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Abstract
Purpose of Review The unique pathophysiological changes of constrictive pericarditis (CP) can now be identified with 
better imaging modalities, thereby helping in its early diagnosis. Through this review, we outline the pathophysiology of 
CP and its translation into symptomology and various imaging findings which then are used for both diagnosis and guiding 
treatment options for CP.
Recent Findings Multimodality imaging has provided us with the capability to recognize early stages of the disease and 
identify patients with a potential for reversibility and can be treated with medical management. Additionally, peri-procedural 
planning and prediction of post-operative complications has been made possible with the use of advanced imaging techniques.
Summary Advanced imaging has the potential to play a greater role in identification of patients with reversible disease 
process and provide peri-procedural risk stratification, thereby improving outcomes for patients with CP.

Keywords Constrictive pericarditis · Multimodality imaging · Pathophysiology · Cardiac magnetic resonance imaging · 
Pre-operative imaging

Introduction

Constrictive pericarditis (CP) is caused by fibrosis and cal-
cification of the pericardium, which indirectly worsen lusi-
tropy and impedes normal diastolic filling, masquerading 
as diastolic heart failure [1–3]. Complex pathophysiology 
and unique hemodynamic derangements of CP translate into 
characteristic findings on non-invasive and invasive diagnos-
tic modalities and help to differentiate it from other causes of 
diastolic heart failure especially restrictive cardiomyopathy 
(RCM) [1, 4–6]. The accurate diagnosis of CP is vital to 

ensure amenability for the existent potential of medical and 
surgical treatment options [7]. This article will review the 
concepts of pathophysiological and hemodynamic basis of 
CP and their effect on the characteristic findings on various 
forms of multimodality imaging.

Etiology

Various insults have been identified as causative factors for 
CP; however, the leading causes differ according to geographic 
location [8, 9]. Where tuberculosis is said to be the most fre-
quent cause of constrictive pericarditis in Africa and Asia, it is 
rare in Western Countries, with reports ranging from less than 
1 to 5.6% of cases [1, 10–12]. In the Western world, indeter-
minate/idiopathic causes remain the most common etiology of 
CP, followed by post-cardiac surgery and radiation-induced [1, 
10]. Other uncommon etiologies may include rheumatological 
diseases, trauma, malignancy, or infections [8, 9]. Only 1.8% 
of acute pericarditis cases progress to constrictive pericardi-
tis with low risk (< 1%) for viral and idiopathic pericarditis, 
moderate risk (2–5%) for neoplastic pericardial diseases and 
immune-mediated pericarditis, and high risk (20–30%) for 
bacterial pericarditis, especially if purulent [13].
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Pathology

The pericardium is comprised of two avascular layers, an outer 
parietal layer and an inner visceral layer, adherent to epicar-
dium [14]. Pathological changes in CP most commonly affect 
the parietal pericardium but may also involve visceral pericar-
dium or even epicardium and may lead to the development of 
adhesions between the parietal layer and epicardium [1, 15]. 
Due to proximity to the myocardium, these alterations in the 
pericardial elasticity lead to compromised cardiac filling [14].

There are three subtypes of CP: 1. transient constrictive 
pericarditis (TCP), 2. chronic constrictive pericarditis (CCP), 
3. effusive-constrictive pericarditis (ECP) [13, 14]. TCP is 
characterized by a temporary form of constriction due to 
underlying inflammation, which may either resolve sponta-
neously or after medical therapy. CCP, on the other hand, is 
a result of chronic inflammation and scarring, which leads 
to fibrosis and calcification [14, 16]. There is an increasing 
belief that TCP may be an early and reversible manifestation 
in the natural history of CCP [14]. ECP is an uncommon 
clinical syndrome characterized by the coexistence of tense 
pericardial effusion and constriction of the heart by the vis-
ceral pericardium. The hallmark of ECP is persistent elevated 
right atrial pressure after pericardiocentesis [17–19].

The common link between all these types of CP is the 
development of inelasticity of the pericardium, therefore 
making it non-compliant, thus preventing ventricular fill-
ing. In ECP, tense pericardial fluid plays an additional role 
in preventing ventricular filling. The degree and type of his-
topathological changes in the pericardium depend upon the 
sub-type of CP. TCP demonstrates fluctuating pericardial 
edema, inflammation, and fibrin deposition as seen in acute 
pericarditis, whereas in CCP, there is more fibrosis and cal-
cification [14]. This calcification may extend deep into the 
myocardium and sub endocardium [20]. Pericardial thicken-
ing is presumed to be the consequence of all pathologies. It 
can, however, be absent in up to 12–18% of patients. Patients 
with a thin pericardium and CP have less fibrosis and inflam-
mation, and may represent cases where CP is not only due 
to fibro-calcification but also due to shrinkage in pericardial 
volume causing constriction of the heart [21, 22].

Pathophysiology

The pathological decrease in compliance of the pericardium 
is responsible for the exaggerated physiological changes 
in the heart, which give rise to symptoms of CP. The stiff 
ventricular-pericardial unit impedes ventricular relaxation 
causing a rapid rise in filling pressures for given venous 
return translating to elevated and equalized diastolic pres-
sures. The fibrotic, non-compliant, often thickened and cal-
cified pericardium in CP which encases the heart not only 

prevents ventricular filling, but also prevents the transmis-
sion of pressures from the thoracic cavity to the inside of the 
heart, enabling two pathophysiological phenomena: 1. exag-
gerated ventricular interdependence and, 2. intrathoracic-
intracardiac pressure dissociation (Fig. 1). These phenomena 
result in dynamic respirophasic changes, which are responsi-
ble for characteristics findings on invasive and non-invasive 
diagnostic modalities and partake in symptomatology [1, 3].

During inspiration, the intrathoracic pressure (ITP) 
decreases, which in a normal heart affects and reduces 
both the left ventricular (LV) filling pressure and LV dias-
tolic pressure; therefore, the pressure gradient remains 
constant during respiration [23]. However, in constrictive 
pericarditis, the drop in ITP is transmitted to the pulmo-
nary veins (not encapsulated by pericardium), but not to 
the heart due to fibrous pericardium. This intrathoracic-
intracardiac pressure dissociation leads to reduction in 
the filling pressure but not in the left ventricular diastolic 
pressure resulting in a decreased pressure gradient caus-
ing decreased LV filling. The interventricular septum, 
due to decreased LV filling shifts to the left side during 
inspiration, favoring right heart filling and thus showing 
exaggerated ventricular interdependence (Fig. 2) [1–3, 
5]. Simultaneously during inspiration, increased venous 
return from the inferior vena cava increases filling of the 
right ventricle (RV). The pericardial reserve volume in 
a normal heart accommodates this increased right heart 
filling [24]. But in CP, the expansion of the right ventricle 
is limited due to fibrous pericardium, shifting the septum 
towards the left side, additionally contributing to the ven-
tricular interdependence (Fig. 3) [4, 5, 23]. The opposite 
occurs during expiration, wherein positive ITP increases 
the gradient and therefore LV filling, causing a rightward 
movement of the interventricular septum. This further 
leads to underfilling of the RV and backflow of blood into 
hepatic veins [1, 4]. This impairment of ventricular filling 
is further exaggerated in ECP patients where the tense 
pericardial fluid compounds the effects of CP.

The impaired filling of ventricles during the diastole 
leads to symptoms of congestion and signs of low car-
diac index. These pathophysiological phenomena may (1) 
dissipate either spontaneously or by medical treatment in 
patients with TCP, (2) improve but remain persistent after 
pericardiocentesis as in ECP, or (3) become permanent 
as in CCP potentially necessitating surgical interventions.

Role of Multimodality Imaging in Diagnosis 
of CP

Patients with CP usually present with heart failure symp-
toms, but right-sided heart failure features predominate 
over left-sided features [25]. Dyspnea on exertion and 
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edema are the most common symptoms, but patients may 
present with other signs and symptoms of systemic vas-
cular congestion such as ascites or hepatomegaly, atrial 
arrhythmias, or pleural effusion [1, 3, 10]. Most of the 
patients with CP have elevated jugular venous pressure 
(JVP) on examination [10], but preserved, rapid, and 
deepy descent differentiates it from findings of elevated 
JVP in cardiac tamponade [3, 24]. Moreover, persistent 
inspiratory increase in JVP, defined as Kussmaul’s sign, 

is more commonly seen in CP than cardiac tamponade [3, 
24]. These symptoms are not specific for CP and can be 
found in other pathological conditions as well; therefore, a 
high degree of suspicion is needed for the diagnosis of CP.

The use of non-invasive diagnostic modalities plays a 
vital role in the accurate diagnosis of CP in addition to clini-
cal features and invasive hemodynamic assessment. These 
diagnostic measures also play a significant role in differ-
entiating CP from other diagnoses such as RCM, cardiac 

Fig. 1  Schematic representation 
of pathophysiology of constric-
tive pericarditis. The phenom-
ena of pericardial thickening (in 
black), exaggerated ventricular 
interdependence, and intra-
cardiac-intrathoracic pressure 
dissociation play role in the 
clinical features and diagnosis 
of constrictive pericarditis. 
(Created with BioRender.com)

Fig. 2  Schematic representation of intracardiac-intrathoracic pressure  
dissociation. In apnea, the pressure gradient between PV and LA/
LV leads to ventricular filling. During inspiration in a normal heart, 
reduction in intrathoracic pressure is equally distributed to extra- 
pericardial structures (PV) and intrapericardial structures (LA/LV) but 

the gradient remains. In constrictive pericarditis, the reduction in ITP 
is not transferred to intrapericardial structures due to thick pericardium 
leading to reduction of gradient and thus decreased ventricular filling. 
(Abbreviations: LA, left atrium; LV, left ventricle; PV, pulmonary vein; 
ITP, intrathoracic pressure) (Created with BioRender.com)
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tamponade, and other causes of diastolic heart failure. The 
pathophysiological principles of exaggerated ventricular 
interdependence and intrathoracic-intracardiac pressure 
dissociation during respiratory cycle, formation of adhe-
sions or even extension of calcification to the myocardium, 
and histopathological changes in the pericardium form the 
principles that help to make the diagnosis and categorize 
the subtypes of CP.

A chest radiograph or fluoroscopic images with evi-
dence of calcium around the heart is strongly suggestive of 
CCP; however, this finding is only present in a small num-
ber of patients (Fig. 4) [1]. Echocardiogram including 2D, 
Doppler and strain imaging, computed tomography (CT), 

cardiovascular magnetic resonance (CMR), and positron 
emission tomographic imaging are the non-invasive diag-
nostic modalities commonly used for diagnosis and manage-
ment of CP and will be discussed in detail.

Echocardiogram

The echocardiographic findings in CP can be broadly clas-
sified based on their alteration with respiration. Some of the 
findings on echocardiography are only seen with respira-
tory variation, whereas few are independent of respiration 
(Fig. 5). Among various echocardiographic parameters, 
Welch et al. demonstrated respiration-related ventricular 

Fig. 3  Schematic representation of ventricular interdependence. Dur-
ing inspiration (green color), the blood return to the right side (white 
arrow) increases leading to higher tricuspid valve inflow velocities 
(green TV Doppler) but thickened pericardium prevents outward 
expansion of right ventricle leading to shifting of septum (yellow 
arrow) towards left side, thereby contributing to decreased blood flow 
on left side (blue arrow) and lower mitral inflow velocities (green MV 

Doppler). During expiration (purple color), the inflow to left ventri-
cle increases (white arrow) depicted by increased mitral inflow veloc-
ity (purple MV Doppler), causing shifting of septum (yellow arrow) 
towards right side contributing to decreased blood flow on right side 
(blue arrow) and lower tricuspid inflow velocities (purple TV Dop-
pler) (Created with BioRender.com)

Fig. 4  Fluoroscopic (A) and 
chest X-ray (B) images of a 
patient with constrictive peri-
carditis showing calcification 
(arrows)
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septal shift, preserved or increased medial mitral annular 
e′ velocity, and prominent hepatic vein expiratory dias-
tolic flow reversal as important criteria in the diagnosis of 
CP. They reported that the presence of ventricular septal 
shift and either medial e′ velocity ≥ 9 cm/s or hepatic vein 
expiratory diastolic reversal ratio ≥ 0.79 corresponded to a 
desirable combination of sensitivity (87%) and specificity 
(91%), while requiring all 3 criteria to be present increased 
specificity further (97%) at the expense of reduced sensitiv-
ity (64%) [26].

Respiration dependent variables:

 (i) Ventricular septal shift: Inspiratory deviation of the 
septum towards the left side and expiratory shift 
towards right side, widely described as ventricular 
septal shift (VSS) is often one of the first clues and is 
one of the most sensitive findings, present in almost 
93% of patients with CP. This finding is best appreci-
ated using long acquisitions of 2D wall motion from 
multiple imaging windows and also from M-mode in 
PLAX view (Fig. 6) [1, 27].

 (ii) Pulsed wave Doppler of mitral and tricuspid inflow 
velocities: As per the pathophysiology discussed 
above, LV filling decreases in inspiration and 
increases in expiration and vice versa for RV. This 
finding can be captured on pulsed wave Doppler of 
the mitral and tricuspid inflow. The consensus for 

calculating percentage respiratory variation in CP is 
(expiration-inspiration)/expiration. The peak mitral 
inflow drop usually exceeds 25% with respiratory 
variation, whereas there is an increase of more than 
40% on tricuspid inflow E wave [24, 28]. The absence 
of this finding does not exclude the diagnosis of CP 
as respiratory variation may not be present in 50% of 
patient as filling pressures may be altered by marked 
diuresis [28]. On the other hand, labored respiration 
may also lead to these changes such as in COPD 
exacerbation. Finally, the patients with CP are often 
tachycardic, with fusion of E and A waves, thereby 
hindering the calculation. However, when present, 
these features may help to differentiate CP from RCM 
as this variation is absent in RCM [29, 30].

 (iii) Hepatic vein Doppler profile: As discussed ear-
lier, during expiration, the inflow on the left side 
increases, and the septum shifts to the right side 
causing decreased filling of the right ventricle. This 
results in a reduction of hepatic vein diastolic for-
ward flow with prominent reversal of flow at the 
end of diastole. Diastolic reversal ratio is defined as 
reversal velocity divided by forward velocity. The 
finding of a reversal ratio ≥ 0.79 has been described 
as one of the most specific findings for CP [26].

 (iv) Superior vena cava velocity (SVC) profiles: The vari-
ation of inflow velocities in SVC has been described 

Fig. 5  Respiration dependent and independent echocardiographic markers of constrictive pericarditis
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in various diseases, including chronic obstructive 
pulmonary disease (COPD). It is important to dif-
ferentiate CP from COPD in terms of echocardio-
graphic findings from exaggerated ventricular inter-
dependence. In COPD, there are exaggerated swings 
in ITP with increased respiratory effort leading to 
transmission of these to cardiac structures, and there-
fore exaggerated ventricular interdependence causing 
respiratory variation in inflow velocities in SVC and 
across MV and TV [31, 32]. As SVC is an intratho-
racic structure, its velocities have been documented 
to correlate with right atrial pressures, and therefore 
Doppler recordings from SVC show an increase in 
forward flow during inspiration [31, 33]. However, 
in CP, due to restriction to ventricular filling and dis-
sociation of intrathoracic pressure and intracardiac 
pressures, the right atrial pressures remain elevated 
throughout the respiratory cycle, and thus, there is 
minimal forward flow velocity changes in SVC. This 
manifests as Kussmaul’s sign on clinical examina-
tion. Therefore, the absence of variation in SVC for-
ward flow velocity may help differentiate CP from 
COPD, which has increased variation in flow veloci-
ties on inspiration [3, 31].

Respiration independent variables:

 (i) Ventricular shudder/septal bounce: Ventricular shud-
der, popularly known as the septal bounce is one of 
the phenomena present in almost 96% of the patients 
and is best seen on M mode (Fig. 7) [27]. This is 
an abnormal oscillatory beat-to-beat diastolic septal 
motion related to ventricular interdependence occur-
ring on a millisecond scale due to subtle differences 

in the timing of tricuspid and mitral valve opening 
and right and left atrial contraction. These subtle 
changes were further described with high fidelity 
manometric catheters, which showed an abrupt rise 
in early diastole of the RV pressure curve and over-
taking the LV pressure, which on M mode appears 
as septum shifting briskly from RV to LV. As RV 
pressure plateaus, LV pressure increases, shifting 
the septum back. Therefore, differential filling time 
and pericardial constraint, lead to rapid cessation of 
filling resulting in characteristic septal bounce. This 
feature is absent in RCM; however, it can be present 
in large number (44%) of patients without CP includ-
ing patients with conduction abnormalities or post-
operative abnormal septal motion [27, 34].

 (ii) Preserved mitral annular relaxation velocity on tissue 
Doppler imaging (TDI): The use of TDI relies on 
the mechano-elastic properties of the myocardium, 
which are preserved in CP [3] Therefore, a patient 
with diastolic heart failure with a finding of a normal 
or increased e′ velocity (≥ 9 cm/s) should suggest a 
diagnosis of CP [1]. Moreover, increased mitral e′ 
velocity is also associated with better outcomes in 
patients with CP [35].

 (iii) Annulus reversus: Though the mechano-elastic prop-
erties of the myocardium are preserved in CP, there 
might be tethering of the lateral myocardium to the 
adjacent fibrotic and scarred pericardium influenc-
ing the lateral mitral annulus relaxation with com-
pensatory increased relaxation of the septal/medial 
myocardium [1, 3, 36]. In a normal heart, the lat-
eral e′ velocity often exceeds the medial e′ velocity. 
However, in CP, due to the phenomenon described 
above, the opposite pattern is seen with higher 

Fig. 6  Echocardiographic rep-
resentation of the phenomenon 
of ventricular interdependence. 
Yellow arrow shows leftward 
shift of septum during inspira-
tion (A) and blue arrow shows 
rightward shift of septum during 
expiration (B)
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medial e′ velocities than the lateral velocities. This 
phenomenon has been described as annulus reversus 
(Fig. 8) [36]. In absence of annulus reversus from 
lateral wall TDI, the anterior, inferior, and infero-
lateral mitral annular e′ velocities to medial e′ ratios 
may reveal tethering; however, its diagnostic utility 
has not been tested [4]. Improvement in lateral/sep-
tal (medial) e′ ratio on serial monitoring has been 
identified as a marker of clinical improvement after 
anti-inflammatory treatment [37•].

 (iv) Annulus paradoxus: The ratio of transmitral flow veloc-
ity (E) to e' is a predictor of LV filling pressures and 
has a strong positive correlation with pulmonary capil-
lary wedge pressure (PCWP). This usually is secondary 
to decreased “e” in patients with diseased states such 
as restrictive cardiomyopathy and heart failure with 
reduced ejection fraction. However, this “e” is well  
preserved in patients with CP and therefore, despite 
having higher filling pressures, E/e' ratio is usually  
on the lower side due to elevated e'. Furthermore, this 
relation shows a paradoxical relation as medial e' pro-
gressively increases with worsening of CP therefore, 
showing an inverse relationship between PCWP and 
E/e′, thus known as annulus paradoxus [1, 38, 39].

 (v) 2D strain echocardiography: Strain measures myo-
cardial deformation in three dimensions. Longitudi-
nal strain measures shortening from base to apex, 
circumferential strain measures systolic shortening 
of the short axis of the ventricle, and lastly, radial 
strain measures myocardial thickening from endocar-
dium to epicardium [40]. The sub-epicardial region is 
responsible for circumferential shortening, whereas 
the sub-endocardial region is responsible for longitu-
dinal shortening. Towards the apex, the muscle gets 

thin, decreasing this distinction [41, 42]. The peri-
cardial layers play an important role in controlling 
the magnitude of the circumferential and longitudinal 
expansion. They may allow expansion at lower LV 
volumes but they resist further expansion at higher 
volumes [43]. Sengupta et al. [42] noted that the cir-
cumferential strain was decreased in patients with 
CP (due to involvement of subepicardial region), 
whereas the longitudinal strain was preserved as 
compared to patients with RCM. Whereas in RCM, 
the circumferential strain was preserved but the lon-
gitudinal strain was decreased compared to CP which 
might be speculated to be due to the involvement of 
subendocardial region. Towards the apex, longitu-
dinal strains were equally decreased in both CP and 
RCM, which might be explained by the loss of dis-
tinction between sub-endocardial and sub-epicardial 
regions due to thinning of the wall [42]. Therefore, 
global longitudinal strain and global circumferential 
strain can be used to differentiate between cases of 
CP and RCM.

   The use of regional strain also plays an important 
role in diagnosis of CP. Due to the tethering of the 
free walls, especially the lateral wall, longitudinal 
strain in those areas is decreased as compared 
to the septal wall, where the strain is high. This 
phenomenon is analogous to the annulus reversus 
seen by TDI and hence has been named strain 
reversus [44, 45]. This has also been described as 
“hot septum” sign of CP [46]. In addition to tissue 
Doppler imaging, improvement in lateral/septal 
(medial) strain ratio on serial monitoring has also 
been identified as a marker of clinical improvement 
after anti-inflammatory treatment [37•].

Fig. 7  Phenomenon of septal 
bounce (red arrow) on M mode 
echocardiography
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 (vi) Additional echocardiography and Doppler findings: 
Doppler echocardiography usually shows a restric-
tive LV and RV filling pattern characterized by 
high E velocity, a shortened deceleration time and a 
reduced atrial wave [24]. Transthoracic echocardio-
gram (TTE) is not a reliable measure of pericardial 
thickness, but transesophageal echocardiogram has 
a better correlation of pericardial thickness with CT 
findings [3]. Premature opening of the pulmonary 
valve [47], plethora of IVC, distortion of ventricular 
contour by constricted pericardium, and tethering of 
right ventricular free wall at its interface with the 
liver are some of the other findings that can be visu-
alized on echocardiogram [1, 4].

Computed Tomography

The use of CT imaging in the diagnosis and management 
of CP is limited. CT scanning can be used for structural 
evaluation, but pathophysiological phenomena described 
earlier cannot be adequately assessed with this modality 
[4]. Cardiac CT can be used to accurately measure peri-
cardial thickness and visualize calcification (Fig. 9) [1]. It 
may also reveal characteristic morphology of cardiovascular 
structures such as elongation or tubular configuration of the 
ventricles [48]. While interpreting results from CT imaging, 
it should be noted that neither the absence of pericardial 
thickening and calcification rule out the diagnosis of CP nor 
does its presence confirm its diagnosis [1, 4, 24].

Fig. 8  Tissue Doppler imaging 
on echocardiography demon-
strating the phenomenon of 
annulus reversus. The Doppler 
velocity of medial annulus here 
is higher (13 cm/s) than lateral 
annulus (10 cm/s)
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Cardiovascular Magnetic Resonance (CMR) Imaging

Over the last several years, CMR imaging techniques have 
improved exponentially and have provided us with the abil-
ity to visualize the morphology of cardiac structures, but 
also help in tissue characterization, assess hemodynamic 
changes, study ventricular inflow and venous flow patterns, 
and predict response to treatment [13]. Similar to echocar-
diogram, CMR evaluation of CP can also be divided into 
respiration-dependent and -independent parameters. The 
phenomenon of VSS can be visualized on real-time CMR 
imaging during free-breathing protocols [4, 49, 50] (Fig. 10). 
Relative septal excursion which is based on the principle of 
VSS is derived by dividing the distance between the RV 
free wall and the septum by the biventricular distance in 
inspiration and expiration. It can differentiate between CP 
and RCM when above 11.8% [4, 50, 51]. Velocity encoded 
phase-contrast imaging can be used to assess ventricular 
inflow and venous flow patterns, enabling assessment of 
mitral and tricuspid inflow velocities, which can be used to 
diagnose CP and differentiate it from RCM [4, 13, 50, 52].

The most important respiration independent variable 
on CMR imaging is structural evaluation. Pericardial 
thickness and its characterization can be studied in detail. 
On CMR, normal pericardium on T1-weighted imaging 
appears as a thin hypointense (low signal) structure in 
contrast to the hyperintense (high signal) epicardial and 
mediastinal fat [13, 50]. A normal pericardium will not 
retain gadolinium due to its avascular nature, whereas an 
injured pericardium will have neovascularization, fibro-
blast proliferation, and expanded extracellular space that 

accumulates gadolinium and delays its washout result-
ing in late or delayed hyperenhancement (LGE or DHE) 
[53••]. The edema weighted T2 short tau inversion recov-
ery (T2-STIR) sequence and late gadolinium enhance-
ment (LGE) sequence show increased pericardial signals 
on T2-STIR and pericardial LGE, indicating edema and 
inflammation, respectively (Fig. 11) [4, 50]. Findings of 
edema or inflammation in a patient with suspected CP sug-
gest an acute or sub-acute process which are potentially 
reversible with anti-inflammatory medications or reverts 
spontaneously, precluding pericardiectomy as demon-
strated in several studies (Fig. 11) [54–56]. Quantitative 
assessment of pericardial delayed hyperenhancement when 
added to clinical and laboratory inflammatory markers can 
provide information to predict clinical improvement with 
anti-inflammatory therapy in patients with CP [57]. These 
findings highlight the importance of detecting inflamma-
tion on CMR and modulating lifesaving therapy by adding 
anti-inflammatory therapy and preventing surgery for these 
patients with CP.

Myocardial tagging demonstrating pericardial-myocardial 
adherence, dilated IVC, abnormal contours of the ventri-
cles, diastolic septal bounce are other variables that can be 
identified during CMR [58, 59]. American Society of Echo-
cardiography clinical recommendations of multimodality 
imaging of pericardial diseases suggests the use of CMR, 
especially in cases where the duration of symptoms is less 
than 3 months or in the presence of elevated inflammatory 
markers. This approach can help to identify inflammation, 
and therefore anti-inflammatory therapy can be considered 
[24]. Myocardial tissue tracking with CMR has also been 

Fig. 9  Calcification (arrows) 
of pericardium on computed 
tomographic imaging
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utilized and has been found helpful in differentiating cases 
of CP from RCM, but its use has not been widely adopted 
due to limited availability [4, 60, 61].

Positron Emission Tomography (PET)

PET imaging relies on 18-fluorodeoxyglucose (18-FDG) 
uptake as its diagnostic marker instead of anatomical or 
functional parameters. Active inflammatory process leads 
to the metabolism of 18-FDG. Therefore, its uptake can be 
recorded in areas of active inflammation [62]. A small study 
of 16 patients by Chang et al. indicated the utility of 18 FDG 
PET imaging to predict responses to steroid therapy in CP; 
however, its utilization is still limited and more studies are 
required to validate these findings [63, 64].

Role of Multimodality Imaging in Subtyping 
of the Constrictive Pericarditis

As discussed earlier, there are various subtypes of CP 
which can be identified with the use of various interven-
tional and imaging techniques and further prognosticate and 
guide the treatment modalities. In order to utilize imaging 

to differentiate between these subtypes, it is important to 
understand the relation between them. Klein and Cremer 
[18] introduced the concept of approaching inflammation 
and hemodynamics separately when evaluating patients with 
pericardial diseases. The interplay between inflammation 
and hemodynamic response may lead to categorization of 
disease pattern. In simple words, patients with effusive peri-
carditis (inflammation) may or may not develop constrictive 
physiology (hemodynamics). This constrictive physiology 
may further be temporary or permanent. Therefore, what 
one may believe as separate entities, actually represent a 
spectrum or a continuum of a disease process, thereby mak-
ing ECP as one end of the spectrum of pericarditis with effu-
sion [18, 65]. Early identification of ECP in this spectrum 
may change the treatment approach and may, ultimately, also 
change clinical course for these patients.

The persistent elevated right atrial pressure after peri-
cardiocentesis has been used to diagnose ECP and relies on 
the interventional hemodynamic assessment during pericar-
diocentesis which was studied in detail by Sagristà-Sauleda 
et al. [17] in their evaluation of 190 patients undergoing 
simultaneous pericardiocentesis and cardiac catheterization. 
But instead of relying on invasive hemodynamics, the use 
of pre-pericardiocentesis echo-Doppler parameters may also 

Fig. 10  Phenomenon of 
ventricular interdependence 
on free-breathing protocol of 
magnetic resonance imaging 
(MRI). Left panel shows short 
axis views whereas right panel 
shows long axis views during 
MRI red arrow shows leftward 
shift of septum during inspira-
tion (A, B) and blue arrow 
shows rightward shift of septum 
during expiration (C, D)
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help identify patients with ECP and was studied by Kim 
et al. [54] in a cohort of 205 patients undergoing pericar-
diocentesis. The diagnostic criteria in this study included 
respiratory variation in the mitral inflow velocity by >25% 
in combination with at least 1 of the following: expiratory 
diastolic flow reversal of hepatic vein, respirophasic inter-
ventricular shift, or augmented early diastolic mitral septal 
annular velocity (e′) to a level higher than lateral e′ veloc-
ity. Using this criterion in the post-percardiocentesis echo-
cardiographic studies, patients with constrictive physiology  
were identified, and thus diagnosed with ECP and then com-
pared these markers to the pre-pericardiocentesis echocar-
diographic data. The study suggested that patients with ECP 
might have these distinct echo-Doppler features even before 
pericardiocentesis, thereby helping in early identification of 
these patients [54]. Therefore, early utilization of echocar-
diography may identify constrictive physiology in patients 
with pericardial effusion and further use of aforementioned 
diagnostic modalities like CMR and PET can demarcate 
active inflammation, guide anti-inflammatory therapy, and 
aid in the diagnosis of ECP.

While many of the diagnostic modalities we discussed 
will help us to diagnose patients with isolated CP, there will 
be patients in real-world practice who will have mixed dis-
ease in setting of underlying myocardial diseases. This is 
especially true in older patients with multiple comorbidities 

like cardiomyopathy, prior surgeries, or patients who have 
CP after radiation therapy. Besides, technical challenges 
in diagnosis of such mixed pericarditis patients, their out-
comes also differ from patients with isolated CP. Yamada 
et al. [66] in their analysis of 38 patients with mixed physiol-
ogy showed a statistically significant poor survival rates in  
patients with mixed physiology as compared to patients with  
pure constriction. This was further confirmed by Ha et al. 
[67] in their analysis of 40 post-pericardiectomy  cases 
in which  patients with abnormal relaxation, shown by 
abnormal time constant of isovolumic relaxation (tau) and  
contractility measured by peak positive rate of increase of 
LV pressure (+dP/dt), had significantly worse post-operative 
outcomes, with no death in patients with normal +dP/dt and 
tau. These parameters were also predictive of poor long-
term survival at 2 years with 45% survival rate in patients 
with abnormal tau and +dP/dt as compared to 81% survival 
rates with normal parameters [67]. Mere presence of car-
diomyopathy, history of previous cardiac surgery, radia-
tion treatment, or percutaneous procedures for coronary 
artery disease or cardiac arrythmias has been utilized in 
some clinical studies [68] to classify mixed CP, but imag-
ing modalities may help to further delineate mixed physi-
ology. American Society of Echocardiography guidelines 
for evaluation of diastolic dysfunction in their algorithm for 
comparing CP and RCM use the range of mitral medial e′ 

Fig. 11  Delayed enhancement of 
pericardium on cardiac magnetic 
resonance imaging in 2 patients. 
A Severe intensity of pericardial 
delayed enhancement before 
(left) and moderate intensity 
after (right) anti-inflammatory 
medication in a 55-year-old man 
with constrictive pericarditis  
who recovered clinically and 
echocardiographically after 
medical therapy. B Mild  
intensity of pericardial delayed 
enhancement before (left)  
and persistent mild intensity  
after (right) anti-inflammatory  
medication in a 61-year- 
old man who underwent 
pericardiectomy because of 
persistent symptoms and clinical 
and echocardiographic evidence 
of constrictive pericarditis after 
medical therapy. Subendocardial  
myocardial infarct was also 
noticed in the inferior and  
inferolateral walls. (From: DaLi 
Feng, et al. Circulation. 2011  
Oct 25;124(17):1830–7, with 
permission of Wolters Kluwer 
Health, Inc.) [85]
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of 6–8 as a criteria to consider patients with mixed con-
striction-restriction who have E/A > 0.8, dilated IVC, and 
respirophasic ventricular septal motion [69]. Ancillary echo-
cardiographic findings such as E/e′ > 15, E/A > 2, mitral A 
velocity deceleration time of < 150 ms, isovolumic relaxa-
tion time < 50 ms may point towards restriction [69]. It is not 
unusual to see significant diastolic flow reversals in hepatic 
vein flow during both inspiration and expiration in patients 
with mixed physiology [3]. Use of strain imaging or cardiac 
MR to identify myocardial dysfunction may further help in 
identifying these subsets of patients. It may be challenging 
to isolate patients with mixed disease, but its identification 
may definitely help in identifying patients who may not do 
well even after surgical pericardiectomy and may require 
additional medical management [70].

Role of Multimodality Imaging 
in Pre‑operative Planning and Predicting 
Outcomes After Pericardiectomy

Pericardiectomy is regarded as a high-risk procedure with an 
average reported perioperative mortality rate of 6.0–7.1%, 
even in high-volume centers [1, 7]. There are a number of 
factors which can help predict short-term and long-terms 
outcomes of pericardiectomy. Bertog et al. [11] in their anal-
ysis of 163 patients demonstrated the association of etiology 
of CP to long-term survival. Where idiopathic CP was found 
to have the best prognosis, patients with post-radiation CP 
may had substantially worse survival rates (88% vs. 27%, 
respectively). Other factors that may predict poor long-term 
survival include higher pulmonary artery systemic pressure, 
abnormal LV systolic function, lower sodium level, and 
older age. Factors such as pre-operative NYHA functional 
class, pre-operative RV dilatation, pre-operative central 
venous pressure, and reduced LV systolic function are pre-
dictors of early post-operative and 30-day mortality [71, 72].

RV failure remains one of the major complications of 
early post-pericardiectomy due to a rapid increase in venous 
return to the right heart after pericardial decompression 
[73]. Therefore, careful pre-operative planning is required 
in patients of CP undergoing this surgery. Imaging modali-
ties such as CT can play a significant role in assessing the 
relationship of cardiac and vascular structures to the ret-
rosternum, especially in patients with redo-sternotomy [59, 
74]. The extent and localization of calcium is crucial as the 
presence of circumferential or posterolateral calcification 
may warrant a bilateral thoracotomy approach, especially 
in patients with circumferential constriction where remov-
ing pericardium from the LV side first may be important to 
prevent sudden pulmonary edema [59]. Fluid overload and 
incomplete pericardial dissection [75, 76] are some of the 
predictors of operative deaths following pericardiectomy 

and this pre-operative localization may help prevent these 
complications.

Azzu et al. [77] attempted to create a “pericardial score” 
using pre-operative multimodality imaging to identify the 
patients at risk for prolonged inotropic support with an 
assumption that there is an association between pericardial 
anatomy and difficulty of surgical dissection of the peri-
cardium. High pericardial “score” (score of 2–3) calculated 
by epicardial fat thickness < 5  mm, thickened pericar-
dium > 5 mm, and pericardial calcification by CT (1 point 
each) was strongly associated with in-hospital use of ino-
tropes. Moreover, a smaller RV cavity size calculated either 
by CMR or echocardiography also predicted prolonged ino-
tropic support in the early post-operative period [77]. Thus, 
the use of imaging not only plays an indispensable role in 
surgical planning and identification of patients with myo-
cardial dysfunction/mixed disease but may also help pre-
dict worse outcomes post-operatively thereby aiding in risk 
stratification of patients with CP.

COVID‑19 and Constrictive Pericarditis

As discussed earlier, 1.8% of acute pericarditis cases pro-
gress to CP with the lowest risk (<1%) of progression for 
viral or idiopathic cases [14]. The emergence of SARS CoV2 
has added another virus that can cause pericarditis. Further-
more, the risk of pericarditis or myocarditis after COVID-19 
vaccination has been described [78–81]. Though an early 
case of CP with COVID-19 has been described in medical 
literature [82], there is uncertainty about the risk of progres-
sion of COVID pericarditis into CP as the natural history of 
CP usually extends over years to even decades. There are 
reports of transient or effusive-constrictive pericarditis with 
COVID-19 infection or vaccination [83, 84]; however, the 
real impact of this infection on CP is unknown.

Conclusion

Constrictive pericarditis manifests as various subtypes and 
possesses unique pathophysiological features. A high degree 
of clinical suspicion is needed to evaluate patients for this 
disease, and accurate diagnosis is fundamental in improv-
ing patient outcomes. The use of multimodality imaging has 
revolutionized the diagnosis of CP. It has also helped to dif-
ferentiate among the subtypes of CP, identify patients who 
would benefit from medical therapy, guide pre-operative 
planning, and prognosticate patients undergoing surgery. 
Advanced techniques and newer imaging modalities are still 
being developed, which will continue to redirect and mold 
the diagnosis and management of CP.
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