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Abstract
Transient ischemic dilation (TID), a marker of severe coronary artery disease (CAD), is the post-stress to rest left ventricular 
(LV) volume ratio quantified using non ECG gated single photon emission computerized tomography (SPECT). Although 
prone positioning causes physiological reduction of LV volume in normal subjects, we hypothesize this may not occur in TID 
with underlying severe CAD as cardiac hemodynamics worsen when prone. We aim to evaluate the utility of the non ECG 
gated supine to prone LV volume ratio (SPLVr) for identifying severe CAD. Retrospective data analysis from 130 patients 
with TID ratio ≥ 1.21 and both post-stress supine and prone images. SPLVr had a significant negative correlation with summed 
stress (r =  − 0.221, p = 0.011) and rest (r =  − 0.292, p = 0.001) scores. Of the 129 cases with follow-up invasive or computed 
tomography coronary angiography, 52 (40.3%) had severe CAD (left main ≥ 50% stenosis, 3-vessel with ≥ 70% stenosis or 
2-vessel with proximal left anterior descending ≥ 70% stenosis). Mean SPLVr was significantly lower in severe CAD cases 
(1.05 ± 0.14 vs 1.12 ± 0.17, p = 0.012). SPLVr predicted severe CAD on univariate [OR 0.12 (95% CI 0.00–0.35) p = 0.01] 
but not in multivariate analysis. SPLVr is a novel marker that negatively correlates with extent of perfusion abnormalities 
and is lower amongst TID patients with severe CAD. Larger studies are needed to assess if SPLVr can reliably identify 
underlying severe CAD amongst TID cases
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Introduction

Prone positioning is helpful for identifying inferior wall 
attenuation artefacts during single photon emission comput-
erized tomography (SPECT) myocardial perfusion imaging 
(MPI) [1]. ECG gated SPECT studies have demonstrated 
that prone positioning result in left ventricular (LV) cavity 
size reduction and worsening cardiac dynamics that may 
vary according to presence of ischemia and prior myocardial 
infarction [2, 3]. Transient ischemic dilation (TID) of the 
LV is a specific marker for severe coronary artery disease 
(CAD) [4] and can be quantified by the ratio of stress to rest 
endocardial volumes measured from non ECG gated short 
axis image sets [5]. The effect of prone positioning on non 
ECG gated LV volumes is unknown. Given that the apparent 

LV cavity dilatation in TID is a result of either reduced LV 
function with consequent elevated end systolic volume or 
diffuse subendocardial hypoperfusion [6], we hypothesize 
that patients with TID may be more susceptible to the del-
eterious hemodynamic effects of prone positioning, such as 
worsening LV systolic and diastolic function [3]. As such, 
cases of TID due to severe CAD may not demonstrate the 
physiological reduction in LV cavity size that is usually seen 
in normal individuals. In this study, we aim to investigate the 
effect of prone positioning on non ECG gated LV volumes 
in cases of TID, as well as to assess the relationship between 
the non ECG gated supine to prone LV volume ratio (SPLVr) 
and markers of myocardial ischemia and severe CAD.
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Materials and methods

Study population

We retrospectively studied all patients who underwent stress/
rest technetium-99m (Tc-99m) tetrofosmin SPECT MPI with 
a software-derived TID ratio ≥ 1.21 (Quantitative Perfusion 
SPECT, Cedars-Sinai Medical Center, Los Angeles, CA) 
between 1st January 2014 and 31st December 2015. Only 
patients with both post stress supine and prone imaging were 
included. Patients with previous coronary artery bypass sur-
gery were excluded. We gathered data on demographics, 
medical co-morbidities and subsequent invasive coronary 
evaluation from electronic medical records. Patients were 
considered to have severe CAD if they had one of the fol-
lowing seen on either invasive coronary angiography (ICA) 
or computerized tomography coronary angiography (CTCA) 
within 90 days after the MPI: left main ≥ 50% stenosis, 
3-vessel with ≥ 70% stenosis or 2-vessel with proximal left 
anterior descending ≥ 70% stenosis. The study was approved 
by the hospital’s Institutional Review Board.

Imaging procedure

Patients underwent stress testing with either exercise tread-
mill (according to the Bruce protocol) or pharmacological 
modalities (intravenous dipyridamole or dobutamine). We 
used 8 mCi of Tc-99m tetrofosmin for rest imaging and 
24 mCi for stress imaging as part of a 1-day rest/stress pro-
tocol. Patients undergoing a 2-day study received 20 mCi 
for each imaging. All patients with body weight exceeding 
80 kg underwent 2-day study with 25–30 mCi of Tc-99m 
tetrofosmin for each imaging depending on actual body 
weight. Pre-test preparation, cardiac stress testing, image 
acquisition and processing were performed in accordance 
to standard published protocols [1, 7]. All patients were 
scanned using a cadmium zinc telluride-based camera (Dis-
covery NM530c, GE Healthcare). Post stress prone images 
were routinely acquired immediately after completion of 
supine imaging for all patients in our institution unless they 
had physical limitations for prone positioning. Gated images 
were acquired post stress and rest in only the supine position 
by dividing the cardiac cycle into eight frames. An average 
R–R interval of ± 15% was accepted for gating. LV volumes 
and LV ejection fraction (LVEF) were calculated from the 
gated images.

Image interpretation

All images were processed and reconstructed on a dedicated 
workstation (Xeleris, GE Healthcare). Visual interpretation 

of the images was conducted by an assigned nuclear cardiol-
ogist who was blinded to the TID ratio. Using a 20-segment 
model, the cardiologist scored each segment using a 5-point 
scoring system (0 = normal, 1 = equivocal, 2 = moderate, 
3 = severe, 4 = absence of tracer uptake). Summed stress, rest 
and difference scores (SSS, SRS, SDS respectively) were 
also calculated accordingly.

Non ECG gated LV cavity volume and TID 
measurement

Quantitative Perfusion SPECT (QPS) software automati-
cally generates LV volumes from non ECG gated short axis 
images. All contours were also manually checked by the 
same nuclear cardiologist for errors before the values were 
accepted, with adjustments made whenever necessary. We 
defined TID as the ratio of the non ECG gated LV cavity vol-
umes at post stress and rest of ≥ 1.21, consistent with a pre-
vious landmark study using either exercise or dipyridamole 
stress and QPS software [8]. The non ECG gated SPLVr was 
defined as the ratio of the post stress supine to post stress 
prone LV volume.

Statistical analysis

Numerical variables were presented using mean and standard 
deviation if the data were normally distributed, or median 
and interquartile range if the data were skewed. These were 
compared using the Student’s t-test or the Mann–Whitney 
U test as appropriate. Categorical variables were presented 
using frequency and percentage and compared using Pear-
son Chi-squared tests. Correlation between SDS and SPLVr 
was assessed with Spearman’s correlation. Logistic regres-
sion model was employed to explore the predictors of severe 
CAD for patients with follow-up ICA or CTCA. Baseline 
variables showing significant association with the presence 
of severe CAD upon univariate analysis were entered into 
the multivariable model. A stepwise backward LR method 
was subsequently used in the multivariable model. Statistical 
analysis was performed using IBM SPSS statistics version 
19.0, significance tests were 2-sided at the 5% significance 
level.

Results

There were 5206 stress/rest SPECT MPI scans performed in 
the period of which 436 patients had TID ratio ≥ 1.21. Post 
stress prone imaging was performed in 130 patients and their 
baseline clinical and imaging characteristics are reported 
in Table 1. The mean age was 63 years and the majority 
(62%) were male. Cardiovascular risk factors were common 
in this cohort (73% hypertension, 82% dyslipidaemia, 48% 
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diabetes mellitus). Dipyridamole stress (56%) and treadmill 
exercise (39%) were the most common stress modalities 
employed. Results of the Spearman correlation showed a 
significant negative correlation between SPLVr and SSS as 
well as between SPLVr and SDS (Fig. 1). Results of ICA or 
CTCA performed within 90 days after MPI were available 
for 129 patients and their clinical characteristics stratified by 
presence or absence of severe CAD are presented in Table 2. 
Patients with severe CAD were more likely to have a his-
tory of CAD, as well as significantly worse summed scores 
(SSS, SRS, SDS) and lower LVEF at rest and post stress. In 
addition, the non ECG gated SPLVr was significantly lower 
in patients with severe CAD. On univariate binary logis-
tic regression analysis (Table 3), characteristics associated 
with presence of severe CAD on follow-up ICA or CTCA 

include SSS, SRS, SDS, both post stress and rest LVEF as 
well as the non ECG gated SPLVr. After adjustment for all 
other variables, SRS (aOR 1.13, 95% CI 1.03–1.23) and SDS 
(aOR 1.34, 95% CI 1.16–1.55) remained significant predic-
tors of severe CAD. Although non ECG gated SPLVr was 
associated with severe CAD on univariate comparisons, it 
was no longer independently associated in the multivariable 
analysis.

Table 1   Baseline characteristics

CAD coronary artery disease, MPI myocardial perfusion imaging, 
TID transient ischemic dilatation, LVEF left ventricular ejection frac-
tion, SPLVr supine to prone left ventricular volume ratio, CTCA​ com-
puterized tomography coronary angiography, ICA invasive coronary 
angiography

All patients (n = 130)

Demographics
 Age (years, mean ± SD) 63 ± 10
 Male gender 81 (62%)

Comorbidities
 Hypertension 95 (73%)
 Diabetes mellitus 62 (48%)
 Dyslipidemia 107 (82%)
 History of CAD 35 (27%)
 History of cerebrovascular disease 12 (9%)
 Smoking history 32 (25%)

Stress MPI
 One day protocol 70 (54%)
 Stress modality
  Exercise 50 (39%)
  Dipyridamole 73 (56%)
  Dobutamine 7 (5%)

 Summed scores
  Summed stress score, median (range) 3 (0–8)
  Summed rest score, median (range) 0 (0–2)
  Summed difference score, median (range) 2 (0–5)

 TID ratio, median (range) 1.27 (1.22–1.32)
 LVEF (mean ± SD)
  Post stress 58 ± 13
  Rest 65 ± 13

 Non ECG gated SPLVr, (mean ± SD) 1.10 ± 0.12
 Follow-up coronary angiography
  CTCA​ 17 (13.1%)
  ICA 112 (86.2%)
  Not available 1 (0.01%)

Fig. 1   Scatter plot demonstrating the relationship of SPLVr and SSS 
(a), SDS (b) and SRS (c)
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Discussion

In this study, we demonstrated that amongst patients with 
TID, the non ECG gated SPLVr had a significant negative 
correlation with SPECT perfusion abnormality (SSS, SDS) 
and was also significantly lower in patients with severe CAD 
on follow-up ICA or CTCA. To our knowledge, this is the 
first study assessing the relationship of this novel marker and 
ischemic heart disease.

TID is reported when the supine post stress LV cavity 
volume is larger than when in rest. In practice, the post stress 
prone images may show either a reduction or increase in LV 
cavity volume (Fig. 2). The effect of prone positioning on 
cardiac sizes and hemodynamics has been well reported in 
anaesthesia literature involving otherwise healthy patients 
undergoing elective spine surgery [9, 10]. Prone decreases 
the LV volume [9], reduces cardiac index and stroke volume, 
as well as increases the systemic vascular resistance [10]. 
The effect of prone positioning for patients with pre-exist-
ing cardiac pathology is less understood, although a small 
study had shown that the negative impact on hemodynam-
ics appear to be more severe in patients with poor baseline 

cardiac function [3]. Despite this, the indexed end systolic 
and end diastolic volumes for patients with ischemia in the 
same study were still significantly lower during prone when 
compared to supine positioning [3]. In contrast, our data 
demonstrate a significant negative correlation between the 
SPLVr and ischemic burden amongst patients with TID, sug-
gesting that the non ECG gated prone LV volume increases 
with worsening ischemia. This may be because in TID the 
supine post stress LV cavity is already larger than the supine 
rest cavity as a result of either LV stunning or diffuse suben-
docardial ischemia. Since prone positioning worsens cardio-
vascular hemodynamics, the cavity may become even bigger 
as the initial pathophysiological mechanism for LV cavity 
dilatation is further accentuated.

Given that TID patients with severe ischemia may have 
a different LV cavity response in the prone position from 
those with less ischemia, we proceeded to evaluate the 
utility of the SPLVr for identifying severe CAD amongst 
patients with TID on MPI. Prior studies on TID had been 
inconsistent with the definition of what constitutes exten-
sive CAD [4]. Although TID is a high risk marker that 
warrants further invasive angiography when seen during 

Table 2   Characteristics of 
patients with follow-up ICA or 
CTCA stratified by severe CAD

CAD coronary artery disease, MPI myocardial perfusion imaging, TID transient ischemic dilatation, LVEF 
left ventricular ejection fraction, SPLVr supine to prone left ventricular volume ratio

No severe CAD (n = 77) Severe CAD (n = 52) p value

Demographics
 Age (years, mean ± SD) 62 ± 11 63 ± 8 0.373
 Male gender 47 (58%) 34 (42%) 0.616

Comorbidities
 Hypertension 56 (60%) 38 (40%) 0.965
 Diabetes mellitus 38 (57%) 29 (43%) 0.568
 Dyslipidemia 60 (57%) 46 (43%) 0.125
 History of CAD 16 (46%) 19 (54%) 0.048
 History of cerebrovascular disease 7 (58%) 5 (42%) 0.950
 Smoking history 18 (56%) 14 (44%) 0.647

Stress MPI
 One day protocol 41 (59%) 29 (41%) 0.778
 Stress modality 0.762
  Exercise 31 (40%) 19 (37%)
  Dipyridamole 41 (53%) 31 (60%)
  Dobutamine 5 (6%) 2 (4%)

 Summed scores
  Summed stress score, median (range) 0 (0–4) 8.5 (0–15)  < 0.001
  Summed rest score, median (range) 0 (0) 1 (0–6)  < 0.001
  Summed difference score, median (range) 0 (0–3) 4.5 (0–6)  < 0.001

 TID ratio, median (range) 1.26 (1.22–1.32) 1.27 (1.23–1.32) 0.496
 LVEF (mean ± SD)
  Post stress 61 ± 11 54 ± 14 0.002
  Rest 68 ± 11 60 ± 15  < 0.001

 Non ECG gated SPLVr, (mean ± SD) 1.12 ± 0.17 1.05 ± 0.14 0.012
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the evaluation of suspected coronary disease [11], Class I 
indications for revascularization are only reserved for left 
main, 3-vessel or 2-vessel disease with proximal left ante-
rior descending artery disease [12]. Using this definition, 
we have shown that SPLVr is significantly lower amongst 
patients with severe CAD, consistent with the findings 
from the earlier correlation analysis between SPLVr and 
perfusion abnormality. SPLVr was also a significant pre-
dictor of severe CAD on univariate analysis, although 
only SRS and SDS remain significant after multivariate 
analysis. There can be several reasons for this. Firstly, 
the small patient numbers, particularly in the group with 
severe CAD, makes it more difficult to achieve statistical 
significance. Secondly, markers of perfusion abnormality 
are well established and robust markers of severe CAD 

[6], making it less likely that another variable will be sig-
nificant when analysed together in a multivariate model.

Another important finding in our study is that more than 
half of the patients with TID do not have severe CAD on 
angiography. This may be due to the our more stringent 
definition of severe CAD limited to coronary anatomy that 
constitute Class I indications for ICA and revascularisation 
according to guidelines [11]. Technical or contouring errors, 
although possible, is less likely given that all images were 
checked and adjusted by a nuclear cardiologist. Of note, 
nearly all of the 130 cases of TID required further anatomi-
cal evaluation, mostly with ICA. It is possible that many of 
these additional ICAs and CTCAs could have been avoided 
if there was a reliable marker to further risk stratify TID 
cases. TID, when added to perfusion abnormalities alone, 

Table 3   Logistic regression for predictors of severe CAD

Variable selection backward LR method were used R2 = 0.410. Hosmer–Lemenshow goodness of fit test (p = 0.162); classification table (78.3%); 
area under ROC curve (84.0%)
CAD coronary artery disease, MPI myocardial perfusion imaging, TID transient ischemic dilatation, LVEF left ventricular ejection fraction, 
SPLVr supine to prone left ventricular volume ratio

Univariate logistic regression Multivariate logistic regression

β SE OR 95% CI p value β SE aOR 95% CI p value

Demographics
 Age (years) 0.02 0.02 1.02 0.98–1.06 0.371
 Male gender Ref Ref
 Female gender  − 0.19 0.37 0.83 0.40–1.73 0.617

Comorbidities
 Hypertension 0.02 0.40 1.02 0.46–2.25 0.965
 Diabetes mellitus  − 0.21 0.36 0.81 0.40–1.65 0.568
 Dyslipidemia 0.78 0.51 2.17 0.79–5.95 0.131
 History of CAD 0.79 0.40 2.20 1.00–4.83 0.051
 History of cerebrovascular disease 0.06 0.62 1.06 0.32–3.56 0.920
 Smoking history 0.19 0.41 1.21 0.54–2.71 0.648

Stress MPI
 One day stress rest protocol Ref Ref
 Two day stress rest protocol  − 0.10 0.36 0.90 0.45–1.83 0.778
 Stress modality
  Exercise Ref Ref
  Dipyridamole 0.21 0.38 1.23 0.59–2.58 0.577
  Dobutamine  − 0.43 0.89 0.65 0.12–3.71 0.630

 Summed scores
  Summed stress score 0.18 0.04 1.20 1.11–1.29  < 0.001
  Summed rest score 0.16 0.06 1.18 1.06–1.31 0.004 0.12 0.04 1.13 1.03–1.23 0.008
  Summed difference score 0.32 0.07 1.40 1.20–1.59  < 0.001 0.31 0.07 1.34 1.16–1.55  < 0.001

 TID ratio 0.23 1.80 1.26 0.04–42.71 0.897
 LVEF 0.18 0.04
  Post stress  − 0.05 0.02 0.96 0.93–0.99
  Rest  − 0.05 0.02 0.95 0.92–0.98 0.001

 Non ECG gated SPLVr  − 4.44 1.72 0.12 0.00–0.35 0.010
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is known to increase the sensitivity for diagnosing severe 
CAD [13]. In our cohort, we demonstrated that markers of 
ischemia such as the SDS also independently predict under-
lying severe CAD in the setting of TID. This means that 
physicians can be more confident that patients with TID and 
high SDS scores will have severe CAD requiring revascu-
larisation when they are sent for ICA.

Our study has several limitations, the most important 
being the small number of patients included. In this analysis, 
we chose a selected group with post stress prone imaging, 
TID and known follow-up coronary anatomy. We only stud-
ied patients with TID for several reasons. Firstly, although 
TID is reported to be specific for severe CAD [4], ‘false 
positive’ results occur commonly in clinical practice and is 
supported by our data. The extent of stress perfusion abnor-
malities may not always predict the presence underlying 
severe CAD as high risk CAD can be present even in normal 
perfusion [14]. On the other hand, MPI is also known for 
underestimating the extent of CAD [15]. This underscores 
the need for a new and reliable marker that can identify true 
severe CAD specifically amongst patients with TID. We 
chose to study the SPLVr as we hypothesized that in a true 
case of severe CAD, the same pathophysiological mecha-
nism that caused TID in the first place will be exacerbated 
by prone positioning, making SPLVr an possible marker for 
‘true’ TID. The value of studying non TID patients is also 
limited as earlier SPECT studies not specifically in TID 
patients have already shown that cases with myocardial 
ischemia or infarction also have reduced LV volumes when 
prone [3]. Secondly, although inclusion of non TID patients 
may make our results more applicable to the majority of MPI 
cases encountered clinically, many patients with abnormal 
MPI but without TID are now treated medically with ICA 
reserved for refractory symptoms. This practice is consist-
ent with guidelines recommending ICA only when ischemic 
burden is extensive [11] and supported by studies such as 
COURAGE [16] and the recent ISCHEMIA trial.

This study is also a retrospective analysis, making it prone 
to selection bias and highly dependent on the accuracy of 
medical documentation. The results of our single centre 
study may not necessarily be generalizable to other patients 
tested with different stress modalities, tracer or gamma cam-
era technology. The use of an arbitrary software derived TID 

ratio of ≥ 1.21 may also limit the application of these results, 
although the TID ratios reported in the literature have varied 
greatly [4] and there has been no consensus on the optimal 
ratio to define TID. Finally, ECG gated prone images were 
not obtained in this study as it is not part of the institu-
tion’s usual imaging protocol. Although we are unable to 
draw conclusions regarding the effects of prone on volumes 
derived from ECG gated images, previous studies comparing 
static and ECG gated TID ratios have found similar trends 
between the two TID measures with respect to severity of 
coronary disease [17]. A small study also failed to show any 
significant difference in rest gated LVEF or volumes between 
supine and prone positioning [18].

Conclusion

A significant proportion of TID cases in our study do not 
have underlying severe CAD. SPLVr is a novel marker that 
correlates with extent of SPECT perfusion abnormality and 
is significantly lower amongst TID patients with proven 
severe CAD. Further studies involving larger patient num-
bers are needed to demonstrate if SPLVr can reliably predict 
severe CAD amongst patients with TID.
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