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Abstract: Aim to evaluate the relationships between functional and anatomical information obtained by myocardial perfusion imaging 
(MPI) and coronary computed tomography angiography (CCTA) in a series of consecutive patients at intermediate probability of coronary 
artery disease (CAD).  
Material and Methods — The study group comprised 139 patients (83 men, age of 61.6±7.5 years) who underwent CCTA and single-photon 
emission computed tomography myocardial perfusion imaging (SPECT-MPI). Based on CCTA results patients were divided into three 
groups: 1) with the absence of coronary atherosclerosis on CCTA; 2) with non-obstructive CAD (<50%); 3) with obstructive (≥50%) CAD. The 
Segment Involvement Score, Segment Stenosis Score (SSS) and CTA Risk Score were calculated as measures of global atherosclerosis 
burden. MPI studies were considered abnormal in the presence of SSS≥4.  
Results — Abnormal myocardial perfusion was detected in 60% of cases in group 1 and 2; in 75% of cases in group 3. The overall 
frequencies of normal and abnormal MPI studies differed significantly only in obstructive CAD patients and did not differ in group 1 and 2. 
There were no significant correlations between calcium score, atherosclerotic lesion length, positive remodelling index and MPI results in 
patients with non-obstructive as well as in patients with obstructive CAD. In group of patients with obstructive CAD Segment Stenosis Score 
correlated wekly with SSS (r=0.39, p=0.001) and SDS (r=0.28; p=0.012); the CTA Risk Score showed correlationes with SSS (r=0.38, p=0.002) 
and SDS (r=0.30, p=0.020).  
Conclusion — Myocardial perfusion abnormalities may develop even in the absence of critical coronary artery lesions. The extent of 
myocardial ischemia correlates with measures of global CAD burden only in patients with obstructive CAD.  
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Introduction  

Nuclear cardiology and coronary computed tomography 
angiography (CCTA) imaging are included in the management flow 
charts of patients with chest pain and suspected coronary artery 
disease (CAD), providing complementary insight into coronary 
anatomy and function. Specifically, myocardial perfusion imaging 
(MPI) with single photon emission computed tomography (SPECT) is 
still the most performed non-invasive imaging modality for the 
evaluation of myocardial perfusion, allowing to assess the functional 
severity of a given coronary stenosis and to perform an in-depth 
characterization and risk stratification of patients with ischemic 
heart disease (IHD) [1]. On the other hand, CCTA has become the 
reference standard for the non-invasive assessment of coronary 
anatomy, allowing to readily quantify coronary stenosis severity, 
assess the plaque structure and to exclude accurately the presence 

of anatomically obstructive CAD. However, despite its widespread 
diffusion in the clinical arena, CCTA is unable (except when using 
fluid dynamic analysis) to assess the functional significance of 
coronary lesions, possibly leading to the over-diagnosis of CAD, and 
posing the conditions for the inappropriate referral of patients to 
invasive procedures and revascularizations [2].  

The combination of coronary anatomic and functional 
information as provided by integrated CCTA/MPI imaging could 
allow the evaluation of the regional interaction between CAD and 
downstream myocardial perfusion abnormalities, guiding patients 
clinical management. In this context, while focal coronary stenosis 
and diffuse CAD may both impair profoundly regional myocardial 
perfusion [3], a detailed evaluation of their relative effect on 
myocardial perfusion abnormalities in patients submitted to 
combined CCTA/MPI assessment has not been fully explored.  
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The aim of this study was to evaluate the relationships 
between functional and anatomical information obtained by MPI 
and CCTA in a series of consecutive patients at the intermediate 
probability of CAD. Moreover, a detailed analysis of 
atherosclerotic burden indices versus MPI results was obtained, in 
order to explore the relative impact of diffuse atherosclerosis on 
the myocardial ischemic burden. 

 

Material and Methods 

Study population and study design 

Between June 2015 to August 2016 in our department, 660 CCTA 
and 1770 SPECT-MPI were performed. From them we retrospectively 
selected patients with the following criteria: 1) age >21 years; 2) 
intermediate (15-85%) pre-test probability of stable CAD [4]; 3) who 
underwent both CCTA and MPI SPECT within not more than 7 days 
without any invasive interventions and/or clinical events in this period. 
The reasons for the second noninvasive test were: unclear results of 
the first test or the myocardial perfusion assessment in cases of 
moderate and severe coronary artery stenosis. 

Exclusion criteria were as follows: contraindication to adenosine 
or iodine administration, hemodynamic instability, acute coronary 
syndrome, myocardial inflammatory diseases, storage diseases, 
moderate-to-severe cardiac valvular disease, renal insufficiency 
(serum creatinine level >1.5 mg/dl), atrial fibrillation, ventricular 
arrhythmias (grade III-V according to the Lown’s classification), known 
CAD (previous myocardial infarction (MI) or revascularization).  

Based on forementioned criteria a total of 139 patients were 
selected.  

To assess myocardial perfusion patterns depending on the 
results of the CCTA all patients were divided into three groups: 1) 
with the absence of coronary atherosclerosis on CCTA; 2) with 
angiographically non-obstructive CAD (at least one <50% stenosis 
in one or more coronary arteries and the absence of CA stenosis 
≥50%); 3) with obstructive (≥50%) CAD. 

 

Patient preparation and protocols 

All CT and SPECT studies were performed using hybrid system 
(GE Discovery NM/CT 570С; GE Healthcare, Milwaukee, WI, USA) 
equipped with dedicated cardiac Cadmium-Zinc-Telluride (CZT) 
gamma camera and 64-slice CT scanner.  

CT coronary angiography. An unenhanced coronary artery 
calcium scoring scan was obtained according to the following 
protocol: prospective triggering at 75% of R-R interval; tube 
voltage of 120 kV; tube current of 435 mA. 

Heart rate and blood pressure were evaluated before each 
scan. Patients with a heart rate higher than 60 bpm were treated 
with intravenous infusion of 1mg metoprolol before CT scan and 
all patients received 0.5 mg of sublingual nitroglycerin.  

For the contrast-enhanced scans, 70-90 mL of non-ionic 
contrast agent (Iopamidol 370 mg iodine/mL, Bracco Diagnostics, 
Italy) was injected intravenously through an 18-gauge antecubital 
catheter at a flow rate of 5-5.5 mL/s followed by 40 mL of saline.  

In patients with heart rate ≥55 bpm a helical scan with 
retrospective ECG gating protocol was used and in those with heart 
rate <55 the prospective ECG gating protocol was performed. The 
acquisition parameters were as follows: tube voltage of 120 kV; tube 
current of 300-600 mA using ECG modulation with maximum tube 
current between 40-80% phases and minimum tube current in 

remaining phases. Estimated radiation doses ranged from 1,5-3 mSv 
by using retrospective synchronisation and 10 to 25 mSv in cases of 
prospective synchronisation. 

 

Myocardial perfusion imaging 

Stress protocols. 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 
h before the scan. All scans were performed after an overnight 
fasting.  

Pharmacologic stress testing with adenosine was performed in 
all patients. Adenosine was administered intravenously at 140 
mcg/kg/min for 6 min, and the radiopharmaceutical was injected 
at the end of minute 3 [5]. The heart rate, systemic blood 
pressure, and 12-lead electrocardiogram (ECG) were monitored 
before, throughout, and after the infusion of vasodilator. 
Pharmacologic stress testing did not lead to atria-ventricular 
conduction delay and/or to ST segment depression in any patient.  

All patients underwent a two-day stress-rest ECG-gated MPI on 
a solid-state detector CZT cardiac gamma camera (GE Discovery 
NM/CT 570C). Myocardial perfusion imaging (MPI) scans were 
acquired using low-energy multi-pinhole collimator and 19 
stationary detectors simultaneously imaging 19 different views 
without detector rotation. Each detector contained 32×32 
pixelated (2.46×2.46 mm) CZT elements. 20% energy window at 
140 keV was used. The images were acquired 60 min after 

99m
Tc-

sestamibi (370 MBq) injection for both the stress and rest studies. 
All patients were imaged in the supine position with arms placed 
over their heads. The acquisition time was 7 min. The mean 

99m
Tc- 

MIBI dose at rest was 370 MBq at stress and stress. 

CT attenuation correction. To obtain attenuation map, low-
dose unenhanced CT scan without ECG triggering and breath-hold 
was performed in all patients with the following parameters: tube 
voltage of 120 kV, tube current of 20 mA, rotation time of 0.8 s, 
helical pitch 0,969:1, slice thickness of 5 mm, and interstice 
interval of 5 mm for both stress and rest [6].  

 

Data analysis 

All CCTA images were interpreted by two experienced readers 
blinded to MPI results. Discrepancies in interpretations were 
resolved by consensus. Axial images, curved multiplanar 
reformations, and thin-slab maximum-intensity projections were 
used for dataset analysis on the dedicated workstation (Advantage 
Workstation 4.6; GE Healthcare). 

Coronary artery calcium analysis. Coronary artery calcium 
score was calculated with dedicated SmatScore 4.0 software 
(Advantage Workstation; GE Healthcare) according to the method 
of Agatston et al. [7]. 

Coronary CTA image analysis. In the case of retrospective CCTA 
scans, images were reconstructed at 75% of the cardiac cycle with 
slice thickness of 0.625 mm. In cases of heart rate artefacts, other 
reconstruction windows were used (from 40% to 65% of the R-R 
cycle). All coronary artery segments were analyzed and divided 
into four levels of quality as follows: level 1: excellent quality 
(absence of motion, heart rate, and other artefacts; clear 
delineation of vascular contours); level 2: good quality (non 
significant artefacts, minimal blurring of vascular structures); level 
3: adequate quality (moderate artifacts and/or blurring); and level 
4: poor quality (significant artefacts and/or blurring; not 
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evaluative). Only segments without significant artefacts (levels 1 to 
3) were used for further analysis (1421/1480, 96%). According to 
Heart Association Modified Classification, coronary arteries were 
subdivided into 16 segments [8]. Only segments with a diameter of 
≥2.0 mm were included. In each segment, a degree of stenosis was 
measured in cross-section and curved multiplanar reconstructions.  

Beyond the stenosis severity the following plaque 
characteristics were assessed: Agatston calcium score, positive 
remodelling index [9], total atherosclerotic lesion length, plaque 
structure (soft-tissue, mixed or calcified).  

For the global atherosclerosis burden assessment, three 
previously established integrated indexes were assessed: 
computed tomographic angiography (CTA) Risk Score, Segment 
Involvement Score and Segment Stenosis Score. CTA Risk Score 
was calculated based on the stenosis location, severity and plaque 
structure [10]. The Segment Involvement Score was calculated as 
the total number of coronary artery segments with atherosclerotic 
plaques regardless of the degree of stenosis [11]. Also the 
Segment Stenosis Score was calculated. For this, each coronary 
segment was graded using a 5-point scoring system (0 = no plaque; 
1=1-24% stenosis; 2=25-49% stenosis; 3 = 50-69% stenosis; and 
4=≥70% stenosis) [12].  

SPECT data processing. All MPI images were interpreted by 
two experienced nuclear cardiology physicians. Low dose CT scans 
were transferred on a Xeleris workstation to obtain attenuation 
maps for attenuation correction.  

The attenuation correction process was described in [13]. The 
quality control was performed visually by an alignment of CT and 
SPECT images of the LV. 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 Alpha 0.7; Green OSL Beta 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 reconstruction, 
and Butterworth post-processing filter (frequency 0.37; order 7) 
was applied to the reconstructed slices. The reconstruction was 
performed in 70×70 pixels matrix with 50 slices. 

MPI data analysis. Raw MPI-CZT data at stress and at rest were 
visually analysed for motion and attenuation artefacts. Stress/rest 
images were analysed with a commercially available software 
package Corridor 4DM (University of Michigan, Ann Arbor, MI, 
USA). The calculation of MPI parameters was performed based on 
uncorrected and attenuation corrected image analysis. 

Perfusion in each of 17 segments was visually classified as 
0=normal, 1=mild reduction, 2=moderate reduction, 3=severe 
reduction or 4=absent perfusion, and the segmental scores were 
summed for the stress (SSS) and rest (SRS) images. The difference 
between SSS and SRS was calculated as the summed difference 
score (SDS). MPI studies were considered abnormal in the 
presence of SSS≥4 [14]. Each perfusion defect was assigned to one 
or more coronary territories according to the standardized 
myocardial segmentation model. 

The results of CCTA were used for coronary dominance 
assessment. In patients with the left coronary dominance, the 
inferior (4, 10, 15) and infero-lateral (5, 11) segments were 
assigned to the LCx territory, and all four apical segments (13, 14, 
16 and 17) were assigned to the left anterior descending territory. 
In patients with the right dominant coronary system, the inferior 
(4, 10), inferolateral (5, 11), and apical inferior (15) segments were 

assigned to the RCA territory. Remaining four apical segments (13, 
14, 16, and 17) were assigned to the LAD artery territory [15]. 

 

Statistical analysis 

The distribution of continuous variables was checked by using 
the Shapiro-Wilk W-test. Continuous variables were expressed as 
mean with standard deviation (M±SD) and as median with 
interquartile range (IQR). Categorical variables were presented as 
numbers and percentages – n (%). Group comparisons were 
performed using the nonparametric Kruskal–Wallis test. Statistical 
comparisons between two groups were performed by the Mann—
Whitney U-test. Categorical variables were compared using the 
Fisher's exact test. Spearman test was used to estimate the 
correlation coefficient between quantitative variables. All tests 
were 2-sided; a p<0.05 was considered to be significant. 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 

Patient characteristics 

According to including and excluding criteria the were selected 
139 patients, whose characteristics are presented in Table 1.  

Pre-test CAD probability was 15-65% in 95 (68%) and 66-85% 
in remaining 44 (32%) patients. Most of the patients had 
hypertension (80%), half of them had hypercholesterolemia and 
just under a third diabetes mellitus. Interestingly, among the 12 
patients with normal results of CCTA and abnormal MPI all had 
pretest probability of CAD more >65% and hypertension (two of 
them with hypertensive crisis), 9 (75%) had diabetes mellitus. 

 

 

Table 1. Characteristics of the study population (n=139) 

Parameters Value 

Gender, M/F, n 83/56 
Age, years, M±SD 61.6±7.5 

Risk factors for CAD  
Diabetes mellitus (type 2), n (%) 39 (28%) 
Hypertension, n (%) 112 (80%) 
Hypercholesterolemia, n (%) 65 (47%) 
Positive family history, n (%) 32 (23%) 
Current smoking, n (%) 23 (17%) 
Obesity (BMI ≥30 kg/m2 ), n (%) 89 (64%) 

Symptoms 
Dyspnea, n (%) 12 (9%) 
Nonanginal chest pain, n (%) 58 (42%) 
Atypical angina pectoris, n (%) 35 (25%) 
Typical angina pectoris, n (%) 46 (33%) 

Pretest likelihood of CAD 
Intermediate (15-65%), n (%) 95 (68%) 
Intermediate (66-85%), n (%) 44 (32%) 

Coronary calcium score (Agatston) 
0, n (%) 37 (27%) 
1–99, n (%) 42 (30%) 
100–399, n (%) 33 (24%) 
≥400, n (%) 27 (19%) 

M±SD, mean with standard deviation; numbers and percentages – n (%); 
M, male; F, female; CAD, coronary artery disease; BMI, body mass index. 
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Table 2. Characteristics of myocardial perfusion disturbances depending on coronary artery stenosis degree 

 
All patients 

(n=139) 
Group 1 
(n=20) 

Group 2 
(n=54) 

Group 3 
(n=65) 

Kruskal-Wallis 
test p-value 

Mann Whitney test p-value 

Group 1 vs Group 2 Group 1 vs Group 3 Group 2 vs Group 3 

SSS 5.0 (3.0; 9.0) 4.5 (2.5; 7.0) 4.0 (3.0; 6.0) 8.0 (4.0; 11.0) p=0.0016 p=0.804 p=0.009 p=0.001 

SRS 1.0 (0; 3.0) 1.0 (0; 2.0) 1.0 (0; 3.0) 2.0 (1.0; 3.0) p=0.0079 p=0.898 p=0.020 p=0.010 

SDS 4.0 (3.0; 7.0) 4.0 (6.0; 6.5) 3.0 (2.0; 5.0) 6.5 (3.0; 9.0) p=0.0008 p=0.229 p=0.087 p=0.001 

SSS, summed stress score; SRS, summed rest score; SDS, summed difference score.  

 

 

 
Figure 1. The percentage of normal and abnormal MPI in patients wihtout 
coronary atherosclerosis, with non-onstrictive and obstructive CAD. 

 

Evaluation of anatomical results 

Segment-based analysis showed that there were 471 segments 
with atherosclerotic plaques: 32 (7%) in the LM, 225 (48%) in the 
LAD, 103 (22%) in the LCx, and 111 (23%) in the RCA.  

Over all coronary arteries, the average Segment Involvement 
Score was 4.0 (IQR 2.0, 6.0); Segment Stenosis Score was 7.5 (IQR 
3.0, 13.0); CTA Risk Score 11.4 (IQR 5.9, 17.2).  

There were 135 (25%) soft-tissue, 88 (16%) mixed and 320 
(59%) calcifed atherosclerotic plaques. The total coronary calcium 
score was 83 (interquartile range 0.0; 320.0) Agatston units. 37 
(27%) patients had calcium score 0; 42 (30%) patients - coronary 
calcium score 1-99; 33 (24%) patients coronary calcium score 100-
399 and 27 (19%) of patients had coronary calcium score ≥400 
Agatston units.  

Obviously, the values all integrated indexes of coronary 
atherosclerosis in the group 1 were equal to zero. In the patients 
with obstructive CAD, compared with patients with non-
obstructive CAD, the values of Segment Involvement Score {5.0 
(IQR 4.0, 7.0) vs 3.0 (IQR 2.0, 5.0), p<0.001}, Segment Stenosis 
Score {12.0 (IQR 8.0, 16.0) vs 4.0 (IQR 3.0, 6.0), p<0.001} and CTA 
Risk Score {15.91 (IQR 12.0, 21.8) vs 9.8 (IQR 6.0, 13.6), p<0.001} 
were significantly higher. Moreover in patients wih ≥50% stenosis 
in comparison with <50% the following CCTA indexes were also 
significantly higher: calcium score {231.0 (83.0, 632.0) vs 41.5 (1.0, 
176.0), p<0.001}, atherosclerotic lesion length {44.7 (26.2, 67.3) vs 
15.4 (8.7, 33.7) mm, p<0.001} and positive remodelling index {6.13 
(3.0, 8.2) vs 3.2 (1.4, 5.9), p=0.010}.  

 

Functional versus anatomical results 

Normal stress – rest MPI were observed in 46 (33%) patients 
(31 with pre-test probability 15-65% and 15 with pre-test 66-85% 
probability). Abnormal perfusion was found in the remaining 93 

(67%) patients (65 and 28 with 15-65% and 66-85% pre-test 
probability, respectively).  

The frequencies of normal and abnormal MPI in patients with 
the absence of coronary atherosclerosis, as well with non-
obstructive and obstructive lesions are presented in Figure 1. 

The frequencies of normal and abnormal MPI did not differ 
significantly in patients with the absence of coronary 
atherosclerosis as well with non-obstructive CAD. In the group of 
patients with ≥50% coronary artery stenosis, abnormal MPI (49 
patients; 75%) was observed significantly more often than normal 
MPI (p=0.020). 

It has been surprisingly found out that abnormal MPI results 
were observed more often even in patients with the absence of 
coronary atherosclerosis and in patients with non-obstructive 
lesions.  

There was no significant correlation between such CCTA 
indexes as calcium score, atherosclerotic lesion length, positive 
remodelling index and MPI results as in patients with non-
obstructive as in patients with obstructive CAD. 

Detailed characteristic of myocardial perfusion abnormalities 
in different groups of patients is presented in Table 2. It was 
notable that moderate myocardial perfusion abnormalities were 
observed only in patients with CA stenosis ≥50%. 

 

Relationships between myocardial perfusion abnormalities 
and integrated indices of atherosclerotic burden 

Patient-based analysis. The Segment Involvement Score had 
only a weak correlation with SSS (r=0.19, p=0.004). The Segment 
Stenosis Score also showed weak correlations with SSS (r=0.29, 
p=0.001), SRS (r=0.25; p=0.005), and SDS (r=0.25, p=0.009). The 
CTA Risk Score showed weak correlations with SSS (r=0.21, 
p=0.004), SRS (r=0.20, p=0.029) and SDS (r=0.21; p=0.001).  

Sub-group analysis. In patients with CA stenosis <50% neither 
Segment Involvement Score, Segment Stenosis Score nor the CTA 
Risk Score significantly correlated with MPI parameters.  

In patients with ≥50% coronary artery stenosis, no correlation 
was found between the Segment Involvement Score and MPI 
parameters. In this group of patients Segment Stenosis Score 
correlated weakly with SSS (r=0.39, p=0.001) and SDS (r=0.28, 
p=0.012). The CTA Risk Score showed correlations with SSS 
(r=0.28, p=0.002) and SDS (r=0.30, p=0.020).  

Vessel-based analysis. The regional Segment Involvement 
Score correlated with the LAD SSS (r=0.18, p=0.031). In the LAD 
territory, the regional Segment Stenosis Score had a weak 
correlation with SSS (r=0.23, p=0.005) and SDS (r=0.24, p=0.005). 
The CTA Risk Score in the LAD territory correlated with SSS (r=0.18, 
p=0.034) and SDS (r=0.21, p=0.022).  
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Figure 2. The example of discordance between CCTA and MPI results in 75-year-old man with atypical chest pain. Curved multiplanar reformations (a-c) 
and angiographic view (d) showing stenotic lesion in proximal segment of the LAD (a, e arrows) as well as in the OMB (c, arrow). Segment involvement 
score – 5; segment stenosis score – 13; CTA Risk Score 15.9. Post-stress SPECT images and polar map showing homogeneous myocardial perfusion 
without perfusion defects (e). LM, left main trunk; LAD, left anterior descending artery; DA1 and 2, the first and the second diagonal arteries; OMB, obtuse 
marginal branch; SA, short axis; HLA, horizontal long axis; VLA, vertical long axis. 

 

 
Figure 3. The example of discordance between CCTA and MPI results in 71-year-old man with nonanginal chest pain. Curved multiplanar reformations (a-
d) and angiographic view (e) showing diffuse coronary artery disease without obstructive lesions in LM (a, e), DA1 (b, e), LCx (c, e), RCA (d, e). Segment 
involvement score – 7; Segment stenosis score – 11; CTA Risk Score 21.1. Cardiac perfusion stress/rest SPECT study and polar maps shows a 
predominately reversible perfusion defect within LAD, LCx and RCA territory (arrowheads). LM, left main trunk; LAD, left anterior descending artery; DA1, 
first diagonal artery; LCx, left circumflex artery; RCA, right coronary artery; SA, short axis; HLA, horizontal long axis; VLA, vertical long axis. 
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Neither the regional Segment Involvement Score, Segment 
Stenosis Score nor CTA Risk Score significantly correlated with the 
myocardial perfusion parameters in the LCx territory.  

In the RCA territory, the regional Segment Involvement Score 
correlated weakly only with SSS (r=0.20, p=0.021). The Segment 
Stenosis Score had weak correlations with SSS (r=0.23, p=0.014). 
The CTA Risk Score also correlated only with SSS (r=0.29, p=0.023).  

An example of an obstructive, but not ischemia-causing, 
coronary artery lesion in LAD is depicted in Figure 2. An example of 
diffuse atherosclerotic non-obstructive lesions is shown in 
Figure 3. 

 

Discussion 

The main findings of the study are: 1) the abnormalities of 
regional myocardial perfusion may develop frequently even in the 
absence of critical coronary artery lesions, presenting in a 
consistent proportion of patients with either absents of CT signs of 
coronary atherosclerosis and non-obstructive CAD. 2) there were 
revealed the only weak association between the extent of regional 
myocardial perfusion and integrated indexes of coronary 
atherosclerosis burden. 

 

Coronary atherosclerosis and myocardial ischemia: a 
relationship beyond stenosis  

It has been classically believed that regional myocardial 
inducible ischaemia might only develop in the presence of an 
angiographically obstructive coronary narrowing. As a matter of 
fact, classical data had demonstrated the existence of a relatively 
close relationship between the severity of a given coronary 
stenosis and downstream myocardial blood flow abnormalities, 
with a luminal narrowing >50-70% generally associating with the 
development of stress-induced ischaemia [3]. However, this 
statement has been repeatedly contradicted by more recent 
appraisals that have demonstrated conclusively that significant 
myocardial ischemia may frequently develop in the absence of 
anatomically significant coronary stenosis, and even in patients 
with normal coronary arteries, still associating with adverse 
prognosis [16-18]. Accordingly, while in patients with a non-
obstructed coronary artery tree, the presence of myocardial 
perfusion abnormalities on MPI has been classically interpreted as 
a false positive finding of marginal, if any, clinical relevance, it has 
been solidly demonstrated that in many cases those alterations 
may rightfully indicate the presence of myocardial ischemia, as the 
result of endothelial/microvascular dysfunction and/or diffuse non 
significant CAD [19, 20]. The present study showed that more than 
in one-half of patients with unobstructed coronary arteries show 
the presence of stress-induced myocardial perfusion abnormalities 
on SPECT imaging, a proportion that increases to only 75% of the 
patients with significant CAD (≥50% luminal narrowing). All 
perfusion abnormalities were reversible and had mild severity (SSS 
values <8). More likely, these perfusion defects were related to 
coronary microvascular disease rather than to non-significant 
coronary artery lesion [21]. Dynamic SPECT approach measuring 
coronary flow reserve may elucidate the causes of perfusion 
abnormalities in patients without significant coronary artery lesion 
[22-24].  

Conversely, roughly in one-quarter of the patients with 
angiographically significant CAD did not reveal any sign of 
myocardial ischaemia, underlining the relevance of coronary 

functional assessment in case of any degree of coronary stenosis. 
Forementioned findings further stressing the inconsistent 
relationship between stenosis severity and downstream ischemic 
burden [25]. The discrepancy between the anatomical and 
ischemic burden of CAD in terms of outcomes was shown in the 
COURAGE trail [26]. In this context our result are in agreement 
with the study Park H et al., where the association of CCTA 
atherosclerotic plaque characteristics such as aggregate plaque 
volume and low attenuation plaque were the predictors of 
ischemia only for ≥50 stenosis but not for <50% [27]. 

 

The effect of diffuse coronary atherosclerosis on regional 
myocardial perfusion 

Although usually underestimated, the possible impact of 
diffuse non-significant coronary atherosclerosis on myocardial 
blood flow regulation can be relevant, possibly associating with 
the development of stress-induced myocardial ischemia even in 
the absence of an anatomically critical coronary lesion [28, 29, 19, 
20]. In fact, it has been already demonstrated that diffuse 
coronary atherosclerosis can be responsible for a gradual base-to-
apex reduction of myocardial perfusion, demonstrated both on 
non-invasive and invasive essays, as a result of increased epicardial 
flow resistance [30]. In this context, CCTA allows the accurate 
evaluation of epicardial coronary anatomy, giving the chance to 
outline the presence of mild coronary plaques that would not be 
underestimated, if not unapparent, on invasive coronary 
angiography. Using this technology, it has been demonstrated that 
the burden of epicardial coronary atherosclerosis correlates 
linearly with downstream myocardial blood flow impairment on 
PET imaging, adding relevant information on the characterization 
of coronary hemodynamics [19, 31]. 

More recent evidence have further strengthened this concept 
by suggesting that, even in the absence of a focal coronary luminal 
narrowing, non-significant CAD can induce regional perfusion 
abnormalities on SPECT imaging, associating with reversible LV 
diastolic dysfunction, as a sign of ischemia-induced functional 
impairment [20]. 

In this context, the results of the present study show that 
measures of CAD burden derived at CCTA correlate significantly 
with the extent of inducible ischemia only in patients with 
obstructive CAD.  

Similar results were confirmed on vessel-based analysis, 
particularly in the case of the LAD. In this respect, the wide 
variability of coronary individual coronary anatomy might explain 
the apparently absent correlation between CTCA and MPI regional 
parameters in the LCX coronary artery territory. In fact, it has been 
already reported that the LCX and RCA may frequently share the 
same territory of distribution, posing difficulties in the correct 
assignment of myocardial perfusion defects on MPI to the 
pertinent coronary artery [32]. Conversely, the territory of 
distribution of the LAD shows a limited variability in the different 
patients. Moreover, in our study, only 11 patients had left 
coronary dominance, and two of them had ≥50% coronary artery 
stenosis in the LCX, reducing the power of the analysis.  

Accordingly, present and previous results confirm that 
myocardial ischemia may develop frequently in patients with 
various degree of CAD, being predicted more by the extent of 
coronary atherosclerosis than by its anatomical severity. In this 
setting, the integrated evaluation of coronary anatomy and 
function by means of combined CCTA and MPI allows 
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characterizing the specific perfusion patterns in patients with CAD, 
defining the relative weight of focal and diffuse atherosclerosis, 
and helping to plan targeted therapeutic strategies. 

 

Conclusion 

Our study showed that myocardial ischemia can develop 
relatively frequently in patients with the absence of coronary 
atherosclerosis and with non-obstructive CAD. As a matter of fact, 
even in patients with minimal coronary atherosclerosis, the 
abnormalities in myocardial perfusion occurred in almost one in 
two cases. On the contrary, up to one-quarter of patients with 
significant coronary luminal narrowing has normal myocardial 
perfusion. Those differences might be partly explained by the 
presence of diffuse coronary atherosclerosis, as well as by such 
risk factors as hypertension and diabetes mellitus. 

 

Limitations 

The main limitation of this study is the relatively small size of 
the study population and particularly the small number of patients 
with the absence of coronary atherosclerosis on CCTA. There were 
no available methods such as invasive or CT fractional flow reserve 
for assessment of ischemia. We also did not use quantitatively 
myocardial perfusion evaluation, i.e. SPECT-derived myocardial 
blood flow and coronary flow reserve. In this study, the 3D fusion 
of anatomical (CCTA) and functional imaging (SPECT myocardial 
perfusion) was not performed, possibly reducing the correlations 
between integrated indexes of the coronary artery atherosclerotic 
lesions and myocardial perfusion parameters [32]. Another 
limitation is that the degrees of stenosis in the coronary arteries 
were detected based on data of CCTA. However, the results of 
CCTA were of good and excellent quality in 80% of patients, which 
determines the accuracy of the stenosis degree assessment. The 
impact of cardiovascular risk factors on myocardial perfusion 
regulation cannot be excluded, and in particular hypertension and 
obesity might have affected negatively perfusion variables [16]. 
However, the analysis of such an interaction is beyond the scope 
of our study. 
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