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cross-sectional area

Kate Hanneman MDa, Paaladinesh Thavendiranathan MDb,
Elsie T. Nguyen MDa, Hadas Moshonov PhDa, Narinder S. Paul MDa,
Bernd J. Wintersperger MDa, Andrew M. Crean MRCPa,b,*
aDepartment of Medical Imaging, Peter Munk Cardiac Centre, Toronto General Hospital, University Health Network,

University of Toronto, Toronto, ON, Canada
bDivision of Cardiology, Peter Munk Cardiac Centre, Toronto General Hospital, University Health Network,

University of Toronto, Toronto, ON, Canada

a r t i c l e i n f o

Article history:

Received 19 November 2013

Accepted 16 December 2013

Keywords:

Pericardium

Pericarditis

Constrictive

Vena cava

Inferior

Cardiac imaging techniques

Computed tomography

a b s t r a c t

Background: The diagnosis of pericardial constriction remains challenging.

Purpose: We sought to evaluate the predictive value of cardiovascular CT-based measure-

ments of inferior vena cava (IVC) parameters in the diagnosis of pericardial constriction.

Methods: Forty-two consecutive patients referred for assessment of pericardial constriction

by 64-slice CT were evaluated. The diagnosis of pericardial constriction was confirmed by

clinical history, echocardiography, cardiac catheterization, intraoperative findings, histo-

pathology, or a combination. Diameter and cross-sectional area of the suprahepatic IVC

and cross-sectional area of the aorta were measured on a single-axial CT image at the level

of the esophageal hiatus. Maximum pericardial thickness was measured. Logistic regres-

sion and receiver operating curve analyses were performed.

Results: Twenty-twopatientshadpericardial constriction.Meanage of the 42patientswas 57.1

� 16.4 years, 57.1% were men. IVC diameter, IVC area, the ratio of IVC to aortic area, and

pericardial thicknesswereall significantlygreater inpatientswithconstriction than inpatients

without (P< .05 for all). IVC-to-aortic area ratio had the highest odds ratio (51; 95% CI, 2.8e922)

for thepredictionofconstrictionandremainedasignificantpredictor inmultivariableanalysis.

In nestedmodels, IVC-to-aortic area ratio had incremental value over pericardial thickness for

the diagnosis of constriction. IVC-to-aortic area ratio discriminatedbetweenpatientswith and

without constrictionwith an area under the curve of 0.88 on receiver operating curve analysis,

withavalue�1.6havingasensitivityandspecificityof95%and76%,respectively. Interobserver

agreement for IVC-to-aortic area ratio was excellent (intraclass correlation coefficient, 0.98).

Conclusion: Assessment of IVC-to-aortic area ratio onCTaidswith thediagnosis of pericardial

constriction and has independent and incremental value over pericardial thickness alone.

Crown Copyright ª 2014 Published by Elsevier Inc. on behalf of Society of Cardiovascular

Computed Tomography. All rights reserved.

Conflict of interest: The authors report no conflict of interest.
* Corresponding author.
E-mail address: andrew.crean@uhn.ca (A.M. Crean).

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.JournalofCardiovascularCT.com

J o u rn a l o f C a r d i o v a s c u l a r C om p u t e d T omog r a p h y 8 ( 2 0 1 4 ) 1 4 9e1 5 7

1934-5925/$ e see front matter Crown Copyright ª 2014 Published by Elsevier Inc. on behalf of Society of Cardiovascular Computed Tomography. All rights reserved.
http://dx.doi.org/10.1016/j.jcct.2013.12.017

mailto:andrew.crean@uhn.ca
www.sciencedirect.com/science/journal/19345925
www.JournalofCardiovascularCT.com
http://dx.doi.org/10.1016/j.jcct.2013.12.017
http://dx.doi.org/10.1016/j.jcct.2013.12.017
http://dx.doi.org/10.1016/j.jcct.2013.12.017


1. Introduction

Pericardial constriction is an important cause of heart failure

characterized by impedance to diastolic filling because of a

noncompliant or thickened pericardium.1 Constriction usu-

ally manifests clinically years after the initial pathologic

trigger. Despite advances in imaging techniques, including

transthoracic echocardiography (TTE), CT, and cardiac mag-

netic resonance imaging (MRI), the diagnosis of pericardial

constriction remains challenging and may be delayed.2e4

Cardiovascular CT allows for high-resolution assessment

of the pericardium with short examination times.5 Morpho-

logic evaluation of the pericardium, including evaluation of

pericardial thickness and calcification, has been the predom-

inant focus of CT evaluation of suspected pericardial

constriction to date.6,7 However, a significant proportion of

patients with pericardial constriction may not have pericar-

dial thickening or calcification detectable on CT, and addi-

tional imaging parameters may be useful in establishing the

diagnosis.6,8e12

In clinical practice, the hemodynamic consequences of

pericardial constriction may be assessed with echocardiog-

raphy, invasive cardiac catheterization, or cardiacMRI.6,13 The

inferior vena cava (IVC) is commonly used to estimate right

atrial (RA) pressures during echocardiography.14 Normally,

the IVC is similar in size to the descending aorta at the same

level.15 In patients with pericardial constriction, however, the

IVC may be dilated, reflecting increased RA pressures.15e17

We hypothesized that morphologic assessment of the

suprahepatic IVC on cardiovascular CT would be a useful

adjunct in the assessment of pericardial constriction and

would allow for evaluation of the functional and hemo

dynamic consequences of constriction. The aim of the present

study was therefore to assess indexed IVC dimensions in pa-

tients with clinically suspected pericardial constriction

referred for cardiovascular CT evaluation and to determine

the predictive value of these measurements in the diagnosis

of pericardial constriction.

2. Methods

2.1. Patients and protocol

The institutional research ethics board approved this retro-

spective cohort study. The requirement for patients’ signed

informed consent was waived. Consecutive patients

(2005e2012) with clinically suspected pericardial constriction

who had undergone cardiovascular CT at a single center were

identified. Data were abstracted on demographic character-

istics, clinical history, diagnostic imaging, surgical outcomes,

and histopathology from the electronic patient record. In pa-

tients who underwent surgical pericardiectomy, operative

reports were reviewed to confirm a surgical description of

pericardial constriction, including obliteration of the pericar-

dial space and the presence of abnormal pericardium (thick-

ening or calcification or both). Exclusion criteria consisted of

clinical follow-up of >12 months, follow-up at an outside

institution, greater than moderate tricuspid or pulmonic

regurgitation, any tricuspid or pulmonic stenosis, greater than

moderate pulmonary hypertension (pulmonary arterial sys-

tolic pressure � 60 mm Hg), known restrictive cardiomyopa-

thy, and known aortopathy or aortic dilation (given that the

descending aorta was used as an internal reference).

The reference standard used for the diagnosis of

constriction consisted of (1) noninvasive imaging findings on

echocardiography, including early diastolic septal bounce,

respiro-phasic septal shift, respiro-phasic variability in

Doppler flow velocities across the mitral value of >25% or

across the tricuspid valve of >40%, and hepatic vein diastolic

flow reversal in expiration3; (2) findings from invasive cardiac

catheterization which included left ventricular end-diastolic

pressure minus right ventricular (RV) end-diastolic pressure

difference of �5 mm Hg, pulmonary arterial systolic pressure

<55 mm Hg, RV end-diastolic pressure/RV end-systolic pres-

sure >1/3, inspiratory decrease in RA pressure <5 mm Hg,

dynamic discordant respiratory variation between left ven-

tricular and RV pressure tracings, and systolic area index

> 1.118; or (3) intraoperative and histopathology findings, with

a history that was consistent with constriction.17e19

The diagnosis of pericardial constriction was considered

established if cardiac catheterization findings were diagnostic

for constriction, along with a consistent clinical history. The

diagnosis was then also confirmed on the basis of histopathol-

ogy findings, which included pericardial fibrosis, thickening,

inflammation, or a combination. If cardiac catheterization was

unavailableorequivocal, thenother imagingfindings, including

echocardiography, were used to establish the diagnosis. For

exclusion of constriction, hemodynamic changes and typical

imaging features must have been absent on cardiac catheteri-

zation or TTE or both, as well as lack of subsequent surgical

pericardiectomy over the period of follow-up of at least 1 year.

2.2. Cardiovascular CT imaging

Cardiovascular CT studies were performed with a 64-slice CT

scanner (Toshiba Medical Systems, Tokyo, Japan) and images

were acquired during a single inspiratory breathhold with

0.5 mm of collimation, 0.5 to 5 mm of reconstructed slice

thickness, 100 to 120 kVp of tube potential, and tube current

modulation adapted to body habitus.

All CT studies were analyzed offline by an experienced

observer who was blinded to clinical and patient information.

Cross-sectional areas of the suprahepatic IVC and descending

aorta were measured by manual contouring on a single-axial

image at the level of the esophageal hiatus (Figs. 1A, 2A, and

3A). Measurements were made in end systole on studies for

which multiple cardiac phases were available for review. On

these studies, measurements were repeated in diastole at the

same slice level for the purpose of comparison between car-

diac phases (however, systolic measurements were used in all

other calculations). Maximum IVC diameter wasmeasured on

the same slice (Figs. 1B, 2B, and 3B). IVC cross-sectional area

was indexed to aortic cross-sectional area to account for po-

tential differences in size of the IVC, depending on the size of

the patient. The presence of pericardial calcification, pericar-

dial effusion, pleural effusion, and ascites was assessed

(Fig. 1C). Maximum pericardial thickness was measured
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