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Objective In myocardial perfusion single-photon emission

computed tomography studies, diaphragmatic attenuation

of the inferior wall is a common artifact, which can be

minimized by prone imaging. The aim of this retrospective

study was to validate the impact of stress–prone imaging

on the necessity of a rest perfusion study with a final goal

of effective radiopharmaceutical usage.

Methods The findings of 98 patients who had been

examined by a combined supine and prone imaging were

retrospectively evaluated. Prone acquisition was performed

only when reduced perfusion was observed in the inferior

wall on the stress supine images. The reconstructed images

were evaluated both visually and quantitatively. Rest

myocardial single-photon emission computed tomography

study was omitted in patients with complete normalization

of uptake in the prone images. Results obtained were also

compared with the clinical data and follow-up.

Results Prone imaging obviated the necessity of a rest

perfusion study in 76 of 98 patients (77.5%). Among

normally reported patients (n = 89), 76 (85.4%) were saved

from a rest study due to the prone study results. Prone

study provided improved results in quantitative analysis

as well. The difference between the mean summed stress

scores of supine and prone studies was statistically

significant in normally reported patients (P = 0.013).

However, no significant difference was observed in

scores of ischemic patients (P = 0.341).

Conclusion Adding prone imaging to a post-stress

Tc-99m-methoxyisobutylisonitrile myocardial perfusion

study not only minimizes the inferior wall attenuation, but

also reduces the need for a rest test, particularly in

low-risk or intermediate-risk patients. Thus, prone imaging

seems to be both safe and effective. Nucl Med Commun
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Introduction
Myocardial perfusion single-photon emission computed

tomography (SPECT) is a very effective noninvasive

method, which provides valuable information in clinical

practice whereas artifacts may reduce the clinical value of

this technique [1,2]. Soft tissue attenuation is a major

source of artifact. Attenuation of emission photons passing

through tissues produces artifacts, which degrades the

image obtained in myocardial SPECT studies; this can

result in apparent perfusion defects. Breast fixation,

prone acquisition, attenuation correction, or gated-SPECT

studies have been used to overcome this effect on SPECT

studies.

One of the most common artifacts is observed in the

inferior wall as a result of diaphragmatic attenuation, which

is more common in men [3,4]. The clinical use of prone

imaging is widely accepted to minimize the diagnostic

impact of the artifacts [5,6]. Patients with inferior wall

defects on supine myocardial perfusion scintigraphy

(MPS), that are not present on prone MPS, have a low

risk of subsequent cardiac events, similar to that of

patients with normal supine studies [7]. The mechanism

responsible for the improvement in prone imaging is the

movement of the heart relative to the diaphragm.

When a 2-day protocol is preferred in MPS, the stress

study is usually carried out first, as the rest study can be

omitted if the stress study is interpreted as normal [8–10].

A recent report by Duvall et al. [11] pointed out the

excellent short-term prognosis of a normal stress-only MPS

comparable with that of a normal rest–stress MPS. Patients

with a stress defect in MPS should always undergo a

resting SPECT study. As a normal stress study would

eliminate subsequent rest imaging, radiation dose, inves-

tigation time, and radiopharmaceutical doses used wouldPart of this work was presented as a poster (P 214) at EANM 2010.
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decrease. In the case of diaphragmatic attenuation,

absence of perfusion defects in a stress–prone study may

help to rule out ischemic heart disease while decreasing

the need for rest imaging, especially when combined with

a supine study.

Considering the reliability of prone imaging, we devel-

oped a retrospective analysis to validate the impact of the

stress-prone imaging on the necessity of a rest perfusion

study in a 2-day protocol with a final goal of effective

radiopharmaceutical usage in addition to lowering the

radiation dose delivered to the patients.

Materials and methods
Study population

Data of 98 patients (94 male, four female) who had been

imaged both in the supine and prone positions between

June 2009 and May 2010 were retrospectively evaluated.

The mean age was 59 years and ranged between 25 and

86 years. The likelihood of coronary artery disease (CAD)

has been documented based on age, sex, symptoms, and

other coronary risk factors such as hypertension, diabetes,

smoking, hypercholesterolemia, and family history of

CAD (Table 1).

Clinical history showed known CAD and previous stenting

in 18 patients, noncritical coronary stenosis in two patients,

whereas 78 patients were referred for suspected CAD

with no history of myocardial infarction (MI) with low or

intermediate pretest probability.

The follow-up period for each patient was defined as

the length of time from scintigraphic evaluation until the

last known contact as documented by medical records or

telephone interviews for events such as MI hospitaliza-

tion for chest pain, cardiac catheterization for chest pain,

or revascularization. The mean follow-up time was 10.6

months and ranged between 6 and 16 months.

Myocardial perfusion scintigraphy

A total of 83 patients underwent Tc-99m-methoxyisobu-

tylisonitrile (MIBI) myocardial perfusion SPECT after

exercise on a treadmill, following a modified Bruce

protocol, and achieved at least 85% of their age-predicted

maximal heart rate. Fifteen patients with movement

limitation or left bundle brunch block received pharma-

cological stress with dipyridamole.

Before the radionuclide study, all patients had fasted for

at least 4 h and cardiac medication was stopped. Thirty

minutes after intravenous injection of 740 MBq Tc-99m-

MIBI, myocardial imaging was acquired by a 901-config-

uration dual-detector g camera (E-cam, Siemens Medical

Systems, Illinois, USA), equipped with low-energy high-

resolution collimators. The acquisition protocol included

64 projections (25 s/projection, 32 per detector, matrix size

64� 64) over a 1801 arc beginning in the 451 right anterior

oblique position to the left posterior oblique. The zooming

factor was 1.45. Images were reconstructed using a back

projection algorithm and a Butterworth filter with a cutoff

frequency of 0.45 cycles per pixel and order 5.

Rest myocardial SPECT images on supine and prone

positions were taken on another day if needed. Rest study

was omitted in patients with complete normalization

of uptake in stress-prone images.

Data analysis

Processing and visual evaluation were completed immedi-

ately after the acquisition of the stress supine study. The

final evaluation of the reconstructed images of supine and

prone SPECT studies was made both visually and quantita-

tively by an experienced nuclear medicine physician.

The Software program used for the quantitative analysis

was quantitative perfusion SPECT (Cedars Cardiac

Quantification 6.0.14.1; Cedars-Sinai Medical Centre,

Los Angeles, California, USA). Analysis of perfusion was

expressed as summed stress score (SSS), in a 20-segment

model, on a five-point scale for each segment. Database

used for the automated scoring was selected according to

the imaging position.

The data are presented as proportions or mean values

when appropriate. The ratio of stress-only imaging

provided by combining prone and supine studies has

been documented.

Scores derived in supine and prone studies were compared

with each other using the paired t-test. (SPSS 16.0

Software; SPSS Inc., Chicago, Illinois, USA). A significant

difference was considered to be present when the P value

was less than 0.05.

Results were also compared with the coronary angiography

results or the final clinical data on the basis of the number

of cardiac events observed during the follow-up period.

Results
The activity in the inferior wall was much greater when

patients were imaged in the prone position as opposed to

the supine position. Prone images obviated the necessity of a

subsequent rest perfusion study in 76 of 98 patients (77.5%).

Without additional radiopharmaceutical administration for

Table 1 Characteristics of patients

Parameter Data (n = 98; %)

Age 59 (mean)
Male/female 94/4
Known CAD 20 (20.4)
Risk factors

Hypertension 51 (52)
Diabetes 23 (23.5)
Hypercholesterolemia 34 (34.7)
Family history 38 (38.8)
Smoking 56 (57)

Stress protocol
Treadmill 83 (84.7)
Dipyridamole 15 (15.3)

CAD, coronary artery disease.
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a rest study, the absence of perfusion defects in the

inferior wall had been shown by prone imaging in these

76 patients. The attenuation artifacts caused by the

diaphragm were severe enough to require rest imaging if

prone study was not carried out (Fig. 1a and b).

Twenty-two of 98 patients (22.5%) underwent rest

perfusion study, as the abnormality in the inferior wall

did not completely disappear in the prone study or for the

additional defects in the other walls. Myocardial ischemia

was detected in nine patients in the inferior or inferolateral

wall accompanying anteroseptal defect in two of them

confirmed by coronary angiography.

The number of normally reported MPS (with or without

rest imaging) was 89. Among normally reported patients,

76 of them (85.4%) were saved from a subsequent rest

study due to the results of prone imaging.

There was no cardiac or noncardiac death or MI during the

follow-up. The accuracy of normally reported combined

supine and prone stress-only MPS was 97% depending

on the final clinical diagnosis and outcome of patients.

Angiography showed coronary stenosis in two patients

with normally reported MPS. One of the patients had

40% stenosis in the left anterior descending artery and

100% chronical stenosis in the right coronary artery. The

other patient had severe stenosis in the right coronary

artery. However, the inferior myocardial wall was perfused

by collaterals in both patients. Both of them received

medical treatment afterwards.

Mean SSS of supine and prone studies derived in

quantitative analysis were 4.38 and 3.70 overall, 11 and

11.86 in ischemic patients, and 3.83 and 3.02 in patients

with normally reported MPS, respectively. There was no

difference between SSS of supine and prone studies in

ischemic patients (P = 0.341); however, it was significant

overall (P = 0.027) and in patients with normally reported

MPS (P = 0.013). In addition to the visual evaluation,

quantitative analysis of prone imaging increased the

accuracy of MPS by providing improved stress scores in

quantitative perfusion SPECT (Table 2).

Discussion
MPS has a highly negative predictive accuracy for ruling

out ischemic heart disease and future cardiac events

[12]. However, distinction between attenuation artifacts

and true perfusion abnormalities should be provided to

increase the accuracy of the scintigraphic evaluation.

Several studies have shown that prone imaging assists the

Fig. 1

(a) Stress images of a 75-year-old female patient showing inferior wall perfusion defect on supine position images (upper line), which normalize on
prone study (lower line). (b) Quantitative evaluation in a 20-segment model showing improvement of stress scores in the prone study compared with
the supine study.

Table 2 Mean values of summed stress scores and P values of the
comparison of supine versus prone study

SSS

MPS results Supine Prone P value

Overall 4.38 3.70 0.027
Normal 3.83 3.02 0.013
Ischemia 11.0 11.86 0.341

MPS, myocardial perfusion scintigraphy; SSS, summed stress scores.
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discrimination of true perfusion abnormality from artifact,

particularly in case of inferior wall defects especially in

men [4,7,13]. In patients who have inferior wall perfusion

defects and normal prone images, the prognosis is

excellent with a low event rate and is equal to that

observed in a cohort of patients with normal MPS using

supine imaging alone [7].

Prone position imaging is suggested to be applied to a

patient with inferior wall-fixed defect on conventional

imaging [13,14]. In our study, we combined prone imaging

with supine imaging at the time of the stress study and

validated the impact of stress–prone imaging on the

necessity of a rest imaging. The good prognostic value of

a normal scan has been well documented earlier [15,16].

Stress-only imaging is also dedicated as a safe protocol

depending on the low cardiac event rates reported in the

literature [8,9,11]. The major factor contributing to the

reduced specificity is the attenuation artifacts. The results

of this study show that prone imaging increases the

number of stress scans that can be interpreted as normal

without a concomitant rest scan in MPS performed with

Tc-99m-MIBI.

To overcome attenuation problems, gated imaging and

attenuation correction are other methods that have been

used. The addition of gating provides increased specifi-

city and helps in the discrimination of infarct from

attenuation artifact, especially when wall motion and wall

thickening are preserved in apparently fixed perfusion

defects. In contrast, true myocardial perfusion defect due

to subendocardial infarction that is associated with a

normal contraction pattern might be falsely attributed to

soft tissue attenuation [17]. It should also be remem-

bered that preserved wall motion and thickening in a

stress-induced perfusion defect with Tc-99m-MIBI does

not prove it to be an artifact, as functional parameters

reflect cardiac function during imaging, whereas Tc-99m-

MIBI imaging reflects the perfusion after tracer injection

[5]. Although an improvement in the diagnostic accuracy

in case of attenuation problems is provided with gated

imaging, two sets of images (stress and rest) are usually

required and eliminating the necessity of rest imaging

may not be possible.

Attenuation correction also assists the recognition of

artifacts. For this purpose, an auxiliary transmission scan

with a radiation source outside the patient or an X-ray

tube with an opposing detector that form a CT system is

required [5]. Diminished effect of soft tissue attenuation

is provided by these techniques. Improved sensitivity,

specificity, and accuracy of myocardial perfusion imaging

as a result of attenuation correction techniques have been

reported in the literature [4,9,18]. Hence, this approach

does not always provide accurate correction [19]. Some-

times, overcorrection of the inferior wall may lead to

lowered sensitivity for the detection of true perfusion

defects [20]. Furthermore, many of the existing systems

used in centers still do not include the option of well-

functioning attenuation correction. Prone imaging can be

performed in any SPECT camera without the need for

specialized hardware of software and seems to provide a

useful alternative in centers, which are not equipped for

routine attenuation correction procedures.

Deciding on stress–prone imaging after supine study

requires a rapid accurate analysis of the images. However,

withholding further imaging at rest needs adequate

decision making. At this point, quantification programs

enhance the objectivity of interpretation and improve

confidence in evaluation. In contrast, quantitative analysis

may not be helpful in differentiating between true

disease and artifactual defects when dealing with a wide

spectrum of findings in the inferior wall [13]. According

to the results of the studies by Slomka et al. [21] and

Nishina et al. [22], the combined prone–supine quanti-

fication technique improves the diagnostic performance

of quantitative SPECT specificity, and normalcy rates

increases without altering sensitivity. In our study, we

observed that quantitative values of patients with

diaphragm attenuation were also improved in the prone

study apart from visual analysis. Summed stress scores of

supine and prone studies were not different in patients

with true perfusion defects.

The prone acquisition has been reported to produce

artifactual anteroseptal defects, probably due to the

closer position of the heart to the bony structures of the

anterior chest wall [14,23]. Nevertheless, earlier reported

high specificity and normalcy rates suggest that this is

not common [24]. Segall and Davis documented that

sensitivity and specificity for left anterior descending

artery and circumflex were not significantly affected by

patient position [13].

Attenuation artifacts in supine SPECT imaging commonly

affect the anterior myocardial wall in female patients and

the inferior wall in male patients. The diaphragmatic

attenuation of the inferior wall in supine SPECT imaging is

more common in men [3,4]. The unproportional number

of male and female patients (94 male, four female) in our

study was a limiting factor, as we were not able to analyze

the data separately according to sex and compare the

findings of the male and female patients.

Although rare, one of the limiting factors of prone imaging

is the inability of some patients to lie in the prone

position. Another point is that, the combined supine and

prone approach in stress study may be applicable only

with Tc-99m-labeled myocardial perfusion tracers that do

not rapidly distribute. Sequential supine and prone

imaging during stress imaging with Tl-201 is not proper,

because improvement in the prone position compared

with supine images might be a consequence of redis-

tribution within true defects [25]. Another limiting factor

of combining prone study with supine is the extra time

required for imaging. The unpredictable need for the
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additional prone acquisition may cause disruption of the

imaging schedule. In our center, additional imaging time

(approximately 15 min) was not a major limiting factor

especially when compared with difficulties in radio-

pharmaceutical supply. On account of serious Tc-99m

shortage affecting most of the countries including

ours, there had been times that we had to cancel the

appointment of some of our patients, as we were not able to

receive the amount of technetium we needed. In such a

period, adding prone imaging to supine in stress study in

selected cases provided availability of stress-only imaging

in more patients than expected in routine workup and led

to an increased convenience for an important subset of

patients. Waiting list was available to reduce for other

patients even for MPS or other examinations. Combining

supine and prone imaging seems to increase the duration of

overall study, but the possibility of obviating a rest SPECT

compensates the situation. Moreover, a combined approach

would not always be necessary in routine workup.

Stress-only imaging seems to be patient convenient.

However, this approach may be acceptable only for patients

without stress defects at Tc-99m-MIBI myocardial perfu-

sion SPECT. There are reports in the literature about the

safety of stress-only imaging or usefulness of prone imaging

in diaphragmatic attenuation. Our results suggest that

visual and quantitative evaluation of prone imaging is very

efficacious on deciding the necessity of a rest SPECT. If a

normal stress imaging without rest confers good prog-

nosis, fewer rest images could be necessary by the aid of

visual and quantitative evaluation of combined supine

and prone imaging. The benefits of this approach can be

summarized as follows: (i) using technetium doses effi-

ciently, (ii) lowering radiation dose delivered to the patients,

(iii) reducing patient time to reach the results, and (iv)

improving the laboratory throughput.

In conclusion, adding prone imaging to post stress

Tc-99m-MIBI myocardial perfusion study in selected

cases with inferior wall defects seems to be both safe and

effective, as it reduces the need for a rest study, particularly

in low-risk or intermediate-risk patients.
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