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Although acquisition of 99mTc-sestamibi myocardial perfusion
SPECT (MPS) with the patient in the prone position is commonly
used to minimize attenuation artifacts, the impact of combined
prone and supine imaging on the prognostic evaluation of cor-
onary artery disease (CAD) has not been determined. The prog-
nostic implications of MPS obtained in both prone and supine
positions in patients with perfusion defects on supine MPS were
evaluated. Methods: We studied 3,834 patients who were mon-
itored for 24.2 � 6.0 mo after rest 201Tl/stress 99mTc-sestamibi
MPS acquired during 1994–1995, when prone acquisition was
performed only in patients with inferior wall perfusion defects
that might represent attenuation or motion artifact. Results:
During follow-up, there were 132 hard events (cardiac death or
myocardial infarction) and 375 total events (hard events or late
myocardial revascularization). Overall, patients who underwent
prone and supine acquisitions had similar characteristics to
those who underwent supine-only imaging, with the exception
of being more commonly male. In multivariable analysis, there
were similar independent predictors for hard events and total
events; the type of acquisition (prone and supine or supine-only)
was not a significant predictor of either of these outcome events.
After risk adjustment, the predicted event rates were nearly iden-
tical for patients undergoing prone and supine compared with
supine-only studies. Both observed and predicted hard event
rates of patients with normal prone and supine versus supine-only
imaging were very low (observed, 0.7%/y and 0.5%/y, respec-
tively; predicted, 1.5% over 24 mo for both). There was no reduc-
tion in the higher rates of events associated with abnormal scan
results with the combination of prone and supine imaging. Con-
clusion: Patients with inferior wall defects on supine MPS that are
not present on prone MPS have a low risk of subsequent cardiac
events, similar to that of patients with normal supine-only studies.
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Myocardial perfusion imaging has traditionally been
performed with the patient in the supine position. Supine
images, however, are often associated with diaphragmatic
attenuation of the inferior wall, thus subject to false-positive
inferior wall defects that reduce test specificity (1,2). In
1989, Esquerre et al. (3) demonstrated that, for 201Tl myo-
cardial perfusion SPECT (MPS), imaging patients in the
prone position markedly improved the specificity in evalu-
ating inferior wall abnormalities by minimizing diaphrag-
matic attenuation (Fig. 1). A subsequent study from our
group described overall sensitivity and specificity of 80%
and 93% of prone MPS for the diagnosis of coronary artery
disease (CAD) (4). After finding that prone MPS might
cause false-positive anteroseptal defects (4), we decided to
perform routine supine SPECT, with an additional prone
SPECT acquisition in patients with inferior wall perfusion
defects whose MPS studies would have been interpreted as
abnormal by supine MPS alone, but in whom the defects in
might represent attenuation or other artifact (5).

The incremental prognostic value of MPS using supine
images for predicting cardiac outcomes has been demon-
strated (6,7), and a normal MPS study has been shown to be
associated with a low risk of events. However, the prog-
nostic value of normal MPS with the addition of prone
images to scan interpretation has not yet been assessed.
Although prone imaging may decrease artifacts, the elimi-
nation or reduction of perfusion defects may also mask
defects truly representing CAD, thus adversely affecting
patient prognosis. The purpose of this study was to deter-
mine (a) whether patients with perfusion defects in the
supine images who subsequently undergo prone MPS that is
interpreted as normal have the same low event rate as
patients with normal supine-only scans and (b) whether the
results associated with increasing scan abnormality are sim-
ilar in patients undergoing prone and supine or supine-only
imaging.
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MATERIALS AND METHODS

Study Population
We identified 4,466 consecutive patients who underwent dual-

isotope MPS with either exercise or adenosine stress between
January 1, 1994, and December 31, 1995. During this time, our
standard protocol was to perform a prone MPS acquisition only in
patients in whom an inferior wall perfusion defect observed in the
supine study was considered to be possibly artifactual and would
have resulted in an overall interpretation as equivocal or abnormal.

Patients with known valvular heart disease or cardiomyopathy
(n � 64), as well as those who had myocardial revascularization
within 60 d of the index MPS (8) (n � 395), were excluded. Of the
initial population, 173 patients (4.5%) were lost to follow-up. The
study therefore consisted of 3,834 patients, of whom 3,179
(83.0%) underwent supine imaging only and 655 (17.0%) under-
went both supine and prone imaging.

Rest 201Tl Imaging
All patients underwent rest 201Tl/stress 99mTc-sestamibi MPS as

previously described (9). For rest imaging, weight-adjusted 201Tl
(111–167 MBq [3.0–4.5 mCi]) was injected intravenously and
acquisition was performed 10 min after injection.

Exercise Myocardial Perfusion Protocol
Patients performed a symptom-limited treadmill exercise test

using a standard Bruce protocol. Leads aVF, V1, and V5 were
continuously monitored and a 12-lead electrocardiogram (ECG)
was recorded at each minute of exercise. At peak exercise, a
weight-adjusted dose of 99mTc-sestamibi (925–1,480 MBq [25–40
mCi]) was injected, and exercise was continued for 1 min after
injection. MPS acquisition was initiated 30 min after isotope
injection. Whenever possible, �-blockers and calcium channel
blockers were discontinued 48 h before testing, and nitrates were
discontinued at least 6 h before testing.

Adenosine Myocardial Perfusion Protocol
Patients were instructed not to consume caffeine-containing

products for 24 h before the test. Adenosine was infused intrave-
nously at a rate of 140 �g/kg/min for 6 min. At the end of the third
minute of infusion, weight-adjusted 99mTc-sestamibi was injected.

Image acquisition was initiated approximately 60 min after isotope
injection.

During both types of stress, blood pressure was measured and
recorded at rest, at the end of each stress stage, and at peak stress.
Maximal degree of ST segment change at 80 ms after the J point
of the ECG was measured and assessed as horizontal, upsloping, or
downsloping. ECG responses were considered positive when �1
mm of horizontal or downsloping or �1.5 mm of upsloping ST
segment depression developed at 80 ms after the J point in patients
with normal baseline ECG, negative when these changes were
absent, and nondiagnostic when baseline changes in the ECG
precluded interpretation during exercise.

MPS Acquisition Protocol
MPS acquisitions (Fig. 2) were performed with a large-field-

of-view gamma camera and a high-resolution collimator, obtaining
projections over a semicircular 180° arc. For 201Tl imaging, 2
energy windows were used: a 30% window centered on 70 keV
and a 20% window centered on the 167-keV peak. For 99mTc-
sestamibi, a 15% window centered on the 140-keV peak was used.
Acquisition protocols for poststress supine imaging used 32 pro-
jections, with 25 s per projection for a dual-head camera, and 64
projections, with 20 s per projection for a single-head camera. For
poststress prone acquisition, 15 s per projection were used, with 32
or 64 projections for dual- or single-head, respectively. For rest
201Tl, 32 projections and 35 s per projection were used for the
dual-head and 64 projections with 25 s per projection for single-
head.

Image Interpretation
Semiquantitative visual interpretation was performed with

short-axis and vertical long-axis myocardial tomograms and a
20-segment model, as previously described (10). These segments
were assigned on 6 evenly spaced regions in the apical, midven-
tricular, and basal slices of the short-axis views and 2 apical
segments on the midventricular long-axis slice. Each segment was
scored by consensus of 2 experienced observers using a 5-point
scoring system (0 � normal, 1 � equivocal, 2 � moderate reduc-
tion of isotope uptake, 3 � severe reduction of uptake, and 4 �
absence of detectable tracer uptake in a segment). When a segment
demonstrated a lower score on either supine or prone imaging than
in the other position, the lower score was assigned to that segment.
On the basis of the number and severity of segments with scores
�2, the observers judged the study results as normal, probably
normal, equivocal, probably abnormal, or definitely abnormal (10).

FIGURE 1. Postexercise 99mTc-sestamibi MPS images of 83-
y-old asymptomatic man. Perfusion defect is noted in inferior
and inferoapical walls in poststress supine images. Poststress
prone images are normal, demonstrating that apparent perfu-
sion defect is secondary to soft-tissue attenuation. Normal wall
motion was noted on gated SPECT.

FIGURE 2. Injection and acquisition protocol for prone and
supine MPS study. *15 min for exercise, 1 h for no walk aden-
osine (adapted and reprinted with permission of (24)).
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To further define the study results as normal or abnormal, the
summed stress score (SSS) was considered, from addition of the
scores of the 20 segments of the stress 99mTc-sestamibi images
(10). SSSs of �4 were considered normal, between 4 to 8 mildly
abnormal, and �8 moderately to severely abnormal. For purposes
of this study, the SSS had to be �4 and the final interpretation had
to be normal or probably normal for the study to be considered
normal. Similarly, patients with equivocal, probably abnormal, and
definitely abnormal final MPS interpretations were grouped as
abnormal.

Patient Follow-Up
Patient follow-up was performed by scripted telephone inter-

view by individuals blinded to the patients’ test results. Hard
events were defined as either cardiac death, as noted and confirmed
by review of death certificate and either hospital chart or physi-
cian’s records, or nonfatal myocardial infarction, as evidenced by
the appropriate combination of symptoms, ECG, and enzyme
changes. Total events were defined as hard events or late revas-
cularization (�60 d after the index MPS study) (8). Patients were
monitored for 24.2 � 6.0 mo (all for at least 1 y).

Likelihood of CAD
The prescan likelihood of CAD was calculated with CADENZA

(Advanced Heuristics Inc.), using Bayesian analysis of prescan
patient data (11). For the patients who underwent adenosine stress
testing, the history and resting ECG information were considered,
whereas for those who underwent exercise stress testing, the pre-
scan likelihood of CAD included history and exercise test infor-
mation.

Statistical Analysis
Continuous variables were expressed as mean value � SD and

compared using a Student t test with correction for multiple
comparisons when appropriate. Comparisons of categoric vari-
ables were computed by a �2 statistic. A P value of 0.05 was used
to define statistical significance in univariate analysis. A Cox
proportional hazards model was used to identify variables inde-
pendently associated with cardiac events. Multivariable models
were developed using hard or total events as the endpoints of
interest. In this study, the goal of modeling was to determine all
potential confounders of the relationship between MPS results and
adverse outcomes. This approach included setting a threshold of
P � 0.20 for entry into the model. Hence, the likelihood of finding
a significant relationship between prone imaging and increased
risk of adverse events would be maximized.

RESULTS

Patient Population
The 3,179 patients who underwent supine-only imaging

and 655 patients who underwent supine and prone imaging
are characterized in Table 1. Patients who had prone and
supine acquisitions were more frequently male than patients
who had supine-only MPS. By all other comparators, the
groups were not significantly different.

Table 2 demonstrates patient characteristics by MPS ac-
quisition types and normal or abnormal MPS results. Within
each acquisition type, differences were as follows: for pa-
tients undergoing prone and supine imaging, those with
abnormal studies were more frequently male, had a higher

prescan likelihood of CAD, and had more frequent abnor-
mal rest ECG than patients with normal scans. For patients
studied in the supine position only, those with abnormal
studies were significantly older and more frequently male,
with a history of myocardial revascularization, were on
digitalis, and had a higher prescan likelihood of CAD.
Comparing patients with normal scans by the 2 acquisition
types, the only significant difference was the higher fre-
quency of males in the prone and supine group. Comparing
patients with abnormal scans, not only were the patients
undergoing prone and supine more often male than those
undergoing supine MPS alone, but also they less frequently
had prior revascularization, were on digitalis or had rest
ECG abnormality, as well as had a lower SSS.

Outcome Events
During follow-up, there were 132 hard events (52 myo-

cardial infarctions and 83 cardiac deaths) and 375 total
events. Overall, the annualized hard event rate was 1.8%
and the total event rate was 5.2%. Event rates were higher
for patients undergoing adenosine stress: 3.2% of hard
events per year and 7.4% of total events per year, versus
1.1% and 4.2% of hard and total events per year, for
exercise stress (P � 0.001). Patients imaged only in the
supine position had, with adenosine or exercise stress, hard
event rates of 3.6% and 1.0% and total event rates of 7.8%
and 4.0%, respectively (P � 0.001 for comparison between
adenosine and exercise stress). Patients who had prone and
supine imaging had, with adenosine or exercise stress, hard
event rates of 1.6% and 1.1% and total event rates of 5.5%
and 5.3%, respectively (P � 0.05).

TABLE 1
Patient Characteristics

Characteristic

Prone and
supine

(n � 655)
Supine-only
(n � 3,179)

Age (y) 66.7 � 11.1 65.7 � 12.3
Male sex 487 (74.4) 1,899 (59.7)*
Hypertension 319 (48.7) 1,499 (47.2)
Diabetes 100 (15.3) 467 (14.7)
Hypercholesterolemia 328 (50.1) 1,466 (46.1)
Smoking 81 (12.4) 381 (12.0)
Family history of CAD 169 (25.8) 862 (27.1)
History of MI 155 (23.7) 800 (25.2)
History of revascularization 216 (33.0) 1,044 (32.8)
Digitalis use 44 (6.7) 269 (8.5)
Angina 246 (37.6) 1,216 (38.3)
Shortness of breath 35 (5.3) 178 (5.6)
Adenosine stress 217 (33.1) 1,071 (33.7)
Prescan likelihood of CAD 0.39 � 0.36 0.36 � 0.34*
Abnormal rest ECG 464 (70.8) 2,308 (72.6)
SSS 6.3 � 8.8 6.5 � 9.3

*P � 0.05.
MI � myocardial infarction.
Values in parentheses are percentage.
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Table 3 demonstrates annualized event rates according
to scan results and type of stress for patients imaged in
prone and supine or supine-only positions. Of note, 368 of
655 patients with equivocal or abnormal supine MPS who
underwent additional prone imaging had normal final inter-
pretations. In both acquisition types, hard and total event
rates increased with worsening scan results, although this
did not reach statistical significance in patients who under-

went adenosine stress and prone and supine acquisition.
Importantly, the annualized hard event rate was as low
in patients with normal prone and supine scans as in
those with normal supine studies. Furthermore, for each
category of SSS, hard and total event rates, with either
exercise or adenosine stress, were not significantly different
between patients in the prone and supine and supine-only
groups.

TABLE 2
Patient Characteristics by MPS Acquisition Types and Normal or Abnormal MPS Results

Characteristic

Prone and supine (n � 655) Supine-only (n � 3,179)

Normal
(n � 368)

Abnormal
(n � 287)

Normal
(n � 1,880)

Abnormal
(n � 1,299)

Age (y) 64.4 � 11.3 69.7 � 10.1 63.0 � 12.6 69.7 � 10.6*
Male sex 260 (70.7) 227 (79.1)* 958 (51.0)† 941 (72.4)*‡

Hypertension 172 (46.7) 147 (51.2) 799 (42.5) 700 (53.9)
Diabetes 38 (10.3) 62 (21.1) 205 (10.9) 262 (20.2)
Hypercholesterolemia 183 (49.7) 145 (50.5) 847 (45.1) 619 (47.7)
Smoking 44 (12.0) 37 (12.9) 228 (12.1) 153 (11.8)
Family history of CAD 92 (25.0) 77 (26.8) 495 (26.3) 367 (28.3)
History of MI 23 (6.3) 132 (46.0) 144 (7.7) 656 (50.5)
History of revascularization 56 (15.2) 160 (55.7) 165 (8.8) 799 (61.5)*‡

Digitalis use 24 (6.5) 20 (7.0) 108 (5.7) 161 (12.4)*‡

Angina 128 (34.8) 118 (41.1) 756 (40.2) 460 (35.4)
Shortness of breath 16 (4.3) 19 (6.6) 82 (4.4) 96 (7.4)
Adenosine stress 97 (26.4) 120 (41.8) 490 (26.1) 581 (44.7)
Prescan likelihood of CAD 0.34 � 0.30 0.44 � 0.34* 0.33 � 0.29 0.45 � 0.35*
Abnormal rest ECG 228 (62.0) 236 (82.2)* 1,164 (61.9) 1,144 (88.1)*‡

SSS 0.5 � 0.9 13.8 � 8.7* 0.5 � 0.9 15.2 � 9.1*‡

*P � 0.05 normal vs. abnormal scan in acquisition category.
†P � 0.05 normal prone and supine vs. normal supine-only.
‡P � 0.05 abnormal prone and supine vs. abnormal supine-only.
MI � myocardial infarction.
Values in parentheses are percentage.

TABLE 3
Annualized Event Rates

Rate

Prone and supine (n � 655) Supine-only (n � 3,179)

Normal
Mildly

abnormal

Moderately
to severely
abnormal Normal

Mildly
abnormal

Moderately
to severely
abnormal

Total
Hard events (%) 0.7 0.5 2.9* 0.5 1.6 4.8*
Total events (%) 2.8 7.9 9.3* 1.8 7.7 11.9*
n 368 97 190 1,880 382 917

Exercise
Hard events (%) 0.6 0.9 2.8* 0.4 0.7 3.2*
Total events (%) 2.6 10.0 9.9* 1.5 7.0 10.1*
n 271 57 110 1,390 231 487

Adenosine
Hard events (%) 1.0 0 3.1 1.1 3.3 6.8*
Total events (%) 3.2 5.1 8.5 2.6 8.9 14.2*
n 97 40 80 490 151 430

*P � 0.05 across scan categories.
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Univariate Predictors of Cardiac Events
Descriptive characteristics and nuclear variables of pa-

tients with events versus those without events during fol-
low-up are presented in Tables 4 and 5 for hard events and
total events, respectively. Patients with hard events demon-
strated greater abnormality in all variables assessed with the
exception of hypertension (borderline higher in the event
group), smoking, family history of early CAD, and angina.
Of importance, there was also no difference in the frequency
of prone and supine or supine-only acquisitions in the
patients with and without hard events. Regarding total
events (Table 5), those with events demonstrated a greater
abnormality in most variables. The variables that were not
significantly different between these groups were hypercho-
lesterolemia, smoking, family history of early CAD, angina,
shortness of breath, and abnormal rest ECG. As with hard
events, there was also no difference in the frequency of
prone and supine or supine-only acquisitions in the patients
with and without total events.

Multivariable Predictors of Events
In the overall study population, Cox proportional hazards

analysis revealed that age (�2 � 9.2, P � 0.002), a history
of myocardial infarction (�2 � 4.5, P � 0.03), digitalis use
(�2 � 12.1, P � 0.0001), adenosine stress (�2 � 10.0, P �
0.002), and the SSS (�2 � 38.2, P � 0.0001) constituted the
model most predictive of hard events. For total events, age
(�2 � 13.4, P � 0.001), digitalis use (�2 � 15.3, P �

0.0001), adenosine stress (�2 � 9.2, P � 0.003), and the
SSS (�2 � 84.2, P � 0.0001) constituted the most predictive
model. Figures 3 and 4 illustrate that, after risk adjustment
using the multivariable model, hard and total event rates

TABLE 4
Univariate Predictors of Hard Events

Predictor

With
hard events
(n � 132)

Without
hard events
(n � 3,702)

Age (y) 72.1 � 11.5 65.7 � 12.0*
Male sex 98 (74.2) 2,288 (61.8)*
Hypertension 73 (55.3) 1,745 (47.1)
Diabetes 31 (23.5) 536 (14.5)*
Hypercholesterolemia 46 (34.8) 1,748 (47.2)*
Smoking 18 (13.6) 444 (12.0)
Family history of CAD 39 (29.5) 992 (26.8)
Digitalis use 32 (24.2) 281 (7.6)*
History of MI 71 (53.8) 884 (23.9)*
History of revascularization 70 (53.0) 1,190 (32.1)*
Angina 50 (37.9) 1,412 (38.1)
Shortness of breath 19 (14.4) 194 (5.2)*
Adenosine stress 78 (59.1) 1,210 (32.7)*
Prescan likelihood of CAD 0.46 � 0.34 0.37 � 0.31
Position

Prone 17 (12.9) 638 (17.2)
Supine 115 (87.1) 3,064 (82.8)

Abnormal rest ECG 16 (12.1) 111 (3.0)*
SSS 16.5 � 11.4 6.1 � 8.9*

*P � 0.05.
MI � myocardial infarction.
Values in parentheses are percentage.

TABLE 5
Univariate Predictors of Total Events

Predictor

With
total events
(n � 375)

Without
total events
(n � 3,459)

Age (y) 69.5 � 10.4 65.5 � 12.2*
Male sex 277 (73.9) 2,109 (61.0)*
Hypertension 197 (52.5) 1,621 (46.9)*
Diabetes 85 (22.7) 482 (13.9)*
Hypercholesterolemia 177 (47.2) 1,617 (46.7)
Smoking 46 (12.3) 416 (12.0)
Family history of CAD 106 (28.3) 925 (26.7)
Digitalis use 52 (13.9) 261 (7.5)*
History of MI 170 (45.3) 785 (22.7)*
History of revascularization 222 (59.2) 1,038 (30.0)*
Angina 142 (37.9) 1,320 (38.2)
Shortness of breath 27 (7.2) 186 (5.4)
Adenosine stress 170 (45.3) 1,118 (32.3)*
Prescan likelihood of CAD 0.50 � 0.34 0.37 � 0.31*
Position

Prone 67 (17.9) 588 (17.0)
Supine 308 (82.1) 2,871 (83.0)

Abnormal rest ECG 53 (14.1) 263 (7.6)
SSS 13.2 � 10.6 5.7 � 8.7*

*P � 0.05.
MI � myocardial infarction.
Values in parentheses are percentage.

FIGURE 3. Risk-adjusted hard event rates in patients under-
going supine-only or prone and supine acquisition, according to
MPS interpretation. P � 0.0001 across scan categories; P �
0.05 for comparisons between supine-only or prone and supine.
Mod-sev � moderately to severely abnormal.
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were not significantly different between patients who un-
derwent supine-only or prone and supine acquisitions.

DISCUSSION

To our knowledge, this is the first study to address the
prognostic value of MPS acquired in the combined prone
and supine positions. In this study, patients with supine
MPS demonstrating findings that would have rendered the
interpretation of the inferior wall as equivocal or abnormal
underwent prone imaging, and their findings were compared
with those of a larger group of patients from the same time
period who underwent supine-only MPS. Overall, patients
who underwent prone and supine acquisitions had similar
characteristics as those who underwent supine-only imag-
ing, with the exception of being more commonly male. In
univariate analysis, the type of acquisition (supine-only or
prone and supine) was not a significant predictor of either
hard or total events. In addition, in a multivariable analysis,
the predictors of hard events and total events were similar;
the type of acquisition (prone and supine or supine-only)
was not a significant predictor of either of these outcome
events. After risk adjustment using the multivariable models
for hard events or total events, predicted event rates were
almost identical for patients undergoing prone and supine
compared with supine-only studies. Importantly, both the
observed and predicted hard event rates of patients with
normal prone and supine versus supine-only imaging were
very low (observed, 0.7%/y and 0.5%/y, respectively; pre-
dicted, 1.5% over 24 mo for both). Furthermore, there was
no reduction in the higher rates of events associated with

abnormal scan results with the combination of prone and
supine imaging.

Although MPS has been demonstrated to have high sen-
sitivity and specificity for detection of CAD as well as
excellent prognostic value, a common problem with MPS is
artifactual reduction in apparent radiotracer uptake in the
inferior left ventricular wall attributed to diaphragmatic
attenuation, which can result in false-positive interpreta-
tions. With either 201Tl or 99mTc-sestamibi studies (1,2),
though less frequent in the latter, diaphragmatic attenuation
may impair either sensitivity or specificity of MPS for
detection of CAD, depending on whether it is overestimated
(i.e., a true defect is falsely attributed to attenuation) or
underestimated (an attenuation defect is falsely considered a
perfusion defect). With the use of gated MPS, the distinc-
tion of true from artifactual defect can be more easily made
(12); however, a problem remains, because with gated MPS,
true myocardial perfusion defects due to subendocardial
infarction that are associated with a normal contraction
pattern might be falsely attributed to soft-tissue attenuation
(13). Nonuniform attenuation correction has also been
shown to improve the specificity and normalcy rate of MPS
(14–16). This approach, however, requires specialized
hardware and software and, in some implementations, may
overcorrect the inferior wall, leading to lower sensitivity for
detection of a true perfusion defect (17). By comparison, the
approach of prone and supine imaging, described in this
article, can be performed on virtually any SPECT camera
without the need for specialized hardware or software.

The prone position results in an anterior shifting of the
heart and a lowering of the diaphragm and the subphrenic
organs, so that performing MPS acquisition in this position
reduces the interposition of these tissues and organs be-
tween the inferior wall and the SPECT camera (3). The use
of the prone position for 201Tl imaging has been shown to
result in improvement of specificity for the diagnosis of
right coronary artery disease and overall improvement in
accuracy compared with supine imaging (4,18–20). Higher
absolute counts have been reported in the inferior wall with
prone imaging with both 201Tl (4,18) and 99mTc-sestamibi
(19,20). The use of prone MPS acquisitions alone, however,
may be associated with an artifactual anteroseptal or ante-
rior defect (4), presumably caused by attenuation from a rib
or the sternum, which is associated with the closer approx-
imation of the heart and these structures in the prone posi-
tion. In our experience, when we attempted prone MPS only
to reduce the frequency of artifactual inferior abnormalities,
the associated anterior distribution artifacts, raising the pos-
sibility of left anterior descending CAD, were even more
problematic, frequently resulting in unnecessary referral to
catheterization; thus, we would not recommend prone-only
MPS acquisitions.

Because of the inferior and anterior wall artifacts associ-
ated with supine and prone MPS, respectively, we intro-
duced the use of combined prone and supine MPS acquisi-
tions in our group in 1994. The patients included in this

FIGURE 4. Risk-adjusted total event rates in patients under-
going supine-only or prone and supine acquisition, according to
MPS interpretation. P � 0.0001 across scan categories; P �
0.05 for comparisons between supine-only or prone and supine.
Mod-sev � moderately to severely abnormal.
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article were chosen from a period in which we used the
combined acquisitions only when there was a perceived
abnormality on the supine MPS acquisitions. After finding
that approximately 20% of our patients were requiring ad-
ditional prone studies (655/3179 [17%] in this study), be-
cause of the disruption of the imaging schedule by the
unpredictable need for the additional prone acquisitions, we
initiated routine supine and prone acquisitions on all pa-
tients in 1996. It is worth noting that this combined supine
and prone approach is probably only applicable to radio-
tracers that do not rapidly redistribute, such as 99mTc-sesta-
mibi or 99mTc-tetrofosmin. Because of the problem of rapid
redistribution of 201Tl associated with mild coronary steno-
ses (21), sequential supine and prone imaging after stress is
less applicable with this agent, since the disappearance in
the prone position of a defect observed with supine MPS
might be a consequence of redistribution within a true
defect.

Several limitations of the supine and prone MPS tech-
nique should be mentioned. The combined imaging requires
additional camera time that may not be available in many
laboratories. Additionally, a small proportion of patients
cannot lie in the prone position for the time required for
MPS. Effective attenuation-correction methods have been
developed that may prove to be more efficient than the
combined supine and prone approach (14,22,23). Regarding
our study design, because the supine images were inter-
preted before the prone images, the supine results influenced
the combined supine and prone interpretation. However, it
was not our intent to demonstrate that prone imaging is
superior to supine but, rather, that the combined approach is
more effective than supine imaging alone. Furthermore,
although prone imaging affected our final interpretation, we
do not have information as to how often the addition of
prone imaging changed patient management. Whereas the
patients in this study had only inferior wall defects in the
supine position that were further evaluated with prone im-
aging, we have noted that other attenuation artifacts (e.g.,
breast) and motion artifacts seen in supine MPS are also
clarified by the addition of prone imaging; this anecdotal
experience requires further study.

CONCLUSION

The combined use of prone and supine MPS acquisition
was associated with the same event rates by MPS results as
those in patients with supine-only studies. Importantly, nor-
mal prone MPS in patients with initially equivocal or ab-
normal supine MPS had the same low event rates as those in
patients with normal supine-only studies. Since decisions
for catheterization after MPS are frequently based on risk
assessment, our findings suggest that the addition of the
prone acquisition to supine MPS might lead to more appro-
priate clinical decisions.
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