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endocarditis (IE) are not well characterized.
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to follow-up (n = 9). Survival to discharge and at 1 month was documented in
79 (70%) of 113 and 56 (54%) of 104 dogs, respectively, with median survival time
(MST) of 72 days. Risk factors associated with mortality included development of
congestive heart failure (odds ratio [OR], 11.8; 95% confidence interval [CI],
1.4-97.8), thromboembolic events (OR, 5.7; 95% Cl, 2.3-14.4), and acute kidney
injury (OR, 6.2; 95% Cl, 2.0-18.8). Administration of antithrombotic medications was
associated with survival (OR, 0.35; 95% Cl, 0.13-0.97). Dogs that were not treated
with antithrombotics had MST of 92days, whereas dogs treated with
antithrombotics did not reach MST during the study period. The heart valves
involved and etiologic agent identified did not correlate with outcome.

Conclusion and Clinical Importance: Dogs with IE that had thromboembolic events,
acute kidney injury, or congestive heart failure had higher risk of mortality. Adminis-

tration of antithrombotics was associated with prolonged survival time.
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1 | INTRODUCTION

Infective endocarditis (IE) is a rare but severe condition caused by
infection of the endocardium and cardiac valves. Although the preva-
lence of bacterial IE in dogs is <1%,%? the consequences of infection
are severe, with a reported mortality rate of up to 78%.1 However,
substantial improvements have been made in the proportion of dogs
surviving IE in the past 5 decades, with reports in the 1980s showing
survival rates of 20% whereas studies from 15 years ago reported sur-
vival rates of 44%.23

Complications associated with |E include congestive heart failure
(CHF), cardiac arrhythmias, thromboembolic disease, and immune-
complex disease.? Congestive heart failure can develop secondary to
direct damage to cardiac valves and is often refractory to medical
treatment.* Thromboembolic disease has been noted in up to 80% of
dogs with IE and can manifest in various organ, including the kidney,
myocardium, and brain.>>¢ Thromboembolic complications and their
associated clinicopathologic findings previously have been associated
with fatality.? Other potential clinical factors associated with mortality
that have been identified include causative etiologic agent and cardiac
valves involved,?>” but these findings have not been evaluated
recently.

There have been advances in the quality of veterinary diagnostic
imaging, clinician awareness of the disease, and the ability of clients
to pursue advanced diagnostic testing and treatment. Understanding
prognosis and expected outcomes is a critical component of an
owner's decision to pursue treatment.® Therefore, an updated evalua-
tion of prognostic indicators for IE is needed. We aimed to describe
the clinical features of dogs diagnosed with IE and determine factors

associated with survival.

2 | METHODS

2.1 | Population selection
Electronic medical records from University of California, Davis Veteri-
nary Medical Teaching Hospital, were searched for dogs diagnosed
with endocarditis from 2005 to 2020. Medical records were evaluated
to determine if the dog fulfilled criteria for a definitive diagnosis of IE
based on modified Duke criteria (Table 1) by meeting 2 major criteria
or 1 major and 2 minor criteria.>”? The medical history was reviewed
for a previous diagnosis of diabetes mellitus, surgical implants such as
bone plates or vascular implants, previously diagnosed malignant neo-
plasia confirmed by cytology or histopathology, and administration of
any antimicrobial or immunosuppressive medication in the 30 days
before diagnosis. Dogs were classified as having chronic kidney dis-
ease (CKD) if there was a previous diagnosis of CKD or if there were
ultrasonographic renal changes consistent with CKD at the time of IE
diagnosis.

Clinical data, including signalment, preexisting conditions, physical
examination findings, concurrent diagnoses, diagnostic testing, imag-
ing results, treatment, and outcome, were recorded from the medical

TABLE 1 Modified Duke criteria

Major criteria Minor criteria

Echocardiogram consistent with IE Rectal temperature 239°C

New or worsening heart
murmur

Vegetative lesions

Predisposing cardiac disease
(subaortic stenosis)

Erosive lesion

Evidence of thromboembolic
disease

Abscess

Evidence of secondary
immune-mediated disease

Greater than trivial valvular
insufficiency

Microbiologic findings not

meeting major criteria
Positive blood cultures with Positive Bartonella serology

22 bottles with typical organism Blood cultures not meeting

major criteria

23 bottles with common skin
contaminant

Persistent positive cultures over
212 hours

record. The type and duration of antimicrobial administered was
documented along with route of administration (IV or PO). Duration
of hospitalization and non-antimicrobial treatments also were
recorded. Cost of hospitalization was recorded and adjusted using an
average 2% inflation rate.

Echocardiography reports were reviewed for each dog. The pres-
ence, location, and subjective size of vegetative lesions were recorded
for each patient. Additional diagnostic information was recorded
when available including CBC, serum biochemistry panel, urinalysis,
cardiac troponin | concentration (Immulite 2000 troponin |; Siemens
Healthcare), thoracic radiographs, and abdominal ultrasound examina-
tion findings.

The institution protocol for collection of blood cultures utilized
aseptic collection of 3 to 6 aliquots of blood (1-10 mL) while wearing
sterile gloves at 0-, 10-, and 60-minute time points from 3 different
anatomic locations. Whole blood was transferred to aerobic or anaer-
obic blood culture vials, incubated at 37°C, and subcultured on blood
agar. Bacterial colonies were identified using a combination of bio-
chemical testing and matrix-assisted laser desorption ionization time-
of-flight mass spectrometry analysis. Results from blood cultures were
reviewed independently by 2 authors (K.L.R. and S.E.E.) and inter-
preted as positive when considered unlikely to represent growth of
contaminants based on presence in multiple blood culture vials and
speciation of a typical IE pathogen.

In some dogs, Bartonella serology for 3 Bartonella species (Bartonella
vinsonii subsp. berkhoffii, B. clarridgeia, and B. henselae), Bartonella cul-
ture, and PCR all were performed as previously described.® Culture-
enriched, Bartonella alpha proteobacteria growth medium (BAPGM),
PCR was performed in selected cases as previously described by a ref-
erence laboratory (Galaxy Diagnostics, Research Triangle Park, North

Carolina).'° Dogs with serologic titers >1:64 were recorded as positive.
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Dogs were determined to have presumed Bartonella as an etiologic
agent of IE if (a) serologic titers were >1: 512, (b) if Bartonella culture or
PCR was positive, or (c) if serologic titers were positive and conven-
tional blood cultures were negative.

Development of concurrent diseases was recorded for each
patient. Acute kidney injury was defined as a 0.3 mg/dL increase in
serum creatinine concentration during hospitalization or serum creati-
nine concentration above the normal reference interval in animals
without a previous diagnosis of CKD.!

Congestive heart failure was diagnosed by characteristic findings
of distension of pulmonary vasculature and infiltrative pulmonary pat-
terns consistent with cardiogenic pulmonary edema on thoracic radio-
graphs identified by a board-certified veterinary radiologist.

Thromboembolic disease was defined as (a) visualization of
thrombosis on abdominal ultrasound examination or echocardiogram
conducted by a board-certified veterinary radiologist or cardiologist,
respectively, (b) identification of thrombus on necropsy examination,
(c) palpable identification of thrombosis on physical examination,
(d) acute onset of neurologic signs with no other identified underlying
cause, or (e) acute onset of tachypnea or respiratory distress in a
patient with thoracic radiographs ruling out evidence of CHF or aspi-
ration pneumonia with clinicopathologic evidence of thromboembolic
disease. 113

Polyarthritis was defined as the presences of non-degenerate
neutrophilic inflammation in synovial fluid obtained by arthrocentesis

as determined by a board-certified veterinary clinical pathologist.

2.2 | Definition of survival classification

Survival status was recorded at discharge from the hospital and a min-
imum of 1 month after diagnosis, regardless of the number of days
spent in the hospital. Dogs were classified as survivors if they were
alive at a minimum of 1 month after diagnosis or non-survivors if the
death was noted at any time after diagnosis and attributed to IE. Dogs
that were lost to follow-up before 1 month after diagnosis were cate-

gorized as an unknown outcome and censored in survival analysis.

2.3 | Statistical analysis

Descriptive non-parametric statistics were used to describe the
population. A univariate exact logistic regression model was used
to assess odds ratios (OR) to identify categorical factors associated
with mortality. Factors that were assessed a priori included sex,
neuter status, age, weight, preexisting conditions (neoplasia, surgi-
cal implants, immunosuppressive medications, antimicrobial admin-
istration in the preceding 30 days, or CKD), number of positive
blood culture bottles (0, 1, 2, or 23), Bartonella or non-Bartonella
etiology, cardiac valves involved, and presence of clinicopathologic
abnormalities (anemia, neutrophilia, thrombocytopenia, hyper-
bilirubinemia, azotemia, hypoalbuminemia, and hypoglycemia). Fur-

thermore, therapeutic interventions were assessed for association

with mortality including IV administration of antimicrobials, anti-
thrombotic medications, or cardiac medications. Development of
CHF, acute kidney injury, thromboembolic disease, neutrophilic
polyarthritis, and hospitalization in the ICU also were tested a
priori. Variables with a P <.05 in the univariable model were
assessed using a backwards stepwise multivariable logistic regres-
sion analysis (statsmodel, Python3).}* Median survival time (MST)
from diagnosis was determined and Kaplan-Meier survival curves
were made for the total population and sub-populations, including
etiology (Bartonella vs non-Bartonella), cardiac valves involved
(mitral vs aortic), development of CHF, and administration of anti-
thrombotic medications a priori, using commercial software (Prism
9.0.0, GraphPad). Survivors were censored on the last date of
follow-up. Significance was set at P <.05. A post hoc-analysis
assessing association of antimicrobial administration in the preced-
ing 30 days with positive blood culture results was performed using

a Fischer's exact test.

3 | RESULTS

3.1 | Population description

A medical record search of 120 150 dogs presented to University of
California, Davis Veterinary Medical Teaching Hospital, from 2005 to
2020 identified 233 dogs with endocarditis in the clinical diagnosis
field (Figure 1). After review of each medical record, 113 dogs fulfilled
the modified Duke criteria for IE diagnosis. The distribution of major
and minor Duke criteria findings is presented in Table 2. The preva-
lence of IE in this population was 0.09%. The IE case numbers by year
are presented in Figure 2.

Of dogs with IE, 73 (64.6%) of 113 were male and 97 (85.8%) of
113 were neutered, with a mean age of 8 + 3.8 years and weight of
295+ 152 kg (Table 3). Sporting (33/113; 29.2%) and herding
(19/113; 16.8%) breeds were the most frequently affected purebred
dogs. Mixed breed dogs accounted for 25 (22.1%) of 113 dogs with
IE. Breed, neuter status, age, and weight were not significantly associ-
ated with mortality (Figure 3A).

Preexisting medical conditions were identified in 58 of 113 dogs,
with evidence of CKD in 21 (20.5%) of 102, surgical implants in
13 (11.5%) of 113, neoplasia in 11 (9.7%) of 113, and diabetes mellitus
in 2 (1.7%) of 133 dogs. Immunosuppressive medications were being
administered to 27 (23.9%) of 113 dogs at admission. Antimicrobial
medications had been prescribed in the preceding 30 days for
80 (70.8%) of 113 dogs. Congenital subvalvular aortic stenosis was
not diagnosed in any dogs. None of these preexisting conditions or
drugs were significantly associated with mortality (Figure 3A;
Table S1).

Survival to discharge was observed in 79/113 (69.9%) dogs. Of
the 113 dogs, 47 (41.6%) survived beyond 1 month after diagnosis,
57 (50.4%) died, and 9 (8.0%) were lost to follow-up. Death or eutha-
nasia as a result of IE was reported between 0 and 1420 days after

diagnosis. Median survival time was 72 days (Figure 4).
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TABLE 2 Characterization of modified Duke criteria findings in patient population

Characteristic
Major criteria
Vegetative lesion
Greater than trivial valvular insufficiency
>2 positive blood culture (typical organism)
>3 positive blood culture (skin commensal)
Minor criteria
Fever
New or worsening murmur
Secondary disease process

Microbiologic criteria not meeting major criteria

20+

15

10

IE Case Numbers

2005 2010 2015
Year

FIGURE 2 Infective endocarditis diagnosis by year

Total population, n (%) Survivors, n (%) Non-survivors, n (%)
106 (93.8) 42 (89.4) 55 (96.5)
103 (91.1) 44 (93.6) 50 (87.7)
29 (25.7) 11 (23.4) 17 (29.8)
8(7.1) 3(6.4) 4 (7.0)
59 (52.2) 23 (48.9) 32 (56.1)
82 (72.6) 36 (76,6) 41 (71.9)
57 (50.4) 19 (40.4) 36 (63.2)
17 (15.0) 4 (8.5) 13(22.8)
3.2 | Diagnosis of infective endocarditis

2020

Modified Duke criteria for the diagnosis of IE were fulfilled in 113 of
233 dogs (48.5%) enrolled in the study (Table 2). Echocardiograms
were performed on 109 (96.4%) of 113 dogs. Infective endocarditis
was confirmed on necropsy evaluation in 27 (23.9%) of 113 dogs,
which included the 4 dogs that did not have echocardiograms per-
formed. Major diagnostic criteria that were observed included vegeta-
tive lesions in 106 dogs, more than trivial valvular insufficiency in
103 dogs, 22 blood culture bottles with a typical organism in 29 dogs,
and 23 blood cultures bottles with a skin contaminant in 8 dogs.
Minor criteria that were observed included fever in 59 dogs, new or

worsening heart murmur in 82 dogs, evidence of a secondary disease
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TABLE 3 Patient demographics

Characteristic
Sex
Female
Female spayed
Male
Male neutered
Breed group
Herding
Hound
Mix
Non-sporting
Other
Sporting
Terrier
Toy
Working
Age category
Less than 3 years
3 to <6 years
6 to <9 years
9 to <12 years
12 years and older
Weight category
<10 kg
10 to <20 kg
20 to <30 kg
30 to <40 kg
40 kg and above
Preexisting conditions
Diabetes mellitus
Surgical implants
Neoplasia

Immunosuppression

Antibiotics in past 30 days

Chronic kidney disease

in 11 dogs with neutrophilic polyarthritis, 1 dog with immune-
mediated hemolytic anemia, and 45 dogs with thromboembolic dis-

ease, and microbiologic criteria not meeting major criteria in 17 dogs.

3.3 | Clinicopathologic findings

Complete blood count results were available from the time of diagno-
sis in 91 dogs. Anemia (HCT < 40%) was noted in 53 (58.2%) of
91 dogs, neutrophilia (> 11 000/uL) in 63 (69.2%) of 91, and band
neutrophils in 48 (52.7%) of 91. A serum biochemistry panel was avail-
able in 78 dogs. Increased serum creatinine concentration

(>1.4 mg/dL) was noted in 24 (30.8%) of 78 dogs, hypoglycemia

Ve

Total population, n (%) Survivors, n (%) Non-survivors, n (%)

4(3.5) 1(2.1) 2(3.5)
36 (31.9) 16 (34.0) 18 (31.6)
12 (10.6) 3(6.4) 7(12.3)
61 (54.0) 27 (57.4) 30(52.6)
19 (16.8) 9(19.1) 9 (15.8)

7(6.2) 4(8.5) 2(3.5)
25(22.1) 9(19.1) 13 (22.8)

3(2.7) 1(2.1) 2(3.5)

2(1.8) 0(0) 2(3.5)
33(29.2) 16 (34.0) 16 (28.1)

7 (6.2) 4(8.5) 3(5.3)

7 (6.2) 1(2.1) 3(5.3)
10(8.9) 3(6.4) 7(12.3)
16 (14.2) 7(14.8) 8(14.0)
20(17.7) 9(19.1) 9(18.8)
29 (25.7) 9(19.1) 19 (33.3)
29 (25.7) 13(27.7) 14 (24.6)
19 (16.8) 9(19.1) 7(12.3)
14 (12.7) 5(10.6) 5(9.1)

7 (6.4) 2(4.3) 5(9.1)
32(29.1) 18 (38.3) 14 (25.5)
39 (35.5) 16 (34.0) 22 (40.0)
18 (16.4) 6(12.8) 9 (16.4)

2(1.8) 2(4.3) 0(0)

13 (11.5) 5(10.6) 6(10.5)
11(9.7) 6(12.8) 4(7.0)

27 (23.9) 14 (29.8) 12 (21.1)
80 (80.8) 34(72.3) 41(71.9)
21(18.6) 9(19.2) 8(14.0)

(<80 mg/dL) in 25 (32.1%) of 78, hyperbilirubinemia (>0.2 mg/dL) in
31 (39.7%) of 78, and hypoalbuminemia (<3.4 g/dL) in 67 (85.9%) of
78. Urinalysis was performed in 44 dogs, 37 (84.1%) had proteinuria
and 6 (13.6%) had bacteriuria on urine sediment examination. Aerobic
urine cultures were performed in 56 dogs and 14 (25%) were positive
for bacterial growth. Six of the 14 dogs with positive urine cultures
had the same species of bacteria isolated from urine and blood cul-
tures, 5 dogs had negative blood cultures but positive urine cultures,
2 dogs had different organisms isolated from blood cultures and urine
culture, and 1 dog had a positive urine culture but no blood cultures
performed. Cardiac troponin | concentration was measured in 10 dogs
and ranged from 0.05 to 62.2 ng/mL (median, 0.96 ng/mL). Nine of
10 dogs had concentrations above the reference range (0.09-0.17 ng/mL).
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FIGURE 3 Univariate odds ratios for association with mortality. (A) Patient demographics. (B) Diagnostic findings. (C) Treatment and
concurrent diagnosis
The presence of neutrophilia and azotemia at diagnosis was associ-
ated with mortality with OR 3.8 (95% ClI, 1.4-10.1) and OR 124 100-|
(95% Cl, 2.6-59.0), respectively (Figure 3B). Azotemia was retained
as a significant predictor of mortality in the multivariate model E
(P =.02; Table 5). B
= -
@ 50
3
34 | Cardiac and echocardiographic findings
Heart murmurs were noted in 86 (76.1%) of 113 dogs and were 0 J J J ’
0 50 100 150 200

classified as grades 1, 2, 3, 4, and 5/6 in 2, 28, 29, 22, and 5 dogs,
respectively. Infective endocarditis-associated pathology, includ-
ing vegetative or erosive lesions, was identified on the mitral
valve in 58 (51.3%) of 113 dogs, on the aortic valve in 37 (32.7%)

Days

FIGURE 4  Overall survival of dogs diagnosed with infective
endocarditis
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TABLE 4 Microbiologic diagnostics

Characteristic
Blood cultures performed
Aerobic bacterial culture, n (%)
Aerobic and anaerobic bacterial cultures, n (%)
Blood cultures not performed, n (%)
Blood culture characteristics per patient
No. of bottles collected (median, range)

No. of bottles with bacterial growth (median,
range)

% positive bottles in dogs with bacterial growth
(median, range)

Blood culture bacterial growth for population
No. of dogs with 1 positive bottle
No. of dogs with 2 positive bottles
No. of dogs with 3 or more positive bottles

No. of dogs with necropsy obtained positive valve
cultures

Bartonella specific testing (no. of positive/no. of
performed)

PCR

Serology

Culture
BAPGM-enriched PCR

Total population Survivors Non-survivors
21(18.6) 9(19.1) 9(15.8)

68 (60.2) 35(74.5) 30 (52.6)

24 (21.2) 3(6.4) 18 (31.6)
5(1-6) 5(2-6) 4 (1-6)

0 (0-6) 0 (0-6) 2 (0-6)

100 (17-100)

100 (17-100)

100 (17-100)

3 1 2

7 1 5

31 11 19

5 0 5
0/6 0/4 0/1
6/36 2/22 4/12
0/14 0/9 0/4
1/2 1/1 0/0

of 113 dogs, on both the mitral and aortic valve in 16 (14.1%) of
113 dogs, or on the tricuspid valve in 2 (1.8%) of 113 dogs.
The MST for dogs with only mitral valve lesions was not reached.
The MSTs for dogs with only aortic valve disease or those
with both valves involved were 102 and 43 days, respectively
(Figure 6A). The number and type of valves involved were not sig-
nificantly correlated with outcome in the univariate model
(Figure 3B).

3.5 | Microbiologic data

Microbiologic blood cultures were performed in 89 (78.8%) of
113 dogs, 21 of which were aerobic bacterial cultures alone, and
68 that included aerobic and anaerobic bacterial cultures (Table 4).
One or more blood culture bottles were positive for bacterial growth
in 41 (46.1%) of 89 dogs. The number of blood culture specimens
obtained from each dog ranged from 1 to 6, with a median of 5 bottles.
In dogs with bacterial growth noted on blood culture, the proportion
of positive blood culture bottles per dog ranged from 17% to 100%
(median, 100%). Five of 27 dogs evaluated had positive bacterial cul-
tures of the affected cardiac valves at the time of necropsy. Adminis-
tration of antimicrobials in the preceding 30 days was not associated
with negative growth on blood culture (P = .17). Bacterial species
identified in dogs with IE are summarized in Figure 5. Of dogs that
had blood cultures performed, those that had 2 or 23 positive blood

culture bottles had increased odds of mortality with OR of 15.8 (95%
Cl, 1.7-142.6) and 3.5 (95% ClI, 1.3-9.6) respectively (Figure 3B) and
significance was retained in the multivariate model (P = .009;
Table 5).

Bartonella testing was performed in 46 of 113 dogs and it was
diagnosed as a presumed bacteriologic agent of IE in 7 (15.2%) dogs.
Serology was positive in 6 of 36 dogs. Endpoint antibody titers were
available for 5 dogs and ranged from 1 : 64 to 1 : 4096 with a median
titer of 1 : 1024. One dog did not have an endpoint titer performed,
and the results were reported as >1 : 64. The 3 dogs without a docu-
mented antibody titer >1 : 512 had concurrent negative microbiologic
blood cultures. A BAPGM-enriched PCR was positive in 1 of 2 dogs
tested. Blood quantitative PCR and culture were performed in 6 and
14 dogs, respectively, and all were negative. The MST for dogs diag-
nosed with Bartonella |IE was 71 days compared to 27 days in dogs
diagnosed with IE associated with other bacterial species, and survival

curves were not significantly different (P = .6; Figure 6B).

3.6 | Treatment and development of subsequent
disease processes

Antimicrobial treatment was initiated in 99 of 113 dogs (Table S2).
The 14 dogs that were not treated were all non-survivors. Of the dogs
treated with antimicrobials, 82 of 99 were treated initially with paren-

terally administered antimicrobials for a median of 6 days (range,
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TABLE 5 Multivariate model

Odds ratio

Characteristic (95% Cl) P-value
Signalment and initial diagnosis
2 or more positive blood culture bottles 1.8 (1.2-2.8) .01
Azotemia 5.6(1.02-31.1) .02
Treatment and concurrent disease
Thromboembolic disease 6.2(1.9-20.2) .002
0.11 (0.03-0.48) .003
42(1.3-12.2) .02

29.2(2.3-367.2) .01

Received antithrombotics
Required ICU hospitalization

Congestive heart failure

1-24 days). Of these dogs, 53 then were continued on PO antimicro-
bials after discharge from the hospital for a median of 64 days (range,
2-530 days). Of the 47 dogs that survived, 36 initially were treated
with parenteral antimicrobials for a median of 7 days, and then contin-
ued on PO antimicrobials for a median of 90days (range,
21-530 days). Eleven of the 47 dogs that survived were treated with
PO antimicrobials (median, 64 days; range, 2-135 days) without first
receiving antimicrobials parenterally. Dogs in the non-survivor group
that were treated with antimicrobials generally were continued on
treatment until the time of death. Of the dogs treated with antimicro-
bials, 83 of 99 were hospitalized, and 34 of 83 were in the intensive
care unit. The median length and cost of hospitalization were 2 days
(range, 0-50 days) and $4186 USD (range, $163-$70618) respec-
tively. Treatment with IV antimicrobials (OR, 4.3; 95% Cl, 1.1-16.5)

and ICU hospitalization (OR, 3.1; 95% Cl, 1.3-7.6) both were associ-
ated with mortality (Figure 3C), and the association of ICU hospitaliza-
tion with mortality was retained in the multivariate model (P = .02;
Table 5).

Left-sided CHF was diagnosed in 16 (14.2%) of 113 dogs with
IE. These included 5 dogs with mitral valve lesions, 6 with aortic valve
lesions, 4 with lesions on both the mitral and aortic valves, and 1 with
a lesion on the tricuspid valve. Arrhythmias were noted in 21 (21.8%)
of 96 dogs that had ECG performed. These included 8 dogs with pre-
mature ventricular complexes, 4 dogs with supraventricular tachycar-
dia, 3 dogs with accelerated idioventricular rhythm, 2 dogs with
ventricular tachycardia, and 1 dog each with atrial premature com-
plexes, first degree atrioventricular block, atrial fibrillation, and atrial
bigeminy. Cardiac medications were administered to 29 of the
enrolled dogs. Dogs that were diagnosed with CHF had a MST of
21.5 days, where dogs without CHF had a MST of 1420 days (P < .05;
Figure 6C). In dogs that were treated for IE, diagnosis of CHF was
associated with mortality (OR, 11.83; 95% Cl, 1.43-97.8; Figure 3C)
and CHF was retained as significant in the multivariate analysis
(P =.01; Table 5).

Thromboembolic disease was diagnosed in 45 dogs and was asso-
ciated with mortality (OR, 5.7; 95% Cl, 2.3-14.4). Thromboembolic dis-
ease was diagnosed on necropsy in 17 dogs and abdominal ultrasound
examination in 16 dogs. Nine dogs were diagnosed with thromboem-
bolic disease based on physical examination; 6 with compatible central
nervous system (CNS) signs and 3 with distal limb edema or palpable
thrombosis of a peripheral vessel. Two dogs were diagnosed with

thromboembolic disease based on identification of thrombi on
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echocardiographic examination. Presumptive pulmonary thromboembo-
lism was diagnosed in 2 dogs with acute onset tachypnea and no evidence
of other pulmonary disease such as cardiogenic pulmonary edema or aspi-
ration pneumonia on thoracic radiographs. One dog with presumptive pul-
monary thromboembolism also had splenic venous thrombosis identified
on abdominal ultrasound. The second dog with presumptive pulmonary
thromboembolism had the diagnosis supported by an increased d-dimer
concentration and low antithrombin concentration.

Anti-thrombotic medications (Table S3) were administered to
24 dogs of the 99 dogs in which treatment for IE was initiated, and
use was significantly associated with survival (OR, 0.36; 95% ClI,
0.13-0.97; Figures 3C and 6D). Twelve of the dogs started on anti-
thrombotic medications also were diagnosed with thromboembolic
disease. In the multivariate analysis, diagnosis of thromboembolic dis-
ease was associated with mortality (P = .002) and treatment with
antithrombotics was associated with survival (P = .003; Table 5).
Acute kidney injury was documented in 29 dogs and was significantly
associated with mortality (OR, 6.2; 95% Cl, 2.0-18.8). Neutrophilic
polyarthritis was documented in 11 of 19 dogs that had arthrocentesis
performed and was not associated with mortality.

4 | DISCUSSION

Our large-scale retrospective study identified an increasing prevalence
in the diagnosis of IE at an academic referral hospital and provides an
updated retrospective description of dogs diagnosed with the disor-
der. Similar to a previous study,? 50% of the dogs diagnosed with |E
died or were euthanized because of the disease. However, MST for all
dogs in our study was 72 days, approximately 33% longer than in the
previous study.? This finding could represent earlier disease recogni-

tion, increased willingness of clients to consent to treatment, or

possibly, improvements in therapeutic strategies, despite the fact that
it was not reflected in overall mortality. Importantly, administration of
anti-thrombotic medication was strongly associated with survival,
whereas diagnostic findings of CHF, azotemia, or thromboembolic dis-
ease were associated with mortality.

Of all dogs examined at our institution, 0.09% were diagnosed
with IE. The number of diagnosed cases in our study steadily
increased over the study period and the overall incidence was higher
than previously reported.? This increase in prevalence at our institu-
tion could represent increased screening or recognition of disease as a
result of clinician education or willingness of clients to pursue
advanced diagnostic tests such as an echocardiogram or blood cul-
tures. Although not specifically addressed in our study, it could also
reflect an increase in possible predisposing conditions, such as the
high use of potent antimicrobials before admission or increased diag-
nosis of immune-mediated disease requiring use of immunosuppres-
sant medications. A similar increase in diagnosis also has been noted
in people, with a 2.4% increase annually between 1998 and 2009.%°

In our study, signalment of dogs with IE was similar to that
reported in previous studies with male, large breed dogs
predominating, but patient demographics or preexisting conditions
were not predictive of treatment outcome. Congenital subaortic ste-
nosis was not diagnosed in any of the dogs with IE in our study. The
majority of dogs (70%) in our study had received antimicrobials in the
month before the diagnosis of IE, but often the rationale for adminis-
tration of the medication was not noted in the medical record. This
practice could represent treatment of an infection that subsequently
served as a nidus of IE infection or could reflect empirical antimicro-
bial treatment in an ill dog that had yet to be diagnosed with IE.

Dogs were diagnosed with IE based on fulfillment of modified
Duke criteria or upon necropsy examination. The veterinary literature

describes several variations of the modified Duke criteria. One of
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these variations is inclusion of body weight >15 kg as a minor crite-
rion.”? This criterion was not utilized in our study in an attempt to
increase the stringency of diagnosis, but these variations emphasize
the need for uniform diagnostic criteria in veterinary medicine and the
difficulties associated antemortem diagnosis of IE. The most com-
monly observed major criterion of diagnosis was an echocardiographic
lesion consistent with endocarditis. Transthoracic echocardiography is
recommended as the first line imaging modality for people suspected
of having IE, but false negative findings can be observed and more
advanced imaging modalities such as transesophageal echocardiogra-
phy are pursued in some cases.'® This approach is complicated by the
need for general anesthesia to perform this procedure. Bacterial blood
cultures were performed in 76% of the enrolled dogs, and an etiologic
agent thought to be associated with IE was identified in 51 (59%) of
86 dogs. Identification of bacteria in 22 or more blood culture speci-
mens was associated with mortality. This finding could indicate that
dogs with higher bacterial loads in the bloodstream have more serious
disease, but it also could reflect the likelihood that clinicians often
obtain blood cultures in more severely ill animals.

Gram-positive bacterial organisms predominated in this population,
as has been reported previously in dogs and people.”*” Culture-
negative endocarditis was diagnosed in 40% of the dogs in which blood
cultures were performed, which is similar to previous studies in veteri-
nary and human medicine.”*® High rates of empirical antimicrobial
administration before obtaining blood cultures or infection with fastidi-
ous organisms, such as Bartonella, likely contribute to this phenomenon.

Bartonella spp. was implicated as an etiologic agent in 7 cases,
4 of which survived and 3 of which died. The diagnostic criteria uti-
lized in this study were similar to those used in previous studies.”
Three dogs in our population had an antibody titers <1 : 512, which
has been proposed as a potential diagnostic cutoff for the diagnosis of
bartonellosis.> The MST and overall survival for dogs diagnosed with
Bartonella IE were not different from dogs diagnosed with other etio-
logic agents. Only a minority of the population was tested for
bartonellosis however, and therefore the prevalence of disease is
likely underestimated. The MST noted in our population (71 days) is in
contrast to a previous report that associated Bartonella IE in dogs with
a poorer prognosis, with a MST of 3 days. This poorer prognosis has
been attributed to the fact that Bartonella IE is more commonly asso-
ciated with lesions on the aortic valve, which historically has been
associated with a poorer outcome.” Indeed, all dogs diagnosed with
Bartonella IE in our study did have aortic valve involvement. However,
the cardiac valves involved in the disease process were not strong
predictors of survival in our population. The MST for dogs with aortic
valve |E was 102 days in our population, whereas the MST for dogs
with mitral valve IE was not reached. This observation may reflect ear-
lier detection of disease or willingness of owners to pursue treatment.
Dogs that have multiple valves involved fared the worst, with a MST
of 43 days. This observation could represent diagnosis later in the dis-
ease process with more structural changes on the cardiac valves, thus
worsening the prognosis.

Antimicrobial treatment was pursued in 87% of dogs diagnosed

with |E. Antimicrobial treatment was not standardized in our

retrospective study, and comparisons between outcome for dogs that
received parenteral treatment and PO treatment were difficult
because of multiple confounding factors. Dogs that received antimi-
crobials parenterally were more likely to die or be euthanized as a
result of IE, which likely reflects a more severe clinical course in these
dogs that required intensive care treatment and thus parenteral
administration of medications. Effective antimicrobial treatment of |IE
results in sterilization of the vegetative lesion and requires use of a
bactericidal antibiotic that will effectively penetrate the biofilm and
thrombotic material on the valve.r? In human medicine, duration of
antimicrobial treatment ranges from 2 to 6 weeks depending on the
presence of a prosthetic valve.r? The optimal duration of treatment in
dogs has not been established and is reflected in the wide range of
treatment durations in our study.

Documentation of an increased serum creatinine concentration
either at the time of initial diagnosis or during treatment was strongly
associated with mortality. This finding has been previously reported in
the veterinary and human medical literature.2? Acute kidney injury in
dogs with IE is likely multifactorial and could result from sepsis, hypo-
tension, decreased glomerular filtration rate secondary to heart fail-
ure, thromboembolic disease, or administration of nephrotoxic
medications such as aminoglycosides. Prospective investigation of the
causes for acute kidney injury is necessary to allow implementation of
strategies that avoid this complication and improve overall survival.

The subset of dogs diagnosed with CHF had the lowest overall
survival. In this population, 14.2% of dogs with |IE were diagnosed
with subsequent CHF. This finding is in contrast to previous studies
that have reported rates of CHF of 30%.2 This difference may reflect
diagnosis earlier in the course of disease before severe and irrevers-
ible valvular damage or development of better management strategies
for patients at risk for CHF. In people with IE, development of CHF is
an indication for placement of a prosthetic valve, because they are
often refractory to medical treatment.2® This finding also has been
documented in a cat with endocarditis that experienced marked
improvement in the infectious component of the disease, but the
resultant structural valvular damage resulted in refractory CHF and
euthanasia.*

Thromboembolic disease has been recognized in up to 80% of
dogs with IE.X® In our study, diagnosis of thromboembolic disease
was a predictor of mortality. Platelet aggregation is critical in the for-
mation of IE lesions, and administration of anti-thrombotic medica-
tions can decrease lesion weight and decrease bacterial loads within
vegetative lesions.?1?? Dogs that were treated with anti-thrombotic
medications had markedly better outcomes, but some of these dogs
might have been treated with these medications only after discover-
ing thromboembolic disease. Administration of antiplatelet medica-
tions has been shown to benefit people diagnosed with IE. Therefore,
further assessment of coagulation dysfunction and treatment is
needed to optimize treatment of dogs with IE. 2

Retrospective case studies have inherent limitations, including
care and diagnostic testing that were not standardized and the
potential for missing case data in the medical record. Additionally,

confounding factors may have that impacted the risk factors



REAGAN ET AL.

Journal of Veterinary Internal Medicine AC\%’/IM | 439

identified in our study, including owners' willingness to treat their
pets in light of previously identified negative prognostic indica-
tors. Furthermore, our study spanned 15 years during which
improvements in diagnostic capabilities changed and perhaps
improved the sensitivity of diagnosing IE. Lastly, the small sample
size for some assessed variables may have led to type-Il statistical
errors in our evaluation, preventing discovery of potential risk fac-
tors in our population.

In conclusion, we determined that the prevalence of IE
increased throughout the study period and carried a guarded prog-
nosis, with an overall survival rate of approximately 50%. The
demographics of affected dogs were similar to previous studies
with large breed, male dogs predominating, and typical bacteria
were involved in the disease process more often than Bartonella. A
thorough echocardiographic assessment was integral to the diag-
nosis in most cases. Risk factors associated with mortality included
the development of CHF, thromboembolic disease, and acute kid-
ney injury, similar to previous studies. Interestingly, neither the
valve affected nor the bacterial organism identified in our popula-
tion was correlated with outcome. Our study also found that
administration of anti-thrombotic medications was strongly associ-
ated with survival, indicating that further investigation into the
role of anti-thrombotic medications in the treatment of IE should
be undertaken.
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