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Abstract

The aims of this study were to examine the prevalence of moderate to large (moderate—large) idiopathic pericardial effusion
(i-PEF) in patients with hypertrophic cardiomyopathy (HCM) and to identify clinical and echocardiographic hemodynamic
profiles associated with pericardial effusion. A total of 292 adult patients with HCM were studied. Fifteen patients with a
history of factors associated with pericardial effusion including myocardial infarction, heart surgery or cardiac procedure
within the last 12 months, autoimmune disease, hydralazine use, chronic kidney disease stage 3—4, tuberculosis, and malig-
nancy were excluded. Of 277 eligible patients with HCM, 11 patients (4%) with moderate-large i-PEF were identified.
Clinical tamponade was present in 1 patient. Compared to patients with HCM who had no or small pericardial effusion,
patients with moderate-large i-PEF were younger and more likely to have right ventricular (RV) hypertrophy and reverse
septal curvature. These patients also exhibited a greater maximal septal thickness, mean and systolic pulmonary pressure,
and right atrial pressure (p <0.05 for all). Pericardial fluid analysis and histopathological exams were performed in 7 and
3 patients, respectively. All examinations revealed transudative and nonspecific etiology of pericardial effusion. Idiopathic
pericardial effusion and cardiac tamponade in patients with HCM was uncommon. The pathophysiology involved in peri-
cardial effusion remains undetermined. Patients with moderate-large i-PEF frequently exhibited a phenotype of pulmonary
hypertension and RV pressure overload.
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Introduction

Pericardial effusion is a common disorder in clinical prac-
tice [1-3]. The common etiologies of pericardial effusion
include infection, malignancy, connective tissue disease,
immune process, myopericarditis, uremic, hypothyroidism,
hydropericardium syndrome, or hemopericardium syndrome
[1-3]. Recently, we observed patients with hypertrophic car-
diomyopathy (HCM) who presented with moderate to large
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pericardial effusion of unknown etiology. The prevalence
and clinical significance of pericardial effusion in patients
with hypertrophic cardiomyopathy (HCM) has not been
widely investigated. The aims of this study were to examine
the prevalence of idiopathic pericardial effusion in patients
with HCM and to identify clinical and echocardiographic
characteristics associated with moderate to large pericardial
effusion.

Methods
Study patients

The study protocol was approved by the Chulalongkorn
University Institutional Review Board (IRB). A total of
292 adult (> 18 years old) patients with HCM who were
referred for evaluation in the heart clinic at a tertiary
center were reviewed for enrollment. The main reasons
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for referral were to establish the diagnosis and to consider
septal reductive therapy. Patients with HCM diagnosed by
family screening of an index case were not included. The
diagnosis of HCM was based on a maximal left ventricular
wall thickness > 15 mm in one or more myocardial segments
or > 13 mm with a family history of HCM in the absence
of other conditions associated with ventricular hypertrophy.
Myocardial wall thickness was assessed by two-dimen-
sional transthoracic echocardiography and/or cardiac mag-
netic resonance imaging (MRI) by standard technique [4].
Patients with a history of myocardial infarction within the
last 12 months (n=38), heart surgery or ablative procedure
prior to cardiac imaging study (n= 1), autoimmune disease
(n=2), hydralazine use (n= 1), acute pericarditis/myocardi-
tis (n=0), tuberculosis (n=1), malignancy (n=1), human
immunodeficiency viral (HIV) infection (n=0), trauma
(n=0), radiation (n=0), and chronic kidney disease stage
3-4 (n=1) were excluded. A total of 277 patients were
included in the study.

Echocardiography

Comprehensive echocardiogram was performed in all
patients using commercially available ultrasound machines,
Vivid 7 GE-Vingmed (Milwaukee, WI), IE-33 Philips
(Philips Medical System, Andover, Mass), and ProSound
Alpha 10 (Hitachi Aloka Medical. Ltd., Tokyo, Japan).
Respiratory variation of echocardiographic parameters was
assessed by respirometer during echocardiographic examina-
tion in patients with pericardial effusion >2 cm or suspicion
of cardiac tamponade. Echocardiographic images were digi-
tally stored in EchoPAC and QLAB software package for
off-line analysis. Asymmetrical septal hypertrophy (ASH)
was defined as septal-to-free-wall ratio of > 1.3 [4]. Api-
cal HCM including pure and mixed apical HCM (apical/
septal) was defined as previously described [5, 6]. Septal
morphology subtypes were classified as sigmoid, reverse-
curve, neutral, and apical variant as previously described [7].
Pericardial effusion, an echo-free space visualized between
parietal and visceral pericardium at end diastole, was semi-
quantitatively classified as trivial (present in only systole),
small (<1 cm), moderate (1-2 cm), large (>2 cm), or very
large/massive (>2.5 cm) [2]. Right ventricular (RV) systolic
and diastolic echocardiographic parameters were assessed
according to the guidelines for echocardiographic assess-
ment of the right heart in adults endorsed by the EAE and
the Canadian Society of Echocardiography [8]. Pulmonary
arterial systolic pressure in the absence of pulmonary ste-
nosis was estimated by the peak continuous-wave Doppler
of the tricuspid regurgitation velocity with 4V? plus right
atrial pressure estimated from inferior vena caval (IVC) size
and its collapsibility [8—10]. Mean pulmonary arterial pres-
sure was estimated by the peak continuous-wave Doppler
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of the pulmonary regurgitation velocity as 4V? plus right
atrial pressure estimated from IVC size and its collapsibility
[11]. Pulmonary hypertension (PH) was defined as estimated
pulmonary arterial systolic pressure >35 mmHg.

Pathological examination

Pericardial and myocardial pathological specimens were
fixed in formalin and paraffin embedded in patients who
underwent pericardial or endomyocardial biopsy or surgi-
cal myectomy. The surgical specimens of pericardium and
myocardium were stained with hematoxylin and eosin and
Movat pentachrome. Pericardial specimens were addition-
ally stained with acid fast bacilli (AFB) and modified AFB
and cultured for aerobe, anaerobic, tuberculosis, and fungal
organisms. Gross pericardial specimens were measured for
maximal thickness. Pericardial histopathological slides were
reviewed by an expert cardiac pathologist for the presence
of calcification, fibrosis, inflammation, caseous and non-
caseous granulomas, mesothelial abnormalities, hemosiderin
deposition, and malignancy. Myocardial histopathological
slides were examined for myocyte hypertrophy and disarray,
dysplastic intramural coronary arterioles with medial and
intimal thickening, and fibrosis. Myocardial specimens were
additionally stained for Congo red and periodic acid-Schiff
to exclude cardiac amyloidosis and glycogen storage dis-
ease. Surgical myectomy and endomyocardial biopsy were
performed in 34 and 2 patients, respectively. Myocardial
histopathological specimens in 36 patients confirmed HCM.

Statistical analysis

Categorical data are presented as frequency and percent-
age. Continuous data are expressed as mean + standard
deviation (SD). Differences in means were compared by
Student’s t test for variables with normal distribution and
Wilcoxon-rank sum test for variables with non-normal dis-
tribution. Categorical variables were compared using chi’s
square test or Fischer’s exact test, where appropriate. Due to
small numbers of patients with moderate and large pericar-
dial effusion, multivariate analysis was not performed. A p
value < 0.05 was considered significant.

Results
Clinical and echocardiographic characteristics

Among the 277 eligible patients with HCM, 11 patients
(4%) with moderate to large idiopathic pericardial effusion
were identified. Moderate and large pericardial effusion
was found in 7 and 4 patients, respectively. Clinical tam-
ponade was present in 1 patient, while echocardiographic
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Fig.1 The prevalence of idiopathic pericardial effusion in patients
with HCM

tamponade was present in 2 patients. An additional 14
(5%) patients exhibited small pericardial effusion (Fig. 1).
Baseline characteristics of patients are shown in Table 1.
Compared to patients with HCM who had no or small
pericardial effusion, patients with moderate to large idi-
opathic pericardial effusion were younger (49 + 16 vs.
63+ 16 years; p=0.01). Significant clinical differences
included being more likely to have pulmonary hyper-
tension (90% vs. 40%; p<0.01) and reverse septal cur-
vature (72% vs. 29%; p=0.02), a greater maximal sep-
tal thickness (24 +£5 vs. 18+5 mm.; p<0.01), higher
RV free wall thickness (10+2 vs. 8 +3 mm; p<0.01),
higher mean pulmonary pressure (29 +5 vs. 22 + 6 mmHg;
p<0.01), higher systolic pulmonary pressure (48 +11 vs.
36+ 11 mmHg; p<0.01), and higher right atrial pressure
(IS+5 vs. 6+4 mm; p<0.01). Figure 2A and video A
illustrate a large pericardial effusion identified on transtho-
racic echocardiogram in a patient with HCM (Patient #4 in
Table 2). Figure 2B illustrates a massive circumferential
pericardial effusion and normal pericardial findings identi-
fied on cardiovascular magnetic resonance imaging in the
same patient (Fig. 2B).

Pericardial fluid analysis and pathological
examination

Table 2 shows clinical, cardiac imaging, and pericardial
characteristics in patients with moderate to large pericardial
effusion. None of these patients had a clinical syndrome of

active viral bacterial, parasitic infection, mononucleosis syn-
drome, autoimmune disease, or antiphospholipid syndrome.
Thyroid stimulating hormone levels were considered normal
in all patients. Additionally, acute pericarditis diagnosed by
the European Society of Cardiology (ESC) criteria [12] was
not evident in any patient. Among those with large peri-
cardial effusion, pericardial histopathological exams were
performed in 3 patients with massive pericardial effusion.
Pericardial biopsies were performed at the time of surgical
myectomy in one patient and at the time of subxiphoid peri-
cardial window in other patients with a large pericardial effu-
sion where echocardiography-guided pericardiocentesis was
deemed to be unsuccessful (< 1.2 cm in diastole adjacent
to the right ventricle). Findings of these patients revealed
normal pericardial thickening with no active inflammation.
Mesothelial cells were intact. No granuloma, malignancy or
calcification was visualized. Pericardial fluid analysis was
performed in 7 patients with moderate to large pericardial
effusion with all revealed as transudative. Pericardial-fluid
and tissue stains for AFB and modified AFB were all nega-
tive for tuberculosis and nocardia. Pericardial fluid and tis-
sue cultures for aerobe, anaerobe, and fungus were negative.
Pericardial fluid and tissue cultures and polymerase chain
reaction (PCR) for tuberculosis were also negative. Pericar-
dial fluid cytology was negative for malignancy. Figure 3
illustrates pathological findings of pericardium in patient #4
(Table 2) who underwent surgical myectomy and pericardial
biopsy.

Discussion

This study is the first to examine the prevalence of idiopathic
pericardial effusion among those with HCM and the clinical
and pericardial pathological profiles of these patients. The
major findings of the study are: (1) the prevalence of moder-
ate to large pericardial effusion in patients with HCM was
4% (11/277); (2) pericardial pathological and fluid analysis
in patients with massive pericardial effusion were charac-
terized by normal pericardial thickening, nonspecific histo-
logical findings, and transudative profile with no evidence
of infectious or inflammatory process, or autoimmune or
inflammatory reactive etiology; and (3) patients with mod-
erate to large pericardial effusion were more likely to have
pulmonary hypertension (PH), elevated right atrial pressure,
right ventricular hypertrophy and septal hypertrophy.

The normal pericardial sac contains 20-50 ml of peri-
cardial fluid [1, 2]. A pericardial effusion occurs when
excess pericardial fluid accumulates in the pericardial sac
[1, 2]. Pericardial fluid is normally generated by plasma
ultrainfiltrate and drains to the mediastinal, tracheobron-
chial, peri-esophageal and pleural lymphatic systems [2].
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Table 1 Clinical and echocardiographic characteristics by presence or absence of moderate to large pericardial effusion

All Moderate to large peri-  Non-significant pericar- p value
(n=277) cardial effusion dial effusion
(n=11) (n=266)
Age 63+16 49+16 63+16 0.01°%*
Female 161 (58%) 6 (55%) 155 (58%) 0.81
NYHA Class III-1V [n (%)] 48 (17%) 2 (18%) 46 (18%) 0.16
Systolic blood pressure (mmHg) 130+ 19 131+20 130+19 0.88
Diastolic blood pressure (mmHg) 74+11 74+6 75+11 0.50
Atrial fibrillation [n (%)] 36 (13%) 1 (9%) 35 (13%) 0.69
Major Phenotype [n (%)]
Asymmetrical septal hypertrophy 138 (50%) 8 (73%) 130 (49%) 0.68
Pure apical 56 (20%) 2 (18%) 54 (20%)
Mixed apical 30 (11%) 0 30 (12%)
Concentric 47 (17%) 1 (9%) 46 (17%)
Localized/mid 6 (2%) 0 6 (2%)
Reverse-curve septal morphology 86 (31%) 8 (72%) 78 (29%) 0.02%*
Large pericardial effusion 4 (1%) 4 (36%) 0 <0.01%*
Beta blocker [n (%)] 121 (73%) 11 (100%) 197 (74%) 0.05
Calcium channel blocker [n (%)] 39 (14%) 1 (9%) 38 (14%) 0.62
Septal myectomy [n (%)] 34 (12%) 6 (54%) 28 (10%) <0.01%*
Alcohol septal ablation [n (%)] 2 (1%) 0 (0%) 2 (1%) 0.77
Maximal septal thickness (mm) 19+5 24+5 18+5 <0.01*
Resting LVOT gradient > 30 mmHg [n (%)] 60 (36%) 3 (33%) 57 (35%) 0.88
LVEDD (mm) 43+8 4149 43+8 0.77
LVEF (%) 71+12 71+£13 71+12 0.88
LAVI (ml/m?) 39+16 39+13 39417 0.99
RAVI (ml/m?) 33+16 40+24 33+15 0.42
RV free wall thickness (mm) 9+3 10.3+2.0 8.4+2.7 0.01%*
Estimated RAP (mmHg) T+4 15+5 6+4 <0.01*
Estimated pulmonary arterial systolic pressure (mmHg) 36+11 48+ 11 36+11 <0.01*
Estimated mean pulmonary arterial pressure (mmHg) 22+6 29+5 22+6 <0.01*
Pulmonary hypertension (n,%) 117 (42%) 10 (90%) 107 (40%) <0.01%*
TAPSE (mm) 17.9+4.6 18.3+4.3 18.0+4.6 0.76

LV left ventricular;, LVEDD left ventricular end diastolic diameter; LVEF Left ventricular ejection fraction; LAVI left atrial volume index;
LVEDD left ventricular end diastolic diameter; LVOT left ventricular outflow tract; mm millimeter; NYHA New York Heart Association; RAP
right atrial pressure; RAVI right atrial volume index; RV right ventricular; TAPSE tricuspid annular plane excursion

The excessive pericardial fluid is typically caused by (1)
increased production of pericardial fluid following infec-
tious or noninfectious inflammatory pericardial process
(mostly exudate), (2) impaired reabsorption or drainage
of pericardial fluid (transudate) including heart failure
or PH, (3) systemic conditions including hypoalbumine-
mia or hypothyroidism (transudate/hydropericardium),
or (4) conditions associated with cardiac and great-ves-
sel injuries (hemopericardium) [2, 3, 13]. In our study,
the prevalence of moderate to large pericardial effusion
in patients with HCM was uncommon (4% of patients
with HCM). We found that no inflammatory, infectious,
or specified etiologies were identified in these patients.
Patients with moderate to large pericardial effusion did
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have higher estimated right atrial and pulmonary arterial
pressures compared to those with no or small pericar-
dial effusion. The pathogenesis of pericardial effusion in
PH is currently unclear. Previous studies have reported
15-65% of patients with PH had pericardial effusion
[13—15]. Hinderliter et al. demonstrated that severity of
RV dysfunction is associated with pericardial effusion
in patients with PH, and among invasive intracardiac
and pulmonary hemodynamic indices, mean right atrial
pressure correlated best with the size of pericardial effu-
sion [16]. Frohlich et al. suggested that venous and/or
lymphatic congestion may be involved in the etiology of
pericardial effusion in heart failure. [15]Further, they pro-
posed that cytokines released in severe heart failure may
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Fig.2 A massive circumferential pericardial effusion (asterisks) in a 40-year-old man with a hypertrophic cardiomyopathy (patient #2) demon-
strated by transthoracic echocardiogram (a) and cardiovascular magnetic resonance imaging (b)

play a role in the instigation of pericardial effusion by
way of systemic inflammatory inducing capillary leakage
which increase production of pericardial effusion. Ong
et al. reported that 38% of patients with HCM had PH. In
our study, 42% of overall patients with HCM and 90% of
patients with moderate to large pericardial effusion had
PH [17]. Whether pericardial effusion was coincident or
associated with HCM and PH remains to be determined.

The low prevalence of pericardial effusion led to limited
statistical power to find significant differences in most of
the studied covariates, limiting inferences regarding pos-
sible etiologies and mechanisms. Further study to clarify
the association of pericardial effusion and right ventricular
dysfunction or PH in patients with HCM is required.

To our best knowledge, there has been no systematic
review or published data about idiopathic pericardial
effusion or tamponade in HCM patients. This study is the
first to describe the clinical and pericardial pathological
profiles in an HCM cohort. The severity of pericardial
effusion along with the severity of right atrial and pulmo-
nary pressures in patients with pericardial pathological
confirmation confirms a similar trend of findings among
the entire cohort.

Study limitations

Pericardial biopsy or pericardiocentesis was not performed
in all patients with pericardial effusion. Traditionally,
patients with HCM with small to moderate pericardial effu-
sion with no clinical tamponade do not require invasive

biopsy or pericardiocentesis. Simultaneous invasive pul-
monary pressure and vascular resistance measurements
were not performed in all patients with pericardial effusion
and PH. Doppler interrogation of tricuspid regurgitation to
estimate peak pulmonary arterial systolic pressure has been
validated and widely accepted and remains the best nonin-
vasive measure available [9, 10]. Another study limitation
is that antibodies to Epstein-Barr, Coxsackie, Influenza,
Herpes, or hepatitis viruses were not tested in all patients.
They were only tested in patients who were clinically suspi-
cious or uncertain for these viral infections. However, those
patients did not have a clinical syndrome of viral infection,
mononucleosis, bacterial or parasitic infection, autoimmune
disease, antiphospholipid syndrome, or acute pericarditis.
Additionally, all pericardial analyses revealed transudative
profiles making viral associated pericardial effusion unlikely.

Conclusions

Idiopathic moderate to large pericardial effusion was found
uncommon and occurred in only 4% of patients with HCM.
All patients with a completed pericardial fluid analysis
showed transudative profiles. Whether pericardial effusion
was coincident or associated with HCM remains undeter-
mined. Since patients with moderate to large pericardial
effusion exhibited greater septal thickness, pulmonary pres-
sure, and RV free wall thickness, we suggest that PH may
be involved in the pathophysiology of pericardial effusion
in patients with HCM.

@ Springer



The International Journal of Cardiovascular Imaging (2022) 38:331-337

336

SISO[NoIaqN) g7 ‘MO PIEMIOJ OT[0ISAS § ‘oInssaid o1[0IsAs

Ie[NOTIUQA JYSLI JSAY ‘Te[NOLIUSA JYSLI AY ‘10}0oe] projewunayl 7y ‘omssaid Temne 1ySI gyy ‘oanedou Sapy to[qesridde jou yyy (SurSewr 90uLUOSAI ONOUSEW [y SIOIOWI[IUW /i Qe Jy $10eT)
MOPINO IB[NOLNUAA JO[ JOAT SNIIA AOUSIoyopounwuwi] UeWNH A7 9[ewd) 4 ‘Uonoely uonoald ;7 ‘sniaoe3owolkd Ap) ‘AydoniadAy reidss [eommewwise gy ‘Apoqnue responunue YNy

dJep Ied[d  pawLIo) QeId
[puwioN S9N 30N SoN  -msuer),  ‘meng  -djoN  SeN SN VN 6€ €  HSV 99 w011 S9  -pPON 91 INL9 1I
dep Ie9[d pawioj deId
[pwioN S9N 3N SoN  -msuer],  ‘meng  -djoN SN SN BN €s SI  HSV ST 0z 07l 89  -PON S dTs ol
ep Te9[0
[pwioN  SoN SoN SoN -msuel], ‘meng [ewioN  SON  SON  SeN 8¢ SI  HSV 1 6c  T€I [9 3] €¢ ALy 6
pauLioy QJeId
[PWION VN V/N VN VIN V/N -dioN SN 39N 3N s Sl  HSV Sl 12 001 Sy -POIN €1 dITz 8
o
ﬁoauo.w -udd djerd
[wioN  V/N  V/N 89N VIN  V/N -dioN SN  V/N 3N T 0z -uo) €T wT6 S9  -PON v WIS L
d)ep Je3[0 pauioy
[eWION SoN SoN SoN -nsuei], ‘meng -1od J0N SoN SN SoN 6t G1 Teody 81 o€ oL 9, S 9z IN9S 9
pauLIoy QeId
[FwION  V/N V/N 3N VIN V/N -djoN  SeN SN N 1€ 01 [reody 4! Iz 16 0L -POIN 7 WYS S
ep Ie9[0
[ewioN S9N SoN  SoN  -msuer],  ‘meng  [ewsoN  SoN SoN SN 6¢ 0C HSV ot I 0¢l 06 93] 0 WOF +
pauLIoy dJeId
[BwION  V/N V/N VN VIN  V/N -djoN SeN SN 3N S 8§  HSV €9 61 €11 L8 PO €l d¥T €
ep Jea[d
V/N 88N  8oN  SoN -nsuei], ‘meng [ewIioN  SON  SeN  3oN 7L 0C HSV 4 61 06 €L d8re] 9 WIL ¢
dep Ied[d paurLioy QJeId
[pwioN  SoN 8N SoN -nsuei, ‘meng -wwdjoN SON SN FN 44 81 HSV 61 € 6 8 -POIN LT dLS 1
sn3uny
pue
‘aL
N ‘9qoise (urur)
JvIpIRD K30 10] gL 10} juo ssau
Kq ssou  -[0JA0 2Imnd MDd adfy  JoJ0d -1peId ssou Yoy
Py pmy  pmy  pmy pmg  pmy wexy Qv a9 LOAT =Py [rem (wu)
[eTpIED  [RIpIED [BIpIBD [BIpPIBD  [RIPIED  [BIpIED [eo130] AIH  INSI pue (SHww) (SHww) adKy Sur [ew 21y uors uors  Iopudd
-ued MR (LR -LIRd -ued LR -oyied  -DUY  AIND VNV dSAYd dvy -ousyd -9y -IXEN Ad (%)dd -npg -npg P8V ON

uorsnyjo [erpreorrod Y syuaned NDH JO SONSLIANOBIRYD SUISew OBIpIed pue [edIul)) ¢ d|qel

pringer

Qs



The International Journal of Cardiovascular Imaging (2022) 38:331-337

337

Fig.3 Example of pericardial histopathological findings of a 40-year-
old patient who underwent surgical myectomy and pericardial biopsy.
The pericardium revealed normal pericardial thickening and intact
mesothelial cells with no active inflammation, granuloma, malig-
nancy, or calcification
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