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CASE REPORT

CLINICAL CASE
PET-Driven, Voltage-Guided Atrial
Endomyocardial Biopsy Clinches the
Diagnosis of Cardiac Sarcoidosis

Thomas Flautt, DO,a Adi Lador, MD,a Akanibo Da-Wariboko, MD,a Mary Schwartz, MD,b Miguel Valderrábano, MDa
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Endomyocardial biopsy (EMB) is used in diagnosing infiltrative and other suspected cardiomyopathies. We present a case

in which positron emission tomography– and electroanatomic mapping-guided EMB of the atrial septum confirmed the

diagnosis of cardiac sarcoidosis in a patient with negative findings on ventricular and lymph node biopsy.

(Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2021;3:1764–1768) © 2021 Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Endomyocardial biopsy (EMB) is useful in patients
with suspected infiltrative and other cardiomyopa-
thies to establish a histopathologic diagnosis (1,2).
The most common site for biopsy is the right ven-
tricular septum. Unfortunately, sensitivity is low, and
false negative rates are high.

With the advent of advanced 3-dimensional (3D)
mapping systems, electroanatomical mapping (EAM),
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precise guidance of the bioptome catheter to desired
regions has allowed operators to obtain biopsy spec-
imens from the right and left ventricles (2).

Atrial biopsies are not routinely performed,
given the risk of perforation of the thin atrial wall,
but successful and safe sampling of the interatrial
septum can be achieved (2). We present a case
report of a patient with evidence of inflammation
in the right atrium seen on a positron emission
tomography (PET) scan. We safely performed an
EAM-guided biopsy from the atrial septum and the
left ventricle in this patient. Only the atrial
biopsy specimens confirmed the diagnosis of
sarcoidosis.

HISTORY OF PRESENT ILLNESS

A 57-year-old woman presented to our facility
(Houston Methodist DeBakey Heart and Vascular
Center, Houston, Texas) for dyspnea on minimal
exertion. She was found to have pneumonia causing
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AB BR E V I A T I O N S

AND ACRONYM S

3D = 3-dimensional

EAM = electroanatomical

mapping

EMB = endomyocardial biopsy

EP = electrophysiology

FDG = fluorodeoxyglucose

ICD = implantable

cardioverter-defibrillator

ICE = intracardiac

echocardiography

PET = positron emission

tomography
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an exacerbation of heart failure. After treatment of
the pneumonia and stabilization of her heart failure, a
cause of her nonischemic cardiomyopathy was
pursued.

PAST MEDICAL HISTORY

She had a history of a transient ischemic attack in
2013, chronic kidney disease, and persistent atrial
fibrillation. In 2019, she had a cardiac arrest
while visiting her husband in the hospital; she
required multiple defibrillations for ventricular
tachycardia and ventricular fibrillation. Her underly-
ing rhythm was complete heart block, and she un-
derwent dual-chamber implantable cardioverter-
defibrillator (ICD) insertion. Her family history was
unremarkable.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of nonischemic cardiomy-
opathy was broad, including cardiac sarcoidosis,
amyloidosis, hemochromatosis, arrhythmogenic right
ventricular dysplasia, and myocarditis.
FIGURE 1 Positron Emission Tomography Images

Cardiac positron emission tomography scan revealing areas of increased

(B) warm metal, and (C) black and white color schemes revealing uptake

left lateral ventricular wall, and left hilar lymph node. The red star indi

ventricle; RA ¼ right atrium.
INVESTIGATIONS

Coronary computed tomography angiography
performed 1 month earlier showed no signif-
icant coronary artery stenosis. On this
admission, a transthoracic echocardiogram
revealed an ejection fraction of 30%. Because
of a non–magnetic resonance imaging–
compatible ICD, a cardiac magnetic reso-
nance was unable to be performed. A cardiac
PET scan revealed diffuse fluorodeox-
yglucose (FDG) uptake in the middle inferior,
inferoseptal, and inferolateral walls of the
left ventricle. Intense FDG uptake was also
seen in the interatrial septum, the right

atrium, and the left hilar lymph node (Figure 1). The
main differential diagnosis was an inflammatory
process such as sarcoidosis or viral myocarditis. The
presence of a viral infection was assessed by poly-
merase chain reaction analysis, and findings were
negative. The patient had no extracardiac manifes-
tation of sarcoidosis except for the FDG uptake in the
left hilar lymph node. A biopsy of the left hilar lymph
node was performed, with nonspecific results.
inflammation and fluorodeoxyglucose uptake. (A) ADAC Isocontour,

inside the right lateral atrial wall, the atrial and ventricular septum,

cates fluorodeoxyglucose uptake in left hilar lymph node. LV ¼ left



FIGURE 2 Electroanatomical Mapping, Fluoroscopy, and ICE Images During IAS Biopsy

(A) Electroanatomical mapping of the intra-atrial septum (IAS). Cranial posteroanterior view revealing atrial septum biopsy sites (white arrow and red dots) just

superior to the coronary sinus (CS). (B) Radiograph in the left anterior oblique view illustrating the bioptome biopsy device capturing atrial septal tissue. (C) Intra-

cardiac echocardiography (ICE) image with an open bioptome capturing atrial septal tissue. IVC ¼ inferior vena cava; LA ¼ left atrium; RAA ¼ right atrial appendage;

RVL ¼ right ventricular lead; SVC ¼ superior vena cava; TV ¼ tricuspid valve.
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MANAGEMENT

Electrophysiology (EP) was consulted for an EAM-
guided biopsy. She was brought to the EP
FIGURE 3 Electroanatomical Mapping of the Left Ventricle

(A) Right anterior oblique view of the left ventricle. Blue dots represent

normal voltage; yellow dots indicate the Purkinje fiber network. (B) Lef
laboratory, where an 8.5-F steerable sheath (Agilis, St.
Jude Medical) and a 10-F intracardiac echocardiogra-
phy (ICE) catheter were placed in the right femoral
vein. A duodecapolar catheter (Pentaray, Biosense
biopsy sites of the left ventricular septum at the border of low and

t anterior oblique view of the left ventricle.



FIGURE 4 Histologic Endomyocardial Biopsy Specimen From Both the Atrium and the Ventricle

(A) Atrial endomyocardial biopsy histologic specimen: single noncaseating granuloma (�400 magnification). (B) Left ventricular septum

endomyocardial biopsy histologic specimen: focal interstitial fibrosis with focal endocardial lymphocytic infiltration, no granuloma identified.
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Webster) was placed in the right atrium and used to
create a 3D map of the superior vena cava, right
atrium, right ventricle, and inferior vena cava. Bipolar
EAM revealed patchy areas of low voltage throughout
the right atrium, specifically on the interatrial septum
just superior to the coronary sinus (Figure 2A). The
Pentaray catheter was exchanged for a Bipal 7 bio-
ptome 104 cm (Cordis Corp). Using the Agilis sheath
and the ICE catheter, the bioptome was directed to
the inferior aspect of the fossa ovalis. Five biopsy
specimens were taken from the suspected area and
placed in formalin solution for histopathologic anal-
ysis (Figures 2B and 2C, Video 1). A transseptal punc-
ture was performed with ICE guidance, and a 3D
bipolar EAM was created of the left ventricle. This
revealed multiple low¼voltage signals along the
inferior lateral and septal walls suggestive of un-
healthy endocardium and matching the areas of
inflammation reported in the PET scan. Six biopsy
specimens were obtained from the suspected areas in
the left ventricle (total of 8 biopsy specimens)
(Figures 3A and 3B).

Interestingly, all atrial and ventricular biopsy
specimens revealed marked hypertrophy, except for 1
biopsy in the atrium revealing a noncaseating gran-
uloma, consistent with cardiac sarcoidosis (Figures 4A
and 4B). On the basis of the histologic findings and
the clinical findings of ventricular tachycardia, com-
plete heart block, and nonischemic cardiomyopathy,
the patient received a diagnosis of sarcoidosis.

DISCUSSION

EMB has proven utility in the diagnosis of
infiltrative and other cardiomyopathies (1). Although
EMB can provide a histopathologic diagnosis of car-
diomyopathies such as cardiac sarcoidosis, arrhyth-
mogenic right ventricular dysplasia, myocarditis, and
others, it has been plagued by low sensitivity and
high false negative rates. The reason is believed to be
a combination of patchy distribution of the cardio-
myopathy, an inability to assess tissue characteristics
for biopsy in the short term, and dependence on
ventricular septal biopsy.

Atrial biopsy is uncommon but has been performed.
In 1984, Sekiguchi et al (3) described atrial biopsies
for the diagnosis of Loffler endocarditis and endo-
myocardial fibrosis. Frustaci et al (4) reported a case
series describing septal atrial biopsies for assessing
the histopathologic changes in patients diagnosed
with lone atrial fibrillation versus a control group. A
total of 12 patients underwent EMB on the atrial
septum safely. Results were mixed but did add value
to the ventricular septal biopsies (4). More recently,
Sepehri Shamloo et al (5) described 4 patients who
safely underwent atrial biopsy of the septum for
characterization of atrial fibrillation tissue.

Our case contributes to the limited evidence that
atrial biopsies can be performed safely and the
increased sensitivity it provides in diagnosing the
etiology of a nonischemic cardiomyopathy (6,7). FDG
uptake from PET, EAM, ICE, and fluoroscopy were
used to guide the ultimate location of our biopsy.
EAM did reveal areas of patchy endocardial tissue
with areas of low voltage and healthy tissue. How-
ever, this heterogeneous pattern was also seen in the
left ventricle, which yielded a nonspecific result. ICE
guidance was critical in our case for guidance of the
bioptome because the biopsy specimens were taken
superior to the coronary sinus on the intra-atrial

https://doi.org/10.1016/j.jaccas.2021.08.021
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septum. A single granuloma was appreciated in the
histopathologic analysis, thus providing the diagnosis
of cardiac sarcoidosis.

FOLLOW-UP

The patient was started on high-dose corticosteroids
and was eventually discharged home in stable
condition.

CONCLUSIONS

This case provides further insight into the safety,
utility, and increased efficacy of atrial biopsy for
cardiologists who seek increased sensitivity with
EMB.
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