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Cardiac Magnetic Resonance in the Differentiation of Neoplastic
and Nonneoplastic Pericardial Effusion

K.N. Boddy, M.M. Sleeper, C.D. Sammarco, C. Weisse, S. Ghods, and H.I. Litt

Background: Cardiac magnetic resonance (CMR) is the imaging modality of choice for cardiac tumors in people. Although
neoplastic pericardial effusion (PE) carries a poor prognosis, benign idiopathic pericardial effusion does not. Definitive diag-
nosis is critical for surgical intervention, but currently available diagnostic techniques such as echocardiography and pericardial
fluid cytology often are inconclusive.

Hypothesis/Objective: Describe CMR findings associated with PE and determine whether CMR aids in differentiation of
benign and neoplastic causes of PE.

Animals: Eight client-owned dogs with PE diagnosed by transthoracic echocardiography (TTE).

Methods: CMR was performed with a 1.5 T, including dark blood, steady-state free procession cine, pre- and postcontrast
T1-weighted imaging, and delayed inversion recovery prepped imaging.

Results: CMR confirmed a cardiac mass and supported suspected tumor type in 4 dogs with suspected hemangiosarcoma.
In 1 equivocal TTE case, CMR did not demonstrate a mass, but neoplasia was later diagnosed. In another equivocal case, CMR
did not demonstrate a mass but showed findings consistent with a pericardiocentesis complication. In 1 dog without evidence of
cardiac neoplasia, abdominal magnetic resonance imaging identified presumptive hepatic and splenic metastases. On reevalu-
ation of the original CMR study, the 2 equivocal cases that were interpreted as tumor negative were reassessed as tumor
positive.

Conclusions and Clinical Importance: CMR did not substantially improve diagnosis of cardiac tumors compared with TTE
in these 8 cases, but it yielded useful descriptive information regarding extent, anatomic location, and potential tumor type and

confirmed that CMR requires extensive additional training for tumor identification.
Key words: Anatomy; Cardiology; Cardiovascular; Diagnosis; Echocardiography oncology; Pathology.

ericardial effusion (PE) is the accumulation of an
Pexcessive amount of fluid in the pericardial sac that
may result in the clinical sign of cardiac tamponade.
Patients with substantial PE with or without cardiac
tamponade typically present with collapse, hypotension,
muffled heart sounds, jugular distension or pulsation,
and poor pulse quality. If fluid has accumulated gradu-
ally, the pericardium stretches and signs of right-sided
congestive heart failure predominate.

The causes of PE include a range of neoplastic and
nonneoplastic, eg, (inflammatory) causes. The most com-
mon neoplastic cause of PE is hemangiosarcoma (HSA),
followed by chemodectoma (paraganglioma) and
mesothelioma. Other neoplasms that have been reported
in affected dogs include carcinomatosis, lymphosarcoma,
ectopic thyroid carcinoma, myxoma, myxosarcoma, fib-
roma, fibrosarcoma, chondrosarcoma, osteosarcoma,
rhabdomyosarcoma, and lipoma.'° The majority of
these tumors have been associated with PE. PE also can
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Abbreviations:

CMR cardiac magnetic resonance

cTnl cardiac troponin I levels

MRI magnetic resonance imaging

PE pericardial effusion

SSFP steady-state free procession

TEE transesophageal echocardiography
TTE transthoracic echocardiography

occur with nonneoplastic disease processes. Nonneo-
plastic effusions can occur secondary to left atrial tears,
benign idiopathic pericardial effusion (BIPE), intraperi-
cardial cysts, chylopericardium, traumatic pericarditis,
and various infectious causes that are rare.**>° It can
be difficult to diagnose the cause of PE unless a tumor
is readily visible on 2D or 3D echocardiography,
particularly if the echocardiogram is performed after
pericardiocentesis.

Many tests have been evaluated as tools to aid in
differentiating among the various causes of PE. The pres-
ence of PE results in shedding of reactive mesothelial
cells which can be mistakenly identified as neoplastic
cells. Therefore, cytologic evaluation of PE does not
readily distinguish between neoplastic and nonneoplastic
causes of PE unless the cause is infectious.’! In a study by
Sisson et al’', 74% of neoplastic effusions were not
detectable as neoplastic and 13% of nonneoplastic effu-
sions were misdiagnosed as neoplastic. In people, the pH
of the effusion aids in differentiation between neoplastic
and nonneoplastic causes. Although results from 1 study
suggested a similar correlation in dogs, this result has not
been validated in later veterinary studies and there ap-
pears to be much overlap.”>>® Bauer and Moritz>*
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evaluated effusions (pericardial, pleural, and abdominal)
with an automated hematology analyzer and found that
carcinoma and mesothelial cells were classified as mono-
nuclear blasts. Studies that evaluated cardiac troponin I
(cTnl) and cardiac troponin T concentrations found that
although there was some overlap, ¢Tnl concentrations
may be beneficial in differentiating benign from neoplas-
tic effusions.”>® One study demonstrated significantly
higher lactate, hematocrit, and urea nitrogen concentra-
tions in neoplastic PE, but the amount of overlap limited
clinical utility.”” Stepien et al’® found that postbiopsy
survival time and recurrence of pleural effusion was the
best way to obtain an antemortem diagnosis of me-
sothelioma versus BIPE, noting that the cytologic
analysis of biopsy samples often was inaccurate. Al-
though these approaches to differentiating benign and
neoplastic effusions are helpful, the diagnosis often re-
mains equivocal and it is difficult for owners to make
surgical decisions when the long-term prognosis is un-
clear.

Imaging of cardiac tumors has been greatly enhanced
by improvements in transthoracic echocardiography
(TTE), but imaging the heart base remains technically
challenging. TTE is limited by other factors such as
operator experience, restricted field of view, and animal
body condition as well as demeanor. Transesophageal
echocardiography (TEE) overcomes the limited acoustic
window of TTE, but the equipment requires advanced
training and can be cost prohibitive. Magnetic resonance
imaging (MRI) has become available at most specialty
veterinary hospitals and offers advanced imaging for
many clinical problems involving multiple veterinary
specialties. In human medicine, cardiac magnetic reso-
nance (CMR) currently is the modality of choice
to evaluate cardiac tumors.”* %" All echocardiographic
modalities have been shown to be limited in their ability
to provide tissue characterization.®* %" CMR offers mul-
tiplanar imaging without limitations on the available
field of view. Additional advantages of CMR over
TTE or TEE are improved resolution and soft tissue
contrast, greater ability to characterize tissue and ability
to demonstrate involvement of the mediastinum and
lungs.®%**7 The major contraindication to the use of
CMR in dogs is that it requires anesthesia, advanced
technical skills, and the potential for an allergic reaction
to the contrast material exists, but the use of noniodina-
ted agents minimizes that risk.

Materials and Methods
Inclusion Criteria

Eight client-owned dogs were enrolled prospectively in this study.
Enrollment in the study required a diagnosis of PE on TTE made by
a board-certified cardiologist or veterinarian actively enrolled in an
approved cardiology residency program.

General Protocol

All procedures were approved by the institutional animal care
and use committee. All dogs had TTE performed at the University
of Pennsylvania Veterinary Medical Hospital with a Sonos 5,500

and a 2-4mHz transducer.® Each patient was premedicated with
midazolam (0.3 mg/kg) and buprenorphine (10 pg/kg) IM, induced
with 1.0 mg/kg etomidate, followed by intubation with an appropri-
ately sized endotracheal tube, and maintained at a light plane of
anesthesia with isofluorane. Normosol-R was administered IV at an
appropriate surgical maintenance fluid rate throughout anesthesia.

CMR with ECG gating was performed with a Siemens Sonata
1.5T magnet® utilizing the following pulse sequences: axial, short
axis, and 4-chamber ECG-triggered black blood TI-weighted
imaging, multiplanar dynamic steady-state free precession (SSFP)
ECG-gated cine gradient echo. Precontrast T1-weighted imaging
was followed by hand injection of 0.2 mmol/kg gadolinium-DTPA.
Immediate postcontrast T1-weighted imaging was performed, fol-
lowed by delayed inversion recovery-prepped T1-weighted imaging.
A single radiologist with subspecialty training in human medical
CMR (HIL) performed and assessed all CMR acquisitions. This
radiologist was not blinded to the echocardiographic finding of PE
but was blinded to the findings of a mass.

Results

At echocardiography, HSA was suspected in 4 dogs, 2
cases were equivocal for a cardiac mass lesion, and 2 had
no demonstrable cardiac mass. Two equivocal cases had
additional CMR interpretations after considerable expe-
rience had been obtained. Cardiac MRI confirmed a
cardiac mass and supported the tumor type suspected
on echocardiography (based on contrast enhancement)
in all 4 dogs with suspected HSA (Fig la,b). In 1
dog, HSA was confirmed by surgical biopsy (Fig 2)
and in 3 other dogs, disease progression was consistent
with this diagnosis (1 presented dead on arrival with
recurrent PE).

In 1 equivocal case, a periaortic mass initially was
interpreted as periaortic fat, but months later after
reevaluation of the images, it was thought to represent a
paraganglioma based on signal characteristics and
enhancement pattern of the tissue (Fig 3a,b). In this same
case, a subsequent thorascopic pericardial window pro-
cedure identified a small mass on the ventral aspect of
the right atrium, a different location than suspected on
echocardiography and CMR. Within a few weeks, the
dog presented with a splenic mass, which was not present
before the procedure, moderate to severe pleural fluid,
and a clearly identifiable cavitated RA mass.

In another equivocal case, an LV thrombus or avulsed
cranial papillary muscle was suspected on echocardio-
graphy. CMR failed to identify a tumor, but showed a
LV thrombus with adjacent wall motion abnormality
and delayed hyper-enhancement, thought to represent a
complication of prior pericardiocentesis (Fig 4a,b).
When initially evaluated by TTE, pericardiocentesis had
been performed before the echocardiogram. A mild
amount of PE was present as well as mild LA enlarge-
ment and an echogenic mass attached to the cranial
papillary muscle. Fourteen weeks later, another per-
icardiocentesis was performed before TTE. No LV mass
was noted and there was no indication of a mass attached
to the papillary muscle. Cardiac function was normal but
mild chronic valve disease was present. No mass was
noted and no pericardial or pleural effusion was identi-
fied at the time of the examination. Sixteen weeks after
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Fig 1. Suspect primary hemangiosarcoma in a dog (a and b). Dorsal dark-blood ECG-triggered T1-weighted spin-echo magnetic resonance
images of the heart demonstrate a hyperintense mass located dorsal to and extending into the AV groove. There is a small amount of peri-
cardial fluid present (arrowhead). These images are similar to short-axis transthoracic echocardiography views.

the initial evaluation, PE and a large mass adjacent to the
right atrium with slightly hypoechoic echogenicity were
identified, and the echocardiographer suspected fibrin.
No LV mass was identified but mitral regurgitation and
an abnormal anterior papillary muscle were observed.
By 20 weeks after the initial evaluation, a 4cmx6cm
mass was identified in the right atrial appendage arising
from the right atrium. The mass was cavitated with
areas of hypoechogenicity. No PE was observed and
no LV mass was found. Finally, 32 weeks after initial
presentation, the dog presented to the emergency service
with respiratory difficulty, and large thoracic masses
were found on radiography. The dog was discharged

Fig 2. Primary hemangiosarcoma in a different dog. A dorsal
ECG-gated steady-state free procession cine image demonstrates a
hyperintense mass at the level of the AV groove. There is a small
pericardial effusion (arrow). Hemangiosarcoma was confirmed in
this patient by surgical biopsy.

and lost to follow-up. On earlier review, no mass had
been observed on CMR, but on later review of the CMR
images a mass was visualized.

In 1 dog without echocardiographic evidence of neo-
plasia, CMR revealed no cardiac tumor, but there were
presumptive hepatic and splenic metastases on abdomi-
nal magnetic resonance imaging (AMR) (Fig 5).

Discussion

CMR has multiple advantages for the imaging of
human patients with pericardial disease, cardiac neopl-
asia, or both. One main advantage is that CMR allows
for the acquisition of images in any tomographic plane
without limitations from body condition.®” Another
main advantage is that CMR has already proven to be
effective in tissue characterization and is used clinically
to distinguish masses such as thrombi, primary cardiac
tumors, and metastases based on tissue characteriza-
tion.** %7 In fact, today CMR is considered “the gold
standard for the comprehensive imaging of pericardial
disease and cardiac masses” as it provides superior tissue
characterization relative to computed tomography (CT)
and all modalities of echocardiography.®® In this study,
only 1 form of echocardiography (TTE) was chosen for
comparison to CMR. Although TEE likely images the
heart base better than TTE, it is not the most common
form of echocardiography available in veterinary spe-
cialty hospitals. Also, MRI units can be used by multiple
specialties in veterinary hospitals whereas TEE likely
would be used in a limited capacity by 1 specialty.

CMR images of human angiosarcoma have a typical
appearance that is heterogenous on T1-weighted images
with areas of low to high signal intensity reflecting tumor
tissue, necrosis, and the presence of methemoglobin.®
On T2-weighted imaging, angiosarcoma has a predo-
minately hyperintense appearance with marked surface
enhancement, particularly after gadolinium injec-
tion.?*¢>%7 On SSFP imaging, the mass is hyperintense
relative to the myocardium with areas of high signal
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Fig 3. Suspected paraganglioma. (a) Oblique dorsal dark-blood ECG-triggered T1-weighted and (b) oblique dorsal postcontrast nongated
T1-weighted imaging with fat saturation demonstrate a peri-aortic mass with preserved fat-plane between mass and the cranial vena cava
(arrowhead) and central necrosis on postcontrast imaging (arrow).

intensity corresponding to hemorrhage and areas of
low signal intensity corresponding to necrosis.®%->-6¢
Location of the tumor also helps differentiate tumor
type because most other sarcomas have a left atrial pre-
dilection whereas angiosarcoma has a right atrial
predilection.®® In this study, suspected HSA cases had
findings similar to angiosarcoma in people, and 1 surgi-
cal biopsy confirmed HSA, suggesting CMR may allow
presumptive diagnosis of this tumor without necessitat-
ing biopsy.

One patient with equivocal TTE had a wall motion
abnormality and suspected thrombus in the left ventricle
on CMR. These findings were thought to be secondary to
a complication from pericardiocentesis that was per-
formed in the emergency room upon presentation the
previous evening. In people, contrast-enhanced MRI,
when compared with TTE or TEE, provided the highest
sensitivity and specificity for identification of a LV
thrombus and its differentiation from a neoplastic
process.®® Histopathologic confirmation that this
abnormality was in fact a thrombus secondary to per-
icardiocentesis was not made. However, the location of

the defect was at the right 5th or 6th intercostal space
where pericardiocentesis was performed in this patient.
Also, the TTE progression was compatible with the
diagnosis of a LV thrombus and this defect was not
present on follow-up examinations.

Paragangliomas in humans demonstrate high signal
intensity on T2-weighted sequences, and avid contrast
enhancement with central necrosis.®>®® These findings
also were seen in our case of suspected paraganglioma.
Although CMR is the imaging modality of choice for tis-
sue characterization in humans, we were not able to
obtain cytologic confirmation in our canine patient and
therefore cannot confirm that these findings truly are
similar between human and canine patients. Further-
more this patient did not progress as would be expected
in a patient with a paraganglioma. Another complicating
factor is that TTE was performed by several different
people, which potentially could increase the variability of
the results.

Although this study evaluated CMR characterization
of PE, HSA metastasis was found in the liver and spleen
in a few cases. A previous study at the same institution

Fig 4.

In this dog the echocardiogram was equivocal for a mass and the magnetic resonance imaging demonstrated no tumor; however, (a)

dorsal and (b) transverse delayed postcontrast inversion recovery-prepped T1-weighted images demonstrate transmural hyperenhancement,

suggesting a potential complication of pericardiocentesis.
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Fig 5. This dog had an equivocal echocardiogram for a mass and
normal cardiac magnetic resonance imaging, but there was evidence
of metastasis in the liver on postcontrast Tl-weighted images
(arrows).

suggested that MRI was a useful modality for abdominal
imaging, and AMR accurately differentiated benign
from malignant focal hepatic and splenic lesions with a
sensitivity of 100% and a specificity of 90%.% Some
patients may present with microscopic cardiac lesions
that result in PE which is not readily seen on TTE or
CMR but also may have splenic or hepatic lesions noted
on AMR, suggesting that the PE is neoplastic in nature.
Patients with HSA may have microscopic metastases and
multiple organ imaging can be utilized to evaluate spread
of neoplasia. We cannot assume that because AMR
findings in the spleen and liver are similar to those ob-
served in humans CMR findings also will be similar, but
such a conclusion seems likely in the dog.

CMR offers improved resolution and soft tissue con-
trast when compared with echocardiography.®*-¢>¢¢ In
the hands of an experienced operator, CMR also allows
for greater tissue characterization than does TTE or TEE
(except for calcium deposition, which requires either sur-
face radiography or CT).%%%7 The greatest limiting
factors with veterinary CMR are the training required
for this advanced imaging modality and the fact that the
technique requires general anesthesia. Experience also
can be expected to influence interpretation as well. In our
study, masses that were not originally identified were
later identified after years of experience had been ob-
tained. Even so, the suspicion that certain masses were
consistent with HSA was strengthened after CMR. Also
interesting was the fact that the most common location
of masses thought to be HSA was the right AV groove.
Although CMR in our study did not definitively differ-
entiate between neoplastic and benign PE in the
equivocal cases, it did prove beneficial in assessing tumor
type, metastases, and complications associated with per-
icardiocentesis.

During this study, it became clear that ECG gating is
very important for CMR acquisition and arrhythmias
can result in artifacts. The main limitations of this study
were the small sample size and lack of histopathological-
ly confirmed diagnoses for most cases. However, despite
these limitations, this study shows that CMR and AMR
have the potential to yield clinically relevant information
in many cases of canine PE.

Footnotes
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