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Abstract
Purpose of Review The surgical management of constrictive pericarditis has evolved from a partial pericardiectomy via a
thoracotomy approach to a more extensive removal of the pericardium. This review summarizes the published studies regarding
surgical management of pericardial disease, focusing on the surgical technique of radical pericardiectomy for constrictive
pericarditis.
Recent Findings Anterior phrenic to phrenic resection without the use of cardiopulmonary bypass has been performed in many
centers. This approach achieves improvement in symptoms; however, there are patients who have progressive constriction of the
remaining pericardium requiring a completion pericardiectomy. Recent studies show that the survival and functional outcome is
superior after a complete pericardiectomy.
Summary Our approach is to perform a complete pericardiectomy using cardiopulmonary bypass. In experienced centers, the
outcomes have significantly improved with careful selection of patients, advances in pre- and postoperative care, and refinement
in surgical techniques.
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Introduction

Surgical treatment for pericarditis was first suggested by
Delorme in 1898 [1]. He initially proposed lysis of the
intrapericardial adhesions, and then eventually advocated resec-
tion of a portion of the pericardium. In 1913, the first
pericardiectomy via a left anterolateral thoracotomy was per-
formed in Germany by Rehn and Sauerbruch with improvement
in symptoms [2]. The first successful “decortication of the heart”
in the USA was performed in 1928 at Massachusetts General
Hospital by Dr. Churchill on an 18-year-old girl [3]. Since then,
the surgery has evolved from a limited thoracotomy incisionwith
partial excision of the pericardium above the phrenic nerve to a
complete resection of the entire pericardium.

Indication for Pericardiectomy

The most common indication for pericardiectomy is constric-
tive pericarditis (CP) which is characterized by inflammation
followed by fibrosis or calcification, thickening, and loss of
the normal elasticity of the pericardial sac which leads to
impaired filling of the ventricles and diastolic heart failure.
Usually, it affects the parietal pericardium; however, the vis-
ceral pericardium can also be affected with calcified spikes
reaching deep into the myocardium. In “developed” coun-
tries, the most common causes are idiopathic, likely due to
prior viral pericarditis, post-cardiac surgery, and post-radia-
tion. Tuberculosis is now a rare cause of CP in developed
countries, whereas it is a major cause of CP in “developing”
countries [4, 5]. Recently, pericardiectomy for chronic recur-
rent pericarditis is increasing. Surgical treatment is consid-
ered when conventional medical therapy, aspirin, NSAIDS,
colchicine, and corticosteroids, and alternative treatment op-
tions such as azathioprine, intravenous human immunoglob-
ulins, and anakinra have failed or if the patients with com-
plications are requiring high dose of steroids [6]. Large
single-center series have demonstrated reduced risk of recur-
rence and medication use after pericardiectomy for recurrent
pericarditis [7, 8].
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Complete Resection Versus Anterior Phrenic
to Phrenic Resection

Although multiple single-center studies report the benefit of
pericardiectomy, there has been no consensus on a standard-
ized surgical technique, which has varied widely from surgeon
to surgeon and institution to institution. In addition, as the
surgical risk is considered to be high, there is hesitancy to
operate on patients with mild symptoms. However, patients
with advanced disease are prone to multiple complications
and seem not to benefit from surgery [8, 9]. The historical
approach, left-sided anterolateral thoracotomy, is done less
commonly, as the right-sided pericardium could not be effec-
tively removed. In many centers, pericardiectomy is mainly
performed via bilateral thoracotomy with anterior phrenic to
phrenic resection of the pericardium without the use of car-
diopulmonary bypass due to the technical difficulties in ex-
posing and resecting the diaphragmatic and left lateral portion
below the phrenic nerve. Significant improvement in symp-
toms has been reported, with risk thought to be less than that
of more aggressive approaches [10, 11].

However, the anterior portion is only one part of the entire
pericardium. Chowdhury et al. [12] reported that survival and
functional outcome after complete pericardiectomy was supe-
rior compared with that after partial pericardiectomy. Some
patients develop progressive constriction of the remaining
posterior and diaphragmatic pericardium causing recurrent
symptoms resulting in the need for redo pericardiectomy.
Cho et al. [13••] reported a series of 41 patients requiring
completion pericardiectomy for recurrent constriction after
pericardiectomy. The mortality was higher than what would
be expected for a primary operation and suggested that a com-
plete resection at the time of the initial pericardiectomy should
be done. In our institution, the routine procedure is to perform
a complete pericardiectomy, and it is our opinion that, espe-
cially in patients who have chronic recurrent pericarditis, par-
tial pericardiectomy should not be performed. Resection of the
pericardium should be as thorough as possible to remove the
nidus for inflammation if it can be achieved safely.

Cardiopulmonary Bypass

Avoiding the use of cardiopulmonary bypass (CPB) was the
preferred approach in many centers due to a perception that
pericardiectomy was a high-risk procedure with increased risk
of bleeding complications. There are reports that the use of
CPB resulted in significantly increased mortality, and the
trend was to avoid CPB unless necessary for hemodynamic
compromise or bleeding [14]. In most centers, CPB is often
utilized as a rescue strategy for catastrophic bleeding, hemo-
dynamic instability, or to allow for concomitant procedures. In
light of this fact, CPB use should be considered a marker for

increased severity and risk, not a risk factor by itself. It is of
note that Chowdhury et al. reported 338 cases of radical
pericardiectomy, and only 7 cases were done with CPB.
Similarly, in our institution, prior to 2008, an aggressive
pericardiectomy was performed with bilateral anterior thora-
cotomy without the use of CPB. The range of opinion on CPB
seems to be (1) to avoid at all cost, (2) to use when necessary
to repair bleeding or perform concomitant procedures, or (3)
to use routinely to facilitate complete resection. We believe
that CPB alone does not increase procedural risk or negatively
affect survival, but instead it aids in avoidance of accidental
cardiac injury, facilitates maintenance of end-organ perfusion
during the dissection of the lateral left ventricle and diaphrag-
matic surface, and allows for more controlled complete resec-
tion. Cho et al. [15] suggest that the use of CPB may allow to
better adjust the volume status and to prevent ventricular over-
load and distension once the constriction is relieved.

Preoperative Evaluation

In addition to obtaining the patient’s history, echocardiogra-
phy,MRI, and simultaneous left and right heart catheterization
are the gold standard in the diagnosis. Restrictive cardiomy-
opathy and constrictive pericarditis are often challenging to
differentiate, and commonly patients have both components
(mixed disease) especially in radiation heart disease. In pa-
tients with a greater component of restrictive cardiomyopathy,
pericardiectomy may not improve hemodynamics or symp-
toms. Long-term survival is poor, and this must be taken into
consideration when planning for surgery. Computed tomo-
graphic (CT) imaging is useful in identifying areas of heavy
calcium deposits, proximity of cardiac structures including
prior bypass grafts.

In inflammatory pericarditis, our experience is that surgery
is best performed when the acute inflammation has settled
down with anti-inflammatory treatment. Biomarkers such as
CRP/ultrasensitive CRP and erythrocyte sedimentation rate
can be used to monitor the degree of inflammation. The pres-
ence or absence of late pericardial enhancement on gadolini-
um enhancement MRI will provide information regarding the
degree of ongoing inflammation and T2-STIR imaging will
evaluate pericardial edema. The use of chronic steroids is as-
sociated with increased risk of infection; however, less than
10–20 mg per day of prednisone use usually does not increase
the risk of infection.

Tricuspid Regurgitation

Because of the potential for right ventricle (RV) annular size to
increase after pericardiectomy, tricuspid repair should be con-
sidered in all patients with more than mild tricuspid valve
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regurgitation (TR). The presence of moderate to severe TR is
associated with increased risk of early mortality [16].
Beckman et al. reported that in his series, 12 patients who
had more than moderate TR had a 50% survival. Although
the addition of a tricuspid valve repair did not alter the short-
term outcome, the authors suggested that significant tricuspid
regurgitation should be repaired, as this procedure can be per-
formed quickly with low additional risk, as persistent TR is
associated with worse long-term survival [17, 18]. Functional
tricuspid regurgitation is likely a marker of RV dysfunction
and dilatation, which will get worse when the constriction is
released and the RV and the tricuspid annulus further dilate
[19]. Our approach is to repair more than moderate TR.

Surgical Technique

Previously, at the Cleveland Clinic, pericardiectomy was done
through a bilateral thoracotomy with occasional use of CPB.
Since 2008, we have changed our approach to median
sternotomy and with the routine use of CPB, with aggressive
radical resection of the pericardium and pedicalization (re-
moving the pericardium from the phrenic nerve completely
leaving a small amount of fat) of both phrenic nerves.

Details of the Operation

Zoll-pads are placed in all cases. An oscillating saw is used to
enter the sternum as there is a high possibility that the under-
lying structures are adherent to the sternum. Both pleural
spaces are widely opened and the phrenic nerves are identi-
fied. The pericardium is divided above the lower portion of the
RV where the epicardial fat pad is thick and the chances of
injury to important structures are low (Fig. 1). The aorta and
superior vena cava (SVC) are exposed first, as the pericardium
over the aorta and SVC is relatively spared from significant
calcification and adhesions (Fig. 2). Systemic heparin is giv-
en, cannulas are placed in the aorta and SVC, and partial
bypass is initiated (Fig. 3). Rongeurs and bone shears may
be needed in cases of heavy calcifications. Once the appropri-
ate plane is identified, the right atrium is dissected free from
the adhesions down to the level of the pulmonary veins, and
the inferior vena cava (IVC) is cannulated to go on full CPB.
The right phrenic nerve is identified and freed from the peri-
cardium with blunt dissection as a fat pedicle, and then the
pericardium is completely resected around the IVC. The left
side and the diaphragmatic surface of the heart are dissected in
a similar manner down to the level of the left pulmonary veins
and behind the heart to the oblique sinus. The left phrenic
nerve is dissected and preserved in a similar fashion (Fig. 4).
Heavy calcification that invades the myocardium, and in cases
of effusive constrictive pericarditis, complete resection may

have an increased risk of injury to the coronary arteries. In
these cases, the constricting layers of the epicardium or calci-
fied pericardium can be incised with multiple crossing inci-
sions in a waffle-like pattern to allow for full expansion of the
heart. Injury to small coronary epicardial arteries can be
oversewn with fine suture; however, an injury to a major
branch may require coronary bypass grafting. In cases with

Fig. 1 The pericardium is divided above the RV. (Reprinted with
permission, Cleveland Clinic Center for Medical Art & Photography ©
2018. All Rights Reserved)

Fig. 2 The aorta and right side of the heart is dissected. (Reprinted with
permission, Cleveland Clinic Center for Medical Art & Photography ©
2018. All Rights Reserved)
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severe adhesions, a thin strip of the pericardium is left attached
to the fat pedicle of the phrenic nerve; however, the need for
this is rare. The pericardium is then freed from the diaphragm,
esophageal fat pad, left inferior pulmonary ligament, and pos-
terior mediastinum, completely freeing the IVC and left PVs,

removing large portions of the pericardium as a single sheet
using electrocautery at a low-energy setting (Fig. 5). We rou-
tinely use the irrigated bipolar cautery and this enables com-
plete hemostasis of the raw tissue even when on CPB with full
heparinization. Sharp edges of calcium need to be carefully
debrided, as they may erode into the internal thoracic arteries
etc. and cause an abrupt increase in bleeding. In addition to
large-bore chest tubes, thin drains are left in both pleural
spaces, as they will continue to drain for number of days until
the coagulopathy and volume overload is corrected, and may
need to be discharged with them.

It should be emphasized that complete removal of the peri-
cardium in cases of active inflammation or effusive constric-
tive disease can be difficult, as there can be intense inflamma-
tion of the epicardium and epicardial fat. The surgeon must be
careful in achieving a complete resection as possible without
going so deep as to injure epicardial veins and arteries which
are quite superficial. In general, the appropriate layer is clear
when the underlying heart expands and contracts well without
tethering.

Postoperative Management

Avoiding RV distension with the use of low-dose inotropes, fluid
restriction, and atrial pacing if needed are some of the basic
strategies. The target is not to achieve a normal cardiac output,
rather a slightly higher cardiac output than prior to surgery. There
is no need to increase the inotropic support with a marginal
cardiac index as long as the CVP and the PA pressures have
improved. Patients with low cardiac index pre- and

Fig. 5 Completed pericardiectomy. (Reprinted with permission,
Cleveland Clinic Center for Medical Art & Photography © 2018. All
Rights Reserved)

Fig. 3 After initiating cardiopulmonary bypass, the right and left phrenic
nerve is dissected as a fat pedicle. (Reprinted with permission, Cleveland
Clinic Center for Medical Art & Photography © 2018. All Rights
Reserved)

Fig. 4 The diaphragmatic portion and the posterior pericardium are
removed. (Reprinted with permission, Cleveland Clinic Center for
Medical Art & Photography © 2018. All Rights Reserved)
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postoperatively have worse outcome, which indicates a greater
component of restriction than constriction, as in post-radiation
mixed disease. In patients who have cardiac cirrhosis, we have
experienced severe vasoplegia lasting for the first couple days,
despite improvement in cardiac output. A unique complication
following pericardiectomy can happen when severe constriction
is released and the ventricle is suddenly volume loaded leading to
distension of the heart. This phenomenon is seen when
pericardiectomy is done without the use of CPB, and RV con-
striction is released prior to releasing the LV constriction,
resulting in RV overload and distension, causing actin-myosin
dissociation of the sarcomeres. Once this happens, the ventricle
may have severe dysfunction leading rapidly to cardiogenic
shock, cardiac arrest, and death and only ECMO insertion in a
timely manner is the main salvage in this situation. Beckman
et al. [17] focused on patients requiring ECMO post-
pericardiectomy, and found that patients who had signs of RV
failure, hepatic congestion, and malnutrition were at high risk for
needing ECMO support. Pulmonary hypertension is not directly
caused by constriction; rather, it is caused by the underlining
disease process, such as prior radiation therapy resulting in lung
fibrosis. The weak RV will have difficulty handling the high
pulmonary pressures. Strategies to decrease RV afterload such
as optimizing the ventilator settings, treating the acid-base imbal-
ance, and use of inhaled prostacyclin or nitric oxide may be
needed, thus avoiding drugs that may cause pulmonary vasocon-
striction. If no sign of recovery, early ECMO implantation is
crucial to avoid irreversible damage to the ventricle.

Outcomes

The mortality rate varies among the studies, from 0 to 18% [5, 7,
9, 10, 12, 14, 17, 20, 21, 22•, 23–29]. Murashita et al. published
the results of pericardiectomy performed for various indications
since 1936 at the Mayo Clinic which showed that the 30-day
mortality was 13.5% prior to 1990, 5.2% after 1990 (p < 0.001).
Early mortality has improved; however, the 5- and 10-year sur-
vival has worsened, and this is most likely influenced by the
underlying disease and comorbidities and elevated risk of the
patients who underwent pericardiectomy in the recent era.
Khandaker et al. reported the outcome of patientswho underwent
pericardiectomy for persistent relapsing pericarditis after failed
medical management and showed excellent results: 0% periop-
erativemortality and 3%morbidity, proving that pericardiectomy
itself is a low-risk procedure. The major determinant of long-
term survival for constrictive pericarditis is etiology, as pointed
out by several reports [18, 20]. Idiopathic constriction has excel-
lent short- and long-term results, whereas post-radiation and
post-surgical constriction had worse early and late outcomes
[13••]. Bertog et al. [18] from our institution reported that the
7-year survival of idiopathic CP, post-cardiac surgery, and post-

radiationwas 88%, 66%, and 27%, respectively. Similarly, Szabo
et al. [25] reported 81%, 50%, and 0% at 5 years, respectively.

Radiation can cause additional adhesions and will affect all
the structures that are within the radiation field causing fibrosis
and calcification of the valve, aorta, coronary artery, pericardium,
myocardium, intervalvular fibrosa, lungs, and diaphragm.
Patients who underwent prior cardiac surgery have adhesions
and may have coronary bypass grafts that need to be carefully
dissected out which makes the operation challenging.
Furthermore, the underlying cardiac disease may determine the
long-term survival. These issues should be kept in mind when
selecting patients for surgery. Idiopathic constriction may benefit
from early operation, post-radiation patients may require extreme
caution, and we rarely offer surgery unless there are significant
valve or coronary diseases that can be corrected at the time of
operation.

At the Cleveland Clinic, in recent series, 601 patients
underwent pericardiectomy within the period 1977 to 2013.
Overall in-hospital mortality was 6%: 1.1% for idiopathic
pericarditis, 9.7% postoperative, and 27% post-radiation.
One-, 5-, 10-, 15-, and 20-year survival was 87%, 73%,
60%, 45%, and 30%, respectively. There were no differences
in survival based on the completeness of resection or use of
CPB. Even with the aggressive resection and the use of CPB,
reoperation for bleeding was low (3.8%).With the advances in
the postoperative management, the need for IABP and ECMO
was low, 2.6% and 1.7%, respectively.

Conclusions

The outcome of pericardiectomy has varied between institutions
and the era of the operation, and has shown considerable im-
provement in short-term outcome in experienced centers. The
long-term outcome is determined by the underlying etiology,
the comorbidity, and the myocardial reserve, and patients need
to be carefully selected. We advocate aggressive removal of the
entire pericardium, especially in patients who have relapsing
pericarditis, as it will not increase the operative risk and may
improve the long-term outcome. The use of cardiopulmonary
bypass should be considered not only for rescue, but for support
to improve the quality of operation. Further study needs to be
done whether our new approach translates to better long-term
survival and long-term symptomatic relief.
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