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MYOCARDIAL DISEASE

Accurate Preoperative Diagnosis of Pericardial Constriction Using

Cine Computed Tomography

RON M. OREN, MD, MALEAH GROVER-McKAY, MD, FACC,
WILLIAM STANFORD, MD, FACC, ROBERT M. WEISS, MD

fowa City, lowa

Objectives. The purpose of this study was to determine the
sccuracy of cine computed tomography in the diagnosis of con-
strictive pericarditis,

Buckground, Constrictive pericarditis is characterized by ab-
normalities of both cardiac structure and function. Acturate
diagnosis requires detection of both a thickened pevicardivm and
absormal ventzicular dinstolic Glling. At present, no one dlagnos-
tic technique has demonstrated sufficient accuracy in this setting.
Cine computed tomography Is 2 relatively new cardiac imaging
mode with very high time and spatial resolution that has the
potential to mecurately dingnose constrictive pericarditis.

Methods, Twelve consecutive patients were retrospeclively
identified who had catheterization findings suggestive of constric-
tive physiology, had undergone a cine computed tomographic
examination and had pathologic data that delineated the status of
the pericardium, Group 1 (with constrictive pericarditis; n = §)
had surgical confirmation of thickened pericardium and improved
clinically after pericardiectomy. Group 2 (no constrictive pericar-
ditis; m = 7) had cardiomyopathy with normai pericardium.

Seven normal volunieers (Group 3) were also s'udied. Cine
computed tomograms were obtained for the entive heart (§-1am
shices, 17 framaes/s, nonionie contrast medium). Pericardial thick-
ness wis measuved at 10° intervals at three ventricular levels in
2ach subject. The rapidity of diastolic filling was assessed by
calculatlng the percent filling fraction in early dinstole.

Results, Pericardial thickness was 10 2 2 mm (mean 2 SD) in
Group 1, 2 £ 1 mm in Group 2 and 1 2 1 wm in Group 3 (p <
.05, constrictive pericarditis vs. no constrictive pericarditis). Left
ventricular Glling fraction was 23 = 6% in Group §, 62 = 9% in
Group 2 and 44 = 5% in Grovp 3. Right ventricvlar filling
fraction was 93 = 5% in Group I, 62 £ 14% in Group 2 and
35 £ 6% in Group 3 (p < 0.05, Group 1 vs. Groups 2 and 3). Both
indexes provided a clear-cut distinetion between patients with and
without constrietion.

Conclusions, Cine computed tomography simultancously pro-
vides both anatemic and physiolopic data that allow accurate
preoperative diagnosis of pericardial constriction.

(f Am Coll Cardiel §993;22:832-8)

The clinical manifestations of constrictive pericarditis mimic
a variety of cardiopulmonary disorders, making the diagno-
sis of this condition sometimes difficult. A recent surgical
series (1) indicated that 12% of patients referred to the
opcrating room for pericardial resection had a normal peri-
cardium at the time of operation. Constrictive pericarditis is
characterized anatomically by an abnormally thickened and
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pliance during mid to late diastole. Consequently, nearly all
ventricular filling occurs very rapidly in early diastole. This
results in elevated cardiac filling pressures and the charac-
teristic hemodynamic waveforms during which the diastolic
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pressures of the cardiac chambers equalize (2). The clinical
presentation of constrictive pericarditis is not unigue, how-
ever, because several other conditions can produce similar
signs, symptoms and hemodynamic data (3).

The ideal single-imaging technique for the accurate pre-
operative diagnosis of pericardial constriction would simul-
taneously provide both anatomic data describing the thick-
ened i‘in’iC&i‘uuiii‘l and puy’SiOnglC data uc‘:ﬂCi‘iuiug the
abnormal diastolic ventricular filling. Several imaging tech-
nigues have been reported to have the ability to identify
either the abnormal structure or the abnormal function of
patients with this disorder. However, none of these tech-
niques have been validated to simultaneously provide an
accurate assessment of both the anatomic and the physio-
logic features of this syndrome.

Cine computed tomography is a relatively new imaging
technique that provides very high resolution tomographic
cardiac images. It has demonstrated precision in the quanti-
tative assessment of right and left ventricular structure and
both systolic and diastolic function (4-8). In addition, cine
computed tomographic measurements of pericardial thick-
ness in ex vivo preparations have been shown to correlate
well with histologic assessments (9). Thus, cine computed

0735-1097/93/$6.00

€9



https://core.ac.uk/display/82389903?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

JACT Vol. 22, No. 3
September 1993:832-8

tomography may allow the simultaneous demonstration of
the aliered amatomy and physiology seen in constrictive
pericarditis. Therefore, the following study was performed
to determine the ability of this technique to provide an
accurate preoperative assessment of patients with suspected
pericardial constriciion.

Methods

Stady group. The study group comprised (2 patients and
7 normal sabjects. Patients were identified by review of the
data base at the University of lowa and included all patients
from November 1985 to October 1990 with the following
inclusion critenia: 1) clinical suspicion of pericardial con-
striction: 2) hemodynamic data on cardiae catheterization
consistent with pericardial constriction (2) (including equal-
ization of diastolic pressures and the characteristic pressure
waveforms); 3) cine computed tomographic examination;
and 4) patholog': data that delineated the status of the
pericardium.

Examination of these data revealed 12 patients who were
separated into two groups on the basis of the pathologic
data. Group 1 (with constrictive pericarditis; mean age 62 *
7 years) comprised five patients with clinical and surgical
evidence of pericardial conmstriction, including both thick-
ened pericardium at operation and sustained clinical im-
provement after pericardectomy. Group 2 (no constrictive
pericarditis, mean age 66 * § years) comprised seven
patients with both a clinical suspicion and a hemodynamic
profile suggestive of pericardial constriction but with patho-
logic evidence of either 1) normal pericardium at autopsy or
operation, or 2) myocardial inflammation and fibrosis on
endomyocardial biopsy. Group 3 comprised seven normal
volunteers {mean age 23 = 3 years) who underwent cine
computed tomographic examination.

Cine computed tomography. General description of the
system. The cine computed tomographic machine used in
these studies s the Imatron C-100 and has been described
elsewhere (4-10). In the scanning mode used in the present
study, tomographic movies consisting of eight levels and
10 frames are generated. Acquisition time is 58 my/frame,
slice thickness is 8§ mm. Nonionic contrast medium injected
at a rate of 1.5 to 2.5 mi/s was utilized in afi studies to
delineate the cardiac chambers. Two dye injection/scanning
sequences are required o image the whole heait. This
method has been previously demonstrated to exert negligible
effects on systolic function, hemodynamic variables and
ventricular volumes (6).

Image analysis. All cine computed tomographic images
were analyzed for right and left ventricular end-diastolic and
end-systolic volumes, heart rate, pericardial thickness and
early diastolic filling characteristics.

The volumes of the entire right and left ventricles were
calculated using methods described and validated previously
in animal models that utilize a modified Simpson’s rule (6).
The timing of the end-diastolic image was compuier-
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inggered on the R wave of the electrocardiogram (ECG),
whereas the end-systolic image was identified visually as the
image in which the left ventricular volume was the smallest.
Barly diastolic filling characteristics were determined using
frame by frame analysis of ventricular volumes at each frame
during diastole. Of the 10 cine frames in each tomographic
movie, 6 to 7 occurred during systole, leaving 3 or 4 diastolic
images in each movie available for analysis. This truncation
of the imaging sequence is necessary owing to the limited
irnage storage capacity of the imaging computer. Although
the use of more images per cardiac cycle may be preferable,
it would require additional dye injection and X-ray expesure.
The cumulative filling fraction (%FF) was calculated for
each framing time in the diastolic period by the following
formula:

Voi - ESV
GFF = e % 100%,

where Vol = ventricular volume (in mil) at the framing time,
ESV = end-systolic volume and SV = stroke volume. The
result was equal to the fraction of total diastolic filling that
had occurred at each cine computed tomographic frame
during early diastole.

Pericardial thickness was determined by a computer-
assisted edge detection system previously described in ani-
mal experiments to determine left veniricular mass (5). In
this method, a line was manually drawn from the myocar-
dium, across the pericardium and into tire adjacent tissue
(usually lung). Image analysis software them generated a
graph of computed tomographic density versus distance
along this line. Because the pericardium is of a higher
computed tomographic number than the surrounding struc-
tures, three peaks were produced in this graph: one for the
myocardium, one for the pericardium and onc for the sur-
rounding tissue. Pericardial thickness was then measured as
the width of the pericardial peak at one half of its height
(Fig. 1). In this study the pericardial thickness was assessed
at 10° intervals around the circumference of both right and
left ventricles at low, mid and high ventricular ievels, and an
average value for each patient or subject was determined as
the mean of these vaiues. The presence of pericardial
calcification was assessed visually by its characteristic high
radiodensity. In four normal subjects and two patients in
Group 2, there were some segments in which the pericar-
dium was not visible, and no plateau could be identified
between the myocardial density and its surrounding struc-
ture. In this situation, which occurred in <5% of pericardial
thickness measuremecnis in these subjects, a pericardial
thickness of 0.5 mm was assigned to these areas for statis-
tical purposes.

Statistical analysis. Data on clinical characteristics, carly
ventricular diastolic filling and pericardial thickness in each
patient and subject were calculated and reported as mean
value = SD. Intergroup comparisons were performed by
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repeated measures analysis of variance. A p value < 0.05
was considered statistically significant.

Results

Clinical characteristics of the patienis (Table 1). The pre-
sumed etiology of pericardial vhickening in Group | included
external radiation (n = 1), previous coronary artery bypass
grafting (n = 1) and idiopathic arigin (n = 3). The etiology of
cardiac disease in Group 2 consisted of regurgitant valvular
disease (n = 2) and ischemic (n = 2) or idiopathic (n = 3)
cardiomyopathy. The normal status of the pericardium in
Group 2 was identified by autopsy in three patients. Two
patients with cardiomyopathy had “mild inflammation and
fibrosis’ on endomyocardial biopsy. The remaining two

Table 1. Hemodyaamic Profile of the Study Population
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Figure 1. Example of computer-assisied
measurement of pericardial thickness.
Left panel, Tomogram taken at the
midveniricular level from a patient
with constriciive pericarditis and a
thickened, noncalcified pericardium. A
manually drawa Bine (A) exiends from
the myocardivm, across the thickened
pericardium and into the surrounding
lung tissue. Right pemel, Computer-
generated graph of computed tomo-
graphic density {vertical asxis) versus
tiic length of line A (hovizomtal axis),
Broceeding from left 1o right: A small
“dip" is followed by a pericardisl
“peak’ of approvimaicly 180 com-
puted tomographic (CT) units. This is
foflowad by the percardiumdung tan-
sition. Pericardinl thickness is mea-
stred as the width of the pericardial
peak ot one half of its height, using
both leading and traitug edges. This
particufar pericardinl segment was
measured at 7 mm. LY = left ventricle;
RY = right ventricle.

patienis had visually nermal pericardium at operation. All
patienis in Groups 1 and 2 had symptoms (including periph-
eral edema and dyspnea) classified in New York Heart
Association functional class Il (n = I in Group LLa = 4 in
Group 2) or IV (n = 2 in Group |, n = 3 in Group 2}. The
hemodynamic profiles of the patients in Groups 1 and 2 were
similar and demonstrated diastolic equalization of pressures.

Ventriculor volumeiric data (Table 2). No significant dif-
ferences were noted in end-diastolic volume of cither the
right or the left ventricle between any of the groups. Righe
ventricular ejection fraction was not significantly different
beiween the groups. Left ventricular ejection fraction was
significautly higher in Group 3 than w Group 1 and tended to

Table 2. Ventricular Volumetric Data

Group 1 Gioup 2 Group 3
Group 1 Group 2 Group 3 (n=3) =7 =7
Pressures (mm Hg) RV EDV (ml) %6217 83 =14 146 =7
Mean RAP 17+2 18+2 NA RV EDVI (mbim? 93 = {5 94+ {3 5+8
RVP systolic B3 x4 NA LV EDV (mi} 164 + 15 171 =18 1358
RVP diastolic B3 17+4 NA LV EDVI (mbm?) B4+ 13 BB+ 1S 87
PAP systolic 46 x4 95 NA RV ESV (mi) 101 £ 01 97+13 655
PAP diastolic 2tz d N=2 NA RV ESVI (ml/m?) $3+9 50 = 12 Pxs
W 013 0+3 NA 1.V ESV (ind) =16 86 = 18 Hx
CI litervmin per m?) 25201 2308 NA LV ESVI (mi/m%) 45 417 5+9
Heart rate {beats/min) 81:x4 g2+ 5 68 =3¢ EF (%)
. RV EY =1 54+4
p < 0.03, Group 3 versus Group § or 2. All p = NS for Group | versus LV 9 +0 50+ 13 64 + 54

2. Values presented arc mean value = SD. € = candisc index: Group 1 =
patients with surgical evidence for constrictive pericarditis; Group 2 =
patients with suspected pericardial constriction but normal pericardium;
Group 3 = normal volanteers; NA = qot available; PAP = pulmonary artery
pressure; PWP = pulmonary wedge pressure; RAP = right atrial pressuee;
RVP = right ventricular pressure,

*p < 0.05, Group 3 versus Group i; all others, p = NS. Values are
presented as mean value + SD. EDV and EDVI = end-diastolic volume and
end-diastolic volume index, respectively; EF = ejection fraction; ESV and
ESV! = end-systolic volume and end-systolic volume index, respectively;
Groups 1 to 3 as in Table I. LV = ieft ventricular; RV = right ventricular.
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Figure 2. Early diastolic filling characteristics of the three study
groups. By the third cine computed tomographic frame after end-
systole, the patients with pathciogically confirmed constrictive
pericarditis (CP) (Group 1) had achieved a significantly greater
degree of left ventricular (LV) filling (A) than had either the patients
without pericardial constriction (No CP) (Group 2) or the normal
subjects (NI) (Group 3). The results are similar but more marked for
the early right ventricular (RV) diastolic filling data (B). *p < 0.05,
Group 1 vs. Group 2. tp < 0.05, Group 2 vs. Group 3.

be higher than that in Group 2 (p = 0.08). Right ventricular
end-systolic volume was significantly lower in Group 3.

Barly diastolic filling data. The results of the early dia-
stolic filling data for both the right and the left ventricles in
all three groups are shown in Figure 2. They indicate that in
Group 1 (with constrictive pericarditis}, the early diastolic
filling of either ventricle was significantly more rapid than in
either Group 2 (no constrictive pericarditis) or Group 3
(normal subjects). A significant variation in the diastolic
filling patterns of the three groups became apparent at the
third diastolic cine computed tomographic frame.

For the left ventricle, by the third cine computed tomo-
graphic frame after end-systole, the patients in Group | had
achieved 83 * 6% of total diastolic filling, a significantly
greater proportion than that in either Group 2 (62 + 9%, p <
0.05) or Group 3 (44 = 5%, p < 0.05). The results were
similar but more marked for the right ventricle. Examination
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Figure 3. Pericardial thickness measurements in patients with
pathologic evidence of constrictive pericarditis (CP) (Group 1),
patients with the hemodynamic profile of constrictive pericarditis
but with pathologic evidence of normal pericardium (no CP) (Group
2) and normal subjects (NE) (Group 3). A clear separation, with no
overlap, exists beiween the neasurements of those with and those
without pericardial constriction.

of the third cine computed tomographic frame after end-
systole indicated that the patients in Group I had achieved
nearly complete diastolic filling (93 = 5%), a value signifi-
cantly greater than that in either of the other groups (Group
2,62 = 14%, p < 0.05; Group 3, 35 * 6%, p < 0.01). There
was 00 overlap in diastolic filling data between groups. All
patients with pericardial constriction had more rapid filling
of both ventricles than did all patients without constriction,

The heart rate, a determinant of diastolic function, during
the cine computed tomographic examination was not signif-
icantly different between the patient groups (Group 1, 83 =
4 beats/min; Group 2, 82 * 5 beats/min, p = NS) but was
significantly lower in the normal subjects (68 + 3 beats/min,
p < 0.05). The third cine computed tomographic frame after
end-systole occurred between one third and one half of total
diastolic filling in all groups. The percent of total diastelic
filling time at which the third frame occurred ranged from
31% to 46% in Group 1, from 35% to 49% in Group 2 and
from 30% to 39% in Group 3 (all p = NS).

Pericardial thickness data. In Group 1 two of five patients
had an irregularly calcified pericardium that ranged from 3 to
18 mm in thickness, whereas the remaining three patients
had a homogeneously thickened noncalcified pericardium
(range 8 to 14 mm). In all patients in Group 2 and all subjects
in Group 3, the pericardium was homogeneous, noncalcified
and <3 mm thick.

The mean pericardial thickness for each patient and
subject is shown in Figure 3. The group mean pericardial
thickness in Group 1 was 10 = 2 mm, which was significantly
greater than that in Group 2 (2 = 1 mm, p < 0.05) or Group
3(1 =1 mm, p < 0.05. No overlap existed between the
pericardial thickness measurements for patients in Groups 1
and 2. Examples of cine computed tomographic images from
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two patients with surgical evidence of pericardial constric-
tion and one patient with suspected pericardial constriction
are shown in Figure 4.

Discussion

The most important finding is that cine computed tomog-
raphy provides the necessary anatomic and physiologic data
requived to reliably differentiate between patients with and
without constrictive pericarditis. Second, these studies pro-
vide the first volumetric assessment of the abnormal dia-
stolic filling of the right ventricle that occurs in clinical
constrictive pericarditis.

Althongh other imaging techniques have been described
that assist in the evaluation of patients with suspected
pericardial constriction, none has been validated to simulta-
neously describe the altered anatomy and physiology seen in
this pathologic state. Visualization of the thickened pericar-
dium in patients with constrictive pericarditis has been
reported using conventional computed tomography (11-13)
and magnetic resonance imaging (14,15); however, a recent
clinical study reported that conventional computed tomog-
raphy failed to detect the abnormal pericardium in 6 (21%) of

Figure 4. Examples of cine compuied tomographic images
from two of the patients with pathologically confirmed con-
strictive pericarditis (patels A and B) apd from a paticnt with
clinically suspected constrictive pericarditis but a normal
pericardium at autopsy (paned C). In panel B a densely
calcified irregularly thickened pericardium is scen, whereas
in panel A a noncalcified homogeneously thickened pericar-
dium is noted. C = contrast medium in right atrium; P =
pericardium; other abbreviations as in Figure 1.

29 patients with surgically documented constriction (16).
Soulen et al. (14) demonstrated the ability of magnetic
resonance imaging to detect pericardial thickening, but sur-
gical or pathologic data corroborating the status of the
pericardium in their series were absent. In the report of their
experience with magnetic resonance imaging, Sechtem et al.
(15) reported that the signal characteristics of per.cardial
fluid, fat and fibrosis were similar. They relied on ‘‘other
abnormalities” in the ‘mage that allowed identification of
pericardial thickening in five or six patients with surgically
confirmed pericardial thickening. The potential usefulness of
echocardiography has been evaluated in both experimental
and clinical constrictive pericarditis (17-22). Tyberg et al.
(23) examined the diastolic filling characteristics of seven
patients with constrictive pericarditis using digitized con-
trast ventriculography and demonstrated that diastolic ven-
tricular filling was nearly complete by mid-diastole. This
abnormal physiology has alsc been demonstvaied by radio-
nuclide ventriculography (24,25). None of these imaging
modalities ha: been shown to provide both anatomic and
physiologic information necessary to confirm a diagnosis of
pericardial constriction. The potential utility of cine com-
puted tomography is highlighted by the seven patients in
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Group 2 who had an erroneous diagnosis of pericardial
constriction based on a complete conventional evaluation,
including invasive hemodyaamic siudy.

The data in the cumrent siudy demonsiraie that, by
analyzing the degree of tolal diastolic filling that sccurs in
the first one-third to one-half of dinstole, the abnrormally
rapid carly diastolic filling of the left ventricle in patients
with pericardial coustriction can be identified with cine
computed tomography and differentiated from findings in
patienis without constrictive pericarditis. In addition, the
study data indicate that the rapid early diastolic fitling alsc
occurs in the right veniricle and suggest that this abnormality
is more pronounced in the right than in the left veniricle.
Finally, the study demonstrates thai the spatial resolution of
the cine computed tomographic image is able to clearly
separaie the thickened pericardium of clinical constrictive
pericarditis from the normal pericardium that was noted in
ihe control group. This separation was clear both when the
thickened pericardium was irregular and densely calcified
and when it was homogeneously thickened and noncalcified.

Study limitations, Several aspecis of the current study
deserve comment. 1) Because o the rare nature of this
condition, these studies were necessarily retrospective and
included a small number of patients. 2) No clinically unstable
patients were studied; however, the rapid image acquisition
time of cine computed tomography lends itself to the study
of critically il patients. Although it is likely that early
diastolic images and accurate assessments of pericardial
thickness could be obtained in patients with tachycardia or
tachypnea, this remains to be critically evaluated. 3) The
accurate definition of diastolic ventricular filling depends on
an accurate definition of end-systole. One potential concern
of an imaging procedure with a relatively slow framing rate
such as cine computed tomography is that the end-systolic
frame may not represent true end-systole. Rumberger el al.
(7) addressed these concerns in studies describing the utility
of cine computed tomography in assessing diastolic function.
They concluded that a framing rate of 17 frames/s (as was
used inn the curreni siudy) adequately defined end-sysiole.
4) The classic definition of patients with constrictive pericar-
ditis describes normal left ventricular systolic function,
whereas the patients in the current study demonstrated a
mild decrease in left ventricular ejection fraction and a
statistically insignificant trend toward an increase in left
ventricular end-diastolic volume compared with values in
normal subjects. This decrease has been described in previ-
ous studies as well (25) and may be related to epicardial
fibrosis or atrophy (26,27) and seems to indicate a worse
postoperative prognosis (28). The increase in ventricular
volume may also be due in part to the elevated filling
pressures. 5) Group 2 is a pathophysiologically heteroge-
neous group. We do not intend the data to support any
conclusions with regard to cardiac structure or performar.ce
in this group other than fo state that they can be clearly
distinguished from patients with pericardial constriction.
6) The accuracy of pericardial thickness measurements r:xay
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be improved by use of the newer “high resolution’” scanning
mode (3-mm slices, 0.7-mm in-plane resolution); however,
this requires additional scanning sequences and does naot
yield dynamic global to volumetric daia. 7) The patients
were significantly older than the normal subjects. It is not
likely that this difference accounts for the difference in
diastolic filling. Bonow et al. {29) have shown that diastolic
filling rate tends to decrease with age, whereas our patients
demonstrated a pronounced increase. 8) Two patients in
Group 2 had biopsy evidence of cardiomyopathy. Although
this finding does not absolutely exclude the possibility of
vericardial constriction, it does provide an explanation for
their clinical presentation. Reanalysis of our data excluding
these two patients does not alter any of the conclusions of
this study.

Conclusions. These studies provide validation that, in
contrasi to other imaging modaiitics, cine computed tomog-
raphy can define both the thickened pericardium and abnor-
mal rapid diastolic filling that characterize patients with
constrictive pericarditis. Thus, cine computed tomography
can sinuliancously obtain both the anatomic and physiologic
data necessary for the accurate preoperative diagnosis of
pericardial constriction.

References

{. Seifert FC, Miller CD, Oesterle SN, Oyer PE, Stinson EB, Shumway NE.
Surgical treatment of constrictive pericarditis: analysis of outcome and
diagnostic error. Circulation 1985;2(suppl 11):11-264-73.

2. Shabetai R, Fowler NO, Guntheroth WG, The hemodynamics of cardiac
tamponade and constrictive pericarditis. Am J Cardiol 1981:47:791-6.

3. Vaitkus PT, Kussmanl WG. Constrictive pericarditis versus restrictive
cardiomyopathy: a reappraisal and update of diagnostic criteria. Avs
Heart J 1991:122:1431-42.

4. Hajduczok ZD, Weiss RM, Stanford W, Marcus ML. Determination of
right ventricular mass in humans and dogs with ultrafast computed
tomography. Circulation 1990;82:202-12.

S. Feiring AJ, Rumberger JA, Reiter $J, et al. Detcrmination of left
ventricalar mass in dogs with cine computed tomography scamning.
Circulation 1985;72:1355-64.

6. Reiter SJ, Rumberger JA, Feiring AJ, Stanford W, Marcus ML. Precision
of measurements of right and left ventricular volume by cine computed
tomography. Circulation 1986,74:850-900.

7. Rumberger JA, Weiss RM, Feiring AJ, et al. Pattern . of regional diastolic
function in the normal human lefi ventricle: an ultrafast CT study. J Am
Coll Cardiol 1989;14:113-26.

8. Roig E, Georgiou D, Chomka EV, et al. Reproducibility of left ventricular
myocardial volume and mass measurements by ultrafast computed to-
mography. J Am Coll Cardiol 1991;18:990-6.

9, Grover-McKay M, Burke S, Thompson SA, Lemmer JH, Weiss RM,
Marcus ML. Measurement of pericardial thickness by cine computed
tomography. Am J Card Imaging 1991;5:98-103.

10. Boyd DP, Lipton M), Cardiac computed tomography. Proc IEEE 1983;
71:298-30.

11. Ismer MI, Carter BL, Bankoff M§, et ai. Differentiation of constrictive
pericarditis from restrictive cardiomyopathy by compuied tomographic
imaging. Am Heart J 1983;105:1019-23.

12. Suchet 1B, Horwitz TA. CT in tuberculous pericarditis. § Comput Assist
Tomogr 1991;16:391-400.

13. Sutton FJ, Whitiley NO, Appleficld MM. The role of echocardiography
and computed tomography in the evaluation of constrictive pericarditis.
Am Heart J 1985;109:330-5.

14. Soulen RL, Stark DD, Higgins CB. Magnetic resonance imaging of
constrictive pericardial discase. Am J Cardiol 1985,55:480-4.



838

is.

21

22,

OREN ET AL.

PERICARDIAL CONSTRICTION BY CINE COMPUTED TOMOGRAPHY

Sechtem V, Tscholakoff D, Higgins CB. MRI of the pericardium. AJR
1986,147:245-52.

. Kiilian DM, Furiasse JG, Scanlon PJ, Loeb HS, Sullivan HJ. Constriction

pericarditis after cardiac surgery. Am Heart J 1989,118:563-8.

. Pandian NG, Skorton DJ, Kieso RA, Kerber RE. Diagnosis of constric-

tive pericarditis by iwo-dimensional echocardiography: studies in a new
experimental model and in patients. J Am Coll Cardiol 1984;4:1164-73.

. Voekel AG, Pietro DA, Folland ED, Fisher ML, Parisi AF, Echocardio-

graphic features of constrictive pericarditis. Circulation 1979;58:871-5.

. Enge! PJ, Fowler NO, Tei CW, et al. M-mode echocardiography in

constrictive pericarditis. J Am Coll Cardioi 1984;6:471-4.

. Agatson AS, Rao A, Price RI, Kenny EL. Diagnosis of constrictive

pericarditis by pulsed Doppler echocardiography. Am J Cardiol 1984;54:
529-33,

King WS, Pandian NG, Gardin JM. Doppler echocardiographic findings in
pericardial tamponade and constriction. Bchocardiography 1988:5:361-
4.

Schiavone WA, Calafiore PA, Salcedo EE. Transesophageal Doppler
echocardiographic demonstration of pulmonary venous flow velocity io
restrictive cardiomyopathy and restrictive pevicarditis, Am J Cardiol
1989:63:1286-8,

23.

4.

26.
27,
2.

29.

JACC Vol. 22, No. 3
September 19938328

Tyberg TH, Goodyear AV, Hurst VW, Alexander J, Tangou RA. Left
ventricular filling in differentiating restrictive amyloid cardiomyopathy
and constrictive pericarditis. Am J Cardiol 1981:47:791-6.

Aroney CN, Ruddy TD, Dighero H, Fifer MA, Boucher CA, Palacios IF.
Differentiation of restrictive cardiomyopathy from pericardial constyic.
tion: assessment of diastolic function by radionuclide angiography. J Am
Coll Cardiol 1989:13:1007-14,

. Gerson MC, Colthar MS, Fowier NO. Differentiation of constrictive

pericarditis and restrictive cardiomyopathy by radionuclide angiography.
Am Heart § 1989;18:114.-20.

Dines DE, Edwards JE, Burchell HB. Myocardial atrophy in constrictive
pericarditis. Prec Staff Meet Mayo Clin 1958;33:93-9,

Levine HD. Myocardiad fibrosis in constrictive pericorditis. Circulation
1973:48:1268-81.

MeCaughlan BC, Schaff HVY, Pichler JM, et al. Early aud late results of
pericardiectomy for consirietive pericarditis. 1 Thorae Cardiovase Surg
1985:89:340-50.

Bonow RO, Vitale DF, Bacharach SL. Mavon B), Green MV. Effects of
aging on asynchronous left veatricular regional function and plobat
ventricular filking in normal human subjects. § Am Coll Cardiol 1988:11;
50-8.



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7



