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Objective—To determine clinical characteristics and
clinicopathologic findings, including results of pericar-
dial fluid analysis, and determine the outcome associ-
ated with pericardial effusion caused by cardiac lym-
phoma in dogs.

Design—Retrospective case series.
Animals—12 dogs.

Procedure—NMedical records of affected dogs were
reviewed for echocardiographic findings, radi-
ographic findings, results of pericardial fluid analy-
sis, clinicopathologic findings, treatment protocols,
and outcomes.

Results—Pericardial effusion was detected by
echocardiography in all 12 dogs, and lymphoma was
detected by cytologic examination of the effusion
(11/12 dogs) or histologic examination of pericardium
(3/12). Large-breed dogs were overrepresented;
median weight was 40.5 kg (89.1 Ib). Most hemato-
logic and biochemical changes were mild and non-
specific. Survival time for dogs treated with combina-
tion chemotherapeutic agents was 157 days and for
dogs that did not receive chemotherapy survival time
was 22 days. This difference was not significant, but
several dogs had long-term survival.

Conclusions and Clinical Relevance—Cardiac lym-
phoma is an uncommon cause of pericardial effusion,
and results suggest that cardiac lymphoma does not
always warrant the poor prognosis of other stage V,
substage b lymphomas. (J Am Vet Med Assoc 2005;
227:1449-1453)

Ripid accumulation of pericardial effusion that causes
ardiac tamponade results in signs of acute forward
heart failure or cardiogenic shock (eg, weakness, col-
lapse, hypothermia, or pallor), whereas slower accumu-
lation leads predominantly to signs of right-sided con-

From the Department of Clinical Sciences, School of Veterinary
Medicine, Tufts University, North Grafton, MA 01536 (MacGregor,
Moore, Brown); the Department of Veterinary Clinical Sciences,
Universidade Estadual de Londrina, Brazil (Faria, de Morais)
86051-990; and the Department of Veterinary Clinical Sciences,
College of Veterinary Medicine, University of Minnesota, Saint
Paul, MN 55108 (Tobias). Dr. Faria’s present address is
Department of Surgical Sciences, School of Veterinary Medicine,
University of Wisconsin, Madison, WI 53706. Dr. de Morais’ pre-
sent address is Department of Medical Sciences, School of
Veterinary Medicine, University of Wisconsin, Madison, WI
53706. Dr. Moore’s present address is Veterinary Oncology
Consultants, 379 Lake Innes Dr, Wauchope, NSW 2446 Australia.
Dr. MacGregor’s present address is Dover Veterinary Hospital, 96
Durham Rd, Dover, NH 03820.

Address correspondence to Dr. MacGregor.

gestive heart failure (eg, ascites, distended jugular veins,
hepatomegaly, or pleural effusion). Historically, pericar-
dial fluid analysis and cytologic examination have failed
to identify the cause of pericardial effusion in most
dogs."* Pericardial fluid from dogs with idiopathic or neo-
plastic pericardial effusion usually has a grossly san-
guinous or “port wine” appearance, and most myocardial
tumors associated with pericardial effusion do not exfo-
liate well. Neoplastic cells from dogs with pericardial
mesothelioma exfoliate abundantly, but it is difficult to
differentiate between reactive and neoplastic mesothelial
cells via cytologic examination.”” The pH®and cardiac
troponin I concentrations® in the fluid have been used to
distinguish neoplastic from nonneoplastic effusions.
Initially, pH was thought to be useful, but subsequent
studies” have called this finding into question.

The 3 most common neoplastic causes of pericar-
dial effusion in dogs are myocardial hemangiosarcoma,
chemodectoma, and mesothelioma. Pericardial effu-
sion caused by lymphoma is rare in dogs, occurring in
only 2 of the 164 (1.2%) cases summarized in 3 previ-
ous studies"**in this species. Prognosis for dogs with
pericardial effusion varies depending on the cause of
the effusion. Dogs with idiopathic effusion and effu-
sion caused by intrapericardial chemodectomas have a
median survival time much longer than 1 year, ™"
whereas dogs with pericardial effusion attributable to
mycocardial hemangiosarcoma have historically had a
median survival time of < 3 weeks.”" A recent study"”
found that surgical resection of right atrial heman-
giosarcoma prolongs median survival time to 56 days
with 13% perioperative death and adjuvant chemother-
apy increases survival time to 156 days. The clinical
course and survival times for dogs with pericardial
effusion caused by cardiac lymphoma have not been
reported to our knowledge.

Primary cardiac lymphoma is defined as lym-
phoma involving the heart, pericardium, or both."In
dogs, the heart is rarely affected by lymphoma; preva-
lence is low in postmortem studies" and in searches
for cardiac neoplasia in the Veterinary Medical
Database at Purdue University.” Prognosis for canine
lymphoma is affected by its location and whether or
not the dog has clinical signs related to the neoplasia.
Lymphoma is most frequently classified by use of the
World Health Organization stage (extent of disease)
and substage (whether or not clinical signs are detect-
ed). By these criteria, cardiac lymphoma with pericar-
dial effusion is classified as stage V (extranodal in an
organ other than the liver or spleen), substage b (with
clinical signs). Dogs with stage III lymphoma or high-
er and clinical signs (substage b) have a substantially
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worse prognosis for remission and survival than those
with lower-stage lymphoma.””* Thus, cardiac lym-
phoma is among the categories that historically have
the worst prognosis.

Cardiac lymphoma is a rare, but potentially treat-
able, cause of pericardial effusion in dogs. There are
few descriptions of antemortem diagnosis of pericar-
dial lymphoma in dogs,”* and there have been no
studies detailing clinical findings and prognosis in
dogs with cardiac lymphoma. Consequently, the pur-
pose of the study reported here was to describe histor-
ical and clinical findings, treatment protocols, and
survival in dogs with pericardial effusion caused by
cardiac lymphoma.

Criteria for Selection of Cases

Medical records from all dogs examined by the
Cardiology Service of the Foster Hospital for Small
Animals at the School of Veterinary Medicine, Tufts
University (TU); the Thoracic Medicine Service of the
Hospital Veterinario, Universidade Estadual de
Londrina (UEL), Brazil, from 1994 to 2002; and the
Cardiology Service at the College of Veterinary
Medicine, University of Minnesota (UM), from
January 2000 to November 2004 were reviewed. Dogs
were included if pericardial effusion was diagnosed by
use of echocardiography and either a cytologic diagno-
sis of lymphoma from pericardial fluid analysis or a
histopathologic diagnosis from a pericardial biopsy
specimen. All cytologic and histopathologic diagnoses
were made by board-certified clinical pathologists or
anatomic pathologists.

Procedure

Data collected from the medical records included
history, signalment (age, breed, and sex) at the time of
diagnosis, initial owner complaints, and physical
examination findings. Additionally, radiographic, elec-
trocardiographic, and echocardiographic abnormali-
ties; clinical pathology data including CBC and serum
biochemical analyses; and pericardial fluid analysis
were compiled. Diagnoses made by use of either histo-
logic examination of pericardial biopsy specimens,
cytologic examination of pericardial fluid, or both were
noted. Treatment (when attempted) and outcome were
determined. Dogs were defined as being treated if they
received at least 1 treatment of a standard multidrug
chemotherapy protocol; dogs that received prednisone
alone were defined as not treated. Length of survival
was calculated from the time of cytologic or
histopathologic diagnosis. When complete outcome
data were not available in the records, telephone inter-
views were conducted with clients and referring veteri-
narians until all outcomes and treatments were identi-
fied. No dogs were lost to follow-up.

Statistical analyses—Dogs reached the end point
when they died regardless of the cause of death. Dogs
that were still alive at last contact were censored.
Kaplan-Meier survival curves were performed to assess
the association of potential prognostic factors with sur-
vival time. Factors included age, sex, weight, duration
of signs, serum alanine aminotransferase (ALT) activ-

ity, and treatment with chemotherapy other than pred-
nisone. Cox logistic regression was performed to deter-
mine significance. Statistical curves were compared by
use of the log-rank test. For all comparisons, P < 0.05
was considered significant.

Results

A total of 7,248 records (3,440 from TU, 1,530
from UEL, and 2,278 from UM) were examined, and 12
dogs (6 at TU, 4 at UEL, and 2 at UM) met the initial
inclusion criteria. A description of one of the dogs
included in this case series has been published.”

The prevalence rate of cardiac lymphoma among
the participating Cardiology and Thoracic Medicine
Services was 0.17% (ratio, 1/604 dogs). Age ranged
from 2 to 16 years (median, 8 years), and 8 dogs were
male (5 neutered) and 4 were female (2 spayed). All
purebred dogs were large breeds and included 4
Labrador Retrievers, 2 Golden Retrievers, 2
Rottweilers, 1 Fila Brasileiro, and 1 American Bulldog.
There were also 2 mixed-breed dogs that weighed 9.0
and 31.0 kg (19.8 and 68.2 1b), respectively. Weights of
all 12 dogs ranged from 9.0 to 61.0 kg (19.8 to 134.2 Ib)
with a median of 40.5 kg (89.1 1b).

Clinical signs in 11 of 12 dogs were evident for 1
to 7 days (median, 3 days) prior to diagnosis of prima-
ry cardiac lymphoma. The remaining dog had inter-
mittent signs related to pericardial effusion during the
preceding 7 months, and pericardiocentesis had been
performed twice by the referring veterinarian.
Historical clinical signs that were evident in more than
1 dog included lethargy (n = 8), dyspnea or panting
(8), abdominal distention (8), partial or complete
anorexia (5), vomiting (3), cough (2), and polydypsia
(2). Physical examination abnormalities were most
commonly related to right-sided congestive heart fail-
ure (n = 5), forward heart failure (3), or both (3). An
arrhythmia was detected during physical examination
of 1 dog that was evaluated for mild and vague acute-
onset clinical signs. This finding led to detection of
pericardial effusion via echocardiography. Of the signs
associated with right-sided heart failure, ascites was
most common (n = 8). Weakness or collapse was the
most common sign of forward heart failure (n = 6).
Clinical findings at initial examination attributed to
pericardial effusion included weak pulses (n = 8), muf-
fled heart sounds (7), and pulsus paradoxus (3).

Complete blood counts and serum biochemical
profiles were performed in all dogs. Hematologic and
serum biochemical abnormalities, when detected, were
mild and nonspecific. Mild anemia (Hct range, 26% to
37%; reference range, 39% to 55%) was detected in 4
dogs, and elements of a stress leukogram (lymphope-
nia, mature neutrophilia, or both) were detected in 4
dogs. Low serum albumin concentration, low total pro-
tein concentration, or both were detected in 4 dogs,
whereas 5 dogs had high serum total protein concen-
tration. Eight dogs had high serum activity of ALT,
aspartate aminotransferase, or both. Additionally, mild
serum hyperphosphatemia was detected in 2 dogs,
mild hyperkalemia was detected in 2 dogs, and mild
hypercalcemia was detected in 1 dog. Serum Ehtlichia
canis antibody titers were measured in 2 dogs. Both
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had high titers, but a polymerase chain reaction assay
for Ehrlichia spp failed to confirm infection in 1 dog
and was not performed in the other. No other hemato-
logic or serum biochemical abnormalities were detect-
ed in more than 1 dog. Bone marrow aspirates per-
formed in 2 dogs yielded unremarkable results in 1 dog
and revealed mild erythroid hypoplasia in the other. A
third dog had no evidence of bone marrow neoplasia
on postmortem examination. Analysis of ascites
revealed lymphoma in the abdomen in 1 dog.

Electrocardiograms were recorded in 6 dogs. Three
dogs had small QRS complexes (< 1 mV in lead II), 1
had mild electrical alternans, and 1 had a normal sinus
rhythm interspersed with periods of accelerated
idioventricular rhythm and occasional premature ven-
tricular complexes. While being monitored, the latter
dog developed complete atrioventricular block for 10
minutes, which abruptly degenerated to terminal ven-
tricular fibrillation.

Abdominal radiography performed in 2 dogs
revealed decreased abdominal detail because of ascites.
Radiographic and echocardiographic abnormalities
were typical for dogs with pericardial effusion. Pleural
effusion was detected in 1 dog, whereas 11 dogs had
enlarged and globoid cardiac silhouettes on thoracic
radiographs. Marked pericardial effusion with phasic
right atrial and ventricular collapse was detected via
echocardiography in 9 dogs. Three dogs had only mild
to moderate pericardial effusion. No intrapericardial
masses were identified in any dogs.

Cardiac lymphoma was diagnosed solely via cyto-
logic examination of the pericardial fluid in 8 of 12
dogs. In 1 dog, the diagnosis was made via histologic
examination of the pericardium, which was obtained at
pericardiectomy. In 3 dogs, both cytologic and
histopathologic diagnoses of lymphoma were made.
Necropsy was performed in 1 dog, and lymphoma was
found exclusively in the heart and pericardium. In 2
dogs, immunohistochemical stains were applied to his-
tologic sections and revealed combinations of cell-sur-
face markers that were most consistent with T-cell lym-
phoma. One dog had positive results for CD3 antigen,
a T-cell marker, and negative results for HM57 antigen,
a B-cell marker. The other dog had positive results for
CD3 antigen and negative results for CD79, a B-cell
marker, but had some scattered staining for CD20, a B-
cell marker. In 1 dog, immunohistochemical stains
were applied to cytologic preparations of the pericar-
dial fluid. The lymphoblasts in that dog yielded nega-
tive results for CD3 antigen, positive results for CD79,
and variably positive results for CD21 (a B-cell mark-
er), which yielded a diagnosis of B-cell lymphoma.

Biochemical analysis of the pericardial fluid was
performed in 11 dogs. Color of the fluid was red in 8
of 9 dogs for which a gross appearance was noted. The
PCV ranged from 2% to 17% (median, 8%) in these 8
dogs. In 1 dog, the fluid was yellow and slightly floc-
culent. Total protein concentration (n = 11 dogs) of the
fluid ranged from 3.2 to 6.6 g/dL (median, 4.2 g/dL).
Nucleated cell counts (n = 10 dogs) ranged from 29.4
to 64.9 X 10’ cells/uL (median, 37.1 X 10’ cells/uL) in
dogs for which it was reported. Pericardial fluid pH
measured in 1 dog was 7.26.

Median survival time among all 12 dogs was 41
days (95% confidence interval, 20 to 124 days;
Figure 1). Of the 7 dogs that did not receive combi-
nation chemotherapy, 2 dogs received no additional
therapy after periocardiocentesis and 2 were pallia-
tively treated with furosemide after pericardiocente-
sis. The 2 untreated dogs died 7 and 15 days after
diagnosis, respectively. Of the dogs that received
furosemide, 1 was also administered antimicrobials
by the referring veterinarian and was euthanatized 7
days after diagnosis and the other died at home 52
days after diagnosis. In the remaining 3 dogs, 1 had
3 treatments via pericardiocentesis and died of gas-
tric torsion 124 days after diagnosis. One dog
received prednisone after the initial pericardiocente-
sis and was euthanatized 22 days later because of
recurrent and progressive signs. One dog was treated
with a single pericardiocentesis followed by partial
pericardiectomy and received no other treatment.
This dog was alive without clinical signs of pericar-
dial effusion 1,169 days after diagnosis. Median sur-
vival time for the 7 dogs that received no combina-
tion antineoplastic chemotherapy was 22 days (95%
confidence interval, 7 to 52 days).

Five dogs were treated with combination antineo-
plastic chemotherapy either after the initial therapeutic
pericardiocentesis alone (n = 4) or after pericardiocen-
tesis followed by partial pericardiectomy (2). Dogs
received various combinations of prednisone (n = 5),
vincristine (5), cyclophosphamide (4), L-asparaginase
(4), doxorubicin (4), mechlorethamine (1), procar-
bazine (1), lomustine (1), and adjunctive radiation
therapy (1). Median survival time of 5 dogs that
received combination chemotherapy was 157 days
(95% confidence interval, 20 to > 157 days), which
was not significantly different from those that received
no chemotherapy (P = 0.259). If the dog that survived
> 1,169 days was excluded from analysis, median sur-
vival time for the remaining 6 dogs that did not receive
combination chemotherapy was 15 days (95% confi-
dence interval, 7 to 22 days) and a survival benefit
ascribable to combination chemotherapy became sig-
nificant (P = 0.047; Figure 2).
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Figure 1—Kaplan-Meier survival curve for 12 dogs with primary
cardiac lymphoma and pericardial effusion. « = Death of dog or
last contact. No dogs were censored. Three dogs were still alive at
last contact at 328, 659, and 1,169 days, respectively.
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Figure 2—Kaplan-Meier survival curve for 12 dogs with primary car-
diac lymphoma and pericardial effusion that did not receive
chemotherapy (dashed line) or did receive chemotherapy (solid line).
Two dogs were censored (alive at last contact at 328 and 659 days,
respectively). One dog (outlier) was excluded from the nontreated
group. See Figure 1 for key.

Kaplan-Meier survival curves of potential prog-
nostic factors, including, sex (P = 0.97), weight (P =
0.79), duration of signs (P = 0.79), serum ALT activity
(P = 0.68), and treatment with chemotherapy other
than prednisone, were not found to be significant
except as noted.

Discussion

Primary cardiac lymphoma in humans is a non-
Hodgkin’s lymphoma involving primarily the heart or
pericardium.” In this study, we identified 12 dogs with
pericardial effusion caused by cardiac lymphoma. The
designation of primary cardiac lymphoma could not be
made definitively in this cohort of dogs because
necropsy was performed in only 1 dog. There still
exists the possibility that despite having clinical signs
mainly referable to cardiac lymphoma, these dogs
could have had multicentric lymphoma similar to a
case previously described.” However, because there
were no other physical examination or imaging find-
ings that suggested lymphoma in other organs, it is
likely that at least some of these dogs did have prima-
ry cardiac lymphoma. Median survival time among the
12 dogs was 41 days. Median survival time for dogs
that received combination chemotherapy was 157 days
versus 22 days for dogs that did not receive combina-
tion chemotherapy. Three of 12 dogs were alive = 328
days after the diagnosis. This prolonged period of sur-
vival in some dogs with primary cardiac lymphoma is
surprising given the poor prognosis of the most com-
mon malignant myocardial neoplasm, hemangiosarco-
ma,” " and the relatively poor ;z)rognosis for dogs with
stage V, substage b lymphoma.”?"?

Clinical findings among the dogs in this study
were fairly uniform but not particularly specific. Dogs
were generally of large breeds, and only 1 dog weighed
< 25 kg, which was similar to the population at risk for
idiopathic and other neoplastic forms of pericardial
effusion. Clinical signs were detected for a median of 3
days prior to evaluation. Most dogs had signs consis-
tent with right-sided or low-output heart failure,

including ascites, weak pulses, jugular venous disten-
tion, and pulsus paradoxus. These clinical signs are
common with cardiac tamponade irrespective of cause
and are not specific for cardiac lymphoma.

Prognosis for dogs with pericardial effusion caused
by neoplasia varies widely on the basis of the type of
neoplasia detected. Median survival time for dogs with
cardiac lymphoma has not been reported.” However,
myocardial lymphoma has been reported in 3 related
Otterhounds, 1 of which survived for more than a year
while receiving prednisolone alone.”

Lymphoma is a disease that frequently responds
well to chemotherapy. Combination protocols that
include doxorubicin have consistently been associated
with the longest disease-free intervals in treatment for
lymphoma in veterinary patients®***” and human
patients.™ A cat with presumptive infiltrative cardiac
lymphoma was treated with chemotherapy consisting
of prednisone, cyclophosphamide, and vincristine.
This regimen resulted in clinical improvement.
Unfortunately, cytologic and histologic confirmation of
the presumptive diagnosis was not made, although
lymphoma was confirmed elsewhere in the cat.” One of
the dogs in the group reported here did not receive any
chemotherapy and was alive 1,169 days after diagnosis.
This dog had no recurrence of clinical signs related to
lymphoma despite being treated only via pericardecto-
my. The length of survival was remarkable given the
malignant and aggressive nature of stage V, substage b
lymphoma. One explanation is that surgery was cura-
tive, although that is unlikely given the systemic
nature of lymphoma; an alternative explanation is that
the dog had spontaneous remission of the lymphoma.
In our opinion, excluding this outlier gives a more real-
istic expectation of the survival benefit of combination
chemotherapy. All other dogs that did not receive com-
bination chemotherapy were dead by 124 days after
diagnosis.

Primary cardiac lymphoma in immunocompetent
humans has similarities to the findings of the dogs in
this study, as it is a rare condition. It is, however,
increasing in frequency in humans with acquired
immunodeficiency disease.”®” Prior to 1991, only 21
cases had been diagnosed in the human literature, 5 of
which were diagnosed antemortem and 2 of which
resulted in treatment with chemotherapy or radiation.”
B-cell lymphoma comprises 80% of such tumors, and
chemotherapy was used in 31 of 66 patients with a
median survival time of 7 months (range, 0 to 48
months)." Similar to dogs in this study, in human
patients in which clinical pathology data have been
obtained, nonspecific increases in serum liver enzyme
activities have been detected along with nonspecific
hematologic changes. An additional similarity to the
cases reported here is that despite availability of more
sophisticated means of testing in human patients, most
primary cardiac lymphomas are diagnosed via cytolog-
ic examination of pericardial fluid alone.**

Pericardial effusion caused by cardiac lymphoma
results in clinical signs that are nonspecific, and effu-
sion caused by cardiac lymphoma is not usually gross-
ly different from effusion attributable to other causes.
Further research is needed to establish with complete
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certainty whether combination chemotherapy provides
a clinically important benefit in dogs with cardiac lym-
phoma. However, it is important to note that combined
chemotherapy did provide a significant survival bene-
fit when the unusual long-term survivor was excluded
from analysis.
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