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Abstract
Introduction: Constrictive pericarditis (CP) usually presents as a result of chronic fibrous pericardial thickening and calcification 
of the pericardium which causes reduced cardiac output. Despite the lack of prospective studies comparing the different thera-
peutic strategies, surgical pericardiectomy is a valuable treatment under most circumstances.
Aim: We analyzed our records to highlight the predictors of morbidity and mortality of pericardiectomy and also short-term 
surgical outcome of the same procedure in a single center.
Material and methods: We carried out a comprehensive retrospective analysis of the records of patients who underwent sur-
gery for CP at our institute between 2013 and 2018. 30 patients underwent isolated pericardiectomy. All patients underwent 
median sternotomy and total pericardiectomy without the use of cardiopulmonary bypass. Pre-operative, intra-operative and 
post-operative characteristics were noted.
Results: Fifteen patients had a history of pulmonary tuberculosis. The majority of the patients presented with NYHA grade III or IV. 
60% of the patients were male. The preoperative mean central venous pressure was 24 ±9 mm Hg and decreased to 9 ±5 mm Hg 
after surgery. The 30-day mortality was 6.66% (2/30). Morbidity was mainly due to low-cardiac output syndrome (n = 4). A total 
of 26 patients had significant improvement in their NYHA status.
Conclusions: Although pericardiectomy for CP remains associated with some operative mortality, the short-term outcome is 
favorable, and surgical treatment is able to improve the functional class in the majority of survivors.
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Introduction
Constrictive pericarditis (CP) usually presents as a re-

sult of chronic fibrous pericardial thickening and calcifica-
tion of the pericardium [1]. The thickened and fibrotic peri-
cardium causes reduced cardiac output as a consequence 
of impaired diastolic filling of the cardiac chambers [2]. 
Despite the lack of prospective studies comparing the dif-
ferent therapeutic strategies, surgical pericardiectomy is 
a valuable treatment under most circumstances [3–8]. The 
main benefits of this operation are the increase in survival, 
the relief of symptoms, and the prevention of disease pro-
gression [9–12].

Aim
The outcomes of pericardiectomy would greatly im-

prove from appropriate surgical strategies and periopera-
tive medical management based on the identification of 
perioperative risk factors [5, 13–15]. We analyzed our re-

cords to highlight the predictors of morbidity and mortality 
of pericardiectomy and also short-term surgical outcome of 
the same procedure in a single center.

Material and methods
We carried out a comprehensive retrospective analy-

sis of the records of patients who underwent surgery for 
CP at our institute between 2013 and 2018. We identified  
35 patients who underwent surgery for CP. Out of these  
35 patients, 30 patients underwent isolated pericardiecto-
my and 5 patients had concomitant surgery for associated 
cardiac conditions along with pericardiectomy. We ana-
lyzed the records of the patients who underwent isolated 
pericardiectomy only. 

The diagnosis of CP was made on the basis of clinical, 
echocardiography, radiological, surgical, and pathological 
criteria. Patients with tuberculosis and CP were started on 
anti-tuberculosis medicines as per the guidelines and were 
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operated on only after the intensive phase of the medi-
cines was over. Anti-tuberculosis medicines were continued 
after surgery for the designated time period in the continu-
ation phase.

All patients underwent median sternotomy. In all cases 
of pericardiectomy, a circuit for extracorporeal circulation 
was ready to use, and the perfusionist was present in the 
operating room. External defibrillation pads were always 
installed before the operation. All patients underwent total 
pericardiectomy, which was defined as phrenic-to-phrenic 
excision of the pericardium and from the great arteries 
superiorly to the diaphragmatic surface inferiorly [16]. The 
pericardium was palpated to identify a relatively soft and 

uncalcified area after median sternotomy, and the thymus 
was removed laterally. An incision was made over the peri-
cardium. Dissection was started at the base of the aorta, 
extended downwards to the lateral and posterior walls 
of the left ventricle and the pulmonary veins, followed by 
the diaphragmatic pericardium. The pericardium over the 
right atrium and venae cavae was resected last. The myo-
cardium was then exposed, to achieve mobilization of the 
heart down to the phrenic nerves. Dissection and pericardi-
ectomy beyond the phrenic nerves was not needed in any 
of the patients. In the presence of dense adhesions impos-
sible to separate we incised the area in a grid pattern care-
fully not to cause any injury. If calcified plaques penetrating 
the epicardium were present, we had to leave small islands 
of calcified pericardium. Cardiopulmonary bypass was not 
needed in patients who underwent isolated pericardiec-
tomy (Figures 1 and 2). 

Pre-operatively causes of CP were assessed, baseline 
clinical details of the patients were noted, and investiga-
tions were noted. Intra-operative findings, central venous 
pressure before and after surgery and causes of periopera-
tive morbidity and mortality were noted. One year survival 
and improvement in functional class were assessed.

Statistical analysis
Results are the mean ± standard deviation or percent-

ages. For risk analyses, a multiple logistic regression model 
was developed using a forward stepwise variable selection 
method. The Fisher exact test or chi square test was used 
for categorical variables. Student’s t-test was employed for 
continuous covariates. P-values ≤ 0.05 were considered 
significant. Analyses were undertaken using SPSS version  
23 by IBM. 

Results
Table I shows the causes of CP and their distribution 

in our study. Fifteen patients had a history of pulmonary 
tuberculosis. The cause was not determined in 11 patients 
and in 4 patients some other infection was the cause.  
Table II summarizes the baseline clinical details of the pa-
tients. The majority of the patients presented with NYHA 
grade III or IV. 60% of the patients were male. 

Echocardiography revealed a thickened pericardium in 
all patients. Preoperative computed tomography (CT) was 
done in all patients, and part of the pericardium was dem-
onstrated to be thickened or calcified.

Surgical findings included a markedly thickened peri-
cardium with some calcification in 20/30 patients, caseous 
necrosis in the pericardial cavity in 18/30 patients and a cal-
cified pericardium penetrating the myocardium in 6/30 pa-
tients. The preoperative mean central venous pressure was 
24 ±9 mm Hg and decreased to 9 ±5 mm Hg after surgery 
(p < 0.001). Surgical pathology specimens were examined 
for granulomas (10/30), as well as inflammation and fibrin 
deposition (17/30). All bacterial cultures were negative.

There were 2 deaths and both were cardiac-related. 
They occurred in the perioperative period as a result of 

Figure 1. Intraoperative photograph of a patient with calcified 
pericardium

Figure 2. Intraoperative photograph of dissection being carried out

Table I. Relationship between constrictive pericarditis and the un-
derlying causes

Etiologic factors Number Percentage

Tuberculosis 15 50

Indeterminate 11 37

Infections other than Tuberculosis 4 13

Other infections included viral in 3 patients and bacterial in 1 patient.
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low cardiac output syndrome due to right-heart failure. The 
30-day mortality was 6.66% (2/30). Morbidity was due to 
low-cardiac output syndrome (n = 4), acute renal failure  
(n = 1), respiratory insufficiency (n = 2), mediastinitis (n = 1) 
and re-exploration for bleeding (n = 1) (Table III). A total of 
26 patients had significant improvement in their NYHA sta-
tus with almost all discharged patients remaining in NYHA 
class I/II during follow up. One-year survival in 28 patients 
was 92.86%.

The multivariate analysis of composite surgical mortality 
or major morbidity is summarized in Table IV. Multivariate 
analysis showed that preoperative NYHA class (odds ratio 
(OR) = 2.54; p < 0.001), age (OR = 3.78; p = 0.01), tubercu-
losis (OR = 20.25; p < 0.001) and renal failure (OR = 2.73;  
p = 0.02) after surgery were each positively associated with 
increased mortality or major morbidity.

Discussion
The clinical outcome of pericardiectomy for CP remains 

constrained by high peri-operative mortality. Our study 
has highlighted that some pre-and peri-operative factors, 
mainly related to the clinical condition of the patients, can 
adversely affect the short-term outcome. Idiopathic or viral 
pericarditis is the predominant cause in the western world, 
but tuberculosis is still a common cause of CP in “devel-
oping” and “underdeveloped” countries (especially in Asia) 
[2, 5, 14, 17]. Patients with traumatic CP, post-surgery CP 
and radiation-induced heart disease were not found in our 
study. On the other hand, 50% of our patients had tubercu-
losis. Mean age in our study was 32 years, which is about  
10 years younger than that reported in earlier studies [13–
15]. This finding reflects the difference in the etiology of CP. 

In our study CP was more common in males, which is 
consistent with other series [5, 13–15, 18]. Also there were 
almost twice as many males as females. No single approach 
should be used to diagnose all cases of CP [19]. The diag-
nostic approach should be individualized for patients. The 
prominent signs are pleural effusions, ascites, leg edema, 
and increased jugular venous pressure. Sometimes, howev-
er, patients may not present with sufficient signs or symp-
toms for a definitive diagnosis to be made. In such cases, 
additional imaging is required and recommended. 

Echocardiography should be the initial noninvasive im-
aging employed [5, 17, 19–21]. CT and MRI give more in-
formation than echocardiography and should be utilized 
wherever available. We followed the same approach and 
CT was done in all the patients. CT helped us to identify 
pericardial calcification more accurately and we were able 
to plan our intra-operative strategy with more ease.

Pericardiectomy is the most effective curative treat-
ment for chronic CP [5, 13–15, 17]. In the current study pre-
operative NYHA grade was positively associated with mor-
tality and major morbidity, and hence as per our experience 
patients with CP should be operated on as soon as the di-
agnosis is made and before they develop NYHA grade III 
heart failure. In our institute, pericardiectomy is carried out 
within 1 week after the diagnosis, before clinical manifesta-

tions become worse. Various approaches and methods (left 
anterolateral thoracotomy; median sternotomy; U incision 
with the base of the U lying at the left sternal border; bi-
lateral thoracotomy) have been described since Rehn and 

Table II. Pre-operative baseline clinical details

Variable Results

Age [years] 32 ±15.5

Males 18 (60%)

Diabetes 2 (6.6%)

Renal dysfunction 1 (3.3%)

NYHA class: 

II 4 (13.3%)

III 18 (60%)

IV 8 (26.6%)

Raised jugular venous pressure 21 (70%)

Lower limb edema 20 (66.66%)

Abdominal distension 20 (66.66%)

Palpitation 12 (40%)

Smoking 10 (33.33%)

Hypoalbuminemia 12 (40%)

Pleural effusion 22 (73.33%)

Pulmonary infiltrates 15 (50%)

Pericardial calcification 6 (20%)

Rhythm disturbances 14 (46.66%)

Age is given as range and other characteristics are given as percentage.

Table III. Intra-operative and postoperative findings for the surgery

Variable Results

CVP change [mm Hg]: 

Pre-operative CVP 24 ±9

Postoperative CVP 9 ±5

Re-exploration for bleeding 1 (3.33)

Low output syndrome 4 (13.33)

Renal failure 1 (3.33)

Respiratory insufficiency 2 (6.66)

Mediastinitis 1 (3.33)

Intensive care unit stay [days] 3 ±2

Hospital stay [days] 21 ±10.3

In-hospital mortality 2 (6.66)

CVP – central venous pressure, CVP – intensive care unit and hospital stays are 
in range and the other parameters are in percentage in brackets.

Table IV. Multivariate predictors of composite surgical mortality 
and major morbidity

Covariate Odds ratio P-value

Age 3.78 0.01

Male sex 0.55 0.99

Diabetes 0.90 0.58

Tuberculosis 20.25 < 0.001

NYHA class 2.54 < 0.001

Renal failure 2.73 0.02
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Sauerbruch conducted a successful pericardial resection 
for chronic CP [22]. The most commonly used approach is 
median sternotomy, which is also the approach of choice 
at our institute. Median sternotomy provides more radical 
clearance of the pericardium over the right atrium and ve-
nae cavae, and allows extensive pericardial removal and 
also facilitates use of cardiopulmonary bypass if needed. 
[13, 20]. 

Chowdhury et al. suggested that delayed improvement 
and persistent symptoms are most commonly the result 
of incomplete decortications [5]. However, Schwefer et al. 
suggested that the long-term outcome is related not only 
to extent of the surgery but also the etiology of pericardial 
disease and preoperative NYHA status [19]. In the current 
study, despite total pericardiectomy, 6.66% of patients had 
early postoperative deaths due to low-output syndrome.

A correlation between NYHA grade and overall or early 
survival has been observed by our study and also other 
studies, and hence early pericardiectomy is advocated [23]. 
In the current study, low-output syndrome and respira-
tory insufficiency were the most common postoperative 
complications. Improved perioperative management and 
medical therapy are important to avoid low cardiac output 
and restoration of right-heart function. Diuretics, inotro-
pes, and vasodilators are the best medical therapies in the 
perioperative period [17]. However, there is a temptation, if 
faced with a much raised venous pressure and edema, for 
overzealous use of diuretics. Such management can lead to 
sudden death due to electromechanical dissociation. Also 
care should be taken to start proper treatment for the etiol-
ogy pre-operatively.

In the current study tuberculosis was the most com-
mon etiology for chronic CP and we started our patients on 
anti-tuberculosis medications pre-operatively as per guide-
lines. These medicines were continued postoperatively for 
a period of 6–9 months. Tuberculous CP can have signifi-
cant involvement of the lungs [2]. Preoperative chronic lung 
disease also has a considerable negative effect on post-
operative results. Effective interventions can include ag-
gressive physiotherapy, fiberoptic bronchoscopy along with 
aggressive screening for postoperative pneumonia. Blood 
transfusion may be needed for CP patients suffering from 
tuberculosis due to long-term malnutrition and deprivation 
of cardiogenic nutrients [14]. Also tuberculosis was posi-
tively associated with mortality in the present study. Hence 
proper management of tuberculosis is a must for a good 
surgical outcome.

The current study is a retrospective observational study 
with a small cohort and analysis of short-term results. 
Long-term follow-up data on survival are lacking, which 
limits our ability to understand the long-term benefits of 
total pericardiectomy. We found mostly infective etiology 
for chronic CP in the current study and the outcome of 
pericardiectomy for this etiology was analyzed. We do not 
know the outcome of pericardiectomy for other etiological 
factors. 

Conclusions
Although pericardiectomy for CP remains associated 

with some operative mortality, the short-term outcome 
is favorable, and surgical treatment is able to improve 
the functional class in the majority of survivors. Some 
preoperative and peri-operative factors, mainly related to 
the patients’ clinical conditions, can adversely affect the 
short-term outcome. Careful perioperative management 
and surgical intervention upon or before right-heart failure 
may improve outcome. This is accomplished more readily 
through median sternotomy in patients with CP. Routine 
use of cardiopulmonary bypass during pericardiectomy is 
not necessary.
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