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Abstract
Background: Pericardial effusion occurs, in variable extent, in 35% of patients on hemodialysis. Pulmonary hypertension is considered responsible for the generation 
and maintenance of pericardial effusion, but such association has not been proven in hemodialysis patients.

Methods: We retrospectively collected data on patients with end-stage renal disease (ESRD) on hemodialysis who had two or more transthoracic echocardiograms. 
We investigated demographic and echocardiographic data focused on trying to find an association between right ventricular systolic pressure (RVSP) above 40 
mmHg and the presence of pericardial effusion.

Results: 129 patients had 395 echocardiograms. Sixty-six percent of studies showed RVSP above 40 mm Hg, while 43% showed variable degrees of pericardial 
effusion. We found a weak positive correlation between these variables (R coefficient= 0.16). RVSP above 40 mmHg predicted the presence (but not severity) of 
pericardial effusion even in patients without severe systolic heart failure.  In follow-up TTE, the incidence of a new effusion was higher among patients whose RVSP 
was or rose above 40 mm Hg compared to those with normal RVSP (20% vs. 7%, P=0.03). Hemodialysis schedule did not modify the results.

Conclusions: A single RVSP above 40 mmHg predicts the presence but not severity of pericardial effusion in ESRD patients, while consistently elevated RVSP 
appears to also predict the emergence of new, mostly mild pericardial effusion among those patients.
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Introduction
Pericardial effusion affects as many as 19-35% of patients with 

end-stage renal disease (ESRD) [1-6]. Though ESRD is the presumed 
cause of up to 12% of pericardial effusions categorized as small or larger 
than small, the pathophysiology is incompletely understood [7,8]. 
Although the prevalence of pericardial effusion has declined in the face 
of more efficient hemodialysis, it’s unclear whether this is mainly due 
to removal of metabolic wastes or optimization of volume status and 
hemodynamics [9-11].

Pulmonary hypertension (PH) has been described as a possible 
cause of pericardial effusion, and it may represent a necessary condition 
for the development and maintenance of pericardial effusion [12-14]. 
However, this issue has not been addressed among patients with ESRD. 
We aim to assess whether pulmonary hypertension measured by non-
invasive means predicts the presence and persistence of pericardial 
effusions in a cohort of ESRD patients.

Methods
The study was undertaken at Lyndon B. Johnson Hospital, a 

tertiary care center in Houston, Texas, after obtaining Institutional 
Review Board approval (protocol HSC-MS-14-0115); patient consent 
requirements were waived. We retrospectively collected data on 
patients with ESRD on hemodialysis who had a minimum of two fully 
descriptive transthoracic echocardiograms (TTE) performed in our 
hospital between January 2010 and February 2016. From the electronic 
medical records, we reviewed demographic data (gender, age), if the 
patients were receiving scheduled (SHD) or emergent dialysis (EHD), 

and reports of their TTE. From the latter we extracted information 
on left ventricular ejection fraction (EF) and right ventricular systolic 
pressure (RVSP), as well as the presence and severity of pericardial 
effusion (mild, moderate, severe). RVSP was estimated considering the 
jet of tricuspid regurgitation by Doppler, compared to a constant value 
of right atrial pressure as recommended in the literature. Being that 
RVSP presents as a range of values in the normal population, for our 
cohort we used the mean value of 40 mm Hg, above which we defined it 
as being elevated [15] Patients with fewer than 2 TTE or those on whom 
the RVSP could not be measured or was not reported were excluded.

Statistical methods

Categorical variables were analyzed using the Fisher exact test, and 
discrete variables were analyzed using the Student’s t test for unpaired 
samples. A two-sided P< 0.05 was considered indicative of statistical 
significance. A correlation coefficient between values of RVSP and 
the presence of pericardial effusion was calculated. We used SPSS 23 
software.
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Past studies have tried to explain whether uremic pericarditis 
or volume abnormalities are more often leading to the presence of 
effusion. In one study, of the 150 patients who had an echocardiogram 
prior to undergoing a dialysis session, 93 of them (62%) had some 
degree of pericardial effusion [19]. Although the first three months 
of hemodialysis decreased the incidence of pericardial effusion in this 
cohort, that change did not correlate with the degree of metabolic 
correction, thus arguing that optimizing volume status may be the most 
critical factor in prevention of pericardial effusion in these patients. In 
our patient population, dialysis schedule did not modify the risk for 
pericardial effusion, even when adjusted for RVSP value. 

It is noteworthy that most cases of pericardial effusion were mild. 
Therefore, even when understanding the underlying pathophysiology, 
it seems that any intervention to manage PH in this setting may not be 
indicated.

The main limitation of our study is its retrospective nature, 
preventing the investigators from knowing the indication for the 
TTE among the study patients, and therefore, from instructing the 
cardiologist on the relevance of acquiring data on PH. Moreover, we 
used a single echocardiographic variable as a surrogate for PH (RVSP), 
while the prospective evaluation of other described variables might 
have modified our results [15]. 

Conclusion
A single RVSP above 40 mm Hg predicts coexisting effusion, even 

when excluding patients with severe systolic heart failure. Rising RVSP 
in subsequent echocardiograms was associated with increased incidence 
of pericardial effusion, but decreasing values was not associated with 
lower incidence of such finding. Pulmonary hypertension may have a 
causative role in the presence but not severity of pericardial effusion 
among patients with end-stage renal disease. Most cases of pericardial 
effusion in our cohort were mild, creating no need for change in the 
therapy of pulmonary hypertension. Scheduled dialysis did not appear 
to prevent pericardial effusion better than emergent hemodialysis in 
our cohort. 
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Results
Baseline characteristics for our cohort can be found on table 1. The 

patients on SHD were dialyzed three times a week on average, while 
patients on EHD received dialysis every 7 ± 50 days. The time elapsed 
between the first and last TTE was 526 days (range 14 to 1862 days).

The presence of pericardial effusion was more common among 
those with elevated RVSP {139 of 295 (47%), vs. 49 of 136 (36%); 
P=0.001}. Moreover, there was a weak positive correlation between 
the value of RVSP and the presence of pericardial effusion (R=0.17). 
Considering that heart failure with low ejection fraction is a common 
comorbid condition among patients with end-stage renal disease, also 
known to cause class 2 pulmonary hypertension [16], we confirmed 
the correlation between elevated RVSP and the presence of pericardial 
effusion after excluding 65 patients with left-ventricular ejection 
fraction lower than 35% {111 of 207 (54%) vs. 42 of 123 (34%); P<0.001}. 

Most patients had mild pericardial effusion. Of the 9 patients with 
severe pericardial effusion, 6 (1.5%) had RVSP>40 mm Hg and 3 (0.7%, 
P=1.00) did not. 

The incidence of new effusion in a follow-up TTE was more 
frequent among patients whose RVSP was or rose above 40 mm Hg 
compared to those with normal RVSP (20% vs. 7%, P=0.03). However, 
effusion did not decrease differently when RVSP stayed or decreased 
under 40 mm Hg, compared to values above that number (19% vs. 13%, 
P=0.33).

The frequency of hemodialysis (SHD versus EHD) did not modify the 
influence of RVSP above 40 mm Hg on the presence of pericardial effusion.

Discussion
We have previously published our experience with 251 ESRD 

patients at a county hospital in our institution. In that cohort, 89 of 
251 (35%) patients admitted with previously diagnosed ESRD had 
varying degrees of pericardial effusion [17]. In that series, patients with 
pericardial effusion were more likely to have left ventricular systolic 
dysfunction, which raised the suspicion that group-2 pulmonary 
hypertension (secondary to left atrial or ventricular pressure) may have 
been responsible for these effusions [18]. The present study seems to 
support these findings, but also proves an association of elevated RVSP and 
pericardial effusion even among patients whose left ventricular ejection 
fraction is not severely impaired. Interestingly, this association is not 
present when analyzing the few patients with severe pericardial effusion. 

Age 49±15 years
Gender (male) 62 (48%)
Type of hemodialysis  
Scheduled (3 times per week) 65 (50%)
Emergent 64 (50%)
Number of analyzed echocardiograms 395
First 129 (100%)
Second 129 (100%)
Third 76 (59%)
Fourth 42 (33%)
 Fifth 19 (15%)
RVSP >40 mm Hg 259 (66%)
Pericardial effusion 169 (43%)
Mild 140 (83%)
Moderate 20 (12%)
Severe 9 (5%)

Table 1. Baseline characteristics of the study population (n=129).
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