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Abstract

Objective – To describe the utility of Yunnan Baiyao (YB) alone or in combination with epsilon aminocaproic acid
(EAC) for the treatment of dogs with echocardiographically identified right atrial (RA) masses and pericardial
effusion (PE).
Design – Retrospective case-controlled study.
Setting – Two private practice referral hospitals.
Animals – Client-owned dogs with RA masses and PE identified echocardiographically over a 3-year period.
Interventions – None.
Measurements and Main Results – There were 67 dogs identified with RA masses and PE during the study
period. Sixteen dogs were treated with YB alone while 8 dogs were treated with YB in combination with
EAC in addition to pericardiocentesis. Forty-three dogs were treated with pericardiocentesis alone and were
considered to be the control group. There was no difference between the groups in regards to signalment, physical
examination abnormalities, and diagnostic test results on presentation. There was no significant difference
between the 2 groups with respect to number of pericardiocenteses performed and there were no side effects
attributed to the YB or EAC in any of the dogs. Median time to recurrence of clinical signs was not significantly
different between the treatment (12 d, range 1–186 d) and control group (14.5 d, range 1–277 d). The median
survival of dogs treated with YB alone or in combination with EAC (18 d, range 1–186 d) was also not significantly
improved compared to dogs treated with pericardiocenteses alone (16 d, range 1–277 d).
Conclusions – This study suggests YB alone or in combination with EAC is relatively safe but does not
significantly delay recurrence of clinical signs or improve survival in dogs with RA masses and PE. Due to the
small cohort size, further prospective studies evaluating these drugs and their effects on hemostasis in dogs
with RA masses and PE are warranted.
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Introduction

Pericardial effusion (PE) in dogs is most commonly
secondary to underlying neoplasia with the right
atrium (RA) and heart base the most common sites for
masses to be identified.1–7 When a mass is identified
originating from the RA, hemangiosarcoma (HSA) is
by far the most common histopathologic diagnosis
although other neoplasms are occasionally identified
including neuroendocrine tumors, thyroid gland ade-
nocarcinoma, mesothelioma, and lymphoma.6,7 While
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pericardiocentesis can relieve the symptoms, the hemor-
rhagic PE frequently rapidly recurs and the median sur-
vival time reported is consistently less than 30 days.1–7

Consequently, further treatment options have been
investigated including pericardiectomy,1 thorascopic
pericardiectomy,8 surgical resection of the RA mass with
or without adjuvant chemotherapy,5 and doxorubicin-
based chemotherapy alone.9 However, surgery is typi-
cally expensive, invasive, and frequently associated with
complications, while doxorubicin-based chemotherapy
is commonly associated with side effects as well.5,8,9

Yunnan Baiyao (YB) is a well-known Chinese herbal
remedy utilized to reduce bleeding by either topical or
oral administration. It was developed in the Yunnan
province in China in the early 1900s and its hemostatic
properties were first utilized on a large scale by Chinese
soldiers in World War II.10–14 Following administration
in human and animal studies, significant decreases in
bleeding and clotting times were observed.10–14 Several
human studies have shown that YB can reduce bleeding
in patients with different types of cancers and ulcerative
diseases when used in conjunction with conventional
hemostatic interventions.15,16 The proposed mechanism
is enhanced expression of surface glycoproteins on
platelets under conditions of stimulation, which short-
ens bleeding and clotting times.10,11,17,18 In addition, YB
has been found to induce dose- and time-dependent
canine HSA cell death in vitro through initiation of
caspase-mediated apoptosis.19

Epsilon aminocaproic acid (EAC) is classified as an
antifibrinolytic that prevents activation of plasminogen
into plasmin thereby inhibiting the dissolution of fibrin
clots. A recent veterinary study demonstrated that EAC
decreased the prevalence of postoperative bleeding in
retired racing Greyhounds undergoing gonadectomy by
increasing clot strength and reducing fibrinolysis.20 A
meta-analysis of antifibrinolytic use in people concluded
their use can reduce blood loss and the need for red blood
cell transfusions after surgery.21 As such, YB alone or in
combination with EAC could represent an ideal medical
option for dogs with RA masses and PE by prevent-
ing recurrence of hemorrhagic PE. The purpose of this
study was to retrospectively evaluate YB and EAC use
in dogs with RA masses and PE identified echocardio-
graphically and to determine if their use would increase
the time to recurrence of clinical signs or improve long-
term survival compared with a cohort of dogs that these
not receive these agents but had been identified with a
mass in the RA and PE.

Materials and Methods

The medical records database was searched for all dogs
that presented with PE between August 1, 2011 and

August 1, 2014 at 2 large specialty hospitals around a
large urban city. For inclusion into the study, dogs had
to be diagnosed with an RA mass and identified to have
PE on the basis of echocardiography. The echocardio-
gram had to be performed by a board-certified cardiol-
ogist or cardiology resident under the supervision of a
board-certified cardiologist. Dogs did not need to have
a histological diagnosis of the RA mass as HSA for in-
clusion into the study. Dogs were included in the treated
group if they were administered YBa or EACb subse-
quent to diagnosis, while dogs were included in the con-
trol group if they received no therapy other than peri-
cardiocentesis for the PE. As this is a retrospective study,
owner consent was not sought at the time of treatment
for any of the dogs. However, the fact that YB is a Chinese
herbal remedy of unknown efficacy was disclosed to
clients at the time of prescribing by the attending
clinician.

Dogs were excluded from the study if the echocar-
diogram was either not performed by a board-certified
cardiologist or cardiology resident, or if a mass was not
identified originating from the RA, RA appendage, or
right atrio-ventricular groove. Any dog that had any
type of cardiac surgery such as pericardiectomy or RA
mass resection or if the dog had a pericardiocentesis per-
formed prior to presentation was excluded as well. In ad-
dition, dogs that received any type of chemotherapy for
treatment of the RA mass were excluded from the study.
Finally, dogs could not receive medication that could in-
terfere with primary or secondary hemostatic function
such as aspirin, clopidogrel, heparin, or warfarin. Data
collected from the medical record included signalment,
clinical signs, physical examination findings, diagnostic
test results, dose of YB and EAC utilized, total number
of pericardiocenteses performed and the volume of effu-
sion obtained from each pericardiocentesis, time to recur-
rence of clinical signs, and long-term survival. Tachycar-
dia was defined as a heart rate >160/min and tachypnea
as a respiratory rate >60/min. Pulsus paradoxus and de-
termination of weak pulses were discerned by subjective
palpation of the femoral pulse. The presence or absence
of ascites was determined via ultrasonography during
the initial echocardiographic exam. When long-term sur-
vival and time to recurrence of clinical signs were not
available in the medical record, follow-up phone calls
were made to the referring veterinarian or to the owner
of the dog. Survival data and time to recurrence of clin-
ical signs were calculated from the date of discharge
from the hospital after identification of the RA mass on
echocardiography and initiation of YB or EAC therapy.
Primary endpoints of the study were time to recurrence
of clinical signs and long-term survival from discharge.
Secondary end points included tolerability and possible
side effects attributed to the YB and EAC, which were
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Table 1: Diagnostic results and treatment of dogs with right atrial masses and pericardial effusion in control and treated groups

Characteristic Control group (n = 43) Treated group (n = 24) P value

Thoracic radiographic abnormalities Globoid cardiac silhouette: 9/14
(64%)

Globoid cardiac silhouette: 9/15
(60%)

0.89

Suspicion of metastatic disease: 0/14
(0%)

Suspicion of metastatic disease: 3/14
(21%)

0.78

Pleural effusion: 3/14 (21%) Pleural effusion: 3/14 (21%) 1.0
Electrocardiographic abnormalities Sinus tachycardia: 8/25 (32%) Sinus tachycardia: 3/7 (42%) 0.81

Ventricular premature contractions:
8/25 (32%)

Ventricular premature contractions:
4/7 (57%)

0.44

Electrical alternans: 3/25 (12%) Electrical alternans: 0/7 (0%) 0.85
Volume of pericardial effusion

removed
6.1 mL/kg (0.12–34.4 mL/kg) 6.06 mL/kg (1.43–23.16 mL/kg) 0.91

Total number of pericardiocenteses
performed per dog

1 tap per dog (range 1–3 taps per
dog)

1 tap per dog (range 1–6 taps per
dog)

1.0

Time to recurrence of clinical signs 14.5 days (range 1–277 d) 12 days (1–186 d) 0.82
Long-term survival 16 days (range 1–277 d) 18 days (range 1–186 d) 0.70

determined via communication with the owners and
their subjective assessments.

Statistical Analysis

Data from the dogs in the 2 groups were compared by
use of a Student’s t-test for data with normal distribu-
tion, and a Mann–Whitney rank sum test was used for
data with nonnormal distribution. The Kaplan–Meier
estimates of the distribution of times from diagnosis
to death were computed, and the Mantel–Cox log-rank
analysis was performed to compare the survival curves
between the 2 groups. Results are presented as median
and range unless indicated otherwise. Statistical analy-
ses were performed using a standard statistical software
package.c For all analyses, P values <0.05 were consid-
ered statistically significant.

Results

During the study period, 24 dogs were treated with
YB and 8 of these dogs were simultaneously treated
with EAC. No dogs were treated with only EAC during
the study period. These 24 dogs constituted the treated
group. A total of 43 dogs with an echocardiographically
identified RA mass and PE were identified during the
same time period and were treated with pericardiocen-
tesis alone. This group of dogs was designated the con-
trol group. Thirteen dogs during the study period were
treated with some type of chemotherapy and 4 dogs un-
derwent pericardiectomy and all were excluded from
analysis.

Breeds represented in the control group include
Golden Retrievers (n = 15), mixed breed dogs (n = 9),
and 1 dog each of the following breeds: Jack Russell Ter-
rier, Collie, Rottweiler, Doberman, Bichon Frise, Pit Bull,

Cairn Terrier, Akita, Vizsla, Labrador Retriever, West
Highland White Terrier, Miniature Pinscher, German
Shepherd Dog, Belgian Malinois, English Setter, Bull
Mastiff, Beagle, Pug, and Boxer. Breeds in the treated
group included mixed breed dogs (n = 8), Golden
Retriever (n = 7), Labrador Retriever (n = 2), German
Shepherd Dog (n = 2), and 1 each of the following breeds:
Yorkshire Terrier, Beagle, Portuguese Water Dog, Ana-
tolian Shepherd, and West Highland White Terrier. The
median age of dogs presented was 149 months (range
66–220 mo) in the control group and 132 months (range
59–192 mo) in the treated group. There was no statistical
difference between groups with regard to age, sex, or
body weight between the 2 groups. Presenting com-
plaints included lethargy (37/43 and 20/24), collapse
(12/43 and 13/24), coughing (9/43 and 3/24), decreased
appetite (10/43 and 11/24), and tachypnea (11/43 and
8/24). Physical examination findings included muffled
heart sounds (25/43 and 12/24), tachycardia (25/43 and
3/24), tachypnea (13/43 and 10/24), pale mucous mem-
branes (16/43 and 5/24), weak pulses (28/43 and 10/24),
pulsus paradoxus (8/43 and 4/24), and ascites (12/43
and 7/24). There was no significant difference between
the 2 groups in regards to frequency of the presenting
complaints or physical examination abnormalities.

Thoracic radiographs were performed in 14 dogs in
the control group and 15 dogs in the treated group while
electrocardiography was performed in 25 dogs in the
control group and 7 dogs in the treated group. There was
no statistical difference in regards to frequency of abnor-
malities identified on thoracic radiographs or electrocar-
diography between the 2 groups (Table 1). The volume
of PE evacuated was not significantly different nor was
the median number of pericardiocenteses performed
per dog statistically different between the 2 groups
(Table 1).
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Figure 1: Kaplan–Meier survival curves comparing dogs with right atrial masses and pericardial effusion treated with pericardiocen-
teses alone (control group; blue line) versus pericardiocentesis in addition to treatment with Yunnan Baiyao with or without epsilon
aminocaproic acid (treated group; red line) showing no significant improvement in survival.

An empirical dosage of YB of 1 capsule orally twice
daily was utilized in 18 dogs, 2 capsules orally twice
daily in 5 dogs, and 2 capsules orally 3 times a day in 1
dog. Eight dogs received EAC at a median dosage of 48.8
mg/kg (range 43.0–66.6 mg/kg) and were given EAC 3
times a day in 6 dogs and 4 times a day in 2 dogs.

The median time to recurrence of clinical signs in the
treated group (12 d, range 1–186 d) was not significantly
different from the control group (14.5 d, range 1–277 d).
By the end of the study period, all dogs in the control
group and all but 1 dog in the treated group had died.
Cause of death in the treated group was euthanasia due
to recurrence of clinical signs (n = 16), died at home
(n = 6), and euthanasia due to respiratory distress (n =
1). Cause of death in the control group was euthanasia
due to recurrence of clinical signs (n = 30), euthanasia
no cause recorded (n = 7) and died at home (n = 6). The
median survival time of dogs in the treated group (18
d, range 1–186 d) was not significantly improved com-
pared to the control group (16 d, range 1–277 d; Table 1,
Figure 1). The median survival of the 8 dogs that re-
ceived YB and EAC (17 d, range 1–88 d) was also not
significantly improved compared to the 16 dogs that re-
ceived YB alone (31 d, range 1–186 d). There were no
side effects attributed to the YB or EAC use in any dogs
during the study period.

Discussion

The primary findings of this study suggest that there
were no significant delay in recurrence of clinical signs
nor improvement in survival in dogs with RA masses
and PE treated with YB alone or in combination with
EAC. The median survival time of 18 days for dogs re-

ceiving YB and EAC in this study was not significantly
improved compared to the control group and is also
similar to previous studies of dogs with RA masses and
PE treated with pericardiocentesis alone.1–7

The authors found varying dosages recommended for
YB but none has been published in a peer review liter-
ature. The most frequent dosage utilized was 1 capsule
orally twice daily and the authors suspect the reason-
ing behind this dosage was because YB comes in a 16
capsule packet and owners were instructed to recheck in
1–2 weeks. As such, 1 capsule twice daily requires only
1–2 packets of YB be dispensed for the dog to have suffi-
cient medications until the recheck examination. YB was
recently found to induce dose- and time-dependent ca-
nine HSA cell death in vitro through initiation of caspase-
mediated apoptosis.19 This study demonstrated that the
average inhibitory concentration of YB for 3 different ca-
nine HSA cell lines was 350.17 �g/mL.19 However, it is
unclear how many capsules per day would be required
to attain this inhibitory concentration in dogs. Further-
more, while YB has proven hemostatic properties, its
exact compositional formula is a closely guarded secret
by the manufactures and like many nutritional supple-
ments, is not subjected to any quality control measures as
compared to pharmaceuticals. This potential for compo-
sitional inconsistency was highlighted by a recent study
evaluating nutrient and metal concentration of several
Chinese herbal remedies including YB revealing a signif-
icant variation in the mineral content of the same remedy
when obtained from different sources.22

EAC was used in approximately one-third of the
treatment group dogs in this study as well so the ability
to evaluate its effectiveness is low. The dosage of EAC
utilized in the dogs in this study was approximately
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twice that of the dosage utilized to reduce bleeding in
the retired racing greyhounds after gonadectomy at the
same frequency.20 Despite this, EAC did not provide
any measureable improvement in survival compared
to YB alone and the prognosis for all dogs remained
poor. More recently it was found that dogs are hyper-
fibrinolytic compared with people and may require
higher doses of EAC to completely inhibit fibrinolysis
in dogs.23 The optimal dose of EAC to reduce clinical
bleeding in dogs requires further evaluation.

The YB and EAC appeared well tolerated in the dogs
in this study as there were no side effects attributed to
either therapy reported by the owners or identified by
the primary clinicians. Other studies evaluating EAC use
in dogs also did not identify any adverse effects.20 There
are no reports of any adverse effect of YB use in dogs
in the veterinary literature. However, given the short
duration of survival of almost all dogs in the study it is
difficult to assess tolerability and safety of YB or EAC as
the dogs may simply have not lived enough to develop
drug-related side effects.

Ideally, dogs in this study would have had hemostatic
function assessed before and after YB and EAC adminis-
tration with thromboelastography or platelet aggregom-
etry to determine if there was any measureable improve-
ment in hemostatic function. However, such tests were
not available at either hospital during the study period.
As such, the authors are unable to determine if YB and
EAC produce an improvement in measureable hemo-
static parameters when no clinical improvement was ob-
served.

Limitations to the study are inherent to the retrospec-
tive design, and include lack of blinding or randomiza-
tion, lack of confirmatory diagnosis, lack of standard-
ized dosing and the empirical nature of YB dosing, lack
of standardized EAC dosing, lack of hemostatic analysis
of patients, lack of complete staging, and small sample
size. None of the dogs in this study had histologic con-
firmation of the suspected RA HSA. Survival data are
also affected as no limit was placed on the number of
pericardiocenteses allowed to be performed on dogs in-
cluded in either group. Furthermore, a small number of
animals in this group had a high number of repeat peri-
cardiocenteses performed which would also affect over-
all survival time. A previous study has reported that
88% of RA masses are histologically confirmed to be
HSA, but other tumors were identified as well.7 The ef-
fect of YB and EAC on different histological RA tumors is
unclear.

Conclusions

Prognosis of dogs with RA masses and PE treated with
YB alone or in combination with EAC was poor and

similar to previous reports of dogs treated with pericar-
diocentesis alone. There is no evidence to support the
use of YB or EAC in place of more aggressive therapies
such as surgery or doxorubicin-based chemotherapy for
dogs with RA masses and PE. Due to the small size of
this retrospective study, further prospective studies are
warranted evaluating these drugs and their hemostatic
effects on animals with RA masses and associated PE.

Footnotes
a Yunnan Baiyao Capsules, Yunnan Baiyao Group Corp. Ltd, Kunming,

China.
b Episolon Aminocaproic Acid Capsules, Compound Central Pharmacy, Los

Alamitos, CA.
c SPSS 22.0 for Windows, Microsoft, Redmond, WA.
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