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Constrictive Pericarditis (CP) is a curable and reversible form of severe diastolic heart
failure. We aimed to investigate the diagnostic accuracy of published echocardiographic
Mayo Clinic Criteria in differentiating 107 patients with surgically proven CP from
30 patients with restrictive cardiomyopathy due to cardiac Amyloidosis. Five principal
echocardiographic and Doppler variables were remeasured on preoperative transthoracic
echocardiogram namely (1) respiration-related ventricular septal shift; (2) respiratory
variation in mitral inflow E pulsed Doppler velocity; 3) tissue Doppler medial mitral annu-
lar e’ velocity; (4) ratio of medial mitral annular e’ to lateral mitral annular e’ velocity;
and 5) hepatic vein (HV) pulsed Doppler diastolic flow reversal ratio. Etiology of CP
included viral/idiopathic or autoimmune (75 %), postcardiac surgery (13%) and postradia-
tion (7%). Univariate logistic regression analysis showed that (1) respiration related ven-
tricular septal shift, (2) percentage change in Mitral E velocity, (3) medial e’ velocity
>9 cm/sec, (4) medial e’/lateral e’ ratio >0.91, (5) HV diastolic reversal ratio >0.79 were
associated with the diagnosis of CP. Multivariable logistic regression analyses showed that
medial e’ velocity >9 cm/s was independently associated with the diagnosis of CP. Respira-
tion related ventricular septal shift had the highest sensitivity, whereas medial e’ velocity
>9 cm/s has the highest specificity to diagnose CP (Areas under curves 0.99, p 0.001).
Combining respiration related ventricular septal shift with medial e’ velocity >9 cm/s
gave a desirable sensitivity (80%) and specificity (92%). Adding reversal ratio to this com-
bination further increased the specificity (97 %) but dropped the sensitivity (70%) to diag-
nose CP. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:932—938)

Constrictive pericarditis (CP) is a reversible form of dia-
stolic heart failure secondary to a noncompliant pericar-
dium,' ~ that carries low perioperative mortality” in surgical
centers with expertise. Echocardiography is the firstline tool
for evaluation of CP.°~'” Mayo Clinic evaluated the diagnos-
tic accuracy of the following 5 echocardiogarphic and Doppler
variables'": (1) respiration-related ventricular septal shift;
(2) variation in mitral inflow E velocity (defined as [E Expira-
tion — E Inspiration]/E Inspiration x 100); (3) medial mitral
annular e’ velocity; (4) ratio of medial mitral annular e’ to lat-
eral mitral annular e’ velocity, and (5) hepatic vein (HV) expi-
ratory diastolic reversal ratio in 133 patients with surgically
confirmed CP and 36 patients with restrictive cardiomyopathy
(RCM) or severe tricuspid regurgitation (TR). The results
showed that the presence of respirophasic septal shift in asso-
ciation with either medial e velocity >9 cm/sec or HV expira-
tory diastolic reversal/forward flow velocity ratio >0.79 had a
sensitivity of 87% and a specificity of 91% for the diagnosis
of CP.” The aim of this study was to evaluate the diagnostic
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accuracy of the aforementioned 5 echocardiographic variables
in distinguishing CP from patients with RCM at another large
volume pericardial center.

Methods

Consecutive patients with surgically proven CP at the
Cleveland Clinic from 2010 to 2014 were extracted from
the Cardiothoracic Surgery database (n=126). Patients
with history of severe mitral regurgitation, mitral valve
prosthesis and severe TR at the time of diagnosis of CP
were excluded (n=19). Patients with atrial fibrillation were
included (n=11). A total of 107 patients were included
(Figure 1). In the restrictive cardiomyopathy (RCM) group
(n=30), the diagnosis was made by cardiac biopsy to rule
in cardiac amyloidosis. Echocardiograms performed preop-
eratively within 6 months of the pericardiectomy in the CP
group and within 6 months of cardiac biopsy in the RCM
group were remeasured by 2 echocardiographers who were
blinded to the diagnosis. The study was approved by the
Institutional Review Board, informed consent was waived
and data were deidentified.

All transthoracic studies were performed on Syngodynam-
ics (Siemens Healthcare, Erlangen, Germany) per American
Society of Echocardiography guidelines.'” Parasternal and
apical windows were used to detect ventricular septal shift
with simultaneous respirogram. Pulsed-wave (PW) Doppler
recordings at the level of the mitral leaflet tips were used to
measure early (E) and atrial (A) diastolic inflow velocities.
Respiration-related percent change in mitral E velocity was
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Figure 1. Flow diagram for inclusion of patients with constrictive pericarditis.

calculated as: (E Expiration — E Inspiration)/E Inspiration x
100) as per the Mayo criteria (Figure 2)."" PW tissue Doppler
velocity of mitral annulus was recorded at the medial (medial
e’) and lateral (lateral e’) annulus in early diastole. From the
subcostal window, PW Doppler recordings of HV forward
and reversed velocities were obtained with simultaneous
respirography. The HV expiratory diastolic reversal ratio
(defined as diastolic reversal velocity/forward velocity in
expiration) was recorded.
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Differences in variables were assessed using a Student’s
t Test for continuous data and a Chi-square test for categori-
cal data. Univariate and multivariate logistic regression was
performed. Area under receiver operating curves (AUC)
were generated for each of the above mentioned 5 variables.
Sensitivity, specificity, positive predictive value, and nega-
tive predictive value were then estimated. All analyses
were performed using the SPSS statistical software package
(IBM, Chicago, Illinois, version 20).

Figure 2. Pulsed-wave (PW) Doppler recording (apical window) at the level of the open mitral leaflet tips in CP. Note inspiratory decrease (arrowhead
marked Insp) and expiratory increase (arrow marked Exp) in early Mitral E inflow velocity.
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Table 1
Baseline echocardiographic characteristics of patient with CP and RCM

CP(n=107) RCM (n=30) p Value

Echocardiographic variables

EF % 579+177 482 £ 11.7 0.14

Ventricular septal shift (%) 92 27 0.001

Mitral E inspiration cm/sec 74 + 27 87 £ 26 0.007

Mitral E expiration cm/sec 92 + 30 96 + 26 0.3004

Respiration related percent 27 £ 18 12+ 11 0.001
change in Mitral E %

Medial mitral e’ cm/sec 11+3 4+£1 0.001

Lateral mitral e’ cm/sec 10+3 5+2 0.001

Medial e’/lateral e’ 1+£03 0.8+0.2 0.001

HYV diastolic reversal expira- 24+10 25+7 0.34
tion cm/sec

HYV diastolic forward flow 24+ 10 35+15 0.001
expiration cm/sec

HYV ratio in expiration 1+0.5 0.7+0.3 0.0004

EF, ejection fraction; HV diastolic reversal expiration cm/s, hepatic vein
pulsed wave diastolic reversal flow velocity in expiration; HV diastolic
forward flow expiration, hepatic vein pulsed wave diastolic forward veloc-
ity in expiration; HV ratio, ratio of pulsed wave hepatic vein diastolic
reversal to forward velocity in expiration; Mitral E inspiration, mitral early
diastolic E wave velocity in inspiration; Mitral E Expiration, mitral early
diastolic E wave velocity in expiration; Medial mitral e’, medial mitral
annular early diastolic tissue Doppler (e’) velocity; Lateral mitral e’ cm/s,
lateral mitral annular early diastolic tissue Doppler (e’) velocity; Medial
e’/lateral e’, ratio of medial to lateral mitral annular early diastolic tissue
Doppler (e’) velocity.

i MH.
5.0/1.4

v 016 ms- c
p 0.10 mqu
8.0 mm

Results

There were 107 patients in the CP group and 30
patients in RCM group. Etiology of CP (n=107) included
viral/idiopathic/rheumatologic (75%), postcardiac surgery
(13%), and postradiation (7%). Eighty two percent of the
patients were males in CP group, and were younger than
those in the RCM group (58.9 & 13.8 vs 69.7 £ 9.9 years,
p <0.001).

A significantly higher percentage of patients with CP
demonstrated respiration related ventricular septal shift
and percent change in Mitral E velocity with inspiration
(Table 1). Figure 2 demonstrates a patient with CP that had
lower Mitral E velocity with inspiration. Difference in
Mitral E velocity was not seen on expiration between the
groups (Table 1). Medial e’ velocity was higher than lateral
e’ velocity in patients with CP (Table 1). Figure 3 shows an
example of a patient with CP who has higher mitral medial
e’ velocity (A) compared with the lateral e’ velocity (B).
Medial e’, lateral e’ velocity, and ratio of medial to lateral
mitral annular e’ velocity were significantly higher in the
CP group (Table 1). There was significantly lower diastolic
HV forward flow in expiration in the CP group. Figure 4 is
an example of a patient with CP who has decreased dia-
stolic forward flow and larger diastolic flow reversal in
expiration. The HV reversal ratio (calculated as diastolic

Figure 3. Pulsed-wave (PW) tissue Doppler recording in apical 4 chamber view. Medial mitral annular (Medial e’) velocity (A) is larger (16 cm/sec) than lat-
eral mitral annular (Lateral e) velocity (B) (14 cm/sec). This phenomenon is termed “annulus reversus,” (reverse of the normal mitral anuular tissue Doppler

configuration).
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Figure 3. Continued

reversal velocity/forward velocity in expiration) was signif-
icantly higher in the CP group (Table 1).

Univariate logistic regression analysis showed that: (1)
respiration related ventricular septal shift, (2) percentage
change in Mitral E velocity, (3) medial e’ velocity
>9 cm/sec, (4) medial e’/lateral e’ ratio >0.91, and (5) HV
ratio >0.79 were associated with the diagnosis of CP. The
optimal threshold for percentage change in Mitral E veloc-
ity to diagnose CP was found to be 13.5% with 80% sensi-
tivity and 76% specificity (AUC 0.82, p 0.001; Figure 5).
The optimal cutoff for medial e’ was >7 cm/sec with 99%
sensitivity and 99% specificity (AUC 0.99; Figure 5). The
optimal cutoff for ratio of medial e’/lateral e’ was 0.86 that
was 83% sensitive and 73% specific (AUC 0.78, p 0.001;
Figure 5). The optimal cutoff for HV ratio (calculated as
HV diastolic reversal velocity/forward HVvelocity in expi-
ration) was 0.77 (sensitivity 85%, specificity 53%, AUC
0.76, p 0.0001; Figure 5). At HV ratio >0.79, the sensitivity
and specificity both dropped (70 and 43%, respectively;
Table 2).

From a stepwise-selected multivariable model of the 5
echocardiographic variables, only increased levels of
medial e’ velocity >9 cm/sec (odds ratio = 8, expressed per
1 cm/sec; 95% confidence interval 2.4 to 28; p=0.001) was
independently associated with the diagnosis of CP. A com-
bination variable of ventricular septal shift and medial e’

velocity >9 cm/sec was 80% sensitive and 92% specific for
the diagnosis of CP. Adding HV ratio >0.79 to the above
combination decreased the sensitivity to 70%, but increased
the specificity to 97% (Table 2).

Discussion

The main findings of our study are as follows: (1) Medial
e’ velocity >9 cm/sec is independently associated with the
diagnosis of CP, (2) combination variable of ventricular sep-
tal shift+ medial e’ velocity >9 cm/sec was 80% sensitive
and 92% specific for the diagnosis of CP, and (3) adding HV
diastolic reversal ratio >0.79 decreased the sensitivity to
70%, but increased the specificity to 97% when compared
with a group of RCM patients.

Increased incidence of ventricular septal shift (due to
interventricular dependence) in patients with CP compared
with patients with RCM is consistent with that found in the
Mayo Clinic study.'' However, its presence is sensitive but
not very specific, as it can be seen in conduction abnormali-
ties postcardiac surgery.” The respiratory variability in the
mitral (Figure 2) and tricuspid inflow in CP” is less spe-
cific for the diagnosis of CP and is consistent with that
reported by the Mayo study. This is because this variable is
load dependent and can also be seen in patients with chronic
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Figure 4. Pulsed-wave (PW) Doppler recording (subcostal window) at the level of the hepatic vein in a patient with constrictive pericarditis. Note larger dia-
stolic forward flow velocity (arrow) and smaller diastolic flow reversal velocity in inspiration (arrow). With expiration (arrowhead) there is smaller diastolic

forward flow and larger diastolic flow reversal.

obstructive Pulmonary disease and those on mechanical
ventilation. -

Medial e’ that measures the intrinsic mechanical elastic
property of the LV is preserved in CP.* Medial e’ velocity
>9 cm/sec has higher specificity (100%) in our cohort
compared to the Mayo Clinic study as our control group is
composed of patients only with RCM that have biopsy
proven cardiac amyloidosis. These oate have intrinsic myo-
cardial disease (low tissue Doppler mitral annular velocity)
versus the Mayo study control group which was composed
of patients with RCM and severe TR. Given its high speci-
ficity, using this variable in combination with the other
appears to have the highest diagnostic accuracy. Medial
and lateral e’ are increased in patients with CP, with
medial e’ being larger (Figure 3) in amplitude than
lateral e’(Figure 3) (termed “annulus reversus”),” due to
tethering of the lateral pericardium by increased pericardial
thickness.® However, annulus reversus was not very sensi-
tive nor specific in our cohort compared to the Mayo group.
This may be due to significant variation in the degree and
pattern of pericardial thickening that has been reported by
other studies. "’

The prominent reversal of expiratory late diastolic flow
in the HVs seen in CP*’ (Figure 4) is seen due to reduced

reduce right-sided filling (Figure 2) due to rightward septal
shift, reducing the HV forward velocity and exaggerating
the late diastolic reversal velocity. This is not seen in RCM
as it does not show respirophasic changes in ventricular
filling. The HV diastolic reversal ratio >0.79 (defined as
expiratory diastolic reversal velocity divided by the dia-
stolic forward velocity) was found to be highly specific for
the diagnosis of CP in the Mayo study. We had a much
lower specificity in our group. This may be due to a smaller
number of patients having adequate quality tracings
(n=79). However, combining it with medical &’ >9 cm and
septal shift further increased the specificity. This result is
consistent with the Mayo study.

This is a large single center study with high level of
expertise in CP, that aimed to reproduce the diagnostic
accuracy of previously described echocardiographic and
Doppler characteristics for CP. Quality HV tracings were
available in only 79 pts. in CP group. These smaller sam-
ples may have affected the specificity of this variable. We
excluded patients with severe TR from the control group
(included in the Mayo Clinic study) since we wanted a strict
comparison between CP and RCM and did not want the
confounders of severe TR in the population. This may limit
the ability to generalize these results. In healthy individuals,
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Figure 5. Area under receiver operating characteristic curves (AUROC) for continuous variables. (A) Percent change in Mitral E early diastolic velocity with
inspiration; (B) Medial mitral annular early (e”) diastolic tissue Doppler velocity; (C) Medial e’/Lateral e’ velocity ratio (ratio of medical mitral annular early
(e’) diastolic tissue Doppler velocity to lateral mitral annular (e”) early diastolic tissue Doppler velocity; (D) Hepatic vein expiratory diastolic reversal ratio

(defined as ratio of pulsed wave diastolic reversal velocity/forward diastolic velocity in expiration).

Table 2

Test performance characteristics for the diagnosis of CP in our study versus Mayo Clinic Study

Sensitivity Specificity Positive predictive value Negative predictive value

Echocardiographic variables Mayo/Study Mayo/Study Mayo/Study Mayo/Study
#1 Ventricular septal shift 93%/94% 69%177% 92%/94% 74%179%
#2 Percent change in mitral E velocity >14.6% 84%/75% 73%173% 92%/91% 55%146%
#3Medial e’ velocity >9 cm/sec 83%/79% 81%/100% 94%/100% 57%159%
#4Medial e’/Lateral e’ >0.91 75%167% 85%173% 95%/90% 50%/39%
#5 HV ratio in expiration >0.79 76%/70% 88%/43% 96%/76% 49%/35%
Ventricular septal shift + medial e’ velocity >9 cm/sec 80%/80% 100%/92% 97%/ 100% 56%59%

#1 and #3
Ventricular septal shift + medial e’velocity >9 cm/sec 64/70 100/97 100/99 57/42

+HYV ratio >0.79

#1 both with #3 and #5

HYV ratio, ratio of pulsed wave hepatic vein diastolic reversal velocity to forward velocity in expiration; Percent change in Mitral E velocity, defined as
(Mitral early diastolic E wave velocity in expiration-Mitral early diastolic E velocity in inspiration/mitral early diastolic E wave velocity in inspiration x
100); Medial mitral e’, Medial mitral annular early diastolic tissue Doppler (e’) velocity; Medial e’/lateral e’, ratio of medial to lateral Mitral annular early

diastolic tissue Doppler (e”) velocity.
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Medial e’ >9 cm/sec is a normal finding and alone may not

be

significant value, but in patients with high suspicion of

cardiac constriction, this parameter is highly specific for
this diagnosis.

In conclusion, cardiac constriction is underdiagnosed

and can be confused with cardiac restriction. Constrictive
Pericarditis is potentially curable with pericardiectomy.
Echocardiographic tools with high accuracy can help to dif-
ferentiate this condition.
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