result in end-stage DCM. 

Restrictive Cardiomyopathy (RCM) is used to describe patients with echocardiographic 
 evidence of endocardial or myocardial fibrosis.  Impaired diastolic filling is the result of 
poor myocardial relaxation.  Ventricular volume is often normal in earlier stages but significant 
biatrial enlargement wil be present.  Some degree of systolic dysfunction is associated with the 
abnormal ventricular fibrosis so CHF development is frequent. 

Non-specific (formerly unclassified) is used to describe CM presentations that do not have 
absolute characteristics of HCM, RCM or DCM.  These cats have an abnormal myocardial 
structure resulting in primary diastolic and systolic dysfunction.  Moderate to severe biatrial 
enlargement is typically seen with varying left ventricular appearance.  CHF development is 
common. 

How important is early recognition (pre-CHF) of heart disease in cats?                              
Stage A CM status describes at-risk cat breeds that may develop CM over time.  Stage B CM 
status describes cats that have developed some objective finding relating to CM (murmur, 
gallop, arrhythmia/electrical axis shift, cardiomegaly, left atrial enlargement, increased BNP 
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etc…) but have not developed congestive heart failure. 
 

Stage A cats include Maine Coon, Ragdoll, British Shorthair, Persian, Bengal, Sphynx, 
Norwegian Forest cat, and Birman breeds.  Owners of at-risk breeds should be informed of the 
potential for heart disease develop and advised of suggestive clinical signs; serial cardiac 
examination and diagnostic testing (see below) to determine heart status is advised.  NoGenetic 
mutations have been identified in Maine Coon and Ragdoll cats, both in the myosin binding 
protein C (MyBPC3) gene.  Genetic tests can be considered in Maine Coon or Ragdoll cats to 
determine the relative risk of developing HCM. The estimated prevalence of the MyBPC3-A31P 
mutation in Maine Coon cats is approximately 35% to 42%, which is substantially higher than 
the prevalence of the HCM phenotype in this breed.  Maine Coon cats that are homozygous for 
MyBPC3-A31P mutation, and Ragdolls homozygous for MyBPC3-R820W mutation, and first-
degree relatives of affected cats are at higher risk of developing HCM.  Genetic testing is 
recommended in Maine Coon and Ragdoll cats intended for breeding, with the aim of 
decreasing the incidence of these mutations and HCM in these breeds.  It is recommended that 
cats homozygous for either mutation not be used for breeding, but heterozygous cats can be 
bred to genotype-negative cats if they have other outstanding characteristics.  Maine Coon and 
Ragdoll cats that test negative for these MYBPC3 mutations have been reported with HCM and 
thus regular cardiac screening should be considered even in Maine Coon and Ragdoll cats 
without these mutations. Genetic testing for the A31P and R820W MYBPC3 mutations in non-
Maine Coon or non-Ragdoll cats is not recommended, because these 2 mutations are almost 
completely specific to Maine Coon and Ragdoll cats. 

 
Stage B cats do not demonstrate any overt signs of heart disease thus early subclinical CM 
diagnosis can be difficult unless there is some clinical finding on examination or cardiac 
diagnostic screening as is recommended for at-risk breeds.  Early recognition of medical 
conditions, such as hyperthyroidism, hypertension, dietary deficiencies, etc, that lead to 
secondary cardiomyopathic disease is important to reduce ongoing cardiac damage that may 
lead to progressive advanced disease. 

 

The clinical course of HCM, RCM, and FUCM is variable among patients and not all cats 
identified with these disorders progress to CHF.  In addition, an effective and reliable treatment 
to prevent progression has not been identified in cats.  Studies evaluating the early use of beta 
blockers, calcium-channel blockers and ACE-inhibitors do not appear to be effective in altering 
the course of disease in most feline patients.  An exception may be significant hypertrophic 
obstructive cardiomyopathy (HOCM) with a sustained rapid heart rate in which early intervention 
with beta blocker treatment could successfully reduce progression and the likelihood of CHF. 

The early recognition of feline DCM is desired but may as nutritional (taurine) and supportive 
inotropic management can substantially improve or fully reverse this disease.  

 

FELINE DIAGNOSTICS to determine heart status 

Feline Echocardiography - Two-dimensional ECHO is the gold standard for readily identifying 
atrial enlargement that accompanies all significant feline cardiomyopathies.  It is also allows 
phenotypic classification, quantitative assessment of atrial and ventricular volumes, ventricular 
wall appearance and thickness and evaluation for systolic motion of the anterior mitral valve 
leaflet and papillary muscle (SAM) and left ventricular outflow impairment.  
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Unfortunately, other diagnostic tests, while potentially offering some clues to heart disease 
status frequently do not provide enough information to properly classify CM or provide 
information necessary to decide on proper therapy. 

 

Feline thoracic radiographs - The feline cardiac silhouette is relatively small compared to 
dogs creating the appearance that cats have relatively more lung tissue.  The feline heart is 
farther from the sternal chest wall and the normal feline heart does not contact the diaphragm 
on the VD /DV views.  The left ventricle forms the cardiac apex and is usually slightly left of 
midline; but the apex may be slightly to right of midline in some normal cats.  The craniocaudal 
ventricular diameter of the silhouette on the lateral view is 2–2.5 intercostal spaces and the 
normal vertebral heart score (VHS) in cats is ~ 7.5.  As cats age, the heart becomes more 
horizontally positioned within the thorax and the aortic root may enlarge and be noted in older 
cats on both radiographic views. This change in size of the aortic root may be a normal aging 
change in cats; however, an enlarged aortic root may also indicate systemic hypertension. 

Cardiomegaly results in varying widening, elongation, altered position, or altered contour of the 
cardiac silhouette. It is more difficult in cats than in dogs to determine specifically enlarged 
chambers on survey radiographs.  The cardiac apex often shifts toward midline with severe left 
atrial enlargement producing a "valentine-shaped" silhouette on VD view.  This radiographic 
change is often misinterpreted as biatrial enlargement. Enlargement of the left atrium is easily 
identified on the lateral radiograph in dogs, but the LA chamber is situated more cranially in 
cats, and left atrial enlargement is not always easy to identify.  Cardiogenic pulmonary edema in 
dogs is typically dorsal and perihilar in distribution, in cats the edema may be patchy or ventral 
in distribution.  Pleural effusion often makes critical evaluation of the cardiac silhouette 
impossible in cats; pleural effusion may result from cardiac or non-cardiac disorders. 

 
Feline Cardiac Biomarkers - NT-proBNP is a circulating cardiac biomarker that increases over 
time in cats with heart disease and heart failure.   NT-proBNP measurement may help identify 
asymptomatic cats with developing heart disease.  NT-proBNP is a circulating cardiac 
biomarker that increases over time in cats with heart disease and heart failure.   ProBNP is 
produced by myocardial cells in response to increasing ventricular filling pressures and cardiac 
wall stress.  Its production is amplified in heart disease by angiotensin II, increased sympathetic 
nervous system tone and myocardial hypoxia.  BNP acts as a vasodilator and natriuetic 
produced in an attempt to self-help the diseased heart.  NT-proBNP is formed when the active 
proBNP is metabolically cleaved.  Commercial tests are available to detect feline NT-proBNP.  
The NT-proBNP values may provide a simple method of differentiating cardiac vs. respiratory 
causes of respiratory distress in cats avoiding more stressful and expensive diagnostics and 
offering more rapid treatment in critical care patients.  NT-proBNP may also provide insight as a 
screening test for heart disease in asymptomatic patients by stratifying as unlikely to have 
clinically significant heart disease, possible clinical heart disease or probable significant heart 
disease. 
BNP ranges are based on the established data provided by each individual laboratory. 
A criticism of this recently available testing is that a high percentage of false positive results will 
be obtained when used as a screening test because of the lower prevalence of heart disease in 
the general population.  However, in my view this test should be considered as part of complete 
diagnostic evaluation in any feline patient that is predisposed to heart disease or has clinical 
signs or findings (murmur, gallop) that suggest heart disease may be present.  Its use in 
individual high risk patients (Maine Coon, Persian, Burman) as part of a yearly annual screening 
may allow earlier detection and intervention when appropriate in heart disease. 
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NT-proBNP may provide insight as a screening test for congestive heart failure in nondescript 
symptomatic patients with inconclusive radiographs by stratifying the patient as unlikely to have 
clinically significant heart disease, possible clinical heart disease or probable significant heart 
disease. 
 

Feline Electrocardiography - Cats often resent right lateral positioning and are more 
cooperative when allowed to remain in sternal position.  It is important to realize that the P and 
R waves are slightly taller and frontal plane axis wider in this position.  ECG should be obtained 
at recording speed of 50 mm/s because of the rapid feline heart rate.   QRS complexes may be 
very low voltage in many normal cats and in some patients the P wave will be larger than the 
QRS complexes.  I do not rely on size and duration of individual waves to identify chamber 
enlargement as these described abnormalities are often not accurate.  Many cats with CM have 
normal ECG findings on screening examination.  I do pay particular attention to rhythm and 
waveform appearance as abnormalities may be an important clue suggesting underlying 
cardiomyopathy.  Left anterior fascicular block is commonly associated with myocardial disease. 
The ECG criteria of left anterior fascicular block includes: upright (positive) QRS complexes in 
leads I & AVL, abnormally deep S waves in leads II, III, and AVF; and a left axis deviation in the 
frontal plane.  Tachycardia and premature beats are common in all forms of feline myocardial 
disease. Atrioventricular conduction block may be present in cats with restrictive 
cardiomyopathy. 

 
TREATMENT OF FELINE CHF 

What are the most effective treatments of acute congestive heart failure in cats?
 Oxygen is a cornerstone therapy in acute CHF management and can be supplemented 
in an oxygen cage, mask or flow by.  Whichever option is available, the emphasis should be 
made to minimize the stress of the treatment while providing oxygen supplementation.  

Cats with respiratory distress often benefit from light sedation that does not compromise 
respiratory of cardiac function.  Butorphanol at 0.1 to 0.2mg/kg IV, IM, SQ is suggested and can 
be repeated every 4-6 hours as necessary. Heavy sedation should not be used, as the resultant 
marked cardiac and respiratory suppression can be detrimental. 

Pleural effusion may cause life-impairing respiratory compromise in CHF cats.  Thoracocentesis 
is often life-saving, and should be performed immediately in any dyspneic patient that is 
suspected of having pleural effusion. TFAST ultrasound, if available, allows rapid identification 
of pleural effusion.  Thoracocentesis should be performed cranial to the rib at the 7th to 9th 
intercostal space (draw an imaginary line caudal to the xiphoid along the lateral body wall) to 
avoid the heart (3-5th ICS) or liver (caudal to the 9th ICS). The patient should be shaved, 
scrubbed, and prepared for sterile technique.  The use of a 3-way stopcock, extension tubing, 
an appropriately sized needle (20g, 22g) or catheter, and syringe should be used to evacuate 
fluid.   The needle should be directed ventrally on the bottom 1/3 of the chest cavityAppropriate 
sterile collection tubes should be available for sample collection for cytology and/or culture 
purposes if indicated. 

 

Drug Therapies for Feline CHF 

Once CHF has developed in HCM, RCM & FUCM cats, myocardial change is significant and 
impairing both diastolic and systolic function.  It is unlikely that the underlying myocardial 
problem (hypertrophy, restrictive fibrosis, etc…) can be reversed.  Therefore, use of beta 
(atenolol) or calcium-channel blocker (diltiazem) is generally not helpful and in fact may be 
detrimental once a cat is in CHF.  Treatment is based on relief of symptoms and this is best 
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accomplished with a balanced treatment approach as in dogs.  Feline DCM patients may 
require taurine supplementation in conjunction with standard therapies if blood taurine 
deficiency is suspected or confirmed via laboratory analysis. 

 
Diuretics.  A loop diuretic remains the most potent diuretic and is indicated to reduce symptoms 
associated with edema/effusions in all cases of CHF.  In a previous study (prior to pimobendan 
& torsemide use), furosemide was the only drug associated with a positive survival index in 
feline CHF patients.   
 
Furosemide is the initial diuretic of choice in acute decompensated CHF.  The preferred route of 
furosemide administration is intravenous for its rapid onset of action. However, attempting 
intravenous access using an IV catheter or a needle may be detrimental in cats with severe 
respiratory distress, as even a minimal handling can result in deterioration and respiratory 
arrest. Therefore, the intramuscular route is often chosen on initial presentation.  Subcutaneous 
injection is less preferable as poor peripheral perfusion may delay absorption. The furosemide 
dose should be based on how severely the cat is affected, in general a 2mg/kg IV bolus 
followed by repeated 1 mg/kg dosages every one to two hours until the respiratory rate and 
spO2 value improves; the dose frequency is then sequentially tapered to q 8-12 hour 
administration.  In severely affected cats, continuous rate infusion (CRI) may be considered. 
Once stable the cat can be transitioned to torsemide at 0.1 mg/kg PO q 12 hr or furosemide at 1 
to 2mg/kg PO q12hr.  In mildly affected cases, transition to oral medication can be possible 
even after a single parenteral administration of furosemide. 
 
Chronic furosemide dosing is highly variable (0.5 to 4 mg/kg q 8-48 hr) with the goal of providing 
adequate pulmonary/pleural fluid loss to provide comfortable respiration.  If furosemide is not 
providing adequate diuresis to reduce fluid retention then consider SQ administration (avoids GI 
absorption issue).   
Torsemide, a newer potent loop diuretic may be more effective diuretic and it may be reduced to 
once daily oral use in many cats (0.1 -0.2 mg/kg QD starting dose). 
The addition of hydrochlorothiazide (0.5 to 2 mg/kg q 12-48 hr) in combination with a loop 
diuretic may be also be helpful in providing enhanced diuresis in patients with refractory effusion 
or edema.   
Be careful to avoid overzealous diuresis and volume depletion that may be associated with the 
use of any diuretic in cats as it may have deleterious renal and electrolyte (hypokalemia) effects.   
 
Pimobendan therapy, an inodilator that increases cardiac output and reduces afterload, may be 
beneficial in all forms of myocardial CHF in cats, including HOCM.  Initial studies have 
confirmed improvement in clinical status and survival time in CHF cats receiving this drug.   This 
drug is dosed at 0.25 – 0.30 mg/kg q 12 hr.  Pimobendan should be initiated as soon as 
possible in DCM patients (even if stage B preclinical CHF).  A preclinical benefit has not been 
established in HCM cats. 
 
ACEI vasodilator treatment (Benazepril or Enalapril at 0.25-0.5 mg/kg q 24 hr) should in theory 
be beneficial in feline CHF patients, however, a positive effect on survival has not been proven 
in any retrospective studies.  ACE-inhibition is still considered in feline CHF to offset the effects 
of RAAS activity which is in part increased by chronic diuretic therapy.   
 
The use of angiotensin receptor blockers (ARBs) and spironolactone in feline CHF remain 
undetermined. ARBs are used for people in heart failure and have become common either as 
an adjunct to, or instead of, ACE inhibitors in those patients showing intolerance to the latter. 
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Although they have not shown superiority to ACE inhibitors, theoretically, by blocking receptors, 
they may modify the effects of angiotensin/aldosterone “breakthrough” seen with chronic ACE 
inhibitor therapy via alternative angiotensin-II production in tissue and chymase pathways, 
which can return angiotensin-II levels to pretreatment levels very quickly (within a month). 
ARBs may help prevent the deleterious effects of angiotensin-II production in areas that ACE 
inhibitors can struggle to penetrate, such as the myocardium. Licensing and release of a feline-
specific ARB – telmisartan – for chronic kidney disease management – opens the possibility of 
the use of this agent in feline CHF.  No studies exist, but it is a prospect for future CHF study. 
 
The SEISICAT study (2018) suggests spironolactone is well tolerated in cats, and preliminary 
results supported further investigation to evaluate the efficacy of spironolactone in the treatment 
of cats with CHF due to cardiomyopathy. 
 
Diet.  Any maintenance feline diet is acceptable in CHF patients.  Obviously, salt should never 
be added to the diet.  Attention to intake of adequate daily calories is critical.  Appetite 
stimulants can be used as necessary in feline CHF patients.  Omega-3-fatty acid 
supplementation is of possible benefit if the cat will readily accept the daily oral dose. 
Fresh water should be available at all times.  Water should not be withheld in CHF patients 
receiving diuretic therapy. 
 
How can thromboembolism be prevented / treated in cardiomyopathy cats? 
Cardiomyopathic cats may develop thrombi in the left atrium or auricle.  If the thrombus is 
ejected from the heart it may result in acute distal aortic or other arterial thromboembolism (TE).  
Fortunately this complication occurs in a minority of CM-afflicted patients, however, it is a 
frustrating disease to treat and usually is associated with a poor to grave prognosis.  Most cats 
with ATE presented to first opinion practice are euthanized.  If analgesia is adequate and 
favorable prognostic factors are present (eg, normothermia, only 1 limb affected, absence of 
CHF) then an attempt at treatment can be considered provided the owner is fully informed of the 
risks and overall poor prognosis. 
 
Analgesia is a priority for management of acute ATE in the first 24 hours, and treatment with a 
mu opioid agonist such as fentanyl, hydromorphone, or methadone is recommended.  If CHF is 
present with ATE, management with furosemide and oxygen is recommended as necessary, but 
it is important to note that pain also can cause tachypnea, and this should not be mistaken for 
the presence of CHF.   Thrombolytic treatment is not recommended for cats with ATE. 
   
Preventative anticlotting measures are indicated in at-risk CM cats as long as do not result in 
side-effects or clinical bleeding.  There are currently several antiplatelet and anticoagulant 
therapies which could help prevent arterial TE in cats. 
 
Oral aspirin therapy irreversibly inhibits platelet cyclooxygenase making platelet clot formation 
more difficult; bleeding time is restored to normal only after the production of new platelets.  The 
aspirin dose required to produce and maintain anti-platelet effects in cats is unclear; 
recommended dosages vary from 5 mg every 24 hours to 81 mg every 72 hours.  No evidence 
indicates that any dose of aspirin is effective at preventing the formation of thrombi in cats with 
myocardial disease.  Aspirin did not prevent recurrence of peripheral thromboembolism in one 
feline study. 
 
Glycoprotein IIb and IIIa protein mediates aggregation, adhesion, and spreading of platelets.  
Glycoprotein IIb and IIIa antagonists have been developed for use in thrombus prevention. 
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Clopidogrel (Plavix) at dosage of 18.75 mg PO q 24 hours results in significant antiplatelet 
effects in cats (J Am Vet Med Assoc. 2004 Nov - Antiplatelet effects and pharmacodynamics of 
clopidogrel in cats.  Hogan DF, et al.  Purdue University), and appears well tolerated in cats.  
The bitter taste of clopidogrel tablets and solution can make dosing challenging in some cats.  
 
Anticoagulants include heparin, the low molecular weight heparins, oral factor Xa inhibitors and 
warfarin.  Low molecular weight heparins (enoxaparin sodium, dalteparin) have fewer bleeding 
complications, improved pharmacokinetics compared to heparin, are administered 
subcutaneously, and do not require monitoring in most situations.  Consequently, they may be 
beneficial in preventing intracardiac thrombus formation in cats with cardiomyopathy.  Cost is 

often prohibitive.  An oral factor Xa inhibitor (eg. rivaroxiban [Xarelto] 2.5-5.0 mg/kg PO 
QD), has been investigated for use in CM cats.  Use in combination with clopidogrel 
provided broad spectrum anti-platelet and anticoagulant activities in one recent study. 
 

 
 
 

ADDENDUM 
MY FAVORITE CARDIAC DRUGS + SOME DRUG CONTROVERSIES 

“I‘m here to pump you up” -  Inodilator therapy - Pimobendan (Vetmedin®)    

Pimobendan is a novel cardiac  medication with highly desirable properties for management of 
CHF.  It is a combination inotrope + vasodilator medication.  Its interaction with myocardial 
calcium metabolism (phosphodiestrase III inhibition) allows for increased strength of myocardial 
contraction (positive inotropic effect) along with coronary, pulmonary, peripheral arterial and 
venous vasodilation (reduces preload & afterload).  The net effect is a significant increased in 
cardiac output and improved circulation.  Pimobendan is safe and well tolerated in both dogs 
and cats.  Early concerns about ventricular arrhythmia promotion and progressive mitral valve 
damage have not been documented following wide spread clinical use.   The drug has 
demonstrated remarkable ability to reduce CHF symptoms and restore and maintain life quality 
for most CHF patients.  Pimobendan does not activate RAAS in healthy dogs but it also does 
not blunt RAAS activity when administered concurrently with furosemide.  The combined use of  
Pimobendan, with a diuretic, an angiotensin-converting enzyme inhibitor and an aldosterone 
antagonist is the recommended treatment for canine CHF patients (both CM and mitral valve 
degeneration). Pimobendan should be initiated immediately for any canine patient presenting in 
congestive heart failure and not delayed for use in more advanced stages of disease.  Pre-CHF 
use in dilated cardiomyopathy patients whenever identified.  A hallmark clinical study (EPIC) 
shows that pre-CHF use in stage B2 canine myxomatous mitral valve disease is indicated as 
initiation of pimobendan significantly prolongs time to CHF development,   

Canine dose is 0.5 - 0.6 mg/kg PO per day divided in 2 doses (can be equal or unequal doses).                        
The dose can be increased to 0.75-1.0 mg/kg per day in advanced stage CHF patients. 

The use of pimobendan in feline congestive heart failure caused by DCM, RCM, UCM and non-
obstructive HCM also appears to be safe, well tolerated and efficacious.  Use in HCM cats with 
LVOTO remains controversial but most recent studies have failed to demonstrate a negative 
effect.  Pre-CHF use is cats with DCM is indicated as soon as the diagnosis is established.  As 
of this time there is no evidence that pre-CHF use if beneficial in cats with other cardiomyopathy 
phenotypes.  Feline dose is also 0.5 - 0.6 mg/kg PO per day in divided doses. 
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Compounded formulation into oral solution or transdermal gels are discouraged due to lack of 
stability and ineffective blood levels. 
 

“Which -Pril is the best -Pril ?”  Angiotensin Converting Enzyme Inhibitors (ACE-I)  

The 2 most commonly prescribed ACE-I drugs in veterinary medicine are benazepril and 
enalapril.  Following oral administration, benazepril is hydrolyzed in the liver to benazeprilat; 
enalapril is hydrolyzed in the liver to enalaprilat.  Both benazeprilat and enalaprilat inhibit 
angiotensin-converting enzyme (ACE) activity inhibiting the conversion of angiotensin-I to 
angiotensin-II.  Reducing systemic levels of angiotensin-II produces a balanced vasodilation 
(arterial and venous) and reduces aldosterone production by the adrenal gland. The overall 
effect of ACE inhibition includes reduced systemic blood pressure and reduced vascular 
resistance which results in increased cardiac output (reduction of afterload) and reducied 
congestion (reduced preload - edema, effusion) in patients with congestive heart failure.   ACE 
inhibitors also exhibit beneficial effects in renal compromised patients (CKD) via vasodilation of 
the post-glomerular arterioles which reduces intraglomerular pressure, proteinuria and renal 
tissue remodeling.  Benazeprilat is cleared equally via both renal and hepatic routes.  
Enalaprilat is cleared primarily (95%) via renal routes; significantly reduced renal function may 
impact elimination rates of both drugs.   

Both drugs are of equal efficacy in canine CHF patients.  In dogs, enalapril suppresses ACE 
activity for slightly > 12 hours so BID administration is necessary (Dogs: 0.25 - 0.5 mg/kg PO 
BID).  Benazepril suppresses ACE activity for ~ 24 hours so QD administration is adequate 
(Dogs: 0.25 - 0.5 mg/kg PO QD).  Evidence-based proof of ACE-I efficacy has been difficult to 
demonstrate in feline CHF patients. Both drugs have a longer half-life in cats so QD dosing may 
be appropriate (feline dose 0.25 - 0.5 mg/kg PO QD).    

A significant drawback of ACE-I drugs is “aldosterone breakthrough” phenomenon.  This well-
described occurs due to upregulation, or lack of blockade, of non-ACE pathways, which lead to 
the alternate pathway formation of plasma angiotensin II and restoration of plasma aldosterone 
concentrations to pre-treatment levels.  Aldosterone breakthrough has been documented in 30-
50% of dogs with RAAS activation occurring following introduction of ACE-I treatment in 
myxomatous mitral valve disease. There is also no current evidence that chronic treatment with 
ACE inhibitors reduces abnormal cardiac hypertrophy associated with HCM in cats. 

ACEIs are generally safe with few side-effects.   A mild subclinical increase in serum creatinine 
value is commonly observed in some patients. Adverse effects may include anorexia, vomiting, 
diarrhea, weakness, hypotension, renal dysfunction and hyperkalemia.   ACE inhibitors rarely 
cause a dry cough as commonly seen in people. Drug interactions include an increased 
potential for hypotension or AKI when combined with diuretics; hyperkalemia with patients on 
potassium supplemented diets (renal diets), oral potassium supplementation and 
spironolactone; concurrent NSAID use may reduce the anti-hypertensive or positive 
hemodynamic effects of ACEI and may increase the risk for reduced renal function.    

 

Benazepril HCl is available as generic 5 mg, 10 mg, 20 mg, & 40 mg tablets.  
 Enalapril Maleate is available as generic 2.5 mg, 5 mg, 10 mg & 20 mg tablets. 

 

“Sparing myocardial cells - Diminishing an overactive RAAS system”   
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Angiotensin Receptor Blockers.  ARBs selectively bind to and inhibit activation of the 
angiotensin II subtype 1 (AT1) receptor in peripheral tissues.  This interference with the RAAS 
system may provide selective advantages over central ACE-inhibition.   Selectivity of ARB 
therapy also preserves beneficial effects associated with stimulation of the angiotensin II 
subtype 2 (AT2) receptor.  Expression of the AT2 receptor is upregulated in times of renal and 
cardiac stress.  Enhanced activation of AT2  receptors  provides vasodilatory, natriuretic, 
antiproliferative, and antifibrotic effects on cardiac, renal and vascular tissues thus counter-
balancing the maladaptive consequences of chronic AT1 receptor activation.  Selective AT1 
receptor inhibition also leaves the AT2 receptors free to interact with angiotensin II, which may 
favorably rebalance angiotensin II downstream effects in patients with kidney disease, heart 
failure and hypetertension.  In addition, because the AT1 receptor mediates feedback inhibition 
of renin release, its blockade is associated with increased angiotensin II levels, which are 
available to interact with the unopposed AT2 receptors, potentially amplifying their beneficial 
effects.  Specificity for the AT1 receptor also allows ARBs to antagonize the detrimental effects 
of angiotensin II independent of the source, circumventing ACE-independent proteolytic 
pathways that are known to contribute to angiotensin II production.  However, aldosterone 
breakthrough is a recognized phenomenon not only in patients treated with an ACE-i, but also in 
some receiving an ARB, suggesting that persistence of angiotensin II production is only part of 
the ‘story'.   ARBs are currently used in veterinary renal disease and investigations are ongoing 
for use in cardiology patients. 

Spironolactone competitively inhibits aldosterone activity in the distal renal tubules.  The result 
is a weak increase in urinary excretion of sodium, chloride, and water and decreased urinary 
excretion of potassium.  When given to healthy dogs this drug does not cause any significant 
diuresis.  Spironolactone also provides a systemic beneficial effect by directly blocking 
aldosterone effects  in tissues which reduces chronic deleterious impact on the myocardium, 
kidneys and blood vessels.  Spironoloactone is indicated to reduce “aldosterone breakthrough” 
phenomenon which occurs in 30-50% of CHF patients on ACEI vasodilators.  Spironolactone 
has an antifibrotic effect on cardiac muscle in humans.  This effect is controversial and debated 
currently in veterinary heart failure patients.  HCM Maine Coon cats (not in heart failure) 
receiving spironolactone did not demonstrate a change in diastolic function or left ventricular 
indices.  A study in dogs with moderate to severe mitral valvular disease, concluded that the 
addition of spironolactone to conventional therapy, was of benefit in decreasing the risk for 
death (or euthanasia) and severe worsening of signs.  Oral bioavailability is approximately 50%, 
but increases up to 90% when given with food.   A dose of 2 mg/kg PO once daily is suggested 
to obtain concentrations effective at blocking aldosterone levels associated with heart failure.  
Caution must be exercised in patients prone to hyperkalemia (Addison's disease, renal failure) 
as serum potassium levels may increase when receiving this drug.  Cats may experience 
severe facial pruritus as a side effect of this drug. 

Spironolactone is available as generic 25 mg, 50 mg & 100 mg tablets. 

Spironolactone/Benazepril.  A  canine FDA approved combination tablet with spironolactone 
and benazepril (Cardalis) is now available for management of the clinical signs of mild, 
moderate or severe congestive heart failure in dogs with MMVD.  A recent study (BESST) has 
demonstrated prolonged survival time and improvement of quality of life in MMVD dogs 
receiving the combination vs single-agent benazepril.   

CARDALIS administration should begin after pulmonary edema is stabilized.  CARDALIS should 
be administered orally once daily at a dose of 2 mg/kg Spironolactone and 0.25 mg/kg 
Benazepril hydrochloride, using a suitable combination of whole and/or half tablets.  All tablet 
strengths are scored and the calculated dosage according to dog’s weight should be to the 
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nearest half-tablet increment. CARDALIS should be administered with food.  Use of CARDALIS 
prior to CHF in dogs is also considered as reducing RAAS activity may prolong the time to heart 
failure and prolong patient survival. 

 

“24 hour moisture control?” - Loop Diuretics 

Furosemide (Lasix®)  is a potent diuretic based on its action within the ascending loop of 
Henle of the nephron unit.  Its primary action is to reduce the absorption of electrolytes and 
water in the distal renal tubule producing renal net excretion of water, sodium, potassium, 
chloride, calcium, magnesium, hydrogen, ammonium, and bicarbonate.   Sodium excretion is 
greater than potassium excretion in dogs; thus hyponatremia may be noted more commonly 
than hypokalemia.  In cats, significant potassium loss occurs thus hypokalemia can be a 
concern.  The primary treatment indication for loop diuretics is to reduce or resolve edema and 
effusions, particularly in congestive heart failure patients.  Diuretic effects begin within 5 minutes 
of IV administration and within one hour after oral dosing.  Peak effects occur approximately 30 
minutes after IV dosing, and 1–2 hours after oral dosing.  The development of diuretic 
resistance may occur with this drug which may limit its effectiveness in some CHF patients over 
time. 

Furosemide must be used cautiously in patients with preexisting renal disease and electrolyte or 
water balance abnormalities.  Hydration status and renal / electrolyte values should be 
monitored on a consistent basis with ongoing use.  Reducing the dose or temporarily 
discontinuing the drug is indicated if progressive azotemia (> 25% increases sCr) or uremic 
clinical signs develop during therapy.  An unusual potential adverse effect is acute ototoxicity, 
most commonly seen in cats on high intravenous dosages.  Important potential drug interactions 
include hypotension (with concurrent ACE-inhibitor use), increased serum digoxin level (with 
concurrent digoxin use) and increased theophylline level (with concurrent theophylline use). 

Furosemide is commonly available in generic pill, oral solution and injectable formulations. 

Indications - 

Management of acute CHF pulmonary edema (in combination with oxygen Rx) :   

Dogs: 2 mg/kg dose IV or IM/SQ every 30-60 minutes until clinical respiratory status (respiratory 
rate & effort, spO2) improves; onset of diuretic activity begins 5 minutes after IV administration 
and 30 minutes after IM/SQ administration; use of a CRI at 0.66 mg/kg/hr may be considered as 
it has reported greater diuresis, greater natriuresis and less potassium loss in CHF patients 
compared to intermittent interval dosing. 

Cats: 2 mg/kg initial IV or IM/SQ dose with repeated 1 mg/kg dosing every 1–2 hours until 
respiratory status has improved.  Thoracocentesis is preferred for rapid relief of respiratory 
compromise whenever pleural effusion is present.  To avoid severe dehydration  and acute 
kidney injury in cats, dosing should be immediately reduced once respiratory status is stabilized. 

If a total cumulative furosemide dose of > 8 mg/kg is administered without significant respiratory 
improvement and documented weight loss or an increase in serum BUN & creatinine then the 
diagnosis should be re-evaluated and adjunctive critical CHF drug management is indicated. 

Management of chronic CHF (usually with ACE-I , spironolactone & pimobendan):  
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Furosemide dose range of 1-4 mg/kg PO; dosing interval may range from every 24-48 hr for 
milder cases to every 8 hr for severe congestive heart failure.  Doses and intervals should be 
titrated to effectively reduce edema/effusion and provide a comfortable stable respiratory effort 
in each patient.  Over time the lowest furosemide dose that adequately controls clinical signs 
associated with edema or effusion should be established.  A total daily dose > 12 mg/kg without 
significant clinical improvement, documented weight loss and increased serum BUN & 
creatinine is generally consistent with furosemide resistance and alternate diuretic treatment 
strategies should be initiated.   

Furosemide resistance develops in some patients due to multiple factors including, poor owner 
compliance (pseudoresistance), reduced gastrointestinal absorption, reduced renal efficacy 
(nephron hypertrophy) and a short-half life associated with a “braking effect”.  Resistance can 
be a major reason for worsening edema/effusion while receiving this drug.  Consider switching 
to an alternative loop diuretic (torsemide), SQ furosemide administration or the addition of 
alternate non-loop diuretic therapy (hydrochlorothiazide) in a patient not responding adequately 
to high dose furosemide treatment. 

 

Torsemide (Demadex®)  A potent loop diuretic (same nephron action site as furosemide).  It is 
approximately 10 times more potent compared to furosemide and its diuretic effects persist for a 
longer period in both dogs and cats.  Torsemide also provides an aldosterone antagonistic 
effect.  Urinary potassium excretion is less compared to furosemide.  Published studies in dogs 
and cats with congestive heart failure have demonstrated efficacy, especially in patients that 
appear to be less responsive to the diuretic effects of furosemide.  Oral bioavailability is 
between 80–100% in dogs and cats.   In dogs, diuretic activity begins within one hour of dosing, 
peaks at about 2 hours and persists for at least 12 hours.  In cats, peak diuresis occurs about 4 
hours post-dose and persists for > 12 hours. Diuretic resistance is minimal when this drug as 
compared to furosemide; torsemide does not exhibit a “braking” effect.   

Torsemide is used in the management of chronic congestive heart failure to reduce edema and 
cavity effusions.  Initial dosing at 0.1 - 0.2 mg/kg PO QD/BID (10% of the furosemide dose) is 
recommended.  The dose is titrated to effect in each patient.  As torsemide has a more 
persistent diuretic effect (> 12 hours) the dosing interval may be reduced in some patients once 
stable.  Serial assessment of hydration status, renal status and electrolyte balance is 
recommended as with any diuretic therapy.  This drug can be used in combination with 
furosemide or other diuretics as necessary. 

Torsemide is available as human generic in 5 mg, 10 mg, 20 mg, and 100 mg tablets. 

 

“When dry just isn’t good enough”  -  Sequential Nephron Blockade 

Hydrochlorothiazide  is a thiazide diuretic with a weaker diuretic ability when compared to loop 
diuretics.  Thiazides are not suggested as the initial diuretic used in CHF but may be a valuable 
addition to loop diuretic therapy when additional diuresis is necessary.  Diuretic activity is in the 
cortical diluting segment of the nephron with interference of sodium reabsorption providing 
increased urinary excretion of sodium, chloride, and water. Thiazides also have a milder effect 
on increasing urinary excretion of potassium, magnesium and phosphate.  Onset of diuretic 
activity following oral administration occurs in 2 hours; peaks at 4–6 hours with a 6-12 hours 
duration of activity.  Thiazides should be used with caution in patients with renal disease or 
water balance abnormalities as rapid pre-renal azotemia may result when used in conjunction 
with a loop diuretic.  Mild hypokalemia may occur so monitoring of potassium is recommended 
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with chronic therapy especially in cats.  Thiazides can cause or exacerbate hyperglycemia in 
diabetic patients or induce diabetes mellitus in prediabetic patients. 

Hydrochlorothiazide tablets (human generic) are available in 25mg, 50mg, & 100mg sizes.  

Diuretic dose for chronic CHF patients use concurrently with a loop diuretic to provide 
synergistic diuresis  - 2–4 mg/kg PO q12hr in dogs, 1-2 mg/kg PO q 12-24hr in cats.  Doses 
should be titrated to effect in each patient to adequately control clinical signs associated with 
edema or effusion without causing clinical dehydration of progressive renal injury.  

 
“What happens when I give that little blue pill to dogs ?”  Sildenafil (Viagra)    

In recent years it has become increasingly more common to diagnosis significant pulmonary 
venous hypertension (PVH) in dogs with chronic mitral valvular disease.   The development of 
PVH in these cases can result in a significant decline in patient condition and may if not 
recognized and treated lead to premature euthanasia due to poor quality of life incorrectly 
attributed to refractory CHF.  Multiple veterinary studies are available that demonstrate 
improved exercise tolerance and quality of life in many PH patients after initiation of sildenafil.   

Sildenafil inhibits cyclic guanosine monophosphate (cGMP) specific phosphodiesterase type-5 
(PDE5) found in the smooth muscle of the pulmonary vasculature.  This action results in an 
increased cGMP resulting in nitric oxide-mediated vasodilatation within pulmonary vascular 
smooth muscle cells.  The end result is a significant reduction in pulmonary vascular resistance.  
The pharmacokinetics of sildenafil has been reported in dogs (recommended dose 1.0 – 
3.0mg/kg PO BID-TID).  The drug has not been studied in cats and there appears to be limited 
clinical indication in this species.   

Adverse effects are rarely reported in dogs but may include cutaneous flushing of the inguinal 
region, anorexia, vomiting and diarrhea. The most important potential drug interaction is 
concurrent use of other potent vasodilators (especially nitrates) which may contribute to 
significant hypotension.  Concurrent high-dose diuretic use may reduce preload to the left heart 
thus reducing cardiac output.   

Sildenafil - generic 20mg tablet and legend (Viagra) in 25, 50 & 100mg tablets. 

Cialis (tadalafil) is a similar but longer-acting PDE5 drug.  There is limited clinical experience 
and published data for use in dogs.  Suggested dose is 1 mg/kg PO once daily.  
 

 
 

CHRONIC COUGHING DOGS - CHRONIC BRONCHITIS VS AIRWAY COLLAPSE  

INTRODUCTION 
Paroxysmal non-productive coughing is a common and often frustrating complaint in dogs.  
Chronic coughing may not be life-threatening in many patients but a persistent cough is a 
serious concern for many owners and a frequent cause for veterinary visits.  Clinically this  type 
of cough is a common presenting issue in many geriatric smaller breed dogs but does occur in 
all dog breeds.   
The most common causes of a chronic non-productive cough include upper airway disorders 
(tracheal collapse), lower airway disorders (dynamic bronchial collapse, chronic bronchitis, 
interstitial lung disease), cardiomegaly (especially left atrial chamber enlargement) and 
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pulmonary hypertension.  All of these disorders usually result in an identical paroxysmal bouts 
of non-productive hacking cough.  The clinical history often does not reliably determine the 
reason for coughing.   
Physical examination can offer several clues as to the possible etiology such as eliciting a 
cough on tracheal palpation, audible inspiratory wheeze or expiratory grunt, increased 
bronchovesicular lung sounds or the presence of crackles and/or wheezes on auscultation.  
Concurrent MMVD is often present in these patients with a left-sided systolic heart murmur 
present on auscultation. 
 
DIAGNOSTIC TESTING 
What diagnostic tests can I perform that will define the cause of the cough?  
Survey thoracic cavity radiography is simplest and best means of initially investigating a chronic 
cough.  Pulmonary disorders such as focal alveolar disease, lung lobe mass and metastatic 
lung disease can be easily recognized and will guide further testing.  The presence of a murmur 
along with radiographic cardiomegaly is usually an indicator that heart disease plays at least 
some role in the cough (bronchial compression from enlarged left atrial chamber, pulmonary 
edema, pulmonary hypertension).  An echocardiogram is indicated to better define the cause 
and extent of cardiac disease in these patients.  Determining whether a patient is coughing from 
inflammatory lower airway disease versus dynamic airway collapse is more of a diagnostic 
challenge.  Chronic bronchial patients often have identifiable diffuse peribronchial and/or 
interstitial pulmonary infiltrate markings and may exhibit lung overinflation.  Dynamic tracheal or 
bronchial collapse patients often have normal pulmonary findings and in some cases may 
demonstrate a visible collapse of the trachea or primary bronchi.  This may be induced by 
obtaining lateral cervical radiographs with the neck in an extended and flexed position; an 
inspiratory and expiratory phase lateral thoracic cavity view may also provide clearer evidence 
of thoracic tracheal and/or bronchial collapse.  Fluoroscopy examination during inspiration and 
expiration is more likely to provide confirmation of dynamic tracheal or bronchial collapse and is 
available in university teaching hospitals and select referral centers.   
  
Bronchoscopy examination with tracheobronchial lavage collection is another method of 
evaluating chronic coughing patients when a likely diagnosis is not provided by diagnostic 
imaging.  Dynamic tracheal collapse, primary bronchiolar collapse, lower airway mucus, exudate 
or other lower airway abnormalities (tumors, foreign material, parasites) can be directly 
visualized via endoscopic examination.  Lower airway lavage can be performed (bronchoscopic-
assisted or blind-technique) to evaluate for inflammatory, infectious and neoplastic disease.  
Lavage samples should be submitted for routine cytologic examination as well as aerobic 
culture. 
Computed tomography (CT) examination of the lung may be of benefit in cases in which a 
diagnosis has not been established after performing other routine tests. 
 
TREATMENT CONSIDERATIONS 
Treatment for coughing dogs with mitral valve disease and pulmonary hypertension. 
Reducing left atrial chamber pressure and size (volume), reducing pulmonary edema and 
reducing pulmonary venous hypertension can all result in reduced coughing.  Diuretic therapy 
will reduce left atrial volume and pulmonary edema when present.  Diuretic therapy must be 
cautiously used in patients with concurrent pulmonary venous hypertension as a reduction in left 
heart preload and cardiac output can occur with standard diuretic dosages.  Arterial vasodilator 
therapy (amlopdipine) will reduce left atrial pressure by increasing forward cardiac output and 
may be helpful in coughing compensated class B2 mitral valve patients with significant left atrial 
enlargement.  Sildenafil therapy will help reduce pulmonary hypertension resulting from various 
chronic disorders and may be very beneficial in reducing cough in these patients.  
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Treatment for coughing dogs with infectious chronic bronchointestitial lung disease. 
Antibiotic therapy is indicated when bacteria is cultured from the lower airway of a chronic 
coughing dog.   The antibiotic selection should be based on the sensitivity results and a 3 week 
course of therapy is recommended.  If airway lavage is not performed then empirical therapy  
trial with doxycycline, azithromycin or amoxicillin-clavulanate is suggested.  Primary bacterial 
infections are possible but secondary bacterial infections are more likely in most geriatric 
smaller breed patients as they often continue to cough despite appropriate empirical antibiotic 
trial  Other chronic lower airway infections (fungal, parasitic) should be treated appropriately if 
identified. 
 
Anti-inflammatory treatments for chronic coughing dogs. 
Various anti-inflammatory agents can be tried – antihistamine, antihistamine-corticosteroid 
combination (prednisone-trimeprazine) and corticosteroids.  Anti-inflammatory therapies are 
often used during significant paroxysmal “flare-ups” as intense coughing produces mucosal 
irritation.  Patients with significant sterile lower airway inflammation may have an inhalant 
hypersensitivity (i.e., asthma) and should receive consistent corticosteroid therapy if the 
allergenic cannot be identified and removed from the patient’s immediate environment.  Inhalant 
corticosteroid treatment (i.e., fluticasone) is preferred and can be administered with an inhaler 
and face mask system.  Inhaled corticosteroid treatment results in less systemic absorption thus 
reducing the problematic side effects of corticosteroids. 
 
Treatment for coughing dogs with sterile bronchointerstitial lung disease and/or dynamic 
airway collapse.  
Cough suppressant therapy, bronchodilation therapy and anti-inflammatory therapy are all 
potentially useful in managing chronic coughing dogs with sterile chronic bronchial disease or 
dynamic airway collapse.  These treatments may work individually or may be used concurrently 
in the same patient.  
 
Antitussive therapy. 
There are multiple cough suppressant selections available for dogs.  In my experience OTC 
dextromethorphan (Robitussin) is not effective in treating chronic cough and may contain other 
additives that can result in significant side effects.   
Narcotic antitussive medications are available by prescription and are usually more effective.  
Butorphanol is a canine-approved oral narcotic agonist antitussive available in 1mg, 5mg and 
10mg tabs.  A starting dose of 0.5 to 1.0 mg/kg PO q 6-12 hours is suggested.  Hydrocodone + 
homatropine (Hycodan, Tussigon) is a human-approved narcotic agonist antitussive option.  It is 
available in 5mg/1.5mg tablet and 5mg/1.5mg per 5ml oral solution.  A starting dose of 0.25 to 
0.5 mg/kg PO q 6-12 hours if suggested.  I find no advantage to one drug vs. the other in most 
patients.  The key factor in treating dogs with these medications is that to significantly reduce or 
stop a cough you must be aggressive in both the initial dose and frequency of administration.  
These drugs may require q 4-6 hour administration to suppress a cough to a degree that the 
client will notice a clinical benefit.  Excess sedation is the limiting factor to dose and frequency 
interval.  Once the cough cycle has been suppressed for a few days and the airway mucosa is 
less irritated the frequency of administration can often be reduced.  Combining an anti-
inflammatory medication such as Temaril-p (prednisone-trimeprazine) or prednisone for a short 
period may also be helpful if the cough is not due to an infectious etiology.  Both narcotic drugs 
can be used safely combined with appropriate cardiac medications for suppression of cough 
associated with an enlarged left atrium.   Diphenoxylate (available in 2.5mg tablets and 
2.5mg/5ml oral solution; starting dose 0.2 to 0.5 mg total dose PO q 12 hours), an opiate 
antidiarrheal, is an alternative narcotic agent that on occasion provides better cough 
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suppression in select patients.  Reduced appetite and constipation are possible with continuous 
use. 
Maropitant (Cerenia) has been suggested and recently studied as a possible canine  
antitussive agent.  It does possess antitussive effects secondary to NK-1 receptor antagonism 
but fails to reduce airway inflammation.  It’s use in chronic inflammatory lower airway disease is 
therefore not justified. 
Gabapentin has recently been investigated as a cough suppressant in humans.  It may be 
helpful in reducing reflex coughing in certain sterile lower airway disorders.  It’s use in dogs is 
anecdotal at this time but this drug may benefit some dogs when used alone or in combination 
with other antitussives.  
 
Bronchodilator therapy.   
Bronchodilation may be of clinical benefit and improve ventilation in dogs with airway disorders 
including chronic bronchitis and dynamic airway collapse.  The mechanism of action varies 
between the two major bronchodilator classes – methylxanthines (aminophylline, theophylline) 
and sympathomimetics (terbutaline, albuterol).  When one class is apparently ineffective in 
producing a desired improvement in ventilation and reduced coughing then the other class 
should be tried.  Bronchodilators work by increasing bronchiolar diameter and reducing airflow 
resistance via relaxation of bronchial smooth muscles and also improve mucociliary clearance, 
decrease fatigue of respiratory muscles and inhibit release of certain inflammatory mediators.   
 Methylxanthines are also mild diuretics and may be a useful addition in patients with 
pulmonary edema.   Sustained-release theophylline is preferred as it is dosed on a BID 
schedule versus aminophylline which is dosed TID-QID to maintain an effective clinical 
response.  Both drugs have potential side effects including GI symptoms, nervousness, cardiac 
tachyarrhythmias, hypotension and seizures.  Theophylline SR has a narrow therapeutic index 
even at recommended dosages so cautious use is always indicated.  There are a variety of 
generic theophylline SR or ER available in different mg strengths.  The recommended dose is 
10-20 mg/kg PO BID.  Sustained-release tablets can be cut in half but likely are not as effective 
when quartered.  I like to start at 50% of the calculated dose and then titrate the dose upward as 
needed.  Concurrent use of fluoroquinolone antibiotic can increase plasma theophylline 
concentrations and increase toxicity potential. 
Terbutaline, a sympathomimetic B agonist, is another oral bronchodilator that can be tried in 
chronic coughing dogs.  It is available in 2.5 and 5mg generic tablets.  The recommended dose 
is 0.2 mg/kg PO q 8-12 hours.  A reduction in coughing and easier breathing effort are the 
desired goal if efficacious.  Side effects are similar to the methylxanthine drugs but in my 
experience there is a greater therapeutic index with terbutaline.  Terbutaline (0.01 mg/kg dose) 
can be given SQ or IM injection for more rapid onset of action during a severe coughing or 
dyspnea incident.  Reduced respiratory rate and breathing effort is expected within 10-15 
minutes.  An transient elevated heart rate 140-160 bpm is consistent with drug activity.  
Albuterol inhalation (17 gm metered-dose inhaler) may be effective in some patients, however, 
chronic term continuous use of generic racemic albuterol is not recommended due to possible 
paradoxical airway inflammation associated with chronic treatment.  A pure R-enantomer inhaler 
(Xopenex) is available and may be considered for chronic administration if desired. 
 
 
When should an airway stent be considered?   
Tracheal collapse is a clinical syndrome associated with progressive flattening of the tracheal 
rings, leading to cough, airflow obstruction, and exercise intolerance.  The syndrome is due in 
part to a progressive softening of the tracheal ring cartilage (tracheomalacia).   Once clinical 
signs become significant, the symptoms progress as a result of a cycle of cough and collapse-
induced airway damage, airway epithelial repair and metaplasia, progressive loss of mucociliary 
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clearance function, hyperplasia of the mucus secretory apparatus and progressive airway 
obstruction.  When the cartilage supporting the principal bronchi, lobar bronchi, and segmental 
bronchi is also involved, the condition is termed tracheobronchomalacia.  Bronchomalacia and 
bronchial collapse can also occur in the absence of tracheal involvement.   Surgical intervention 
(external ring prostheses) and intraluminal tracheal stenting techniques are therapeutic options 
for patients with tracheal collapse.  Each procedure has the potential to provide immediate 
improvement of clinical signs. However, neither provides a cure for tracheal collapse, and both 
have the potential for post-procedural complications.  As a result, early and aggressive medical 
management of cough should be the first line of therapy for chronic coughing due to tracheal 
and/or bronchial collapse.  A complete  diagnostic workup and treatment trials as outlined above 
should be performed prior to considering placement of an intraluminal tracheal stent.  Comorbid 
cardiopulmonary conditions such as chronic valvular heart disease, lower airway chronic 
bronchial disease and obesity are common in dogs that also develop trachea collapse.  Weight 
loss, cardiac treatment, cough suppression, bronchodilation and anti-inflammatory treatment 
may all provide significant clinical benefit and avoid the necessity of stent placement.  If these 
medical measures fail to satisfactorily control the cough associated with tracheal collapse and a 
patient’s quality of life is questioned then the reward vs risk of stent placement is considered.  If 
immobile collapse of a tracheal segment occurs then luminal stenting is a necessity. 
Tracheal stenting is a simple, relatively brief, and rapidly effective procedure when performed.  
While the actual deployment of the tracheal stent is a relatively simple operation, substantial 
preprocedural planning and operator skill are necessary to determine the appropriate stent size 
and location for placement.  Periprocedural morbidity and mortality associated with tracheal 
stenting are minimal.  Long-term complications associated with tracheal stents included 
granuloma formation, stent migration, and stent fracture.   Modifications in intraluminal stent 
options specific for veterinary applications have evolved during the past 10 years, including 
variable-diameter stents, flared-end stents, and the use of shape memory alloys (e.g., nickel-
titanium alloys).  These modifications may reduce long-term complications and prolong the life 
and utility of a properly sized and properly placed tracheal stent.  While intraluminal stenting 
provides an option for addressing intrathoracic collapse and airflow obstruction, some coughing 
may persist, either due to collapse of airways beyond the trachea or comorbidities. Because 
ongoing coughing may increase the risk of stent fracture and may contribute to airway 
inflammation leading to granuloma formation, lifelong medical management is indicated for 
patients following tracheal stent placement. 
 

 

COUGHING CATS - ASTHMA, OTHER RESPIRATORY DISEASE or HAIRBALLS? 
  
INTRODUCTION 
Chronic lower airway (pulmonary) disease is a relatively common disorder in domestic cats 
causing considerable morbidity and occasional mortality.  The feline asthma complex is 
triggered by IgE-mediated hypersensitivity reaction against aeroallergens, thus it is an allergic 
disease.  Genetic and environmental factors are responsible for the development of asthma.  
Once a cat is sensitized to a specific allergen, repeated exposure to that allergen will cause the 
clinicopathologic events that are recognized as feline asthma.  Upon reexposure, two IgE 
antibodies are cross-linked, sending an intracellular message and triggering mast cell 
degranulation. A variety of mediators within mast cell granules are acutely released causing 
bronchoconstriction, increases in vascular permeability and inflammatory cell influx.  Other 
eicosanoids and cytokines are elaborated by the mast cells, additional cells infiltrate into the 
airways and a second wave of bronchoconstriction (“late phase response”) can occur hours to 
days later.  The hallmark features of asthma include eosinophilic airway inflammation, mucus 
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hypersecretion, and eventual airway remodeling which creates permanent architectural changes 
within the lung parenchyma.   
Common clinical signs in cats may include a single clinical signs such as chronic non-productive 
wheezing cough or acute expiratory respiratory distress (ie, status asthmaticus) - whereas some 
cats may exhibit both signs.  Absence of a cough does not rule out asthma as some cats may 
have intermittent respiratory distress as the only presenting issue.  Because there are other 
lower airway disorders which can mimic the clinical signs and the pathologic changes seen with 
feline asthma, a diagnostic approach must be able to discriminate between these other airway 
disorders.   
Treatment goals at this time include relieving the clinical signs of asthma and reducing airway 
inflammation and reactivity.  At this time, all treatments are palliative, as they do little to reverse 
the underlying abnormal immune response. Current research is focusing on developing therapy 
to restore immunologic tolerance to aeroallergens which in effect could be curative. 
 
Diagnostic testing  
There is no single confirmatory test for feline asthma. Diagnostic suspicion starts with owner 
observations. Cough (often considered “hacking up a hairball” by owners), “wheezy”  
expiratory breathing sounds and episodic respiratory distress are compatible with the diagnosis 
of asthma.  Physical examination is often unremarkable unless the patient is evaluated during 
an asthma crisis; cough may be elicited on tracheal palpation, wheezing (audible with or without 
a stethoscope), increased respiratory rate and effort, or overt respiratory distress with a 
pronounced “expiratory push” may be observed on examination. 
 
Patients with these historical complaints and/or clinical signs should be examined with thoracic 
radiography, targeted infectious testing and lower airway sampling.   
Thoracic radiography can help rule out cardiac, pulmonary parenchymal or pleural cavity 
disease which may also cause cough or respiratory distress.  Thoracic radiographs in asthmatic 
cats may be normal (approximately 25%); or they may show some common features such as a 
bronchial or bronchointerstitial lung pattern, hyperinflation, and atelectic lung lobe collapse 
(often secondary to mucus plugging of the right middle lung).  It is important to recognize there 
are other lower airway diseases that share common clinical and radiographic signs including 
feline asthma, chronic bronchitis, lung worms, migrating ascarids and heartworm associated 
respiratory disease (HARD).  Lung hyperinflation is supportive of a diagnosis of asthma; normal 
inflation might be more consistent with chronic bronchitis/emphysema. Enlargement of 
pulmonary arteries is more consistent change with HARD. 
 
Additional diagnostics and treatment trials can be used to rule out other differentials including 
CBC (peripheral eosinophilia present ~ 20% of the cases of asthma), fecal flotation and 
baermann testing or a course of antihelmintic to rule out lungworms and ascarids, heartworm Ab 
and Ag testing and echocardiography.  Multiple Baermann tests may be needed for definitive 
diagnosis of lungworm infection since larvae are intermittently coughed up and swallowed to 
appear in the feces. It may be challenging to diagnose infection with Toxocara since lung 
disease can occur from larval migration prior to adults producing eggs in the small intestine 
which would be ultimately be detectable in the feces. Heartworm antibody and antigen testing 
are insensitive and while positive tests in light of appropriate clinical signs and pathologic 
findings would support a diagnosis of HARD, negative results would not definitively rule HARD 
out.  Regular use of a heartworm preventative (selamectin, moxidectin) can prevent HARD and 
can also be used to treat ascarids and potentially lungworm infection. 
  
Targeted lower airway testing via bronchoalveolar lavage can be easily and safely collected in 
cats and submitted for cytology and culture.  Lavage fluid can be collected by a blind technique 
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or during bronchoscopy evaluation. Classic cytologic findings with feline asthma include an 
increase percentage and number of eosinophils, although mixed inflammation (especially with 
neutrophils) is fairly common.  A positive culture must be interpreted in conjunction with 
cytology; a positive culture in the absence of septic suppurative inflammation likely reflects 
transient colonization of the lower airways or contamination.  Secondary infections in feline 
asthma are uncommon.   
  
Allergen-specific IgE evaluation via intradermal skin testing or serum testing can be considered. 
However, widely discrepant results between laboratories are common resulting in many false 
positive and false negative results.  Glucocorticoids do not appear to impact serum allergen-
specific IgE testing as seen with intradermal IgE testing. The value of skin or serum allergen-
specific IgE tests is to try to determine the likely offending allergens as this can be important in 
trying to make recommendations for allergen avoidance. Allergen-specific immunotherapy may 
become a more viable option with this disease in the future. 
 
Treatment of Feline Asthma   
There remains no cure for feline asthma at this time.  Treatment is aimed at controlling airway 
inflammation and preventing and/or minimizing respiratory distress episodes.  Treatment 
recommendations usually include aeroallergen exposure reduction via environmental 
modulation, glucocorticoids to decrease inflammation and bronchodilator therapy to improve 
lower airway ventilatory flow.  Treatment is usually only palliative as removal or significant 
reduction of clinically relevant allergens from the environment while ideal can rarely be 
accomplished as allergens are ubiquitous and/or cannot be accurately identified.  Environment 
modifications are encouraged to minimize contact with stimuli that could trigger clinical signs 
such as powders, dusts (kitty litter), aerosols, and smoke.  Hepa-type air filters may be helpful in 
some cases. 
 
Is corticosteroid treatment always indicated for feline asthma? 
The answer is yes unless you can reliably determine what the cat is reacting (hypersensitive) to 
and remove this antigen from the environment.  Corticosteroid treatment is the only reliable way 
to consistently suppress airway inflammation and thus it must be used on a consistent basis.  
Without consistent inflammatory suppression there will be gradual progression to irreversible 
structural bronchial and interstitial lung disease and probable repeated “asthma crises”.  
Therefore corticosteroid treatment is indicated on a long-term consistent basis. Which 
corticosteroid you use should be based on patient response, ease of administration and concern 
with long-term systemic side-effects.  It can take up to 48 to 72 hours to sufficiently reduce 
airway inflammation after initiating corticosteroid therapy. 
 
 
 
 
What are my steroids options for asthmatic cats? 
Oral, injectable or inhaled corticosteroid medication at an appropriate anti-inflammatory dosage 
can be used to treat feline asthma.  However, although all forms are likely to have substantial 
benefit for these patients there are different risk factors that must be considered since this will 
be a long-term treatment.  Oral corticosteroids (prednisolone, dexamethasone, triamcinolone, 
methyprednisolone) are all acceptable treatments on an every 24-48 hour schedule.  If one form 
does not provide a satisfactory response you may try the other oral formulations until a 
response is achieved.  I usually use oral corticosteroid initially to gauge whether a cat will 
respond to corticosteroid treatment prior to initiating inhalation treatment; if successful the oral 
corticosteroid can be tapered as the inhaled formulation is initiated.  Injectable 
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methylprednisolone q 3-6 weeks is an acceptable treatment in many cats.  However, while both 
oral and injectable steroid formulations should have a beneficial pulmonary effect they also will 
affect the entire body (systemic).  Therefore, these patients are at higher risk for development of 
diabetes mellitus and typical cushinoid issues. Treatment with an inhaled corticosteroid is 
preferable as it allows treatment of the target organ without significant systemic blood levels 
thus avoiding many potential side-effects.  Inhalation of fluticasone (Flovent) is clinically 
adequate to control asthmatic symptoms in most patients although it should not be used in an 
emergency situation as it takes several days to be effective.  Inhalation is accepted by most 
cats.   BID administration is initially used and the dosage and frequency are gradually tapered 
based on observed response.  Oral or injectable corticosteroids may still be needed in some 
patients but can usually be eliminated in a fairly rapid manner.  Long-term management appears 
safe and effective for many cats.  Multiple veterinary labeled inhaler/spacer systems are now 
available.   www.aerokat.com (Trudell Medical) 
 
 Flovent (fluticasone) 110mcg & 220mcg inhalers; 2 “puffs” BID as starting dosage. 
 Budesonide inhaler; 2 “puffs” BID as starting dosage. 
 
What other drugs can be considered to treat refractory asthmatic cats? 
In experimental feline asthma, cyclosporine did not inhibit the early phase response to allergen 
challenge (mediated in large part by mast cells), but it was effective at blunting airway 
hyperresponsiveness to acetylcholine and airway remodeling.  Because of potential side effects 
of long term cyclosporine, it is not advocated for routine management of feline asthma, but 
may be considered in severe or refractory cases. 
Cetirizine (Zyrtec), a 2nd generation selective histamine receptor 1 antagonist that has effects 
both dependent and independent of histamine antagonism, has been evaluated for suppression 
of eosinophilic airway inflammation in experimentally asthmatic cats, with no significant 
beneficial anti-inflammatory or immunological effects. 
The popular human asthma drugs Singular and Accolate are often discussed as possibly useful 
in asthmatic cats.  In humans these drugs are used to reduce corticosteroid usage as these 
drugs reduce airway inflammation based on their action of blocking leukotriene-mediated 
production of inflammatory mediators.  They have been advocated for several years by many 
veterinarians but in my experience with limited to no success.  An experimental study in a feline 
asthma model confirmed that the use of zafirlukast was not effective in reducing airway 
inflammation and bronchoconstriction. 
Cyproheptadine, a serotonin-antagonistic antihistamine, has been advocated for its use in feline 
asthma.  It is proposed that it reduces airway inflammation in asthmatic cats based on its activity 
to inhibit the release of serotonin from activated pulmonary mast cells.  It does block airway 
smooth muscle constriction ex vivo but in my clinical experience it has rarely been useful in 
reducing asthmatic symptoms.  Recent experimental study would support this observation as 
cyproheptadine was not helpful in reducing airway inflammation in a group of asthmatic cats.  
 
Initial studies to evaluate maropitant as a cough suppression drug have not shown a consistent 
benefit but ongoing studies are continuing.  Maropitant, an NK1 receptor antagonist approved 
for use as an antiemetic treatment, has been suggested as a possible therapy for feline asthma. 
Recently completed studies evaluating maropitant as an every-other-day continuous therapy or 
as an emergency treatment.  In neither setting was there any benefit to the use of maropitant in 
either airway inflammation or hyperreactivity. 
Dietary omega-3 polyunsaturated fatty acids administered to experimentally asthmatic cats for 4 
weeks showed no effect on airway inflammation, but did show a decrease in airway reactivity 
and should be considered as an adjunct to traditional therapies. 
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Should bronchodilator treatment be used routinely in asthmatic cats? 
 Bronchodilators are crucial during emergency management of cats presenting with 
bronchoconstriction.  I prefer to use injectable formulations in cats during treatment of acute 
emergency crisis (subcutaneous terbutaline 0.01 mg/kg can be life-saving during asthmatic 
crisis).   Inhaled bronchodilators can have variable distribution and may not be reliable in 
emergency situations.  
Bronchodilators may be useful in the treatment of chronic feline asthma, however, are never 
recommended as a monotherapy as they do nothing to control airway inflammation which if 
unchecked can progress to irreversible architectural pulmonary remodeling.  Not all cats will 
require bronchodilation as many respond adequately to corticosteroid treatment once airway 
inflammation is reduced.  Bronchodilator treatment is a logical trial in patients that fail to 
adequately respond to corticosteroids.  Treatment may be necessary on a consistent basis in 
some patients or may be useful on an as needed basis whenever symptomatic “flare-ups” occur 
in other patients.   
As in dogs, cats may be treated with oral methylxanthine or oral sympathomimetic (beta-2 
agonists) formulations.  The same side-effects and drug interactions that can occur in dogs are 
also a concern in cats.  I will use the oral formulations in patients that demonstrate improvement 
when given consistent bronchodilator treatment.  Continuous use of inhaled albuterol may 
paradoxically promote airway inflammation and should be avoided.  If continuous inhaled 
bronchodilation is necessary then the use of levalbuterol (single enantiomer) should be 
considered. 
 Theophylline or Theophylline-SR; 10-20mg/kg PO BID. 
 Terbutaline 0.2mg/kg PO q 8-12 hours. 
 Levalbuterol (Xopenex) inhaler; 2 “puffs” per dose PRN.  OK for continuous use. 
 
 Terbutaline 0.01 mg/kg SQ during asthmatic crisis 
 Albuterol metered-inhaler 17gram; 2 “puffs” per dose during asthmatic crisis.  
 
Allergy testing, immunotherapy and other new drugs in asthma cats  
Allergen-specific immunotherapy (e.g., allergy shots) would be the only treatment associated 
with a possible cure of allergic disease. However, identifying allergens to which the patient has 
been sensitized is critical but generally difficult in practice.  Intradermal skin testing seems to be 
the most sensitive method of allergen identification. Allergy blood testing may accurately identify 
allergens, but sensitivity of blood testing is not as good as for IDST. It must also be remembered 
that the presence of IgE to a particular allergen does not mean that that specific allergen is 
responsible for disease. 
Protocols for “rush immunotherapy” delivered over two days either by subcutaneous injection or 
mucosal administration ameliorated airway inflammation in an experimental model of feline 
asthma. The mucosal route mimics actual exposure, but the subcutaneous route is easier to 
administer and seems to be effective without compromising safety. This form of therapy reduces 
eosinophilic inflammation in the airways, and may permanently retrain the animal’s immune 
system to “ignore” the inciting allergens. Trials of hyposensitization in naturally affected cats are 
just beginning. 
  
CpG motif administration may turn off the immune system Th2 response that promotes asthma. 
This is an area of active research.  
Salivary peptides which affect the immune response (e.g., FeG-COOH; LeukoSTAT) did not 
demonstrate efficacy in an experimental feline asthma model. 
Tyrosine kinase inhibitors are small molecule inhibitors which block the ATP binding sites of 
kinases. In asthma, the c- KIT receptor has been associated with proliferation and degranulation 
of mast cells and eosinophils in humans and mice and seems to be a logical target for 
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therapeutic intervention. Unfortunately, toxicity was a concern despite the potential benefits on 
airway inflammation and airflow limitation in an initial study of experimental feline asthma, 
A recent study of stem cell therapy in cats with asthma suggests some benefit may be achieved. 
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LIVER / GASTROINTESTINAL / RENAL URINARY SECTION 

 

HOW TO INTERPRET LIVER, PANCREATIC & INTESTINAL BLOOD PANELS 

Introduction                                                                                                                         
Veterinary patients commonly present with acute, chronic intermittent or chronic persistent 
gastrointestinal issues that generally include some combination of variable appetite change, 
vomiting, diarrhea and weight and condition loss. Clinical GI signs may result from primary 
gastrointestinal tract disease but may also occur with extra-GI disorders involving the liver, gall 
bladder, pancreas and other organ systems.                                                                                 

A complete diagnostic evaluation is critical to establish a definitive diagnosis or narrow the likely 
differentials and successfully manage patients with chronic or recurrent disease.  This can be an 
exhausting endeavor for the patient (and for owners & doctors). A standardized approach of 
baseline diagnostic testing should be performed in all patients.  

Relevant Liver, Pancreas & GI Blood Tests that can be performed in your practice 

Routine Blood testing -  

CBC provides information about the general health of the patient (i.e, anemia, white blood cell 
count and distribution) but in general may not provide any specific information about the 
digestive system.  

CHEM panel provides important information about possible concurrent hepatobiliary disease 
and function and may offer clues about intestinal mural integrity (i.e., albumin, globulin). Thyroid 
screening (T4) and routine infectious assays (FeLV, FIV, toxoplasma, HW) may prove to be 
important in feline patients with digestive disorders. 

What should I know about liver enzymes (LEs) in GI disease? The liver is considered a 
“sympathy organ” as there is generally a secondary hepatocellular response to any abdominal 
or systemic disease (i.e., elevations in ALT can occur with hypoxia, GI and pancreas disease, 
sepsis, chronic skin and dental inflammation, metabolic disorders, etc…).  Mildly elevated serum 
ALT and ALP values are frequently present in patients with primary GI disease as the portal 
circulation serves both the GI tract and the liver. A significant elevation in ALT (>500 IU) is 
generally associated with significant hepatocellular disease in dogs. The finding of elevated liver 
enzymes in cats is usually indicative of concurrent hepatic disease; a significantly elevated 
serum bilirubin value  (>3 mg/dl) almost always confirms that significant primary hepatobiliary 
disease is present.  Serum BUN, albumin, cholesterol and glucose are produced in the liver and 
reductions in these items can indicate significant liver dysfunction. 
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How does the CHEM panel help in intestinal assessment ?  Intestinal disease is often 
associated with panhypoproteinemia due to non-selective intestinal protein loss of both globulin 
and albumin. Other common abnormalities associated with intestinal disease include 
hypocholesterolemia, hypocalcemia (total and ionized), hypomagnesemia, and lymphopenia.  
Some patients will exhibit hyperglobulinemia secondary to chronic inflammation.  

What about serum amylase and lipase values ?  Serum amylase and lipase determination on 
routine CHEM panel via catalytic testing have poor relative specificity and sensitivity for GI and 
pancreas disease.  Many dogs and cats with primary gastrointestinal disease have concurrent 
elevation of serum pancreatic-specific lipase value despite a lack of other pancreatic findings.    

Specialized Blood Tests 

Gastrointestinal Blood Panel. A gastrointestinal/pancreatic-specific blood panel is comprised 
of serum cobalamin (vitamin B12), folate, TLI and PLI determination. These tests may be very 
helpful in evaluating patients with chronic vomiting, diarrhea, weight loss or in poor body 
condition. Submission of a fasted serum sample is necessary for this evaluation in chronic GI 
patients and is recommended prior to advanced GI diagnostics such  as ultrasound, endoscopic 
(or surgical) biopsy or significant treatment trials (antibiotics, prednisone, immunosuppressants).  
The results may provide suitable treatment options that can improve or resolve the GI issues in 
individual patients. It is best to perform the entire panel as the serum cobalamin and folate 
levels are best assessed in conjunction with the pancreatic-specific assays as they may be 
abnormal in animals with EPI or chronic pancreatitis. Major commercial laboratories & GI 
Laboratory at Texas A&M are recommended providers of these tests. 

Cobalamin is absorbed in the distal small intestine (specifically in the ileum). Values below the 
control range are seen in patients with EPI, bacterial overgrowth in the upper small intestine and 
mural diseases affecting the distal small intestine (ileum). Decreased fasted serum cobalamin 
levels reflect reduced tissue cobalamin levels. Cobalamin is involved in many cellular and 
enzymatic processes including intestinal absorption of nutrients across the mucosal 
enterocytes. Reduced cobalamin levels impair intestinal absorption of essential calories and 
nutrients including cobalamin thus perpetuating tissue deficiency of this critical vitamin. Patients 
with any chronic GI disease often become secondarily cobalamin deficient over time. This is 
significant as without acceptable cobalamin substrate many GI patients will experience sub-
optimal treatment response regardless of their underlying GI disease. If the underlying intestinal 
disease cannot be completely resolved, it is likely that the patient will continue to require regular 
cobalamin supplementation. Primary cobalamin deficiency also is clinically relevant in certain 
breeds such as Chinese Shar Pei and Siamese cats. 

Cobalamin supplementation can be provided by intermittent parenteral injection or daily oral 
dosing. Recent studies in humans, dogs, and cats suggest that oral supplementation is as 
equally effective as parenteral supplementation. Cobalamin is non-irritating and may be given 
subcutaneously or intramuscularly.  Most generic cobalamin preparations are 1mg/ml, i.e. 
1000µg/ml.  Multi-vitamin and B-complex injectable formulations contain much lower cobalamin 
concentration, and can cause pain at the injection site, so their use is not recommended.  A 
typical dose regime is weekly administration for six weeks then one additional dose after 30 day.  
Repeat testing is suggested 30 days after the last dose. If the underlying GI disease process 
has resolved and cobalamin body stores have been replenished, serum cobalamin 
concentration should be supranormal. However, if the serum cobalamin concentration is within 
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the normal range, treatment should be continued at least monthly and the owner should be 
forewarned that clinical signs may recur sometime in the future.  Current injectable dose 
recommendations : 

 

Oral cobalamin can be given daily as a substitute for parental use.                                       
Current oral dose recommendations :                                                                                         
Cats, Dogs < 20 lb = 250 mcg; Dogs 20-40 lb = 500 mcg; Dogs > 40 lb = 1000 mcg 

Folate (Vitamin B9) is absorbed in the proximal small intestine only.  Values above the control 
range are suggestive of bacterial imbalance (dysbiosis) in the upper small intestine.  Values 
below the control range are suggestive of non-bacterial disease affecting absorption of folate in 
the proximal small intestine. Antibiotic therapy is suggested in patients with elevated serum 
folate levels since this finding suggests bacterial-mediated disease. Probiotic and intestinal diet 
therapy may also be of benefit in establishing and maintaining a healthy intestinal microflora.   

A benefit of supplementing folic acid to dogs and cats with gastrointestinal disease and low 
serum folate has not been clearly demonstrated. Experimentally-induced folate deficiency can 
lead to clinical consequences and folic acid is cheap and safe so oral supplementation in 
animals with a decreased serum concentration is considered. Patients with severe 
hypofolatemia may be more likely to benefit from treatment. OTC folic acid supplements are 
readily available. Recommended dose of 200 mcg for cats and smaller dogs (<20 kg BW) and 
400 mcg for larger dogs (20 kg BW) PO once daily for 4 weeks. The proximal small intestinal 
disease that is suspected as the underlying cause of the decreased serum folate concentration 
must also be addressed.  

Trypsin-like Immunoreactivity (TLI).  Exocrine pancreatic insufficiency (EPI) occurs when 
there is insufficient synthesis and secretion of digestive enzymes by the pancreatic acinar 
(exocrine) tissue. The pancreas has fairly good functional reserve with clinical EPI developing 
when the secretory capacity is reduced to less than 10 - 15%.  When this degree of insufficiency 
occurs there is inadequate nutrient digestion and weight loss, diarrhea, and other clinical signs 
will become evident.  EPI can be an inherited disorder with juvenile atrophy of the exocrine 
glands or may be a consequence of repeated episodes of or massive pancreatitis resulting in 
tissue destruction.Small quantities of pancreatic proteases are present in the blood of normal 
animals. Trypsinogen is synthesized exclusively by the acinar cells of the pancreas, and 
measurement of this enzyme provides an excellent indirect index of pancreatic function. The 
assay detects both trypsinogen and trypsin (use of the term TLI to describe the total 
concentration of these two immunoreactive species), but the active enzyme (trypsin) is only 
present in the serum when there is pancreatic inflammation. EPI is often overlooked in both 
dogs and cats with chronic gastrointestinal disturbances and chronic weight loss. Cats in 
particular may not have clinical diarrhea (or steatorrhea) that is commonly observed in dogs.  
Cats also require intrinsic factor, a protein secreted by the exocrine pancreas, in order to assist 
cobalamin absorption in the feline ileum. Administration of oral pancreatic extracts does not 
affect serum TLI concentrations in either normal dogs or cats with EPI, so withdrawal of enzyme 
supplementation prior to testing of dogs and cats that are receiving supplementation is 
unnecessary. 

Pancreatic-specific lipase (PL). The ideal marker for pancreatitis would be one that is 
synthesized only by pancreatic acinar cells and not cleared immediately from the vascular 
space.  Pancreatic lipase (PL) fulfills these criteria as a cellular “leakage” enzyme released with 
pancreatic acinar cell damage. Assays for measurement of canine and feline pancreatic lipase 
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immunoreactivity (cPLI, fPLI, Precision PSL, VetScan cPL, Fuji Dry-Chem lipase) have been 
developed and validated to allows for the species-specific measurement of lipase originating 
only from the exocrine pancreas. Elevated PL values are supportive of but not definitive for a 
diagnosis of pancreatitis (lower specificity) thus a diagnosis of pancreatitis should not be based 
solely on an elevated PL result. PL results should be interpreted in consideration of clinical 
signs and other diagnostic findings including imaging studies to establish a tentative diagnosis 
of pancreatitis while ruling-out other disorders causing similar GI clinical signs.  In contrast, PL 
tests have a higher sensitivity compared to other pancreatic tests suggesting pancreatitis may 
be ruled-out with a normal result. 
Various substrates are utilized for lipase activity assays and no diagnostic test is 100% sensitive 
or specific. With the SpecPL assay, a value < 3.5 ug/L is normal and a value > 5.4 µg/L is 
consistent with pancreatic inflammatory disease in cats; a value < 200 µg/L is normal and a 
value greater than 400 ug/L is consistent with pancreatic inflammatory disease in dogs. Results 
in the grey zone are considered equivocal and further evaluation is recommended.  Studies 
indicate Spec PL testing identifies approximately 80% of pancreatitis cases (80% specificity) 
and excludes pancreatitis in approximately 90% of cases (90% sensitivity). The Antech 
Precision PSL correlates closely with the Spec PL assay in published studies. A value of > 140 
U/L is considered positive in dogs and > 26 U/L is considered positive in cats. 

Using the SNAP PL semiquantitative bedside assay, normal is a value less than 3.5 ug/L and 
abnormal is a value greater than 3.5 µg/L is consistent with pancreatic inflammatory disease in 
cats; a value less than 200 µg/L is normal and a value greater than 200 ug/L is consistent with 
pancreatic inflammatory disease in dogs.  pecificity differs with this test because the cut-off 
value is at the bottom end of the grey zone.  hus SNAP PL testing identifies approximately 70% 
of patients with pancreatitis (70% specificity) but excludes pancreatitis in approximately 94% of 
cases (94% sensitivity). Positive SNAP PL results should be confirmed with SPEC PL assay 
unless all other clinical data is consistent with pancreatitis. 

Bile Acid assays. The most sensitive hepatic function test available in small animals is the  
serum bile acid assay (SBA). The fasting serum total bile acid concentration (FSBA) is a 
reflection of the efficiency and integrity of the enterohepatic circulation. Pathology of the 
hepatobiliary system or the portal circulation results in an increased FSBA prior to the 
development of hyperbilirubinemia, which negates SBA measurement in the icteric patient.  An 
SBA increase is not specific for a particular type of pathologic process but is associated with a 
variety of hepatic insults and abnormalities of the portal circulation. SBA determination is used 
to differentiate between congenital portal vascular anomalies and liver insufficiency prior to the 
development of jaundice. The determination of SBA can contribute to the decision to obtain 
histological support for the diagnosis of specific hepatic diseases.  When the fasting value is 
greater than 25 μmol/L for the dog and cat, there is a high probability that the histology findings 
will define a lesion. When the SBA concentration is normal or in the “gray zone” the SBA should 
be followed by a 2-hour postprandial serum total bile acid (PPSBA) looking for an increase 
greater than 25 μmol/L.  he diagnostic value of determining PPSBA concentration is increased 
sensitivity for the detection of hepatic disease and congenital portal vascular anomalies.  When 
using these guidelines it is prudent to recognize that a small number of healthy dogs have been 
reported with PPSBA values above 25 umol/L and dogs with mild liver disease may have 
normal bile acids. 

Occasionally the measurement of a FSBA value higher than the PPSBA value. The reason for 
this is unclear but probably multifactorial. It has been shown that (1) the peak PPSBA 
concentration for individual dogs is variable, (2) fasted dogs store about 40% of the newly 
produced bile in the gallbladder and (3) a meal stimulates the release of between 5 to 65% 
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gallbladder bile. Undoubtedly these physiologic variables in addition to physiological variation in 
intestinal transit time and concurrent underlying intestinal disease also contribute. 

Urinary bile acids are also available as a diagnostic tool as serum BAs are filtered into the urine. 
Identifying increased urinary bile acids provides similar information to what is obtained from 
serum bile acids and neither test appears to be better than the other. The advantage of urinary 
bile acid measurements would be for the screening of litters of young puppies for suspected 
inherited vascular anomalies where urine collection is simpler than paired serum samples. 

Protein C Assay.  Protein C is a major plasma anticoagulant that acts at the surface of 
endothelial cells. Activated Protein C neutralizes Factors Va and VIIIa, which effectively blocks 
the amplification and propagation of coagulation. Protein C is a vitamin K-dependent protein, 
synthesized in the liver with a short plasma half-life. Protein C assays aid in the diagnosis of 
liver disease and thrombotic disorders. Clinical studies of dogs with congenital hepatoportal 
vascular anomalies indicate that Protein C is a non-invasive measure of portal blood flow, useful 
for differentiating portosystemic shunting (PSS) from microvascular dysplasia (MVD). Citrate 
plasma is the acceptable specimen-type for the Protein C activity assay.  At least 0.5 mL 
separated citrate plasma should be shipped on cold packs for overnight delivery.    
Developmental defects of the hepatoportal vasculature are common in toy and small breed 
dogs. Puppies with large shunting portosystemic vascular anomalies (PSVA) often require 
surgical correction, whereas microvascular dysplasia (MVD) is not a surgical problem. High 
serum bile acids are a sensitive screening test of both PSVA and MVD, the finding of high bile 
acids does not differentiate between these 2 syndromes. In contrast, low protein C activity (< 
70%) is a characteristic finding in dogs with clinical signs of PSVA. In contrast, dogs with MVD 
typically have protein C values > 70%.                                                                                                                                       
Protein C can also be used to assess portal blood flow post hepatic shunt occlusion.  While high 
serum bile acids often persist after PSVA ligation, a rise in Protein C levels can be used as an 
indicator of restoration of hepatic blood flow. 

 

 

FELINE CHOLANGIOHEPATITIS / CHOLANGITIS 
How to make the diagnosis and what treatments really make a difference 
 
INTRODUCTION 
Inflammation of the liver (hepatitis) and biliary tract (cholangiohepatitis) is a common medical 
issue in cats.  Patients may develop acute or chronic signs depending on the inciting type and 
cause.  Clinical signs are non-specific but usually include general lethargy, reduced appetite, 
vomiting, diarrhea and weight loss.  Physical examination is also varied but mucus membrane 
and epidermal icterus (jaundice) is a common.  Routine laboratory testing includes some 
consistent abnormalities such as leukocytosis, neutrophilia, monocytosis, elevated liver enzyme 
values (ALT, ALP, GGT), elevated serum bilirubin and hyperbilirubinuria.  Hepatic ultrasound 
examination usually demonstrates diffuse but often non-specific changes in the appearance of 
the hepatic parenchyma tissue. Definitive diagnosis requires hepatic tissue biopsy in most 
cases.  Hepatic needle aspirate cytology may be helpful, especially if a fever and neutrophilic 
CH is suspected; but although often inconclusive but it may be helpful in ruling-out other 
disorders, especially diffuse hepatic lymphoma or mast cell infiltration. 
 
FELINE CHOLANGIOHEPATITIS CLASSIFICATIONS 
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Feline cholangitis/cholangiohepatitis (CCHS) is the most common acquired inflammatory liver 
disease in domestic cats.  Cholangitis and cholangiohepatitis are more common in cats than 
dogs. The anatomic difference between the biliary and pancreatic ducts in cats compared with 
dogs has long been considered an underlying risk factor.  Feline CCHS is often documented 
with concurrent inflammatory processes in the duodenum, pancreas, and kidneys (chronic 
interstitial nephritis).  
Numerous concurrent conditions have been identified in cats with CCHS, whether the 
inflammatory infiltrate is predominantly neutrophilic (suppurative), lymphocytic or 
lymphoplasmacytic (nonsuppurative), or whether it actively involves bile duct destruction. 
Disorders associated with feline CCHS include bacterial infections (primary or chronic), 
cholecystitis, cholelithiasis, extra hepatic bile duct obstruction, trematode infestation, 
inflammatory bowel disease, pancreatitis. 
Histopathology is required for definitive diagnosis of CCHS and for determining which type of 
cholangitis is present. Liver lobe involvement in feline CCHS is variable, and the extent and 
severity of histologic lesions may not be fully ascertained on a single liver biopsy or with small 
tru-cut biopsies (eg, 18 gauge). Some biopsy sections may show modest or moderate periductal 
inflammation and hepatitis, whereas other liver lobes reveal complete elimination of bile ducts 
and lack active inflammation owing to loss of bile duct epitopes that may drive the inflammation. 
Wedge hepatic biopsy is preferred over fine needle aspirate or Tru-Cut biopsy. The diagnosis 
assigned to needle biopsy samples concurred with the definitive diagnosis only 48% of the time. 
Hepatic biopsies should also be cultured. 
 
Neutrophilic cholangitis (suppurative cholangitis) is characterized by neutrophilic inflammation 
of the portal triads and bile ductules.  Bile duct epithelial degenerative and necrosis may also be 
present.  It usually arises from an ascending bacterial infection of the intestinal tract. E.coli is the 
most common bacterial isolate, though Streptococcus, Salmonella, Clostridium, and 
Enterococcus spp., Bacteroides, and Actinomyces may be isolated.  Neutrophilic CCHS causes 
the most overt clinical illness. These cats have a short duration of illness before presentation 
(<5 days), with young or middle-aged adults predominating. Clinical signs include fever, 
generalized lethargy, dehydration, inappetence, vomiting, and variable jaundice. Many cats 
manifest abdominal pain.  Some cats have palpable hepatomegaly.  Clinicopathologic features 
are moderate to marked increases in transaminases (ALT, AST) and more modest increases in 
ALP and GGT activities; surprisingly, some cats lack cholestatic enzyme abnormalities. Most 
cats are hyperbilirubinemic.  Many demonstrate a left shift and toxic neutrophils. Abdominal 
ultrasonography may reveal EHBDO; abnormalities consistent with cholecystitis, choledochitis, 
pancreatitis, or inflammatory bowel disease; diffuse hepatic parenchymal hyperechogenicity; 
coarse parenchymal echogenicity; or no abnormalities. A coarse or heterogeneous hepatic 
parenchymal pattern sometimes recognized may reflect parenchymal inflammation and/or 
periductule or portal tract fibrosis and inflammation. Aspiration or biopsy imprint cytology of liver 
and bile usually reveal bacterial organisms and suppurative inflammation.  Culture is 
recommended but may be negative because of prior antibiotic administration or failure to culture 
for anaerobic bacteria. 
 
Treatment involves broad-spectrum antimicrobials effective against anaerobic and gram-
negative enteric opportunists, ursodeoxycholic acid, SAMe, vitamin E, water-soluble vitamins, 
enteral alimentation with a maximum-calorie diet formulated for cats, and judicious 
administration of fluids and electrolyte supplements to correct and maintain hydration and 
electrolyte status.   A combination of enrofloxacin, metronidazole, and ampicillin/sulbactam is 
often initially administered and adjusted based on culture and sensitivity results. Antimicrobial 
treatment should continue for 4-8 weeks or until liver enzymes normalize.  Antioxidants can be 
provided during critical illness by administration of N-acetylcysteine (140 mg/kg initial dose [10% 
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solution in NaCl], 70 mg/kg thereafter q 12 hours infused IV over 20 min). Once oral 
administration is possible, SAMe is given by mouth. 
 
If liver enzymes remain increased, repeat ultrasonographic assessment is warranted to check 
for abnormalities involving biliary structures, pancreas, or gut, or development of 
lymphadenopathy. Repeat aspiration cytology or liver biopsy may be necessary. 
 
Nonsuppurative CCHS without destructive cholangitis is usually a T-cell or mixed T-cell 
with B-cell mediated inflammatory syndrome affecting middle-aged or older cats with no gender 
or breed predisposition. Duration of illness ranges from months to years, with most cats 
demonstrating signs of illness for several months before initial presentation. Clinical signs 
include intermittent vomiting and diarrhea and episodic illness characterized by anorexia or 
hyporexia, reclusiveness, or self-resolving jaundice. Hepatomegaly is common. It is uncommon 
for nonsuppurative CCHS to cause portal hypertension and abdominal effusion. 
The hemogram is variable, commonly demonstrating poikilocytosis and Heinz bodies. The 
leukogram is variable but typically does not display a left shift or toxic neutrophils. 
Hyperglobulinemia develops with chronicity; most cats have moderate to marked increases in 
ALT and AST activities with widely variable ALP and GGT activities depending on cyclic activity 
of the disease process.  Hyperbilirubinemia is inconsistent and also appears cyclic.  Abdominal 
ultrasonographic findings overlap with those of suppurative CCHS; a nonuniform or coarse 
parenchymal pattern may be identified. However, cats with marked nonsuppurative CCHS may 
lack ultrasonographic hepatic or biliary abnormalities. Severity of histologic lesions is highly 
variable within and between liver lobes and between cats. 
 
Initial treatment consists of appropriate antimicrobials based on tissue culture, SAMe, vitamin E, 
supplementation of B vitamins, enteral alimentation with a maximum-calorie diet formulated for 
cats, and fluids and electrolyte supplements to correct and maintain hydration and electrolyte 
abnormalities. Broad-spectrum antimicrobial coverage (against anaerobic and gram-negative 
enteric opportunists) is recommended pending liver biopsy and culture results.  Longterm 
treatment requires immunomodulation.  Ursodeoxycholic acid is used in cats lacking evidence of 
destructive cholangitis.  First-line immunosuppressive therapy is prednisolone, initially 
administered at 2–4 mg/kg ideal body weight, PO QD with the dose gradually titrated to 5–10 
mg dose PO q 24-48 hours. Further glucocorticoid dosing is titrated based on clinical 
assessments. Metronidazole is no longer recommended to assist with immunomodulation due 
to genotoxicity potential in cats.  Continued administration of SAMe (40–50 mg/kg PO QD) and 
Vitamin E (10 U/kg PO QD) is recommended. 
Chlorambucil (2 mg dose PO q 48-72 hours is used in cats that do not respond to anti-
inflammatory glucocorticoid. 
 
Nonsuppurative CCHS with destructive cholangitis (sclerosing cholangitis) can eventually 
develop widespread small duct destruction causing permanent hyperbilirubinemia and 
intermittent acholic feces due to a histologic progressive “ductopenia.” This subset of CCHS is 
confirmed by finding defining histologic features that include the following: 1) infiltration of bile 
ductules with lymphocytes, 2) peripheralization of bile ductules to the margin of portal tracts, 3) 
evidence of involuting bile ducts, 4) lipogranulomas (when ducts have been eliminated), 5) scant 
lymphoid nodules (B cells) consistent with an inflammation, and 6) periductular sclerosing 
fibrosis without other features suggesting EHBDO. In some cases, confirmation of bile duct 
involution and peripheralization to the edge of portal tracts requires immunohistochemistry using 
a cytokeratin antibody. Marked differences between liver lobes in status of portal tract 
inflammation may be seen; in lobes with elimination of biliary ductules, inflammation can be mild 
or inapparent. Approximately 30% of cats with destructive cholangitis treated with 
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glucocorticoids develop diabetes mellitus. Involvement of pancreatic ducts with the T-cell ductal 
targeting inflammation may influence this outcome. 
Hematology and serum biochemistry features are similar to those of cats with non-duct 
destructive CCHS. 
 
Symptomatic ductopenic cats require once or twice weekly vitamin K1 injections and water-
soluble vitamin E (α-tocopherol succinate, 10 U/kg PO QD).  Affected cats should be 
investigated for severe inflammatory bowel disease and B12 adequacy.  Immunomodulation with 
prednisolone does little to moderate enzyme activity or hyperbilirubinemia in destructive CCHS 
when used as monotherapy immunosuppression.  Instead, methotrexate or chlorambucil are 
used initially with glucocorticoids.  
Pulsatile methotrexate is given at a total daily dose of 0.4 mg/cat divided into three treatments 
given on a single day (0.13 mg per dose, PO) once every 7–10 days.  Methotrexate imposes 
profound immunosuppression at the recommended dosage, and careful monitoring for 
complicating infections is essential.  
Concurrent treatment with SAMe is recommended. Cobalamin deficiency must be corrected, 
with cats chronically supplemented if deficiency is proved through laboratory testing. 
 

Feline lymphocytic portal hepatitis involves inflammatory infiltrates without tropism for bile 
ducts but showing single cell hepatocyte necrosis and fibrosis. It is presumed that many of 
these cats are responding to antigens or debris from the alimentary canal or reflect inflammatory 
cells delivered in the portal circulation.  An inflammatory portal tract infiltrate associated with 
single cell hepatocyte necrosis qualifies as a true portal hepatitis. 
 
In lymphoproliferative disease masquerading as lymphocytic CCHS, lesions are 
characterized by dense portal lymphocyte infiltrates that penetrate hepatic sinusoids. However, 
involved lymphocytes lack convincing morphology for classification as a neoplastic population; 
this syndrome may represent a transition phase between conventional inflammatory disease 
and overt neoplasia. Treatment with chlorambucil has proved beneficial in some cats (2 mg/cat, 
given every other or every third day), combined with treatments previously described for CCHS. 
Affected cats may survive for several years with minimal clinical signs. Immunohistochemical 
staining and other molecular tests (investigation of clonality) may help differentiate this 
syndrome from lymphoma. 

 
 
PROGNOSIS 
In general, the prognosis for feline cholangiohepatitis is unpredictable. The prognosis is poor, 
however, for chtolangiohepoatitis cats  of any variety that are diagnosed when it has already 
reached an advanced stage.    
 
If diagnosed at an early stage of the disease, cats with the suppurative form of the disorder may 
respond well to antibiotic therapy and eventually return to normal.   
Long-term remission is possible in cats that are effectively treated for the nonsuppurative type. 
These cats often require long-term steroid, adjunctive immunosuppressant drugs, 
ursodeoxycholic acid and SAMe therapy. It is a slow and progressive disease, and many cats 
have intermittent “flare-up: episodes. Prolonged survival occurs in 50% of affected cats. 
 
Serum chemistry panels are rechecked frequently to monitor liver and biliary tract parameters.  
However, fibrosis and sclerosis can decrease levels of liver enzymes since fibrotic tissue cannot 
produce them so liver enzyme values may not be representative of clinical status. 
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Complications associated with liver dysfunction include such conditions as ascites, hepatic 
encephalopathy, coagulopathies and gastrointestinal ulceration. 

BASIC LIVER SUPPORT TREATMENTS  

Diet 

General liver support is a vague definition that involves promoting an environment conducive for 
ideal hepatocellular function and regeneration. Liver. support should first include appropriate 
dietary management. Maintaining adequate energy intake with proper protein supplementation 
is essential for hepatic regeneration. There is a major misconception about diet and liver 
disease that states patients should be placed on a protein-restricted diet. The goal of dietary 
therapy should be to adjust the quantities and types of nutrients to provide needed nutrient 
requirements but to avoid the production of excess nitrogen by-products associated with liver 
disease. Diet is important to provide factors that support liver function and regeneration so 
protein should only be restricted if the patient has developed hepatoencephalopathic 
complications. 

Nutraceutical Hepatic Support.  There is considerable evidence showing that free radicals are 
generated in liver disease and participate in the pathogenesis of oxidative liver injury in dogs 
and cats. Normally there is an extensive system of cytosolic and membrane bound enzymatic 
and nonenzymatic antioxidants which function to prevent oxidative damage by “scavenging” or 
“quenching” free radicals that are formed.  Though the pathogenesis of most types of liver 
disease is unknown there is considerable evidence showing that free radicals are generated in 
all types of liver disease and participate in the pathogenesis of liver injury. 

The non-pharmacologic options for liver support are many. Included in this category are 
vitamins, minerals, nutrient supplements and herbals. Most of these options are directed at 
preventing oxidative damage and maintaining hepatic membrane structure and function. 
Unfortunately many of these compounds have no scientific evidence based support for their 
use. In many there is limited knowledge of potential toxicity, adequate dosage and therapeutic 
benefit for small animal liver disease. Recently there is increasing scientific evidence of benefit 
of several non-pharmacologic compounds for liver support. Included below here are compounds 
with minimal or no toxicity having evidence of therapeutic benefit in liver support. 

Vitamin E (alpha tocopherol) is a membrane bound antioxidant that functions in preventing 
lipid membrane peroxidation in liver disease. Vitamin E has protection against copper, iron, bile 
acids and certain hepatic toxins. One study we found vitamin E improved the GSH:GSSG ratio 
(glutathione concentrations as a measure of oxidative damage) in dogs with chronic hepatitis. 
Doses of 10-15 IU/kg/day are recommended. 

Silymarin is an extract from the plant milk thistle and has been shown to act as a free radical 
scavenger in liver disease. InVitro studies suggest it will protect against lipid peroxidation and 
increase GSH concentrations in the liver. In one canine mushroom hepatotoxicity study dogs 
given silybin had a beneficial protective effect against the toxin. Unfortunately, the purity of 
commercial products and therapeutic dosage is unknown. Dosage of milk thistle ranges from 50 
to 250 mg bid. Milk thistle is also reported to have an extremely low toxicity in humans and 
animals and has been used extensively in clinical patients with little concern for side effects. 
Silybin is the active steroisomer of silymarin and is shown to exert the main biological 
hepatoprotective effects.  Because of silymarin and silybin’s poor GI absorption characteristics a 
silybin-phosphatidylcholine complex (Marin™) is now available for use. The phosphatidylcholine 
increases GI absorption. In preliminary pharmacokinetic studies using normal cats no clinical 
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outward signs of toxicity were observed when giving a dose of 5 mg/kg. For dogs Marin™ also 
contains vitamin E and zinc and for cats it contains vitamin E. 

S-adenosylmethionine  The naturally occurring molecule, S-adenosylmethionine (SAMe), is 
synthesized in all living cells and is essential in intermediary metabolism having both 
hepatoprotective and antioxidant properties. Some of the highest concentrations of SAMe occur 
in the liver. SAMe is derived from the amino acid methionine and ATP driven by the enzyme 
SAMe synthetase. The liver normally produces abundant SAMe but there is also evidence to 
suggest conversion from methionine to SAMe by SAMe synthetase mediated is hindered in liver 
disease. Once SAMe is formed it then is used in three major biochemical pathways of 
metabolism: transmethylation, transsulfuration and aminopropylation. The products of SAMe 
have an influence on modulating inflammation, promotion of cell replication, and protein 
synthesis. SAMe also plays a major role in membrane function and is an essential precursor for 
the essential intracellular antioxidant GSH. 

SAMe pharmacology has been studied in both dogs and cats. Oral SAMe is bound to a stable 
salt and should be enteric coated. Without enteric coating the product can be oxidized readily 
and broken down. Tablets should be foil wrapped and should not be divided to prevent 
breakdown. When given on an empty stomach there is also better bioavailability. SAMe 
is rapidly absorbed and peak plasma levels can be detected for up to 6-8 hours. Studies in 
normal dogs and cats given SAMe for 12 and 16 weeks respectively found it was well tolerated 
without adverse side effects. Doses used were 20 mg/kg/day. Studies have also found that all 
SAMe products are not similar in bioavailability and the concentration of SAMe in the product. 
SAMe is available as Denosyl™. Recently a combination product, Denamarin™, containing both 
SAMe and Silybin has become available.  Clinical experience with SAMe is considerable both 
with experimental studies and through management of clinical cases in dogs and cats. We 
performed a placebo-controlled feline model of oxidant injury from acetaminophen and found 
SAMe treated cats had reduced Heinz body formation and erythrocyte destruction and evidence 
of protection in hepatic GSH in the treated cats as well. 

Management of specific hepatic complications.   

Complications associated with liver dysfunction also include such conditions as ascites, hepatic 
encephalopathy, coagulopathies and gastrointestinal ulceration. 

Gastrointestinal ulceration and bleeding can be a common consequence of chronic liver disease 
and predisposes to hepatoencephalopathy development.  Antacid therapy may be helpful in 
reducing gastric erosions and ulcerations by reducing gastric hydrochloric acid production and 
mitigating its effects on the gastric mucosa.  

The only antacid that is reliably able to suppress gastric acid production is omeprazole (1.0 
mg/kg PO BID).  Cimetidine, ranitidine and famotidine have no to weak antacid function and 
should not be used in cats with liver disease. 

Diuretic therapy is indicated for patient with significant ascites formation.  Hydrochlorothiazide or 
furosemide can be used to control fluid accumulation; lower dosages are initiated and adjusted 
to effect  Careful monitoring is necessary to avoid electrolyte disturbances or hypotension 
associated with diuretic use. 
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DIAGNOSIS & TREATMENT OF PROTEIN-LOSING ENTEROPATHY (PLE) 
 
INTRODUCTION   
Intestinal protein loss may occur in association with intestinal diseases characterized by 
significantly impaired intestinal absorptive function.  This loss of intestinal function may result 
from severe intestinal inflammation (acute or chronic disease) or from abnormal intestinal chyle 
absorption and local intestinal lymphatic flow. The exact mechanism leading to intestinal protein 
loss has not been determined in the dog, but three possible mechanisms are proposed. 
Intestinal protein loss may result 1) as a direct consequence of erosive or ulcerative mucosal 
lesions allowing protein exudation; 2) leakage of protein rich lymph into the intestinal lumen 
secondary to intramural lymphatic dysfunction; and/or 3) disruption of the “mucosal barrier”, 
lining causing abnormal permeability and protein leakage into the lumen. 
 
Protein loss (PLE) is a consequence of intestinal disease and is not in itself a specific diagnosis.  
There are varying chronic intestinal disorders associated with intestinal protein loss in dogs. 
PLE is much less common in cats.  In dogs, it is most frequently associated with severe chronic 
enteropathies such as idiopathic inflammatory bowel disease (IBD) or with congenital intestinal 
lymphangiectasia in specific breeds.  It can also be associated with diffuse neoplastic infiltration 
of the intestinal wall or infectious agents  eliciting a significant inflammatory response (i.e., 
fungal enteropathy).  It is less commonly associated with dietary hypersensitivity, intestinal 
parasitism or dysbiosis. 
 
DIAGNOSTIC CONSIDERATIONS 
PLE patients usually present with some combination of typical clinical signs including chronic 
intermittent to persistent small intestinal diarrhea, possible vomiting and dysrexia. However, 
significant intestinal protein loss and mild to moderate hypoproteinemia may occur without 
obvious diarrhea.  Hypoalbuminemia may even be detected incidentally during regular health 
screens in some patients (usually primary lymphangiectasia patients).  Appetite change 
(hyporexia, anorexia), weight and condition loss is often present in severe cases.  In the 
presence of significant hypoalbuminemia (serum albumin < 2.0 g/dl) the main complaint may 
relate to abdominal cavity distention resulting from cavitary effusion.  Other body cavity 
effusions may also occur related to hypoalbuminemia and reduced oncotic pressure. 
. 
The first diagnostic challenge consists of establishing the origin of the protein loss.  A minimal 
diagnostic database should be collected (CBC, chemistry panel, urinalysis). Renal protein loss 
(urine protein-creatinine ratio), liver dysfunction (serum bile acids) and hypoadrenocorticism 
must be ruled out.  Third spacing of serum proteins due to other causes should be considered 
but usually only result in mild hypoalbuminemia.  Generally, PLE is associated with 
panhypoproteinemia due to non-selective intestinal protein loss of both globulin and albumin. 
Other common abnormalities present in PLE include hypocholesterolemia, hypocalcemia (total 
and ionized), hypomagnesemia, and lymphopenia.  While these guidelines are useful in 
practice, it should be recognized that many exceptions occur (i.e., a PLE dog may present with 
hypoalbuminemia and hyperglobulinemia secondary to chronic inflammation).  
 
Once the GI tract has been confirmed as the site of protein loss, further work-up should include 
abdominal ultrasound with a particular focus on the intestinal wall, in particular wall thickness 
and wall layering. The ultrasonographic appearance of the intestinal wall consists of 5 distinct 
layers.  Hyperechogenic striations in a thickened mucosal layer are frequently observed in dogs 
with PLE, and appear to be a specific finding. This finding may represent dilated lacteals 
although they may also be due to dilated crypts often seen in PLE.   In contrast, hyperechogenic 
mucosal speckles are a non-specific indicator of inflammation and not specific for PLE. 
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The definitive diagnosis as to the cause of PLE relies solely on histopathologic examination of 
intestinal biopsies collected during endoscopy or exploratory laparotomy.  Dogs with severe 
hypoalbuminemia have increased anesthetic risks so it is sometimes preferable to postpone 
endoscopy or surgery and initiate presumptive treatment.  Additionally, many dogs with PLE 
have bicavitary effusion, so thoracic imaging is recommended to properly assess anesthetic 
risks. Natural colloids (plasma, human or canine albumin concentrates) may be considered to 
temporarily increase oncotic pressure in critical cases.  A slow infusion of 5% human serum 
albumin at 2 ml/kg/h over 10 hours (total daily volume of 20 ml/kg/day) has been successful for 
partial restoration of serum albumin concentration in order to minimize the risks of general 
anesthesia or in critical cases.  
The decision as to a preferred biopsy collection technique depends on the preference, 
availability and surgical or endoscopic skills of the attending veterinarian.  Advantages of a 
surgical exploration include the possibility of sampling several sites along the small intestine and 
obtaining full thickness intestinal wall and local lymph node specimens.  Surgical collection of 
intestinal biopsies has been shown to not be associated with increased risk in hypoalbuminemic 
canine patients, although a cautious approach is recommended (consider serosal patching). 
Endoscopy allows relatively non-invasive collection of biopsies but is limited to the mucosa, and 
good endoscopic skills are required to obtain quality specimens.  Visualization of the mucosa is 
an advantage, and allows targeted sampling of mucosal lesions.  Recent studies convincingly 
demonstrated that collecting both duodenal and ileal biopsies is essential, as lesion distribution 
may be irregular and severe ileal lesions may occur with only mild (or absent) duodenal lesions. 
This approach prolongs anesthesia time since a colonoscopy is required to properly evaluate 
the ileum and collect ileal mucosal biopsies.  However, the improved diagnostic yield often 
outweighs the inconvenience of a prolonged procedure. 
 
HISTOLOGIC FINDINGS 
Diseases frequently associated with PLE include intestinal lymphangiectasia, idiopathic IBDs, 
and chronic enteropathies characterized by significant mucosal architectural changes such as 
dilation of small intestinal crypts. Alimentary lymphoma and fungal infections (histoplasmosis) 
may result in PLE. 
 
Intestinal lymphangiectasia (IL): Yorkshire terriers, Chinese Shar-peis, Maltese terriers, 
Norwegian Lundehunds, and Rottweilers have been shown to be more commonly affected by 
primary IL.  The pathogenesis of primary IL is still poorly understood but it results from 
obstruction to the flow of lymph in the intestinal wall, which could conceivably be due to 
congenital anomaly involving intestinal lymphatics.   Lacteals are essential for fat absorption and 
their obstruction leads to severe dilation and vessel tearing. Damaged lacteals empty their lipid- 
and protein-rich content into the intestinal lumen. 
 
Acquired obstruction to normal lymph flow is also a common occurrence, with the formation of 
granulomas impinging on intestinal lymphatics and/or intestinal lymphangitis.  Secondary IL is 
commonly associated with significant intestinal mucosal inflammation (e.g. IBD) and neoplasia 
(alimentary lymphoma).  Histopathologic mucosal changes include dilated lacteals in the 
mucosa, and deep-seated perilymphatic granulomas that can be seen in full thickness biopsies. 
 
Inflammatory Bowel Disease (IBD): The term IBD describes “a group of chronic enteropathies 
characterized by persistent or recurrent gastrointestinal (GI) signs and inflammation of the GI 
tract". The inflammatory process located in the GI mucosa may lead to protein loss both by 
preventing the absorption of nutrients and by compromising the integrity of the intestinal 
mucosal barrier leading to exudation of proteins into the intestinal lumen.  PLE of Soft-Coated 
Wheaten Terriers is a specific form of IBD affecting this breed worldwide. In approximately 50% 
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of these dogs, PLE and protein-losing nephropathy (PLN) occur concurrently.  Mucosal lesions 
can be severe and include inflammatory infiltration, dilated lacteals, and deep-seated intestinal 
lymphangitis. While the pathogenesis is still poorly understood, a hypersensitivity component 
has been documented as specific proteins can trigger clinical episodes. 
 
Crypt disease: Crypt dilation and necrosis have been frequently associated with PLE. Crypt 
dilation is a mucosal architectural change that is relatively frequently observed in dogs with IBD 
and IL. However, in some cases, crypt dilation and abscesses may be the only detectable 
mucosal lesions in dogs with PLE.  Dogs with documented small intestinal crypt abscesses are 
more likely to experience significant hypoalbuminemia due to PLE, to show ultrasound changes 
of their intestinal mucosa, and to experience more severe clinical signs and a poorer response 
to treatment. 
 
THERAPY SPECIFIC TO PLE PATIENTS 
The two main components of treatment in dogs with PLE are dietary modification and 
management of the local intestinal inflammatory process. 
 
Diet considerations - dogs with PLE are in a catabolic state, and adequate nutrition is 
essential.  In dogs with primary idiopathic IL, dietary modification centers on feeding a highly 
digestible diet with low to EXTREMELY low fat content (10-15% on a dry matter basis) to 
prevent further dilation and rupture of lacteals. Additionally, the diet should contain highly 
bioavailable dietary proteins and be low in crude fiber. Dietary therapy should probably be 
maintained for the length of the dog’s life in patients that respond well. In dogs with PLE 
associated to underlying IBD, many veterinary gastroenterologists report good success with 
exclusive feeding of a diet consisting of hydrolyzed proteins. Novel protein diets are an 
alternative approach if other diets are unsuccessful.  Acceptance of the diet is a critical issue in 
PLE dogs, particularly in the most severely affected animals, which may be anorexic. For each 
patient, the veterinary care team needs to identify the most palatable diet. Initially, it might be 
more important to feed a less optimal diet that the dog will be interested in eating, and 
progressively transition to a more desirable diet. 
 
In dogs with primary IL, anti-inflammatory glucocorticoid therapy (e.g. prednisone 1 mg/kg/day 
or budesonide) is useful and often required for proper management of the disease.  The desired 
effect is to decrease inflammation associated with lipogranulomas secondary to chyle leakage 
so as to restore adequate intestinal lymphatic flow.  In some dogs, anti-inflammatory treatment 
can be slowly weaned and discontinued over 2-3 months or longer. 
 
Immunosuppressive corticosteroid therapy is the basis for treatment of severe idiopathic 
IBD with PLE.  A corticosteroid, such as prednisone or prednisolone, should be initiated at 2 
mg/kg q12 h for the first 1-2 weeks, then tapering to 2 mg/kg once daily until the dog’s condition 
has significantly improved and appears stable. Subsequently the dose can be decreased in 2-
week dose step downs to 1 mg/kg/day, then 1 mg/kg every other day and so on.  Side effects of 
steroid therapy may compromise owner’s compliance.  Budesonide has gained in popularity in 
the treatment of human IBD. In humans, the drug is known to be locally efficient and undergo 
high first pass hepatic metabolism. Therefore, systemic complications of steroid treatment are 
less intense but there is still influence on the pituitary-adrenal axis. The recommended dose is 
0.5-3 mg/dog daily (depending on the dog’s size). The drug needs to be reformulated by a 
compounding pharmacist for use in many smaller dogs. Concurrent use of budesonide with 
other glucocorticoids is not recommended. 
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Azathioprine is a thiopurine drug that may be used in dogs with steroid-refractory IBD, and in 
those that relapse when prednisone treatment is tapered. It may be combined with prednisone 
in the initial treatment of severe cases of IBD.  Azathioprine is generally well tolerated, but side 
effects include bone marrow suppression, hepatotoxicity and pancreatitis. Regular monitoring of 
CBC and biochemistry profile is advisable during the first weeks to months of treatment. The 
initial dose is 2 mg/kg daily for 3 weeks, then 1-2 mg/kg every 48 h. Up to 3 weeks of treatment 
may be necessary for the drug to reach maximal effect. 
 
Chlorambucil is an alkylating agent that has been used in conjunction with prednisolone for 
low-grade alimentary lymphoma and refractory IBD.  A study compared the survival of dogs with 
chronic enteropathies and severe PLE (serum albumin concentration < 1.8 g/dl) receiving a 
prednisolone/chlorambucil versus prednisolone/azathioprine.  Dogs receiving chlorambucil and 
prednisolone gained more weight and serum albumin concentration was significantly higher. 
Survival was improved using the chlorambucil combination. The recommended initial canine 
dose of chlorambucil is approximately 4 mg/m2 q 24-48h, and it comes in 2 mg tablets (the drug 
will need to be appropriately reformulated or compounded for small dogs). Side effects of 
chlorambucil are rare but may include bone marrow suppression. A CBC should be performed 
after 2 and 4 weeks of treatment and repeated every 2-4 months to monitor cell counts or at any 
time if the dog’s condition changes. 
 
Cyclosporine is an inhibitor of T-cell function.  Pharmacokinetics of cyclosporine in dogs with 
IBD do not appear to be significantly different from those of normal dogs. In a clinical study 
more than half of dogs with steroid-refractory IBD went into complete remission within 4 weeks 
of cyclosporine treatment (5 -10 mg/kg PO once daily).  Additionally, several dogs experienced 
partial remission. Transient adverse effects were seen during the first 2 weeks of treatment in 
approximately 1⁄4 of the dogs and included vomiting and loss of appetite, hair coat changes, 
and gingival hyperplasia. Most side effects responded to temporary discontinuation followed by 
dose-reduction. Most responders remained free of clinical signs after discontinuation of 
cyclosporine treatment. Monitoring of whole blood or plasma concentration of cyclosporine is 
now controversial; a better assay evaluates lymphocyte functional impairment when exposed to 
an individual patient’s serum and can be performed at select laboratories (Mississippi State 
University Pharmacodynamic Lab).  
 
 
 
 
ASSOCIATED PLE CONSIDERATIONS 

 
Low serum cobalamin (Vitamin B12) concentrations are commonly found in dogs with PLE, 
especially in the presence of underlying IBD.  Deficiency in vitamin B12 has negative effects on 
intermediary metabolism and may delay proper healing of intestinal inflammation. 
Hypocobalaminemic dogs are initially treated with weekly SC injections of vitamin B12 (from 250 
to 1500 μg/dog based on body weight) for 6 weeks. If the treatment is successful, the interval 
between injections may be increased to q 2 to 4 weeks. 
 
Hypercoagulopathy.  Recent studies using thromboelastography have revealed the high 
prevalence of hypercoagulability in dogs with PLE, which significantly increases the risk of 
potentially fatal thromboembolic events. The problem may be compounded by the prothrombotic 
effects of glucocorticoids which are often an ongoing treatment.  Hypercoagulability does not 
appear to resolve after successful treatment of PLE, so this raises questions as to the 
pathogenesis of this complication. In dogs with documented hypercoagulability, administration 
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of low doses of aspirin (0.5-1 mg/kg/day) and/or clopidogrel (1-5 mg/kg/day) should be 
considered in order to prevent thrombosis.  However, there is currently no study confirming the 
beneficial effect of such a therapeutic regimen. 
 
Hypovitaminosis D.  A significant decrease of total calcium is expected in dogs with moderate 
to severe hypoalbuminemia since 50% of total calcium is bound to albumin. However, ionized 
calcium may also be abnormally low in dogs with PLE.  Low serum ionized calcium 
concentration occurrs in association with 25-hydroxyvitamin D loss from the intestine.  
Correcting moderate to severe hypocalcemia may be necessary in some patients, especially 
Yorkshire Terriers. Parenteral administration of 10% calcium gluconate (1 ml/kg slowly IV 
over15 to 30 min; or administered SC after 1:1 dilution with saline to a maximum daily amount of 
9 ml/kg given in 3 to 4 doses).  Oral vitamin D (Calcitriol) is advisable in order to prevent the 
onset of clinical signs when asymptomatic ionized hypocalcemia is documented . Concurrent 
hypomagnesemia may compromise the success of treatment and should also be corrected if 
indicated. 
 
PROGNOSIS 
Studies are inconclusive regarding outcome correlated to severity of hypoalbuminemia. 
Patients with IL exhibit a variable response to strict diet therapy and anti-inflammatory doses of 
glucocorticoids but can often be successfully managed on a long term basis.  Unfortunately 
there are no known parameters that allow early identification of dogs likely to be refractory to 
dietary and steroid treatment.  Dogs with PLE and concurrent crypt disease on intestinal biopsy 
generally have a poorer response to treatment and significantly shorter survival. 
 

LEPTOSPIROSIS - No longer an emerging disease, It’s here ! 

Introduction 
Leptospirosis is a zoonotic bacterial disease with a worldwide distribution. It has been reported 
in more than 150 mammalian species. Leptospira spp. are thin, motile spirochetes with a hook-
shaped end. Both saprophytic and pathogenic species exist in nature, with over 250 pathogenic 
serovars based on differences in the bacterial lipopolysaccharide carbohydrate component. 
Different serovars are adapted to different wild or domestic animal reservoir hosts, and thus 
serovar recognition has epidemiologic importance. Serovars are further grouped into 
antigenically-related serogroups. Immunity to leptospires is serogroup specific, and knowledge 
of serogroups that commonly cause disease within a particular geographic region is important 
for vaccine development.   
 
Disease in dogs involves serogroups Leptospira interrogans and Leptospira kirschneri which 
include antigenically-related serovars Autumnalis, Canicola, Icterohaemorrhagiae, Pomona and 
Bratislava. Serovars icterohaemorrhagiae and canicola were the primary pathogens infecting 
dogs before the introduction of leptospirosis vaccines 30+ years ago. Since the introduction of a 
bivalent icterohaemorrhagiae and canicoa vaccine, more widespread involvement of additional 
serovars has been documented, including grippotyphosa, pomona, bratislava and autumnalis.  
Increased recognition of leptospirosis associated with these serovars may also result from 
increased testing with a broader range of serovars included in microscopic agglutination test 
(MAT) serology.  It also may have resulted from increased contact between dogs and the 
reservoir hosts for these serovars.   
Although serologic evidence of exposure of cats to leptospires exists, clinical disease in cats is 
rarely reported. Serovars canicola, grippotyphosa, and pomona have been isolated from cats.   
Experimental infection of cats results in leptospiremia and leptospiruria, but disease is generally 
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mild, although histopathologic evidence of renal and hepatic inflammation can be documented.  
Cats may be exposed as a result of rodent contact. The extent to which cats contaminate the 
environment with leptospires is unknown. 
 
The ACVIM Infectious Disease Study Group published an evidence-based consensus 
manuscript “Leptospirosis: Diagnosis, Epidemiology, Treatment, and Prevention’ in the Journal 
of Veterinary Internal Medicine in 2011 (J Vet Intern Med 2011;25:1–13). 
 
Clinical Syndromes associated with Leptospira infection 
Infection of dogs with leptospires results in illness of varying severity, depending on the infecting 
strain, geographical location, and host immune response. Attempts have been made to 
correlate the infecting serovar with clinical presentation. Evidence for a correlation has been 
weak because of the poor ability of antibody tests to predict the infecting serovar, and lateral 
transfer of virulence attributes may occur between serovars. Thus at this time, no clear 
correlation has been made between the suspected infecting serovar based on antibody testing 
and clinical manifestations of disease in naturally occurring canine leptospirosis.  
 
Some dogs display mild or no signs of disease, whereas others develop severe illness or death, 
often as a result of renal injury. In general, veterinarians should suspect leptospirosis in dogs 
with signs of renal or hepatic failure, uveitis, pulmonary hemorrhage, acute febrile illness, or 
abortion. Fever occurs early in the course of illness, and may be accompanied by shivering, 
generalized muscle tenderness, and reluctance to move. Dogs presenting with acute renal 
failure may show polyuria, polydipsia, dehydration, vomiting, diarrhea, inappetence, lethargy, or 
abdominal pain or some combination of these signs. Oliguria or anuria also may occur. Dogs 
may present with signs of hepatic failure, including icterus. Other reported manifestations of 
infection include conjunctivitis, uveitis, and tachypnea or dyspnea because of acute respiratory 
distress syndrome or leptospiral pulmonary hemorrhage syndrome (LPHS), which has been 
reported most frequently in dogs from some parts of Europe. LPHS is increasingly recognized in 
human patients, appears to have an immune-mediated basis, and is associated with high 
mortality.  Changes suggestive of pancreatitis have been detected in some dogs by abdominal 
ultrasonography. Hematuria can occur after natural infection. Bleeding tendencies also may be 
manifested as hematemesis, hematochezia, hemoptysis, melena, epistaxis, and petechial 
hemorrhages. Hepatic failure, disseminated intravascular coagulation (DIC), and direct vascular 
damage by spirochetes may play variable roles in causing clinical hemorrhage. Vasculitis also 
may be manifested as peripheral edema and mild pleural or peritoneal effusion. Cardiac 
damage occurs in human patients and ECG alterations suggesting myocardial damage can 
occur in dogs. Abortion has occurred in dogs after transplacental spread of serovar Buenos 
Aires and 1 report suggested abortion associated with serovar Bratislava infection.   
  
Chronic polyuria and polydipsia can develop in dogs with leptospirosis in the absence of 
azotemia.  In some cases, this may result from a decreased glomerular filtration rate sufficient to 
cause impaired renal concentrating ability. However, these patients also may be hyposthenuric.  
Experimentally, leptospiral infection causes decreased vasopressin responsiveness of the inner 
medullary collecting ducts suggesting polyuria may result from acquired nephrogenic diabetes 
insipidus. Dogs surviving acute renal tubulointerstitial injury may have residual chronic kidney 
injury that progresses over months to years, culminating in signs of decompensated chronic 
kidney disease. 
  
Chronic active hepatitis has been reported in association with development of antibodies to 
serovar grippotyphosa and serovar australis. Attempts to detect leptospiral DNA in liver samples 
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from dogs with chronic hepatitis were unrewarding. Leptospirosis should be considered as a 
differential diagnosis in dogs with hepatitis or hepatic fibrosis.  
 
Geographic Distribution of Leptospirosis 
Leptospirosis is especially prevalent in geographic regions with higher annual rainfall and warm 
climates, but factors such as host exposure and the presence of wild and domestic animal 
reservoir hosts also influence geographic distribution of the disease. Caribbean and Latin 
America, the Indian subcontinent, Southeast Asia, Oceania, and to a lesser extent Eastern 
Europe are major disease foci. Hawaii accounts for most human cases in North America. Within 
the United States, regions of high antibody prevalence among dogs include Hawaii, 
southeastern United States. the west coast (esp northern California, Oregon, and Washington), 
the upper Midwest and Midwest parts of Texas, Colorado, and the northeast and mid-Atlantic 
coastal regions. 
 
Risk Factors for Infection 
Pathogenic leptospires infect and are shed from the renal tubules of a wide range of domestic 
and wild animals. Naıve animals become infected by contact of intact mucous membranes or 
abraded skin with infected urine or urine contaminated soil, water, food, or bedding. Leptospires 
do not replicate outside of the host but may remain viable for weeks to months in soil saturated 
with urine. Transmission also has occurred after bite wound inoculation, ingestion of infected 
tissues, and venereal and placental transfer. Ingestion of raw meat by dogs has been 
associated with leptospirosis. 
The organism prefers temperatures around 30C (86F). Freezing and UV radiation inactivate 
leptospires. Contact with slow-moving or stagnant warm water is a risk factor in humans.  
Outbreaks of disease in dogs have followed periods of higher rainfall with overall peak seasonal 
distribution occurring in the late fall in the United States. The time of year for peak leptospirosis 
incidence varies geographically depending on local rainfall patterns and periods of freezing 
temperatures. In some geographic regions, disease generally occurs in dogs that are exposed 
to or drink from rivers, lakes, or streams, or dogs roaming on rural properties. In others, 
suburban backyard dogs may be exposed after contact with urbanized wild animal populations. 
In developing countries, access to sewage increases risk of the disease in dogs. Outdoor, intact 
male working dogs have been shown to be at risk, although dogs of any age, breed, and sex 
may become infected. In areas where wild animal species access suburban backyards, small 
breed dogs with minimal contact with water sources may be at risk. Contact with rodents also 
may pose a risk to these dogs, as well as dogs residing within cities. 
 
Incubation period after exposure 
The incubation period for leptospirosis can be as short as a few days, the organisms replicating 
rapidly within the blood as early as 1 day after infection before invading tissues. The incubation 
period in experimental studies has been 7 days, but varies depending on the infecting dose, 
strain, and host immune response. Shorter incubation periods can occur with large inocula, and 
longer incubation periods may occur after low-grade, chronic infections of the renal tubules or 
hepatocytes, with clinical illness not being detected until some time after renal or hepatic injury. 
 
Which serovars cause clinical disease in dogs 
Infecting serovars vary geographically among dog populations depending on exposure to 
infected wild or domestic animal reservoir hosts. A complete understanding of infecting serovars 
in the dog population has been limited because published studies usually have not included 
isolation efforts. Furthermore, the MAT has poor ability to predict the infecting serogroup. 
Although dogs are considered maintenance hosts for leptospires in serogroup Canicola, the 
prevalence of seroreactivity to this serogroup in dogs from the United States and Europe 
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currently is low. Infection with serogroup Canicola serovars was reported in dogs from the 
United States in the 1950s and 1960s. Chronic canine infection with leptospires may be an 
ongoing public health problem in developing countries. Serovar Icterohaemorrhagiae, the major 
serovar infecting humans worldwide, is often found in rodent populations and was isolated from 
dogs in the United States before 1980. Based on antibody testing, evidence of canine infection 
by this serovar is less common now, possibly because of improved rodent control and other 
public health measures in cities and on farms in the United States. A high prevalence of 
seroreactivity to serogroup Icterohaemorrhagiae sometimes has been documented in nonrodent 
urban wildlife (eg, raccoons), although the role of transmission of serovar Icterohaemorrhagiae 
by these hosts is unclear. Serovars from serogroups Icterohaemorrhagiae and Canicola cause 
disease in dogs after experimental inoculation. 
A study from India reported disease in dogs experimentally infected with serovars Autumnalis 
and Canicola. An Autumnalis serovar was isolated from sick dogs in France. A Pomona serovar 
caused disease after experimental inoculation of dogs. In the same study, inoculation of dogs 
with a serovar Bratislava isolate did not result in disease or seroconversion. However, another 
Bratislava serovar was isolated from a dog with leptospirosis. Antibody titers to serovar 
Bratislava (serogroup Australis) often increase with titers to Grippotyphosa and Pomona, and 
thus in some cases serologic evidence of serovar Bratislava exposure may represent cross-
reactivity. Serovar Grippotyphosa also causes disease in dogs and other studies have reported 
disease in association with serogroups Sejroe and Ballum. Antibody titers to serovar Autumnalis 
often increase together with antibody titers to serovars Grippotyphosa, Pomona, and Bratislava. 
Although an Autumnalis serovar was isolated from raccoons in Georgia in the 1950s, there have 
been no further documented cases of serovar Autumnalis isolates from dogs in North America. 
Nonspecific increases in titers to serogroup Autumnalis have been observed in dogs with 
diseases other than leptospirosis, and in dogs vaccinated for or infected with serogroup 
Pomona or Grippotyphosa and caution is advised when interpreting titers to this serovar. 
 
Clinicopathologic Abnormalities in Dogs with Leptospirosis 
Renal tubular infection by leptospires is associated with acute interstitial nephritis and tubular 
dysfunction, although acute tubular necrosis can occur in naturally infected dogs. Mesangial 
proliferative glomerulonephritis and interstitial nephritis may also be present. Histopathologic 
changes in the liver often are mild and can include mild to moderate scattered hepatic necrosis 
and mild neutrophilic periportal hepatitis. 
  
CBC findings may include neutrophilia, sometimes with a left shift, lymphopenia, and mild to 
moderate, nonregenerative anemia. Uncommonly, severe anemia occurs, which may follow 
gastrointestinal or pulmonary hemorrhage. Hemolysis does not appear to be a feature of canine 
leptospirosis. Thrombocytopenia is present in up to 58% of affected dogs, and when 
accompanied by evidence of acute kidney damage with or without hepatic injury, can help 
increase suspicion for a diagnosis of leptospirosis. 
Increased serum urea and creatinine concentrations may be present in 80–90% of dogs.  
Hepatic dysfunction may be manifested by increases in serum ALT, AST, and ALP activities and 
total bilirubin concentration, almost always in conjunction with azotemia. Increases in serum 
ALP activity and total bilirubin concentration are more common than increases in the activity of 
serum ALT.  A combination of azotemia and increased liver enzyme activities should markedly 
increase suspicion for leptospirosis. Electrolyte abnormalities may be a consequence of 
gastrointestinal or renal fluid losses. Inhibition of Na1-K1 ATPase activity within the nephron by 
leptospiral endotoxin may contribute to renal losses. Hyponatremia, hypochloridemia, marked 
hypokalemia, and hyperphosphatemia occur in many cases, but dogs with oliguric or anuric 
renal failure may become hyperkalemic.  Increased serum creatine kinase (CK) activity also 
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may be present, presumably because of myositis.  Increased serum troponin concentrations in 
some dogs suggest myocardial damage.  
Urinalysis from dogs with leptospirosis may show isosthenuria, occasionally hyposthenuria.  
Glucosuria and proteinuria are common, and bilirubinuria, hematuria, pyuria, and cylindruria 
also may be present. Although high-molecular weight proteins have been detected in urine from 
some dogs with leptospirosis, it is suggested that urinary proteins were primarily tubular, rather 
than glomerular, in origin. Leptospires are not visible in the urine sediment by routine light 
microscopic evaluation.  
Clotting function assays show variable increases in fibrinogen, D-Dimer and fibrinogen 
degradation product concentrations, and decreases in antithrombin activity, in addition to 
thrombocytopenia. Prolongations of PT or PTT have been detected 6–50% of tested dogs.  
Prolongations were most prevalent in western European dogs. A shortened PT also may be 
present, possibly because of DIC. 
  
Thoracic radiographs from dogs with leptospirosis may show diffuse interstitial patterns or more 
severe nodular interstitial to alveolar patterns. Abdominal sonography can reveal nonspecific 
findings including renomegaly, increased cortical echogenicity, perirenal fluid accumulation, mild 
pyelectasia, and an echogenic medullary band. An enlarged hypoechoic pancreas, thickening of 
the gastric and (less commonly) intestinal wall, splenomegaly with a mottled splenic texture, and 
mild abdominal lymphadenomegaly also may be present. 
 
Antibody Testing to Diagnose Canine Leptospirosis 
Use of antibody testing for diagnosis of leptospirosis has generally been based on microscopic 
agglutination titers (MAT), which involves reacting serial dilutions of patient sera with an array of 
live leptospiral serovars, with assessment of organism agglutination by darkfield microscopy. 
The highest serum dilution causing agglutination of 50% of the leptospires in the reaction is 
reported. The MAT is widely available and inexpensive, and there is a large body of data 
regarding its use; as such, it is the current diagnostic test of choice for confirming canine 
leptospirosis in patients with consistent clinical signs. Unfortunately, the test is hazardous to 
perform because of the need to maintain live cultures of pathogenic serovars, and is difficult to 
standardize. Test interpretation is somewhat subjective and requires considerable expertise, 
and serovar identity must be verified regularly to ensure accurate results. Serovar cultures may 
become cross-contaminated over time. Considerable variation in results has been noted among 
laboratories performing the MAT for diagnosis of canine leptospirosis, possibly as a result of 
variable quality control and standardization. There is a lack of consensus over what titer should 
be used as a cut-off for a negative result. 
MAT is a serogroup rather than a serovar specific test, because antibodies to serovars within 
the same serogroup cross-react extensively. Because of shared antigens, cross-reactivity 
among different serogroups occurs after exposure to leptospires. In the past, the serogroup with 
the highest titer has been interpreted as the infecting serogroup. However, studies of infected 
humans with culture-proven infections have shown that accurate prediction of the infecting 
serovar occurs in <50% of cases. Higher, crossreactive titers can occur to a noninfecting 
serovar. These so-called ‘‘paradoxical reactions’’ are especially common in early infection, and 
when multiple serovars circulate within the population.  Lower specificity could be predicted 
when the number of serovars included in the test is small and not reflective of actual serovars 
infecting the dog population in a specific geographic region. 
The predicted identity of the infecting serogroup has been shown to change over the course of 
infection in dogs. Previous vaccination can influence the pattern of serovar reactivity.  In dogs, 
the serogroup with the highest titer also varies depending on which laboratory performs the 
MAT, again likely reflecting the lack of standardization of the assay. Thus, the results of the 
MAT are not recommended to predict serogroups circulating in the dog population. Instead, 
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studies involving isolation of leptospires from dogs are recommended for epidemiological 
purposes, as well as for selection of antigens for diagnostic assay development and vaccine 
design. 
 
In the 1st week of illness, dogs frequently have negative MAT results, and consequently acute 
and convalescent phase antibody testing is recommended. Traditionally, convalescent titers for 
disease diagnosis are performed 2–4 weeks after the acute titer, although seroconversion can 
occur as early as 3–5 days. Practitioners should wait 7–14 days between successive titers to 
demonstrate seroconversion. A 4-fold change in titer supports recent infection, although an 
increase in titer may be blunted by antimicrobial therapy. Titers resulting from previous 
vaccination, exposure, or chronic infection generally change more slowly or not at all. Titers can 
persist for at least 1 year after natural infection, and generally decline by 4 months after 
vaccination. Postvaccinal titers may persist for longer and be maintained at high levels if 
ongoing exposure to field strains occurs. Thus, although single positive titers can increase 
suspicion for the disease, but even when high ( >800), they do not confirm a diagnosis of 
leptospirosis. This is especially important in dogs with a history of vaccination, because 
although postvaccinal titers tend to be low, high titers (>1,600) have the potential to persist after 
vaccination, and cross-reactivity to nonvaccinal serogroups can occur. The sensitivity of a single 
MAT titer >800 for diagnosis is reportedly 22–67% and the specificity is 69–100%. 
False negative titers may occur if the infecting serovar is not including in the panel of serovars 
used to perform the test. MAT tests used for diagnosis of human leptospirosis generally include 
a larger panel of serovars (>20) than those used for veterinary diagnostic testing (5–7 serovars). 
MAT assays for canine leptospirosis should include serovars known to be circulating in the local 
dog population, although this information is not always readily available to the practitioner. 
  
Polymerase Chain Reaction (PCR) and Culture  
Culture detects pathogenic leptospires. PCR detects leptospire nucleic acid.  Both test methods 
have potential utility early in the course of untreated infection when antibody titers are frequently 
negative and antimicrobials have not yet been administered. PCR also can confirm active 
infection in animals with positive antibody test results that have a history of vaccination with 
leptospiral vaccines, because previous vaccination should not yield false positive results by 
PCR methods. PCR may detect infection in dogs with chronic renal or hepatic disease. 
In the first 10 days of infection, organism numbers are highest in blood, and thus blood is the 
sample of choice during the first week of illness. After that time, organisms are present in 
highest concentration in urine. When the time of infection is unknown, simultaneous testing of 
blood and urine may increase diagnostic sensitivity. Recent antimicrobial treatment can result in 
false negative test results for both culture and PCR, although multiple doses of antimicrobials 
may be required before PCR becomes negative, because PCR detects both viable and 
dead/dying organisms. 
  
Culture of leptospires requires special media. Organisms may be destroyed during transport to 
the laboratory. The growth of leptospires is slow, requiring incubation for up to 3–6 months, and 
consequently culture is not useful for early diagnosis. Overgrowth with other bacteria may occur 
in contaminated cultures. For optimal sensitivity, venous blood should be collected by aseptic 
technique and immediately inoculated (alongside the patient) into blood culture bottles 
containing culture medium for Leptospira before sending the inoculated bottles to the laboratory.  
After the 1st week of illness, urine should be collected by cystocentesis, and 1 drop of urine 
should be inoculated into 5mL of culture medium within 2 hours of collection. Cultures must be 
performed by laboratories with expertise in isolation and identification of leptospires, and the 
commercial availability of leptospiral culture is not widespread. However, a proper 
understanding of the epidemiology of leptospirosis depends upon serotyping and genetic typing 
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after isolation, and thus attempts to isolate leptospires from dogs with leptospirosis are 
encouraged. 
  
PCR assays for detection of leptospiral nucleic acid are commonly offered by commercial 
veterinary diagnostic laboratories worldwide. Both conventional and real-time assays have been 
developed, and their use has been reported. Although PCR assays have been designed to 
detect only pathogenic leptospiral serovars, currently available assays do not differentiate 
between serovars or serogroups and thus are not useful for studying the epidemiology of 
leptospiral strains. Recent reports suggest that PCR typing methods may be used to some 
extent to identify infecting serovars. Not all PCR assays are alike and they vary considerably in 
their performance. Negative results do not rule out leptospirosis, because they may occur when 
organism numbers in a sample are low, or other factors, such as PCR inhibitors, are present.  
Currently, there is limited information regarding the validity of PCR assays for detection of 
pathogenic leptospires infecting dogs, as well as their sensitivity, specificity, and positive 
predictive value, and so positive and negative test results should always be interpreted in 
conjunction with other diagnostic methods such as acute and convalescent phase antibody 
testing. The sensitivity of 1 assay on blood was greatest when whole blood, as opposed to sera, 
was used. Sensitivity was 90% in the first 5 days of illness, after which it decreased to 50%.  
Because apparently healthy dogs may shed leptospires, a positive PCR test result on urine may 
not necessarily correlate with illness but is useful to identify a chronic carrier state.   
 
Other methods that can be used to confirm the presence of Leptospira spp. in tissues include 
silver staining of biopsy or necropsy specimens (which lacks sensitivity), immunohistochemistry, 
tissue PCR, and in situ hybridization. 
 
Rapid SNAP and IgM detection tests 
Point-of-care (bed-side) testing to support an early diagnosis of leptospirosis is also available - a 
SNAP test (Idexx) to detect LipL32, a major outer membrane protein of pathogenic Leptospira 
serovars, and an LFA assay (Witness-Zoetis) to detect IgM antibodies to serovars Canicola, 
Grippotyphosa, Icterohaemorrhagiae, and Pomona in whole blood, plasma, or serum. Both tests 
have reasonable sensitivity (85%) and specificity (85%) in studies. Patients testing negative but 
with a high degree of clinical suspicion should be evaluated by other test methods while 
initiating therapy. Both tests may detect previous Leptospiral vaccination so positive test results 
should be confirmed with other test methods. 
 
Treatment Recommendations for Leptospiral infections 
Penicillins or doxycycline traditionally have been the antimicrobials of choice for treatment of 
humans and dogs with leptospirosis. Ceftriaxone and cefotaxime are as efficacious as penicillin 
in human leptospirosis.  Azithromycin also may be effective. First generation cephalosporins 
appear less effective, and leptospires are resistant to chloramphenicol. The use of 
fluoroquinolones has been controversial; efficacy similar to doxycycline in hamsters has 
required doses >25 mg/kg/d.  In 1 study that used quantitative PCR for leptospiral detection, 
ofloxacin was unable to clear leptospires from the kidneys and blood of a hamster model, 
ampicillin did not clear organisms from the kidney, but doxycycline cleared organisms from all 
sites within 3 days of infection. Orbifloxacin was ineffective in 1 dog with leptospirosis that 
responded to amoxicillin.  
Based on these data, the consensus panel recommends treatment of canine leptospirosis with 
doxycycline 5mg/kg PO or IV q12h for 2 weeks. Treatment should not be delayed pending 
results of diagnostic testing for leptospirosis. If vomiting or other adverse reactions preclude 
doxycycline administration, dogs with leptospirosis should be treated with ampicillin 20mg/kg IV 
q6h, with dose reduction for azotemic dogs. Penicillin G (25,000–40,000U/kg IV q12h) also 
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could be used. Ampicillin should not be administered orally because it is not reliably absorbed 
from the gastrointestinal tract. Following penicillin treatment, dogs should still receive 
doxycycline for 2 weeks after gastrointestinal signs abate in order to eliminate organisms from 
the renal tubules.  
 
Renal replacement therapy with intermittent hemodialysis or continuous renal replacement 
therapy (CRRT) can be life-saving for many dogs with severe anuric leptospirosis. More than 
80% of patients that would otherwise die from the consequences of severe uremia survive with 
supportive renal replacement therapy. Recovery of adequate renal function usually occurs 
within 2–4 weeks of starting dialysis. Sometimes only 1–3 treatments are required before 
polyuria ensues and renal function begins to recover. Renal replacement therapy is indicated in 
dogs with inadequate urine output that are developing volume overload, hyperkalemia, BUN 
>80 mg/dL, or signs of uremia that are not responsive to medical management. Increased 
availability of hemodialysis will help more dogs survive this disease. Practitioners should 
consider early referral of dogs failing to produce adequate urine volume despite proper fluid 
therapy to centers with intermittent hemodialysis or CRRT facilities when client finances allow. 
  
Dogs with Lepto-associated pulmonary hemorrhagic syndrome may require oxygen therapy 
and, if severe, mechanical ventilation. The role of immunosuppressive therapies is still 
undefined in dogs. 
 
The prognosis for dogs treated early and aggressively in the course of leptospirosis with 
appropriate antimicrobial drugs and IV fluids, is good, especially when intermittent hemodialysis 
is available. Survival rates of approximately 80% have been reported, both among dogs treated 
conservatively and those treated with dialysis, although virtually all dogs that are dialysis 
dependent and do not receive dialysis would be expected to die. The prognosis for dogs 
developing severe respiratory complications is poorer.  A high prevalence of respiratory 
complications contributed to overall mortality rates of 48 and 36% in 2 studies from western 
Europe, respectively. 
 
Successful treatment is associated with gradual return of serum urea and creatinine 
concentrations to reference ranges within 10–14 days, although regeneration of damaged renal 
tissue may continue for over 4 weeks after treatment of infection. Bilirubin concentration may 
decline more slowly than the activities of serum ALT and ALP. Platelet counts often improve 
within 1 week of initiating antimicrobial treatment. In some dogs, especially those treated late in 
the course of illness, permanent residual kidney damage may occur. IV fluid therapy should be 
tapered gradually before being discontinued, to ensure that polyuria is resolving and the patient 
is able to drink sufficient water to maintain hydration. Prolonged inappetence may require 
nutritional support by enteral or parenteral routes. 
 
Treatment Monitoring 
Dogs with acute leptospirosis ideally should have serum biochemistry panels performed every 
24 hours during hospitalization to monitor renal function, liver enzyme activities, serum protein 
concentrations, and electrolyte and acid-base status. More frequent monitoring may be 
indicated for dogs with marked electrolyte and acid-base derangements. PCV should be 
monitored every 24 hours, and the CBC every 48 hours during hospitalization. Dogs with 
nonoliguric renal failure may be profoundly polyuric. Fluid therapy may be provided by the ‘‘outs 
and ins’’ method. Some patients may require fluid rates >200 mL/kg/d. For dogs with oliguric or 
anuric renal failure, close attention should be paid to urine output by use of a closed, indwelling 
urinary catheter and collection bag system. Initially, urine output should be monitored at least 
hourly. Referral to a 24-hour care facility is recommended if adequate time for monitoring is not 
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available in the practice. Indwelling, rather than intermittent, urinary catheterization is 
recommended for dogs requiring urinary catheterization because of decreased risk of exposure 
to infected urine with indwelling catheterization. Serial physical examinations with frequent 
monitoring of body weight, respiratory rate, lung sounds, blood pressure, and, if possible, 
central venous pressure are indicated to assess for early signs of overhydration that might 
necessitate diuretic therapy or dialysis. Once a patient is appropriately hydrated, fluid 
administration must be adjusted to prevent life-threatening fluid overload.  Although follow-up 
will vary from dog to dog, at a minimum, dogs should be reexamined no later than 1 week after 
discharge from the hospital, and a serum biochemistry panel and urine specific gravity should 
be performed. If thrombocytopenia or anemia were present during hospitalization, a CBC could 
also be performed.  This also represents an opportunity to obtain convalescent antibody titers. 
 
Public Health Implications of Canine Leptospirosis 
Leptospirosis in humans occurs after an incubation period of 2–25 days, and varies in severity.  
Infection in some humans is subclinical. Others develop a mild, influenza-like illness. The most 
severe manifestations of leptospirosis in humans are hepatic and renal failure (Weil’s disease) 
or LPHS. Weil’s disease typically occurs 1 week after recovery from an initial febrile illness that 
is accompanied by myalgia, headache, chills, and conjunctivitis. 
The public health implications of canine leptospirosis vary geographically. In developing 
countries, stray dogs may represent a reservoir of infection for humans, although rodents also 
may play a role. In developed countries, most leptospirosis cases result from recreational 
activities involving water. Individuals that contact farm animals are also at risk. In 1 study, 10% 
of 61 leptospirosis cases in humans in California over the last 20 years resulted from pet 
contact. Contact with adopted wild rodents also has resulted in human disease. 
 
In general, domestic animals developing acute leptospirosis are incidental hosts and do not 
develop a chronic carrier state. Transmission from incidental hosts to other animals is rarely 
reported, and the few reports suggesting transmission of leptospirosis from pet dogs to humans 
have not been substantiated by molecular methods. The extent of shedding of specific 
leptospiral serovars by dogs after infection requires evaluation. Anecdotal evidence suggests it 
is difficult to detect leptospires in the urine of dogs receiving penicillin or doxycycline treatment, 
and thus appropriate antimicrobial therapy may also decrease the possibility of zoonotic 
transmission. Positive PCR results detected in animals receiving antimicrobial therapy may 
reflect nonviable organisms, which would not be a zoonotic risk. 
 
Risk of Zoonotic Transmission in the Veterinary Hospital 
Having a high index of suspicion for leptospirosis in dogs with renal injury and handling them 
appropriately may decrease zoonotic transmission of leptospires in the hospital. All personnel 
that may have had direct or indirect contact with a dog suspected to have leptospirosis should 
be informed of the risks. These people include radiology personnel and laboratory personnel 
handling blood, urine, or tissue samples from patients. All dogs with acute renal failure, 
including ‘‘acute-on-chronic’’ renal failure, should be managed as leptospirosis suspects until an 
alternate diagnosis has been made. Viable organisms are most likely to be present in blood or 
urine before initiating antimicrobial therapy, and within the first 2–3 days of treatment. 
Leptospires might be shed for months in urine if appropriate antimicrobial treatment is not 
completed. Leptospires generally survive poorly in the environment and are susceptible to UV 
irradiation, dessication, and routine disinfectants, although the degree to which organisms could 
survive in urine-soaked hair is unknown. Caution is recommended when handling dogs 
suspected to have leptospirosis. The movement of dogs suspected to have leptospirosis around 
the hospital should be minimized, and areas of contact should be disinfected. Warning labels 
should be placed on cages of dogs suspected to have leptospirosis, and pregnant or 
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immunocompromised humans should avoid contact with these patients. Because many of these 
dogs are critically ill and require frequent monitoring, and leptospires are not readily transmitted 
between dogs, housing in isolation is not necessary. If possible, patients should be placed in 
floor-level cages and housed away from high traffic areas. Care should be taken to avoid 
needle-stick injuries and other blood contact. Gloves and a disposable gown should be worn, 
and either protective eyewear and a facemask, or, alternatively, a full face shield should be 
worn if aerosolization of urine is possible, such as when manipulating urinary catheters or 
collection systems, or when cleaning areas of urine spillage.  Pressure washing of runs should 
be avoided as it may contribute to urine aerosolization. An indwelling urinary catheter should be 
placed if urine output requires monitoring, or if urinary incontinence is present, to minimize 
urinary contamination of the environment. If a urinary catheter is not in place, dogs should be 
walked frequently enough that urination does not occur in the hospital, and preferably by a route 
that avoids common hallways. They should be allowed to urinate in a restricted area, preferably 
one that can be easily and immediately decontaminated, such as on a hard, nonpermeable 
surface that is free of organic matter. If urine spills occur, they should be disinfected and 
cleaned immediately. Bathing of hair that becomes soaked in urine is recommended. Hand 
washing should be performed before and after handling each patient after glove removal, and 
cages should be thoroughly cleaned and disinfected daily. Gloves, a disposable gown, and face 
protection should be worn when handling soiled bedding and when cleaning cages or runs. 
Normal laundering of soiled bedding will inactivate leptospires, but individuals handling the 
bedding should wear protective clothing. Disposable bedding should be placed in biohazard 
bags and handled appropriately. Urine collected from dogs with leptospirosis can be inactivated 
with disinfectant solutions (eg, 1:1 aqueous dilution of 10% bleach solution) and should be 
disposed of properly. Iodine-based disinfectants, accelerated hydrogen peroxide, and 
quaternary ammonium solutions also are effective. In dogs with indwelling urinary catheters, 
disinfectant should be injected directly into the collection bag before disposing of the urine. In 
designated outdoor areas where infected dogs have urinated, treatment of the area with 10% 
bleach solution is recommended. All blood, urine, and tissues from dogs suspected to have 
leptospirosis should be treated as medical waste, and the handling of such material may vary 
depending on local regulations. If a dog dies or is euthanized, individuals handling the remains 
should be alerted of the zoonotic potential of the carcass. 
 
 
Risk of Zoonotic Transmission within the Home 
Treated dogs represent a low risk to household members. In addition, urinary shedding usually 
does not commence until 7–10 days after infection, and consequently dogs in the first few days 
of illness also may not represent a clinically relevant source of infection. Nevertheless, until 
proper antimicrobial therapy is completed, owners should avoid contact with their dog’s urine 
and wear gloves when cleaning up urine. Routine household disinfectants should be used to 
clean areas of urine contamination in the home. Dogs should be taken to urinate and should 
urinate away from standing water, where no other animals and people, especially children, will 
have access. Owners should be advised to wash their hands after handling their pets. Upon 
diagnosis of leptospirosis, veterinarians should educate owners of the zoonotic potential of 
leptospirosis, and recommend they seek medical attention if illness occurs around the time their 
dog is diagnosed with leptospirosis or if they have questions about the disease in humans. 
Immunocompromised humans should be referred to their medical practitioner for advice.  
Routine vaccination of dogs at risk of developing leptospirosis may decrease the risk of zoonotic 
transmission of the disease. Owners should be informed that their dog likely contracted 
leptospirosis by direct or indirect contact with wild or farm animals, which may represent 
ongoing risk factors. 
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Leptospirosis Vaccination 
Currently, vaccines containing serovars Icterohaemorrhagiae, Canicola, Grippotyphosa, and 
Pomona are available in North America for prevention of canine leptospirosis. Current vaccines 
appear to effectively prevent disease resulting from experimental challenge and to a large 
degree prevent shedding caused by the serovars in the vaccine. They also protect for at least 
12 months. Currently available bacterins elicit serogroup-specific immunity, but partial immunity 
to heterologous serogroups has been documented in some studies. Naturally occurring canine 
leptospirosis has been reported after vaccination with bivalent serovar Icterohaemorrhagiae and 
Canicola vaccines. Leptospirosis in dogs that have been fully vaccinated with 4-serovar 
vaccines is uncommon, but published data are lacking regarding the incidence of naturally 
occurring leptospirosis in such dogs. 
  
Annual vaccination with 4-serovar vaccines is recommended for at-risk dogs, regardless of 
breed, with the understanding that the definition of ‘‘at-risk’’ may vary geographically. In 
geographic locations in which infection occurs in urban, backyard dogs, all dogs may be at risk, 
and the vaccine may be considered part of a core vaccination protocol. In other locations, only 
dogs that contact wildlife, swim, hunt, or roam on farmland may be at risk. Other methods of 
prevention include decreased access to potential sources of infection, such as marshy areas 
and standing water, and minimizing wild animal contact by use of fencing and rodent control. 
  
Concern has been raised regarding the development of anaphylactoid reactions in dogs after 
leptospirosis vaccination, especially small breed dogs, although such reactions may occur in 
any breed. There is anecdotal evidence from veterinarians and industry that the prevalence of 
these reactions is decreasing, and may be similar to the rate induced by vaccines for other 
pathogens. In a study of acute vaccine reactions in dogs utilizing a large database, vaccines 
containing leptospiral antigen were no more reactive than other vaccines for dogs. 
  
Evidence of recurrent leptospirosis in dogs after proper treatment is lacking. Nevertheless, 
annual vaccination for dogs that have recovered from leptospirosis could be considered, 
because such dogs are at risk of ongoing exposure, and whether or not life-long immunity 
results from natural infection is unknown. The duration of immunity in dogs after natural infection 
is likely to be at least as long as that induced by vaccination, and thus initial vaccination after 
recovery should occur 1 year after recovery. Although natural infection may elicit only partial 
cross-protective immunity to heterologous serogroups, dogs are most likely to be reexposed to 
a similar serovar to that involved in the initial infection. There is little evidence supporting the 
need for immediate boostering with a multivalent vaccine after recovery from infection. More 
studies are required to establish the true duration of immunity and degree of crossprotection 
among specific serovars after natural infection in dogs. 
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DIAGNOSIS, TREATMENT & PREVENTION OF BACTERIAL URINARY INFECTION 

 

INTRODUCTION 
Bacterial urinary tract infection (UTI) is a leading cause of urinary disease in dogs, with a lower 
prevalence in cats. Antibiotic therapy is routinely prescribed and UTI treatment is a leading 
contributor to overall antibiotic use in companion animals. There is genuine concern about use, 
misuse and overuse of antibiotic therapy in veterinary patients especially in regard to 
development of antibiotic resistance. There have been numerous individual commentaries, 
studies and reviews regarding the diagnosis, treatment and prevention of bacterial UTI.  In 2011 
the International Society for Companion Animal Infection Diseases (ISCAID) published 
comprehensive guidelines to provide consensus guidelines to assist in the diagnosis and 
management of upper and lower urinary tract infections in dogs and cats. These guidelines 
were recently updated in the 2019 revision (open-access publication in The Veterinary Journal, 
Volume 247, May 2019, Pages 8-25) providing recommendations for diagnosis and 
management of sporadic bacterial cystitis, recurrent bacterial cystitis, pyelonephritis, bacterial 
prostatitis, and subclinical bacteriuria. Issues pertaining to urinary catheters, medical dissolution 
of uroliths and prophylaxis for urological procedures were also addressed.   
 
The purpose of these guidelines is to improve antibiotic prescribing practices in UTI patients as 
part of a broader antibiotic stewardship program. Guidelines should be interpreted as general 
recommendations and not mandates, that are consistent with good clinical practice and 
appropriate for the majority of cases but which cannot encompass the wide range of situations 
that are encountered in clinical practice.  Case by case decisions still need to be made by the 
attending clinician. Guidelines should not be considered standards of care that must be followed 
in all circumstances.  Rather, they should be considered the basis of decision-making, realizing 
that different or additional approaches may be indicated in some cases. 
 
SUBCLINICAL BACTERURIA 
 
Subclinical bacteriuria is the presence of bacteria in urine (as determined by urinalysis and/or 
confirmed by positive bacterial culture) in the absence of clinical and cytological evidence of 
UTI. In this circumstance the bacteria identified is likely an avirulent strain. Quantitative culture 
result does not differentiate subclinical bacteriuria vs UTI and the term occult UTI should not be 
used. Subclinical bacteruria may be present in healthy dogs and cats but is more commonly 
identified in patients with obesity, endocrine disorders, immunosuppressive and oncologic 
disorders and drug treatments. In human and recent veterinary studies, subclinical bacteriuria 
has no association with subsequent UTI development. Antibiotic treatment is not recommended 
in patients with no clinical signs of a virulent UTI even when mild pyuria is present on urine 
sediment exam. In fact, a higher bacterium recurrence rate may be seen following antibiotic 
therapy. The presence of multidrug-resistant bacterium does not represent an absolute 
indication for antibiotic treatment.   
Antibiotic treatment for subclinical bacteruria may be considered in individual patients if there is 
concern that there is a particularly high risk of ascending or systemic infection (e.g., 
immunocompromised patients, patients with underlying renal disease) or in patients that are 
unable to display clinical signs of UTI (e.g., spinal injury).  Avirulent multidrug-resistant 
organisms may be replaced with susceptible organisms if treatment is withheld, and subsequent 
treatment with routine antimicrobials may be more practical if bacterial decolonization is desired 
or if clinical disease develops. Treatment of subclinical Corynebacterium urealyticum should be 
considered because of its association with encrusting cystitis. Treatment of subclinical 
bacteriuria in a higher pH urine with struvite crystals is indicated to prevent stone formation. 
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DIAGNOSIS AND TREATMENT OF SPORADIC UTI. 
 
A sporadic UTI is an occasional bacterial infection of the urinary tract in an otherwise healthy 
individual (female or neutered male dog, less common in cats) with normal urinary tract 
anatomy and function. Clinical signs of a virulent lower UTI are present typically characterized 
by pollakiuria, dysuria, stranguria, hematuria, or a combination of these signs. Whenever 
possible a urine sample should be collected via cystocentesis and a complete urinalysis should 
be performed as soon as possible on warm fresh urine. Urinalysis should reveal pyuria and 
bacteriuria consistent with of a bacterial UTI; hematuria and proteinuria are also often present. 
The clinician must interpret the clinical presentation, physical findings, gross and cytological 
appearance of the urine in parallel to determine the likelihood of a clinically relevant UTI. 
Although not initially mandatory, urine culture can be considered to confirm the presence of 
bacterial infection, identify if resistant bacteria is present that may not respond to initial antibiotic 
therapy, and to help differentiate reinfection from relapse should a UTI return following initial 
therapy. In cats, the diagnosis of bacterial cystitis should be confirmed by aerobic bacterial urine 
culture in all cases due to the lesser likelihood of bacterial cystitis in healthy cats with acute 
lower urinary tract signs.  
Antimicrobial therapy for confirmed infection is recommended for a 3-5 day treatment course. 
The choice of amoxicillin (11– 15 mg/kg PO q 8hr) or trimethoprim-sulfonamide (15-30 mg/kg 
PO q12 hr) is recommended to provide a narrow antibiotic spectrum and less likelihood of 
bacterial resistance while maintaining optimal efficacy. In dogs only, high-dose short-duration 
enrofloxacin (20 mg/kg PO QD) or marbofloxacin (10 mg/kg PO QD) can also be considered for 
a 3 day treatment duration. Providing the full course of an appropriate antibiotic has been 
administered correctly by the owner, there is no strong indication that measures beyond 
monitoring of clinical signs (“clinical cure”) is necessary to determine treatment efficacy.  Post-
treatment urinalysis or urine culture is not recommended for sporadic cystitis when clinical signs 
resolve rapidly.  
Lack of clinical response within 48 hours of initiating antibiotic therapy should prompt further 
investigation to determine whether bacterial cystitis is present and responsible for clinical signs 
and to identify any possible complicating factors related to treatment failure. If culture and 
susceptibility testing is performed and demonstrates an isolate that is resistant in vitro to initial 
antibiotic therapy but there has been a positive clinical response, then maintaining the current 
antibiotic is acceptable and follow-up urinalysis, including culture, is indicated after treatment 
has been completed to verify resolution of infection (“microbiologic cure”). If culture and 
susceptibility results indicate that an isolate is not susceptible to the chosen antimicrobial and 
there is a lack of clinical response, then therapy with the original antibiotic should be 
discontinued and treatment with an alternative antibiotic drug begun based on the culture and 
susceptibility result.   
 
DIAGNOSIS AND TREATMENT OF RECURRENT URINARY TRACT INFECTION. 
Recurrent bacterial UTIs by definition occur twice or more in a 6 month period or 3 or more 
times during a 12-month period. A recurrent UTI usually occurs in association with an anatomic 
or functional urinary tract abnormality or a comorbidity that predisposes the patient to a 
recurrent infection, persistent infection, or treatment failure. Identification and management of 
relevant risk factors and comorbidities are critical for effective treatment of recurrent cystitis. 
Comorbid medical conditions, such as urinary calculi, anatomic urinary anomalies, urinary 
neoplasia, prostatitis, neurogenic bladder, diabetes mellitus and immunocompromising 
disorders (hyperadrenocorticism, immunosuppressive drug therapies) may be associated with 
recurrent UTIs.  Regular use of antibiotic therapy can also predispose to development of 
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recurrent UTI development.  An identifiable abnormality is not always confirmed because of the 
difficulty diagnosing some anatomical, functional, metabolic, or other abnormalities.   
 
Recurrent UTIs can be defined as bacterial reinfection or relapse. Relapse is recurrence of a 
UTI with isolation of an indistinguishable bacterial organism from the one that was present 
previously; presumably relapse occurs due to failure to completely eliminate the pathogen with 
prior treatment.  Relapses tend to occur earlier than reinfections (i.e., within weeks rather than 
months).  Reinfection is recurrence of a UTI with isolation of a different bacterial 
microorganism(s); efforts should be undertaken to identify and address any predisposing 
factors. Persistent infection is similar to a relapse except that it is characterized by persistently 
positive culture result during treatment (often despite in vitro susceptibility to the antimicrobial), 
with no period of eliminated bacteriuria during or after treatment. For relapsing, reinfections and 
persistent infections, it is important to be confirm treatment compliance and be certain the 
antimicrobial is achieving adequate concentrations in the bladder to clear the infection. A review 
of the antimicrobial, dose, dosing regimen, antimicrobial susceptibility pattern of the isolate and 
client compliance should be performed to determine whether appropriate initial therapy was 
provided.  
 
Repeated prescribing of antimicrobials to patients that have not fully responded in the past, 
without exploration of underlying causes, should be avoided.  A diagnostic plan should be 
established for every animal with recurrent cystitis. A thorough investigation is necessary in 
most cases to determine the presence of underlying factors that could be associated with 
recurrence or relapse.  All drugs or supplements that are administered should be documented. 
A thorough physical, orthopedic and neurologic examination, including prostatic and pelvic 
urethra examination via rectal palpation, and examination of the vulva and prepuce is required. 
A complete blood cell count, serum biochemical profile, urinalysis, urine culture, radiographic 
and ultrasound imaging and, if appropriate, endocrine testing should be performed. Lower 
urinary endoscopic exam (vaginoscopy, urethrocystoscopy), advanced imaging (contrast-
enhanced CT) and urethral pressure profile exam, particularly in females, should be considered 
to further investigate underlying causes. Any underlying concurrent issues identified on 
examination or diagnostic testing should be managed appropriately, whenever possible. If an 
underlying cause cannot be found and corrected, it is possible therapy will ultimately be 
unsuccessful.   
Recurrent bacterial UTI encompasses a broad range of conditions, including relatively 
uncomplicated infections that respond quickly to antimicrobials and others with marked bladder 
pathology that complicates treatment response. Broad recommendations for treatment duration 
are difficult because of these variations. Treatment goals must be considered in patients with 
recurrent UTI depending on the identified cause. The primary objective is clinical cure with 
minimal risk of adverse effects (including antimicrobial resistance). Microbiological cure 
(elimination of the offending organism) is desirable but not necessarily achievable or required 
for short- or long-term clinical resolution. 
 
Consideration should be given to waiting on final culture result before starting antibiotic therapy. 
Depending on the severity of clinical signs and owner’s ability to observe the animal, analgesic 
(e.g. NSAIDs) treatment alone could be considered while awaiting urine culture results. 
Empirical antibiotic therapy is reasonable but should be approached as is described for sporadic 
bacterial cystitis and a narrow antibiotic spectrum drug should be selected. The drug class used 
should be different from that used to treat prior UTI(s) (i.e., if amoxicillin was used initially, start 
treatment with trimethoprim-sulfa drug). Continued antibiotic treatment should be amended as 
indicated based on the results of culture and susceptibility testing. Preference should be given 
to drugs that are excreted in urine predominantly in an active form (individual drug descriptions 

http://cbs.wondershare.com/go.php?pid=5239&m=db


 

 

and doses are presented in lecture). Evidence supporting the duration of therapy for 
complicated UTI does not exist, but in the past typically a minimum 4 week antibiotic treatment 
duration was suggested in all cases. However, long-term therapy is not automatically warranted 
for all recurrent cystitis cases; re-infection may be successfully treated with short (3–5 days) 
duration therapy in patients  when an identifiable cause is known (e.g., UTI in a diabetic or 
cushinoid patient); longer treatment courses (7–14 days duration) may be considered in 
persistent, and potentially relapsing infections, if factors that inhibit response to antimicrobials, 
such as bladder wall invasion, are suspected to be present. Antimicrobial therapy should be 
directed against the identified pathogenic organism. If more than one bacterial species is 
identified on culture, the relevance of the each organism should be considered, based on the 
bacterial counts and the pathogenicity of the organisms. Certain bacterial species, such as 
Enterococcus, generally do not require treatment when present in mixed infections.  A single 
effective antibiotic selection may not be available. Reasonable combination therapy that would 
be potentially effective against all organisms based on susceptibility testing should be employed 
when necessary. 
There is no supporting evidence for administration of additional drugs for the purpose of 
breaking down bacterial biofilm. There is no supporting evidence that direct instillation of 
antimicrobials, antiseptics, DMSO or glycosaminoglycans directly into the bladder via a urinary 
catheter is effective for treatment of recurrent UTIs; these compounds are quickly flushed out of 
the bladder when the animal urinates and may be locally irritating.  
  
Clinical and microbiologic cure rates are highly variable in recurrent cystitis. Treatment success 
is generally based on clinical response, as the microbiological, cytological or hematological 
response to treatment is variable depending on individual case factors. The benefit of a urine 
culture 5–7 days after initiation of antibiotic therapy to access the efficacy of the particular 
antibiotic is unclear.  A follow-up post treatment urine culture 5-10 days after completing 
antibiotic treatment may be helpful in patients where clinical cure is documented as part of the 
diagnostic process to help differentiate relapse, re-infection and persistent infection, and to 
guide potential future diagnostic testing, but not necessarily as an indication of a need for further 
antibiotic therapy. If a positive urine culture is obtained after treatment, more in-depth 
investigation of predisposing factors for relapse or reinfection should be considered.  Unless 
there is clear evidence for the reason for failure, retreatment without any other investigation is 
not recommended if the patient is not exhibiting clinical signs.  If no clinical signs of lower 
urinary tract disease are present, the presence of bacteriuria post-treatment should be 
approached as described under ‘subclinical bacteriuria’.  
Prophylactic antibiotic therapy for dogs and cats is not recommended. Patients with chronic 
non-curable underlying conditions should receive as needed short course (3–5 days) antibiotic 
therapy, ideally based on susceptibility testing, to alleviate clinical signs, with a focus on clinical 
rather than microbiological cure. 
 
MULTIDRUG RESISTANT INFECTIONS 
There are individual patient and public health concerns with regard to resistant pathogens. 
Multi-drug resistant bacterial pathogens, including various Enterobacteriaceae, Staphylococci, 
and Enterococci, are increasingly problematic. These pathogens are often susceptible to only 
limited antibiotics. Because of the high incidence of antimicrobial use in UTIs of dogs and cats, 
veterinarians must be aware of the role of inappropriate treatment in the emergence and 
dissemination of multi-drug resistant pathogens. Use of antibiotics in the treatment of canine 
and feline UTIs can be justified as long as the use is prudent and proper and/or based on 
culture and susceptibility data. Antibiotic use in subclinical multi-drug resistant organisms is not 
recommended as organisms may be replaced with susceptible organisms which allow for self 
resolution or easier treatment at a later time. 
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BACTERIAL PROSTATITIS 
 
Bacterial prostatitis is uncommonly encountered in some regions because of the high 
prevalence of castration.  However, it is second to benign prostatic hyperplasia/hypertrophy as a 
leading cause of prostatic disease. Underlying bacterial prostatitis should be considered in 
every intact male dog diagnosed with bacteriuria or bacterial cystitis. If recurrent UTIs are 
documented then a full diagnostic examination, including physical examination, per rectum 
palpation of the prostate, complete blood cell count, biochemical profile, urinalysis and urine 
culture (collected by cystocentesis) should be considered. Ultrasonographic evaluation of the 
prostate is recommended to characterize the size and structure of the prostate, and to identify 
abscessation or changes consistent with neoplasia (e.g. mineralization).  A positive urine culture 
combined with clinical signs and ultrasonographic findings are often enough evidence to make 
the diagnosis of bacterial prostatitis. 
 
If an initial urine culture is negative, then cytology and aerobic bacterial culture can be 
performed on the third fraction of the ejaculate, fluid collected by urethral catheterization during 
per-rectum prostatic massage, or prostatic fluid collected by fine needle aspiration. Culture of 
ultrasound-guided aspirates or prostatic tissue biopsies can be more specific as contamination 
is less likely. Culture of urine collected by cystocentesis can provide a reasonable estimate of 
the causative agent of prostatitis but discordance between urine and prostatic fluid culture 
results can occur. Various bacteria can be involved, including a range of gram-negative (e.g. E. 
coli, Klebsiella, Pseudomonas, Pasteurella) and Gram-positive (e.g. Streptococcus, 
Staphylococcus) species. Brucella canis is potentially an important zoonotic pathogen that can 
also be involved. Isolation of Brucella canis at any level of growth is significant, but serological 
testing is preferred if B. canis infection is suspected because of laboratory biosafety hazards 
associated with culture and the potential for false negative cultures.  
 
Antimicrobial susceptibility breakpoints for serum, not urine, should be used to determine an 
appropriate antibiotic selection because the concentration of the antimicrobial in prostatic tissue 
is likely to more closely approximate that in serum. The blood prostate barrier poses treatment 
challenges as it may limit penetration of antimicrobials (penicillins, cephalosporins, 
aminoglycosides and tetracyclines) into prostatic tissues. This barrier is typically considered to 
be less intact in acute prostatitis; however, these drugs should be avoided, regardless of in vitro 
susceptibility data, and particularly in cases of chronic prostatitis. 
Antimicrobials that are known to reach effective concentrations in the prostate should be used in 
all situations. Fluoroquinolones tend to be excellent drugs shown to adequately penetrate the 
canine prostate. Ciprofloxacin should not be used because of the unpredictable bioavailability in 
dogs and relatively poor prostate penetration compared to enrofloxacin. Trimethoprim (but not 
sulfonamides) has good prostate penetration but antibacterial activity is dependent on 
synergism of the trimethoprim-sulfonamide combination, therefore clinical response may be low. 
Clindamycin and macrolides can effectively penetrate the blood-prostate barrier, but should only 
be used based on culture and susceptibility test results, because of lack of efficacy against 
Gram-negative bacteria. Chloramphenicol reaches prostate fluid concentrations 60% of the 
plasma concentrations and it is doubtful that therapeutic levels are achievable. Tetracyclines 
(minocycline and doxycycline) reach levels in the canine prostate fluid <20% of the plasma 
concentration and are therefore not recommended. 
Prostatic abscesses should be drained because of low likelihood of resolution with medical 
treatment alone.  Surgical or ultrasound-guided percutaneous drainage can be performed. This 
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should be performed after culture results are available, whenever possible, to facilitate proper 
peri-operative antimicrobial therapy. 
 
Limited data is available to guide duration of prostatitis treatment. Four weeks is typically 
recommended for acute prostatitis, with 4–6 weeks for chronic disease. Shorter durations might 
be effective in acute cases that are castrated and where there is quick clinical response. A 
longer duration of treatment may be required in some chronic cases, particularly when 
abscessation is present. Clinical response and monitoring of prostatic size/architecture are good 
indicators of whether treatment is successful. Semen quality improves with resolution of 
bacterial prostatitis in most cases. Castration should be recommended in dogs that are not 
intended for breeding. Castration does not alter the recommended antimicrobial drug choice or 
duration, but should be performed as early as is possible. Ultrasonographic re-evaluation of 
prostatic size and internal architecture is advised in dogs 8–12 weeks after treatment. 
Medical approaches to control underlying prostatic disease could be considered (e.g. 
finasteride, androgen receptor antagonists or GnRH agonists) if castration is unavailable. These 
approaches are generally less successful when intraprostatic cysts or abscesses are present. 
 
 
 
UPPER URINARY TRACT INFECTION (PYELONEPHRITIS) 
 
Pyelonephritis is an infection of the renal parenchyma occurring from either ascending urinary 
tract infection or via systemic bacteremia.  Ascending infection can be associated with clinica 
lower urinary tract disease, but may also occur in the absence of an identified lower urinary tract 
infection.  Pyelonephritis can be classified as ‘uncomplicated’ or ‘complicated’; uncomplicated 
implies there is no underlying comorbidity; complicated suggested the presence of a systemic 
disease such as diabetes mellitus or neoplasia or an anatomical/obstructive disorder such as 
urinary stone disease or ectopic ureter.  The incidence of pyelonephritis in dogs and cats is 
difficult to determine as signs attributable to pyelonephritis can be vague.  Pyelonephritis can 
result in severe and rapid kidney injury.  Rapid diagnosis and treatment is important, and the 
implications of initial treatment failure are higher as compared with bacterial cystitis. 
 
Acute pyelonephritis should be suspected based on positive aerobic bacterial urine culture 
when accompanied by systemic signs such as fever, lethargy, and/or polyuria/polydipsia; renal 
pain on abdominal palpation; laboratory findings of azotemia, cylindruria, and peripheral 
neutrophilia with or without left shift.  Patients with acute pyelonephritis may be oliguric or anuric 
or have vague clinical signs.  Imaging findings such as renal pelvic dilation and/or blunting of the 
renal papilla on ultrasound examination may be noted, but are non-specific and care should be 
taken not to over-interpret the relevance of renal pelvic dilation, since it can be present in 
normal animals and those with other renal diseases.  Increased serum creatinine or SDMA 
support renal injury but are not specific for bacterial pyelonephritis as the cause of kidney injury. 
 
Enterobacteriaceae species cause the majority of infections.  Urine culture and susceptibility 
testing should always be performed; urine sampling should be performed by cystocentesis (or 
ultrasound-guided pyelocentesis, particularly if results of cystocentesis specimen are negative).  
Interpretation of susceptibility data should be based on antimicrobial breakpoints for serum 
rather than urine drug concentrations.  Blood cultures are recommended at the same time as 
urine cultures in immunosuppressed or febrile animals.  Evaluation for leptospirosis should be 
considered in culture-negative dogs by use of serological testing and PCR. 
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Treatment should be initiated immediately, while awaiting culture and susceptibility results.  
Initial treatment should involve antimicrobial drugs known to have efficacy against gram-
negative Enterobacteriaceae.  Oral antimicrobial therapy is recommended in animals that 
otherwise appear systemically well and have normal appetite. Intravenous therapy is 
recommended for animals that are dehydrated, hyporexic or anorexic, or lethargic. Treatment 
with a veterinary fluoroquinolone is an acceptable first choice.  IV cefotaxime and ceftazidime 
are also options in hospitalized patients. 
The initial antibiotic selection should be reviewed when culture results are received and 
serum/soft tissue antimicrobial concentrations determined for probable efficacy.  If combination 
therapy was initiated empirically and the isolate is susceptible to both drugs, one might be 
discontinued if supported by evidence of clinical response.  If resistance is reported and clinical 
evidence of improvement is not evident, the antibiotic selection should be changed to another 
drug to which the offending organism is susceptible.  Antibiotic treatment for at least 2 weeks is 
generally recommended.  Treatment efficacy and monitoring is generally the same as for a 
complicated UTI with recheck exam and urine culture recommended 1-2 weeks following 
cessation of antibiotic therapy.  Re-isolation of the same bacterial species as that identified 
initially should stimulate consideration of reasons for potential persistence, including 
antimicrobial resistance, urolithiasis, anatomic defects or immune deficiency.  Management of 
positive urine cultures in animals that have responded clinically and hematologically should be 
as per ‘Subclinical bacteriuria’. 
 
PREVENTION OF RECURRENT URINARY TRACT INFECTIONS 
 
Patients that are predisposed to UTI or have experienced recurrent infection may benefit from 
prevention strategies to reduce the likelihood of future infection.  A variety of non-antibiotic drug 
treatment, supplement (nutraceutical) treatments and elective surgery can be considered in 
individual patients. 
  
A thorough examination of the vulva should be completed in all female dogs.  Particular 
attention should be directed to determining if a “hooded” (juvenile, inverted) vulvar confirmation 
or excessive vulvar folds are present.  Superficial fold pyoderma or abnormal waxy exudate may 
be present.  All of these issues can promote superficial bacterial colonization with easier access 
to the lower urinary tract.  Weight loss, corrective surgery (i.e., vulvoplasty) and superficial 
cleansing of the perivulvar area are all critical considerations in recurrent UTI prevention.  The 
client should be questioned and the perivulvar hair and skin should be examined for evidence of 
moisture that might suggest mild involuntary urinary incontinence.  Mild urethral hypotonus is 
associated with incontinence but also allows bacterial translocation and an opportunity to for 
bacteria to gain easier access to the urinary bladder. 
Castration should be considered in intact male dogs to reduce the likelihood of recurrent 
bacterial prostatitis development and subsequent UTI. 
 
Phenylpropanolamine (PPA) is approved for the control of urinary incontinence due to urethral 
sphincter hypotonus.  This drug acts via sympathomimetic agonist activity which results in an 
increase in urethral sphincter tone and closure of the bladder neck.  PPA treatment trial (1.25 
mg/kg PO q 8-12 hr) should be considered in any individual that has recurrent UTI and clinical 
evidence of even subtle involuntary urinary incontinence.  Promoting enhanced urethral tone 
helps restore an effective urethral defense mechanism to prevent ascending bacterial 
translocation.  Long term therapy is generally safe so if a decreased incidence of UTI results 
with PPA treatment then continued indefinite use should be considered.  PPA stimulation of 
alpha and beta-adrenergic receptors can result in increased vasoconstriction, heart rate, 
coronary blood flow, blood pressure, mild CNS stimulation, and decreased nasal congestion 
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and appetite.  Oral estrogen replacement therapy can also be considered in younger females 
that develop recurrent UTI following ovariectomy.   
 
Cranberry extract supplementation has been suggested for UTI prevention.  Initially it was 
thought that this extract produced an inhospitable acidic urine environment.  However, it has 
now been shown that the American cranberry (Vaccinium marcocarpon) contains a natural 
bioactive tannin (proanthocyanidin, PAC-A) which inhibits E. coli fimbriae adhesion to the 
uroepithelium.  This activity results in reduced bacterial numbers via bacterial elimination 
through urinary wash-out and reduced pathogenic colonization and infection.  A similar activity 
has been shown against Enterococcus faecalis.  Pharmaceutical cranberry extract with PAC-A 
is available in concentrated formulation in veterinary medicine.  Recent in vitro and in vivo 
studies in dogs have demonstrated efficacy and safety. 
  

Antibiotic considerations for urinary tract infections in the dog and cat 

(adopted from Antimicrobial Use Guidelines for Treatment of Urinary Tract Disease in Dogs and Cats: 
Antimicrobial Guidelines Working Group of the International Society for Companion Animal Infectious Diseases. 
The Veterinary Journal 2019. 

Amoxicillin   11–15 mg/kg PO q8-12h 

First-line option for sporadic UTI.  Excreted in urine predominantly in active form (if normal renal function).  
Achieves high urine concentration.  Breakpoint for susceptibility testing of 8 mg/mL can be used for lower 
urinary tract infections. Effective against most common urinary tract pathogens. Ineffective against Klebsiella 
spp and beta-lactamase producing bacteria.  Development of multi-drug resistance unlikely. Not 
recommended for pyelonephritis or prostatitis.  

Amoxicillin/clavulanate  12.5–25 mg/kg PO q12h (dose based on combination of amoxi + clavulanate).   

Not established whether there is any advantage over amoxicillin alone against common urinary tract 
pathogens.  Reasonable empiric choice for cystitis when susceptibility data support a high prevalence of 
resistance to amoxicillin but susceptibility to amoxicillin/clavulanic acid.  Use in complicated infection based on 
susceptibility data.  Breakpoint for susceptibility testing of 8 mg/mL can be used for lower urinary tract 
infections.  Not recommended for pyelonephritis or prostatitis. 

Ampicillin  Not recommended because of poor oral bioavailability. Amoxicillin is preferred.  

Trimethoprim-sulfadiazine  15 - 30 mg/kg PO q12h (dose based on total trimethoprim + sulfadiazine). 

First-line option in sporadic UTI.  Can be considered a treatment choice for prostate infections.  Activity against 
Enterococcus spp. in urine is controversial and should be avoided.  Concerns regarding idiosyncratic and 
immune-mediated adverse effects in some patients; however, this is most relevant with long-term therapy.  If 
prolonged (>7d) therapy is anticipated, baseline Schirmer’s tear testing is recommended, with periodic re-
evaluation and owner monitoring for ocular discharge.  Avoid in dogs breeds that have known documented 
adverse effects such as KCS, hepatopathy, blood dyscrasias, and skin eruptions. 

Cephalexin, Cefadroxil  12–25 mg/kg PO q 8-12 h  

Narrow-spectrum activity; not active against Enterobacteriaceae when using breakpoint of 2 mg/mL but CLSI 
has recently revised the breakpoint to <16 mg/ml. Enterococcus spp. are resistant.  Wide spread use results in 
frequent resistance.  Use may encourage multi-drug resistance.   

Cefpodoxime proxetil  10 mg/kg PO q24h (dogs).  No cat dose established. 

More active than cephalexin or cefadroxil against Enterobacteriaceae. Enterococcus spp. are resistant..  
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Cefovecin  8 mg/kg single SC injection.  

Should only be used in situations where oral treatment is problematic.  Pharmacokinetic data is available to 
support use in dogs and cats, with a duration of 14 days (dogs) and  21 days (cats) but may not be able to 
maintain an effective Cmax against bacterium with higher MIC.  Duration and spectrum are longer than is 
typically needed, so not recommended for routine sporadic UTI use.  Enterococcus spp. are resistant. 

Ciprofloxacin  30 mg/kg PO q24h (consider 40-50 mg/kg PO q 24h or 25 mg/kg PO q 12h) 

Used because of lower cost compared to veterinary fluoroquinolones.  Lower and more variable oral 
bioavailability than approved veterinary fluoroquinolones. Difficult to justify over approved fluoroquinolones. 
Dosing recommendations are empirical and based on limited pharmacokinetic studies. 

 

Enrofloxacin  5–20 mg/kg q24h (dogs) 5 mg/kg PO q24h (maximun dose cats) 

Excreted in urine in active form.  HDSD use in canine sporadic cases.  Good first-line choice for pyelonephritis 
& prostatitis.  Reserve for documented sensitive organisms in recurrent UTIs.  Limited efficacy against 
enterococci.  Associated with risk of retinopathy in cats - do not exceed 5 mg/kg per day dose in cats.  

Marbofloxacin  2.7–5.5 mg/kg PO q24h  

Excreted in urine in active form.  Good first-line choice for pyelonephritis & prostatitis.  Reserve for documented 
sensitive recurrent UTIs.  Limited efficacy against enterococci.  No reported cases of retinal damage in cats. 

Orbifloxacin  2.5–7.5 mg/kg PO q24h (tablets); 7.5 mg/kg PO q24h cat (solution)  

Excreted in urine predominantly in active form.   Reserve for documented sensitive chronic UTIs.  Good first-
line choice for pyelonephritis & prostatitis.  Limited efficacy against enterococci.  Retinal damage has been 
reported in cats. 

Pradofloxacin  7.5 mg/kg susp PO q 24hr (cats); 3 - 5 mg/kg tab PO q 24hr (dogs) 

Excreted in urine predominantly in active form.   Reserve for documented sensitive recurrent UTIs.  Good first-
line choice for pyelonephritis & prostatitis. Expanded anaerobic spectrum not likely to be beneficial in UTI.  
Limited efficacy against enterococci.  Retinal damage has not been reported in cats.  Bone marrow 
suppression has been reported in dogs. 

Chloramphenicol  Dogs: 40–50 mg/kg PO q8h Cats: 12.5–20 mg/kg PO q12h  

Reserved for multi-drug resistant infections.  Not a first line treatment for pyelonephritis or prostatitis.    May 
reduce hepatic elimination of other drugs (i.e. NSAIDs).  Myelosuppression can occur, particularly with long-
term therapy.  Avoid contact by humans due to potential for rare idiosyncratic aplastic anemia.  

Doxycycline  5 mg/kg PO q12h  

Highly metabolized and excreted through intestinal tract, so urine levels may be low but can achieve levels that 
are effective against some pathogens.  Not recommended for routine uses.  Reserved for infections caused by 
pathogens that are resistant to drugs that are actively excreted in urine in active form. Consider based on 
culture results against methicillin-resistant Staph infection.  Care should be taken with administration 
recommendations in cats to reduce the risk of esophageal ulceration. 

Amikacin  Dogs: 15–30 mg/kg IV, IM/SC q24h.  Cats: 10–14 mg/kg IV, IM/SC q24h.  

http://cbs.wondershare.com/go.php?pid=5239&m=db


 

 

Not recommended for routine use. Consider for treatment of confirmed multi-drug resistant organisms. 
Potentially nephrotoxic.  Avoid in animals with renal insufficiency.  Monitor renal status and use with care if in 
combination with nephroactive drugs (NSAIDs). 

Ceftiofur sodium  2 mg/kg q12-24h SC  

Approved for treatment of UTIs in dogs in some regions. May be effective against organisms that exhibit 
resistance to other cephalosporins.  Enterococci are resistant.  

Meropenem  Dogs: 8.5 mg/kg SC/IV q 12hr (SC) or 8hr (IV); Cats: 10 mg/kg every 12 h IV, SC, IM 

Reserve for treatment of sensitive multi-drug resistant infections, particularly those caused by ESBL-producing 
Enterobacteriaceae or Pseudomonas aeruginosa.  Enterococcus faecium is inherently resistant. 

http://cbs.wondershare.com/go.php?pid=5239&m=db
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