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ABSTRACT

Background: Pericardiocentesis for the treatment 
of chronic cardiac tamponade can occasionally result 
in acute pulmonary edema or biventricular failure. A 
sudden increase in heart fi lling pressures and right-to-left 
ventricular-output mismatch have been proposed underly-
ing mechanisms.

Case Report: We report the case of 16-year-old patient 
who underwent pericardiocentesis for chronic cardiac tam-
ponade 6 weeks after undergoing a Bentall procedure. The 
patient developed circulatory shock 6 hours after pericardio-
centesis. High-volume hemofi ltration was used as a rescue 
therapy after treatment with positive inotropic drugs proved 
ineffective. An improvement in circulatory function observed 
after commencement of the hemofi ltration treatment was fol-
lowed by hemodynamic deterioration when the hemofi ltra-
tion procedure was ceased.

Discussion: The mechanism of the observed hemo-
dynamic improvement is unclear. Hemodynamic recov-
ery related in time to high-volume hemofi ltration treat-
ment indicates the possible removal of infl ammatory 
mediators. Visceral vasoconstriction resulting from 
cardiac tamponade and subsequent improvement in gut 
perfusion after pericardiocentesis that led to washout of 
infl ammatory mediators might have contributed to the 
development of acute heart failure. Cytokine removal 
by high-volume hemofi ltration and the procedure’s rela-
tionship to hemodynamic improvement have previously 
been demonstrated in clinical and experimental studies 
of septic shock.

Conclusions: We conclude that high-volume hemofi ltra-
tion can be helpful as an adjuvant treatment for refractory 
shock after pericardiocentesis for chronic cardiac tamponade. 
The mechanism of the observed hemodynamic improvement 
remains to be investigated.

INTRODUCTION

In patients with chronic cardiac tamponade, sudden reduc-
tion of the intrapericardial volume after pericardiocentesis 
occasionally results in pulmonary edema or biventricular fail-
ure [Ligero 2006].

An abrupt increase in the preload of both ventricles caus-
ing an acute increase in the transmural pressure has been 
proposed as a mechanism leading to the development of 
acute heart failure [Wolfe 1993]. A thin-walled right ven-
tricle is more compliant; therefore, it should compensate 
for a sudden preload increase, in contrast to the left ven-
tricle. The difference in end-diastolic pressure can lead to 
a shift of the interventricular septum and a mismatch of the 
right and left ventricular outputs, which occurs in the set-
ting of an increased left ventricular afterload caused by an 
increased catecholamine level [Downey 1991]. A decrease 
in coronary perfusion, which can cause transient global left 
ventricular hypokinesis and regional wall motion abnormal-
ities, and an imbalance between sympathetic and parasym-
pathetic stimulation were also listed among possible factors 
contributing to acute heart failure after pericardiocentesis 
[Wolfe 1993].

Given that none of the theories presented in the litera-
ture elucidate comprehensively the mechanism of acute heart 
failure after pericardiocentesis, a role may be played by other 
factors, which, together with previously described mecha-
nisms, could contribute to a compound pathophysiology of 
this complication.

Circulatory support with inotropes and vasopressors, the 
administration of diuretics, and mechanical ventilation, which 
have proved effective in most patients [Shenoy 1984; Bernal 
2007], do not ensure a patient’s recovery, and fatal cases have been 
reported after conventional treatment [Karamichalis 2009].

CASE REPORT

A 16-year-old boy with Marfan syndrome was presented 
to the department of cardiac surgery with symptoms of car-
diac tamponade 6 weeks after undergoing a Bentall proce-
dure. A transthoracic echocardiography examination dem-
onstrated 4.5-cm layer of pericardial fl uid that caused right 
ventricular compression, whereas left ventricular contractility 
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was good. Before induction of anesthesia for pericardiocen-
tesis, the patient presented with atrial fi brillation. His heart 
rate and arterial blood pressure were 125 beats/min and 
120/60 mm Hg, respectively, without inotropic and 

vasopressor treatment. A pericardial drainage procedure 
evacuated 1800 mL of hemolyzed blood, and an additional 
660 mL was drained the following day. After pericardiocen-
tesis, the atrial fi brillation converted spontaneously to a sinus 

Parameters of hemodynamic function, mixed venous hemoglobin saturation, lactate concentration, and doses of inotropic drugs during treatment of acute heart 
failure. The times of the fi rst hemofi ltration (1st HF) and second hemofi ltration (2nd HF) procedures are represented by the diagonally hatched areas.
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rhythm. The patient was extubated 1 hour after pericardio-
centesis in an apparently stable hemodynamic condition.

The patient’s circulatory function began to deteriorate 
5 hours after the procedure, when his arterial blood pres-
sure decreased to 50/30 mm Hg. The patient was set on 
mechanical ventilation, which produced good pulmonary gas 
exchange, with a ratio of the Pao2 to the fraction of inspired 
O2 of 357 mm Hg. To recover an adequate blood pressure, we 
infused dobutamine and norepinephrine into the patient. A 
transthoracic echocardiography evaluation demonstrated no 
pericardial effusion. Both ventricles were dilated, however, 
and the left ventricular ejection fraction decreased to 15%. 
The central venous pressure was 17 mm Hg.

Measurement of the thermodilution cardiac output dem-
onstrated the function of both ventricles to be severely 
depressed. Parameters of hemodynamic function, the mixed 
venous hemoglobin oxygen saturation, the lactate concen-
tration, and the doses of inotropic drugs used during the 
patient’s treatment in the intensive care unit are presented in 
the Figure.

In response to the poor hemodynamic parameters 
upon fi rst calculating the cardiac output, we increased the 
dobutamine and norepinephrine dosages and started an 
enoximone infusion. When the patient’s condition did not 
improve (a response confi rmed by a lactate concentration 
of 5.9 mmol/L, a cardiac index of 1.4 L/min per m2, and a 
mixed venous oxygen saturation of 35%), we commenced 
high-volume hemofi ltration with a polyethersulfone fi lter 
(cutoff, 30,000 Da) at 23 hours after pericardiocentesis. 
The fl ow rate of the substitution fl uid was set at 54 mL/kg 
per hour in the fi rst 7 hours and was decreased to 36 mL/
kg per hour in the subsequent 11 hours. The volume bal-
ance of hemofi ltration was set to –40 mL/hour for the initial 
5 hours and was changed to –10 mL/hour thereafter. After 
4 hours of hemofi ltration, the patient’s urine output decreased 
to <20 mL/hour, but it recovered by 7 hours to >3 mL/kg per 
hour in response to furosemide administration. A remarkable 
hemodynamic improvement was observed, which allowed the 
patient to be almost completely weaned from catecholamine 
treatment before 18 hours of hemofi ltration, when it was 
fi nished because of hemofi lter clotting. The patient was 
extubated 26 hours after the end of the fi rst hemofi ltration 
procedure; however, the patient’s hemodynamic parameters 
deteriorated the next day. Hemofi ltration was reinstituted 
30 hours after the end of the fi rst hemofi ltration procedure, 
and this second procedure coincided in time to a further 
recovery in the patient’s hemodynamic performance. The 
second hemofi ltration procedure was ceased after 40 hours. 
The patient was discharged from the intensive care depart-
ment in good clinical condition on day 12.

DISCUSSION

The most interesting observation was that the acute biven-
tricular failure, which was refractory to standard treatment 
with dobutamine, norepinephrine, and enoximone, began to 
improve after commencement of high-volume hemofi ltra-
tion therapy. The function of both ventricles regressed when 

hemofi ltration was withheld, indicating that the high-volume 
hemofi ltration treatment was contributing to the observed 
hemodynamic recovery. The improvement in heart function 
and an increase in systemic vascular resistance (which allowed 
reduction of the norepinephrine dosage) that occurred during 
the fi rst hemofi ltration procedure suggest an important role 
of either circulating cytokines or other humoral factors that 
could be removed by hemofi ltration.

Because the patient’s shock in this case proved refractory 
to conventional treatment and because his hemodynamic 
status was deteriorating toward irreversibility, we decided to 
use high-volume hemofi ltration as a rescue therapy. Inves-
tigators have previously recommended that extracorporeal 
blood-purifi cation techniques be considered as a supple-
mentary treatment for patients with refractory septic shock 
[Bellomo 2005; Cornejo 2006]. Hemodynamic improvement 
during high-volume hemofi ltration has also been reported for 
patients with refractory nonseptic shock [Lango 2009].

In addition to previously proposed mechanisms of acute 
heart failure following pericardiocentesis, myocardial depres-
sion caused by circulating infl ammatory mediators may also 
be a contributor. The splanchnic circulation could represent 
a possible source of infl ammatory mediators after pericar-
diocentesis. Decreased cardiac output in a patient with tam-
ponade leads to an increase in sympathetic stimulation and 
angiotensin release. Both factors are known to cause gut 
hypoperfusion, which can lead to cytokine release, thereby 
exerting potent negative inotropic effects. In turn, the sudden 
recovery of adequate ventricular fi lling after pericardiocente-
sis can restore adequate cardiac output and improve the per-
fusion of the previously hypoperfused gut [Magnotti 1998]. 
Therefore, gut hypoperfusion followed by restoration of 
adequate perfusion may represent an important factor lead-
ing to acute heart failure. Although cytokine concentrations 
were not measured in this patient, the concept of high levels 
of circulating cytokines is supported by the observation of a 
normal systemic vascular resistance despite high-dose nor-
epinephrine treatment before the commencement of hemo-
fi ltration. The patient’s hemodynamic profi le indicates that 
his circulatory status began to improve after the beginning of 
high-volume hemofi ltration. The effective removal of infl am-
matory mediators during hemofi ltration and its relationship 
to hemodynamic improvement were previously demonstrated 
in a study of experimental and clinical sepsis [Bellomo 2005].

We conclude that high-volume hemofi ltration may be help-
ful as an adjuvant therapy for refractory shock in patients with 
chronic tamponade treated with pericardiocentesis, if other 
treatment methods do not result in a rapid recovery of ade-
quate cardiovascular function. The mechanism of the hemo-
dynamic recovery we observed remains to be investigated.
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