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Background. The aim of this study was to determine the diagnostic accuracy of stress
thallium-201/rest technetium-99m-sestamibi sequential dual-isotope high-speed myocardial
perfusion imaging (DI-HS-MPI) against invasively determined fractional flow reserve (FFR).

Methods. Fifty-four consecutive patients prospectively underwent DI-HS-MPI before
invasive coronary angiography. Perfusion was scored visually by summed stress score on a
patient and coronary territory basis. Significant coronary artery disease (CAD) was defined by
the presence of = 90% stenosis/occlusion or fractional flow reserve < 0.80 for coronary stenosis
2> 50%.

Results. FFR was measured in 69 of 162 coronary vessels, with 1.28 + 0.56 vessels
assessed/patient. Sensitivity, specificity, and diagnostic accuracy of MPI for the detection of
significant CAD were 92.8%, 69.2%, and 81.4%, on a patient basis, and 83.7%, 90.4%, and
88.8% by coronary territory.

Conclusions. DI-HS-MPI accurately detects functionally significant CAD as defined by
using FFR. (J Nucl Cardiol 2019;26:1269-79.)
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Abbreviations

CZT Cadmium-Zinc-Telluride

DI-HS- Stress thallium-201/rest technetium-

MPI 99m-MIBI  sequential dual-isotope]
high-speed  myocardial  perfusion
imaging

FFR Fractional flow reserve

ICA Invasive coronary angiography

MPI Myocardial perfusion imaging

INTRODUCTION

Dedicated cardiac cameras with Cadmium-Zinc-
Telluride (CZT) detectors have greatly improved spatial
and temporal resolution that is supported by improved
performance of detectors and count density, respec-
tively."* These recent advances in nuclear myocardial
perfusion imaging (MPI) have made it possible to
develop a dual-isotope protocol for high-speed acquisi-
tion with image quality and radiation delivery
comparable to that obtained with conventional single
isotope protocols.” Indeed, the energy resolution of the
CZT-detector allows improved separation of photopeaks
from thallium-201 and technetium-99m-MIBI. With
dual-isotope, the length of the procedure is decreased
leading to less patient discomfort. It has also been
suggested that the stronger relationship between
myocardial blood flow and myocardial uptake of thal-
lium-201 compared with sestamibi or tetrofosmin could
potentially improve the ability to detect mild coronary
stenosis.* We recently evaluated the performance of
stress thallium-201/rest technetium-99m-MIBI sequen-
tial dual-isotope high-speed myocardial perfusion
imaging (DI-HS-MPI) vs. invasive coronary angiogra-
phy (ICA). We concluded that DI-HS-MPI was reliable
at detecting or ruling out coronary artery disease
(CAD).” However, there were limits to this previously
published study, including the fact that ICA were
performed for clinical indications on selected patients
rather than on all patients, leading to verification bias. In
addition, DI-HS-MPI diagnostic performance vs. frac-
tional flow reserve (FFR) has not been evaluated yet.
The correlation between anatomical stenosis and
myocardial ischemia has been reported as being subop-
timal.® FFR is of great value in this setting by allowing
the diagnosis of CAD through the functional assessment
of coronary stenosis.”® The present study aimed at
evaluating the diagnostic accuracy of DI-HS-MPI
against invasively determined FFR.
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METHODS

Patients and Study Protocol

Fifty-four consecutive patients with known or suspected
CAD were recruited before clinically indicated invasive
coronary angiography studies during 6 months in 2013 in our
institution. All patients were referred for coronary angiography
and had a high pre-test-probability, previous positive or
inconclusive stress test other than MPI by the referring
physician. Patients were scheduled for DI-HS-MPI within 14
days before ICA. Exclusion criteria were as follows: previ-
ously ST-segment elevation (STEMI) or non-ST-segment
elevation myocardial infarction (NSTEMI), hemodynamic
instability, significant valvular disease stenosis, coronary
artery bypass grafting, non-ischemic cardiomyopathy, severely
reduced left ventricular systolic function (< 35%), and con-
traindications to adenosine stress. Contraindications for
adenosine were asthma, second- or third-degree AV block or
sick sinus syndrome without a pacemaker, systolic blood
pressure less than 90 mmHg, dipyridamole-containing medi-
cations, methyl xanthenes medication within the last 12 hours
prior to the test, and known hypersensitivity to adenosine. Pre-
test probability of CAD was computed based on history and
risk factors.” At the time of ICA, FFR was measured in all
major patent coronary arteries with luminal diameter reduction
between 50% and 90% (visual analysis) in a vessel segment
> 2 mm in diameter. The local research ethics committee
approved the study, and all subjects gave written informed
consent to participate.

CZT-Camera

Ultrafast imaging was performed using a Discovery NM
530c camera (DNM, GE Healthcare) fitted with a multi-
pinhole collimator and 19 stationary CZT-detectors allowing
the simultaneous acquisition of 19 cardiac views. The CZT-
pixels are 2.46 x 2.46 mm in size and each detector consists
of 32 x 32 pixelated CZT-elements. All stress and rest
acquisition were preceded by thorough positioning of the
heart within the center of the field-of-view utilizing the real-
time persistence imaging tool

Imaging and Stress Protocols

Patients were instructed to discontinue beta-blocker drugs
and calcium antagonists 48 hours before testing and nitrate 24
hours before testing. A bicycle exercise stress test (stepwise
increments of 25 W every 2 minutes) was performed with an
injection of thallium-201 at peak stress. Exercise was contin-
ued at the same effort level for an additional 60 seconds and
was eventually stopped after a 6-minute recovery period at low
resistance. A horizontal or down-sloping ST-segment depres-
sion > 1 mm or up-sloping > 1.5 mm was considered positive
for ischemia. In case of inability to exercise (contraindication
of bicycle exercise stress test or maximum age-predicted heart
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Figure 1. Dual-isotope high-speed myocardial perfusion
imaging protocol.

rate (MPHR) not reached), dipyridamole (0.56 mg/kg) was
infused over 4 minutes and thallium-201 was injected between
6 and 8 minutes after the beginning of dipyridamole infusion.
Dipyridamole effect was reversed by systematic intravenous
administration of aminophylline, usually 50 to 100 mg. For
dipyridamole stress testing, patients were told to avoid
caffeine-containing products for 24 hours before the test.
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 pg/kg/min at 3-minute intervals. Patients
were injected with thallium-201 at peak stress (85% of age-
adjusted predicted maximum heart rate) or when chest pain, or
significant ST-segment depression, or leg fatigue developed.
The exercise stress test and dobutamine injection were
followed by a recovery period, during which the return to
normal blood pressure and heart rate was monitored. Five to 10
minutes after stress, a 5-minute supine acquisition was
performed followed by a 5-minute prone acquisition. Subse-
quently, technetium-99m-sestamibi was injected and a single
S-minute rest acquisition was performed 2 minutes later like
previously described.” The DI-HS-MPI protocol used is shown
in Figure 1. During stress acquisition, patients were imaged in
the supine and prone positions with their arms positioned over
their head. The rest acquisition was acquired in supine position
only. The gated-SPECT studies were performed at stress and
rest in the supine position. Injected activity (IA) was adjusted
for patient weight and previously described.” Briefly, for
weights of < 80 kg/80 to 100 kg/> 100 kg, thallium-201 IAs
were 74/92/111 MBq (2/2.5/3 mCi) and 99mTc-sestamibi [As
were 300/370/450 MBq (8/10/12 mCi), respectively.

Analysis of Perfusion Images

Stress and rest DI-HS-MPI were semi-quantitatively
scored using a 17-segment model of the left ventricle'® and a
5-point scale (0 = normal, 1 = equivocal, 2 = moderate,
3 = severely reduced radiotracer uptake, 4 = no detectable up-
take). DI-HS-MPI were visually scored by two-experienced
nuclear cardiologists (D.F, A.C.) blinded to ICA data. Discor-
dant findings were resolved by consensus. Global summed
stress score (SSS), summed rest score (SRS), and summed
difference score (SDS) were calculated by adding the scores
for each 17 segments in the stress and rest images,
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Table 1. Baseline characteristics

Variable n=>54

Age (years) 65+ 12
Sex: males n (%) 41 (76)
BMI, kg m~> 275
BMI > 30 kg m~2 n (%) 17 (31)
CV risk factors

Hypertension n (%) 38 (70)

Dyslipidemia n (%) 32 (59)

Diabetes n (%) 16 (30)

Actives smokers n (%) 13 (24)

Family history of CAD n (%) 21 (38)

Peripheral vascular disease n (%) 5 (9)

Chronic kidney disease 12 (22)
Type of stress

Exercice n (%) 27 (50)

Dipyridamole n (%) 25 (46)

Dobutamine n (%) 2 (4)
Bicycle exercise stress test

FC maximale, bpm 143 + 15

% MPHR 89+6

PAS maximale, mmHg 179 + 26
MPI

Rest LVEF (%) 57 +9
Summed stress score n (%)

0-3 20 (37)

4-8 15 (28)

>8 19 (35)
Summed rest score n (%)

0-3 50 (93)

4-8 4(7)
Cardiac medication

Aspirin n (%) 45 (83)

Beta-blocker n (%) 30 (55)

Calcium channel blockers n (%) 10 (18)

ACE n (%) 37 (68)

ARA Il n (%) 6(11)

Diuretics n (%) 13 (24)

Statin n (%) 39 (72)

Data are expressed as mean + SD or frequency (percentage)
ACE, angiotensin-converting enzyme; ARA II, angiotensin Il
inhibitor; BMI, body mass index; CAD, coronary artery dis-
ease; ICA, invasive coronary angiography; LVEF, left
ventricular ejection fraction; M/, myocardial infarction; MPHR,
maximum predicted heart rate; MPI, myocardial perfusion
imaging; PCl, percutaneous coronary intervention

respectively. SSS, SRS, and SDS were calculated also by
artery territories and by segments of left ventricle. Scans were
considered as normal when SSS was less than 4 for per-
patients analysis and less than 2 for per-vessel territory
analysis, respectively. By comparing supine and prone images,
defects that changed their location were considered as artifacts,
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while defects remaining consistent were considered as true
perfusion defects. Balanced ischemia is suspected when a
reduced post-stress ejection fraction (< 45%) is noted follow-
ing gated-SPECT analysis in patients with normal rest LVEF.

Furthermore, in order to assess the variability of mea-
surements (using the SSS), MPI imaging was evaluated twice
in a random order in 20 randomly selected patients (by the
same observer for intra-observer variability, and by two
different observers for inter-observer variability). Finally, all
stress and rest imaging were scored by AC and DF for image
quality using a 4-point scale: 1 = excellent (excellent quality
images with no artifact), 2 = good (good quality images with
total artifact score of < 2), 3 = acceptable (adequate quality
images with total artifact score of > 3), and 4 = unaccept-
able (inadequate quality images with artifact severe enough to
affect diagnostic quality). Image artifact was scored on a 4-
point scale from O = none, 1 = mild, 2 = moderate, and
3 = severe.

ICA and FFR

Selective conventional ICA was performed using standard
techniques (Philips Allura Xper FD10, Philips Healthcare). All
patients were evaluated using quantitative coronary angiogra-
phy (QCA [Vepro Computer systeme GmbH]) by two
cardiologists (GB, 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
fractional flow reserve < 0.80 for coronary stenosis > 50%,
cutoff in accordance with the latest recommendation.” FFR
was performed for intermediate coronary stenoses, which were
defined on the basis of visual estimation as those determining a
reduction of vessel diameter between 50% and 90%.° FFR was
measured with a coronary PressureWire-Aeris (St. Jude Med-
ical, Minneapolis, Minnesota) at maximal hyperemia induced
by the intravenous administration of adenosine (140 ng/kg/
min). After maximal hyperaemia 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. To ensure correct association of the 17-
myocardial segments with the subtended coronary territory,
vessel dominance was used to decide if LCx or RCA supplied
the inferior and inferoseptal territories. According to whether
marginal or diagonal arteries supplied the anterolateral wall,
either the LCx or LAD coronary arteries were defined as
supplying the mid and basal anterolateral wall. If patient
presented a ramus intermedius, it was defined as supplying the
anterolateral wall. The large septal perforator of the LAD was
defined as supplying the inferior septum.
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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), categorical variables as counts and percentages. Analysis
was performed on both a patient and coronary territory basis to
determine sensitivity, specificity, and negative and positive
predictive values. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (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 from visual
analysis. For all analyses, P < 0.05 was considered significant.
Variability was quantified computing the intraclass correlation
coefficient (ICC). Inter-observer reliability for measurement of
the SSS was assessed by using two-way random single-
measure ICC analysis. Intra-observer and intrasubject reliabil-
ity was assessed by using one-way random two-measures ICC
analysis.

RESULTS

Population Study

Clinical characteristics are listed in Table 1. Mean
age was 65 + 12 years [25 to 85] and 76% were men. In
this population, the pre-test likelihood of underlying
CAD was 63.5 = 18%. Indications for cardiac catheter-
ization in this population were as follows: typical angina
and pre-test-probability (> 85%) in five patients, typical
angina and positive stress test other than MPI in 14
patients with intermediate pre-test-probability, atypical
chest pain or dyspnea and positive stress test other than
MPI in 30 patients with intermediate pre-test-probabil-
ity, and chest pain and negative stress test in five patients
with intermediate pre-test-probability but with strong
clinical suspicion of CAD.

Invasive Coronary Angiograms

A total of 162 vessels were included in the analysis
and FFR was measured in 69 out of the 162 coronary
vessels with 1.28 + 0.56 vessels assessed/patient.
According to ICA + FFR data, the prevalence of
significant CAD was 52%. Angiogram and FFR results
are presented in Table 2. Mean FFR was 0.86 = 0.08
(range 0.6 to 1.0), mean diameter stenosis was
58 + 11%, and mean minimal lumen diameter was
1.8 + 0.7 mm. Mean FFR was 0.82 + 0.08, 0.91 = 0.05,
and 0.87 £ 0.06 on left anterior descending coronary
artery (LAD), left circumflex coronary artery (LCx), and
right coronary artery (RCA), respectively.
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Table 2. General characteristics of epicardial
stenoses
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Table 3. Sensitivity and specificity of DI-HS-MPI
vs. ICA and FFR on patient basis

Variable n =54

Any significant CAD x per patient
Stenosis localisation

28/54 (52%)

LMCA 0/37 (0%)
LAD 17/37 (46%)
LCx 8/37 (22%)
RCA 12/37 (32%)
Number of VD

1-VD 19/54 (35%)
2-VD 9/54 (17%)
3-VD 0/54 (0%)

18/162 (11%)
2/162 (1%)
17/162 (11%)

Vessels with > 90% stenosis
Vessels with CTO
FFR positive vessels

FFR measures
Mean FFR on vessels with FFR < 0.80 0.74 + 0.05
Mean FFR on vessels with FFR > 0.80 0.90 + 0.04
FFR negative vessels 52/69 (75%)
FFR positive vessels 17/69 (25%)
QCA in vessels with FFR > 0.80 54.6 £+ 9.73%
QCA in vessels with FFR < 0.80 65.4 + 10.2%

*Significant CAD was defined by the presence of > 90%
stenosis/occlusion or fractional flow reserve < 0.80

Data are expressed as mean + SD or number and frequency
(percentage)

CAD, coronary artery disease; CTO, chronic total occlusion;
LAD, left anterior descending coronary artery; LMCA, left
main coronary artery; LCX, left circumflex coronary artery;
QCA, quantitative coronary angiography; RCA, right coronary
artery; VD, vessel disease

DI-HS-MPI

Average examination time for MPI 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 2.7 +£4.0, 1.5 +3.1, and 2.2 + 3.0 on LAD,
LCx, and RCA respectively. No patient has presented
reduced post-stress ejection fraction < 45%. One hun-
dred percent of the MPI were ranked as being of either
good or excellent quality. Intra-observer and inter-
observer reproducibility was high for SSS: ICC = 0.97
[95% CI 0.92 to 0.98] and 0.92 [95% CI 0.82 to 0.97],
respectively. The mean injected dose for stress thallium-
201 and rest technetium-99m-sestamibi was 81 + 19
MBq (range 67 to 112 MBq) and 323 + 41 MBq (range
263 to 455 MBq), respectively. The estimated radiation
dose for dual-isotope high-speed MPI  was
12.0 = 0.8 mSv.

Stenosis
DI-HS-MPI CAD No stenosis CAD
Test positive 26 8
Test 2 18
negative
Se = 92.8% Sp = 69.2%

DI-HS-MPI, dual-isotope high-speed myocardial perfusion
imaging; Se, sensitivity; Sp, specificity

Diagnostic Performance of DI-HS-MPI to
Detect CAD

On a per-patient based analysis, DI-HS-MPI yielded
a sensitivity of 92.8% (CI 77% to 98%), a specificity of
69.2% (CI 50% to 83%), and a diagnostic accuracy of
81% for the detection of significant coronary artery
stenosis (Table 3). The positive predictive value was
76.4% (CI 60% to 88%) and the negative predictive
value was 90% (CI 70% to 97%). ROC analysis showed
an area under the curve of 0.95 (95% CI 0.89 to 1.00;
P < 0.0001) (Figure 2).

On a per-vessel based analysis, sensibility 83.7%
(CI 68% to 92%), specificity 90.4% (CI 84% to 94%),
positive predictive value 72% (CI 57% to 83%),
negative predictive value 94.9% (CI 89% to 97%), and
accuracy 88.8%, respectively (Table 4). Figures 3
shows a patient who presented ischemia in the
anteroapical wall on myocardial by DI-HS-MPI with
supine (A) and prone (B) acquisition. Figure 4 shows
coronary angiogram of same patient with haemodynam-
ically relevant coronary artery stenosis by FFR.

DISCUSSION

The results from the present study indicated that
stress  thallium-201/rest  technetium-99m-sestamibi
sequential DI-HS-MPI accurately detected the presence
of significant CAD as measured using FFR.

The performances of CZT-cameras vs FFR have
been less well studied than vs ICA.'''? However,
pressure-derived FFR has become the new gold stan-
dard. To the best of our knowledge, few studies have
evaluated the performance of CZT-cameras vs.
FFR."*>™"® For example, Mouden et al included 100
consecutive stable symptomatic patients who were
scheduled for elective FFR measurement of intermediate
anatomical coronary lesions (diameter of 40% to 80%)
demonstrated by recent ICA. Patients were scanned with
a hybrid 64-slice SPECT/CT device (Discovery-NM-
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Figure 2. Receiver-operating characteristics curves derived
from combined supine and prone SSS of Stress thallium-201/
rest technetium-99m-sestamibi sequential dual-isotope high-
speed myocardial perfusion imaging vs ICA and FFR. FFR,
fractional flow reserve; ICA, invasive coronary angiograms;
SSS, summed stress scores.

CT-570c). All patients underwent a 1 day 99mTc-
Tetrofosmin study and stress/rest images were acquired
45 to 60 minutes after tracer injection. The design of this
study allowed the analysis of the concordance between
CZT-SPECT and FFR. The sensitivity and specificity
were, respectively, 60% and 76%. The authors con-
cluded that CZT-SPECT showed a modest degree of
concordance with FFR.'? Tanaka et al showed a high
diagnostic yield of CZT-SPECT for the detection of
significant coronary stenosis (diameter of 50% to 90 %)
as assessed using FFR. The acquisition system was a
Discovery NM 530c and the authors retrospectively
studied 95 consecutive patients with suspected or known
CAD who had undergone a 1 day thallium-201 study
and stress/rest images. Sensitivity, specificity, and diag-
nostic accuracy of MPI for the detection of significant
CAD were 90%, 64%, and 78%, respectively. The
retrospective design accounts for the low observed
specificity by referral bias, which is the main limit of
this study.14 Ben Bouallegue et al, have enrolled
included twenty-three patients with known multi-vessel
diseases (MVD). Dynamic-SPECT acquisitions using
99mTec-tetrofosmin at rest and after vasodilator stress
were performed using a Discovery-NM-530c-camera to
measure myocardial Perfusion Reserve. Due to the
design only per-vessel territory analysis was available.
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Table 4. Sensitivity and specificity of DI-HS-MPI
vs. ICA and FFR on coronary territory basis

Stenosis
DI-HS-MPI CAD No stenosis CAD
Test positive 31 12
Test 6 113
negative
Se = 83.7 Sp = 90.4

DI-HS-MPI, dual-isotope high-speed myocardial perfusion
imaging; Se, sensitivity; Sp, specificity

With a cutoff of 2 for myocardial perfusion reserve, the
sensitivity, specificity, and accuracy of regional flow
ratio were, respectively, 80%, 85%, and 81% for the
detection of obstructed vessels and 89%, 82%, and 85%
for the detection of abnormal FFR."> The present study
aimed at comparing the performances of DI-HS-MPI
and FFR. We find excellent sensitivity at the price of
more modest specificity. These results are better than
those obtained with conventional-SPECT. In last meta-
analysis, the sensitivity and specificity of conventional-
SPECT for the detection of significant CAD were,
respectively, 77% and 77% on a patient basis and 66%
and 81% by coronary territory.'® The present study
demonstrates that the sensibility of DI-HS-MPI is close
to 93% and favorably compares to that of CMR
(Se =90%), PET (Se =89%) and FFR-computed
tomography (Se = 89%) on a per-patient based analysis,
with however a lower specificity (69% vs 87%, 84%,
and 71% for CMR, PET, and FFR-CT, respectively). On
a per-vessel based analysis, our results are also compa-
rable to that obtained with these three techniques: CMR:
Se = 89%, Sp = 86%; PET: Se = 87%, Sp = 85%),
FFR-computed tomography: Se 83%, Sp 78%."7"'° For
stress echocardiography, the last meta-analysis con-
firmed a high specificity (84%) in comparison low
sensibility (69%).%°

DI-HS-MPI affords a reliable evaluation of myocar-
dial ischemia in less than 30 minutes. Several factors
may explain such positive results. The biological char-
acteristics of thallium-201 provide optimal contrast
between normally perfused and ischemic regions. DI-
HS-MPI reduces acquisition times with the possibility to
obtain images acquired in prone and supine positions.
Image acquisition in the prone position improved the
specificity for the evaluation of inferior wall abnormal-
ities by minimizing diaphragmatic attenuation.*”

Patients who had previously presented an STEMI or
NSTEMI were excluded. Recent studies showed the
influence of levels of microvascular injury to achieve
hyperemia sufficient to maintain the diagnostic use of
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Figure 3. Panel A shows stress thallium-201 supine acquisition /rest technetium-99m-sestamibi
supine acquisition sequential dual-isotope high-speed MPIL. Panel B shows stress thallium-201
prone acquisition. MPI showed SSS at eight in left anterior descending coronary artery territory.
MPI, myocardial perfusion imaging.
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Figure 4. Coronary angiogram of same patient presented on Figure 2A and B, which shows
haemodynamically relevant coronary artery stenosis on LAD. LAD, left anterior descending
coronary artery; LCX, left circumflex coronary artery; RCA, right coronary artery.

FFR.>* FFR reflects the hyperemic pressure gradient
across a specific epicardial lesion. The pressure gradient
is dependent upon the hyperemic response of the vessel
distal to a stenosis. It is known that post-MI scarring
reduces coronary microcirculation capacity.’*** In
CAD, focal stenosis, diffuse atherosclerotic narrowing,
and microvascular coronary dysfunction (MVCD) con-
tribute to limit myocardial flow. FFR < 0.80 are highly
unlikely when CMVD is present.”® Therefore, recent
studies comparing magnetic resonance MPI vs. FFR
excluded patients with a previous history of myocardial
infarction or acute coronary syndrome.”’

Why Use Thallium Under Stress at the Cost
of Greater Irradiation? Clinical Perspectives

The use of thallium from stress MPI at the expense
of a slightly higher irradiation is justified by arguments
related to the quantification of ischemia. Indeed, the
quantification of the ischemic burden is the cornerstone
of stable coronary heart disease management.’ %-*%2
While the physical properties of Thallium-201 might be
considered suboptimal (e.g., soft tissue attenuation, long
physical half life, and low energy), the kinetics of the
tracer is superior to those of MIBI. Specifically, the first

pass extraction fraction of thallium-201 (85%) compares
very favorably with that of MIBI (65%). In comparison,
99mTc-labeled tracers are a less efficient tracer for stress
imaging (extraction fraction: 65%). The lower myocar-
dial extraction of “’™Tc-labeled translates into
myocardial blood flow underestimation at high flow
rates induced by pharmacologic coronary vasodilatation,
resulting in smaller MIBI defect size at stress in
comparison to thallium-201. These consequences were
clinically documented in patients with coronary artery
disease.”'**! While thallium-201 diagnostic superior-
ity has not been demonstrated, the prognostic impact of
better tracer kinetics may be significant due to the
known prognostic value of ischemic burden assessment.
The combination of improved CZT detector spatial
resolution and thallium-201 superior kinetics is likely to
result in improved visualization of perfusion defects due
to improved detection of mild to moderate ischemia.
Moreover, the improved spatial resolution of CZT
detectors together with the use of thallium-201 during
stress might result in improved visualization of perfu-
sion defects due to endothelial dysfunction without any
significant CAD by IA and FFR. The use of thallium-
201 during stress might result in improved visualization
of perfusion defects due to coronary microvascular
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disease (CMVD) without any significant epicardial CAD
and probably increase sensibility at the expense of
specificity. Myocardial ischemia may occur in the
absence of overt epicardial, atherosclerotic disease as
assessed by coronary angiography due to the presence of
CMVD, which has recently emerged as a major inde-
pendent prognostic factor.’*** We have recently shown
that severe CMVD might be directly observed using
thallium-201 MPI in patients with no significant coro-
nary stenosis yet elevated IMR.** Finally, and unlike
99mT ¢ Jabeled tracers, thallium-201 has high heart-to-
liver and heart-to-spleen activity ratios irrespective of
the stress method used.* **™Tc-labeled tracers require a
significant delay between agent administration and
imaging to allow for clearance of the tracer from the
hepatobiliary system. In contrast, DI-HS-MPI provided
a reliable evaluation of myocardial ischemia in less than
30 minutes in the present study. Such time saving allows
an increase in the number of exams/day that are
performed in the nuclear medicine department. The
use of CZT technology for MPI is related to irradiation
levels between 5 and 32 mSv depending upon popula-
tion characteristics, with lower radiation doses being
reported in populations with a lower prevalence of
obesity.* In our study, 31% of patients presented with
obesity.

LIMITATIONS

The study was single-centered with relatively small
sample sizing. The population was free of reference bias
because coronary angiography indication was not based
on MPI data but on others elements thereby the use of
the normalcy rate was therefore avoided. Since all
patients were already referred for coronary angiography
and had a high pre-test-probability, previous positive or
inconclusive stress test, a selection bias was therefore
specifically introduced and our data might need to be
considered as preliminary. However, such methodology
and sample sizing are commonly used in previously
published studies evaluating MRI or CT vs. FFR.*®-’
Our data require confirmation on a larger number of
patients in a multicentric study using complete invasive
CMVD evaluation. Although SDS may be preferred to
evaluate myocardial ischemia, a SSS > 4 was rather
chosen in the present study in order to be methodolog-
ically consistent with our previously published study.’
Such an SSS threshold has also been used by others.*® In
our center, quantitative software for image detection is
not available for this technique that could improve
quantification of ischemia burden. A significant propor-
tion of CAD was made using stenosis percent at
angiogram but with threshold of 90% stenosis haemo-
dynamically relevant coronary artery stenosis is very
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likely. The recently developed CZT-technology pro-
vides the possibility to use a dual isotope protocol with
acceptable ionizing radiation. Indeed, in a population
with a mean age of 65 + 12 years, the effective dose was
12 mSv for our study protocol with the main radiation
dose coming from thallium-201. In comparison, the
effective dose was 11.9 mSv for the Berman study
protocol.® These effective doses are consistent with the
average dose found in nuclear cardiology departments in
North America, where SPECT is widely used for the
diagnosis of CAD.?® The possibility to use a lower dose
of thallium without impairing the timeliness and quality
of the images should therefore be evaluated. In this
setting, and considering the superior kinetics of thal-
lium-201 over *°™Tc-labeled tracers, one might also
emphasize that achieving the lowest injected dose
represents a goal that should be pursued while keeping
in mind both the controversial aspect of the linear, no
threshold hypothesis and the patient’s interest with
regard to diagnostic accuracy.*’

CONCLUSION

In patients with stable coronary disease, DI-HS-MPI
can detect functionally significant CAD with excellent
sensitivity, specificity, and positive and negative pre-
dictive values compared with FFR.

NEW KNOWLEDGE GAINED

We report here the first study evaluating the
diagnostic accuracy of DI-HS-MPI against invasively
determined FFR. DI-HS-MPI appears as a very fast and
efficient technique for the detection of haemodynami-
cally relevant coronary artery stenosis.
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