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Pathophysiology:
Pericardial eﬀusion (PE) is the accumula<on of excessive ﬂuid in the pericardial sac. Because the ﬂow of
blood is dependent on a pressure gradient, increasing the external pressure on the heart will cause
collapse of the lower-pressure chambers (RA, LA, and in extreme cases, RV), resul<ng in tamponade. This
prevents blood from ﬂowing back into the heart from the venous circula<on, which results in both
obstruc<ve shock from lack of preload entering the heart, as well as signs consistent with right sided
heart failure (venous engorgement, pleural and peritoneal eﬀusions, hepa<c engorgement) due to
increased venous ﬁlling pressures as the blood backs up. Acute PE tends to be smaller volume, higher
pressure, and present with more acute signs of shock. Chronic PE tends to be larger volume and lower
pressure as the pericardium has had <me to stretch. It is also oQen associated with more severe pleural/
peritoneal ﬂuid volumes due to increased ﬂuid reten<on over <me as the body tried to compensate for
low cardiac output. Not all cases of PE result in tamponade; depending on the amount of ﬂuid and
pressure exerted on the heart chambers, clinical signs of PE can range from asymptoma<c to severe
shock and death.
Diagnosis:
PE is oQen ini<ally suspected based on history/signalment and physical exam. As the most common
causes of acute eﬀusions are neoplas<c, animals are oQen older and present with a history of acute
collapse or sudden worsening lethargy and pallor. More chronic eﬀusions may present for abdominal
disten<on or respiratory distress secondary to cavitary ﬂuid accumula<on. In a recent study by Fahey
(JVECCS 2017), about 50% of dogs with PE presented with a history of vomi<ng within the previous 48
hours. Physical exam ﬁndings may include muﬄed heart sounds, jugular disten<on, dyspnea, abdominal
disten<on secondary to ascites, and perfusion parameters consistent with hypodynamic shock.
Pulsus paradoxicus is commonly described in associa<on with tamponade, but can be diﬃcult to
appreciate clinically, especially if pulse quality is poor or the pa<ent is pan<ng. It is an exaggera<on of
the normal change in pulse pressure associated with respira<on (in health, too slight to feel) whereby
nega<ve pressure on inspira<on augments right sided volume and pulmonary vascular ﬁlling at the
expense of leQ sided cardiac ﬁlling, and reverses during expira<on. This results in pulses that are
stronger on expira<on and weaker on inspira<on.
Electrical alternans, also commonly associated with pericardial eﬀusions, is a diﬀerent phenomenon as it
is an ECG ﬁnding that does not aﬀect cardiac output or pulse pressure. It is more commonly seen in
larger volume eﬀusions where swinging of the heart in the pericardial sac results in cyclical varia<on in R
wave height, usually in a 1:1 or 2:2 ra<o. Other common EKG ﬁndings include sinus tachycardia and
ventricular arrhythmias, par<cularly during pericardiocentesis.

Thoracic imaging is necessary for diagnosis of PE. While radiographic ﬁndings such as an enlarged
globoid heart +/- evidence of thoracic and/or abdominal eﬀusion are consistent with PE, they are fairly
insensi<ve (sensi<vity 41.9%, speciﬁcity 40% Cote JAVMA 2013) in diﬀeren<a<ng it from other causes of
heart disease. However, radiographs are oQen s<ll performed to look for metasta<c disease. Transthoracic echocardiography remains the gold standard for diagnosis of PE, and can be performed cageside with minimal training. Detec<on of the underlying cause of the eﬀusion (e.g. is there a mass?) is
more diﬃcult and is oQen best performed by an experienced echosonographer, ideally prior to
pericardiocentesis if pa<ent stability permits (the presence of ﬂuid aids in visualiza<on of some masses,
depending on loca<on). Compared to surgical or necropsy ﬁndings, ultrasound has variable sensi<vity
for cardiac masses (60-95%), but is very speciﬁc (98-100%) (Yamamoto J vet Med Sci 2013, MacDonald
JAVMA 2009). Advanced imaging (CT, MRI) are equivalent to echo in detec<on of cardiac masses (Scollan
JVIM 2015, Boddy JVIM 2011); while they allow for screening for masses and metastasis using only one
modality, they also must be balanced against the need for seda<on/anesthesia to perform them in a
possibly unstable pa<ent, as well as cost and availability limita<ons.
Once PE is iden<ﬁed with ultrasound, pericardiocentesis is both therapeu<c and poten<ally diagnos<c.
Pericardiocentesis should be performed in the 5-6th intercostal space (where the elbow hits the chest) on
the ventral right side of the thorax to avoid the lungs and coronary vessels. PE is almost always
hemorrhagic and, while it is never wrong to submit the ﬂuid for cytology, hemorrhagic PE is usually nondiagnos<c on cytology. Non-hemorrhagic ﬂuids should always be submioed for analysis; for
hemorrhagic appearing samples, in a JVIM 2013 paper by Cagel et al, diagnos<c yield increased 3-fold if
the PCV of the sample was <10%. Therefore, even if PE appears grossly hemorrhagic, at minimum the
PCV of the sample can be quickly and inexpensively assessed; if lower than expected, the ﬂuid should be
submioed for full analysis. Infec<ous/inﬂammatory causes and tumors such as lymphoma that may
exfoliate into eﬀusions can oQen be diagnosed from ﬂuid analysis, but the more common causes of PE
(hemangiosarcoma, chemodectoma, mesothelioma, and idiopathic eﬀusions) usually cannot.
Various biomarkers and analyses of PE have been explored to see if there are factors in the ﬂuid that
could help diﬀeren<ate neoplas<c from non-neoplas<c causes. While some<mes sta<s<cally diﬀerent,
eﬀusion and plasma pH, electrolyte concentra<ons, glucose, lactate, troponins, and NT-proBNP have all
failed to demonstrate enough clinically signiﬁcance diﬀerence between neoplas<c and non-neoplas<c
causes of PE. In cases of “idiopathic” PE, PCR evalua<on in 16 of 68 dogs around the Mediterranean
region were posi<ve for vector-borne pathogens including leishmaniasis, anaplasma, babesia, and
hepatozoonosis; whether these organisms were causal of the eﬀusion is unknown (Tabar JSAP 2018). In
another study, viral and bacterial DNA in 10 dogs with PE found inﬂuenza A in one sample, but no other
posi<ve results (Zini Vet J 2009). Infec<ous e<ologies are causes of PE in humans, so further research is
needed as to whether some causes of “idiopathic” canine PE may truly have an underlying infec<ous
e<ology.
Loca<on and appearance of mass lesions on echo are oQen used to weight likely diﬀeren<als, but is only
moderately accurate (50-78%); deﬁni<ve diagnosis of cardiac mass lesions requires some form of FNA or
biopsy if ﬂuid cytology is non-diagnos<c. While not commonly performed, FNA of cardiac masses (if
loca<on permits) has been reportedly successful at obtaining a diagnosis in a small number of dogs (n=6)
(Perdo J vet cardio 2016) with no complica<ons. More commonly, if a deﬁni<ve diagnosis is desired,
biopsies are aoained at <me of pallia<ve pericardectomy or necropsy.

Diﬀeren<als:
Common causes of PE in dogs include neoplas<c and idiopathic eﬀusions, with infec<ous/inﬂammatory,
toxic, trauma<c, or congenital causes less commonly observed. While obviously not absolute, in general,
younger animals tend to have congenital (e.g. PPDH), toxic, or infec<ous causes, middle aged dogs tend
to have idiopathic, infec<ous/inﬂammatory, toxic (e.g. an<coagulant roden<cides), or foreign body
causes, and older dogs tend to have neoplas<c causes of eﬀusions. Dogs with a history of heart disease
can also have leQ atrial rupture as a cause for hemorrhagic PE. CHF can also result in a more
transuda<ve PE in dogs, although this is more typical for cats. Other systemic diseases may also cause
PE, such as severe uremia, SIRS, severe hypoalbuminemia, etc., but these do not usually cause
tamponade and oQen resolve when the underlying systemic disease is addressed.
The most common type of cardiac neoplasia in dogs is hemangiosarcoma, which accounts for about 69%
of all cardiac tumors in dogs. These tumors are most commonly located at the right AV groove or right
auricle. Other common tumors include aor<c body tumors (chemodectoma, paraganglioma) and ectopic
thyroid carcinoma, which are more commonly located at the heart base. Lymphoma and mesothelioma
can vary widely in appearance and loca<on or have no visible mass lesions on echo if the disease is
diﬀuse. Other types of primary and secondary cardiac neoplasia have been sporadically reported in the
literature but are rare.
In a retrospec<ve study by Boston et al JAAHA 2011, of 23 dogs presen<ng with splenic
hemangiosarcoma as the reason for work-up, 9% had a concurrent cardiac mass. Of 31 dogs presen<ng
with PE and cardiac hemangiosarcoma as the presen<ng complaint, 42% had evidence of metastasis at
another anatomic site. In a study by Yamamoto (J vet med sci 2013), of 51 dogs with cardiac
hemangiosarcoma, 75% had metastasis at <me of necropsy. In another study (MacDonald JAVMA
20009), all neoplas<c causes of pericardial eﬀusion had metasta<c rates of 50-66%. Therefore, if owners
want to proceed with therapy beyond pallia<ve pericardiocentesis for PE with an underlying cardiac
mass, full staging is recommended.
Prognosis and therapeu<c op<ons:
In the short term, pericardiocentesis is the deﬁni<ve life-saving therapy needed for any pa<ent in
tamponade showing signs of shock. Fluid therapy can also help augment cardiac ﬁlling in the
stabiliza<on process, but will contribute to third spacing of ﬂuid if pericardiocentesis is not also
performed within a short <me frame.
Long-term prognosis for PE is extremely variable depending on cause. Diseases that are treatable
(infec<ous, congenital, FB, toxin, etc.) can have an excellent prognosis if cure can be achieved, but as
some infec<ous causes (fungal, protozoal, etc.) may be diﬃcult to resolve, the prognosis can range from
guarded to excellent depending on e<ology. Many cases of infec<ous pericardi<s will beneﬁt from
pericardectomy, not only to allow surgical debridement and deﬁni<ve diagnosis of the causa<ve process,
but to prevent constric<ve pericardi<s which can develop over <me aQer any chronic cause of
inﬂammatory pericardial eﬀusion.
Idiopathic PE is a rule-out diagnosis, and is oQen suspected to have an underlying immune-mediated or
infec<ous cause that is simply not found. It can also have an excellent prognosis if the eﬀusion is self-

limi<ng or cura<ve pericardectomy is performed. Survival rates of 72% at 18 months and 50% at 1500
days aQer diagnosis have been reported. Therefore, clinicians should be cau<ous of “doom and gloom”
prognoses for hemorrhagic pericardial eﬀusions if an underlying neoplas<c process is not seen on serial
imaging, especially for younger to middle-aged animals.
Overall prognosis for neoplas<c eﬀusions where owners do not wish to perform further therapy beyond
pallia<ve pericardiocentesis is generally poor, with median survival <mes of 7.1 days (1-26d). However,
depending on underlying type of neoplasia, for owners who want to pursue addi<onal therapy, the
survival <mes can vary widely depending on tumor type.
For tumors whose loca<on is amenable to surgical resec<on (generally the right auricular appendage),
thoracotomy or thorascopic surgery + pericardectomy can be diagnos<c as well as therapeu<c. While
pericardectomy alone will not stop pericardial eﬀusion from forming with non-resectable tumors, the
ability of the ﬂuid to exit into the pleural space will prevent the life-threatening tamponade that is the
most serious sequella of the eﬀusion.
Heart-based tumors of neuroendocrine origin are oQen slow-growing and late to metastasize, so
pallia<ve therapy with pericardectomy can signiﬁcantly increase survival <mes in these pa<ents. In a
2001 JAVMA paper by Vicari, dogs without pericardectomy had a median survival <me of 129 ± 51 days,
while dogs who underwent pericardectomy had a signiﬁcantly longer median survival <me of 661± 170
days. Similarly, mesothelioma treated with pericardectomy has a reported median survival <me of 13.6
months, with 80% of pa<ents surviving 1 year and 40% surviving to 2 years. Radia<on therapy for a
heart based tumor has also been described by Rancillio (JAVMA 2012).
Hemangiosarcoma, which is the most common cardiac tumor, also unfortunately has the worst
prognosis, with average survival being 1-3 months. Most dogs whose owners do not seek invasive
therapy are euthanized within 30 days of diagnosis. Yunnan Baiyao and aminocaproic acid have been
used pallia<vely to try to reduce reforma<on of hemorrhagic PE; while they have not caused harm, they
also were not shown to delay recurrence of clinical signs in a cohort of 67 dogs (Murphy JVECCS 2017).
In a small retrospec<ve of 23 dogs who all underwent surgical resec<on of cardiac hemangiosarcoma,
dogs that received chemotherapy had a sta<s<cally longer MST (mean 164 days, range 36-229)
compared to those that received surgery alone (mean 46, range 0-138d). In a study by Ghaﬀari (JSAP
2014), dogs receiving doxorubricin based chemotherapy protocols for RA masses with eﬀusion had a
MST of 140d (2-302 days) without surgery. In 6 dogs with presump<ve hemangiosarcoma as a cause of
PE, a single dose of radia<on was safe and reduced frequency of pallia<ve pericardiocentesis with a MST
of 79 days (Nolan J vet cardio 2017). Whether these gains in survival <mes are worth the invasiveness
and expense of each interven<on is a personal decision that each client must make for each individual
pet aQer consulta<on with their veterinarian.

