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CASE REVIEW

Constrictive Pericarditis After
Coronary Artery Bypass
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A 67-year-old male patient received a coronary artery bypass graft. Less than 
2 months afterward, he presented with recurrent exacerbations of congestive heart
failure. His response to a standard treatment regimen for heart failure was partly
successful, but a few days after discharge he was readmitted for worsening dyspnea
and edema. Doppler echocardiography suggested the hemodynamics of constrictive
pericarditis. Magnetic resonance imaging showed thickened pericardium with exudates
in the pericardial space. Cardiac catheterization confirmed the diagnosis, showing
equalization of diastolic pressures of the left and right ventricles. The patient under-
went subtotal pericardiectomy with resolution of the pericardial disease, but he died
from respiratory insufficiency.
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A67-year-old male patient with known diabetes mellitus, dyslipidemia,
peripheral vascular disease, and prior transient ischemic attacks was hos-
pitalized for treatment of unstable angina and pulmonary edema. Left

and right heart catheterization revealed severe multivessel disease. A left ven-
triculogram showed inferobasilar segmental akinesis with a left ventricular
ejection fraction (LVEF) of 45%. Mild pulmonary hypertension with a mean
pulmonary artery pressure of 29 mm Hg was also noted.
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The patient had a history of mod-
erate obstructive sleep apnea, for
which he used a nasal continuous
positive airway pressure mask at
night. Pulmonary function tests per-
formed before his coronary artery
bypass graft (CABG) surgery showed
mild restrictive lung disease. He did
not have known tuberculosis expo-
sure. His purified protein derivative
status was unknown.

Two vessel coronary artery by-
passes were performed without com-
plication. Cold saline was used for
washing the heart intraoperatively.
The pericardial margins were approx-
imated anteriorly and superiorly but
left open inferiorly. The patient did
well postsurgery and was discharged
after 4 days. 

Six weeks after the CABG proce-
dure, the patient was admitted to
the hospital with dull chest tight-
ness and exertional shortness of
breath, orthopnea, paroxysmal noc-
turnal dyspnea, generalized weak-
ness, and decreasing urine output.
Pertinent examination findings in-
cluded sinus tachycardia at 130/min
and blood pressure of 150/90 mm Hg.
Jugular venous pressure was elevated
to 18 cm. He also had 2� bilateral
carotid bruits. Bibasal crackles were
heard on chest examination. Cardiac
auscultation showed normal S1 and
S2 with no murmurs, gallops, rubs,
or knocks. His abdomen was globu-
lar, but there was no apparent
organomegaly. He had 2� bipedal
pitting edema up to his thighs, with
scrotal swelling.

A chest x-ray showed car-
diomegaly. An electrocardiogram
showed sinus tachycardia with bia-
trial enlargement, nonspecific ST-T
wave changes, old T wave inversions
anterolaterally, and old Q waves in-
feriorly. A pharmacologic nuclear
stress test showed normal homoge-
neous uptake by the left ventricle
(LV) except for an old inferior wall

defect. Two-dimensional echocardio-
graphy showed normal LV dimen-
sions, with an LVEF of 50% and mild
left atrial enlargement with a poor
left atrial emptying index, suggesting
LV diastolic dysfunction. Mild pul-
monary hypertension was also pres-
ent. A new finding of anterior echo-
free space was noted, which had not
appeared during a 2-dimensional
echocardiography performed in 1998.

The patient’s clinical symptoma-
tology was thought to be secondary
to LV diastolic dysfunction. The
doses of his beta-blocker medication
and diuretic were increased, and
his symptoms resolved. He was
discharged.

The patient was readmitted 5 more
times for recurrence of his symp-
toms. On one of these occasions,
because he was thought to have
postpericardiotomy syndrome, he
was given nonsteroidal anti-
inflammatory drugs (NSAIDs). Dur-
ing his fourth and fifth admissions,
he was hypotensive and had deterio-
rating renal function, and he was
placed in the intensive care unit.
Pulmonary artery catheterization re-
vealed elevated right atrial, right
ventricular, pulmonary arterial, and
capillary wedge pressures, with

means between 20 mm Hg and
30 mm Hg. The possibility of
pulmonary embolism was consid-
ered but was essentially ruled out
by a low-probability ventilation-
perfusion scan.

Repeat echocardiography showed
an LVEF of 60%, with evidence of
grade 3 LV diastolic dysfunction,
paradoxical interventricular septal

Figure 1. Two-dimensional echocardiogram of the left
ventricle in the apical 4-chamber view, showing thick-
ened pericardium (arrow) with a small effusion. 
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Figure 2. Doppler echo across the
mitral valve, showing reduction in
the peak E velocity � 25% during
inspiration. 
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movement, and right ventricular
(RV) enlargement. The pericardium
was thick (Figure 1). Doppler also
showed significant respiratory varia-
tion in the mitral valve inflow and
LV outflow (Figure 2). A chest com-
puted tomography (CT) scan showed
a loculated-appearing pericardial
process, raising the possibility of re-
strictive pericardial disease. 

Constrictive pericarditis was sus-
pected because of the patient’s wors-
ening right-side pressure symptoms
and signs and his lack of response to
continued diuresis. Cardiac magnetic
resonance imaging (MRI) showed
prominent paracardial tissue/fluid
collection anterior to the heart that
had a maximum thickness of 24 mm,
but there was no definite evidence of
constriction (Figure 3).

Left and right heart catheterization
showed patent grafts with normal LV
systolic function. It also revealed
equalization of all diastolic pressures
in both the left- and right-side cham-
bers. The ventricular diastolic wave-
forms had the characteristic dip and
plateau pattern. The right atrial
waveform showed prominent y
descents (Figure 4).

Repeat PFTs were obtained before
pericardiectomy. They showed severe
restrictive lung disease.

The patient underwent reentry ster-
notomy. The heart was encased in a
thick, fibrous shell of visceral peri-

cardium, which in most places was
densely adherent to the epicardium.
The parietal pericardium was also
thickened and extremely dense in
focal areas, especially anteriorly, af-
fecting the anterior aspect of the RV
extending to the right atrium. A total
pericardiectomy was performed. Gross
and histologic examination of the
pericardium showed marked fibrosis
and chronic inflammation with orga-
nizing exudates (Figures 5 and 6).

Intraoperatively, the patient re-
ceived multiple blood products be-
cause of excessive bleeding, for which
he was seen by a hematologist. The
hematologist thought that dissemi-
nated intravascular coagulation might
be starting. The patient underwent a
reentry sternotomy with evacuation
of mediastinal hematoma. The bleed-
ing complication eventually resolved. 

The patient’s Swan-Ganz parame-
ters postsurgery showed improve-
ment in cardiac pressures, although
mildly elevated mean pulmonary
artery pressures remained. Renal
function normalized. He remained
ventilator dependent postopera-
tively and subsequently developed
methicillin-resistant Staphylococcus
aureus and Pseudomonas pneumonia,
and he eventually died 51 days after
the first pericardiectomy.

Discussion
Constrictive pericarditis is a pericar-
dial disease related to the compression

Figure 3. Cardiac magnetic resonance image
showing thickened pericardium (white arrows)
and a localized fibrosis with fluid accumulation
anteriorly (black arrow).
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Figure 4. Right atrial (RA) waveforms on right heart catheterization, showing prominent y-wave descents (arrows).
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and restriction of the heart secondary
to a thickened pericardium—either
by the visceral layer or by an adher-
ent parietal layer—which causes
hemodynamic abnormalities that
manifest as equalization and eleva-
tion of the diastolic pressure of the
heart chambers. This condition re-
solves after successful and adequate
pericardiectomy.

In 1980, Hancock1 discussed the
difference between subacute effusive
constrictive pericarditis and rigid,
chronic constrictive pericarditis. The
subacute effusive form includes the
presence of a pericardial effusion
with visceral pericardial constriction
of the heart; patients often present
with pulsus paradoxus and a promi-
nent systolic dip (x descent) of the
jugular venous pressure. Rigid,
chronic constrictive pericarditis re-
sults from progression of the suba-
cute effusive form, with eventual
formation of a rigid shell around
the heart. Affected patients have
Kussmaul’s sign, prominent diastolic
dip of the neck veins, and a classic
dip and plateau pattern of RV and LV
diastolic pressures.

Constrictive pericarditis was first
reported in 1972.2 It occurs in 0.2%
to 0.3% of cases after cardiac surgery.2

It may manifest as early as 2 weeks3

or as late as 21 years4 after surgery. As
noted above, the patient described

here presented with symptoms about
6 weeks after his original heart
surgery. 

Tuberculosis was once the classic
etiology of chronic calcific constric-
tive pericarditis. Currently, most
cases are idiopathic (or patients have
a history of previous viral infection).
Some cases are related to inflamma-
tory connective tissue disease, chest
irradiation, bacterial and fungal in-
fection, chronic renal failure, trauma,
and metastatic neoplastic conditions.
Postpericardiotomy syndrome occurs
in as many as 30% of patients after
cardiac surgery; if not adequately
treated, this condition may eventu-
ally cause constriction. Patients typi-
cally present with fever and serositis
a few weeks after the original surgery.
Some patients may have subclinical

symptoms, and these cases may be
missed. Whether the patient de-
scribed here had this postoperative
complication is unclear. He did not
have any flu-like symptoms before or
during his original presentation after
the open heart surgery. Nevertheless,
he was given NSAIDs for possible
postpericardiotomy syndrome, as
recommended in the literature. 

Although treatment with NSAIDs
or steroids, or both, has proved help-
ful, this approach does not necessar-
ily prevent the formation of cardiac
constriction.5 More recently, cluster-
ing of recurrent pericarditis with effu-
sion and constriction was reported in
one family, suggesting autosomal
dominant inheritance with incom-
plete penetrance.6 The patient in our
report was the only member of his
family known to have this condition.

The mechanism of constrictive
pericarditis requires both the pres-
ence of blood in the pericardial sac
and associated injury to the serosal
lining.7 These 2 events set the stage
for inflammation and the resulting
fibrosis of the pericardial sac. An ear-
lier study alluded to an increased in-
cidence of this complication when
the pericardium is left open after
open heart surgery because blood
usually originates from the extracar-
diac surface and eventually passes to
the pericardium.8 Cunningham and

Figure 5. Gross histology of an excised part of
the pericardial sac, showing thickening with ex-
cessive fibrosis. www.medreviews.com

Figure 6. Pathology of excised pericardium,
showing lymphocytic infiltration with fibrosis
suggestive of inflammation. 
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colleagues9 suggested that closure of
the pericardium decreased the inci-
dence of intrapericardial blood
accumulation. Whether leaving the
pericardium open decreases postop-
erative constrictive pericarditis was
not demonstrated in subsequent
studies.3,10-15 Although another study
suggested a better outcome if the
pericardium was closed,5 it remains
unclear whether pericardial closure
might change the incidence of con-
strictive pericarditis.

Serosal injury can be caused by an-
tibiotics, povidone-iodine, or iced
saline wash. The patient in our re-
port received iced saline irrigation
during his operation. Mere air drying
has also been implicated,7 probably
because it causes the loss of mesothe-
lial cells that possess fibrinolytic ac-
tivity. In 1929, Beck16 suggested that
the irritant effect of Dakin’s solution
in the pericardium caused constric-
tive pericarditis. Marsa and col-
leagues17 confirmed the association
of this condition with postoperative
use of povidone-iodine as a pericar-
dial irrigant. Likewise, there has
been a report of fibroblastic prolif-
eration of the serosal surface related
to iced saline wash, especially if the
wash is cooled to 0.5�C.18 A Japanese
study suggested that the presence of
normal LV systolic function, use 
of coumadin anticoagulation, and
early postoperative pericardial effu-
sion in patients undergoing CABG
increase the risk of this dreaded
complication.19

Affected patients typically present
with dyspnea on exertion, fatigue, and
chest pain, as did the patient
described in this report. The physical
examination is notable for recurrent
lower-extremity edema, jugular ve-
nous distension, hepatomegaly, S3 on
cardiac auscultation, ascites, friction
rub, pulsus paradoxus, and Kussmaul’s
sign, in that order.5 These findings
seem to be refractory to usual diuresis.

Twelve-lead electrocardiograms
may show nonspecific ST-T changes,
low voltage, and, typically, in-sinus
tachycardia or atrial dysrhythmia.
Chest x-ray traditionally shows peri-
cardial calcification and thickening,
although, as noted above, this finding
is less common today because of the
decreased incidence of tuberculosis.
Chest CT may show pericardial thick-
ening, pericardial calcifications,
loculated effusions, and fibrotic
changes.15 MRI allows better defini-
tion of the pericardium and may
even delineate whether the pericar-
dial fluid is serous, exudative, or he-
morrhagic. With advances in car-
diac ultrasonography, 2-dimensional
echocardiography, and, particularly,
traditional spectral Doppler, with the
addition of tissue Doppler, constric-
tive pericarditis can now be differenti-
ated from restrictive cardiomyopathy
and cardiac tamponade by the bed-
side. Two-dimensional images may
show pericardial thickening or peri-
cardial effusion. More importantly,
spectral Doppler shows restrictive
physiology, with � 25% respiratory
variation in mitral inflow E velocity,
and increased diastolic flow-reversal
velocity in the hepatic vein with expi-
ration. Lung-related conditions may
also be differentiated from constric-
tive pericarditis by systolic flow
changes in the superior vena cava.
Finally, the advent of tissue Doppler
technology affords further differenti-
ation of restrictive cardiomyopathy
from the pericardial disease. In con-
strictive pericarditis, early and late
diastolic tissue Doppler patterns will
appear normal.

Cardiac catheterization remains
the gold standard. It reveals the ele-
vation and equalization of diastolic
pressure in the cardiac chambers and
the classic dip and plateau pattern of
the ventricular waveform. This pat-
tern reflects the change in early
diastolic filling, which is unimpeded

until the rigid shell abruptly termi-
nates the mid- to late diastolic
filling—a development appreciated
clinically as a pericardial knock.
Because patients with this condition
are usually volume depleted, intra-
venous infusion during the cardiac
catheterization has been advocated
in order to diagnose occult constric-
tive pericarditis.20 Preoperative car-
diac catheterization can also confirm
the patency of grafts, as these tend to
be occluded in patients who develop
postoperative cardiac constriction.21

Pulsus paradoxus may also be demon-
strated by the observation of aortic
pressure, depending on whether an
effusive component is present.

Patients who develop early post-
CABG pericardial effusion should be
considered at high risk for constric-
tive pericarditis. A study of steroid
versus nonsteroid and diuretic treat-
ment for this condition showed
steroids to be effective in reducing
the pericardial effusion in the early
postoperative period, but it did
not demonstrate any improvement
in pericardial fibrosis.19 Drainage
of the effusion is mandatory, re-
gardless of whether steroids are
administered.19,21

Treatment
Whenever the diagnosis of this seri-
ous complication is confirmed by
cardiac catheterization, important
questions about appropriate therapy
arise. In the early stage of the disease,
during the predominantly inflam-
matory phase, medical therapy with
NSAIDs together with increased di-
uretic and aggressive steroid admin-
istration may resolve constriction
signs, especially when given within
the first 2 months of the initial oper-
ation.5,10,18 Steroids alone, in differ-
ent doses, were tried in 3 cases and
showed significant improvement in
all, and cardiac catheterization con-
firmed recovery in 2 of the cases.10
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Main Points
• In constrictive pericarditis, compression and restriction of the heart by thickened pericardium causes equalization and

elevation of diastolic pressures of the heart chambers. 

• Postpericardiotomy syndrome occurs in up to 30% of patients after cardiac surgery; if not adequately treated, it may
eventually cause constriction. 

• Cardiac catheterization remains the gold standard for diagnosis. 

• Patients who develop early postsurgical pericardial effusion should be considered at high risk for constrictive
pericarditis. 

• In the early, inflammatory phase of the disease, medical therapy may resolve inflammation and constrictive signs, but
it does not preclude development of pericardial fibrosis. Once fibrosis and calcification occur, visceral and parietal
pericardiectomy is the treatment of choice. 

Clinical improvement was reported
when using diuretics alone.13 As
noted earlier, medical treatment does
not preclude the development of peri-
cardial fibrosis, and, in most cases, it
has been tried in an attempt to avoid
the aggressive surgical procedure.

Once the fibrosis and calcification
phase has occurred and a “rigid
shell” is present, visceral and parietal
pericardiectomy is the treatment of
choice, with mortality ranging from
5% to 11%.15 Decortication of the
heart with removal of the entire pari-
etal pericardium and decompression
of the involved grafts, or reconstruc-
tion of new bypass grafts, should
normalize the cardiac pressures im-
mediately after surgery. If an incom-
plete normalization of cardiac pres-
sures is observed, a relook and repeat
pericardiectomy may be indicated to
address inadequate decortication.
There are also reports of the efficacy
of steroid treatment for recurrent
constriction induced by inflamma-
tion after pericardial stripping.5,18

Delayed recovery after prolonged
constriction has also been attributed
to secondary myocardial atrophy.3

Conclusion
Constrictive pericarditis is a rare but
critical complication of open heart
surgery. A high index of suspicion

coupled with a rigorous transtho-
racic echocardiogram, along with
cardiac MRI, remains the best strat-
egy for diagnosis. The optimal tech-
nique of open heart surgery to
decrease the risk of this complication
remains debatable. Treatment of
constrictive pericarditis includes use
of NSAIDs and steroids. Pericardiec-
tomy has a high mortality, but it
may be the only treatment choice in
cases of advanced disease.
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