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Abstract
We performed this study to compare the sensitivity and specificity of multi-slice computed tomography (MSCT) to coronary 
angiography (CA) in detecting coronary total occlusion (CTO) lesion characteristics. Moreover, we analyzed the association 
between these characteristics and the risk of revascularization failure. Fifty patients with confirmed CTO diagnosis were 
tried for revascularization using the antegrade (all 50) or retrograde (in failed nine antegrade interventions) approaches. 
Each patient underwent CA and MSCT before the intervention and data from both modalities were compared using the SPSS 
software. Successful revascularization occurred in 36 (72%) and 6 (66.7%) patients of the antegrade and retrograde groups, 
respectively. Compared to CA, MSCT exhibited high sensitivity in detecting CTO segment calcification (100%), size of the 
affected vessel (100%, area under the curve [AUC] = 0.82), distal filling of the affected segment (97.7%) and side-branching 
at the CTO segment (93.3%). However, it had lower sensitivity in detecting collaterals (75%) and the length of the affected 
segment (87.5%, AUC = 0.77). According to MSCT data, increased occlusion length > 18 mm (p = 0.01), atherosclerotic 
vessel wall (p = 0.02), small distal vessel size ≤ 2.75 mm (p = 0.002), proximal side-branching (p = 0.01) and calcification of 
the proximal cap (p = 0.007) or distal stump (p = 0.01) were associated with an increased risk of revascularization failure. 
MSCT exhibited high sensitivity in identifying several CTO lesion characteristics, such as lesional calcification and size of 
the affected vessel. However, further research is needed to improve the diagnostic accuracy of this modality and define the 
predictors of revascularization failure in CTO patients.
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Abbreviations
CA	� Coronary (conventional) angiography
CTA​	� Computed tomography angiography
CTO	� Chronic total occlusion

MSCT	� Multi-slice computed tomography
PCI	� Percutaneous coronary intervention

Introduction

Chronic total occlusion (CTO) in the coronary circula-
tion indicates complete blockage of a coronary artery for 
30 days or more [1]. Among patients with different clinical 
profiles who had coronary angiography (CA), CTO preva-
lence ranges between 18 and 52% [2]. Recent meta-analyses 
reported that successful CTO revascularization was associ-
ated with a significant reduction in the risk of mortality, sub-
sequent coronary artery bypass grafting (CABG) and recur-
rent angina [3, 4]. In the past, CTO patients required CABG; 
however, as a result of advanced technology, percutaneous 
coronary intervention (PCI) showed favorable outcomes in 
clearing the coronary blockage with success rates between 
55 and 85% [5, 6].
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Despite the current advances in interventional cardiol-
ogy, the recanalization of CTO lesions remains a major chal-
lenge in clinical practice [7, 8]. Therefore, a comprehensive 
assessment of CTO lesions is essential before PCI. This 
includes obtaining a detailed medical history and thorough 
physical examination and investigations [9, 10]. Recently, 
non-invasive imaging techniques, including multi-slice/
detector computed tomography (MSCT) and magnetic reso-
nance angiography have been developed for the assessment 
of coronary lesions [11].

With single-detector CT, a narrow beam of radiation 
is emitted. Therefore, as the radiation source rotates 360° 
once, one image of a single tissue slice is produced [12]. 
Increasing the number of detector rows widens the radiation 
beam into a broad cone shape, which results in gathering 
redundant data and improving the image temporal resolu-
tion [13]. Moreover, increasing the number of detector rows 
results in shorter scan times and more comfortable breath 
hold. However, the number of detector rows has no effect on 
the in-plane spatial resolution [12].

Several studies were conducted to test the diagnostic 
utility of MSCT before PCI and identify the predictors of 
procedural success according to MSCT data [14–18]. These 
studies showed that MSCT improves the chances of PCI 
success and developed different scores to predict it, such as 
J-CTO and KCCT scores. However, data on the diagnos-
tic accuracy of MSCT in identifying specific CTO lesion 
features and revascularization failure risk factors remain 
limited. In this investigation, our aim was to compare the 
diagnostic accuracy of MSCT to CA in identifying CTO 
lesion characteristics and analyze the association between 
different CTO lesion characteristics and the risk of revas-
cularization failure.

Materials and methods

Study population

Fifty patients with a confirmed CTO diagnosis in least one 
coronary artery were recruited from Al-Azhar University 
Hospitals and the Specialized Heart Center at Kobri El-
Kobba Military Hospital during the period from April 2015 
to March 2017. Chronic total obstruction was defined as 
complete obstruction of a native coronary artery for > 30 
days and was confirmed by CA before patients underwent 
selective PCI [19]. The institutional review board at Al-
Azhar University reviewed and approved the study protocol. 
We followed the STAndards for the Reporting of Diagnostic 
accuracy studies (STARD) checklist during the reporting of 
this study (Supplementary file 1).

After obtaining written informed consent, each patient 
was subjected to full history taking, thorough clinical 

examination and resting 12-lead electrocardiography (ECG). 
Patients were excluded if they had any of the following: pre-
vious CTO lesion stenting, unstable cardiovascular condition 
(such as heart failure, atrial fibrillation or acute coronary 
syndrome), renal insufficiency or known allergy to contrast 
media.

Study procedure

The following precautions were undertaken before perform-
ing MSCT studies: (a) beta-blockers were used if the heart 
rate was > 70 beats/min; (b) all images were acquired during 
an inspiratory breath hold; (c) tube voltage was set at 120 kV 
and the tube current was adjusted according to body mass 
index; and (d) a digitized ECG was continuously monitored 
during the procedure for retrospective data analysis.

Imaging was performed using a dual source CT machine 
(Two X-ray tubes and two detectors, arranged at an angu-
lar offset of 95°) obtained from Somatom Definition Flash, 
Siemens Healthcare, Forchheim, Germany. With 64 rows 
(of 0.6 mm width) in each detector, Z-axis coverage of 
38.4 mm, a Z flying focal spot, and a gantry rotation time 
of 0.28 s for the system, this device allows (a) simultaneous 
data acquisition in 2 × 128 slices and (b) a 75 ms temporal 
resolution in the center of the field of view after a half-scan 
reconstruction.

Vessel opacification was achieved through automated 
iopromide (60–80 ml) injection (370 mg I/ml Ultravist®, 
Bayer Schering Pharma AG, Germany), using a power injec-
tor (Medrad Stellant®) at a flow rate of 5–6 ml/s plus a 
40–60 ml saline flush. Quantitative evaluation of the coro-
nary artery calcium was performed on the Agatston score (a 
standard threshold of 120 HU), using a half-scan reconstruc-
tion algorithm (of 3.0 mm slice thickness and 1.5 mm incre-
ment) and a medium sharp reconstruction kernel (Siemens 
B35f).

We acquired CT angiography datasets, using either 
prospective ECG-triggered acquisitions (for patients with 
heart rates 60–70 bpm) or retrospective ECG-gated acquisi-
tions with tube current modulation (for patients with higher 
heart rates and post CABG patients). In case of retrospec-
tive ECG-gated studies, reconstruction was performed at 
the end-diastolic phase, while systolic phases were utilized 
when needed. Acquired datasets were reconstructed by 3D 
volume-rendered (VR), thin-slab MIP and MPR images, at 
a slice thickness of 0.75 mm. The variables for which data-
sets were analyzed by an experienced operator included the 
following:

–	 Characters of the proximal segment to CTO lesion: shape 
(healthy or atherosclerotic), proximal stump (blunt or 
tapered), side-branching within 3 mm from the CTO 
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segment and the presence of calcification or tortuosity 
(defined as bending at an angle ≤ 45°).

–	 Characters of the totally occluded segment: site (ostial, 
proximal, mid, or distal), length (mm), evidence of dye 
filling, side-branching from within the segment and cal-
cification within the segment or the proximal and distal 
arterial caps.

–	 Characters of the distal segment to CTO lesion: size, 
healthy or atherosclerotic and whether it can be visual-
ized or not. Moreover, the presence of sizable intercoro-
nary collaterals to supply the affected area was evaluated.

Coronary angiography was performed in all enrolled 
patients and the following parameters were recorded: shape 
of the proximal segment to the CTO segment and the pres-
ence of a proximal stump, side-branching at CTO segment, 
ante/retrograde filling of the distal segment to the CTO 
lesion and the presence of sizable collaterals.

All patients underwent PCI procedures, performed by 
highly-skilled operators in CTO interventions and the fol-
lowing procedural data were collected: Used equipment, 
approach (antegrade or retrograde), the incidence of proce-
dural success (defined as attainment of a residual diameter 
stenosis < 20% and a TIMI flow rate of grade 2 or 3) or 
failure and procedural complications.

Statistical analysis

We used the statistical package for social sciences (SPSS) 
software [version 23.0 for windows] for data analysis. Data 
were presented as mean ± standard deviation (SD) or fre-
quency and percentage. The sensitivity, specificity, positive 
predictive value (PPV) and negative predictive value (NPV) 
of MSCT in identifying different CTO lesion characteristics 
were calculated in comparison with CA as a standard test. 
Categorical variables were compared using the Chi square 
(χ2) and Fisher’s exact tests. We used the two-tailed student’s 
t test to compare continuous variables of parametric data 
and the Mann–Whitney U test for non-parametric data. The 
level of significance was accepted if the p value was < 0.05.

Results

Baseline data

We enrolled 50 patients who were diagnosed with CTO 
in at least one native coronary artery by CA. All patients 
underwent revascularization using the antegrade approach. 
Of them, 36 experienced successful revascularization and 
14 failed. Among the latter, nine patients were tried for 
revascularization using the retrograde approach (six suc-
cesses and three failures) and five could not be re-allocated 

due to the lack of sizable collaterals (Fig. 1). The sample 
included 39 males and the mean age of enrolled patients was 
53.8 ± 6.5 years. No significant differences were observed 
between patients with successful and failed revascularization 
in terms of the prevalence of comorbidities, including diabe-
tes mellitus, hypertension or previous myocardial infarction. 
Table 1 summarizes the baseline characteristics of enrolled 
patients.

Fig. 1   Shows the allocation of patients in study groups

Table 1   Baseline characteristics of enrolled patients

CTO chronic total occlusion, LAD left anterior descending artery, 
LCx left circumflex artery, MI myocardial infarction, OM obtuse mar-
ginal artery, PDA posterior descending artery, RCA​ right coronary 
artery
Unless indicated, all values are frequencies and percentages

Variable N (%)

Age (years) mean ± SD 53.8 ± 6.5
Gender
 Male 39 (78%)
 Female 11 (22%)

Hypertension 35 (70%)
Diabetes mellitus 23 (46%)
Previous MI 26 (52%)
Smoking 32 (64%)
Body mass index (mean ± SD) 27.9 ± 4.1
CTO site
LAD 15 (30%)
 OM 5 (10%)
 LCx 5 (10%)
 PDA 1 (2%)
 RCA​ 24 (48%)

Approach
 Antegrade 50 (100%)
 Retrograde 9 (18%)
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Comparison of CA and MSCT data

Considering CA as the reference standard, MSCT exhib-
ited high sensitivity in detecting CTO segment calcification 
(100%), size of the affected vessel (100%, area under the 
curve [AUC] = 0.82, optimal cut-off ≤ 2.75), distal filling 
of the affected segment (97.7%), side-branching at the CTO 
segment (93.3%), and proximal cap tapering (93.3%). How-
ever, it had lower sensitivity in detecting collaterals (75%) 
and the length of the affected segment (87.5%, AUC = 0.77, 
optimal cut-off > 18) (Table 2; Fig. 2).

Moreover, MSCT showed high specificity in identifying 
CTO lesion collaterals (93.3%). However, its specificity was 
lower in identifying the other aforementioned parameters 
(Table 2). Data underlying the calculation of sensitivity and 
specificity results are illustrated in Supplementary file 2.

Comparison of MSCT data in success and failure 
groups

Proximal to the CTO segment

There was no significant difference between the success 
and failure groups regarding vessel tortuosity. However, 
there was a statistically significant increase in failure rate 

in the presence of side branches (p = 0.013), proximal cap 
calcification (p = 0.007), blunt proximal cap (p = 0.01) and 
atherosclerotic vessels (p = 0.021).

The CTO segment

We detected no significant difference between the success 
and failure groups regarding which artery is affected, site 
of CTO and the presence of calcification or side branches 
within the segment. However, there was a statistically 
significant increase in failure rate in longer occluded seg-
ments > 18 mm (p = 0.001).

Distal to the CTO segment

Our analysis showed no significant difference between the 
success and failure groups in terms of distal filling, pres-
ence of diseased vessels and tapering of the distal cap. 
However, there was a statistically significant increase 
in failure rate in the presence of distal cap calcification 
(p = 0.01) and smaller vessel size ≤ 2.75 mm (p = 0.002). 
Data on MSCT variables in the success and failure groups 
are illustrated in Supplementary file 3.

Table 2   Diagnostic accuracy of 
MSCT in comparison to CA

CTO chronic total obstruction, NPV negative predictive value, PPV positive predictive value

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Side branches 93.9 64.7 83.7 84.6
Collaterals 75 93.3 88.2 84.8
Proximal cap tapered 93.9 64.7 83.7 84.6
Distal filling 97.7 33.3 91.4 66.6
CTO segment calcifications 100 41.8 21.8 100
Length 87.5 64.2 31.8 96.4
Size 100 57.1 30.8 100
CTO duration 100 95.2 80 100

Fig. 2   Shows the area under the 
curve, sensitivity and specific-
ity of MSCT in calculating the 
length and size of the affected 
segment
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Discussion

Although angiographic imaging remains a fundamental 
part of CTO revascularization procedures [20, 21], this 
modality has several limitations including: (1) provid-
ing incomplete information on the vessel morphology 
in totally occluded segments and (2) inability to identify 
ostial occlusions and lower visibility of long tortuous ves-
sels [22, 23]. On the other hand, CT angiography with 2D 
and 3D reconstruction technologies can reliably visualize 
the occluded segment and identify the anatomical (e.g. 
tortuosity and length) and morphological (e.g. calcifica-
tion) characteristics of the lesion [24].

Our study included 50 patients with angiographically 
confirmed CTO lesions. Data analysis showed that MSCT 
has slightly lower sensitivity than invasive CA in visu-
alizing CTO proximal stump, side-branching from CTO 
segment, the artery distal to CTO segment and sizable col-
laterals. This can be attributed to the higher spatial resolu-
tion of CA over MSCT, even with the recent technological 
advances in the latter modality. Future improvements in 
MSCT technology may improve the diagnostic accuracy 
in this regard. Other non-invasive coronary assessment 
tools have been developed and showed comparable diag-
nostic accuracy to MSCT, such as intravascular ultrasound 
[25] and combination of these diagnostic modalities may 
improve the assessment of coronary lesions.

In our study, we tried to identify the cut-off values at 
which the highest sensitivity and specificity of MSCT can 
be reached. We found that a lesion length > 18 mm and a 
vessel size ≤ 2.75 mm carry an increased risk of failure. 
In a study by Choi et al. on 186 CTO lesions, the PCI suc-
cess rates decreased significantly with increased occlusion 
length (> 18 mm) [26]. In another study by Mollet et al. on 
45 CTO patients, blunt stump (by CA), occlusion length 
> 15 mm and severe calcification (by MSCT) were identi-
fied by multivariate analysis as independent predictors of 
revascularization failure [27].

Limitations and recommendations

The small sample size in our study may have underesti-
mated the significance in some variables. Therefore, our 
data should be interpreted with caution, especially those 
on the risk factors for revascularization failure. Moreo-
ver, revascularization of CTO lesions is highly operator-
dependent i.e. there is a room for inter-operator and even 
Intra-operator variability in different circumstances [28]. 
We could not enroll patients with ostial CTO lesions and 
this should be considered in future studies. Future stud-
ies should consider using a larger sample size, enrolling 

patients with ostial lesions and investigating the cost-effi-
ciency benefits of using MSCT in CTO patients.

Conclusion

Multi-slice CT was less sensitive than CA in detecting proxi-
mal stump details, presence of side branches, distal arterial 
visualization, and sizable collaterals. However, it was as sen-
sitive as CA in detecting CTO segment calcification. Further 
improvements in MSCT technology are warranted. Several 
factors, such as increased length of the occlusion, small dis-
tal vessel size, atherosclerotic vessel wall, proximal side-
branching and calcification of proximal cap or distal stump 
were associated with an increased risk of PCI failure in CTO 
patients. However, these results should be interpreted with 
caution and require confirmation in future studies.
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