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Introduction

The pericardium is an important structure of
unique interest to the cardiac surgeon who rou-
tinely encounters its elegant design. The pericar-
dium itself is a lubricated compartment that
protects the heart by maintaining its position in
the chest and limiting dilation from volume
overload. It is <2 mm thick and composed of col-
lagen and elastin [1]. The visceral and parietal
layers are contiguous with each other at the ori-
gins of the great vessels. Entry into the pericar-
dium for surgery reveals not only the heart but
also other structures of anatomic significance.
Openings are present at the superior vena cava,
inferior vena cava, pulmonary artery, and aorta.
The phrenic nerves adhere to the pericardium
laterally and are critical for preservation of respi-
ratory function [2].
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The pericardium has the unique quality of
passive noncompliance [2]. Surgery of the pericar-
dium is mainly required for hemodynamic effects
of a pressurized sac around the heart that can occur
with the presence of fluid or constriction.

Resection of Pericardial Cysts,
Tumors, and Congenital Defects

Rare conditions of the pericardium occasionally
require surgical intervention. Pericardial cysts
are fluid-filled sacs that are often located at the
pericardiophrenic angle, more commonly on the
right side [3]. Generally, these are of little clini-
cal significance. These cysts may form as a result
of inflammation, bacterial infection, trauma, or
cardiac surgery. Most cysts are discovered inci-
dentally. Symptoms can occur and may include
chest pain, dyspnea, cough, or palpitations [4]. If
symptomatic, surgical excision is indicated and
may be performed in an open or minimally inva-
sive fashion [5].

Cardiac neoplasms are also rare, found in
1-3 % of patients at autopsy [6]. The pericardium
itself may have primary or metastatic tumors that
require resection [7]. Mesothelioma is the most
common primary malignancy of the pericardium
[7]. Symptoms such as chest pain, constrictive
pericarditis, or cardiac tamponade have been
described [7]. Malignant pericardial effusion is
most often caused by metastatic cancer.

Congenital defects of the pericardium occur
in 1/10,000 autopsy specimens, with 70 % of
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these defects occurring on the left side [8, 9]. A
partial defect may be symptomatic and can be
complicated by herniation and strangulation of
the heart through the defect. Total deficit of the
pericardium occurs in 1/14,000 births and these
patients are usually asymptomatic [9]. They are
at risk for traumatic type A aortic dissection
[10]. Patch replacement of the pericardium (peri-
cardioplasty) has been described with good suc-
cess [11, 12].

Mediastinal Exploration

Exploration of the mediastinum and opening of
the pericardium are required in a variety of clini-
cal settings. These include trauma, iatrogenic
injury, postoperative cardiac surgery, and aortic
dissection.

Trauma

Traumatic pericardial effusion after blunt or pen-
etrating injury is a rare but clear indication for
drainage and possibly exploration [13—15]. In the
current era, diagnosis of a traumatic injury may
still be difficult despite rapid ultrasound, echo-
cardiography, and computerized tomography
scans. Prompt drainage is important regardless of
method and early identification of injury is the
key [16]. Traumatic cardiac rupture requiring
repair has been found in up to 5.7 % of patients
who require drainage [16].

latrogenic Injury

Iatrogenic injury to the heart can occur after
catheter-based procedures and may require surgi-
cal intervention. Percutaneous cardiac procedures
are complex and rapidly advancing in the current
era. Transseptal puncture to access the left heart
takes place during electrophysiology procedures
on the left atrium. Percutaneous transaortic valve
replacement and valve dilations involve complex
vascular access and imaging techniques. Guide
wires, sheaths, dilators, balloons, leads, or abla-
tion techniques may result in cardiac injury [17].
The incidence of perforation in atrial fibrillation
ablation is reported as 6 % [18]. Pacemakers have
an incidence of perforation of 1.7 % [19]. When
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fluid accumulates in the pericardial space after
catheter-based procedures, it is usually a result of
cardiac perforation [17]. It is important to remem-
ber that in traumatic situation <100 cc of fluid in
the pericardial space can cause hemodynamic
compromise [20, 21]. Similar to traumatic injury,
prompt recognition is the key. These injuries are
routinely treated by percutaneous drainage alone.
However, depending on the location and size of
injury, median sternotomy and exploration may
be required [17].

Postoperative Tamponade

Cardiac surgeons open the pericardium in order to
access the heart. Although drainage tubes are left
within the mediastinum after surgery, coagulopa-
thy and postoperative bleeding can occur. This is
more common after long cardiopulmonary bypass
times and complex procedures. Strict criteria for
reoperation for bleeding are maintained in order
to prevent complications and organ dysfunction in
the postoperative period. In addition, surgeons
must carry a high suspicion of tamponade in
patients with significant or persistent high-volume
bleeding initially who have a sudden drop in out-
put with corresponding hemodynamic changes.
These may include: equalization of right and left
heart pressures, low cardiac index, low mixed
venous saturation, tachycardia, hypotension
requiring increased pressors, and elevated central
venous pressure. A stat chest x-ray (CXR) or
echocardiogram may confirm tamponade but this
is ultimately a clinical diagnosis. Patients are
promptly returned to the operating room for evac-
uation of hematoma and exploration through the
previous sternotomy incision.

Postpericardiotomy syndrome is another situ-
ation in which inflammatory fluid accumulates in
the pericardial space after surgery. This syn-
drome occurs in a delayed fashion after cardiac
surgery and has been documented in up to 1.5 %
of patients [22] (Fig. 12.1).

Despite over 70 years experience of cardiac
surgery, the question of pericardial closure after
cardiac procedures has not been definitively
answered [23]. Some surgeons close the pericar-
dium, others do not, and many believe that neither
is of clinical significance. There has been little
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Fig. 12.1 Computerized tomography scan of the chest
demonstrating a patient with delayed pericardial effusion
after cardiac surgery resulting in hypotension, low cardiac
output, and bilateral pleural effusions with atelectasis

scientific study and no clinical randomized trials.
What is known is that the pericardium maintains
compliance and the integrity of the Starling curve
as it limits hypertrophy with exercise. It is struc-
turally protective with mechanical membranous
and ligamentous function. Benefits of closing the
pericardium include making potential reoperation
safer with fewer adhesions, return of the mediasti-
num back to the original setting, and the possibil-
ity of improved hemodynamics [23]. Others are
concerned that closure results in increased risk of
tamponade, negative hemodynamics, increased
use of inotropes, and possible graft compromise
[23]. Tension- free substitutes do exist but come
with financial cost and possible infectious com-
plications [23].

Aortic Dissection

Pericardial effusion and tamponade may occur in
the setting of Type A aortic dissection. In this set-
ting, surgery for the dissection should be per-
formed immediately rather than drainage of the
hemopericardium, which may result in further
bleeding [4].

Pericardial Window
The etiology of pericardial fluid causing com-

pression varies and includes infections, post-
irradiation sequelae, collagen vascular diseases,
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Table 12.1 Etiology of pericardial disease [25]

Congenital
Congenital anomalies and defects
Pericardial cysts
Acute and chronic pericarditis
Effusive +/— tamponade
Idiopathic
Uremic
Infectious
Pyogenic
Tuberculosis
Viral
Neoplastic

Associated with systemic disease (connective
tissue disease)

Traumatic
Radiation
Constrictive +/— effusion
Idiopathic
Infectious
Previous cardiac surgery

Fig.12.2 Chest x-ray of a patient with a large pericardial
effusion from idiopathic pericarditis. Note the marked
cardiomegaly and obscured left diaphragm

myocardial infarction, and malignancy [24-30]
(Table 12.1). Medical therapy may be started ini-
tially but large effusions associated with pericar-
ditis may be unresponsive to non-steroidal
anti-inflammatory drugs, corticosteroids, or col-
chicine [29]. The diagnosis of a large pericardial
effusion can be made from CXR, computerized
tomography (CT) scan or echocardiography
(Fig. 12.2). The definitive treatment for large
pericardial effusions or cardiac tamponade is
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Fig. 12.3 Example of pre- and post-operative chest
x-rays in a patient who underwent open surgical drainage
via sub-xiphoid pericardial window. Note the position of

pericardial drainage. If hemodynamic compro-
mise has occurred, medical treatment has failed,
or a diagnosis is needed, then intervention is
required. The specific presence of purulent peri-
cardial fluid may have a distinct effect separate
from tamponade physiology and has a character-
istically high mortality without drainage [31].

An open surgical procedure offers several
advantages. Firstly, complete drainage can be
achieved. There is ample access to pericardial tis-
sue for histopathological and microbiological
diagnoses. Loculated or mixed effusions can be
evacuated (Fig. 12.3). There is little risk of trau-
matic injury as there is direct visualization of the
pericardial space.

Sub-Xiphoid Pericardial Window

Sub-xiphoid pericardial window, or subxiphoid
pericardiostomy, is a common approach to peri-
cardial drainage [25-29, 32]. General anesthesia
is preferred for this procedure, but it may be per-
formed with monitored or local anesthesia [33].
Rapid induction can proceed with careful atten-
tion to blood pressure throughout the process.

the long flexible drain lying behind the heart and marked
decrease in the large cardiac silhouette

The patients are placed supine during the proce-
dure. If the patient is suspected to be in true car-
diac tamponade, the patient’s chest is often
prepared and draped for surgery while he remains
awake. In case of hemodynamic collapse upon
induction, rapid evacuation of fluid may be per-
formed. Sub-xiphoid drainage under local anes-
thesia is also an acceptable choice for patients
who are unstable.

Technique

A midline incision is made from the xiphisternal
junction to below the tip of the xiphoid.
Alternatively a 5 cm transverse incision can be
made at the tip of the xiphoid [1]. The upper
linea alba is divided in the midline and the
xiphoid is incised or completely resected. The
tissue plane between the posterior wall of the
sternum and the anterior pericardium is devel-
oped by blunt finger dissection. The distal ster-
num is then elevated for visualization of the
pericardium. The anterior pericardium is grasped
directly and incised to drain the fluid. Culture
swabs, fluid analysis, and cytology specimens
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Fig. 12.4 Diagram of the incision site and technique for performing a sub-xiphoid pericardial window. Direct visual

access of the pericardium and pericardial space is available

are collected. Pericardial fluid is analyzed for
hematocrit and cell count, amylase, lactate dehy-
drogenase, protein, glucose, culture, and cytol-
ogy. The pericardial space is then evaluated by
direct vision, digital exam, and echocardio-
graphic visualization if needed. The pericardium
may be explored digitally to identify adhesions
or tumor deposits. The optional use of intraop-
erative transesophageal echocardiography may
facilitate removal of complex loculated collec-
tions and can insure complete drainage. A piece
of pericardium is excised, typically 4-5 cm in
size (Fig. 12.4). A single chest tube is placed
through the pericardiotomy, exiting the body
through a separate incision. Both firm large bore
and soft flexible drains may be used to insure
optimal drainage, particularly in the case of a
bloody effusion. The chest tube is left in place
for several days after the operation until the

drainage is minimal, usually <50 cc/day. This
time period is the key to this procedure. The irri-
tative nature of the chest tubes within the space
can help form adhesions between the pericar-
dium and epicardium to help prevent recurrence.
The chest incision is closed in two layers and
covered with sterile dressings.

Outcomes

Multiple retrospective studies over the past
25 years have reviewed outcomes of subxiphoid
pericardial window, after its initial success in
providing drainage and preventing recurrent effu-
sion. Early studies, however, reported 30-day
mortality rates of up to 20 %, with deaths due to
associated cancer rather than the procedure itself
[34]. Current studies show 30-day mortality of
0.8-4.8 % [27, 35, 36] and a recurrence rate of
2-10 % [35-37].
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Fig. 12.5 Diagram of the incision sites and technique for
performing a video-assisted thoracoscopic pericardial
window. Note the visualization of the pericardium within
the chest cavity and the area of pericardium available for
resection

Risk factors for short-term mortality include
the occurrence of postoperative low cardiac out-
put syndrome (PLCOS). This syndrome is early
and rapid cardiac failure after relief of tamponade
and can occur in up to 4.8 % of patients [36]. It
accounted for all the postoperative deaths (0.8 %)
in a recent study [27]. The mechanism for this
complication is not completely clear but is likely
due to chronic external support of the heart by
pericardial fluid. When this support is removed,
the heart may immediately overdilate, resulting
in systolic dysfunction and failure. These patients
need close monitoring, as the mortality from this
syndrome is very high.

Complications of the procedure include recur-
rence and transient arrhythmias [36]. Constrictive
pericarditis develops in up to 3 % of patients who
survive after 1 year, most commonly in those
patients with tuberculous pericarditis or non-
tuberculous bacterial pericarditis [27]. Direct
injury to the heart may occur in 0.8 % and requires
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median sternotomy for treatment [27]. Wound
infections may occur in up to 5 % of patients [27].

Underlying disease, specifically malignancy,
is an important risk factor for decreased survival
after subxiphoid pericardiostomy [28]. The pres-
ence of malignant pericardial effusion leads to
limited life expectancy; better survival is found in
those patients who have malignant cells but no
tumor in the pericardium [38]. The type of malig-
nancy also plays a role: patients with hemato-
logic malignancy were found to have significantly
longer survival when compared with patients
with other malignancies [36]. Metastatic lung
cancer to the pericardium has been shown to have
a very poor survival rate, particularly when com-
pared to other cancers [28, 39]. Detectable malig-
nant invasion of the thorax on CT scan and
positive echocardiographic findings compatible
with tamponade are two independent risk factors
for poor outcome [28].

Comparison with Percutaneous Drainage
The optimal management for pericardial effu-
sions with acute pericardial tamponade remains
controversial. The two most commonly per-
formed techniques include subxiphoid window
and percutaneous catheter drainage (Table 12.2).
Percutaneous catheter drainage may be per-
formed with local anesthesia and requires a nee-
dle to be placed in the pericardial space, usually
under echocardiographic guidance. A guide wire
can be inserted and a drainage catheter is passed
over the wire [40].

Multiple studies have directly compared these
two techniques (Table 12.3). Allen et al. per-
formed a direct comparison of the two proce-
dures in 1999 [35]. The mortality, complication,
and recurrence rates were significantly higher for
percutaneous drainage (4.3, 17.3, and 33.3 %,
respectively) than for subxiphoid drainage (0,
1.1, and 1.1 % respectively) [35]. This same
study combined published collected data from
1977 to 1999 and found 560 patients undergoing
subxiphoid pericardial window for pericardial
tamponade. These patients had a mortality rate of
0.6 %, a complication rate of 1.5 %, and a recur-
rence rate of 3.2 % [35]. Percutaneous catheter
drainage (331 patients) demonstrated increased
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Table 12.2 Advantages and disadvantages of subxiphoid pericardial window vs. percutaneous catheter drainage [24—

Disadvantages

¢ General anesthesia (or local anesthesia
with sedation for unstable patients)

More invasive

* Higher complication rate (blind needle
placement)

28, 35, 37, 41]
Advantages

Subxiphoid * Direct visualization

pericardial

window * Access to pericardial tissue for histopathological .

and microbiological diagnoses

¢ Evacuation of loculated or mixed effusions
¢ Less risk of traumatic injury

Percutaneous ¢ Local anesthesia

catheter

drainage ¢ Less invasive

¢ Immediate relief of symptoms

* Higher recurrence rate

Table 12.3 Outcomes data of surgical subxiphoid window vs. percutaneous drainage of pericardial effusions [35,

37, 41]

Date Patient number
Subxiphoid
Combined (Allen) [35] 1977-1995 560
Allen [35] 1999 94
McDonald [37] 2003 150
Saltzman [41] 2012 72
Percutaneous
Combined (Allen) [35] 1984-1999 331
Allen (included in 1999 23
combined) [35]
McDonald [37] 2003 96
Saltzman [41] 2012 121

mortality, morbidity and effusion recurrence of
4.3, 10.6, and 13.9 %, respectively [35].
Subxiphoid pericardiostomy is a safe and durable
technique for chronic effusion despite the less
invasive nature of the percutaneous drain.

Others studies concur that recurrent effusion
is more frequent in the percutaneous versus the
open group, (28.9 % vs. 2.8 %), [41] and (15.6
and 4.7 %) [37]. Mortality rates that are higher in
the percutaneous group are difficult to extract
from data as variable comorbid conditions and
hemodynamic states leading to percutaneous
drainage are confounding factors. It has been
shown that extended catheter drainage may help
decrease this rate of recurrence in percutaneous
techniques, likely secondary to the inflammatory/
adhesion forming qualities of the drains them-
selves [42].

Mortality (%) Morbidity (%) Recurrence (%)
0.6 1.5 32
0 1.1 1.1
10.7 0.1 4.7
19.8 26.4 2.8
4.3 10.6 13.9
4.3 17.3 333
229 3.1 15.6
18.1 4.9 28.9

Ultimately, an individualized, patient-centered
approach is necessary in making decisions about
percutaneous versus open procedures. Patients
with positive cytology on previous pericardio-
centesis or a limited lifespan where recurrence is
unlikely may benefit from percutaneous drain-
age. Effusions that are loculated, posterior, or of
mixed density, may be better served with an open
subxiphoid window. The presence of malignancy,
direct invasion of the pericardium, poor long
term prognosis, and clinical conditions all play a
role in this decision process.

Thoracoscopic Pericardial Window

An alternative technique to subxiphoid window is
video-assisted thoracoscopic surgery (VATS)
drainage of pericardial fluid into the pleural space.
Anesthesia preparation is more complicated and
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time-intensive. It requires bronchoscopic-directed
placement of a double-lumen endotracheal tube to
achieve single lung ventilation. Lateral decubitus
positioning is also required. Thoracoscopy is per-
formed through a 10-mm camera port placed in
the seventh intercostal space in the mid-axillary
line. The pericardial resection and any addition-
ally procedures are completed through one or two
working incisions. A section of pericardium
approximately 4-5 cm in diameter is resected
anterior to the phrenic nerve, which creates a win-
dow into the pleural space [43] (Fig. 12.5). A flex-
ible chest tube may be placed into the pericardial
space along with a pleural tube. Alternatively, a
single chest tube may be placed into the pleural
space for drainage of both cavities.

This procedure has specific advantages and
disadvantages. One benefit of the thoracoscopic
approach is that it allows simultaneous access to
the pleural and pericardial spaces, which is help-
ful in the setting of large pleural effusion or con-
comitant pleural disease. Thoracoscopy affords
better visualization of the pleural cavity and peri-
cardium, which allows for more direct sampling
of suspicious sites [43, 44]. The entry into another
body cavity is a potential disadvantage depend-
ing on the co-morbidities of the patient. Generally,
sub-xiphoid windows are preferred in a setting in
which the patient is unstable to avoid the pro-
longed anesthetic and preparation time that is
associated with VATS.

In a study of 71 patients directly comparing
sub-xiphoid and VATS, O’Brien et al. found sig-
nificant differences in complication rates [44].
The sub-xiphoid group had a 2 % morbidity rate
while the VATS group had a 27 % morbidity rate
[44]. Complications included pneumothoraces,
an on-going air leak requiring discharge with a
Heimlich valve, and readmission for self-limited
drainage from the chest tube site. The 30-day
mortality rate was 13 and 0 % for subxiphoid and
VATS, respectively, but all mortalities were non-
specific to the procedure and were attributed to
advancing malignancy or worsening of underly-
ing medical illness in the absence of recurrent
effusion [44]. Patients with greater comorbidities
were selected for sub-xiphoid drainage.
Recurrence was similar in both groups (10 % of
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the sub-xiphoid group and 8 % of the VATS).
Malignant effusions were found to have a greater
risk of recurrence [44].

A recent study found that limited survival is
not a contraindication for VATS pericardial win-
dow as selected patients could achieve improve-
ment through palliation [45]. Prognostic factors
of poor survival included pericardial cytology
with metastatic involvement of the pericardium,
similar to other studies [44, 28]. Others have
found that there are few differences in recur-
rences or complications, but that operative time is
longer for VATS [46].

In summary, the sub-xiphoid approach is sim-
pler, faster, and slightly less morbid. This is the
preferred approach if the patient’s life expectancy
is likely to be limited due to major comorbidities
or extensive metastatic disease. In contrast, those
patients with benign disease, malignancy that has
not metastasized extensively or is responsive to
chemotherapy, and those who require concomitant
intrapleural procedures, would benefit from
VATS [44] (Table 12.4).

Pericardiectomy

Indications

Constrictive pericarditis is a rare but severely
disabling condition of the pericardium leading to
impaired filling of the ventricles and reduced
ventricular function [4]. The majority of cases of
constrictive pericarditis are idiopathic [4, 47].

Table 12.4 Advantages and disadvantages of thoraco-
scopic pericardial window [43, 44]

Advantages Disadvantages

e Simultaneous access ¢
to pericardial and
pleural spaces

e Better visualization -
of pericardium and
pleural cavity

Prolonged anesthesia time

Double lumen tube
placement for single
lung ventilation
Lateral decubitus
positioning

¢ More direct sampling -
of suspicious sites

* Concomitant * Increased morbidity in
thoracoscopic presence of comorbid
procedures conditions or extensive

metastatic disease
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Patients present with symptoms such as dyspnea,
orthopnea, jugular venous distention, or ascites.
CXR or CT scan may confirm a thickened or cal-
cified pericardium, a classic diagnostic feature
of constrictive pericarditis [4]. However con-
striction may present in up to 18 % of patients
with normal pericardial thickness [48]. True
constrictive physiology is best defined at cardiac
catheterization with findings as described in pre-
vious chapters. The hallmarks of constrictive
physiology are equalization of diastolic pres-
sures in the ventricles and a dip plateau pattern
(square root sign) of the ventricular filling pres-
sure curves [1]. Pericardiectomy for constrictive
pericarditis corrects hemodynamic abnormali-
ties and can produce dramatic clinical improve-
ment [47].

Pericardiectomy is indicated once the diagno-
sis of constrictive pericarditis has been estab-
lished. Constrictive pericarditis is irreversible
and surgical resection is the only effective treat-
ment. Surgeons are sometimes consulted to eval-
uate patients for pericardiectomy who have
frequent and highly symptomatic recurrences
that are refractory to medical therapy [4].
Recurring pericarditis management relies on
exercise restriction and is treated medically with
NSAIDS, colchicine, and/or corticosteroids [4].
Patients who are deemed candidates for surgery
should be on a steroid-free regimen for several
weeks prior to surgery. Patients with little physi-
ologic effects and significant comorbidities
should be delayed until more significant symp-
toms occur. This is especially true in the case of
radiation-induced pericarditis, in which the myo-
cardial tissue is affected [1, 49].

Technique

Pericardiectomy is performed under general
anesthesia. Anesthetic considerations are similar
to other routine cardiac procedures except for the
use of short acting muscle relaxants. It is helpful
to have minimal paralysis during dissection near
the phrenic nerve. TEE is used routinely to evalu-
ate changes in cardiac size and function and, spe-
cifically, to assess the tricuspid valve which may
require repair for severe regurgitation and chronic
right heart failure [50].
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Cardiopulmonary bypass is usually on standby
and surgeons will reserve it for extremely diffi-
cult dissections, reoperations, or concomitant
required cardiac surgery. Pericardiectomy is most
commonly approached through a median ster-
notomy, which provides excellent exposure. Left
thoracotomy or bilateral anterior thoracotomy
approaches have also been used. Finding the
proper plane can be very difficult; the plane
between the parietal and visceral layers is avas-
cular. Serious bleeding and/or injury can result if
the epicardium is penetrated. Sometimes the pari-
etal layer may be very densely adhered to the epi-
cardium with heavily calcified spicules. These
areas can be rongeured, but total removal is often
hazardous. The dissection plane in a post-radiated
heart provides further challenges to complete
decortication [50, 51].

A key step in this procedure is that resection
should begin with the left ventricle first. Specific
right ventricular dilatation and failure can result
when the right ventricle is freed from its pericar-
dial restraints before the left ventricle is freed.
This would allow for increased filling of the right
ventricle in the setting of persistently increased
right ventricular afterload. Pulmonary edema and
right ventricular failure due to outflow obstruc-
tion can occur if the right ventricle is released
first [1]. Ultimately the goal is to do as complete
a resection as safely possible, with decortications
of both ventricles, both atria, and both cava
(Fig. 12.6). Care should be taken to visualize and
preserve both phrenic nerves. Hemostasis should
be achieved and chest tubes left in place. Utilizing
a pulmonary artery catheter, the adequacy of the
pericardial resection can be evaluated by measur-
ing mean arterial pressures and RV end-diastolic
pressures before and after completion of the
operation. Perioperative low output cardiac fail-
ure can usually be managed with inotropic medi-
cations and occasionally the use of an intra-aortic
balloon pump if needed.

Manipulation of the heart can lead to hemody-
namic instability in these patients. The need for
cardiopulmonary bypass (CPB) must be consid-
ered during this procedure and initiated if neces-
sary. This is straightforward in the setting of
median sternotomy in which the aorta and right
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Fig. 12.6 Diagram of the incision site (median sternot-
omy) allowing access to the entire heart for pericardiec-
tomy for constrictive pericarditis. The anterior, lateral,
and inferior pericardium should be excised to allow for
complete release of the constrictive process

atrial appendage are available for cannulation.
The femoral artery and vein are also sites of
potential cannulation for bypass. It must be
remembered that cardiopulmonary bypass emp-
ties the heart and may make dissection of the
pericardium more difficult. However, it prevents
hemodynamic shifts with lifting and dissection
that can cause poor organ perfusion and postop-
erative dysfunction. CPB requires full anticoagu-
lation with heparin and can increase bleeding,
coagulopathy, and a generalized systemic inflam-
matory response.

This surgery is often technically demanding
and tedious. There is potential for myocardial
injury, phrenic nerve injury, and coronary artery
injury. With longstanding disease there can be
remodeling of myocardial anatomy. Changes in
filling can also contribute to failure. These
patients require intensive care monitoring post-
operatively with constant hemodynamic assess-
ment and early cardiac support if needed. This
may include vasopressors and inotropic
medications.

Outcomes
In the current era, pericardiectomy for constric-
tive pericarditis has a mortality rate of 6-14 %
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Table 12.5 Outcomes data for pericardiectomy for con-
strictive pericarditis

Long-term
Author  Years N  Mortality  survival
Bertog 1977-2000 163 6 88 % T-year
Ling 1936-1990 313 14 % N/A
Szabo 1988-2012 89 7 6 % 2-year
George  1995-2010 98 7.1 82 %]1-year

64 % 5-year

49 % 10-year
Gopaldas 1998-2008 13, 7.5% N/A

593

Tokuda  2008-2012 346 10% N/A

[48, 50-57]. The complete normalization of
cardiac hemodynamics can be expected in about
60 % of patients [58, 59]. In a recent study,
George et al. found that a 5-7.6 % morality with
1, 5, and 10-year survival of 82, 64, and 49 %,
respectively [54] (Table 12.5).

Several factors have been found to be risk fac-
tors for poor outcome, including high NYHA
class, female sex, and the underlying etiology of
the effusion [53]. Inflammatory and idiopathic
etiologies have the best outcome, while post-
radiation patients fare the worst [53]. The need
for CPB is also associated with increased mortal-
ity [54]. Poor prognosis has been associated with
increased age, decreased left ventricular systolic
dysfunction, elevated pulmonary artery pressure,
and increased creatinine [52]. Other studies have
confirmed that age [50], preop NYHA class [58,
60-62], and hepatic [62] and renal dysfunction
[61] are important. Recently, diabetes mellitus
and high early diastolic inflow velocity have been
shown to predict high mortality [63]. In 2013,
Gopaldas et al. published a nationwide outcomes
study of over 13,000 pericardiectomy patients
[55]. He found that after risk adjustment, age,
female gender, comorbidity index, and primary
diagnosis were significant predictors of in-
hospital mortality and complications [55].

Complications of pericardiectomy include
direct myocardial injury during dissection which
can lead to cardiac failure and bleeding. Failure
to achieve complete resection may result in sub-
optimal hemodynamic changes. Low cardiac out-
put syndrome (LCOS) is the most significant
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Fig. 12.7 Kaplan-Meier curves showing a significant
difference (log-rank test, p=0.0075) in overall survival of
patients after pericardiectomy, based on the presumed

complication. It is likely due to myocardial atro-
phy as the heart is chronically externally sup-
ported; once released the heart is subject to over
dilation and failure [64]. However, this is not the
only issue as it does not explain why patients
with constrictive idiopathic disease have much
better outcomes after surgery than other groups.
LCOS occurs in 14-28 % of patients after peri-
cardiectomy [64]. It is rapid, and can lead to sys-
temic heart failure and death [64]. The treatment
is supportive care [64].

Although complete pericardiectomy is techni-
cally challenging and can cause significant hemo-
dynamic compromise, it has been found that
smaller operations are more poorly tolerated and
that a less aggressive pericardiectomy is a risk
factor of overall survival [65]. Furthermore, reop-
erative pericardiectomy has a significant and
nearly prohibitive early mortality. Cho et al.
showed in 41 patients who presented for reopera-
tive pericardiectomy had a 30 day morality of
12 % with a 5 year survival of only 4 % [66]. Risk

30 21
10 5
24 9

0 0

cause of constrictive pericarditis (Permission obtained
from Elsevier Ltd. [52])

factors for these patients included high NYHA
class 3 or 4 and less than 1 year between opera-
tions [66]. It is clear that a simple anterior peri-
cardiectomy is not sufficient release to normalize
cardiac function. Those who survive total peri-
cardiectomy do better in the long term. Patients
with underlying restrictive cardiomyopathy and
pulmonary hypertension can have a more compli-
cated course.

The etiology of the constriction relates
directly to survival (Fig. 12.7). Patients with
constrictive pericarditis due to radiation injury
have markedly reduced late survival [51]. Many
post radiation patients have myocardial fibrosis,
restrictive cardiomyopathy, coronary artery dis-
ease, and valvular heart disease [58]. If pericar-
ditis is secondary to radiation, it is important to
consider that the underlying cardiomyopathy is
still present even after release of the heart.
Postoperative recovery for patients with previ-
ous radiation is complicated by poor lung func-
tion and chest wall fibrosis. Long-term survival
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of these patients demonstrates 40 % 5- year
survival and 11 % 10- year survival [54].

Overall survival is also related to the duration
of symptoms. If the indication for surgery was
established early, long-term survival after
pericardiectomy may correspond to that of the
general population [50].
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Surgical Management of Pericardial
Disease-For Patients and their
Families

The pericardium is a double-layered membrane that
covers the heart. Excess fluid in the space between
the pericardium and the heart is referred to as a peri-
cardial effusion. This can result from a variety of
illnesses including bacterial infections, cancer, a
reaction to radiation, or a heart attack. The initial
management of pericardial effusions is usually with
medicines such as NSAIDs or steroids; however, if
the effusion is not controlled with medicine or a
diagnosis is needed, surgery is required.

Too much fluid in the cavity can also lead
to compression of the heart called ‘pericardial
tamponade’. This is a potentially dangerous
condition as it prevents the heart from beating
normally and providing enough blood flow to
the body.

The definitive treatment for large pericardial
effusions or pericardial tamponade is drainage
with a surgical procedure. These procedures open
up the pericardium and allow complete drainage
of the fluid, thereby relieving the pressure on the
heart. The surgical procedures allow for sam-
pling of the pericardial tissue for biopsy and less
risk of injury to the heart when compared with
placing a needle or thin catheter into the pericar-
dial space. Pericardial fluid is sent to the labora-
tory for analysis of its contents and to try and
determine what caused the fluid to accumulate.

Sub-Xiphoid Pericardial Window

General anesthesia is usually preferred for this
procedure. However, a sub-xiphoid pericardial
window can be performed with local anesthesia
and adequate sedation if the patient is unstable.
The patient is placed lying on his back during
the procedure. The procedure is as follows: a
small incision is either made vertically over the
xiphoid (a bone that hangs off the bottom of the
ribcage in the center of the chest) or horizontally
right below where the xiphoid ends. The surgeon
will then use his fingers to gently dissect down to
the heart. The pericardium is cut and the fluid is
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drained and sent for culture and analysis. The
pericardium is then explored for adhesions or
tumor deposits before cutting out a small piece,
creating a “window”. A chest tube is placed
through the window and through a separate skin
incision, exiting the body. The chest tube is left in
place for several days after the operation until the
drainage is minimal, at which time it is removed.

Possible complications from this procedure
include developing air between the lung and
chest cavity (pneumothorax), irregular heart
rhythms (arrhythmia), or damage to the heart
muscle. Recurrence of the effusion is also pos-
sible, although the rates of this are very low with
this technique.

Another commonly performed technique for
pericardial fluid drainage is percutaneous cathe-
ter drainage. Percutaneous catheter drainage is
performed under local anesthesia and is achieved
with either blind placement of a needle into the
pericardial space using anatomical landmarks or
with an ultrasound. A wire is passed through the
needle and a drainage catheter is passed over the
wire. The wire and needle are removed and the
catheter is secured. There are more complica-
tions with this procedure when compared with
the sub-xiphoid pericardial window such as dam-
age to the heart and a higher chance of recurrence
of the effusion. However, very unstable patients
may have more benefit from this procedure.

Thoracoscopic Pericardial Window

Another procedure that is used for drainage of
pericardial effusions is thoracoscopic drainage of
pericardial fluid into the spaces surrounding the
lungs (pleural space) and out through a chest
tube. General anesthesia must be used in these
cases and the time of the procedure is longer
because of positioning and other simultaneous
lung procedures. Thoracoscopy, or visualizing
the lung and heart through a small camera, is
achieved with two to three small incisions allow-
ing a camera and small instruments into the chest
cavity. A piece of pericardium approximately 4
cm in diameter is cut away and a chest tube is
placed in the pleural space. Post-operative
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management is similar to that of the sub-xiphoid
technique.

Advantages of this procedure include simulta-
neous access to both the pleural and pericardial
spaces, better visualization of the pericardium
and more direct sampling of anything that looks
suspicious (for example, cancer). However, entry
into two cavities is also potentially a disadvan-
tage, especially in patients who have many medi-
cal problems or those who are unstable. Again,
sub-xiphoid pericardial window is the preferred
procedure in the setting of an unstable patient.

Total Pericardiectomy

Constrictive pericarditis is a rare but severely dis-
abling disease of the pericardium. The pericar-
dium is a membrane that forms the cavity in
which the heart lives. Normally this cavity is
filled with a small amount of fluid and the peri-
cardium is usually soft and pliable allowing the
heart to expand when filling with blood and con-
tract when ejecting the blood out to the rest of the
body. In constrictive pericarditis, there has been
some insult to the heart leading to a stiffening of
the pericardium and this does not allow the heart
to move properly. Most importantly, it leads to an
impaired filling of the ventricles and a reduced
ventricular function. The majority of cases of
constrictive pericarditis are of unknown cause
(idiopathic). When a cause can be identified, it is
most commonly seen in patients who have had
open-heart surgery. Patients may have symptoms
such as shortness of breath with activity; some
may be short of breath with lying down. When
these symptoms are present, patients need a thor-
ough evaluation. CXR and CT scans are some of
the initial tests which may be used. Constrictive
physiology is best diagnosed by measuring spe-
cific heart pressures using a catheter placed
through the groin into the heart (cardiac
catheterization).

Pericardiectomy, or removal of the pericar-
dium, is indicated once the diagnosis of constric-
tive pericarditis has been established. True
constrictive pericarditis is irreversible and surgical
resection is the only effective treatment. The man-
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agement of recurring pericarditis relies on exer-
cise restriction and medicines such as NSAIDS,
colchicine, and/or corticosteroids. Patients with
little physiologic effects and significant comor-
bidities should be delayed until more significant
symptoms occur. This is especially true in the case
of radiation-induced pericarditis. Unfortunately,
the radiation effects do not stop at the pericar-
dium. The myocardium, the heart muscle itself, is
often affected as well. The chest wall and lungs
can also be damaged with radiation. In the 20 % of
patients that develop constrictive pericarditis sec-
ondary to radiation therapy, the operative mortal-
ity is high (21 %) and the postoperative 5-year
survival is very low (1 %).

Pericardiectomy Technique
and Outcomes

Pericardiectomy for constrictive pericarditis cor-
rects the hemodynamic abnormalities and can
produce dramatic clinical improvement. Pericar-
diectomy is performed under general anesthesia.
The technique is still an area of considerable con-
troversy. The heart-lung machine is usually on
standby and surgeons will reserve it for extremely
difficult dissections, reoperations, or if concomi-
tant intracardiac surgery is required. The two
main incisions are either through a median ster-
notomy, which is an incision going through the
middle of the sternum, or a thoracotomy (i.e., left
thoracotomy or bilateral anterior thoracotomies),
which is an incision on either side through the rib
spaces. Most commonly the median sternotomy
is used. Ultimately the goal is to do as complete a
resection as safely possible, with removal of the
pericardium covering both ventricles, both atria,
and both vena cava. Chest tubes are left in place
after surgery to drain residual fluid.
Pericardiectomy for constrictive pericarditis
has a mortality rate of 6-12 %. Overall survival is
related to the duration of symptoms. If the indica-
tion for surgery was established early, long-term
survival after pericardiectomy corresponds to
that of the general population. Several factors
have been found to be independent predictors of
overall survival. These include: constriction
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caused by radiation, age, congestive heart failure,
and kidney function.

Complications of pericardiectomy include
direct myocardial injury during dissection, which
can lead to cardiac failure and bleeding. Failure to
achieve complete resection may result in subopti-
mal hemodynamic changes, but the extent of dis-
section heavily depends on being able to safely
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remove the pericardium. A serious condition called
low cardiac output syndrome can develop after the
dense covering is removed from the surface of the
heart. This can cause the heart to overfill and lead
to poor blood flow out of the heart and organ dys-
function of the kidneys and liver. This syndrome
may be treated with intravenous medications or
more significant cardiac support systems.
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