
entricular aneurysm is a common complication of
transmural myocardial infarction (MI). Autopsy data
show an incidence in post-myocardial infarction pa
tients varying from 3.5 to 25% (1,2). The left ventricle
is involved in 95% of patients with ventricular aneu

rysms and the right ventricle in 5%. Of all aneurysms,
80% involve the anterior wall and/or apex of the left
ventricle and these are generally larger than those which
involve other areas. Therefore, the greatest risk of aneu
rysm follows infarction in the distribution of the left
anterior descending coronary artery.

Complications of left ventricular aneurysm are more
commonwith largeaneurysms.They includemural
thrombus formation, calcification of the thrombus or
aneurysm wall. arterial embolization, impaired ventric
ular function with chronic congestive heart failure and
ventricular tachycardia. Although rupture of the aneu
rysm is rare. it can occur acutely or following reinfarc
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tion at the margin of the aneurysm (2â€”4).Surgical
resection of aneurysms tends to be unsuccessful with
very large aneurysms. Patient prognosis and treatment
can therefore be affected by the presence and diagnosis
ofan aneurysm.

Many patients with coronary artery disease and pre
vious histories of myocardial infarction are evaluated
with thallium-20l (20T1) or radionuclide gated blood
pool imaging. Gated blood-pool studies have been re
ported as highly sensitive for detecting ventricular aneu
rysms (5). This study was undertaken to determine the
reliability of single photon emission computed tomo
graphic (SPECT) 20Tl myocardial scintigraphy for the
diagnosis of ventricular aneurysm.

PATIENTS AND METHODS

Patients
Seventy-four sequential male patients, ages 33 to 74 yr.

who had exercise SPECT 201T1scintigraphy and either contrast
ventriculography(69 patients)and/or echocardiography (eight
patients) within 12 wk of their SPECT thallium studies for
evaluation for coronary artery disease were included in the
study. The patients were studied at our institution.
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We have noted that the presence of left ventricular anterior/apical aneurysm on contrast
ventriculography or echocardiography correlates well with the finding of failure of
convergence of the left ventricular walls toward the apex on single photon emission
computed tomography (SPECT) thallium-201 images. To assess this observation, we
analyzed the SPECT thalliumScanSof 74 sequential patients who had SPECT thallium
scintigraphy and contrast ventriculography and/or echocardiography for evaluation of
coronary artery disease. Immediate post-stress and 4-hr redistribution thallium-201 SPECT
images,obtainedfollowingi.v. administrationof 2 mCiof thallium-201, werereconstructed
with no attenuationcorrectionusingthree-dimensionallinearandnonlinearfiltersand
displayed in short, vertical-long, and horizontal-long axes. Of the 74 patients, contrast
ventriculography and/or echocardiography showed anterior/apical aneurysms in 15 and a
posterolateral aneurysm in one. SPECT thallium scans detected 14 of the 16 aneurysms,
based on the criterion of failure of convergence of the ventricular walls toward the apex.
Thereweretwo false-positives.ThusSPECTthallium-201scintigraphyfor the detectionof
left-ventricularaneurysmin this serieshada sensitivityof 94%,a specificityof 97%,andan
accuracy of 96%.
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horizontal long axis views for convergence, divergence, or
parallel configurations as they approached the apex.

These scans were correlated with the contrast ventriculo
gramsand/or echocardiogramsfor the presenceor absenceof
an aneurysm. A ventricular aneurysm by either contrast yen
triculography or echocardiography was defined as a convex
sharply circumscribed segment of ventricular myocardium
showing dyskinesis during systole relative to adjacent func
tioning myocardium. Sensitivity, specificity, and accuracy of
the SPECT thallium studies in the diagnosis ofleft ventricular
apical/anterior aneurysm using the criterion of failure of
convergence of the left ventricular walls as they approach the
apex were calculated.

RESULTS

Seventy-four patients had contrast ventriculography
and/or echocardiography within 4 mo of their SPECT
thallium study (80% had the studies within 3 wk of
their SPEC1' thallium scan). Of these 74 patients, 11
had normal SPECT thallium studies and 63 had abnor
mal studies. Of the patients with normal SPECT thai
hum scans, none showed ventricular aneurysms by
contrast ventriculography. Of the 63 patients with ab

normal SPECT thallium scans, 22 had scan evidence

ofapical/anterior infarction while the remaining 41 had
SPECT thallium scans which showed other types of
abnormalities. Among the 74 patients studied, contrast
ventriculography and/or echocardiography identified
16ventricular aneurysms. All 16patients had abnormal
SPECT thallium scans. Of the 16 aneurysms, all but
one (a large posterolateral aneurysm) occurred in the
anterior wall and apex of the left ventricle in patients
who showed apical/anterior infarction by SPECT thai
hum scan.

Analysis of the SPECT thallium scans in the 22
patients showing scintigraphic evidence of apical/ante
rior infarction showed three patterns: convergence of
the ventricular walls toward the apex (six patients),
parallel configuration of the ventricular walls as they
approached the apex (four patients), and divergence of
the ventricular walls toward the apex (12 patients).
Convergence, divergence, or parallel configuration of
the left ventricular walls was seen best on the vertical
and horizontal long-axis projections (Fig. 1). The short
axis view showed an enlarging ventricular diameter as
slices approached the apex in patients whose vertical
and horizontal long-axis projections showed diverging
left ventricular walls. In eight of the 12 patients with
the diverging pattern, divergence was more pronounced
on the stress than on the redistribution images (Fig. 2).
This suggests, as in the case of radionuclide ventricu
lograms, that increased cardiac work exaggerates wail
motion abnormalities.

The presence or absence of an apical/anterior aneu
rysm by contrast ventriculography and/or echocardiog

SPECT Thallium Imaging Protocol

Patients were instructed to take nothing by mouth, with
the exception of medication. for at least 4 hr prior to the study
to prevent excessive splanchnic thallium uptake and to mini
mize the risk of aspiration should complications occur during
the examination. Medications. including beta-adrenergic
blocking agents. were not discontinued prior to the study.

All patients were stressed with a multistage treadmill test
either maximally. according to the Bruce protocol. or to a
submaximal degree. Exercise was terminated when (a) the
patient achieved 95% of his predicted maximal heart-rate. (b)
he developed electrocardiographic or clinical evidence of myo
cardial ischemia or hemodynamic instability. (c) he was una
ble to continue exercise for reasons such as leg fatigue or
shortness of breath. or (d) he was otherwise determined by
cardiology to have reached the safe limit of stress. Patients
were continuously monitored by electrocardiography and
blood pressure determinations at each stage of exercise. One
minute prior to completion of exercise. 2.0 mCi of [@Â°â€˜TlJ
chloride was injected intravenously.

Immediately after completion of exercise. â€œstressâ€•images
were acquired using single photon emission computed tomog
raphy (SPECT). With the patient supine. a 61 PM tube
scintillation camera with a rotating head and a low-energy.
general purpose collimator obtained 32 images for 45 sec each,
over 180Â°of rotation from the 45Â°left posterior oblique to the
450 right anterior oblique projection for a total imaging time

of 24 mm. A symmetrical I5% window was centered at @-78
kcV and images were acquired into a 64 x 64 computer
matrix. â€œRedistributionâ€•images were acquired in the same
manner four hours after the completion of exercise. Between
the stress and redistribution images the patients were permit
ted to ingest only water and noncaloric beverages.

SPECT thallium scan proct@ssing.Stress and redistribution
images were recorded and processed on a dedicated nuclear
medicine computer in the following manner: The center of
rotation (calculated prior to each day's study) and a 30 million
count technetium-99m or 201Tluniformity flood (acquired
weekly) were applied to each acquisition. A transaxial tomo
graphic reconstruction was then performed with I-pixel wide
slices. no Y-filtering and no attenuation correction. followed
by a ramp-hanning filter with a cutoff frequency of 1.000. A
three-dimensional nonlinear filter was applied to the transaxial
images with a three standard deviation cutoff. followed by a
linear three-dimensional filter with a cutoff of 0.5. One-pixel
wide slices ofthe heart in the short. vertical long and horizon
tal long axes were finally created. All images were recorded
onto film: manual intensity adjustments were made so that
the stress and redistribution images were ofsimilar intensities
in the regions of best perfusion.

l?llerpr('lalion ()ISCWIS.The SPECT thallium scan images
were analyzed for regional ischemia or infarction. The scans
were read jointly by two nuclear medicine physicians (K.M..
N.A.) without prior knowledge ofthe patient's history. physi
cal findings, laboratory tests. ventriculographic. or echocardi
ographic results. Agreement was reached in all cases by
discussion. Abnormal scans which showed apical/anterior
infarction (deficient uptake on both stress and redistribution
images in the left ventricular anterior wall/apex) by SPECT
thallium scintigraphy were identified. The left ventricular
walls were evaluated in short axis. vertical long axis. and
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FIGURE 1
Ventricular aneurysm. Thalhium-201SPECT images show divergence of left ventricular walls as they approach the apex,
instead of normal convergence. Contrast left ventriculogram apical aneurysm. A: Thallium-201 SPECT images in vertical
longaxisprojection.Slicesprogressfromlateralwall(5) to septalwall(12). Leftventricularanteriorandinferiorwalls
(labeled on slice number 9) diverge towards apical aneurysm. B: Thallium-201 SPECT images in horizontal long axis
projection. Slices progress from inferior (26) to anterior (33). Left ventricular septal and lateral walls (labeledon slice 30)
diverge towards apical aneurysm. C: Short axis views show a larger chamber at the apex (26) than at the base (33),
reflecting aneurysmal dilatation at the apex. D: End-diastolic view from contrast left ventriculogram performed at cardiac
catheterization. E: End-systolic view from left ventriculogram. Apical aneurysm is apparent.

raphy correlated well with the pattern of divergence or
parallel configuration on the SPECT thallium scans
(Table 1). Among the six patients whose ventricular
walls converged normally toward the apex (Fig. 3), only
one had contrast ventriculographic evidence of a small
apical aneurysm. Of the four patients whose SPECT
thallium scans showed parallel ventricular walls, two
showed small but definite apical aneurysms by contrast
ventriculography and the other two had akinesis in the
infarcted apical/anterior left ventricular wall, but no
definite aneurysms. All ofthe 12 patients whose SPECT
thallium scans showed divergence ofthe left ventricular
walls showed definite large apical/anterior aneurysms
by contrast ventriculography and/or echocardiography.
The single aneurysm which was not located in the
apical/anterior portion of the left ventricle was easily
identified on the SPECT thallium images as a large
bulge in the posterolateral wall.

Table 2 summarizes the reliability ofSPECT thallium
scans in the detection of ventricular aneurysms in this
series. For all patients, SPECT thallium scintigraphy
detected ventricular aneurysms with a sensitivity of
94%, a specificity of97%, and an accuracy of96%. For
just those patients with evidence of an apical/anterior
infarction by SPECT thallium scintigraphy, the pres
ence of divergent or parallel ventricular walls predicted
the presence of an aneurysm with a sensitivity of 93%,
a specificity ofl 1%, and an accuracy of86%. In patients
with any abnormality on SPECT thallium scan, aneu
iysms were detected by the scan with a sensitivity of
94%, specificity of 96%, and an accuracy of 95%.

DISCUSSION

The prognosis ofa patient with a previous myocardial
infarction can be altered by the presence ofa ventricular

The Journal of Nuclear Medicine170 Morton,Alazraki,Tayloretal

*

I) 27@ 28

A@

I
911,,

flI: %



TABLE1Correlation
of Contrast Ventriculographyand/orEchocardiography

with SPECT Thallium-201 ImagesforAneurysm
DiagnosisSPECT

@Â°1T1imaging:Relationship
of LV walls

Contrast Failto conver e
ventriculogramand/or

echocardiogram ConvergeDivergeresults
No. to apex Parallel to apex

(

Horizontal long axis views from SPECT @Â°1Tlimages per
formed at stress (2A) and redistribution (2B) septal (s) and
lateral (I) show more exaggerated findings of divergence
of ventricular walls as they approach the apex on stress
images(compareangulationof arrows on slice 35 and
slice 43). Redistribution images show septal and lateral
walls to be more parallel than divergent, as they are on
stress images (2A).

aneurysm. The prognosis then depends on the severity
of the underlying coronary artery disease and the size
of the aneurysm. If the aneurysm is small, involving
<20% of the total area of left ventricle, stroke volume
is maintained and patient survival is similar to that of

post-MI patients without aneurysms (6). However,
larger aneurysms significantly reduce survival; reports
indicate that the 5-yr survival of post-MI patients is
#-@77%in the absence of aneurysm and @-27%in those
with left ventricular aneurysm (2,4). A recent study has
shown that the 1-yr survival in patients following acute
transmural anterior wall myocardial infarction is sig
nificantly reduced in those patients who develop aneu
rysms compared with those who do not (6 1% versus
9%) (12).

There is evidence that resection of some ventricular
aneurysms may improve survival. The Cleveland Clinic
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FIGURE 2

LVaneurysm162212Apical/ant
aneurysm151212Noaneurysm585620

Total patients 74 2 2 23

. Includes one small apk@al aneurysm (false negative) and

one posterolateral aneurysm identified as a bulge of the
posterolateral wall on thallium images.

has reported a 5-yr survival for patients whose postin
farction aneurysms were surgically resected of 76%
(about the same as that of post-MI patients without
aneurysms), compared with 20% for patients with aneu
rysms who were treated with medical management
alone ( 7). Surgical resection of left ventricular aneu
rysms is indicated when ventricular tachyarrythmias,
refractory congestive heart failure or recurrent arterial
embolization develop (5). Reported results of resection
are less favorable for patients with unstable angina,
papillary muscle, or septal involvement. Aneurysms
involving more than 50% of the area of the ventricular
myocardium are not amenable to resection, since the
resultant ventricular chamber is too small to achieve an
adequate stroke volume (4,5). It is therefore important
that ventricular aneurysms be recognized early and
followed in correlation with the clinical status of the
patient, (8â€”11,13).

The diagnosis of ventricular aneurysm is classically
made by the physical finding of a precordial systolic
bulge (present in 10% of patients with anterior ventric
ular aneurysm), electrocardiographic findings of persis
tent ST segment elevation, inverted T waves and sig
nificant Q waves (present in @65â€”79%of cases of
anterior wall aneurysms), and the finding of an abnor
mal bulge on chest radiographs (present in 15â€”25%
of cases with aneurysms). However, as many as 30â€”
40% of patients with aneurysms are overlooked based
on these criteria (4).

In this study, the high incidence ofabnormal thallium
scans (63/74) and ventricular aneurysms (16/63) re
flected the profile of the patient population evaluated
for chest pain at our institution: most are late-middle
aged or elderly males who smoke. In addition, many
patients with previous histories of myocardial infarc
tions who have continuing chest pain have thallium
scans at our institution in the evaluation additional
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bySPECTThalliumScintigraphyPatientSensitivitySpecificityAccuracypopulationTotal(%)(%)(%)All74949796Any

abnormal63949695thallium
scanApical/anterior22937186infarction
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has been shown to be a highly reliable method for
identifying aneurysms, with an overall accuracy of 96%
in patients with coronary artery disease (5). This study
shows that SPECT thallium scintigraphy is also a reli

I able diagnostic tool for the identification of ventricular
aneurysm.
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FIGURE 3
Normal SPECT thallium images. A: Vertical long axis im
ages show convergence of anterior and inferior walls to
wards the apex (seeslice9). B: Horizontallong axis images
show convergence of septal and lateral walls towards the
apex (seeslice 36). C: Short axis images show progressive
enlargement of the circular myocardial wall outlines as the
slices progress from apex (see slices 8, 9) towards the
base (slices 13â€”15).

ischemic cardiac disease. Although the echocardi

ographic and contrast ventriculographic findings miss
very few cases, these studies are not routine in imme
diate post-MI patients. Radionuclide ventriculography

TABLE 2
Reliability of Detection of Left Ventricular Aneurysms
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