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Aim: We aim to access the effect of pericardiectomy for constrictive pericarditis with or without cardiopulmonary bypass.
Methods: This was a review of pericardiectomy for constrictive pericarditis.
Results: Cardiopulmonary bypass is actually an important maneuver to attain complete relief of the constriction. The short additional 
time of cardiopulmonary bypass during the procedure has very little effect on the risk of morbidity of the main operation.
Conclusion: Incomplete pericardiectomy perhaps was the cause of postoperative remnant constriction and high diastolic filling 
pressure leading to multiorgan failure. Complete pericardiectomy (removal of phrenic-to-phrenic and the postero-lateral and inferior 
wall pericardial thickening) using cardiopulmonary bypass should be the routine for total relief of the constriction of the heart.
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Introduction
Constrictive pericarditis is the late-stage chronic inflammatory process characterized by thickening and calcification of 
pericardial fibers, damage to diastolic filling, decrease in cardiac output, and heart failure in the end.

The normal pericardium comprises a serous inner layer and a fibrous outer layer. The pericardial space normally 
contains about 20 to 50 mL of serous fluid. The pericardium has multiple functions, including mechanical effects 
(maintaining cardiac geometry, limiting dilation, promoting ventricular coupling interactions, achieving frictionless 
motion, and serving as an infection barrier), vasodilation, immunity, paracrine, and fibrinolytic activity.1–3

At present in the Western countries, viral or idiopathic pericarditis is the predominant cause of constrictive 
pericarditis (CP) followed by postcardiotomy irritation and mediastinal irradiation. While tuberculosis is still a main 
cause of pericarditis in developing countries.4–7

Diagnosis of Constrictive Pericarditis
Diagnosis of constrictive pericarditis is based on clinical manifestations, echocardiography, chest computed tomography, cardiac 
catheterization, surgical and pathological criteria. The clinical symptoms of constrictive pericarditis stem from a decrease in 
cardiac output and fluid overload. Physical examination results may include Beck’s triad (hypotension, paradoxical pulse, and 
deep heart sounds), jugular vein dilation secondary to high venous pressure, Kussmaul’s sign, a pericardial knock, edema, ascites, 
or cachexia.

Transthoracic echocardiography, (Figure 1) computed tomography, and cardiac magnetic resonance imaging each can reveal 
increased pericardial thickness and severe diastolic dysfunction. Cardiac catheterization reveals elevated end-diastolic pressure 
and the “square root sign” of right ventricular pressure tracing and can help to exclude restrictive cardiomyopathy and confirm 
a diagnosis of diastolic dysfunction secondary to pericardial constriction. A thickened pericardium of more than 4 mm on cardiac 
CT is supportive of the diagnosis and the best modality for the evaluation of pericardial calcification (Figure 2). Surgical and 
pathological findings can confirm the preoperative diagnosis. Surgical and pathological findings can confirm the preoperative 
diagnosis. Histopathologic features of tuberculosis in histopathologic studies of pericardium tissue from patients include the 
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presence of typical granuloma and caseous necrosis (Figure 3). Histopathologic studies of pericardium tissue from patients with 
idiopathic or viral pericarditis show chronic nonspecific inflammatory changes (Figure 4).8–11

Pericardiectomy early with complete relief of constriction has good symptomatic relief and is the good treatment of 
choice for constrictive pericarditis, before severe constriction and myocardial atrophy occur.

Surgical Technique
Pericardectomy can be performed through a median sternotomy or a left anterior lateral thoracotomy. The median 
sternotomy can effectively provide access to the right ventricle, great vessels, and right atrium, allowing the thickened 
pericardium to be cleared from the phrenic nerve to the phrenic nerve. Left anterior thoracotomy is mainly used for 
infectious suppurative pericarditis to avoid postoperative sternal infection. Femoral access sites are usually kept open.

Figure 1 Transthoracic echocardiography showed the significantly thickened pericardium.

Figure 2 Chest computed tomographic scan showed the noticeably thickened and calcified ring of the pericardium.
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Femoral blood vessels are usually prepared or intubated before thoracotomy, depending on the degree of post-
operative adhesion of the sternum, the proximity of the heart structure to the sternum, the degree of heart failure, and the 
necessity of additional cardiac intervention. In order to evaluate the hemodynamic impact of the pericardiectomy 
intraoperatively, comprehensive monitoring of patients was conducted.12–15

By using sharp and blunt dissection techniques, dissection starts from the midline. It is important to carefully locate 
the dissection plane between the fibrotic-constricted parietal pericardium and epicardium while paying attention to the 
coronary artery. To avoid them and ensure sufficient depth in the dissection plane, the arteries should be visible.

When access to the correct dissection plane is attained, good cardiac relaxation can be achieved after removing the 
fibrous parietal pericardium. In order to remove all hard pericardial tissue, further dissection is performed between the 
pericardium of left and right ventricular walls, as well as between the left and right atrial walls.

Sometimes very thick local adhesions are encountered and difficult to remove. In this case, adhesion should be left 
untreated to prevent accidental damage to the underlying heart cavity. All small local bleeding will be treated 
immediately. Waffler surgery is another option for patients with extensive epicardial involvement, with multiple 
transverse and longitudinal incisions made in the epicardial layer.16–18

Figure 3 Histopathologic studies of pericardium tissue from a patient showed histopathologic features of tuberculosis including the presence of typical granuloma and 
caseous necrosis.

Figure 4 Histopathologic studies of pericardium tissue from a patient showed chronic nonspecific inflammatory changes.
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Pericardiectomy on Cardiopulmonary Bypass (Complete Pericardiectomy)
Pericardectomy involves cardiopulmonary bypass through a median sternotomy, with mild hypothermia (32–34°C) 
applied to the beating heart. Cardiopulmonary bypass is instituted through catheterization of the aorta, superior and 
inferior vena cava. Without cardioplegia, the aorta is unclamped and the heart remains beating throughout the entire 
extracorporeal circulation process.

After the median sternotomy, palpation of the pericardium is performed to identify an area that is not calcified and 
relatively soft, and the thymus is removed laterally. Dissection is started from the base of the aorta and extends 
downwards to the lateral and posterior walls of the left ventricle, followed by the diaphragmatic pericardium. The 
pericardium over the right atrium and vena cava is resected finally. If there are calcified plaques penetrating the 
epicardium, small islands of calcified pericardial tissue will be left untreated. Complete pericardiectomy is performed, 
followed by cardiopulmonary bypass weaned. In order to completely alleviate cardiac constrictions, the pericardium was 
completely removed during cardiopulmonary bypass (removal of phrenic-to-phrenic and the postero-lateral and inferior 
wall pericardial thickening).19–21

Pericardiectomy without Cardiopulmonary Bypass (Incomplete 
Pericardiectomy)
Pericardiectomy is conducted without extracorporeal circulation through sternotomy. Pericardectomy is performed 
between two phrenic nerves and from the large blood vessels to the base of the heart. Dissection was started at the 
base of the aorta, extended downward to the lateral walls of the left ventricle. The pericardium over the right atrium and 
vena cava was removed last.22–24 Radical pericardiectomy provided superior 10-year survival and clinical functional 
improvement in patients with chronic constrictive pericarditis compared to sub-total pericardiectomy.25

Operative Mortality
In 1913, German surgeon Ludwig Rehn successfully completed the first pericardiectomy for constrictive pericarditis, 
which was later considered a treatment method.2 Different surgical techniques and methods, such as partial pericardiect-
omy and total pericardiectomy, the necessity of extracorporeal circulation, and sternotomy and lateral thoracotomy, are 
still under debate. The median sternotomy approach enables a more radical clearance of pericardium. In cases of purulent 
pericarditis and effusive-constricted constrictive pericardial disease, the left anterior lateral thoracotomy approach should 
be preferred, as there is a risk of both empyema and sternal infection.26–29

Despite successful pericardiectomy, residual and prolonged constriction, or myocardial atrophy following myocardial 
processes can lead to long-term heart failure. The causes of death are multiple organ failure, heart failure, and respiratory 
insufficiency.28,30–32

Low Cardiac Output Syndrome
The etiology of low cardiac output syndrome is related to incomplete resection of thickened pericardium, excessive 
ventricular dilation after pericardial dissection, myocardial weakness, unsatisfactory relief of left ventricular compression, 
and heart failure. Incomplete pericardial dissection is associated with low cardiac output syndrome after pericardiectomy.

The relief of left ventricular constriction is crucial for the recovery of cardiac function after pericardiectomy. Apex 
adhesions should be free enough to restore normal ventricular contraction and rotational function. Incomplete resection of 
thickened pericardium and insufficient relief of left ventricular compression are associated with low cardiac output syndrome 
and operative deaths after pericardiectomy. Removing the pericardium from the phrenic nerve to the phrenic nerve without 
extracorporeal circulation usually results in insufficient removal of the pericardium to alleviate the constriction, especially in 
cases of complete encirclement of the heart. The most common is a severely thickened calcified ring around the base. In these 
cases, sometimes posterior lateral and inferior wall pericardial thickening associated with severe cardiac constriction are left 
untreated. Therefore, in this severe constrictive pericarditis, the textbook method of phrenic nerve to phrenic nerve resection of 
the pericardium is usually not sufficient to alleviate constriction. Perhaps it is precisely for this reason that the proportion of 
patients with low cardiac output syndrome and operative deaths after pericardiectomy is so high. Without extracorporeal 
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circulation, severe pericardial contraction is usually not effectively eliminated. In cases of severe myocardial infiltration with 
calcification, without cardiopulmonary bypass or left ventricular ventilation, these lesions cannot be safely and effectively 
removed. Therefore, if the main purpose is to completely alleviate the constriction of the heart, then extracorporeal circulation 
is actually a crucial operation. The brief additional cardiopulmonary bypass time during the surgical process hardly increases 
the risk of morbidity of the main surgery.33–35

Cardiopulmonary bypass clarifies the appropriate dissection plane through emptying the ventricular cavities, which 
facilitates surgical dissection and the management of accidental heart injury. Complete pericardiectomy (diaphragmatic to 
diaphragmatic resection, as well as resection of posterior lateral and inferior wall pericardial thickening) for complete 
relief of cardiac constriction during cardiopulmonary bypass should be routine.36–42

Postoperative Acute Kidney Injury
In Huang et al’s study, serum creatinine was used as the diagnostic standard for acute kidney injury (AKI). According to 
KDIGO classification, if serum creatinine increases by ≥ 26.5 μmol/L (0.3 mg/dL) within 48 hours, serum creatinine is 
50% higher than baseline within the first 7 days, or urine output is <0.5 mL/kg/h for 6 hours, the patient is considered to 
have acute kidney injury.43,44

Acute renal injury after pericardiectomy is a serious postoperative complication, leading to a significant increase in 
perioperative morbidity and mortality rates. The incidence of postoperative acute kidney injury in the study was 27.2%. 
The predictive factors for acute kidney injury include intubation time, thoracic drainage, serum creatinine at 24 and 48 
hours after surgery, fresh-frozen plasma, and packed red cells.

The following factors have been found to contribute to the development of acute renal injury after cardiac surgery: 
age, female, obesity, blood transfusion, low cardiac output, valve replacement surgery, myocardial infarction in the last 
30 days, heart failure, peripheral artery disease, chronic obstructive pulmonary disease, prolonged cardiopulmonary 
bypass, use of intra-aortic balloon pump, use of inotropic or vasoconstrictor drugs, diabetes mellitus, systemic arterial 
hypertension, and chronic kidney disease.

Patients with complications such as diabetes, chronic obstructive pulmonary disease, congestive heart failure and 
existing chronic kidney disease often take various nephrotoxic drugs, including nonsteroidal anti-inflammatory drugs, 
angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers, all of which further adversely affect 
glomerular perfusion.

Preoperative heart injury is a risk factor associated with pre-, peri-, or post-operative low cardiac output syndrome, 
and increases the likelihood of acute kidney injury after surgery due to reduced perfusion pressure and total renal 

Table 1 Pericardiectomy with or without Cardiopulmonary Bypass

Resection Scope Strengths Limitations

Pericardiectomy 
with 

cardiopulmonary 

bypass

Phrenic-to-phrenic removal 
and removal of the postero- 

lateral and inferior wall 

pericardial thickening

Complete pericardiectomy, empty heart, 
sufficient removal of pericardium, complete 

relief of the constriction of the heart, no 

remnant constriction, low diastolic filling 
pressure, low percentage of low cardiac 

output syndrome, acute kidney injury, 

multiorgan failure, and operative deaths, 
facilitating the management of inadvertent 

cardiac injury

Additional cardiopulmonary bypass time, 
additional cost

Pericardiectomy 

without 

cardiopulmonary 
bypass

Phrenic-to-phrenic removal of 

the pericardium thickened

No additional cardiopulmonary bypass time 

and additional cost

Incomplete pericardiectomy, insufficient 

removal of pericardium, remnant 

constriction, high diastolic filling pressure, 
high percentage of low cardiac output 

syndrome, acute kidney injury, multiorgan 

failure, and operative deaths
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ischemia injury. Renal toxicity, vasoconstriction, hemodynamic instability, inotropic drugs, and systemic inflammation 
are important factors that affect the development of postoperative acute kidney injury. In addition, due to the reduced 
oxygen carrying capacity of red blood cells and ischemic damage to the renal system, the development of pre existing 
anemia or postoperative anemia may also lead to acute kidney injury. Therefore, preventing the development of acute 
renal injury after cardiac surgery, optimizing pre-, intra- and post-operative factors, to reduce acute renal injury, 
contribute to better postoperative results, and reduce the rate of acute renal injury, morbidity, and mortality.45,46

Strengths and limitations of pericardiectomy with or without cardiopulmonary bypass were showed in Table 1.

Conclusions
Cardiopulmonary bypass is actually an important maneuver to attain complete relief of the constriction. The short 
additional time of cardiopulmonary bypass during the procedure has very little effect on the risk of morbidity of the main 
operation. Incomplete pericardiectomy perhaps was the cause of postoperative remnant constriction and high diastolic 
filling pressure leading to multiorgan failure. Complete pericardiectomy (removal of phrenic-to-phrenic and the postero- 
lateral and inferior wall pericardial thickening) using cardiopulmonary bypass should be the routine for total relief of the 
constriction of the heart.
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