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Abstract
Objective
Next to myocardial perfusion, single-photon emission computed tomography (SPECT) also allows for assessment of non-perfusion parameters such as transient ischemic dilatation (TID) and a reduction of ejection fraction (EF) with stress imaging. The present study aimed to evaluate the diagnostic value of TID and EF reserve for the detection of significant multivessel coronary artery disease (CAD).
Methods
A total of 206 patients with suspected stable coronary artery disease prospectively underwent gated stress-rest 99mTc-tetrofosmin SPECT and invasive coronary angiography with routine fractional flow reserve (FFR) measurements, regardless of imaging results. Left ventricular (LV) volumes, TID and EF reserve were assessed and compared with FFR defined severity of CAD.
Results
According to FFR, 92 (45%) patients had significant CAD, whereas 25 (12%) showed two vessel disease and 22 (11%) showed three vessel disease (3-VD). With an increasing extent of CAD, TID values and EF reserve did not significantly change (p = 0.07 and p = 0.42 for trend, respectively). Conversely, absolute LV volumes and EF differed significantly among groups of CAD severity (p < 0.01 for all trends).
Conclusion
SPECT derived TID and EF reserve did not differ between patients with high risk CAD (3-VD) and low risk or no significant CAD. Therefore the present results advocate exert caution when using these ancillary findings in clinical practice.
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Text
Myocardial perfusion imaging (MPI) with single-photon emission computed tomography (SPECT) is a widely used noninvasive imaging modality for the evaluation of coronary artery disease (CAD). Although a normal SPECT result is associated with a very low risk of cardiac events (1), the assessment of relative perfusion patterns jeopardizes SPECT diagnostic performance for possibly missing balanced ischemia and severe CAD in some cases. Therefore, additional SPECT parameters have been proposed to reveal these high risk patients. Commonly used ancillary variables are transient ischemic dilatation (TID) and a reduction of ejection fraction (EF) with stress imaging. TID is defined as enlargement of the left ventricle (LV) after stress as compared with the LV size during rest. Two hypothetical explanations for TID are diffuse subendocardial hypoperfusion and/or a reduced systolic function during stress. Particularly TID has been documented to provide incremental value over perfusion assessment alone in detecting severe CAD.(2) Studies with fractional flow reserve (FFR) defined multivessel disease are, however, lacking and its additive value in contemporary SPECT MPI is increasingly debated, especially for commonly used image acquisition after pharmacologic vasodilation.(3) Therefore, the aim of the present analysis was to evaluate the diagnostic value of TID and EF reserve for the detection of significant multivessel coronary artery disease.  
The study population consisted of 206 prospectively included patients (64% men, age 58.2 ± 8.7 years) with suspected stable CAD from the PACIFIC study.(4) The study complied with the Declaration of Helsinki, the study protocol was approved by the VUmc Medical Ethics Review Committee, and informed consent was obtained from all individual participants. Each patient underwent ECG-gated 2-day adenosine stress-rest 99mTc-tetrofosmin SPECT, with a delay of 45-60 minutes between tracer injection and imaging. Subsequently, all patients underwent invasive coronary angiography with routine FFR measurements within 2 weeks, regardless of the imaging results. Non-gated and ECG-gated LV volumes and EF were assessed with Cedars-Sinai Quantitative Perfusion SPECT and Quantitative Gated SPECT, respectively. TID was defined as the ratio between post-stress and rest LV volumes derived from non-gated images. EF reserve was defined as the absolute difference between post-stress EF and rest EF.
In total, 114 (55%) patients showed no significant CAD, 45 (22%) had 1-vessel disease (VD), 25 (12%) 2-VD, and 22 (11%) showed 3-VD as defined by FFR ≤ 0.80. Mean TID values were 1.05 ± 0.14, 1.08 ± 0.17, 1.05 ± 0.16, and 1.14 ± 0.12, for 0-VD, 1-VD, 2-VD, and 3-VD respectively. As depicted in figure 1, there was a non-significant trend of TID values with an increasing extent of CAD. Additionally, exploration of TID values based on EDV and ESV values derived from gated images also revealed no differences among CAD severity groups (p = 0.17 and 0.80 for trend, respectively).
Overall, mean rest EF was 63.9% ± 9.1 and post-stress EF 61.0% ± 9.3, yielding a mean EF reserve of -2.9% ± 6.1. Per CAD group, EF changed with -2.3% ± 5.9, -3.5% ± 6.2, -3.0% ± 7.6, and -4.4% ± 4.4, for 0-VD, 1-VD, 2-VD, and 3-VD respectively (p = 0.42 for trend, figure 1). The EF reserve has been investigated less extensively as compared with TID, but our results contradict some studies which found EF reserve to be a predictor of high risk CAD. (5)
Interestingly, separate ESV, EDV, and EF during rest as well as post-stress were all significantly different between CAD extent groups (p < 0.01 for all trends). Even within this study population of patients without a history of CAD, with a normal baseline EF, and therefore a smaller range of measured values, the aforementioned parameters still showed a predictive value for extensive CAD. Thus, although ratios between rest and stress did not predict multivessel disease, functional values obtained either during rest or stress did predict multivessel disease.
The current report is the first to describe the relationship between TID and severe multivessel disease as defined by invasive FFR in a prospective cohort. In the present study, TID and EF reserve did not differ between high risk CAD (3-VD) and low risk or no significant CAD. The reason for the disagreement with earlier studies which showed incremental value for these parameters remains to be elucidated but several issues should be acknowledged. Most importantly, the present results probably depend on the specific imaging protocol used. As opposed to the currently utilized  99mTc-tetrofosmin and pharmacologic hyperaemia, alternative tracers such as the traditionally used 201Thallium next to physical exercise could have result in different study outcomes. Whereas ischaemia with or without coronary steal and durable stunning is rarely provoked by pharmacologic vasodilation, this could theoretically be induced by actual exercise and subsequently cause changes in LV volumes. Furthermore, it should be noted that using a 2-day protocol day-to-day differences as a result of varying heart rate, blood pressure and LV filling status may hamper optimal comparison of LV volumes and EF. Finally, although the FFR measurements in the present paper are well-known indicators of flow and represent a well-documented guiding technique for revascularization, it does not fully cover the total severity of global myocardial ischaemia. 
To conclude, in the context of ongoing debate on the usefulness of TID and EF reserve, our results advocate exert caution when using these ancillary findings in clinical practice.
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Figure legend
Figure 1: Boxplots demonstrating the distribution of TID and EF reserve in relation to an increasing extent of coronary artery disease. EF, ejection fraction; TID, transient ischemic dilatation.
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