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Abstract Constrictive pericarditis is a disorder of cardi-
ac filling caused by an inelastic pericardium. This treat-
able cause of heart failure should be considered in all
patients with unexplained right heart failure symptoms
or signs, especially when the left ventricular ejection
fraction is preserved. Diagnosing constrictive pericarditis
remains challenging, and the most effective tools are
designed to identify its unique pathophysiologic mecha-
nisms: dissociation of intrathoracic and intracardiac
pressures and enhanced ventricular interaction. The cor-
nerstone of the diagnostic work-up remains comprehen-
sive echocardiography with Doppler, but cross-sectional
imaging and invasive hemodynamic assessment may be
necessary in some cases. Cardiac MRI is particularly helpful
in identifying those patients who may have inflammatory con-
striction that would resolve with anti-inflammatory
therapy. Complete surgical pericardiectomy remains
the only definitive treatment for patients with chronic
constriction.
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Introduction

Constrictive pericarditis is a disorder of diastolic filling
caused by an inelastic pericardium. Correct diagnosis of
this treatable cause of heart failure requires understand-
ing of its complex pathophysiology and detection of its
unique hemodynamics with echocardiography. Cross-
sectional imaging and cardiac catheterization may be re-
quired in some cases. The following is a review of the impor-
tant aspects of diagnosis and management for this challenging
disease.

Etiology

Historically, tuberculosis was a dominant cause of con-
strictive pericarditis in North America, constituting 48 % of
cases in a report published in 1962 [1]. Tuberculous
constrictive pericarditis remains common in parts of
the world with high prevalence of human immunodefi-
ciency virus and the acquired immune deficiency syn-
drome. In a single-center review of 121 cases over
22 years (1990-2012) in South Africa, constrictive peri-
carditis was confirmed in 29.8 % and suspected in an
additional 61.2 % of cases [2].

Constrictive pericarditis due to tuberculosis is now
rare in North America. A review of 135 cases over
10 years (1985-1995) at the Mayo Clinic classified
80 % of cases as being idiopathic or due to prior car-
diac surgery, acute pericarditis, or radiation therapy [3].
An increase in frequency of cases due to prior cardiac
surgery or radiation therapy was noted in comparison to
a historic cohort. The remaining cases were due to rheu-
matologic disease, infection, malignancy, trauma, asbes-
tosis, or other miscellaneous causes. Other tertiary cen-
ters have published similar findings [4-6].
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Epidemiology

The prevalence of constrictive pericarditis is unknown.
Incidence has been determined only in patients who have
had an episode of acute pericarditis and appears to be low.
In a prospective study of 500 patients followed for a median
of 6 years after an episode of acute pericarditis, 1.8 % devel-
oped constrictive pericarditis [7]. The incidence was lower in
patients with idiopathic or viral pericarditis when compared to
patients with pericarditis due to connective tissue disease,
pericardial injury syndrome, neoplasm, or bacterial infection.

Pathology and Pathophysiology

Typically, the pericardium is fibrotic, calcified, and thickened
in constrictive pericarditis. However, pericardial thickening is
not required for the diagnosis and the thickness of the surgi-
cally removed pericardium has been reported to be normal in
18 % of cases [8]. In some cases, the dominant pericardial
abnormality is inflammation, which has important treatment
implications.

Constrictive pericarditis may develop acutely within days
or chronically over years. Cardiac volume is limited by the
inelastic pericardium, and ventricular diastolic filling is pro-
gressively restricted, leading to elevation and equalization of
filling pressures in all cardiac chambers. Elevated atrial pres-
sures drive rapid early diastolic ventricular filling, which then
abruptly stops as volumes reach the limit imposed by the
pericardium. Venous pressure increases, while stroke volume
and cardiac output decrease.

The right and left heart chambers interact abnormally with-
in the constrained cardiac space, with filling of one side at the
expense of the other. This “enhanced” ventricular interaction
is most evident during the respiratory cycle because the dis-
eased pericardium insulates the cardiac chambers from chang-
es in intrathoracic pressure. Therefore, intrathoracic and intra-
cardiac pressures become relatively “dissociated.” Inspiration
causes a decrease in intrathoracic and pulmonary venous pres-
sures, while the left heart chamber pressures are affected less,
if at all. The pressure gradient for left heart filling is therefore
reduced and leads to lower diastolic filling and subsequent
stroke volume. The reduction in left heart filling leads to a
shift in the position of the interventricular septum toward the
left ventricle and allows increased inspiratory right heart fill-
ing. Expiration reverses these changes and leads to increased
left heart filling, a shift in the position of the interventricular
septum back toward the right ventricle, and decreased right
heart filling. The principles of dissociated intrathoracic and
intracardiac pressures and enhanced ventricular interaction
were originally described by Hatle et al. and underlie the most
important diagnostic tests for constrictive pericarditis [9].
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In some cases of subacute constrictive pericarditis, a peri-
cardial effusion may be present along with fibrous contracture
of the visceral pericardium. This has been termed effusive-
constrictive pericarditis and may be recognized by the persis-
tence of elevated central venous pressure and constrictive he-
modynamics despite the removal of pericardial fluid.

Clinical Manifestations

Approximately two thirds of patients with constrictive peri-
carditis present in heart failure, with dyspnea on exertion and
edema being the most commonly reported symptoms [3]. The
remainder may present with chest discomfort, fatigue, abdom-
inal symptoms, tamponade, an atrial arrhythmia, or frank liver
disease.

The most important aspect of the physical examination is
assessment of the jugular venous pressure and contour. Nearly
all patients with constrictive pericarditis have elevated jugular
venous pressure. Exceptions may include those with early or
mild constriction and also those with “occult” constriction in
the setting of hypovolemia who require volume loading to
reveal constrictive hemodynamics [10]. In addition to being
elevated, the jugular venous pressure waveform in constrictive
pericarditis is notable for a steep, deep y-descent that signifies
rapid but brief early diastolic ventricular filling. An increase in
venous pressure with inspiration (Kussmaul sign) may also be
present. Although pulmonary edema is not common, a pleural
effusion is often present. Cardiac auscultation may reveal an
early diastolic sound (pericardial knock) due to the abrupt
termination of ventricular diastolic filling; this sound corre-
sponds to the nadir of the y-descent, which is slightly earlier
than a typical third heart sound (S3). Significant variation in
the systolic blood pressure with respiration (pulsus paradoxus)
may be noted in constrictive pericarditis and is due to the
dissociation of intrathoracic and intracardiac pressures and
enhanced ventricular interaction described previously. The ab-
dominal examination may reveal a pulsatile, enlarged liver
and ascites. In advanced cases of constrictive pericarditis, ca-
chexia may also be noted.

Diagnosis

Constrictive pericarditis may mimic other causes of pre-
dominantly right-sided heart failure signs and symptoms,
which makes the diagnosis challenging. Many patients
are misdiagnosed for an extended period of time with liver
disease, idiopathic pleural effusion, or unexplained ankle
swelling. Constriction should be considered in all patients
presenting with unexplained jugular venous pressure eleva-
tion, particularly in the setting of prior cardiac surgery or chest
radiation. A comprehensive diagnostic work-up is required to
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correctly identify constrictive pericarditis and exclude condi-
tions that present similarly, such as restrictive cardiomyopa-
thy. Evaluation should begin with an electrocardiogram
(which usually shows nonspecific findings), chest radiograph,
and echocardiogram.

Chest Radiography

Pericardial calcification on a chest radiograph strongly sug-
gests constrictive pericarditis in the appropriate clinical set-
ting, but is seen in only 27 % of cases involving surgically
proven constriction [11]. Calcification of the pericardium sug-
gests chronicity and appears to be most common in cases of
idiopathic constrictive pericarditis. Chest radiography may
therefore be helpful, but a definitive diagnosis of constrictive
pericarditis should be based on detection of the characteristic
hemodynamic features of constriction.

Comprehensive Echocardiography with Doppler Assessment

A standard echocardiographic examination allows exclusion
of other more common causes of heart failure, such as right or
left ventricular systolic dysfunction, valvular disease, or pul-
monary hypertension. Clues to the presence of constrictive
pericarditis may be present, but a dedicated “constriction-pro-
tocol” echocardiogram with simultaneous recording of respi-
ration is usually necessary to confirm constrictive pericarditis
and exclude restrictive cardiomyopathy. The examination
should focus on the motion of the ventricular septum, varia-
tion in the mitral inflow velocity, variation in the hepatic vein
profile, and tissue Doppler assessment of mitral annular ve-
locities (Fig. 1).

Respiration-related variation in ventricular septal motion,
mitral inflow velocity, and hepatic vein reversals all arise from
the dissociation of intrathoracic and intracardiac pressure
changes and enhanced ventricular interaction in constrictive
pericarditis. Inspiration reduces intrathoracic pressure, and
normally, this pressure decrease is fully transmitted to the
cardiac chambers. In constriction, however, the intracardiac
pressure falls much less than intrathoracic pressure because
of the pericardial barrier. This difference in pressure change
with inspiration results in reduced filling of the left ventricle.
The reduction in left heart filling during inspiration causes a
reduction in mitral inflow velocity and a shift of the interven-
tricular septum toward the left ventricle. The increase in left
heart filling during expiration increases the mitral inflow ve-
locity and shifts the interventricular septum back toward the
right ventricle, leading to a late diastolic reversal of flow in the
hepatic veins.

Because filling pressures are elevated in constrictive peri-
carditis, the ratio of early (E) to late (A) trans-mitral filling
velocities is usually pseudo-normal or restrictive (E/A>0.8)
[13]. The use of Doppler to measure tissue velocity provides

additional non-invasive evaluation of diastolic function. The
early diastolic mitral annular relaxation velocity (e’) is a mea-
sure of left ventricular myocardial relaxation and is reduced in
most forms of heart failure related to myocardial disease, in-
cluding restrictive cardiomyopathy. In contrast, e’ is usually
preserved or even increased in constrictive pericarditis. The
medial mitral annular e’ velocity is usually greater than the
lateral mitral annular e’. This again stands in contrast to what
is expected in other forms of heart failure and may reflect
tethering of the lateral annulus by the constrictive process
(“annulus reversus”).

Our group studied the test performance characteristics of
these echocardiographic findings in a group of 130 patients
with surgically confirmed constrictive pericarditis compared
to 36 patients with restrictive cardiomyopathy or severe tri-
cuspid regurgitation [ 12¢¢]. Three variables were independent-
ly associated with constrictive pericarditis: (1) the presence of
ventricular septal shift, (2) medial mitral e’ velocity, and (3)
the hepatic vein expiratory diastolic reversal ratio. Each of
these criteria was also significantly associated with constric-
tive pericarditis in the subset of patients with atrial fibrillation
or flutter. The presence of ventricular septal shift in combina-
tion with either medial e’>9 cm/s or hepatic vein expiratory
diastolic reversal ratio>0.79 was 87 % sensitive and 91 %
specific for the diagnosis of constrictive pericarditis. These
echocardiographic findings have been proposed as the Mayo
Clinic criteria for the echocardiographic diagnosis of constric-
tive pericarditis. A suggested diagnostic algorithm is present-
ed in Fig. 2.

Two other echocardiographic findings are expected in con-
strictive pericarditis as well as in restrictive cardiomyopathy.
The first is a plethoric inferior vena cava, which may appear
dilated or collapse insufficiently during inspiration. This is the
echocardiographic marker for increased venous pressure. The
second is a relatively “flat” Doppler profile in the superior
vena cava. In contrast to normal patients and those with ob-
structive lung physiology, patients with constrictive pericardi-
tis have restricted cardiac filling and exhibit little variation in
the superior vena caval inflow velocity during the respiratory
cycle. This finding is clinically useful because severe obstruc-
tive lung disease or other conditions associated with exagger-
ated respiratory effort may sometimes cause echocardiograph-
ic findings that mimic those of constrictive pericarditis [15].

Several other echocardiographic findings may be helpful
when present. First, distortion of the left or right ventricular
contour by a constrictive pericardium is a highly specific find-
ing found in approximately one third of patients with constric-
tive pericarditis [12¢]. Second, in a majority of patients with
constrictive pericarditis, the right ventricular free wall appears
to be “tethered” at the interface with the liver, rather than
exhibiting the expected independent “sliding” motion during
the cardiac cycle. However, this finding is insufficiently spe-
cific for the diagnosis of constrictive pericarditis. Third, there
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Fig. 1 Principal echocardiographic findings in surgically confirmed
constrictive pericarditis. a Mid-ventricular septal M-mode recording
(parasternal long axis). Note leftward ventricular septal shift in
inspiration. b Pulsed-wave Doppler recording (apical window) at the
level of the open mitral leaflet tips. Note inspiratory decrease and
expiratory increase in early (£) inflow velocity. ¢ Medial and d lateral
mitral annular tissue Doppler recordings (apical window). Arrows mark
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e’ velocities. Note normal to increased early relaxation velocity (e’), with
medial velocity greater than lateral. e Pulsed-wave Doppler recording
(subcostal window) within the hepatic vein. Note prominent diastolic
flow reversals in expiration, with the reversal ratio defined as reversal
velocity divided by forward velocity. Arrows mark forward and reversal
velocities in expiration. /nsp inspiration, Exp expiration. (Adapted with
permission from [12¢e])
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is a growing evidence base for myocardial strain imaging as a
reliable means for identifying constrictive pericarditis, and this
will likely be a useful addition to “constriction-protocol”
echocardiographic studies in the future [16].

In many cases, a diagnosis of constrictive pericarditis
may be established on the basis of clinical history, physical
examination, chest radiograph, and echocardiogram.
Additional studies may, however, be necessary to confirm
the diagnosis and help determine appropriate treatment.
Options include computed tomography (CT) scanning, cardi-
ac magnetic resonance imaging (MRI), and invasive hemody-
namic assessment.

CT Scanning

CT scanning provides a more accurate assessment of pericar-
dial thickness and calcification than is possible by chest radi-
ography or echocardiography, although it should be remem-
bered that neither thickening nor calcification is necessary for
a diagnosis of constrictive pericarditis. In addition, CT scan-
ning may reveal abnormalities in ventricular contour caused
by a constrictive pericardium. Defining the relationship of the
pericardium to the coronary arteries and other thoracic struc-
tures may also be helpful in determining candidacy for and
risk of surgical pericardiectomy, particularly in patients who
have undergone prior cardiothoracic surgery [17¢].

Cardiac MRI

Gated cardiac MRI offers anatomic detail, hemodynamic in-
formation, and an assessment of pericardial inflammation and
is therefore considered to be very helpful in the work-up and
management of patients suspected to have constrictive peri-
carditis. MRI allows detection of pericardial thickening and
the presence of pericardial fluid. Free-breathing sequences
may demonstrate the abnormal ventricular septal motion and
respiration-related variation in mitral inflow that may be seen
on the echocardiogram [18]. Perhaps most importantly, cardi-
ac MRI may reveal delayed gadolinium enhancement of the
pericardium, which suggests inflammation and the possibility
of reversal with anti-inflammatory therapy [19, 20].

Invasive Hemodynamic Assessment

Cardiac catheterization with hemodynamic assessment is still
considered the “gold standard” for the diagnosis of constric-
tive pericarditis and may be necessary when the non-invasive
evaluation is indeterminate. “Classic” hemodynamic features
of constrictive pericarditis include increased central venous
pressure, near-equalization of right and left heart filling pres-
sures, modest elevation in right ventricular systolic pressure
(<50 mmHg), and a right ventricular end-diastolic pressure
that is at least one third of the right ventricular systolic

pressure. These features, however, may be seen in restrictive
cardiomyopathy and are therefore not sufficiently specific for
constrictive pericarditis [21]. The “modern” approach to the
hemodynamic diagnosis of constrictive pericarditis is based on
the principle of enhanced ventricular interaction previously
discussed. This interaction or interdependence of the ventricles
may be detected by simultaneous evaluation of the right and left
ventricular systolic pressure waveforms, which vary discordant-
ly during the respiratory cycle, as opposed to the concordant
variation expected in conditions other than constrictive pericar-
ditis. An increased ratio of right ventricular to left ventricular
systolic area in inspiration versus expiration (systolic area in-
dex) has been shown to have a sensitivity of 97 % and a pre-
dictive accuracy of 100 % for the identification of patients with
surgically proven constrictive pericarditis [22¢¢]. Simultaneous
evaluation of the pulmonary capillary wedge pressure and left
ventricular diastolic pressure waveforms also allows detection
of the dissociated intrathoracic and intracardiac pressures ex-
pected in constrictive pericarditis, as previously discussed.

Differentiating Constrictive Pericarditis from Restrictive
Cardiomyopathy and Tamponade

Constrictive pericarditis and restrictive cardiomyopathy may
be indistinguishable on initial presentation. The initial diag-
nostic step after a comprehensive history and physical exam-
ination should be a dedicated “constriction-protocol” echocar-
diogram with simultaneous recording of respiration. If con-
strictive pericarditis is present, there should be echocardio-
graphic evidence of dissociated intrathoracic and intracardiac
pressures and enhanced ventricular interaction, as well as
higher-than-expected mitral annular diastolic relaxation veloc-
ities. None of these findings would be expected in the setting
of restrictive cardiomyopathy. If the echocardiogram is inde-
terminate, additional investigation is required. This may in-
volve cross-sectional imaging with CT or MRI, or a “gold-
standard” invasive hemodynamic assessment. Measurement
of the plasma brain natriuretic peptide level may be helpful,
as it tends to be more elevated in restrictive cardiomyopathy,
and may sometimes be low in constrictive pericarditis [23].
Even after all of these diagnostic steps, the diagnosis some-
times remains in question and a risk-benefit discussion is re-
quired to determine whether empiric intervention should be
pursued. This diagnostic ambiguity is more common in pa-
tients who may have elements of both constrictive pericarditis
and restrictive cardiomyopathy, a situation that may arise in
the setting of prior chest radiation.

Differentiating constrictive pericarditis from pericardial
tamponade can usually be accomplished based on the clinical
history, examination, and echocardiogram. A pericardial effu-
sion is required for the diagnosis of pericardial tamponade, but
is observed in only 10 % of patients with constrictive pericar-
ditis [12e]. The diastolic filling abnormalities also differ
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between the two disorders. In severe tamponade, cardiac fill-
ing is impaired throughout diastole due to extrinsic compres-
sion of the cardiac chambers by pericardial fluid under pres-
sure. In contrast, a brief period of rapid diastolic filling is
allowed in constrictive pericarditis. Accordingly, the jugular
venous and right atrial pressure waveforms demonstrate
blunting of the y-descent in pericardial tamponade, rather than
the deep, steep y-descent expected in constrictive pericarditis.
Echocardiographic imaging may also reveal diastolic chamber
compression in severe pericardial tamponade.

Treatment
Transient Constrictive Pericarditis

Some cases of inflammatory subacute constrictive pericarditis
may be transient and resolve spontaneously or with anti-
inflammatory treatment. In a review of 212 cases of constric-
tive pericarditis, 36 (17 %) resolved spontaneously an average
of 8.3 weeks after diagnosis [24]. These cases of transient
constrictive pericarditis occurred most commonly after cardi-
ac surgery; the remainder were idiopathic or due to infection,
trauma, or malignancy. Treatment consisted of non-steroidal
anti-inflammatory drugs or steroid therapy in most patients.
To identify patients who may respond to such therapy, assess-
ment of inflammatory markers and cardiac MRI may be help-
ful [19]. A greater degree of late gadolinium enhancement of
the pericardium appears to suggest greater potential for revers-
ibility with anti-inflammatory treatment. In stable patients
without long-standing symptoms who have clinical features
suggestive of transient constriction, a 2- to 3-month trial of
anti-inflammatory therapy is therefore appropriate.

Chronic Constrictive Pericarditis

In most cases, the constrictive process is chronic and
permanent, and progressive decline is expected. Diuretic
therapy may palliate symptoms, but the only definitive treat-
ment is complete surgical pericardiectomy. Outcomes are like-
ly to be best in high-volume centers with expertise in
pericardiectomy, as the procedure is challenging and constric-
tive pericarditis may recur if pericardial removal is incom-
plete. In such centers, pericardiectomy has an average periop-
erative mortality rate of 6 %, but varies significantly with
etiology and patient characteristics [3, 4]. Patients with idio-
pathic constrictive pericarditis have the best outcomes, with
reported 88 % survival at 7 years. Patients with constrictive
pericarditis due to chest radiation have markedly poorer out-
comes, with only approximately one third of patients surviv-
ing to 7 years. These disappointing results in patients with
radiation-induced constrictive pericarditis are likely due to
widespread damaging effects of radiation on the myocardium,
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coronary arteries, and cardiac valves, as well as radiation-
induced lung disease. Other clinical characteristics that wors-
en the prognosis include advanced New York Heart
Association functional class, older age, impaired renal func-
tion, pulmonary hypertension, and decreased left ventricular
ejection fraction. Those patients who do reach long-term sur-
vival after pericardiectomy appear to demonstrate sustained
benefit from the procedure, with over 80 % free of clinical

symptoms.

Conclusions

Constrictive pericarditis should be considered in all patients
with unexplained right heart failure symptoms or signs, espe-
cially when the left ventricular ejection fraction is preserved.
Diagnosis remains challenging, and the most effective tools
are designed to identify the unique pathophysiologic mecha-
nisms underlying constrictive pericarditis: dissociation of in-
trathoracic and intracardiac pressures and enhanced ventricu-
lar interaction. The cornerstone of the diagnostic work-up re-
mains comprehensive echocardiography with Doppler, but
cross-sectional imaging and invasive hemodynamic assess-
ment may be necessary in some cases. Cardiac MRI is partic-
ularly helpful in identifying those patients who may have in-
flammatory constriction that would resolve with anti-
inflammatory therapy. Complete surgical pericardiectomy re-
mains the only definitive treatment for patients with chronic
constriction.
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