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Background. ECG-gated SPECT myocardial perfusion imaging is usually acquired in
supine position. However, some patients are not comfortable in this position for a variety of
personal or medical reasons. Our aim was to investigate the effect of patient positioning on
quantitative SPECT imaging results using normal supine database.

Methods. 55 patients (mean age 58.5 + 8.3 years) were enrolled in this prospective study.
Each patient had a pair of ECG-gated stress SPECT myocardial perfusion images acquired on
two gamma cameras: one in supine position and the other in upright sitting position. Left
ventricular (LV) ejection fraction (EF), end-diastolic (ED), and end-systolic (ES) left ventric-
ular volumes (V), LV mass, summed stress perfusion defect score (SSS), and total severity score
(TSS) were calculated automatically relative to a supine normal reference database.

Results. There were no significant differences in LVEF using the two cameras (0.65 + (.08
vs. 0.66 + 0.10; P > 0.1). However, EDV, ESV, and LV mass were significantly smaller in sitting
position than in supine position (89 vs. 80 ml; 33 vs. 29 ml and 115 vs. 109 ml, respectively, all
P < 0.0001). On the other hand, SSS and TSS were significantly higher in sitting position than
in supine position (5.16 vs. 8.73 and 166.82 vs. 288.27, both P < 0.0001). Overall, more studies in
sitting position were interpreted as abnormal than in supine position (P < 0.05).

Conclusion. Patient positioning has a significant impact on quantitative gated SPECT
imaging results. Using a supine normal reference database, SSS and TSS were larger in sitting
position than in supine position. Thus, for imaging in sitting position, separate normal limits are
required. (J Nucl Cardiol 2018;25:1645-54.)
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INTRODUCTION

ECG-gated stress SPECT myocardial perfusion
imaging is a well-established procedure for diagnosing
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and assessing the risk of coronary artery disease. Its
excellent negative predictive value (>98%) makes
radionuclide imaging an appropriate means for identi-
fying low risk patients. Numerous studies have shown
that patients with normal stress myocardial perfusion
images are at low risk for future cardiovascular
events.”? Information regarding wall motion abnormal-
ities, left ventricular ejection fraction, and ventricular
function and dimensions, in addition to conventional
myocardial perfusion parameters, are all important aids
in formulating a more complete clinical diagnosis.”~

SPECT images are usually acquired with the patient
in supine position. However, some patients are not able
to lie flat on their back for an extended period of time
because of a variety of medical or personal problems
(e.g., orthopedic conditions, congestive heart failure,
claustrophobia, etc.).

In recent years, SPECT gamma cameras have been
developed, which allow for imaging with the patient in
sitting or upright position.®”® The upright sitting position
alters the position and shape of the heart, and conse-
quently changes soft tissue attenuation.”

Clinical stress SPECT imaging routinely incorpo-
rates commercial software for quantification of LV
function and volumes and, most importantly, quantifi-
cation of regional myocardial perfusion abnormalities
relative to a normal reference database.'> These com-
mercially available normal databases were created from
images obtained in normal volunteers in supine position,
or sometimes in prone position.

In recent years, several original articles focused on
differences in imaging results using different types of
gamma cameras. It has been noted that imaging in the
upright position leads to fewer attenuation artifacts and
that at the same time, this position was perceived by
patients to be more comfortable.'®'" The aim of the
present study was to evaluate the impact of patient
positioning, specifically the sitting position, on quanti-
tative ECG-gated SPECT myocardial perfusion imaging
results using normal supine database.

METHODS

Patients

Fifty-five patients were enrolled in this prospective study.
All patients were referred for evaluation of exertional angina
pectoris. The clinical characteristics of the patients are shown
in Table 1. The average BMI of the study cohort was
28.7 +4.1. Twenty-one patients (38%) were obese
(BMI > 30). This is consistent with the increasing incidence
of overweight among the Hungarian population.
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All patients had vasodilator stress SPECT myocardial
perfusion imaging after an overnight fast. Coffee and caffeine-
containing medication, aminophylline, nitrates, or betablockers
were withheld for at least 12 hour. Three min after completion
of the dipyridamole infusion (0.56 mg/kg over 4 min), 400-
450 MBq of technetium-99 m SestaMIBI was administered.
Patients with BMI > 30 received a dose of 650 MBq.

Supine SPECT imaging was always performed first with
the Cardio-C (CC) camera (Mediso Ltd, Budapest, Hungary)
starting at 60-90 min after radiotracer injection to avoid the
significant influence of background activity. Moreover, to
decrease high hepatic concentration and to avoid liver-dom-
inant SPECT images, a fatty meal or drink was commonly used
to speed hepatobiliary clearance of the SestaMIBI. As soon as
supine image acquisition was completed, the patients were
moved to the CardioDesk (CD) camera (Mediso Ltd, Budapest,
Hungary) for repeat imaging, now in sitting position. The mean
time between the two acquisitions was 32.5 + 5.26 min. The
acquisition parameters for both cameras were the identical:
low-energy high-resolution parallel-hole collimators; energy
window (20%) symmetrically set over 140 keV; and 64
projections acquired over a 180° arc with 27 sec per stop.
The image matrix was 64 x 64. For ECG gating, the R-R
interval was divided into eight frames. No attenuation correc-
tion was applied.

Both cameras have two large field-of-view high-resolu-
tion, rectangular detectors at a fixed 90° angle (Figure 1). The
only difference is the starting position of the detector heads:
for the CC camera one crystal surface was positioned hori-
zontally and the other vertically, whereas for the CD camera
both crystal surfaces were in vertical position. The detector
heads of both cameras rotated over a 90° arc during image
acquisition. The sizes of the Nal crystals were identical
(430 x 244 mm with a thickness of 9.5 mm), and each
detector head housed 33 photomultipliers. Same camera
installation was used, and the pixel size was also the same in
both cameras (pixel size: 6 mm).

Interview XP software package (Mediso Ltd, Budapest,
Hungary) was used for SPECT image reconstruction. Butter-
worth pre-filter (Eq. 1) was applied on each 2D projection.

BW — 1 4 Gain (1)
1 F 2xCoF
OrderxCoFZ

(cut off to 0 (CoFZ): 70, Gain: 0, cut off frequency (CoF):
0.22, Order: 25;), OSEM iterative reconstruction were used.
Reconstructed tomographic slices were imported into the
Emory Cardiac Toolbox 3.2 (ECTb) software for quantitative
analysis. During post-processing automatic contour detection
was used to define the border of the myocardium (Figure 2).
Image quantification was performed relative to the ECTb
normal reference database. According to manufacturer’s
information, this normal database was generated from 30
healthy male and 30 healthy female volunteers with low-
likelihood of coronary artery disease. These volunteers had
one-day stress-rest Tc-99 m Sestamibi SPECT imaging in
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supine position. Quantitative image data were automatically
generated: left ventricular (LV) ejection fraction (EF), end-
diastolic volume (EDV), end-systolic volume (ESV), LV mass
(MASS). After the assignment of the center of the imaged
myocardium, end-diastolic, endocardial, and epicardial borders
can be estimated. Fourier analysis of the size-intensity rela-
tionship is used to compute the wall thickening throughout the
cardiac cycle. During the hearth cycle, endocardial and
epicardial boundary points can be determined by subtracting
and adding one-half of the myocardial thickness to the
myocardial center. From the calculated epicardial and endo-
cardial volumes, left ventricular volume can also be extracted.

17-segment bull’s eye display of summed stress scores
(SSS) and total severity score (TSS), and wall motion score
were also calculated automatically. The TSS reflects both the
extent and severity of myocardial perfusion abnormality and is
computed on the basis of regional relative variance of
radiotracer uptake compared to normal limits.

Table 1. Patient characteristics
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Diagnostic Image Categorization

For the present study, only stress SPECT images were
used for analysis. Two experienced physicians, blinded to the
patients’ medical history and clinical image interpretations, re-
analyzed all the image data independently. Thus, reconstructed
tomographic slices, and 17-segment bull’s eye display of
regional myocardial perfusion, and wall motion were reviewed
in static and dynamic cine modes, when available. Based on an
integrated review of all available data on each camera, the
studies were then categorized as either normal (no perfusion
defect and normal, regional, and global functions (0) or
abnormal.’ The interpretive 0 or 1 scores were tabulated. The
numerical differences of interpretive scores (difference score)
between the two cameras were recorded. For further analysis,
the difference scores of the two physicians was averaged.
Thus, an average difference score of 0 meant identical
categorization as either normal or abnormal by both readers

Total patient
cohort
(n = 55; 100%)

Women Men
(n = 29; 53%)

Group
analysis

(n = 26; 47%) (women vs. men)

Age (years) 55.92 + 9.79 57.07 + 7.62 54.65 + 11.46 n.s.
Body mass index (BMI) 28.70 £+ 4.12 275 + 355 29.7 + 4.16 P=0.02
Diabetes mellitus 15 (27%) 3 (10%) 12 (46%) P = 0.0054
Hypertension 44 (80%) 20 (69%) 24 (92%) P =0.0438
Hyperlipidemia 21 (38%) 10 (34%) 11 (42%) n.s.
Previous myocardial 4 (7%) 2 (7%) 2 (8%) n.s.
infarction
Previous cerebrovascular 6 (11) 2 (7%) 4 (15%) n.s.
event
Smoking 16 (29%) 8 (27.5%) 8 (30%) n.s.

Figure 1. Cardiac SPECT gamma cameras used for imaging in supine (left MEDISO Nucline
Cardio-C) and in sitting position (right MEDISO Nucline CardioDesk).
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Figure 2. Automatic contour detection by Emory Cardiac
Tool Box in the different patient positions. TOP no perfusion
abnormality (left cardioC; right CardioDesk), BOTTOM infe-
rior perfusion abnormality (left CardioC; right CardioDesk).

on images generated by the two different cameras. An
averaged difference of —0.5 or 0.5 indicated that one physician
concluded that the two acquisitions were different (a difference
of 1 or —1), whereas the other physician concluded they were
similar (difference 0). Finally, an average difference score of
—1 or 1 indicated that both readers agreed that the images of
the two cameras were different. Since imaging with the CC
camera was always done first, a negative score sign indicates
that the CC study was normal, whereas for the CD study, it was
considered abnormal.

Statistical Analysis

All data are presented as mean + standard deviation, or as
median and range when appropriate. GraphPad Prism 6.0
package was used for statistical analysis.

Differences of numerical data were analyzed for statistical
significance using the paired ¢ test, Student ¢ test, or Fisher’s
exact test. For normally distributed data, the paired ¢ test or
Shapiro-Wilk test was used. For the comparison of nonpara-
metric categorical data, the Wilcoxon Signed Rank test was
used. A P value <0.05 was considered statistically significant.
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The primary endpoints of our study were the automati-
cally generated quantitative SPECT LV function and regional
myocardial perfusion data. A secondary endpoint was the
overall diagnosis by the two experienced readers: interpretive
scores 0 or 1.

The differences (median and quartiles) between param-
eters derived from images acquired on the two cameras were
displayed as Box and whisker plots.

RESULTS

All 55 patients had good diagnostic quality static
SPECT images. In two patients, ECG-synchronized
gating failed because of irregular heart rate, and the
gated SPECT studies were not of diagnostic quality.
Thus, ECG-gated data were available in 53 patients.

Quantitative SPECT Imaging Parameters

The results of comparative quantitative statistical
analysis of LV functional and regional myocardial
perfusion parameters derived from images acquired
with both cameras are shown in Table 2 and in
Figures 3, 4 and 5.

LV Function and Volumes

In the entire patient cohort population, the mean
LVEF computed from gated SPECT images acquired on
both cameras was not different (P = NS). However,
mean EDV, ESV, and LV mass values were significantly
(P < 0.0001) lower in sitting position (CD) than in
supine position (CC) (Figure 3). The analysis results
were similar in males and females (Table 2). Women
had significantly (P < 0.01) smaller LV volumes than
men.

When the patients were divided into those with
BMI > 30 and BMI < 30, again LVEF was not different
in the two imaging positions. Also, EDV and ESV were
again significantly smaller in sitting position (CD) than
in supine position (Figures 4, 5). However, although in
patients with BMI < 30, LV mass was significantly less
in sitting position than in supine position, in patients
with BMI > 30, there was no such significant differ-
ence. (Table 2).

Regional Myocardial Perfusion

In the entire cohort of 55 patients, SSS and TSS
were significantly (P < 0.0001) larger in sitting position
than in supine position (Figure 3). The same was found
when males and female were analyzed separately
(Table 2). Patients with BMI < 30 also had higher
SSS and TSS in sitting position than in supine position
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Table 2. Comparative quantitative analysis (see explanation in text)

Parameter Cardio-C (CQ) CardioDesk (CD) P value Difference CD-CC
All patients
n=>53
LVEF 0.65 + 0.08 0.66 £ 0.10 >0.1 0.003 £ 0.06
EDV (ml) 89.16 = 34.01 80.19 + 27.70 <0.0001 —-9.55 + 16.84
ESV (ml) 32.71 + 22.88 29.16 + 20.54 <0.0001 —-3.79+7.43
LV mass (g) 115.54 + 24.58 109.13 + 22.39 <0.0001 —6.94 + 12.67
n=>55
SSS 5.16 + 4.12 8.73 £ 5.79 <0.0001 3.56 + 5.62
TSS 166.82 + 149.58 288.27 + 222.95 <0.0001 121.45 + 205.17
Male
n=26
LVEF 61.04 + 8.74 60.56 + 10.49 >0.1 —0.48 + 5.80
EDV (ml) 110.66 + 37.54 95.32 + 28.36 <0.01 —15.34 + 19.15
ESV (ml) 45.42 + 28.17 39.70 + 25.19 <0.05 —-5.72 £ 9.00
LV mass (g) 130.86 + 26.28 123.30 + 20.80 <0.001 —7.56 + 14.81
n=26
SSS 3.52 +3.42 5.54 + 3.48 <0.01 2.02 + 3.39
TSS 115.70 + 124.89 205.94 + 163.47 <0.001 90.24 + 141.30
Female
n=27
LVEF 69.36 + 6.00 70.40 + 8.08 >0.1 1.11 £ 6.61
EDV (ml) 70.62 + 14.61 67.16 £ 19.56 <0.01 —4.39+12.72
ESV (ml) 21.76 + 6.49 20.07 + 8.35 <0.05 —-2.07 £5.29
LV mass (g) 102.33 + 12.71 96.91 + 15.65 <0.05 —-6.39 + 10.65
n=29
SSS 6.53 + 4.20 11.38 + 6.03 <0.001 485 + 6.75
TSS 209.42 + 159.36 356.88 + 244.40 <0.01 147.47 + 245.61
Pts BMI > 30
n=21
LVEF 0.65 + 0.07 0.66 £+ 0.06 >0.1 0.007 £ 0.04
EDV (ml) 92.43 + 21.93 85.43 + 18.84 0.046 —7.00 + 15.21
ESV (ml) 32.79 + 12.98 29.21 £+ 10.71 0.013 —3.57 + 6.09
LV mass (g) 118.00 + 18.85 112.6 + 17.73 0.113 —5.40 + 14.93
n=21
SSS 5.95 + 5.24 9.38 £ 6.47 0.02 3.43 + 7.59
TSS 215.14 + 183.64 318.60 + 259.11 0.066 103.45 + 264.56
Pts BMI < 30
n=32
LVEF 0.66 + 0.09 0.65 £+ 0.12 >0.1 0.001 * 0.07
EDV (ml) 87.08 + 40.05 76.86 + 31.93 0.0005 —-11.23 +17.87
ESV (ml) 32.67 £+ 27.60 29.12 + 25.04 0.011 —-3.94 + 8.29
LV mass (g) 113.97 + 27.79 106.92 + 2493 0.0003 —-7.95 +11.08
n=34
SSS 468 + 3.24 8.32 £+ 5.40 <0.0001 3.65 + 4.09
TSS 136.97 + 120.20 269.54 + 199.26 <0.0001 132.57 + 161.66
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Figure 3. Differences in LV functional and myocardial perfusion parameters measured in supine
and sitting imaging positions in all patients. The results of statistical analysis are displayed as
scatter plots. The median difference is represented by the vertical line within the figure. TOP left
ventricular (LV) function parameters (n = 53): LV mass (MASS), end-systolic volume (ESV), end-
diastolic volume (EDV), and LV ejection fraction (EF). The differences (median and quartile
ranges) are shown. BOTTOM LEFT Summed stress scores (SSS) (n = 55). BOTTOM RIGHT Total
severity scores (TSS) (n = 55). Significant differences are indicated by * (see also text).
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(Figure 4). However, although patients with BMI > 30
also had significantly higher SSS in sitting position, the
TSS was not statistically different compared with supine
position (Table 2; Figure 5). By the analysis of vascular
territories, higher amount of RCA and LAD defects
were observed with CardioDesk (Physician #1: LAD-7
vs.11 cases, RCA-5 vs. 10 cases; Physician #2: LAD-5
vs 9 cases, RCA-6 vs. 8 cases, CC and CD, respectively)
(Table 5).

Overall Interpretive Score

The two readers were in complete agreement with
each other in 40 (72%) of 55 paired patient studies
(Table 3). The distribution of disagreements in 15 paired
SPECT studies is also shown in Table 3. Disagreements
appeared to occur more often on SPECT images of
women than on those of men. Based on all available
imaging information, physician #1 interpreted 14 (25%)

of 55 SPECT images acquired in supine position as
abnormal, whereas he interpreted 22 (40%) of the
SPECT images acquired in sitting position as abnormal.
Similarly, physician #2 interpreted 13 (24%) of the
images acquired in supine position as abnormal and 19
of the images acquired in sitting position (35%) as
abnormal. Thus, overall more SPECT studies acquired
in sitting position were interpreted as abnormal than
those acquired in supine position (P < 0.05) (Table 4).

DISCUSSION

This study demonstrates that patient positioning has
a significant and quantifiable impact on semi-quantita-
tive and quantitative parameters derived from ECG-
gated SPECT imaging. In the upright sitting position,
regional myocardial perfusion abnormalities (SSS and
TSS) were significantly larger than in the conventional
supine position. On the other hand, EDV, ESV, and LV
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Figure 4. Differences in LV function and myocardial perfusion parameters measured in supine and
sitting imaging positions in patients with BMI < 30. The display is identical to that in Figure 3.

mass were significantly smaller in upright sitting posi-
tion, whereas LVEF was not affected. Our analysis
further showed that not only were there quantitative
differences, but also significant differences in overall
image interpretation by experienced readers.

It has long been recognized that myocardial perfu-
sion images may be different when acquired in supine,
prone or left-lateral position.®'" The different image
appearance is attributed to soft tissue attenuation. In
some laboratories, this understanding is even used for
identifying soft tissue attenuation artifacts by reviewing
images acquired in both positions.'*'* Such artefactual
different appearance may be altered using attenuation
correction devices."'

Several investigators also reported differences in
LV dimensions in different positions.">' The smaller
volumes of EDV and ESV in the sitting position can be
readily explained by decreased LV preload. Since LVEF
represents a ratio of volumes, and EDV and ESV are
equally affected by a change in position, it should be no
surprise that LVEF was unchanged (Table 5).

Over the recent decades, important innovations
have been introduced in SPECT gamma camera design,
detector geometry, reconstructive software, and also by

introducing imaging in different body positions. Tra-
ditionally, cardiac SPECT imaging was performed with
the patient in supine position. This position may be
uncomfortable for patients with orthopedic shoulder or
back problems, congestive heart failure, obesity, debil-
itating illness, or simply claustrophobia. This may be
especially problematic when imaging time is pro-
longed. Most patients, when given the choice, prefer
imaging in sitting position rather than in supine
position.

Thus far, published reports on differences of
myocardial perfusion images acquired in supine or
sitting position were based on subjective segmental
scoring, although some reports describe differences in
the quantitatively determined scores.'™'" Our analysis
was based on computer-generated semi-quantitative SSS
and TSS.

In many laboratories, quantitative software is rou-
tinely used to improve reproducibility of interpretation,
which is suboptimal when limited to subjective visual
analysis.”>*® Presently available commercial quantita-
tive software packages incorporate normal reference
databases derived from volunteers imaged in supine
position. To the best of our knowledge, no commercial
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Figure 5. Differences in LV function and myocardial perfusion parameters measured in supine and
sitting imaging position in patients with BMI > 30. The display is identical to that in Figure 3.

Table 3. Distribution of interpretive differences between two readers of SPECT images acquired in
either supine or sitting position

Difference Total cohort Women/men BMI < 30/BMI > 30
interpretive score (m = 55) (m = 29)/(n = 26) (n = 34)/(n = 21)
-1 1 (2%) 1 (3%)/0 (0%) 0 (0%)/1 (5%)
-0.5 2 (4%) 0 (0%)/2 (8%) 1 (3%)/1 (5%)
0 40 (72%) 18 (62%)/22 (84%) 25 (73%)/15 (71%)
0.5 6 (11%) 6 (21%)/0 (0%) 6 (18%)/0 (0%)
1 6 (11%) 4 (14%)/2 (8%) 2 (6%)/4 (19%)

Interpretive scores: 0 = complete agreement; 0.5 and 1 indicate disagreements (see text for explanation)

The score differences between the two cameras were averaged for the two observers; thus a summed difference of O meant the
same report (both of the physicians reported the same result for the two different acquisitions—either probable or unlikely
ischemia). A summed difference of —0.5 or 0.5 means that one physician made a distinction between the two acquisitions, the
other reported the same results for ischemia probability. Finally, —1 or 1 suggested congruent difference between the two
examinations by both physicians

software offers normal databases for imaging in sitting necessarily imply that imaging in sitting position is more
position. Our quantitative analysis was done using a accurate. Since the differences were independent of
supine normal reference database. anatomic location, gender, and BMI, our findings cannot

The observation of significant quantitative differ- readily be explained by altered soft tissue attenuation in

ences in SSS and TSS in sitting position does not sitting position alone.
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Table 4. Number of patients with abnormal or normal interpretations by two experienced blinded

readers

Physician #1

Physician #2

Abnormal with cardio-C/cardiodesk
Normal with cardio-C/cardiodesk

14/22*
41/33

13/19*
42/36

The interpretations are based on integration of all quantitative and semi-quantitative data as well as visual review of tomographic
images. Significantly more images were interpreted as abnormal in sitting position by both readers

" P < 0.005

Table 5. Perfusion defects grouped by different vascular territories

Cardio-C n = 55

CardioDesk n = 55

Physician #1
LAD 7 (13%) 11 (20%)
RCA 5 (9%) 10 (18%)
Cx 2 (4%) 1 (2%)
No perfusion abnormality 41 (74%) 33 (60%)
Physician #2
LAD 5 (9%) 9 (16%)
RCA 6 (11%) 8 (15%)
Cx 2 (4%) 2 (4%)
No perfusion abnormality 42 (76%) 36 (65%)

Territorial distribution of perfusion abnormality detected by the Tc99m SestaMIBI scans

LIMITATIONS OF STUDY

An important limitation of our study is that no
attenuation correction was applied in either the supine or
sitting position. Certain inferior diaphragmatic attenua-
tion artifacts may be less in the sitting position, whereas
anterior breast artifacts may be more pronounced while
sitting. Accordingly it is unclear why in our analysis,
myocardial perfusion abnormalities were consistently
larger in the sitting position, regardless of anatomic
location, gender, and BMI. These issues may only be
resolved by the use of position-specific normal reference
databases and attenuation correction.

In our imaging protocol, each patient had supine
imaging first, followed by imaging in sitting position. It
is conceivable that, although unlikely, with the increas-
ing time interval after stress, the effects of ischemia on
radiotracer uptake and regional wall motion may have
been different.>*"*® All our patients underwent pharma-
cological stress, which generates flow heterogeneity, but
rarely true myocardial ischemia. Nevertheless, it would
have been preferable using a random sequence of
imaging. The lack of rest acquisition analysis is an
important limitation of our study; however, the expan-
sion of our study population with rest acquisition would

add a new parameter resulting in a slight heterogeneity
in the statistical analysis and leading to further possi-
bilities for discrepancies.

CONCLUSION

The results of our study show that body position of
a patient during SPECT image acquisition has an
important and quantifiable impact on cardiac functional
and regional myocardial perfusion parameters. In 13%
of the patients studied, experienced readers came to
different diagnostic conclusions when reviewing all
available SPECT image data acquired in sitting position
than in supine position. These results emphasize that
specific normal databases must be developed and used
for the specific position in which a patient is imaged.

NEW KNOWLEDGE GAINED

Patient positioning during SPECT image acquisition
has an important and quantifiable impact on LV func-
tional and regional myocardial perfusion parameters.
Specific normal databases must be used for specific
patient positions.
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