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Background. The objective of this study was to evaluate the accuracy of global MBF and
MFR quantitation performed by myocardial perfusion scintigraphy (MPS) for the detection of
multivessel coronary artery disease (CAD).

Methods. 52 CAD patients underwent CZT MPS, with the evaluation of MBF and MFR,
followed by invasive coronary angiography (ICA). According to MPS and ICA results, all
patients were divided into three groups: (1) non-obstructive CAD and normal MPS scan
(control group) (n = 7), (2) one vessel disease (1VD) (n = 16), (3) multivessel disease (MVD) (n =
29).

Results. Global absolute MBF and MFR were significantly reduced in MVD patients as
compared to those with 1VD [0.93 (IQR 0.76; 1.39) vs 1.94 (1.37; 2.21) mL�min21�g21, P =
.00012] and [1.4 (IQR 1.02; 1.85) vs 2.3 (1.8; 2.67), P = . 0 004], respectively. The Syntax score
correlated with global stress MBF (q = 2 0.64; P < .0001) and MFR (q = 2 0.53; P = .0003).
ROC analysis showed higher sensitivity and specificity for stress MBF and MFR compared with
semiquantitative MPS stress evaluation. Multivariate regression analysis showed that only
stress MBF [OR (95% CI) 0.59 (0.42-0.82); P < .0003] was an independent predictor of MVD.

Conclusions. Quantitative myocardial blood flow values assessed with the use of CZT
camera may identify high-risk patients, such as those with multivessel disease. (J Nucl Cardiol
2022;29:1051–63.)
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Abbreviations
AC Attenuation correction

CAD Coronary artery disease

CZT Cadmium-zinc-telluride

FFR Fractional flow reserve

ICA Invasive coronary angiography

MBF Myocardial blood flow

MFR Myocardial flow reserve

MPS Myocardial perfusion scintigraphy

MVD Multivessel disease

NAC Non-attenuation correction

PET Positron emission tomography

SPECT Single-photon emission computed

tomography

INTRODUCTION

Myocardial perfusion scintigraphy (MPS) on single

photon emission computed tomography (SPECT)

remains one of the most robust approaches for the

detection of coronary artery disease (CAD). However, in

specific groups of patients the diagnostic accuracy of

MPS is lower than expected. In particular, in patients

with multivessel disease (MVD) the sensitivity of MPS

with standard SPECT may be reduced because of the

possible underestimation of CAD extent due to balanced

ischemia. The new cadmium-zinc-telluride (CZT) cam-

eras seem to increase the accuracy in detecting MVD, as

already shown by an initial report.1 Interestingly, the

evaluation of absolute myocardial blood flow (MBF)

with positron emission tomography (PET) has been

demonstrated as the most robust technique for the

detection of MVD,2 but low availability and high cost of

cardiac PET hinder the wide spread of this method.3

More recently, some published papers demonstrated

the feasibility of MBF evaluation with the new CZT

cameras. Due to their hardware and software features,

these cameras can be used as PET, allowing to perform

PET-like dynamic acquisition and then to quantitate

MBF and myocardial flow reserve (MFR).4

While information about the correlation with inva-

sive coronary angiography (ICA),5 fractional flow

reserve (FFR)6,7 and PET MBF6,8 has been demon-

strated in several papers, the clinical value of these

analysis is not well established, particularly in high risk

patients.9 Interestingly, there is a lack of data related to

the diagnostic value of MBF and MFR derived by CZT

gamma-camera in terms of MVD diagnosing. To this

purpose, this study aimed at evaluating the added value

of SPECT CZT derived MBF and MFR assessment for

the detection of MVD.

METHODS

Study Design

Between October 2017 and November 2018, a total

of 56 consecutive patients with known or suspected

CAD were referred by clinicians to MPS evaluation

were enrolled in the study.

Patients were selected from those who were sub-

mitted to MPS scan accordingly to 2019 ESC Guidelines

for Chronic Coronary Syndromes. In particular, form all

patients that required an MPS scan, we selected all

patients with high risk of CAD and we submitted these

patients to CZT scan plus MBF evaluation. Further

patients were referred to diagnostic ICA due to clinical

reasons. Four patients showed completely normal MPS

scan and refused to be submitted to coronary angiogra-

phy, being excluded from the final analysis. Patients

with non-obstructed CAD but abnormal MPI were not

included in the study. Accordingly, 52 patients under-

went both CZT MPS with MBF and MFR calculation

and invasive coronary angiography. The interval

between MPS and coronary angiography was less than

3 weeks.

Patients with acute coronary syndrome, hemody-

namic instability, severely symptomatic heart failure,

known myocardial disease, moderate-to-severe cardiac

valvular disease, atrial fibrillation, prior revasculariza-

tion by CABG, contraindication to adenosine or iodine

administration were excluded from the enrollment.

The study was approved by the Local Ethical

Committee and conformed to the Declaration of Hel-

sinki on Human Research. Written informed consent

was obtained from every patient after explanation of the

protocol, its aims, and potential risks.

Patient Preparation

Patients were instructed to refrain from caffeine and

methylxanthine-containing substances and to avoid

nitrates, calcium channel blockers and beta-blockers

for at least 24 hours before the scan. All scans were

performed after an overnight fasting.

MPS Acquisition Protocol

All patients were imaged in the supine position with

arms placed over their heads. Before the first dynamic

acquisition, a low-dose CT scan (tube voltage 120 kV,

tube current 20 mA, rotation time 0.8 seconds, helical

pitch 0.969:1, slice thickness 5 mm, and interslice

interval on 5 mm) was performed for heart positioning

and for attenuation correction.
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Each patient underwent stress-rest CZT (Discovery

NM/CT 570c; GE Healthcare, Haifa, Israel) imaging

according to a single-day protocol.

3 MBq�kg-1 of 99mTc Sestamibi were injected at

rest using a syringe pump intravenously as a 5 mL bolus

(injection rate 1 mL�s-1) followed by saline flush (20

mL with the rate 2 mL�s-1, using an automatic injector

Ulrich Missouri XD 2001 Ulrich GmbH & Co. KG,

Ulm, Germany). List mode ECG-gated dynamic data

acquisition started just prior to the radiopharmaceutical

bolus injection and acquired for 610 seconds.

After 40 minutes from rest tracer injection, a 7

minute long standard ECG-gated (16 framed per cardiac

cycle) rest acquisition was performed using a dedicated

patient positioning tool in order to obtain the same

coordinates of the heart as in the previous scan. The

stress study was performed immediately after.

After 2 minutes of intravenous infusion of adeno-

sine (140 mcg�kg-1�min-1), a second dose of 99mTc

Sestamibi (9 MBq�kg-1) was injected and list mode

dynamic data acquisition of 610 s was started just prior

to the radiotracer injection. The infusion of adenosine

continued for additional 2 minutes.10 After that, as for

rest scan, patients were removed from the gamma-

camera and a stress standard ECG-gated scan was

acquired after 45 minutes from the tracer injection.

The quality of the dynamic data including time-

activity curves was good in all patients. The mean
99mTc-MIBI dose at rest was 258.9 ± 42.9 MBq (range

192–390 MBq); at stress 776.9 ± 128.7 (range 576–

1,170 MBq). The low-dose CT scan dose was 0.27 mSv.

The mean effective radiation dose was 8.46 ± 1.37 mSv

(range 6.41–12.75 mSv) per patient.

Invasive coronary angiography

All patients underwent quantitative coronary arteri-

ography on an Axiom Artis coronary angiography

system (Siemens; Erlangen, Germany). All coronary

artery stenoses were quantitatively assessed using ded-

icated software by an experienced reader (AEB).

Coronary artery stenosis C 70% in major epicardial

coronary arteries and C 50% in left main coronary artery

were considered as significant. Finally, the Syntax score

was calculated as a global measure of CAD extent and

severity.11 Multivessel disease patient were defined as

having 2 or 3 vessel disease ([70% stenosis); left main

CAD ([ 50% stenosis).

DATA ANALYSIS

Conventional CZT Data Reconstruction

Low dose CT scans were transferred to Xeleris worksta-

tion to obtain attenuation correction maps. The alignment of

perfusion and CT data was done with a visual control. CZT

images were reconstructed on the dedicated workstation

(Xeleris 4.0; GE Healthcare, Haifa, Israel) using maximum-

penalized-likelihood iterative reconstruction (60 iterations;

Green OSL a 0.7; Green OSL b 0.3) to acquire perfusion

images in standard cardiac axes (short axis, vertical long axis,

and horizontal long axis). The software Myovation for Alcyone

(GE Healthcare, Haifa, Israel) was used for image reconstruc-

tion, and Butterworth post-processing filter (frequency 0.37;

order 7) was applied to the reconstructed slices. The recon-

struction was performed in 70 9 70 pixels matrix with 50

slices.

Raw MPS-CZT data at stress and at rest were visually

analyzed for motion and attenuation artefacts. Stress/rest

images were analyzed with a commercially available software

package Corridor 4DM (University of Michigan, Ann Arbor,

MI, USA). The calculation of MPS parameters was performed

on both attenuation corrected (AC) and non-attenuation cor-

rected (NAC) images.

Each of 17 segments was scored based on semiquantita-

tive 5-point scoring system (from 0 = normal uptake to 4 =

absent radiotracer distribution).12 Accordingly, the sum of the

stress scores of all segments (SSS) and the sum of the rest

scores of all segments (SRS) were quantified. A summed

difference score (SDS) was calculated as the difference

between SSS and SRS. Moreover, a per-vessel analysis was

also performed with estimation of regional scores (SS, SR and

SD) for each coronary artery territory. The values of transient

ischemic dilation (TID) ratio were estimated.

Analysis of Gated Images

LV functional analysis was performed from 16-frames

reformatted images using commercially available software

(Corridor4DM, Invia, Ann Arbor, MI). The LVEF as well as

EDV and ESV during stress rest and were determined.

Dynamic CZT Data Analysis

Dynamic CZT imaging was processed as previously

published7 with changes in framing and Renkin-Crone equa-

tion parameters. In brief, the acquired data were initially

reconstructed (in 70 9 70 pixels matrix; 50 slices) and re-

binned into 21 frames: 18 frames of 10 seconds each and 3

frames of 120 seconds each. The reframed and corrected (for

stress dataset) dynamic images were reconstructed using

penalized maximum likelihood expectation maximization iter-

ative algorithm. Finally, the reconstructed dynamic images as

well as CT attenuation correction maps were processed by

4DM Reserve (2015 version) application. The time-activity

curves for the input function and whole left ventricular

myocardium as well as for the left anterior descending
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coronary artery (LAD), left circumflex coronary artery (LCX)

and right coronary artery (RCA) vessel territories were

generated semiautomatically. The region of interest (ROI) for

input function was located on the valve plane and including

parts of LV cavity and left atrium. Manual motion correction

of dynamic dataset was performed in accordance with man-

ufacturer’s recommendation.13 The myocardial retention rate

was estimated using generalized net retention model.14,15

To convert the tracer retention rate to MBF values the

Renkin-Crone flow model was used using parameters a =

0.880, b = 0.208.14 The value of MFR was calculated as MBF

ratio (MBF stress/MBF rest). Additionally, the absolute

difference between stress MBF and rest MBF as flow differ-

ence (FD) was calculated.16,17 Rest and stress quantitative

indexes were calculated with and without AC.

Determination of Intraobserver
and Interobserver Reproducibility
of the Quantitative Indexes

For intraobserver reproducibility 25 randomly selected

patients with at least a 1-month interval between measure-

ments were analyzed by an experienced nuclear radiologist

(AM). To test interobserver reproducibility these patients were

analyzed by two readers (KZ and AM).

Statistical Analysis

The distribution of continuous variables was checked by

using the Shapiro-Wilk W-test. Continuous variables were

expressed as mean ± standard deviation and as median with

quartiles (Q25–Q75). Kruskal–Wallis test was used to test

differential distribution of data in three groups. The level of

significance was adjusted for multiple testing using Bonferroni

error correction. Spearman test was used to estimate the

correlation coefficient between quantitative variables. To

evaluate the independent predictors of MVD, forward-stepwise

logistic regression analysis was used with an entry criterion of

P\ .05 and a removal criterion of P[ .1. Accuracy of MVD

detection was assessed by receiver operator characteristic

(ROC) analysis, reporting areas under the curve (AUC) and

their associated 95% confidence intervals (CIs). The best

values in the prediction of MVD were defined as the cut-off

point having the highest Youden Index. The values of areas

under curve were compared by the DeLong method. Intra- and

interobserver reproducibility was assessed with intraclass

correlation coefficients (ICC). Values were considered statis-

tically significant when P was\ .05. Statistical analyses were

performed using SPSS statistical software 19.0 (SPSS, Inc.,

Chicago, IL, USA) and MedCalc version 17.4 (MedCalc

Software, Mariakerke, Belgium).

RESULTS

Study Population

The clinical characteristics of patients are presented

in the Table 1. Based on invasive coronary angiography

and MPS data all patients were divided into three

groups: (1) patients without obstructive CAD and SSS\
4 (control group); (2) patients with significant CAD

(stenosis C 70%) in one major epicardial coronary artery

(one vessel CAD group, 1VD); (3) patients with at least

one C 70% stenosis in two or more major epicardial

coronary artery as well as patients with C 50% LMA

stenosis were included in the multivessel disease (MVD)

group.

ICA Results

According to per-patient analysis 6 (11%) patients

had C 50% stenosis in the LMA; 35 patients showed

significant lesions in the LAD, 26 patients in the LCX

and 23 patients in the RCA. The value of Syntax score

was 15.0 (IQR 8.0; 22.0). At per-vessel analysis, in 1VD

patients a significant coronary stenosis was found in 13

LAD vessels, 3 LCX vessels and 0 RCA vessel; while in

the MVD group 6, 24, 24 and 23 obstructive lesions

were detected in LMA, LAD, LCX and RCA vessels,

respectively.

MPS Analysis

The results of conventional and quantitative MPS

parameters are presented in Table 2.

Attenuation corrected SSS and SDS did not differ

significantly between 1VD and MVD groups whereas

SRS and TID ratio were comparable between all three

groups. On the contrary, NAC SSS was significantly

higher in MVD group compared to 1VD one (P = .02).

At quantitative analysis, both AC and NAC stress MBF

and MFR were significantly lower in patients with MVD

than in control group or 1VD. Among functional

indexes, only stress ESV and EF were significantly

lower in MVD when compared to 1VD. An example of a

patient with MVD is presented in Figure 1.

A significant correlation between MPS results (with

AC) and Syntax score was found. In particular, the

Syntax score correlated with stress MBF (q = - 0.64; P
= .000001), MFR (q = - 0.53; P = .0003), FD

(q = - 0.54; P = .0002), SSS (q = 0.48; P = .0002),

SDS (q = 0.44; P = .001), and stress EF (q = - 0.41; P =

.01). The Syntax score showed lower correlations with

NAC quantitative MPS parameters as compared to those

with AC. No statistically significant correlation between

1054 Zavadovsky et al Journal of Nuclear Cardiology�
The diagnostic value of SPECT CZT quantitative myocardial blood flow May/June 2022



the Syntax score and visual NAC MPS indexes were

found (Supplementary Material).

Predictors of MVD

History of previous myocardial infarction, AC SSS,

SRS, stress MBF, MFR, FD, stress EF resulted the only

variables predicting MVD (Table 3). However, multi-

variate logistic regression analysis showed that only AC

stress MBF [OR (95% CI) 0.59 (0.42-0.82); P\ .0003]

was an independent predictor of MVD. According to

univariate regression analysis NAC SSS, SDS stress

MBF, MFR, FD allowed to predict MVD even if the

statistical power of the same parameter evaluated with

AC (except SDS) is higher, as indicated with the odds

ratios (Supplemental Table 1). In accordance to AC data

analysis, multivariate logistic regression demonstrated

that only NAC stress MBF was an independent predictor

of MVD, however the prognostic significance was lower

compared to AC stress MBF [OR (95% CI) 0.87 (0.77-

0.97); P = .01].

Representative ROC curves for the evaluation of

the accuracy of the most important scintigraphic

predictors of MVD are shown in Figure 2. The AC

stress MBF ROC curve showed the higher accuracy (P
= .03) when compared to the AC SSS ROC curve,

Table 1. Patient characteristics

Demographics
and clinical
characteristics

All
patients

Control
group 1VD MVD

P (control
group vs
1VD)

P
(1VD
vs

MVD)

Number of patients 52 7 16 29

Age (years) 60.6 ± 7.5 60.2 ± 4.9 59.1 ± 7.44 61.3 ± 8.5 NS NS

Male gender, n (%) 39 (75) 6 (86) 11 (69) 22 (76) NS NS

Known CAD, n (%) 30 (58) 0 (0) 10 (62) 20 (69) .007 NS

Previous MI, n (%) 35 (67) 0 (0) 10 (63) 25 (86) .007 NS

Cardiovascular symptoms

Typical angina, n (%) 20 (38) 0 (5) 5 (31) 15 (52) NS NS

Atypical angina, n (%) 23 (44) 6 (86) 7 (44) 10 (34) NS NS

Non-anginal chest

pain, n (%)

9 (17) 1 (14) 4 (25) 4 (14) NS NS

NYHA class

0, n (%) 11 (21) 7 (100) 2 (12.5) 2 (7)

I, n (%) 6 (11) 2 (12.5) 4 (14)

II, n (%) 30 (58) 11 (69) 19 (65)

III, n (%) 5 (10) 1 (6) 4 (14)

Cardiovascular risk factors

Family history of CAD,

n (%)

13 (25) 1 (14) 4 (25) 8 (27) NS NS

Diabetes, n (%) 15 (29) 2 (29) 4 (24) 9 (31) NS NS

Hypercholesterolemia,

n (%)

20 (38) 3 (43) 9 (56) 13 (45) NS NS

Hypertension, n (%) 46 (88) 5 (71) 12 (75) 29 (100) NS .01

Smoking, n (%) 31 (60) 1 (14) 11 (68) 19 (66) .02 NS

Body mass index (m2)

(IQR)

28.7 (26.1;

32.7)

26.3 (23.8;

30.35)

29.7 (25.9;

31.7)

28.4 (26.8;

33.6)

NS NS

Coronary data

Syntax score (IQR) 14.5 (7.5;

22.5)

5 (5.0; 6.5) 9.0 (7.0;

12.0)

21.5 (17.7;

27.1)

.004 .0002

All data are presented as mean ± SD, median and interquartile range (IQR) and n (%)
1VD, one vessel disease; CAD, coronary artery disease; MI, myocardial infarction; MVD, multivessel disease; NYHA, New York
Heart Association
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indicating the added value of quantification of absolute

MBF versus the semiquantitative MPS analysis. ROC

curves for NAC SSS, stress MBF, MFR and FD are

presented on Figure 1 in Supplementary Material. In

line with AC data, NAC stress MBF allowed identi-

fying MVD better than NAC SSS, with slightly greater

sensitivity and lower specificity (Supplemental

Figure 1).

Finally, per-vessel analysis confirmed the role of

absolute MBF in detecting MVD (Figure 3), showing

that regional AC stress MBF value correlated better than

semiquantitative variables with severity of coronary

stenosis.

Reproducibility Test Results

ICC values showed good inter-operator repro-

ducibility for global rest MBF (ICC 0.86, 95% CI

0.77-0.91), global stress MBF (ICC 0.82, 95% CI 0.74-

0.88), and global MFR (ICC 0.89, 95% CI 0.82-0.93).

Intraobserver reproducibility also showed good ICC

results for global rest MBF (ICC 0.84, 95% CI 0.76-

0.89), global stress MBF (ICC 0.79, 95% CI 0.67-0.88),

and global MFR (ICC 0.81, 95% CI 0.73-0.88)

DISCUSSION

The main finding of this study is the additional

diagnostic value of absolute stress MBF derived by CZT

camera in the evaluation of obstructive lesion burden. In

particular, the use of stress MBF can be of help in the

detection of patients with multivessel disease. A corre-

lation between stress MBF with the Syntax score has

been also revealed. To our knowledge, this is the first

report where stress MBF obtained by CZT SPECT was

an independent predictor of high-risk patients. Further-

more, the direct comparison between semiquantitative

MPS indexes such as SSS and SDS and quantitative

CZT SPECT derived indexes was performed in patients

with one- and multivessel disease.

In line with earlier works5,18 better diagnostic

accuracy of quantitative dynamic SPECT indexes such

as MBF and MFR versus visual parameters was

revealed. Corresponding with previous studies we

demonstrated the feasibility of CZT SPECT in assess-

ment of stress MBF and MFR in CAD patients and

decreased values of global stress MBF in multivessel

disease.5,6,9 Moreover, previous studies enrolled small

number of high-risk patients and showed mainly the

diagnostic value of MFR. In this study, higher accuracy

of stress MBF to detect high-risk patients compared to

low risk patients has been shown.

In our study the correlation of stenosis severity

versus regional stress MBF was higher by using ACT
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images compared to NAC. Moreover, the accuracy of

AC data in identifying MVD was higher rather than the

use of NAC data. These results confirm the previously

published data regarding more accurate MBF and MFR

estimation by using SPECT CZT with attenuation

correction.19,20 Our results suggest that the use of AC

could be of help when CZT SPECT is used for MVD

identification.

Figure 1. Example of MPS results in patient with multivessel coronary artery disease. A 69 years
old male with multivessel disease (LAD 95%, LCX 90% and RCA 95%). (A) Result of quantitative
dynamic SPECT. The obtained results indicate a normal pattern of the rest AC values of MBF, with
a minimum increase of the same values after stress, with a reduction in the MFR. (B) The
qualitative evaluation shows perfusion abnormalities in the postero-lateral wall, with an
underestimation of the ischemic burden. AC, attenuation correction; LAD, left anterior descending
artery; LCX, left circumflex artery;MC, motion correction; mL�min-1�g-1, milliliters per minute per
gram; RCA, right coronary artery; Reserve, coronary flow reserve; Rst, rest; Str, stress; TOT, total
value.
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The Clinical Value of Absolute MBF
Assessment

Currently, PET imaging is the most established and

clinical proofed approach to assess MBF and MFR.21,22

It is also known that stress MBF is a diagnostic and

prognostic factor in patients with microvascular dys-

function.23 According to recent data,24–26 stress MBF

has also prognostic significance in terms of cardiac

death and MI.

Interestingly, absolute MBF has been demonstrated

of having a better accuracy in the evaluation of patients

with stable angina and intermediate risk of CAD as

compared not only to semiquantitative analysis but also

to MFR.27,28 Moreover, stress MBF was an independent

predictor of the left ventricular function impairment

both in patients with and without previous MI.29

The quantification of MBF is relevant in patients

with multiple coronary artery lesion or microvascular

dysfunction, because of the relatively high prevalence of

false negative results at semiquantitative analysis (i.e.

balanced ischemia) with standard SPECT. To this aim,

several PET studies demonstrated that quantitative

assessment of perfusion imaging is superior in compar-

ison to qualitative analysis in terms of diagnostic

accuracy.30,31 On the contrary, myocardial perfusion

evaluation by SPECT remains one of the most used

technique due to its availability and the lower costs.

Nevertheless, standard SPECT does not allow to quan-

tify absolute MBF and, as previously published, may

underestimate the severity of CAD, particularly in

patients with extensive CAD.32

The new CZT cameras dedicated to MPS allow to

acquire dynamic images4 and thus to quantify

MBF.20,33,34

Accordingly, the use of this camera could overcome

the limits of PET availability and cost for the evaluation

of absolute MBF and MFR, making possible to quan-

titate these values for clinical purpose.

CZT Quantification of MBF
for the Evaluation of MVD

The results of our study indicate that the evaluation

of CZT regional and global MBF added a significant

value in the risk stratification of the different groups of

patients. This result is of relevance in terms of clinical

decision making, because it allows to detect patients

with MVD during a functional test and thus to evaluate

the risk of each patient.

Previous study indicated that there was a correlation

between absolute and normalized MBF as well as MFR

with ICA data,5 and the authors underlined the value of

Table 3. Univariate predictors of multivessel disease

Characteristic OR (95% CI) P value

Age (years) 1.05 (0.99-1.12) .07

Male gender 1.10 (0.3-3.91) .87

Previous MI 8.1 (2.12-31.0) .03

Smoking, current and former 2.03 (0.65-6.33) .2

Diabetes mellitus 1.27 (0.37-4.31) .69

Hypercholesterolemia 0.74 (0.21-2.23) .59

Family history of CAD 1.37 (0.38-4.94) .62

AC SSS 1.28 (1.08-1.52) .004

AC SRS 1.29 (1.00-1.65) .04

AC SDS 1.17 (0.98-1.40) .06

AC stress MBF (per each 0.1 mL�min-1�g-1) 0.70 (0.59-0.84) .0001

AC MFR (per each 0.1) 0.74 (0.63-0.87) .0005

AC FD (per each 0.1 mL�min-1�g-1) 0.7 (0.58-0.84) .0002

Stress EF (%) 0.9 (0.83-0.99) .03

EDV (mL) 1.0 (0.99-1.03) .08

ESV (ml) 1.04 (0.99-1.08) .06

The dependent variable was the presence of multivessel disease
MFR, myocardial flow reserve; CI, confidence interval; EDV, end diastolic volume; EF, ejection fraction; ESV, end systolic volume;
FD, flow difference; MBF, myocardial blood flow; MI, myocardial infarction; mL�min-1�g-1, milliliters per minute per gram; OR,
odds ratio; SDS, summed difference score; SRS, summed rest score; SSS, summed stress score
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Figure 2. ROC curves for AC SPECT parameters comparing global left ventricular perfusion and
flow parameters for MVD identification. (A) The ROC curve for the SSS values indicates a cut off
of[ 7 as the best predictor for the identification of MVD (AUC = 0.74; 95% CI 0.6-0.85; P =
.0004; sensitivity 69%; specificity 69%); (B) the ROC curve for stress MBF demonstrates that the
cut-off of B 1.57 is the best predictor of MVD (AUC = 0.9; 95% CI 0.78-0.97; P \ .0001;
sensitivity 85.2%; specificity 81.0%); on the bottom (C) and (D) indicate the best cut-off value for
FD (AUC = 0.88; 95% CI 0.76-0.96; P\ .0001; cut-off value B 0.83; sensitivity 88.9%; specificity
85.0%) and MFR (AUC = 0.88; 95% CI 0.78-0.96; P\ .0001; cut-off value B 1.91; sensitivity
88.9%; specificity 80.0%), respectively.
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MFR, as an index which correlates with stenosis severity

and CAD extent.

More than this, the results of the present study

indicate that stress MBF, as previously reported in PET

studies, may be better used in the evaluation of patients

with suspected CAD, increasing the sensitivity and

specificity in detecting not only 1VD, but also MVD.35

As previously demonstrated with PET,25 the mean

values of stress MBF and MFR obtained in this study,

were statistically lower in patients with MVD than in

those with 1VD or in patients without significant

stenosis. This data is of relevance, because MBF and

MFR threshold values obtained in this study can be used

in addition to the presence of stress perfusion abnor-

malities to increase the accuracy in identifying patients

with higher risk.

Furthermore, after adjusting for clinical parameters

and other myocardial perfusion indexes only stress MBF

remained an independent predictor of MVD, underlined

the impact of this variable in the evaluation of CAD

extent.

This result is particularly relevant if considering the

consistent number of ‘‘difficult’’ patients with diabetes,

obesity, known MVD where the use of functional tests is

necessary for the evaluation of risk stratification and

where the detection of abnormal MBF in more territories

can be of help in the clinical decision making. On the

other hand, the extrapolation of our result to populations

with a lower prevalence of obstructive CAD (i.e. general

population) should be careful because of global MBF

and MFR values in the cases of both multivessel CAD

and microvascular dysfunction may be reduced.

Our results suggest that the use of CZT MBF

quantification could be useful to identify high-risk CAD

patients. More multicenter and multivendor studies are

needed to confirm these data before applying it

routinely.

LIMITATION

The power of this study is limited by the consec-

utive nature of the enrollment and the small number of

patients. The number of affected vessels was established

on quantitative ICA data without the use of FFR. No

comparison of CZT values with PET was done. In 1VD

group patients there were no stenosis in RCA that could

be a bias in regional analysis. It this study we use

stable CAD subjects without obstructive CAD and with

risk factors as a control group. It could result in some

underestimation of intergroup difference in terms of

stress MBF and MFR values. Most of patients in this

study have obstructive CAD that may affect the values

of accuracy. The low range of stress flow values was

obtained by CZT compared to previous PET studies. It

could be related to different acquisition technique,

intrinsic tracer limitation and flow model issues. It

determines the necessity in certain cut-off values for

identification of high-risk patients by using CZT

SPECT.

NEW KNOWLEDGE GAINED

On global and regional level, quantitative myocar-

dial perfusion parameters allowed to identify high-risk

disease better than semiquantitative indexes. Higher

Figure 3. Correlation between regional AC stress MBF and perfusion abnormalities and coronary
stenosis. Regional MBF (A) shows the best correlation in the detection of coronary stenosis, when
compared to regional perfusion score (B) in the same territory.
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accuracy of stress MBF to detect high-risk patients

compared to low risk patients has been shown.

CONCLUSIONS

The use of absolute myocardial blood flow analysis

with the CZT camera may identify high risk patients

with multivessel disease. This approach could be used in

clinical practice, increasing the accuracy in the evalu-

ation of patients with known or suspected coronary

artery disease.
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