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Patients, often with underlying rheumatologic disease, may present with pericardial effusions in the setting of pulmonary

hypertension (PHTN). Pericardial drainage in PHTN is associated with significant morbidity and mortality. We describe a

patient with PHTN who developed cardiac tamponade that was managed safely and effectively with pulmonary artery

catheter–guided pericardiocentesis. (J Am Coll Cardiol Case Rep 2024;29:102339) © 2024 The Authors. 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/).
HISTORY OF PRESENTATION

A 33-year-old woman with a history of rheumatoid
arthritis and systemic sclerosis overlap syndrome,
pulmonary arterial hypertension (PAH), diabetes,
obesity, and hypertension presented with 5 days of
dyspnea, myalgias, and World Health Organization
functional class III symptoms. Admission trans-
EARNING OBJECTIVES

To recognize typical and atypical echocar-
diographic and hemodynamic features of
cardiac tamponade in patients with pulmo-
nary hypertension.
To describe the pathophysiology of hemo-
dynamic failure following pericardial
drainage in patients with pulmonary hyper-
tension, and how real-time hemodynamics
may detect early RV failure.
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thoracic echocardiography (TTE) showed a left ven-
tricular ejection fraction of 55%, right ventricular (RV)
dilation and hypertrophy, pulmonary artery systolic
pressure of 68 mm Hg, and a moderate pericardial
effusion without tamponade physiology. She under-
went gentle diuresis with near resolution of her res-
piratory symptoms.

On hospital day 7, she had acute worsening of
dyspnea, pleuritic chest pressure, nausea, and
emesis. She was tachycardic to 150 beats/min, hypo-
tensive to 74/48 mm Hg requiring vasopressor initi-
ation, and hypoxic requiring 10 L supplemental
oxygen. She had distended neck veins, distant heart
rounds, and lower extremity edema.

PAST MEDICAL HISTORY

She was diagnosed with PAH 5 months prior, with
right heart catheterization (RHC) demonstrating a
mean pulmonary arterial pressure of 45 mm Hg,
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TTE = transthoracic
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pulmonary capillary wedge pressure of
8 mm Hg, and pulmonary vascular resistance
of 10.5 Wood units with negative vaso-
reactivity testing (Table 1). She was initiated
on riociguat and macitentan, but macitentan
was discontinued because of angioedema.
Subsequently, because of rapid progression
of her symptoms and progressive RV
dysfunction, she was initiated on intrave-
nous epoprostenol and maintained on this
leading up to admission.
INVESTIGATIONS

Emergent TTE on hospital day 7 demonstrated a large
circumferential pericardial effusion with RV diastolic
buckling and significant mitral respiratory
inflow variation consistent with cardiac tamponade
(Figure 1, Video 1). RHC demonstrated elevated
biventricular filling pressures, diastolic equalization
of pressures, and a Fick cardiac index of 1.3 L/min/m2

(Table 1).

MANAGEMENT

Given the concerns for acute RV failure in patients
with PAH who undergo pericardiocentesis, a
1 RHC Values Obtained 5 Months Before Presentation, on Hos

Day 7 Immediately After Pericardiocentesis
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d pressure; CI ¼ cardiac index; CO ¼ cardiac output; Hgb ¼ hemoglobin; M
ulmonary artery diastolic pressure; PASP ¼ pulmonary artery systolic pressure;
t atrium; RHC ¼ right heart catheterization; RV ¼ right ventricle.
multidisciplinary decision was made between cardi-
ology, pulmonology, and rheumatology to perform an
emergent pulmonary artery catheter (PAC) and
intrapericardial pressure–guided pericardiocentesis
for cardiac tamponade.

After emergent RHC, echocardiography-guided
pericardiocentesis was performed via the subxiphoid
approach with continuous monitoring of right atrial
(RA) and pericardial pressures. Local anesthesia was
administered without sedation given the patient’s
tenuous hemodynamic status. The pericardial open-
ing pressure was 23 mm Hg at an RA pressure of
34 mm Hg (Figure 2). After pericardiocentesis of
320 mL, pericardial pressure improved to 10 mm Hg
with a Fick cardiac index of 2.2 L/min/m2 (Figure 2).
Real-time hemodynamics demonstrated the patient
tolerated pericardiocentesis well, with improved vital
signs, discontinuation of vasopressors, and an
improvement in cardiac output without an increase in
RA pressure to suggest impeding RV failure (Table 1).

DISCUSSION

Pericardial effusions may be seen in up to 25% of
patients with PAH and are independently associated
with increased mortality within this group.1,2 With
elevated right-sided filling pressures, classic
pital Day 1, on Hospital Day 7 Before Pericardiocentesis, and on

RHC
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PAP ¼ mean pulmonary artery pressure; MvO2 ¼ mixed venous oxygen saturation;
PCWP ¼ pulmonary capillary wedge pressure; PVR ¼ pulmonary vascular resistance;
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FIGURE 1 Transthoracic Echocardiogram Demonstrating Pericardial Tamponade in the Setting of Severe Pulmonary Hypertension

(A) The parasternal long-axis view demonstrating a large circumferential pericardial effusion with right ventricular (RV) outflow tract dilatation. (B) The parasternal

short-axis view highlighting significant RV enlargement and a circumferential pericardial effusion. (C) The apical 4-chamber view in diastole demonstrating significant

RV enlargement, a large circumferential pericardial effusion, and basal RV diastolic buckling. (D) The apical 4-chamber view at end-systole demonstrating left atrial

systolic collapse. (E) The subcostal view in end-systole demonstrating large circumferential pericardial effusion, RV hypertrophy in this patient with known pulmonary

hypertension, and left atrial systolic collapse. (F) The subcostal view in diastole demonstrating RV-free wall buckling consistent with tamponade physiology. (G)

Mitral inflow velocities demonstrating significant respiratory variation (36%) consistent with pericardial tamponade. (H) Pulsed wave Doppler of the hepatic vein

demonstrating respirophasic systolic flow reversal consistent with pericardial tamponade.
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findings of tamponade may be absent because
the right heart is relatively resistant to the effects of
increased pericardial pressures. Accordingly,
hemodynamic collapse may occur in the absence of
FIGURE 2 Simultaneous Pressure Recordings Obtained From the Rig

(A) Pressure recordings obtained from the right atrium (RA) and pericar

pericardial opening pressure of 23 mm Hg. (B) Pressure recordings obtain

RA pressure of 31 mm Hg and pericardial pressure of 16 mm Hg. (C) Press

effusion demonstrating RA pressure of 30 mm Hg and pericardial pressu
RA and RV inversion or pulsus paradoxus.3,4 Atyp-
ical tamponade with isolated left atrial and ven-
tricular collapse has been described in this
population.3,4
ht Atrium and Pericardium Before, During, and After Pericardiocentesis

dium (P) before pericardiocentesis demonstrating right atrial (RA) pressure of 34 mm Hg and

ed following pericardiocentesis of 200 mL serosanguinous pericardial effusion demonstrating

ure recordings immediately following pericardiocentesis of 320 mL serosanguinous pericardial

re of 12 mm Hg.



FIGURE 3 Transthoracic Echocardiogram Demonstrating a Small Residual Pericardial Effusion Following Pulmonary Artery

Catheter–Guided Pericardiocentesis

(A) The parasternal long-axis view demonstrating a small circumferential pericardial effusion with posterior localization and right ventricular

(RV) outflow tract dilatation. The (B) parasternal short-axis view and (C) apical 4-chamber view demonstrating significant RV enlargement

with a small circumferential pericardial effusion. (D) The subcostal view in end-systole demonstrating small circumferential pericardial effusion

with significant right heart dilatation.
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In our case, emergent TTE demonstrated RV dia-
stolic buckling without atrial collapse. Subsequent
TTE demonstrated the presence of heterogeneous
material adherent to the visceral pericardium, sus-
pected inflammatory in etiology, which likely
contributed to selective tamponade of the right
ventricle. It is particularly interesting that the patient
developed tamponade physiology several days into
her admission and remains unclear whether this was
caused by a progressive inflammatory process,
diuresis decreasing RV transmural pressure (ie, RV
diastolic pressure minus pericardial pressure), or a
combination of the 2.

Management of pericardial effusions in patients
with pulmonary hypertension remains particularly
challenging and is associated with high morbidity and
mortality. The expanding pericardial effusion limits
RV transmural pressure. When relieved, a sudden
increase in venous return in conjunction with rising
transmural pressure may lead to hemodynamic
collapse. Through parallel ventricular interdepen-
dence, acute RV dilatation in this setting compro-
mises LV filling and may result in circulatory
failure.2,5

A case series of 6 patients with PAH and
large pericardial effusions found a mortality rate of
50% following either pericardiocentesis or surgical
pericardial drainage.6 A more contemporary observa-
tional study described successful echocardiography-
guided pericardiocentesis for 14 patients with PAH
and pericardial effusions without evidence of RV
failure immediately following pericardiocentesis or
deaths within 48 hours of the procedure. Case reports
have described gradual pericardial effusion drainage
over several days to mitigate RV dysfunction
following pericardiocentesis.7
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Our patient underwent serial, low-volume peri-
cardiocentesis over several days, during which time
she was noted to intermittently reaccumulate peri-
cardial fluid with rising RA and pulmonary artery
diastolic pressures with diastolic equalization. We
performed real-time invasive hemodynamic moni-
toring aimed at detecting any elevation in RA pres-
sure as an index of RV failure with drainage. During
gradual pericardial drainage, the presence of a PAC
allowed for simultaneous monitoring of rising RA and
PA diastolic pressures with or without equalization to
discriminate between impending RV failure versus
recurrent tamponade physiology, as well as serial
monitoring of the cardiac output.

Data are even more limited with respect to peri-
cardial windows for effusions in the setting of PAH.
Two observational studies described pericardial
windows for a total of 6 patients and did not address
the role of pericardial windows for recurrent peri-
cardial effusions in the setting of PAH and underlying
rheumatologic illness. Although more data are
needed to guide the management of patients with
PAH and large pericardial effusions,8 we describe the
case of a patient with obstructive shock from cardiac
tamponade in the setting of PAH who was managed
safely and effectively with serial PAC-guided
pericardiocentesis.

FOLLOW-UP

Over subsequent days, the patient underwent
gradual PAC-guided pericardiocentesis with
improvement in her hemodynamics. We drained
small aliquots with the aim of rapidly detecting early
evidence of RV failure as would be suggested by
rising RA pressure. Simultaneously, pericardial
pressure was transduced at bedside by connecting
the pericardial drain to a standard arterial pressure
transducer. The fall in pericardial pressure below
that of the RA and PA diastolic pressure served as a
stopping point, consistent with the absence of tam-
ponade physiology.

TTE following drain removal demonstrated RV
dilation and a small pericardial effusion without
tamponade (Figure 3, Video 2). She was maintained on
maximally tolerated PAH therapy. It was believed
that her underlying rheumatologic disease played a
critical role in the pathogenesis of pericardial disease.
Immunosuppressive therapy for her rheumatologic
overlap syndrome was escalated, and she was dis-
charged home 3 weeks after initial presentation.

CONCLUSIONS

The presence of pericardial effusions in patients with
pulmonary hypertension is associated with signifi-
cant morbidity and mortality. Although more data are
needed to guide the management of the highly co-
morbid group of patients who present with PAH and
pericardial effusions, we describe a safe and effective
management strategy with serial PAC-guided
pericardiocentesis.
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