
Clinical
Investigation Pericardiectomy for

Chronic Constrictive
Tuberculous Pericarditis
Risks and Predictors of Survival

We performed this study to determine the predictors of early and long-term survival in
the surgical treatment of tuberculous pericarditis and to examine the risks of peri-
cardiectomy and the functional outcome in patients after surgery.

A retrospective analysis was undertaken in 36 consecutive patients, 26 female and
10 male, with a mean age 32.2 ± 16.3, who underwent pericardiectomy for chronic
constrictive pericarditis from February 1985 to February 2002. All patients received anti-
tubercular therapy in the postoperative period.

The operative mortality rate was 6% (2 patients); the cause of death in both cases
was severe low-cardiac-output syndrome. Nonfatal intraoperative complications affect-
ed 3 patients (8%). The median stay in the intensive care unit was 3.7 ± 3.1 days. The
median hospital stay was 14 ± 2.6 days. The median ventilation time was 11.9 ± 1.8
hours. The median volume of blood transfused was 2.1 ± 1.6 units.

Advanced age, atrial fibrillation, concomitant tricuspid insufficiency, inotropic sup-
port, and low cardiac output were significant negative predictors of survival, according
to univariate analysis. There were 4 late deaths. Actuarial survival at 5 years was 75.9%
± 9.14%. At the 1-year follow-up examination, improved functional status was noted in
88% of patients.

We suggest that pericardiectomy be performed early and as radically as possible, in
an effort to prevent chronic illness. A combination of chemotherapy and surgery yields
gratifying results in the treatment of tuberculous pericarditis. (Tex Heart Inst J 2003;
30:180-5)

uberculous pericarditis (TBP), a rare but important complication of infec-
tion with Mycobacterium tuberculosis, can progress rapidly to constriction.1

Constrictive calcific pericarditis, although still relatively uncommon,2 has
once again become a real clinical entity—due in part to the emergence of drug-
resistant strains of tuberculosis (TBC) in association with acquired immunodefi-
ciency syndrome.3

In a retrospective study of 36 patients who had undergone pericardiectomy for
constrictive tuberculous pericarditis, we analyzed patients’ clinical features, togeth-
er with predictors of their early and late-term survival. We discuss the current sta-
tus of therapy in the light of modern cardiovascular surgery, and we review recent
experience with tuberculous pericarditis as presented in the literature.

Patients and Methods

The study group consisted of 36 consecutive patients with constrictive tuberculous
pericarditis who underwent surgery from February 1985 to February 2002 at Ko-
suyolu Heart and Research Hospital.

There were 26 female (72%) and 10 male (28%) patients with a mean age of
32.2 ± 16.3 years (range, 15 to 72 years). Their presenting signs and symptoms are
summarized in Table I. The clinical spectrum of the patients was affected by the
duration of their pericardial constriction. The mean constrictive period, after clini-
cally proven TBC, was 2.3 ± 1.3 years (range, 0.5 to 6 years). Constrictive TBP led
to severe heart failure in 21 (58%) patients, and rapid deterioration in clinical sta-
tus was characteristic of that group.

Preoperatively, there were no patients in New York Heart Association (NYHA) func-
tional class I or II, 21 patients (58%) in class III, and 15 (42%) in class IV (Fig. 1).
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On electrocardiography, low voltage was detected
in 13 patients (36%) and atrial fibrillation was found
in 25 (69%). Chest radiography showed pericardial
calcification in 16 patients (44%) and pleural effu-
sion in 22 (61%). The mean cardiothoracic ratio was
0.54 ± 0.2. Four patients had macroscopic foci of
TBC in the pericardium or nearby, and 17 patients
had evidence of active or treated TBC that affected
the lungs or the pericardium, or both. All but 2 of the
36 patients were PPD (purified protein derivative of
tuberculin) positive, and those 2 were anergic. Myo-
carditis and pericarditis with tamponade were as-
sociated with disseminated TBC. All patients had
received antitubercular (anti-TBC) therapy before the
present admission.

Pericardial effusion revealed by echocardiography
was moderate in 7 patients and severe in 2. The
mean ejection fraction for the group of 36 was 0.62
± 0.8 (range, 0.30 to 0.70), as determined by echo-
cardiography. Thirty patients (83%) underwent cath-
eterization. The patients’ hemodynamic status is
summarized in Table II.

In all cases, pericardiectomy was performed through
a median sternotomy. Total pericardiectomy was de-
fined as wide excision of the pericardium from all sur-
faces of the heart and major intrapericardial vessels,
with the phrenic nerves defining the posterior extent
of pericardial resection. Constricting layers of epi-
cardium were removed if possible. The dissection was
started at the ascending aorta, the lateral and posterior
walls of the left ventricle and the pulmonary veins,
and the pulmonary artery; then it was continued over
the diaphragmatic surface of the pericardium. Finally,
the pericardium was resected over the free wall of the
right ventricle, and then over the right atrium and ve-
nae cavae.

The mean operative time was 104.6 ± 30.1 min
(range, 65 to 195 min). Total pericardiectomy was
carried out in 33 patients (92%). In 3 patients (8%),
dense myoepicardial adhesions and calcification lim-
ited the procedure to partial pericardiectomy. Car-
diopulmonary bypass (CPB) was used in 3 patients
(8%). Concomitant operations (atrial septal defect
closure and coronary artery bypass grafting) were un-
dertaken in 2 patients to repair congenital or acquired
heart disease.

Postoperative diagnosis was made on the basis of 
tubercle bacilli in pericardial f luid or in a histologic
section of the pericardium, or on proof of TBC else-
where in a patient with otherwise unexplained peri-
carditis. Postoperatively, medical treatment consisted
of triple-drug therapy for at least 9 months (isoniazid,
rifampin, and ethambutol). During the first 2 months,
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TABLE I. Presenting Symptoms of 36 Patients with
Constrictive Tuberculous Pericarditis

No. of
Signs and Symptoms Patients (%)

Fever 22 (61)

Weight loss 25 (69)

Dyspnea 32 (89)

Cough 26 (72)

Chest pain 19 (53)

Palpitation 12 (33)

Painful hepatomegaly 7 (19)

Peripheral edema 25 (69)

Ascites 9 (25)

Congestive heart failure 21 (58)

Fig. 1  Preoperative and early postoperative New York Heart
Association (NYHA) functional status of 36 patients.

TABLE II. Comparison of Preoperative and
Postoperative Hemodynamic Results in 30 Patients

Variable Preoperative Postoperative
(mmHg) Mean Range Mean Range P Value

CVP 14.0 ± 4.2 6 – 22 7.4 ± 2.1 5 – 12 <0.004*

RVEDP 12.7 ± 4.4 5 – 21 7.2 ± 2.7 4 – 14 0.015*

LVEDP 11.5 ± 3.0 8 – 19 8.8 ± 2.2 5 – 14 0.08

PAP 20.0 ± 4.4 15 – 35 16.7 ± 3.1 14 – 28 0.1

*Statistically significant

CVP = central venous pressure; LVEDP = left ventricular 
end-diastolic pressure; PAP = pulmonary artery pressure;
RVEDP = right ventricular end-diastolic pressure
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TABLE III. Preoperative, Postoperative, and Follow-Up
Variables

Preoperative Variables

Age

Sex

NYHA functional class

Decompensation and congestive heart failure

Symptoms and signs (elevated jugular venous pressure, 
ascites, edema, chest pain)

Medication (diuretics, digitalis)

Abnormal liver function

Abnormal renal function

Electrocardiographic findings (atrial fibrillation, low voltage)

Chest radiographic findings (cardiothoracic ratio >0.5, 
calcification, pleural effusion)

Macroscopic focus of tuberculosis

PPD

Echocardiographic findings (pericardial effusion, 
ejection fraction)

Hemodynamic findings (CVP >15 mmHg, RVEDP >20 mmHg, 
LVEDP >20 mmHg, PAP >30 mmHg)

Valvular incompetence (tricuspid regurgitation, 
mitral regurgitation)

Length of preoperative period of tuberculous pericarditis

Intraoperative Variables

Pericardiectomy (total, partial)

Concomitant operation (coronary artery bypass, closure 
of atrial septal defect)

Catecholamines

Operative time (>120 min)

Postoperative Variables

Catecholamines

High-dose diuretic therapy

Low ventricular outflow state

Congestive heart failure

Transfusion

Follow-Up Variables

Postoperative NYHA functional class

Improvement in functional capacity

Deterioration in functional capacity

Medication (diuretics, digitalis)

Valvular incompetence (tricuspid regurgitation, 
mitral regurgitation)

CVP = central venous pressure, LVEDP = left ventricular 
end-diastolic pressure; NYHA = New York Heart Association; 
PAP = pulmonary artery pressure; PPD = purified protein de-
rivative of tuberculin; RVEDP = right ventricular end-diastolic
pressure

some patients received streptomycin as a substitute 
for ethambutol; at the conclusion of this period,
ethambutol was given for the remaining 7 months. All
patients received pyrazinamide during the first 2 post-
operative months. 

Data were analyzed using SPSS version 10.0 (SPSS,
Inc.; Chicago, Ill). Regression analysis was performed
using 45 clinical variables. Data are presented as the
mean ± standard deviation. A P value <0.05 was
considered significant for all statistical calculations.
Forty-five clinical variables were analyzed by use of
the Cox proportional hazards method, to determine
negative predictors of long-term survival (Table III).
Actuarial survival was calculated by the Kaplan-
Meier method.

Results

The 30-day operative mortality rate was 6% (2 pa-
tients); the cause of death in both cases was severe
low-cardiac-output syndrome.

Nonfatal intraoperative complications affected 3
patients (8%): intraoperative bleeding occurred in 2
patients due to laceration of the right atrium and in 1
due to laceration of the right ventricle. Another pa-
tient was difficult to wean from CPB, so an intra-
aortic balloon pump was used. Catecholamines were
used in 31 patients (86%), and low-dose dopamine
was used for prophylaxis against low-output syndrome
in all patients.

The median ventilation time was 11.9 ± 4.8 hours.
The median volume of blood transfused was 2.1 ± 1.6
units. The median stay in the intensive care unit was
3.7 ± 3.1 days. The median hospital stay was 14 ± 2.6
days.

Postoperative improvements in hemodynamic re-
sults are shown in Table II. Of these, the improve-
ments in mean central venous pressure (from 14.0 ±
4.2 to 7.4 ± 2.1 mmHg; P <0.004) and in mean right
ventricular end-diastolic pressure (from 12.7 ± 4.4 to
7.2 ± 2.7 mmHg; P = 0.015) are statistically significant.

Advanced age (P = 0.019), atrial fibrillation (P =
0.028), concomitant tricuspid insufficiency (P =
0.046), inotropic support (P = 0.006), and low cardiac 
output (P = 0.012) were significant negative predic-
tors of survival, according to univariate analysis. Four
patients were lost to follow-up, and the remaining 30
underwent 132.6 patient-years of follow-up. The me-
dian follow-up time was 47.3 ± 26.8 months. At the
1-year follow-up, improved functional status was
noted in 88% of the surviving patients, and 31 of the
34 surviving patients (91%) were in NYHA class I or
II (Fig. 1). In the late postoperative period, no patient
died of a cardiac cause. The late mortality rate was
11.8%: 4 of the surviving 34 patients died from com-
plications of disseminated TBC. The actuarial sur-



rapidly constriction progresses. Interestingly, peri-
cardial mesothelial cells harbor a plasminogen inhib-
itor and produce adenosine, but do not express tissue
factor to activate the extrinsic coagulation pathway.
Tuberculosis causes a fibrinous suppurative exudate
that eventually produces adhesion between the visceral
and parietal layers and thickened, calcific constrictive
pericarditis.

Most patients who have TBC myocarditis present
with heart failure, and constrictive pericarditis causes
severe heart failure.7-9 The encasement of the heart
within a nonpliable pericardium results in characteris-
tic pathophysiologic effects, including impaired dia-
stolic filling of the ventricles, exaggerated ventricular
interdependence, and dissociation of intracardiac and
intrathoracic pressures during respiration.8 Constric-
tive pericarditis typically presents with chronic, insid-
ious signs and symptoms of predominantly systemic
venous congestion.

In cases of constrictive pericarditis, magnetic reso-
nance imaging (MRI) reveals thickened pericardium,
and cardiac catheterization indicates diastolic equal-
ization of pressures in the 4 chambers. The jugular 
venous pulse shows a dominant “Y” descent that co-
incides with early diastolic f low in the superior vena
cava, and Doppler echocardiography can reveal mitral
and tricuspid forward f low demonstrative of restric-
tion.10 The diagnosis of constrictive pericarditis re-
mains a challenge, however, because the physical and
hemodynamic findings mimic those of restrictive car-
diomyopathy. Various diagnostic advances over the
years have enabled us to differentiate between these 2
conditions. Most cases can be diagnosed by cardiac
catheterization, transthoracic or transesophageal echo-
cardiography, central venous (hepatic and pulmonary)
and transvalvular Doppler measurements, and MRI,
thereby eliminating the need for diagnostic thoracoto-
my.5 Computed tomography and MRI can delineate
the abnormal pericardial thickness found in constric-
tive pericarditis. The association of characteristic he-
modynamic changes with pericardial thickness greater
than 3 mm usually confirms the diagnosis.10 Nuclear
ventriculograms reveal rapid ventricular filling in con-
strictive pericarditis, which differentiates that disorder
from restrictive cardiomyopathy. Endomyocardial
biopsy helps further, by distinguishing between the
various types of restrictive cardiomyopathy.

In patients with tuberculous pericarditis, the rec-
ommendation is that triple-drug antituberculous ther-
apy be administered for a minimum of 9 months.7,11

In patients in whom pericardial effusion persists or re-
curs despite the use of anti-TBC drugs, 3 months of
corticosteroid therapy may be a useful adjunct. Al-
though medical treatment may temporarily alleviate
symptoms of heart failure, TBP patients do poorly
without pericardiectomy. If there is poor resolution of

vival rate in all 36 patients at 5 years was 75.9% ±
9.14% (Fig. 2).

Discussion

Constrictive pericarditis is an uncommon disorder
with various causes.4,5 Chronic constrictive pericarditis
is an inflammatory process that involves both fibrous
and serous layers of the pericardium, leading to peri-
cardial thickening and constriction of the ventricles.6

Myocarditis and pericarditis are life-threatening
complications of disseminated tuberculous disease. In
industrialized countries such as the United States,
constrictive calcified pericarditis in association with
treated pulmonary TBC is rare,1 due to the decreased
incidence of tuberculosis in modern cardiovascular
practice.4 Yet TBC remains a leading cause of peri-
carditis in some nonindustrialized countries,2,3 such as
those of sub-Saharan Africa, where infection with
human immunodeficiency virus (HIV) is pandemic.
Symptomatic pericardial involvement is frequently as-
sociated with stage C of HIV infection.3 Even in the
United States, the association of TBP with HIV will
certainly lead to a greater number of TBC cases in the
near future.

Tuberculous pericarditis affects 1% to 2% of all 
patients with TBC by direct extension from the me-
diastinal lymph nodes and, occasionally, by hema-
togenous spread or by contiguous spread from the
myocardium.2 It nearly always occurs in association
with another focus of TBC, but that other focus is
sometimes silent. Tuberculosis is responsible for ap-
proximately 4% of cases of acute pericarditis, 7% of
cases of cardiac tamponade, and, in older studies, 6%
of instances of constrictive pericarditis.6

Certain forces determine whether or not fibrinous
pericarditis develops into adhesive pericarditis and how

Texas Heart Institute Journal Constrictive Tuberculous Pericarditis      183

Fig. 2  Actuarial survival for all patients who underwent
pericardiectomy (including the 2 who died perioperatively).



effusion after several weeks of anti-TBC therapy, early
pericardiectomy is recommended in an attempt to
prevent the development of constriction.7,11,12

Pericardiectomy is the only accepted curative treat-
ment for improving cardiac hemodynamics in TBP.
Care must be taken to resect every constrictive epicar-
dial layer to avoid persistent pericardial constriction.
The constricting envelope surrounds the entire heart
and interferes with diastolic filling. The disease affects
the filling of all cardiac chambers, and, as the con-
striction progresses, only early diastolic filling is possi-
ble. In patients with compromise of cardiac function,
surgery to remove the constricting envelope is the
only effective long-term treatment.

Median sternotomy provides good exposure of the
right atrium and the venae cavae, and it enables ex-
tensive removal of the pericardium.13-15 Previously, a
left anterolateral thoracotomy was used,13 but that ap-
proach renders difficult the institution of CPB in the
event of extensive bleeding. Through the median ster-
notomy, the patient can easily be connected to CPB,
without which extensive bleeding cannot be con-
trolled. Cardiopulmonary bypass aids surgical dis-
section by emptying the ventricular cavities, which
clearly defines the appropriate plane of dissection and 
facilitates the management of inadvertent cardiac 
injury. Although we have had experience in video-
assisted thoracoscopic pericardiectomy in a series of
cases of effusive pericarditis, we have not attempted
video-assisted thoracoscopic pericardiectomy in TBP.
We prefer conventional open pericardiectomy via the
median sternotomy, which enables a safer, wider, and
more effective approach.16

Regardless of the surgical approach or use of CPB, 
investigators have reported normalization of cardiac
hemodynamics after radical pericardiectomy.12,13 Post-
operatively, central venous pressure tends to decrease
in 2 to 4 days and to normalize in 4 weeks. On late
follow-up Doppler echocardiography, Senni and col-
leagues9 found that left ventricular diastolic filling 
remained abnormal in 43% of patients who had un-
dergone radical pericardiectomy. It has been suggest-
ed9 that the abnormal ventricular compliance is due
to myocardial alterations and that resection of the
pericardium overlying the right atrium and the great
veins might not be essential. However, Culliford and
colleagues17 theorized that delayed improvement and
persistent symptoms of pericardial constriction are
most commonly the results of incomplete decortica-
tion. The cause of persistent abnormal ventricular
end-diastolic pressure in the early postoperative peri-
od is unclear; however, inadequate resection cannot
be excluded. By studying left ventricular pressure-
volume loops, Koruda and coworkers8 found that
total pericardiectomy normalized both the diastolic
filling pattern and systolic function.

A small but not insignificant portion of patients
with constrictive pericarditis will develop low-output
syndrome after pericardiectomy, regardless of the op-
erative approach or the extent of pericardial resection.7

Despite extensive pericardiectomy, there have always
been some early deaths due to low-output syndrome.
This is because outcome is related not only to the ex-
tent of surgery but to myocardial involvement. Au-
topsy findings indicate that myocardial fibrosis and
atrophy may result from chronic constrictive peri-
carditis.7 Low-output syndrome can also be caused by
changes in cardiac architecture: long periods of myo-
cardial compression contribute to “remodeling” of the
ventricles and to greater involvement of the myocardi-
um in patients who have undergone long periods of
symptomatic pericardial constriction. Worsening tri-
cuspid regurgitation can be observed as a result of
postoperative right ventricular dilatation.18 Mitral in-
sufficiency after pericardiectomy, observed by means
of transesophageal echocardiography, was thought by
Buckingham and colleagues19 to be due to elongation
of the papillary muscles. In most cases, a low-output
state after pericardiectomy gradually improves during
hospitalization.14

Conclusion

In this study, advanced age, atrial fibrillation, con-
comitant tricuspid insufficiency, inotropic support,
and low cardiac output were predictors of poor sur-
vival. We suggest that pericardiectomy be performed
early and as radically as possible, in an effort to pre-
vent chronic illness. A combination of chemotherapy
and operation yields gratifying results in the treatment
of tuberculous pericarditis.
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