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2. RESUME

TITLE: Validation of Stress Thallium-201/ Rest Technetium-99m Sequential DualIsotope High-Speed Myocardial Perfusion Imaging Against Fractional Flow Reserve for
the Detection of the Extent of Ischemia.

Background: Stress Thallium-201/ rest Technetium-99m sequential dual-isotope high-speed
myocardial perfusion imaging (DI-HS-MPI) reduces radiation and exam time. Few studies
have compared the protocol to an invasive assessment of myocardial ischemia. The objective
of this study was twofold: determine diagnostic accuracy of DI-HS-MPI against invasively
determined fractional flow reserve (FFR); search a correlation between the extent of ischemia
measured by DI-HS-MPI and the amount of myocardium at risk for ischemia measured by
FFR with the BARI-score.
Methods: 54 patients referred for angiography underwent DI-HS-MPI. Perfusion was scored
visually by summed stress score (SSS) on a patient and coronary territory basis, and ischemic
burden was calculated by quantitative segmentation of the extent of ischemia. Significant
coronary artery disease (CAD) was defined by the presence of ≥ 90% stenosis/ occlusion or
FFR ≤ 0.80. The BARI-score was calculated from the coronary angiograms to quantify the
myocardium at risk.
Results: FFR was measured in 69 of 162 coronary vessels; vessels FFR measured per patient
were 1.28 ± 0.56. Sensitivity, specificity, and diagnostic accuracy of MPI for the detection of
significant CAD were 92%, 69%, and 81%, on a patient basis, and 88%, 93%, and 92% by
coronary territory. The area under the summary receiver-operating characteristic at the patient
level was 0.94 (95% CI: 0.88 to 1) and 0.90 (95% CI: 0.83 to 0.97) at the artery and territory
levels, respectively. The mean ischemic burden for MPI and BARI-score showed a strong
correlation between techniques (r=0.71, P <0.0001).
Conclusions: DI-HS-MPI accurately detects functionally significant CAD as defined by
using FFR and provides an assessment of ischemic burden in agreement with the invasive
BARI-score.
Key Words: Nuclear Myocardial Perfusion Imaging, Cadmium-Zinc-Telluride Detectors,
Fractional Flow Reserve, Ischemic Burden, Dual Isotope.
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3. LISTE DES ABREVIATIONS

ACE Angiotensin-Converting-Enzyme Inhibitor
ACS Acute Coronary Syndrome
ARBs Angiotensin Receptor Blockers
BARI-score Bypass Angioplasty Revascularization Investigation myocardial Jeopardy index
BMI Body Mass Index
CAD Coronary Artery Disease
CI 95% 95% Confidence Interval
CFR Coronary Flow Reserve
CTO Chronic Total Occlusion
CZT Cadmium Zinc Telluride
DI-HS-MPI Dual-Isotope High-Speed Myocardial Perfusion Imaging
DS Diameter Stenosis
FFR Fractional Flow Reserve
IA Injected Activity
IC 95% Intervalle de Confiance à 95%
ICA Invasive Coronary Angiogram
IMR Index of Microcirculatory Resistance
LAD Left Anterior Descending coronary artery
LCx Left Circumflex coronary artery
LMCA Left Main Coronary Artery
LV Left Ventricle
LVEF Left Ventricular Ejection Fraction
MCD Microcirculatory Dysfunction
MI Myocardial infarction
MPI Myocardial Perfusion Imaging
NPV Negative Predictive Value
NSTEMI Non–ST-segment Elevation Myocardial Infarction
PCI Percutaneous Coronary Intervention
PET Positron Emission Tomography
PPV Positive Predictive Value
QCA Quantitative Coronary Angiography
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RCA Right Coronary Artery
ROC Receiver-Operating Characteristic
SD Standard Deviation
SDS Summed Difference Score
Standard SPECT Standard Single Photon Emission Computed Tomography
SSS Summed Stress Score
SRS Summed Rest Score
STEMI ST-segment Elevation Myocardial Infarction
Tl201 Thallium-201
Tc99m Technetium-99m
VD Vessel Disease

13

4. INTRODUCTION

Stable coronary artery disease (CAD) is characterized by episodes of myocardial ischemia at
stress, related to an imbalance between the myocardium's oxygen demand and supply,
reversible at rest. Many works and last recommendations of CAD management showed the
central role of ischemia burden for cardiovascular prognosis of patients1-4. Nuclear
myocardial perfusion imaging (MPI) is the most assessed non invasive technique to diagnose
and to measure the extent of ischemia5. MPI is already an integral part of the management of
CAD and is included in a number of professional guidelines3,4.
Dedicated cardiac cameras with Cadmium-Zinc-Telluride (CZT) detectors have greatly
improved spatial and temporal resolution that is supported by performance of detectors and
improved count density. In comparison to the standard single photon emission computed
tomography (SPECT) with an Anger camera system, CZT camera allows reduction in scan
time or radiotracer dose6,7. These recent advances in nuclear MPI have made it possible to
develop a dual-isotope protocol high-speed myocardial perfusion imaging (HS-DI-MPI) with
image quality and radiation dosimetry similar to that obtained with conventional single
isotope protocol8. This dual-isotope protocol affords several advantages. First, thallium-201
used is the most appropriate tracer for myocardial perfusion at stress9. Secondly, the length of
the procedure is decreased, leading less patient discomfort, the possibility to quickly execute
the prone position scan to distinguishing a true perfusion defect from an artifact due to
attenuation or patient motion. Recently our team evaluated performance of stress thallium201/rest technetium-99m sequential DI-HS-MPI versus invasive coronary angiography (ICA).
We concluded that DI-HS-MPI was reliable at detecting or ruling out CAD10. However, limits
of this study existed to confirm real performance of DI-HS-MPI. ICAs were performed for
clinical indications on selected patients rather than on all patients, leading verification bias.
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Moreover, the anatomic definition of significant coronary artery stenosis, based solely on ICA
has recently been criticized. Indeed, the correlation between anatomical stenosis and
myocardial ischemia has been reported as being imperfect11 and fractional flow reserve (FFR)
is used as new gold standard to diagnose functionally significant coronary stenosis12,13. DIHS-MPI diagnostic performance versus FFR has not yet been evaluated and clinical relevance
of ischemic burden measured by DI-HS-MPI is unknown.
The Bypass Angioplasty Revascularization Investigation Myocardial Jeopardy Index (BARIscore) has been validated to estimate from ICA and FFR data the amount of myocardium at
risk, on the basis of assessment of both the severity of the coronary artery lesion and the
volume of myocardium it supplies14.
The objective of this study was twofold: determine diagnostic accuracy of DI-HS-MPI against
invasively determined fractional flow reserve; search a correlation between the extent of
ischemia measured by DI-HS-MPI and the amount of myocardium at risk for ischemia
measured by FFR with the BARI-score.
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5. METHODS

5.1 Patients and study protocol
Fifty-four patients with known or suspected CAD routinely referred for ICA and FFR
evaluations of at least one intermediate coronary artery stenosis at visual assessment were
consecutively recruited to undergo MPI between September 2012 and September 2013 at
Grenoble University Hospital. MPI was performed within 4 weeks before conventional ICA
as part of the current study. Patients who had previously presented an ST-segment elevation
myocardial infarction (STEMI) or non–ST-segment elevation myocardial infarction
(NSTEMI) were excluded. Patient with hemodynamic instability, significant valvular disease
stenosis, coronary artery bypass grafting, non-ischemic cardiomyopathy and severely reduced
left ventricular systolic function were excluded (< 35%) and contraindications to adenosine
stress were not considered for inclusion. Pretest probability of CAD was computed based on
history and risk factors3, using the Diamond-Forester model modified by Genders et al15. The
local research ethics committee approved the study, and all subjects gave written informed
consent to participate. The ClinicalTrials.gov identifier for this study was NCT01785589.

5.2 Imaging and stress protocols
All patients underwent DI-HS-MPI using the high-speed CZT camera with pinhole
collimation (Discovery NM 530c; GE Healthcare). This new gamma camera system is
equipped with a multiple-pinhole collimator and 19 stationary CZT detectors that
simultaneously focus on the heart to maximize the efficiency of SPECT images. The CZT
pixels are 2.46×2.46 mm in size and each detector contains 32×32 pixel 5-mm-thick
elements16,17.
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Patients were instructed to discontinue beta-blocker drugs and calcium antagonists 48 hours
before testing and nitrate 24 hours before testing. The type of stress was chosen according to
the patient's physical conditions and the presence of a contra-indication to effort or to the
injection of dipyridamole or dobutamine. A bicycle exercise stress test (stepwise increments
of 25 W every two minutes) was performed with an injection of Thallium-201 at peak stress.
Exercise was continued at the same effort level for an additional 60 seconds and was
eventually stopped after a 6 minutes recovery period at low resistance. A horizontal or downsloping ST-segment depression ≥ 1 mm or up-sloping ≥ 1.5 mm was considered positive for
ischemia. The effort was stopped if was occurring: angina, significant electrical changes
during continuous ECG monitoring (down-sloping ST-segment depression ≥ 2 mm or upsloping), syncope, low blood pressure, ventricular arrhythmias, achievement 85% of the
theoretical maximum frequency (220- age). For dipyridamole stress testing, patients were told
to avoid caffeine-containing products for 24 hours before the test. Dipyridamole (0.56 mg/kg)
was infused over 4 minutes and Thallium-201 was injected between Minute 6 and Minute 8
after the beginning of dipyridamole infusion. When neither exercise testing nor dipyridamole
could be used, patients were given a dobutamine stress test. Intravenous dobutamine was
administered at incremental doses of 5, 10, 15, 20, 25, 30 and 40 μg/kg/min at 3 minutes
intervals.
Therefore, at peak stress, patients were injected with Thallium-201. Five to ten minutes after
stress a 5-minutes supine acquisition was performed followed by a 5-minutes prone
acquisition. Subsequently, Technetium-99m sestamibi was injected and 2 minutes later a
single 5-minutes rest acquisition was performed. During stress acquisition, patients were
imaged in supine and prone positions with their arms positioned over their head. The rest
acquisition was only acquired in supine position. The gated SPECT studies were performed at
rest in the supine position. Injected activity (IA) was adjusted for patient weight. For weights
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of <80 kg/80-100 kg/>100 kg, Tl201 IAs were 74/92/111 MBq and Tc99m-sestamibi IAs
were 300/370/450 MBq, respectively. The total effective radiation dose was 12 mSv.

5.3 Analysis of perfusion images and image quality
Stress and rest perfusion images of high-speed SPECT were semi-quantitatively scored using
a 17-segment model of the left ventricle (Annexe 1)18. The radiopharmaceutical accumulation
in the myocardium was visually scored by two-experienced nuclear cardiologist (D.F and
A.C) blinded to the ICA data using a 5-grade scale (0 = normal, 1 = slight reduction of
uptake, 2 = moderate reduction of uptake, 3 = severe reduction of uptake, 4 = absence of
radioactive uptake). The sum of the scores for all the segments during exercise and at rest was
termed the summed stress score (SSS) and the summed rest score (SRS), respectively. SSS
minus SRS was defined as the summed difference score (SDS). The SSS expressed as a
percentage of 68, the theoretical maximum score, was used as a measure of total ischemic
burden19. SSS, SRS, and SDS were calculated also by artery territories and by segments of
left ventricle. Scans were considered as normal when SSS was < 4. The variability of
measurements using the SSS was previously described10. Intra-observer and inter-observer
reproducibility’s were high for SSS: ICC = 0.97 [95% CI 0.92-0.98] and 0.92 [95% CI 0.820.97], respectively. Supine and prone imaging at stress and imaging at rest were scored for
image quality using a 4-point scale (1 = excellent, 2 = good, 3 = acceptable, 4 =
unacceptable).

5.4 Invasive coronary angiogram, FFR and ischemic burden calculate
Selective conventional ICA was performed using standard techniques (Philips Allura Xper
FD10, Philips Healthcare). All patients were evaluated using quantitative coronary
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angiography (QCA [Vepro Computer systeme GmbH]) by two cardiologists (GB and FZ)
blinded to the DI-HS-MPI results. All coronary artery stenoses were graded in at least two
orthogonal views and the measurement was made in the projection showing the highest
degree of stenosis. Significant CAD was defined by the presence of ≥ 90% stenosis/occlusion
or FFR ≤ 0.80 in vessels > 2 mm. FFR was measured with a coronary PressureWire Aeris (St.
Jude Medical, Minneapolis, Minnesota) at maximal hyperemia induced by the intravenous
administration of adenosine (140 μg /kg / min). After maximal hyperemia had been achieved,
FFR was calculated as the ratio of the mean distal intracoronary pressure measured by the
pressure wire to the mean arterial pressure measured through the coronary guiding catheter.
At the end, when the pressure sensor was pulled back in the guiding catheter, both pressures
were checked to exclude any drift of the transducers.
The BARI-score has been validated to estimate from ICA and FFR data the amount of
myocardium at risk, on the basis of assessment of both the severity of the coronary artery
lesion and the volume of myocardium it supplies14. In this system, all terminating arteries are
graded based on vessel length and caliber according to specific criteria20. A score of 0
indicates an insignificant or inconspicuous artery, and a score of 3 represents a large artery
extending more than two-thirds of the distance from base to apex. Septal branches are
arbitrarily assigned a maximum total score of 3. Right ventricular marginals and posterior
descending artery septal branches are not scored. All scores exclusively affected by the culprit
lesion are summed and divided by the global score supplying the entire left ventricle to
calculate the jeopardized myocardium as a percentage of LV myocardial volume21.

5.5 Statistical Analysis
Statistical analysis was conducted using SPSS® version 21.0 software (SPSS Inc., Chicago,
Illinois, USA). Continuous variables were expressed as mean ± one standard deviation (SD),
19

categorical variables as counts and percentages. Analysis was performed on both a patient and
coronary territory basis to determine sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV). Sensitivity, specificity, PPV, NPV, and accuracy were
calculated for MPI with respect to CAD detection. Receiver-operating characteristic (ROC)
curve analysis was performed using the summed perfusion scores of the visual analysis.
Comparisons of ischemic burden used Spearman correlation. Differences in mean ischemic
burden used Bland–Altman analysis and Wilcoxon test. For all analyses, p < 0.05 was
considered significant.
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6. RESULTS

6.1 Population study
Subject clinical characteristics are listed in Table 1. The mean patient age was 65 ± 12 years
[25-85] and, 76% were men. In this population, the pretest likelihood of underlying CAD was
63.5 ± 18%. Indications for cardiac catheterization in this population were as follows: typical
angina and pre-test-probability (> 85) in 5 patients, typical angina and positive stress test in
14 patients, atypical chest pain or dyspnea and positive stress test in 30 patients, and chest
pain and negative stress test in 5 patients.

Table 1. Baseline characteristics
Variable

n = 54

Variable

n = 54

Age (years)

65 ± 12

Type of stress

Sex: male n (%)

41 (76)

Exercise n (%)

27 (50)

27 ± 5

Dipyridamole n (%)

25 (46)

2

BMI, kg.m-

Dobutamine n (%)

CV risk factors

2 (4)

Hypertension n (%)

38 (70)

Cardiac medication

Dyslipidemia n (%)

32 (59)

Aspirin n (%)

45 (83)

Diabete n (%)

16 (30)

Beta-blockers n (%)

30 (55)

Actives smokers n (%)

13 (24)

Calcium channel blockers n (%)

10 (18)

Family history of CAD n (%)

11 (20)

ACE n (%)

37 (68)

Previous PCI n (%)

11 (20)

ARBs n (%)

6 (11)

Diuretics n (%)

13 (24)

Statins n (%)

39 (72)

Peripheral vascular disease n (%)
LVEF (%)

5 (9)
57 ± 9

Indications for nuclear stress testing
Typical chest pain n (%)

24 (44)

Atypical chest pain n (%)

30 (56)

Data are expressed as mean ± SD or frequency (percentage)
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6.2 Invasive coronary angiogram and myocardial perfusion imaging
A total of 162 vessels were included in the analysis, FFR was measured in 69 of 162 coronary
vessels. According to ICA + FFR data, the prevalence of CAD was 52%. Vessels FFR
measured per patient were 1.28 ± 0.56. Among 69 FFR measures, the target lesion was
located in the left anterior descending (LAD) coronary artery in 37 (54%) cases, in the left
circumflex (LCx) coronary artery in 17 (24%) cases, and in right coronary artery (RCA) in 15
(22%). Of the 162 vessels analyzed, 17 (10%) vessels contained > 90 % diameter stenosis, 2
(1%) vessels presented chronic total occlusion on visual assessment. Mean FFR was 0.86 ±
0.08 (range 0.6 to 1.0). Mean FFR was 0.82 ± 0.08, 0.91 ± 0.05, and 0.87 ± 0.06 on LAD,
LCx, and RCA respectively. ICA and FFR results are presented in Table 2.

Table 2. General characteristics of epicardial stenoses.
Variable
Any significant CAD *

n = 54
28 (52%)

Stenosis localisation
LMCA

0 (0%)

LAD

17 (31%)

LCx

8 (15%)

RCA

12 (22%)

Number of Vessel Disease (VD)
1-VD

19 (35%)

2-VD

9 (17%)

3-VD

0 (0%)

Vessels with ≥ 90% stenosis

16 (30%)

Vessels with CTO

1 (2%)

Vessels with ≥ 90% stenosis and CTO

1 (2%)

Variable

n = 69

FFR measures
Vessels with FFR ≤ 0.80 n (%)

17 (25%)

Vessels with FFR > 0.80 n (%)

52 (75%)

Mean negative FFR value

0.74 ± 0.05

Mean positive FFR value

0.90 ± 0.04

* Significant CAD was defined by the presence of ≥ 90% stenosis/occlusion or fractional flow reserve ≤ 0.80 in
vessels > 2 mm. Data are expressed as mean ± SD or frequency (percentage).
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Average examination time per patient was 22.4 ± 4.5 minutes. Mean SSS, SRS and SDS were
6.4 ± 5.2, 0.7 ± 1.3, and 5.7 ± 4.8, respectively. Mean SSS was 2.67 ± 4, 1.52 ± 3.1, and 2.24
± 3 on LAD, LCx, and RCA respectively. 100 % of the MPI were ranked as being of either
good or excellent in quality.

6.3 Diagnosis performance of DI-HS-MPI to detect CAD

In per-patient analyze, DI-HS-MPI yielded a sensitivity of 92%, specificity of 69%, and
diagnostic accuracy of 81% for the detection of significant coronary artery stenosis (Table 3).
The positive predicative value was 76% and the negative predictive value was 90%.

Table 3. Sensitivity and specificity of DI-HS-MPI versus ICA and FFR on patient basis.
Stenosis CAD

No stenosis CAD

DI-HS-MPI positive

26

8

DI-HS-MPI negative

2
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ROC analysis showed an area under the curve of 0.95 (95% CI: 0.89 to 1; p <0.0001) (Figure
1A).
In per-vessel territory, DI-HS-MPI yielded a sensitivity of 88%, specificity of 93%, and
diagnostic accuracy of 92% for the detection of significant coronary artery stenosis (Table 4).

Table 4. Sensitivity and specificity of DI-HS-MPI versus ICA and FFR on coronary territory basis.
Stenosis CAD

No stenosis CAD

DI-HS-MPI positive

30

8

DI-HS-MPI negative

4

120
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Figure 1A. ROC curve for stress Thallium-201/rest Technetium-99m sequential dual-isotope highspeed myocardial perfusion imaging versus ICA and FFR for patients

The positive predicative value was 78% and the negative predictive value was 96%. ROC
analysis showed an area under the curve of 0.90 (95% CI: 0.83 to 0.97; p <0.0001) (Figure
1B).

Figure 1B. ROC curve for stress Thallium-201/rest Technetium-99m sequential dual-isotope highspeed myocardial perfusion imaging versus ICA and FFR for coronary territories.
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6.4 Comparison between myocardial perfusion imaging and coronary angiogram to
ischemia burden measure

The mean ischemic burden was 9.45 ± 7.6 % by MPI and 14.67 ± 18 % by ICA. The mean
ischemic burden for MPI and BARI-score showed a strong correlation between techniques
(r=0.71, p<0.0001). Annexe 2 shows an example of the calculation of ischemia calculation.
FFR was inversely correlated with BARI-score by coronary territory (r=-0.40, p<0.001).
Lesions with FFR ≤0.80 had a BARI-score by coronary territory significantly higher than
lesions with FFR >0.80 (34.53±12.4 vs. 26.25±10.18; p<0.008).

25

7. DISCUSSION
This study found that stress thallium-201/rest technetium-99m sequential DI-HS-MPI
accurately detects the presence of significant CAD as measured by using FFR. In addition, it
demonstrated good agreement between estimates of extent ischemic from DI-HS-MPI and an
invasive index of ischemic burden.
Several diagnostic studies of CZT SPECT MPI for CAD used ICA as the gold standard22-29.
However, pressure-derived fractional flow reserve (FFR) has become the standard of
reference to define the ischemic potential of epicardial stenoses of intermediate angiographic
severity based on outcomes of randomized trials12,13. Performances of CZT camera versus
FFR have been less well studied than versus ICA. Indeed, only two other studies have
evaluated performances CZT camera versus FFR. Mouden et al.30 included 100 consecutive
stable symptomatic patients who were scheduled for elective FFR measurement of
intermediate anatomical coronary lesions (diameter of 40-80 %) demonstrated by recent ICA.
Patients with prior myocardial infarction (MI) in the territory of the target lesion were
excluded. Patients were scanned with a hybrid 64-slice SPECT/CT device. All patients
underwent a 1-day 99mTc-Tetrofosmin and stress/rest images were acquired 45 – 60 min after
tracer injection. The design of this study analyzed the concordance between CZT SPECT and
FFR without evaluation of sensibility or specificity to detect CAD. The concordance between
CZT SPECT and FFR was 73 % on a per-patient basis and 79% on a per-vessel basis. In
patients with FFR ≥0.75, 19 % had an ischemic CZT SPECT whereas 8 % had an abnormal
FFR without ischemia CZT SPECT. Authors concluded that CZT SPECT showed a modest
degree of concordance with FFR. On the other side, Tanaka et al.31 showed a high diagnostic
yield in detecting significant coronary stenosis as assessed using FFR with CZT SPECT.
Intermediate lesion was defined as lesion with <90% and ≥50% diameter narrowing. Camera
system used was Discovery NM 530c and authors retrospectively studied 95 consecutive
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patients with suspected or known CAD who had undergone both thallium-201 CZT-SPECT.
Image acquisition at stress was performed in the supine and prone positions like in our study.
Sensitivity, specificity, and diagnostic accuracy of MPI for the detection of significant CAD
were 90%, 64%, and 78%. The retrospective design explains low specificity by referral bias,
which is the principal limit of this study. Moreover, only early myocardial infarctions were
excluded.
In our study, sensitivity, specificity, and diagnostic accuracy of MPI for the detection of
significant CAD were 88%, 93%, and 92% by coronary territory and 92%, 69%, and 81% on
a patient basis. Different points may explain our good results. Use of stress-thallium-201
adduces several advantages. Thallium-201 is the most appropriate tracer for myocardial
perfusion at stress. Moreover, thallium-201 unlike technetium has good heart-to-organ
activity ratios for the liver and spleen, irrespective of the stress method9. CZT camera and use
of dual isotope protocol reduce acquisition times with the possibility to produce prone and
supine scans. Acquisition in the prone position improved the specificity for evaluating inferior
wall abnormalities by minimizing diaphragmatic attenuation
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. Low prevalence of patients

with multi-vessels diseases in our study could overestimate DI-HS-MPI performance. SPECT
evaluation is known to often underestimate this high-risk subset due to balanced ischemia33.
Patients who had previously presented an ST-segment elevation myocardial infarction
(STEMI) or non–ST-segment elevation myocardial infarction (NSTEMI) were excluded.
Recent studies show the influence of levels of micro vascular injury to achieve hyperemia
sufficient to maintain the diagnostic use of FFR34. FFR reflects the hyperemic pressure
gradient across a specific epicardial lesion. The pressure gradient is dependent on the
hyperemic response of the vessel distal to a stenosis. It is known that post-myocardial
infarction scarring reduces coronary microcirculation capacity. Although, hyperemic
microvascular resistance is not increased in viable myocardium after chronic MI35 and can
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improve at 6 months of STEMI36. In chronic ischemic heart disease, focal stenosis, diffuse
atherosclerotic narrowings, and micro circulatory dysfunction (MCD) contribute to limit
myocardial flow. Patients with normal FFR values and MCD might have a worse prognosis.
FFR values (FFR≤0.80) are highly unlikely when MCD is present37. Thus, we were placed in
the best conditions to evaluate the performance as it can be done with other new techniques.
Indeed, last studies of magnetic resonance myocardial perfusion imaging vs. FFR exclude
patients with history of previous MI or acute coronary syndrome (ACS)38,39. More important,
we show that the use of SSS <4 by coronary territory for normal scan, increase diagnostic
performance of SPECT-CZT.

7.1 Ischemia burden and FFR
An FFR cutoff of ≤0.75 is associated with inducible myocardial ischemia on noninvasive
imaging40. Here, we were interested to ischemia burden and so we chose an FFR cutoff of
≤0.80 correlated to worse prognosis. Myocardial ischemic burden assessed by myocardial
perfusion imaging is commonly used to risk-stratify of patients with CAD1-4. FFR is a relative
index of epicardial conductance, which provides relevant evaluation of epicardial stenosis.
Although, FFR provides prognosis information12,41, it is not possible to evaluated ischemic
burden. Here, we used myocardial jeopardy score based on ICA with integration of FFR data.
We demonstrated a good correlation between ischemic burden determined by BARI-Score or
CZT SPECT. SPECT and FFR are two different methods; there will always be discordance
between them and particularly for ischemic burden. Indeed, several patterns of CAD can
induce myocardial ischemia in CZT SPECT. Echavarria-Pinto et al.37 demonstrated this
concept in an interesting study. The authors have measured several parameters (FFR, CFR,
and IMR) to characterize pattern of CAD in patients with intermediate stenosis. In conclusion
among patients with intermediate stenosis and an associated normal FFR (FFR>0.80) 59%
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presented abnormal hemodynamics (abnormal CFR in 52%; abnormal IMR in 33%). This
diagnostic gap is important because it remains plausible that patients with normal FFR values
and another abnormal hemodynamics might have a worse prognosis.
Several data shows that the amount of viable and perfused myocardial mass strongly
influences FFR42,43. Leone et al.43 have assessed severity of intermediate lesion by FFR and
used several myocardial jeopardize scores to show influence of the amount of myocardium
subtended by a stenosis on FFR. A larger amount of perfused myocardium subtended by a
stenosis is associated with a higher probability that patient presents a functionally significant
stenosis. Here, we confirmed this result and shown a good correlation between FFR and
BARI-score and modest correlation between QCA and FFR. These results confirm the
limitations of ICA in depicting functional severity of intermediate stenoses.

7.2 Clinical applications and perspectives
DI-HS-MPI affords rapid, reliable evaluation of myocardial ischemia in less than 30 minutes.
Biological characteristics of thallium provide higher contrast between regions of normal
perfusion and zones of ischemia.
Human studies demonstrated reduced lesion size with stress sestamibi imaging compared with
thallium, making regions of mild ischemia more difficult to identify on myocardial perfusion
scans44. Detection improvement would also allow dynamic acquisition of SPECT tracers,
similar to what is done with positron emission tomography (PET) tracers. Dynamic imaging
opens the door to the quantification of blood flow and coronary flow reserve45. Recent data
using intracoronary measurements combined with FFR, CFR and IMR show that it is
significant; to evaluate severity of CAD, to take into account focal epicardial stenosis,
diffuses atherosclerotic narrowing and MCD37,46. The current gold standard by non invasive
imaging for assessing micro vascular function is measure of CFR using PET MPI47. PET MPI
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is hindered by a high cost of entry and lower availability than SPECT. Development of new
method to measure CFR using CZT SPECT MPI could be significant to improve management
of patients with CAD.

7.3 Limitations
This study was conducted at a single site and the sample size was relatively small. In our
population the prevalence of CAD was high because patients were already listed for invasive
studies so that could improve accuracy of technical. Results, to a population with a lower pretest probability of significant CAD, need to be determined. Consistent with clinical practice,
FFR was only measured in vessels with > 50% coronary stenosis and FFR didn’t be measured
in all major patent epicardial coronary arteries. FFR was measured in only 43% of arteries.
Moreover, analysis combining pressure and flow data (CFR and IMR) would have been more
complete. Because previously MI or ACS histories were exclusion criteria, the result can’t be
extended of all patients. Our knowledge of DI-HS-MPI performances should be increased.
Specific evaluation of DI-HS-MPI performances in patients with MCD must be evaluated in a
multicenter clinical trial dedicated. It is the same for the evaluation of prognostic performance
and capacity to quantify myocardial viability of DI-HS-MPI. For coronary territory and
ischemic burden analysis, we cannot be certain that we have correctly assigned all myocardial
segments to the appropriate coronary artery. For example, it can be difficult to know, between
right and circumflex coronaries, which vessel provides the majority of the blood supply to the
inferior wall. Finally, the advantages of the use of the DI-HS-MPI will weigh against the use
of less irradiating protocols. Virtues of Thallium-201 as a tracer for stress myocardial
perfusion imaging must be evaluated in sight of higher radiation burden than 1-day 99mTcTetrofosmin and stress/rest protocol.

30

8. CONCLUSION

In patients with stable coronary artery disease (CAD), stress Thallium-201/ rest Technetium99m sequential Dual-Isotope High-Speed Myocardial Perfusion Imaging (DI-HS-MPI) can
detect functionally significant CAD, as defined by using FFR, with excellent sensitivity,
specificity, and positive and negative predictive values. And DI-HS-MPI provides an
assessment of ischemic burden in agreement with the invasive BARI-score.
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9. ANNEXES
Annexe 1. 17-segment model of the left ventricle.

Annexe 2. Stress Thallium-201/ rest Technetium-99m sequential dual-isotope high-speed MPI with
calculation of ischemic volume analysis versus BARI-Score. BARI-score calculation was for total left
ventricle (LV) of 20 points and for area at risk of 3 points (15% of LV). MPI showed SSS at 8 in left
anterior descending coronary artery territory (11.7% of LV).
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RESUME
TITRE: Valeur diagnostique du protocole de scintigraphie myocardique double isotope
(Thallium-201 injecté au stress/ Technétium-99m injecté au repos) en comparaison avec
l’évaluation invasive de la présence et de l’étendue de l'ischémie myocardique par FFR
lors de la coronarographie.
Introduction: Le protocole de scintigraphie myocardique double isotope (Thallium-201 au
stress/ Technétium-99m au repos) permet de réduire l’irradiation et le temps d’examen. Peu
d’études se sont intéressées à valider ce protocole en le comparant à une évaluation invasive
de l'ischémie myocardique. L’objectif de cette étude est double : déterminer la précision
diagnostique du protocole de scintigraphie myocardique double isotope en le comparant à
l’évaluation invasive de l’ischémie myocardique par la mesure de la FFR ; rechercher une
corrélation entre l’étendue de l’ischémie mesurée par la scintigraphie et la quantité de
myocarde à risque d’ischémie mesurée par FFR avec le BARI-score.
Méthodes: 54 patients ont eu une coronarographie à la suite d’une scintigraphie avec le
protocole double isotope. Les images de scintigraphie ont été analysées par des scores semiquantitatifs pour évaluer la présence et le pourcentage d’ischémie par patient et par territoire
coronaire. La maladie coronaire significative a été définie par une sténose ≥ 90% ou une FFR
≤ 0,80. Le BARI-score a été calculé pour mesurer pour chaque sténose la quantité de
myocarde à risque d’ischémie.
Résultats: La FFR a été mesurée sur 69 des 162 coronaires analysées; soit 1,28 ± 0.56 mesure
de FFR par patient. La sensibilité, la spécificité et la précision diagnostique de la scintigraphie
pour le diagnostic de la maladie coronaire étaient de 92%, 69%, et 81% par patient ; et 88%,
93% et 92% par territoire coronaire. L’analyse ROC montrait une aire sous la courbe de 0.94
(IC 95%: 0.88 à 1; p<0.0001) pour les patients et de 0.90 (IC 95%: 0.83 à 0.97; p<0.0001)
pour les territoires coronaires. L’étendue de l’ischémie évaluée par le protocole double
isotope était significativement corrélée aux résultats du BARI-score (r=0.71, p<0.0001)
Conclusion: Le protocole de scintigraphie myocardique double isotope permet un diagnostic
précis de la maladie coronaire fonctionnellement significative; et fournit une évaluation non
invasive fiable de l’étendue de l’ischémie.
Mots clés: scintigraphie myocardique, détecteur Cadmium-Zinc-Telluride, double isotope,
FFR, étendue de l’ischémie, BARI-score.
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