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Abstract

Pericardial decompression syndrome (PDS) is a rare but critical com-
plication of pericardial drainage. It is most associated with pericardial 
drainage to treat cardiac tamponade but can also occur without pre-
ceding tamponade physiology. Pericardial drainage is typically per-
formed to relieve external compression on the heart in order to help 
restore normal cardiac function. In PDS, patients paradoxically devel-
op hemodynamic instability and pulmonary edema from ventricular 
dysfunction after drainage of a pericardial effusion. A 4-year-old boy 
with history of chronic granulomatous disease (CGD) who ultimately 
underwent haploidentical hematopoietic stem cell transplant (HSCT) 
required prolonged hospitalization for multiple infections and graft-
versus-host disease. His clinical course was complicated by the devel-
opment of a pericardial effusion for which he underwent pericardio-
centesis. Shortly after the procedure, the patient developed worsening 
hemodynamics and pulmonary edema. Workup revealed new-onset 
right ventricular failure which was ultimately attributed to PDS. This 
case highlights PDS as a potential risk associated with pericardiocen-
tesis in pediatric patients.
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Introduction

Pericardial decompression syndrome (PDS) is the paradoxical 

worsening of hemodynamics and/or development of pulmo-
nary edema related to ventricular dysfunction after an uncom-
plicated pericardiocentesis [1, 2]. It can present with isolated 
left ventricular (LV), right ventricular (RV), or biventricular 
failure [1-4]. While PDS is most commonly associated with 
pericardial drainage for cardiac tamponade, it can also occur 
in cases without tamponade [1]. It is critical that intensivists 
and cardiologists be familiar with this diagnosis and its typical 
presentation, proposed pathophysiology, and management.

We describe a case of PDS in a 4-year-old male who un-
derwent pericardiocentesis for management of pericardial ef-
fusion. The patient’s parents provided consent for this case 
report.

Case Report

A 4-year-old boy with history of chronic granulomatous dis-
ease (CGD) who underwent haploidentical HSCT with suc-
cessful engraftment remained admitted post-transplant for 
multiple transplant-related complications including cytomeg-
alovirus (CMV) viremia and graft-versus-host disease. History 
was notable for the patient being born in Venezuela. He had 
been developmentally appropriate and healthy until the age of 
12 months; around that age he began to suffer from recurrent 
infections including otitis media, phlebitis, and adenitis. On 
multiple occasions, his adenitis was treated with drainage; cul-
tures of this fluid grew multiple opportunistic microbes includ-
ing Candida krusei, Burkholderia cepacia, and Acinetobacter 
baumannii. At 18 months of age after extensive workup, he 
was ultimately diagnosed with X-linked CGD. At that time, he 
was started on prophylactic antimicrobials, but continued to 
suffer from recurrent infections. At 2 years of age, his family 
immigrated to the United States where he established ongo-
ing care. He ultimately required a haploidentical HSCT and 
remained admitted to the pediatric bone marrow transplant 
service for ongoing management. His initial post-transplant 
course was notable for the development of refractory CMV 
viremia and graft-versus-host disease.

On day 105 post-transplant, the patient was noted to have 
worsening clinical status and a rapid response was called. At 
that time, his temperature was 37.7 °C, heart rate was 137, 
respiratory rate was 45, blood pressure was 109/65 mm Hg, 
and oxygen saturation was 98% on 6 L of nasal cannula. On 
exam, the patient was noted to have moderate increased work 
of breathing with subcostal retractions, diffuse crackles were 
appreciated on auscultation. From a cardiac perspective, heart 
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sounds were normal, strong pulses were appreciated in all 
four extremities, and capillary refill was noted to be 2 - 3 s. 
Neurologically, the patient was alert, answered questions ap-
propriately, and did not have any focal deficits. Labs were no-
table for white blood cell count of 1.96 × 103/µL, hemoglobin 
of 8.8 g/dL, and a platelet count of 37 × 103/µL. Electrolytes 
were within normal limits. CMV polymerase chain reaction 
(PCR) level in the blood was 458,000 IU/mL, down from a 
peak of 1,780,000 IU/mL 2 weeks prior. A chest X-ray (CXR) 
demonstrated diffuse mild pulmonary edema, bilateral pleu-
ral effusions, and an enlarged cardiac silhouette. A computed 
tomography (CT) scan of the chest was obtained and showed 
bilateral diffuse airway opacities with mild-to-moderate sized 
simple pleural effusions, and a moderate-to-large pericardial 
effusion.

He was diagnosed with respiratory failure with concern 
for sepsis and was transferred to the pediatric intensive care 
unit (PICU) for ongoing management. He was escalated to 
high-flow nasal cannula (HFNC) and was started on meropen-
em. Despite ongoing management with foscarnet, there was 
concern for refractory CMV infection; maribavir and cidofovir 
were added. Given his respiratory decompensation and find-
ings on CT of bilateral simple pleural effusions, the patient 
was started on a bumetanide drip. Chest tube placement was 
deferred while attempting to treat the pleural effusions con-
servatively with diuresis. He underwent bronchoscopy with 
bronchoalveolar lavage (BAL); CMV was detected in the BAL 
fluid confirming a diagnosis of CMV pneumonitis. Bacterial 
and fungal cultures obtained during the BAL resulted as nega-
tive; additionally, multiple opportunistic infections were tested 
for and resulted as negative.

Given the findings of pericardial effusion on the CT scan, 
an echocardiogram was obtained and confirmed a qualitatively 
small-to-moderate circumferential pericardial effusion with 
the largest diameter measuring 10 mm but without evidence of 
cardiac tamponade. This was suspected to be a chronic inflam-
matory pericardial effusion. Given these findings and the fact 
that his CMV treatment had been optimized, pericardial drain-
age was deferred with plan to monitor the patient clinically and 
repeat serial echocardiograms.

One week after transfer to the PICU, the patient’s blood 

CMV titers were improving (23,800 IU/mL). His pleural ef-
fusions had improved with conservative management on the 
bumetanide drip. Despite this, he remained on HFNC and 
interval echocardiogram redemonstrated the circumferential 
pericardial effusion with an increase in the size at its largest di-
ameter to 18 mm. Two weeks later, now 125 days post-HSCT, 
his clinical status worsened. His vitals at the time were tem-
perature of 38.7 °C, heart rate was 180, respiratory rate was 40, 
blood pressure was 92/35 mm Hg, and oxygen saturation was 
90% on 40 L of HFNC with an FiO2 of 100%. On exam, he 
was visibly exhausted but neurologically appropriate and in-
teractive without focal neurologic deficits. He was tachypneic 
and dyspneic with subcostal and suprasternal retractions. He 
was noted to have diffuse coarseness with crackles through-
out his bilateral lung fields. His pulses were strong in all four 
extremities and capillary refill was 2 - 3 s. Heart sounds were 
normal. All other components of the exam were non-contribu-
tory. CXR demonstrated diffuse haziness without focality with 
small bilateral pleural effusions.

Labs at that time were notable for a white blood cell count 
of 0.54 × 103/µL, hemoglobin of 9.6 g/dL, and a platelet count 
of 36 × 103/µL. Other than an elevated blood urea nitrogen 
(BUN) (27 mg/dL) which was likely related to the patient’s 
ongoing diuresis, electrolytes were within normal limits. CMV 
PCR level in the blood was down to 7,560 IU/mL.

Given his worsening cardio-respiratory status, the patient 
was intubated. Post-intubation, the patient was sedated with 
fentanyl and dexmedetomidine drips. He remained hypoxic on 
moderate ventilatory support. Notably, despite adequate seda-
tion, fever control, and fluid resuscitation, he remained tachy-
cardic with heart rates in the 160s. A repeat echocardiogram 
was obtained and the circumferential pericardial effusion now 
measured 19 mm at its largest diameter (Fig. 1). The patient 
was noted to have good biventricular function and there was 
no evidence of tamponade physiology. There was considerable 
debate regarding the best approach to managing the pericardial 
effusion as typical threshold for intervention includes evidence 
of cardiac tamponade and/or measuring greater than 20 mm. 
The size of the patient’s pericardial effusion put it on the cusp 
of warranting drainage. Additionally, given that the pericardial 
effusion continued to increase in size and there was concern 

Figure 1. Transthoracic echocardiogram. (a) Subcostal and (b) parasternal short axis views demonstrating a moderate-sized 
circumferential pericardial effusion measuring 19 mm at its largest depth. * denotes areas of pericardial effusion.
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that it contributed to his decompensation, decision was made 
to proceed with pericardiocentesis. Additionally, the procedure 
allowed for laboratory analysis of the pericardial fluid.

Pericardiocentesis was performed and approximately 200 
mL of serous fluid was immediately drained and a pericardial 
drain was left in place. Post-procedure his tachycardia im-
proved with heart rates ranging between 100 and 115, and a 
repeat echocardiogram showed resolution of the pericardial ef-
fusion and normal biventricular function. The pericardial fluid 
was straw colored. Lab studies on the pericardial fluid were 
notable for a total protein of 4.4 g/dL, lactate dehydrogenase 
334 U/L, and glucose of 122 mg/dL. Cultures were also sent 
and resulted as negative. CMV PCR on the pericardial fluid 
was not detected which reassured against active CMV infec-
tion within the pericardium. Overall, these findings were con-
sistent with an inflammatory pericardial effusion secondary to 
the patient’s overall clinical state.

Approximately 6 h after the pericardiocentesis, the patient 
developed acute hypotension with blood pressures of 50s/30s 
mm Hg and tachycardia to the 170s. He then developed severe 
bradycardia with a heart rate in the 40s. He required resuscita-
tion with multiple epinephrine boluses and ultimately required 
high-dose epinephrine, norepinephrine, and vasopressin infu-
sions to maintain appropriate blood pressure for age, addition-
ally he was started on stress dose hydrocortisone. He required 
increased respiratory support on the ventilator and a repeat 
CXR was notable for mildly increased diffuse pulmonary in-
filtrates consistent with worsening pulmonary edema. Infec-
tious workup was obtained and antimicrobials were broadened 
to include meropenem, linezolid, and amphotericin B, given 
concern for septic shock. Echocardiogram showed a dilated 
RV with interventricular septal flattening. The RV function 
was severely diminished and there was moderate tricuspid 
valve regurgitation with an estimated right ventricular systolic 
pressure (RVSP) that was greater than half systemic (Fig. 2). 
Despite the flattened interventricular septum, LV function was 
preserved. Notably, there was no evidence of pericardial effu-
sion. Inhaled nitric oxide was initiated for RV afterload reduc-
tion and he continued on high-dose epinephrine, norepineph-
rine, and vasopressin drips. Within 24 h, he was weaned off 

all vasoactive medications and a follow-up echocardiogram 
demonstrated spontaneous improvement in RV function: the 
RV was mildly dilated with qualitatively moderately dimin-
ished systolic function, mild tricuspid valve regurgitation, and 
an estimated RVSP less than a third systemic. He was then 
extubated to HFNC and inhaled nitric oxide was discontinued 
the following day. The pericardial drain was removed 3 days 
after initial placement and repeat echocardiogram demonstrat-
ed normal biventricular function without pericardial effusion. 
Of note, blood cultures obtained around the time of his de-
compensation were negative and the linezolid and meropenem 
were discontinued. Aspergillus galactomannan antigen en-
zyme immunoassay (EIA) from the serum resulted as positive 
with a value of 3.26 EIA units. The patient was continued on 
amphotericin B.

Over the 3 weeks following the patient’s recovery from 
PDS, he slowly clinically deteriorated. He developed worsen-
ing respiratory failure followed by the development of septic 
shock. His Aspergillus galactomannan antigen EIA remained 
positive despite treatment with amphotericin B; anti-fungal 
coverage was expanded to include micafungin. He was intu-
bated and restarted on vasoactive medications for septic shock. 
He was also restarted on empiric antibiotics with linezolid and 
meropenem. Blood cultures obtained were positive for Entero-
coccus faecalis; linezolid and meropenem were discontinued 
and he was started on ampicillin. The patient progressed to 
multi-organ failure and suffered from a cardiac arrest. Resus-
citation efforts were initiated in line with the wishes of the 
family, but were unsuccessful and the patient died.

Discussion

We describe a case of PDS in a pediatric patient shortly af-
ter pericardiocentesis for pericardial effusion. Our patient was 
medically complex with a history of CGD, and he ultimately 
underwent HSCT. His post-transplant course was complicated 
by the development of refractory CMV viremia. The course 
was further complicated by the development of an inflamma-
tory pericardial effusion. After initial conservative manage-

Figure 2. Transthoracic echocardiogram. Still frames obtained from 2D cine clips. (a) Apical four-chamber view: severe RV dila-
tion and reduced systolic RV function. Normal left ventricular systolic function. (b) Parasternal short axis: interventricular septum 
flattening through the cardiac cycle, more pronounced in diastole, suggestive of RV volume overload. (c) New-onset moderate 
tricuspid regurgitation secondary to RV dilation and ventricular dysfunction. RA: right atrium; LA: left atrium; RV: right ventricle; 
LV: left ventricle; TR: tricuspid regurgitation.
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ment, the decision was made to perform a pericardiocentesis. 
The patient clinically deteriorated shortly after the procedure 
and was ultimately diagnosed with PDS. He was treated with 
supportive management and his PDS resolved within 24 h. Un-
fortunately, despite recovering from his PDS, the patient later 
developed septic shock and multi-organ failure and eventually 
died.

PDS is an acute hemodynamic sequela of pericardiocen-
tesis or surgical pericardiostomy that carries significant risk 
of morbidity and mortality [1]. While there are many reports 
of PDS in adults [1], there is only one reported pediatric case, 
which occurred in a teenage patient with a large pericardial 
effusion and cardiac tamponade prior to pericardial drainage 
[5]. We present a novel pediatric case of a 4-year-old male who 
developed PDS after pericardiocentesis of a moderate-sized 
chronic inflammatory pericardial effusion.

PDS has been reported to occur immediately after pericar-
dial drainage but can present up to 48 h after [3]. A recent study 
that analyzed 62 cases of PDS in adults found that it can occur 
after a broad range of drained pericardial volumes (100 - 2,760 
mL) [1]. Notably, this study also found that 4.8% of patients 
did not have cardiac tamponade prior to undergoing pericardial 
drainage [1]. PDS can be fatal; in cases of survival, recovery of 
ventricular function ranges from 1 to 21 days [1].

The mechanism of PDS is not well understood. There are 
three proposed pathophysiological hypotheses: hemodynamic, 
ischemic, and autonomic. The hemodynamic hypothesis pro-
poses increased systemic venous return to a more compliant 
RV after pericardiocentesis, which results in increased RV 
preload and RV dilation [2, 6, 7]. This can lead to RV fail-
ure and LV compression from interventricular septum bowing, 
which limits LV preload leading to decreased cardiac output 
and pulmonary edema [2, 6, 7]. The cardiac output is further 
decreased due to increased systemic resistance which develops 
during the state of cardiac tamponade but is thought to persist 
after pericardial drainage [2, 6]. The ischemic hypothesis relies 
on the premise that cardiac tamponade causes decreased coro-
nary artery perfusion and in turn causes cardiac ischemia [8]. 
The cardiac ischemia leads to ventricular stunning that persists 
after pericardiocentesis and restoration of coronary blood flow 
[2, 6]. This theory relies on an initial state of cardiac tampon-
ade and may not be as applicable to drainage of chronic peri-
cardial effusions that are not associated with tamponade. The 
autonomic hypothesis suggests that during the state of cardiac 
tamponade, the body compensates with increased catecho-
lamine levels to maintain cardiac output via chronotropy and 
inotropy [2, 9, 10]. Once pericardiocentesis is performed, there 
is no longer a driver of the increased catecholamine state in 
the body [2, 9, 10]. This uncovers myocardial dysfunction that 
was compensated for in the high catecholamine environment 
[2, 9, 10]. Our patient’s PDS presentation with RV failure with 
echocardiogram findings at the time of diagnosis significant 
for RV dilation and septal bowing seems to be most consistent 
with the hemodynamic hypothesis.

Little guidance on the prevention of PDS exists. The 2015 
European Society of Cardiology guidelines provide a frame-
work for management of adults with pericardial effusion, and 
it includes a recommendation of limiting pericardial fluid re-
moval to less than 1 L in order to limit the risk of PDS [11]. 

Other adult studies propose limiting fluid removal to the vol-
ume required to relieve evidence of cardiac tamponade after 
which a pericardial drain should be left in place and subse-
quent fluid removal should occur gradually over days [6, 7]. 
This proposed treatment guideline has limited benefit when 
pericardial drainage is not associated with cardiac tamponade.

A critical aspect of management after pericardiocentesis 
includes hemodynamic monitoring ideally in an intensive care 
unit which allows early detection and treatment of PDS. Treat-
ments are centered on supportive care and include interven-
tions to promote cardiac function and maintain appropriate 
blood pressure. In severe cases, patients may warrant extra 
corporeal membrane oxygenation until function recovery.

Reexamining our case, the patient’s decompensation after 
pericardiocentesis had a broad differential diagnosis including 
septic shock, worsening acute hypoxemic respiratory failure 
causing cor pulmonale, and PDS. Blood cultures obtained 
during the acute decompensation resulted as negative and 
empiric antibiotics were discontinued after 48 h. Aspergillus 
galactomannan antigen EIA from the serum resulted as posi-
tive. Based on the time course of the patient’s decompensation, 
rapid recovery, and that the patient’s Aspergillus galactoman-
nan antigen EIA remained positive throughout the patient’s 
initial recovery, Aspergillus infection was not felt to be the 
primary driver of the post-pericardiocentesis decompensation. 
CXR showed no evidence of new pneumonia, but did dem-
onstrate worsening pulmonary edema consistent with PDS. 
Given these findings in addition to the spontaneous recovery 
of his RV, PDS is the most likely explanation for our patient’s 
decompensation.

Our case highlights the diagnostic dilemma regarding the 
threshold for pursuing pericardiocentesis for pericardial ef-
fusion. The initial finding of a small-to-moderate pleural ef-
fusion prompted conservative management with diuresis and 
continued treatment of his underlying CMV infection which 
was the suspected cause of the pericardial effusion. The pa-
tient’s clinical decompensation requiring intubation, ongoing 
tachycardia, and increased pericardial effusion size prompted 
our team to intervene with pericardiocentesis. Once the patient 
developed hemodynamic compromise, the immediate institu-
tion of supportive care measures including vasoactive agents 
and inhaled nitric oxide were critical interventions to maintain 
adequate hemodynamics. Obtaining a repeat echocardiogram 
was also critical post-decompensation. It showed the stark 
contrast from his normal biventricular function earlier in the 
morning to acute RV failure. This allowed for directed thera-
pies to support the RV until recovery.

The paucity of reported pediatric cases of PDS may be 
attributed to it being an underrecognized and underreported 
entity. Further research and awareness are crucial to enhancing 
our understanding of PDS.

Conclusion

PDS is a rare but serious potential complication of pericar-
diocentesis. Pediatric cardiologists and intensivists should be 
aware of this potential complication and consider monitoring 
patients for at least 48 h after drainage of pericardial effusion. 
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Further investigation into PDS in pediatric patients is needed 
to guide risk assessment, prevention strategies, and manage-
ment.
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