
Depressed right ventricular systolic function in heart
failure due to constrictive pericarditis

Veena Raizada1* , Kimi Sato2, Alaa Alashi3, Arnav Kumar4, Deborah Kwon5, Jay Ramchand5,
Amy Dillenbeck5, Ross E. Zumwalt1, Adarsh S. Vangala6, Tyler D. Earley7 and Allan Klein5*

1Department of Internal Medicine, University of New Mexico Health Sciences Center, 2211 Lomas Blvd, Albuquerque, NM 87131, USA; 2Department of Internal Medicine,
Cardiology Division, University of Tsukuba, Tsukuba, Japan; 3Department of Internal Medicine, Texas Tech University Health Sciences Center, El Paso, TX, USA; 4Andreas
Gruentzig Cardiovascular Center, Emory University School of Medicine, Atlanta, GA, USA; 5Center for the Diagnosis and Treatment of Pericardial Diseases, Section of
Cardiovascular Imaging, Department of Cardiovascular Medicine, Heart, Vascular, and Thoracic Institute, Cleveland Clinic, 9500 Euclid Ave., Desk J1-5, Cleveland, OH 44195,
USA; 6Department of Internal Medicine, Arizona Health Sciences Center, Tucson, AZ, USA; and 7Department of Internal Medicine, Samaritan Health Services, Corvallis, OR,
USA

Abstract

Aims Heart failure in constrictive pericarditis (CP) is attributed to impaired biventricular diastolic filling. However, diseases
that cause CP due to myocardial infiltration and fibrosis can also impair biventricular systolic function (sf) and contribute to
heart failure. This study of patients with CP examined biventricular sf and the effect of myocardial infiltration by pericardial
diseases and the resulting fibrosis on ventricular sf.
Methods and results Histopathologic examinations of right ventricular (RV) and left ventricular (LV) myocardia and pericar-
dia were performed on three autopsied hearts of patients with pericardial diseases. Additionally, in 40 adults with clinical
heart failure and 40 healthy adults (controls), sf of both ventricles was examined by echocardiography, including strain mea-
surements, and biventricular diastolic filling and pulmonary artery pressures were assessed by cardiac catheterization. Cardiac
histopathology indicated thickening of the pericardium with fibrosis, disease infiltrating the myocardium, greater infiltration of
the RV than the LV, and an association of pericardial thickness with myocardial infiltrations. Functional analysis indicated that
RVsf was impaired on all echo indices, including strain measurement, but LVsf was preserved.
Conclusions Diseases causing CP are not restricted to the pericardium but also infiltrate the biventricular myocardium and
affect the thin-walled RV more than the thick-walled LV, resulting in depressed RVsf. The present results help explain clinical
heart failure in the presence of restricted diastolic filling in CP. Depression of RVsf due to progression of fibrosis in the RV myo-
cardium may increase the risk of delayed pericardiectomy.
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Introduction

Constrictive pericarditis (CP), which is characterized by en-
casement of the heart within a dense scarred pericardial sac,
can cause heart failure due to external restriction of
biventricular diastolic filling and elevated systemic and
pulmonary venous pressures.1 Patients with CP typically pres-
ent with heart failure that manifests as ascites praecox, high
jugular venous pressure, hepatomegaly, and pedal oedema,

with further complications of hepatic cirrhosis and
protein-losing enteropathy. Heart failure in these patients is
considered a progressive syndrome caused by a treatable
extra-myocardial condition.1–3 The inflammatory and fibrotic
processes associated with pericardial diseases that lead to
pericardial fibrosis, scarring, and constriction can also infiltrate
the ventricular walls4–6; these affect the right ventricle (RV)
more than the left ventricle (LV) because the RV has a thinner
wall and a larger epicardial surface area in contact with the
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diseased pericardial sac.7–11 Furthermore, histological
studies of the myocardium in CP patients indicated increased
deposition of collagen, fibrosis, and atrophy of myocytes,
processes that may impair myocyte contractility.8–11 We
therefore hypothesized that CP causes histopathological
changes in the myocardium, with more severe changes in
the RV than the LV and that these changes manifest as
more severely impaired systolic function (sf) of the RV than
the LV.

The study had two parts. Part I was a histopathologic ex-
amination of the myocardium and pericardium of the RV
and LV from autopsy patients who had pericardial
diseases with common aetiologies. Part II was an investiga-
tion of the sf of both ventricles using two-dimensional
echocardiography (2DE), including measurements of longi-
tudinal strain, in healthy controls and a group of patients
with CP whose diagnoses were confirmed by cardiac
catheterization.

Methods

Part I summarizes the histopathologic abnormalities of the
pericardia and myocardia of the LVs and RVs from autopsies
of three patients: a 59-year-old male with CP who died a
few days following pericardiectomy; a 53-year-old female
who had a breast malignancy and received radiation therapy;
and a 41-year-old male who had malignant pericarditis. The
pericardia and myocardia were stained with trichrome and
haematoxylin and eosin and were then microscopically exam-
ined by an experienced pathologist. The slides were exam-
ined for collagen and fibrous connective tissue and
inflammation involving the pericardia and myocardia,
perimyocardial junctions and muscle bundles, and the
subepicardial regions (Figures 1–3).

Part II consisted of 2DE measurements, including global
longitudinal strain (GLS, ϵ), from 40 patients with heart fail-
ure due to CP (23 men, 17 women; mean age: 56 ± 14 years)
from the database of the Cleveland Clinic (Cleveland, OH,
USA). These patients were compared with 40 age-matched
and gender-matched healthy control subjects. All measure-
ments were conducted according to the guidelines of the
American Society for Echocardiography.12,13 Data including
GLS were analysed offline by the principal investigator (VR);
this analysis was subsequently verified by two coinvestigators
(KS and AA). Each value was obtained by averaging over 3 cy-
cles. Diagnosis of CP was confirmed by intracardiac pressure
measurements of the right atrium (RA), RV and LV, pulmo-
nary artery, and pulmonary capillary wedge pressure using
cardiac catheterization. The study protocol was approved by
the institutional review board of the Cleveland Clinic,
Cleveland.

Echocardiographic measurements

Pericardial thickness (millimetre) was measured using
M-mode echocardiography, guided by 2DE in parasternal
long-axis and subcostal views. To precisely measure pericar-
dial thickness, images with clear separations between the
parietal and visceral pericardia in diastole were selected.14

Measurements of RVsf included fractional area change
(FAC), tricuspid annular plane systolic excursion (TAPSE),
peak systolic velocity of tricuspid annulus (S0), and right
ventricular index of myocardial performance (RIMP). RV
wall thickness was measured at end diastole in subcostal
and parasternal long-axis views. However, RV wall thickness
could not be satisfactorily measured in all patients due to
tethering and adhesions with the pericardium in both
views. Inferior vena cava diameter was measured in
subcostal views. Parasternal views of 2DE were used to de-
rive LV end-diastolic and end-systolic internal dimensions,
wall thickness, and mass. Apical views were used to esti-
mate LV end-diastolic and end-systolic volumes and ejection
fraction using Simpson’s rule. The GLS of the LV and RV
(LVϵ and RVϵ, respectively) in the apical four-chamber view
was derived from the average strain of six segments of
each ventricle.15

Statistical analysis

Continuous data are expressed as means ± standard devia-
tions when normally distributed and as medians and inter-
quartile ranges (IQRs) when non-normally distributed.
Categorical data are presented as absolute numbers and per-
centages. The unpaired t-test or McNemar’s test was used to
compare two groups, as appropriate. Spearman’s correlation
coefficient was used to assess correlations between echocar-
diographic and haemodynamic variables. To assess interob-
server variability in strain measurements, two observers
who were blinded to each other’s measurements analysed
10 randomly selected datasets. Variability was assessed by
intraclass correlation coefficients (ICCs) and presented as
per cent variability. A P value below 0.05 was considered sig-
nificant. All statistical analyses were performed using JMP
Version 10.0 (SAS Institute Inc., Cary, NC, USA) and SPSS Ver-
sion 25.0 (SPSS Inc., Chicago, IL, USA).

Results

Part I: Histopathologic examination of three
autopsies

Photomicrographs (Figures 1–3) show the cardiac pathologies
of the three autopsy patients. Figure 1 (patient with CP) shows
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thick pericardial fibro-connective tissue andmyocardium, with
strands of fibrous tissue between the muscle bundles, and the
presence of fibro-connective tissue surrounding many individ-
ual myocardial cells. Figure 2 (patient with breast cancer who
received radiation therapy) shows a thickened pericardium
with fibrous tissue extending into the myocardium. Figure 3
(patient with malignant pericarditis) shows the RV with a
thickened epicardium and infiltration of large malignant cells
that extended between the cardiac muscle fibres.

Part II: Echocardiographic and haemodynamic
parameters in constrictive pericarditis patients
and healthy controls

The aetiology of CP was idiopathic in 31 patients and was sys-
temic disease (viral or bacterial infections) or radiation ther-
apy in the other nine patients. The CP group had
significantly greater pericardial thickness (6.0 ± 6.8 vs.
2.7 ± 0.30 mm, P = 0.015); however, there was no correlation

between pericardial thickness and RVsf parameters. The CP
group had an FAC that was 12% lower, a TAPSE that was
57% lower, an S0 that was 30% lower, and RIMP that was
35% greater (all P < 0.001). The two groups had similar RV
linear internal dimensions, but the inferior vena cava was di-
lated in the CP group (P < 0.001). Both groups had normal LV
size and LVsf, although all measures were lower in the CP
group. The two groups had similar indexed LV mass
(69 ± 13 vs. 64 ± 22 g/m2, P = 0.19) (Table 1, Figure 4, top).
The CP group had a significantly lower RVϵ compared with
normal (�19.75 ± 3.22 vs. �25.32 ± 3.04, P < 0.001), but
the two groups had similar LVϵ (�19.42 ± 3.96 vs.
�19.44 ± 0.72, P = 0.99) (Figure 4, bottom).

Intracardiac pressures

Right heart pressures (RA, RV, pulmonary artery, and pulmo-
nary capillary wedge pressure) were elevated in the CP group

Figure 1 Thick pericardial fibro-connective tissue with myocardial infiltration in post-inflammatory constrictive pericarditis. Photomicrographs of the
right ventricle from a patient with post-inflammatory constrictive pericarditis. All photos show tissue stained with trichrome, which allows differenti-
ation of fibrous connective tissue (stained blue) from exudate and myocardial cells (stained red). E, exudate; M, myocardium; P, pericardium. (A) Black
arrows (4×) showing mature collagen and fibrous tissue. Dashed arrow shows inflammatory infiltration between the pericardium and adjacent tissue.
(B) (10×) Junction of pericardial fibro-connective tissue and myocardium with black arrows showing strands of fibrous tissue between muscle bundles.
(C) Black arrows (10×) showing increased fibrous tissue between myocardial muscle bundles. (D) (40×) Pericardial–myocardial junction with
fibro-connective tissue surrounding many individual myocardial cells.
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(Table 2), and simultaneous RV and LV pressure tracings
showed a ‘dip and plateau’ pattern in diastolic pressure.

Variability data

Compared with normal population, CP patients showed signif-
icantly higher pericardial thickness (6.0 ± 6.8 vs. 2.7 ± 0.30,
P = 0.015). In CP patients, pericardial thickness was signifi-
cantly correlated with RV dimension (r = 0.45, P = 0.029).
While there was no correlation between pericardial thickness
and RV geometry or function. The ICC for interobserver vari-
ability in GLS was 0.98 (IQR: 0.93–09) for LV and 0.95 (IQR:
0.85–0.98) for RV. The interobserver variability accounted for
5% of the variability in LV strain and 6% of the variability in
RV strain. The ICC of intraobserver variability was 0.99 (IQR:
0.97–0.996) for LV strain and 0.98 (IQR: 0.94–0.99) for RV

strain. The interobserver variability accounted for 2% of the
variability in LV strain and 4% of the variability in RV strain.

Discussion

The patients included in this study had clinical symptoms of
heart failure with characteristic clinical signs of CP. In all pa-
tients, cardiac catheterization demonstrated near equalization
of diastolic pressures between the RV and LV and a preserved
x wave with a prominent y descent due to impairment of
biventricular diastolic filling resulting from pericardial con-
striction. The other major findings included (i) the presence
of depressed RVsf and normal LVsf and increased pericardial
thickness including adhesions with the epicardium, as deter-
mined by echocardiography, and (ii) cardiac pathology show-
ing thick pericardium with fibrous tissue adjacent to the

Figure 2 Post-radiation constrictive pericarditis. Photomicrographs of the right ventricle from a patient with constrictive pericarditis who had
undergone radiation therapy for breast cancer. (A) Black arrows [haematoxylin and eosin (H&E), 4×] showing thick fibrous pericarditis. (B) Black arrows
(H&E, 10×) showing thickened pericardium with fibrous tissue adjacent to the myocardium. (C) Black arrows (H&E, 10×) showing thickened fibrous
pericardium. (D) White arrows (H&E, 40×) showing the junction between the pericardium and myocardium with fibrous bands extending into the
myocardium between cardiac muscle bundles.
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myocardium, abundant fibro-connective tissue along with cel-
lular infiltrates extending to the myocardium, and excessive
myocardial fibrosis, particularly of the RV wall.

We assessed RVsf using multiple echocardiographic indices
according to the American Society for Echocardiography
guidelines.12,13 Our evidence for a decreased RVsf was ro-
bust, as indicated by changes in four of the 2DE indices and
a reduction in GLS. We found that, compared with healthy
controls, CP patients showed a 12% to 68% change in all four
of the 2DE indices and a 37% reduction in GLS, indicating sig-
nificant impairment of RVsf in all patients. Interestingly, we
found that RVsf was moderately to severely impaired by

traditional echo Doppler measurements as well as by reduc-
tion in GLS. Therefore, our experience in assessing RVsf in
CP patients is not in line with prior studies of various dis-
eases, which recommended that assessment of RVsf by tradi-
tional echo Doppler measurements should include
measurement of GLS so as to improve the identification of
patients who are at risk for clinical heart failure. Interestingly,
LVsf was preserved in our CP patients, even though CP is
characterized by encasement of both ventricles by a thick
pericardial sac with excessive fibrosis. Our GLS measurements
were also consistent with a lack of impairment of LVsf. The
histopathologic changes in the pericardia and myocardia of

Figure 3 Malignant pericarditis withmyocardial infiltrates. Photomicrographs from a patient withmalignant pericarditis. (A) Black arrows [haematoxylin
and eosin (H&E), 4×] showing right ventricle with thickened epicardium, infiltration of large malignant cells, and associated inflammatory cells with
fibrinous exudate on the surface. (B) Black arrows (H&E, 10×) showing right ventricle with thickened epicardium.White arrows indicate immature fibrous
tissue extending between cardiac muscle fibres. (C) Black arrow (H&E, 4×) showing left ventricle with thickened epicardium and malignant infiltrate
overlying subepicardial adipose tissue. (D) White arrows (H&E, 10×) showing the left ventricle epicardium with malignant infiltrate and inflammatory
response extending into the subepicardial adipose tissue.
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the three autopsy cases point to the possible mechanisms re-
sponsible for depressed RVsf in CP. In particular, all three au-
topsy patients had changes in the pericardia and myocardia
of both ventricles, but these changes were more extensive
in the pericardium overlying the RV, as well as within the
RV myocardium. The more extensive infiltration of the RV
wall by inflammatory and malignant cells and fibrinous mate-
rial from the thickened pericardium in our autopsy patients is
consistent with our finding of impairment in the RVsf, and
not of LVsf, in CP patients.

Mechanism(s) of reduced right ventricular systolic
function

Our finding of reduced RVsf in CP appears related to the myo-
cardial structural changes. There are three possible general
causes of these structural changes. First, infectious and
non-infectious pericardial diseases are characterized by in-
flammation that leads to subepicardial penetration of pri-
mary pericardial disease processes and extension into the
myocardium, with replacement by fibrous connective tissue
during healing.4–6,8–11 The molecular changes include release
of pro-inflammatory and pro-fibrotic cytokines, and these
promote the epithelial to mesenchymal transition, which is
characterized by increased levels of connective tissue cyto-
kines and increased extracellular matrix production and
accumulation.4–6,16,17 Furthermore, pro-inflammatory cyto-
kines inhibit protein synthesis, resulting in decreased levels
of cardiac myofibrillar proteins and ultimately to reduced car-
diac function.16,17

Second, there is simultaneous involvement of the myocar-
dium and pericardium in the same pathologic process,
whether due to radiation therapy or collagen vascular
diseases.4–6 This condition is not only restricted to the peri-
cardium but also involves the myocardium and leads to
perimyocarditis with subepicardial and myocardial inflamma-
tion, cellular infiltration, production of fibrinous exudate, and
cell necrosis.16–18 Ultimately, there is fibrosis of the pericar-
dium, and the fibrotic changes extend into the adjacent myo-
cardium as shown in our autopsy cases.

The third cause of myocardial structural changes is myo-
cardial ischaemia due to reduced coronary flow related to
two main sources.19,20 The first source is diseases or thera-
pies including radiation that induce or accelerate coronary ar-
tery disease, or invade the pericardium with subsequent
fibrotic adhesions causing compression of the underlying cor-
onary arteries. These pericardial diseases include fibrosis due
to mediastinal irradiation or tumour infiltration, or following
complicated open chest surgery, and systemic diseases in-
cluding collagen vascular diseases and chronic renal failure.
The second source is compression of coronary arteries from
the outside by the contracting pericardial scar and the sur-
rounding myocardial fibrosis, and restriction of diastolic coro-
nary filling by excessively elevated biventricular diastolic
filling pressures.21

Several observations indicate that the morphological and
intracellular appearances of the myocytes in CP are due to
ischaemia.19,20 Morphologically, populations of both large
and small myocytes are observed (diameter, μm: nor-
mal = 14.5; large = 16.8; and small = 11.9). The former repre-
sent changes due to persistent ischaemic injury, and the latter

Table 1 Two-dimensional echocardiographic and Doppler characteristics of healthy controls and patients with constrictive pericarditis

Variable Control (N = 40) CP (N = 40) P value

Right heart
RV basal dimension (mm) 30 ± 3 30 ± 4 0.72
RV longitudinal dimension (mm) 66 ± 13 68 ± 13 0.59
RV mid-dimension (mm) 23 ± 8 28 ± 12 0.043
FAC% 55 ± 2 49 ± 5 <0.001
RV end-diastolic area (cm2) 11.0 ± 1.4 13.0 ± 3.8 0.002
RV end-systolic area (cm2) 4.9 ± 0.6 6.6 ± 2.1 <0.001
TAPSE (mm) 22 ± 2 14 ± 3 <0.001
S0 (cm/s) 13 ± 1 10 ± 2 <0.001
RIMP 0.40 ± 0.04 0.62 ± 0.25 <0.001
Inferior vena cava (cm) 15 ± 0.2 31 ± 2.7 <0.001

Left heart
LVIDd (mm) 45 ± 5 41 ± 7 0.007
LVIDs (mm) 29 ± 3 27 ± 5 0.036
EDV (mL) 97 ± 31 82 ± 31 0.029
ESV (mL) 35 ± 13 34 ± 15 0.65
EF (%) 64 ± 5 61 ± 6 0.011
IVSTd (mm) 8.7 ± 1.3 10.0 ± 1.9 0.001
PWTd (mm) 8.7 ± 1.4 9.6 ± 1.8 0.008
LVMI (g/m2) 69 ± 13 64 ± 22 0.19

EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; FAC, fractional area change; IVSTd, interventricular septal thick-
ness at end diastole; LVIDd, left ventricular internal diameter end diastole; LVIDs, left ventricular internal diameter end systole; LVMI, left
ventricular mass index; PWTd, posterior wall thickness at end diastole; RIMP, right ventricular index of myocardial performance; RV, right
ventricular; S0, peak velocity of systolic mitral annular motion; TAPSE, tricuspid annular plane systolic excursion.
Data are expressed as means ± standard deviations.
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represent early stages of ischaemia.19 However, some popu-
lations of the smaller cells may also be the result of disuse at-
rophy due to chronic cardiac compression by the thick and
fibrosed pericardium.11

Differential effects of pericardial disease on right
ventricular and left ventricular structure

The different effects of CP on the RVsf and LVsf may be due
to anatomical and/or physiological differences between the
ventricles; regional variations in the severity of pericardial
thickening; differences in the coverage of each ventricle by
the pericardium; and differences in the anatomic location of
the chamber in the chest cavity. The pericardial sac loosely
covers the entire heart, but does not cover all chambers to
the same extent.7

We attribute our observation, that CP had a greater effect
on RVsf than LVsf, to the thinner RV wall and the unique an-
atomical position of the RV within the pericardial sac and
chest cavity. As a result of this anatomical structure, there

Table 2 Intracardiac right heart pressures in patients with
constrictive pericarditis

Variable Average ± SD (mmHg)

RA mean 19 ± 6
RV systolic 40 ± 10
RV diastolic 20 ± 6
PA systolic 38 ± 10
PA mean 27 ± 7
PCWP 21 ± 6

PA, pulmonary artery; PCWP, pulmonary capillary wedge pressure;
RA, right atrium; RV, right ventricle; SD, standard deviation.

Figure 4 Depressed right ventricular (RV) systolic function in constrictive pericarditis (CP). (Upper) Comparison of four echocardiographic parameters,
fractional area change (FAC), tricuspid annular plane systolic excursion (TAPSE), peak velocity of systolic mitral annular motion (S0), and right ventricular
index of myocardial performance (RIMP), of RV in CP and C. FAC, TAPSE, and S0 were lower and RIMP was higher in CP than in C (P < 0.001 for all).
(Lower) The arrows on the global longitudinal strain of the right ventricle and left ventricle (RVϵ and LVϵ) curves represent average peak ϵ for the
respective ventricle in patients with CP.
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is extensive contact between the diseased pericardial sac
filled with exudate and the RV, especially along its diaphrag-
matic surface. Furthermore, the pericardium-to-RV contact
is not limited to the epimyocardium, as chronic effusions
are often accompanied by fibrous strands that span the peri-
cardial space and infiltrate the entire thickness of the ven-
tricular wall. Within the ventricular wall, fibrous connective
tissue is present along with the pathologic material
intermingling with myocardial fibres. This pathologic change
within the RV myocardium contributes to impairment of the
RVsf and in some cases also induces extrinsic compression
of the coronary arteries, leading to myocardial ischaemia.
Accordingly, the histopathological changes (cellular infil-
trates, fibrous strands, and scarring) due to chronic pericar-
dial disease are more extensive in the thin-walled RV than
in the thick-walled LV, in agreement with what we observed
in the three autopsied hearts (Figures 1–3). These histopath-
ologic abnormalities of the RV wall and the increase in
afterload due to pulmonary hypertension are the likely ex-
planations of the reduced RVsf in our patients. On the other
hand, our patients had preserved LVsf. These findings sug-
gest that the pericardial involvement of both ventricles
would affect the RV much more than the LV because of
the much smaller thickness of the RV wall, and compared
with LV, more extensive contact of the RV with the pericar-
dium. Similar to the present study, Kusunose et al.22 found
depressed RVsf in CP, but they also found depressed LVsf.
Impaired LVsf in their study may be explained by the more
severe myocardial fibrosis in these patients, because prior
histopathological studies showed that extensive myocardial
changes including ischaemia and myocyte atrophy, and fibro-
sis can occur due to longstanding and severe systemic dis-
eases affecting the heart.8–11,16,17,23

Finally, the present study and previous studies suggest that
clinical heart failure in CP, although primarily due to restricted
diastolic filling of both ventricles, can also represent impaired
ventricular sf due to myocardial infiltration of pericardial dis-
ease. Accordingly, heart failure in CP, based on diagnostic fea-
tures of diastolic heart failure with or without impaired
ventricular sf, can be classified in three categories of increas-
ing severity: (i) normal biventricular sf; (ii) impaired RVsf but
normal LVsf; and (iii) impaired biventricular sf (Figure 5).

Limitations and strengths

Our group of CP patients had thickened pericardia, but peri-
cardium thickness did not correlate with RVsf. This can be at-
tributed to two factors that limited the accuracy of our
measurements of pericardial thickness by transthoracic echo-
cardiography: (i) collagen and fibrous tissue deposition be-
tween the pericardium and adjacent tissue, and between
the pericardium and myocardium, and a thickened

epicardium; and (ii) variations in operator technique, gain
settings, and body habitus.

To improve the reliability of our measurements of global
RVsf in RVs with unique geometry, we used multiple echocar-
diographic indices, including GLS, because each index mea-
sures a specific aspect of RVsf.12,13 A decreased global RVsf
in CP represents decreased sf of the RV free wall because
CP infiltrates the RV wall, not the interventricular septum.
TAPSE and S0 measurements assume that displacement of
the basal region of the RV free wall represents sf of the entire
RV; furthermore, these measurements are angle dependent.
Nevertheless, the decreased TAPSE and S0 values in the pres-
ent study reliably represent impaired sf of the RV free wall.
This is because the pericardial diseases that cause CP infil-
trate the entire RV free wall and are not restricted to the
basal region, although they do not infiltrate the interventric-
ular septum. The percentage RV FAC, a measure of the de-
crease in RV diastolic to systolic area, correlates with RV
ejection fraction determined by magnetic resonance
imaging.24 Although previous studies21 recommended using
FAC to estimate RVsf, it does not represent the sf of the en-
tire RV because it does not account for the contribution of
the RV outflow tract. Furthermore, FAC measurements in-
clude function of the interventricular septum, which is unaf-
fected in CP. On the other hand, RIMP estimates global
RVsf, because a prolonged RIMP indicates reduced global
RV contractility. Our CP patients had prolonged RIMP values,
even though they had elevated RA pressure, which is known
to reduce RIMP. Despite these limitations, considering these
indices together, along with the decreased GLS, our findings
are consistent with the interpretation CP leads to a decreased
RVsf due to impaired function of the RV free wall.

Finally, our examinations of three autopsy cases provided
important information about the pericardial and myocardial
histopathological abnormalities in pericardial diseases—espe-
cially in the RV and LV. We had no echocardiographic or mag-
netic resonance imaging data on cardiac function in these
autopsied hearts. However, our examinations provided new
information about the pericardial and myocardial histopatho-
logical abnormalities caused by pericardial diseases.

In conclusion, our study of 40 patients with CP and 40
healthy controls indicated the presence of depressed RVsf
but preservation of LVsf in CP. The results of the echocardio-
graphic examination of cardiac function and histopathologic
investigation of myocardial tissues from autopsied hearts
provide insights into the myocardial functional and structural
changes that occur in CP. The cardiac structural changes in CP
consisted of a thickened pericardium, fibrotic strands within
the myocardium, and significantly denser fibrosis within the
RV myocardium than the LV wall. The more abundant fibrosis
in the RV compared with the LV appears to be due to the thin
wall of the RV and the more extensive contact of its epicar-
dium with the diseased pericardium. Myocardial fibrosis in
which there is replacement of myocytes by fibrous tissue
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Figure 5 Heart failure stages in constrictive pericarditis according to preserved versus impaired ventricular systolic function. (Top) Perimyocardial
pathologic process leading to fibrosis and constrictive pericarditis (Ramasamy V et al. World J Cardiol 2018;10:87-96.)4; (Middle) Histopathologic
changes leading to constrictive pericarditis (CP) in pericardium (left) and associated changes in the myocardium (right); and (bottom) stages of heart
failure in CP: Stage 1, normal biventricular systolic function; Stage 2, reduced right ventricular systolic function (RVsf) with normal left ventricular
systolic function (LVsf); and three categories of increasing severity: (i) normal biventricular systolic function; (ii) impaired RVsf but normal LVsf; and
(iii) impaired biventricular systolic function.
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and/or an increase of interstitial fibrous tissue with impair-
ment of coronary blood supply is the likely cause of RVsf de-
pression in patients with CP.

Clinical perspectives

Clinical heart failure in CP is traditionally attributed to re-
stricted biventricular diastolic filling. However, pericardial dis-
eases with myocardial incursions and consequent fibrosis can
impair biventricular sf and affect the thin-walled RV more
than the thick-walled LV. Accordingly, we propose three cate-
gories of heart failure in CP based on the type of ventricular
function impairment: (i) biventricular diastolic function im-
pairment with normal biventricular sf; (ii) biventricular dia-
stolic function impairment with depressed RVsf and normal
LVsf; and (iii) biventricular diastolic function impairment with
depressed RV and LVsf. Consequently, pericardiectomy may
not completely resolve heart failure in all patients with CP.

Translational outlook

A decline in diastolic function and sf of both ventricles in
patients with CP affects their clinical course and prognosis.
Therefore, myocardial infiltration by pericardial diseases

that impair cardiac function should be considered when
testing cardiac function prior to pericardiectomy. Clinicians
should consult with their patients and explain the
expected level of post-operative recovery of cardiac
function.
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