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Abstract
Objective  Data involved the association between myocardial ischaemia and the outcome for unrevascularized coronary 
chronic total occlusion (CTO) patients were limited. The purpose of this study was to evaluate the predictive value of 
ischaemia detected by single photon emission computed tomography (SPECT) myocardial perfusion imaging (MPI) for the 
adverse events in unrevascularized CTO patients. We further explored whether ischaemia generated from CTO vessel can 
independently predict the outcome.
Methods  Patients with at least one unrevascularized CTO on coronary angiography were enrolled in this study. Exercise 
stress/rest SPECT MPI was performed in all patients. All patients were then followed by telephone interview and reviewing 
of medical records.
Results  Patients with ischaemia experienced significantly higher rate of adverse events than non-ischaemia patients (40.7% 
vs 7.1%, P = 0.002). Ischaemia demonstrated on MPI [odds ratio (OR) = 7.656; 95% confidence interval (CI) 1.598–36.677; 
P = 0.011] was an independent predictor for adverse events. Moreover, CTO-ischaemia (OR = 5.466; 95% CI 1.015–29.420; 
P = 0.048), non-CTO ischaemia (OR = 29.174; 95% CI 3.245–262.322; P = 0.003), mixed-ischaemia (OR = 7.130, 95% CI 
1.257–40.445; P = 0.027) were all independent predictors for outcome.
Conclusion  Ischaemia demonstrated on MPI, especially CTO-ischaemia were independent predictors for the adverse events. 
SPECT MPI can aid to identify patients at risk of adverse events, who may benefit from subsequent CTO percutaneous 
coronary intervention.
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Introduction

Coronary chronic total occlusion (CTO) was defined as 
complete occlusion of coronary artery for at least 3 months 
with thrombolysis in myocardial infarction (TIMI) flow 0, 
which was observed on up to 30% of coronary angiography 
[1]. In traditional clinical management, CTO was tended to 
be treated medically or by coronary artery bypass grafting 

(CABG). A certain proportion of CTO patients were not 
revascularized due to complex CTO percutaneous coronary 
intervention (PCI) procedures and higher risk of periproce-
dural complications [2]. It was reported that only 10–22% 
of CTO patients received PCI treatment in a large regis-
tration study [3]. However, patients with unrevascularized 
CTO generally had negative prognosis. A previous research 
showed that the presence of a CTO in non-infarction related 
artery was independently associated with reduced left car-
diac function as well as early and late mortality in patients 
after acute ST segment elevation infarction [4].

Regardless of well-formed collaterals, most CTO territo-
ries are ischaemic, which was evidenced by previous inva-
sive coronary flow study [5]. Myocardial perfusion imaging 
(MPI) is a widely available non-invasive imaging technique 
to evaluate myocardial perfusion for detection of myocar-
dial ischaemia [6]. A large number of high-quality research 
have confirmed that the great prognostic value of myocardial 
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perfusion evaluated by MPI in suspected or known coronary 
artery disease (CAD) patients [7–9]. For example, it has 
well been established that extent and severity of myocardial 
ischaemia are important independent predictors of prognosis 
in patients with suspected CAD [7]. Hachamovitch’s study 
showed that the annual event rate of cardiac death or myo-
cardial infarction in patients with abnormal MPI scan was 
much higher than patients with normal scan [8]. However, 
data involved the association between myocardial ischaemia 
and prognosis specifically in patients with unrevascularized 
CTO were limited. Only two studies had investigated the 
prognostic value of MPI in patients with unrevascularized 
CTO and showed that ischaemia on MPI can provide sig-
nificant independent prediction of hard cardiac event, but 
participants included in these studies were mainly multi-
vessel CAD with non-CTO lesion, the predictive effects of 
ischaemia for the adverse outcome due to whether CTO or 
non-CTO vessel were not discriminated [10, 11]. Therefore, 
purpose of our study was to identify if myocardial ischaemia 
shown on MPI predicts clinical outcome in patients with 
unrevascularized CTO, and whether ischaemia attributable 
to only CTO vessel independently predicts outcomes was 
analyzed.

Materials and methods

Study subjects

This was a retrospective cohort study. Nuclear medicine 
database of MPI from January 1, 2014 to December 31, 2017 
at Fuwai hospital was retrospectively reviewed. Patients who 
were diagnosed with CTO accompanied with at least one 
CTO vessel that was not revascularized were included in 
the study. All patients underwent stress and rest 99mTc-MIBI 
single photon emission computer tomography (SPECT) MPI 
and the diagnosis of CTO was confirmed by coronary angi-
ography. The interval between MPI and coronary angiog-
raphy was within 12 months. Exclusion criteria were acute 
coronary syndrome within 90 days after CTO diagnosis, 
history of CABG, pacemaker or defibrillator implantation, 
or lost to follow-up. A total of 82 consecutive patients were 
finally included in the analysis. The study was approved by 
Fuwai hospital Ethical Committee.

99mTc‑MIBI SPECT stress and rest perfusion imaging

A 2-day rest and exercise stress SPECT MPI protocol was 
applied. Exercise stress test was performed according to 
Bruce’s protocol on a bicycle ergometer with a 12-lead 
electrocardiogram. A dose of 740 MBq 99mTc-MIBI was 
injected intravenously at rest and peak stress, respectively. 
Sixty to ninety minutes after injection of 99mTc-MIBI, MPI 

was acquired on a Siemens double-headed SPECT system 
(e.cam, Siemens Medical Solution USA, Inc, Malvern, PA, 
USA) or Discovery NM530c SPECT system (GE Health-
care). With a low-energy high resolution parallel collimator 
(Siemens), projection data were acquired over a 180° ante-
rior arc, from 45° left posterior oblique view to 45° right 
anterior oblique view, in 64 × 64 matrix, with 32 projections. 
Myocardial transverse tomograms were reconstructed with 
a standard filtered back projection algorithm with a three-
dimensional Butterworth filter (cut-off frequency, 0.5; order, 
5). Using a dedicated Cadmium Zinc Telluride camera with 
multiple pinhole collimator (GE), there was no detector 
or collimator motion during data collection. Images were 
reconstructed using an algorithm of three-dimensional itera-
tive reconstruction (7 iterations and 32 subsets).

Interpretation of myocardial perfusion imaging

The standardized 17-segment model of the American Heart 
Association was used for left ventricular segmentation. 
Myocardial segments were assigned to three vascular ter-
ritories, with seven segments (segment: 1, 2, 7, 8, 13, 14, 17) 
for the left anterior descending artery (LAD), five (segment: 
5, 6, 11, 12, 16) for the left circumflex artery (LCX), and 
five (segment: 3, 4, 9, 10, 15) for the right coronary artery 
(RCA). If the LCX was dominant, two inferior segments 
(segment: 10, 14) were reassigned from RCA to LCX [12].

Myocardial perfusion images were evaluated visually by 
two experienced nuclear medicine physicians. MPI abnor-
mality was qualitatively diagnosed by radioactivity distribu-
tion sparse or defect of at least two consecutive frames on 
at least two different tomographic images. SPECT-negative 
was defined as absolutely normal perfusion on stress and 
rest MPI. SPECT-positive was defined as perfusion defect 
on stress MPI or reversible or fixed perfusion defect on stress 
and rest MPI. Extension and severity of the perfusion defects 
were scored by consensus of two experienced observers. 
Segmental uptake of 99mTc-MIBI was assessed by a 5-point 
scoring system (0 = normal, 1 = equivocal, 2 = moderately 
reduced, 3 = severely decreased uptake, and 4 = absence of 
detectable tracer uptake). A summed stress score (SSS) was 
obtained by adding the scores of the 17 segments of the 
stress 99mTc-MIBI images.

It was further analyzed based on myocardial segments 
that assigned to three coronary territories, and classified into 
ischaemia due to CTO or non-CTO. Overall, patients were 
divided into SPECT-positive and SPECT-negative group 
based on MPI results. Four subgroups were CTO-ischaemia 
whose ischaemia presented only in CTO territory, non-CTO 
ischaemia whose ischaemia presented only in non-CTO ter-
ritory, mixed-ischaemia whose ischaemia presented in both 
CTO and non-CTO territory, and SPECT-negative who were 
with normal MPI results.
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Coronary angiography

Coronary angiography was performed using standard 
techniques as previously described. Two experienced car-
diologists who were unaware of the other imaging data 
assessed the angiograms independently. Discrepancies 
were resolved by consensus. A CTO lesion was defined 
as a luminal complete occlusion on coronary angiography 
for an estimated duration of ≥ 3 months, with TIMI flow 
grade 0 in one major coronary artery or one of its major 
branch. Diseased coronary artery was defined as stenosis 
of an epicardial coronary artery that included 50% or more 
of the residual luminal or stent diameter.

Follow‑up

All patients were followed by telephone interview and 
reviewing of medical records. The beginning of follow-
up was set as date of exercise stress MPI. The endpoint 
was defined as composite adverse events of cardiac death, 
acute myocardial infarction, hospital readmission due to 
deterioration of cardiac function or aggravation of angina 
pectoris and revascularization. Deterioration of cardiac 
function was defined that New York Heart Association 
(NYHA) classification elevates at least one class. Revas-
cularization included PCI for CTO or non-CTO lesion and 
CABG.

Statistical analysis

Continuous data were described as mean ± standard devia-
tion (SD) or median (interquartile range). Categorical data 
were described as numbers (percentages %). Unpaired Stu-
dent t test or Mann–Whitney U test was used for continuous 
variables. Chi-squared test or Fisher’s exact test was used 
for categorical variables. To test the association between 
baseline covariates and the adverse events, univariate logis-
tic regression analysis was performed with results expressed 
as odds ratio (OR) with 95% confidence intervals (CIs). The 
variables with P < 0.1 on univariate analysis were allowed 
to entered in a multivariate logistic regression analysis 
model. Multivariable logistic regression was performed to 
determine whether SPECT-positive and CTO-ischaemia 
were independent predictors for outcome. Multiple catego-
ries independent variate regression analysis was applied to 
detect whether CTO-ischaemia, non-CTO ischaemia, mixed-
ischaemia were associated with the adverse events, respec-
tively. Cumulative event-free survival rate for composited 
end points were estimated by the Kaplan–Meier method and 
compared using log-rank tests. All statistical analyses were 
performed with SPSS software, Version 22.0 (IBM Corp, 

Armonk, NY, USA). P value < 0.05 was considered statisti-
cally significant.

Results

Baseline characteristics

Patients' baseline characteristics of 82 patients are sum-
marized in Table 1. The mean age of population in this 
study was 58.7 ± 10.5 years, 73 (89.0%) patients were male. 
Although there were significantly statistical differences in 
left ventricular ejection fraction (LVEF) and left ventricular 
end diastolic diameter (LVEDD) between two groups, most 
of patients in our study were NYHA classification I–III, and 
the two LV functional parameters were within normal range, 
so the statistical differences in LVEF and LVEDD were con-
sidered as no clinical significance.

Coronary angiography

According to the definition of diseased coronary artery, ste-
nosis of an epicardial coronary artery that included 50% or 
more of the residual luminal or stent diameter, among all 82 
patients, 10 had three diseased coronary vessels, 40 had two 
diseased vessels, and 32 had single diseased vessel. A total 
of 92 CTO lesions were revealed by angiography among 
these 82 patients. Most of patients (73/82, 89.0%) had single 
CTO, eight patients had two CTO lesions, and one patient 
had three CTO lesions, respectively. A large proportion of 
CTO lesions (60/92, 65.2%) located in the major coronary 
artery (10 LAD-CTO, 32 LCX-CTO, 18 RCA-CTO). A 
small proportion of CTO lesions (32/92, 34.8%) located in 
major coronary branches (seven in diagonal artery, eight 
in circumflex obtuse marginal artery, seven in posterior 
descending artery, ten in posterior lateral artery). There 
were no significant differences in number of diseased ves-
sels, number and location of CTO lesions between patients 
in SPECT-positive group and SPECT-negative group.

Myocardial perfusion results

Table  2 shows the MPI results. Myocardial ischaemia 
detected by MPI was present in 54 patients of the CTO 
population in our study (54/82, 65.9%). The rest 28 patients 
showed negative MPI scan [28/82, 34.1%, SSS = 1 (0, 2)]. Of 
the 54 patients with ischaemia, 47 patients were attributable 
to CTO lesions [25 CTO-ischaemia, SSS = 9 (4.5, 12.5); 22 
mixed-ischaemia, SSS = 15 (8, 21)]. There were 7 patients 
whose ischaemia were attributable to non-CTO vessels 
[SSS = 5 (2, 8)]. Figure 1 shows representative SPECT MPI 
images of patients with CTO-ischaemia, non-CTO ischae-
mia and mixed-ischaemia.
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Follow‑up results

Patients were followed up for a median duration of 51.8 
(39.1, 66.4) months. During follow-up, 24 patients experi-
enced the composite adverse events. Patients in SPECT-pos-
itive group experienced significantly higher rate of adverse 

events (22/54, 40.7%) than those in SPECT-negative group 
(2/28, 7.1%) (P = 0.002).

Among 22 patients in SPECT-positive group who experi-
enced adverse events, ten patients were admitted to hospital 
as a result of deterioration of cardiac function and aggra-
vation of angina pectoris, nine patients were treated with 

Table 1   Baseline characteristics

Data are presented as mean ± SD or number (%), P values are for SPECT-positive group vs. SPECT-negative group
NYHA New York Heart Association, ACE angiotensin-converting enzyme, ARB angiotensin II-receptor blocker, PCI percutaneous coronary 
intervention, LVEF left ventricular ejection fraction, LVEDD left ventricular end diastolic diameter, NT-proBNP N-terminal pro-B-type natriu-
retic peptide

Characteristics All patients (n = 82) SPECT-positive (n = 54) SPECT-negative (28) P value

Age (years) 58.7 ± 10.5 58.6 ± 10.2 58.5 ± 10.9 0.973
Male sex, n (%) 73 (89.0%) 51 (94.4%) 22 (78.6%) 0.056
NYHA functional class, n (%) 0.241
 I 34 (41.5%) 19 (33.3%) 15 (35.7%)
 II 38 (46.3%) 27 (32.9%) 11 (13.4%)
 III–IV 10 (13.4%) 8 (9.8%) 2 (2.4%)

Medication at baseline, n (%)
 Diuretic 7 (8.5%) 6 (11.1%) 1 (3.6%) 0.413
 Calcium channel blocker 41 (50.0%) 23 (42.6%) 18 (64.3%) 0.062
 β-blocker 73 (89.0%) 51 (94.4%) 22 (78.6%) 0.056
 ACE-inhibitor 17 (20.7%) 11 (20.4%) 6 (21.4%) 0.911
 ARB 29 (35.4%) 23 (42.6%) 6 (21.4%) 0.057
 Nitrates 68 (82.9%) 48 (88.9%) 20 (71.4%) 0.046

History, n (%)
 Smoking 53 (64.6%) 38 (70.4%) 15 (53.6%) 0.131
 Alcoholic 46 (56.1%) 34 (63.0%) 12 (42.9%) 0.082
 Diabetes mellitus 35 (42.7%) 23 (42.6%) 12 (42.9%) 0.982
 Hypertension 60 (73.2%) 41 (75.9%) 19 (67.9%) 0.434
 Hyperlipidemia 66 (80.5%) 44 (81.5%) 22 (78.6%) 0.753
 Prior infarction 25 (30.5%) 20 (37.0%) 5 (17.9%) 0.074
 Prior PCI 44 (53.7%) 30 (55.6%) 14 (50.0%) 0.632

Left ventricular function
 LVEF (%) 62.3 ± 6.29 60.9 ± 6.99 65.1 ± 3.13 < 0.001
 LVEDD (mm) 49.6 ± 6.14 51.4 ± 6.14 45.9 ± 4.21 < 0.001
 NT-proBNP (pg/mL) 109.43 ± 118.50 129.41 ± 26.41 82.31 ± 23.76 0.135
 Creatinine (μmol/L) 80.68 ± 15.03 83.39 ± 15.50 76.19 ± 13.50 0.046
 Urea nitrogen (mmol/L) 5.68 ± 1.27 5.81 ± 1.36 5.37 ± 1.07 0.15

Table 2   Results of myocardial 
perfusion imaging

Data are presented as number (%) or median (interquartile range)
SPECT single photon emission computed tomography, SSS summed stress score
* In comparison with SPECT-negative (P < 0.001)
# In comparison with CTO-ischaemia (non-significant)
† In comparison with non-CTO ischaemia (P = 0.002)

Overall SPECT-negative CTO-ischaemia Non-CTO ischaemia Mixed-ischaemia

n (%) 82 28 (34.1%) 25 (30.5%) 7 (8.5%) 22 (26.8%)
SSS 5 (1, 2) 1 (0, 2) 9 (4.5, 12.5)* 5 (2, 8)*# 15 (8, 21)*#†
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Fig. 1   Representative images of 
myocardial perfusion imag-
ing. A A 64-year-old man with 
CTO-ischaemia experienced 
deterioration of cardiac func-
tion after 13 months. Revers-
ible myocardial perfusion 
defects (arrows) were found 
in inferolateral wall. Coronary 
angiography revealed that CTO 
lesion located in LCX, the mid-
dle and remote RCA was about 
60% stenosis. B An 85-year-old 
man with non-CTO ischaemia 
experienced acute myocardial 
infarction after 16 months. 
Fixed myocardial perfusion 
defects (arrows) were found in 
apex, apical anterior wall, basal 
inferoseptal wall mid and basal 
inferior wall. Coronary angiog-
raphy revealed that CTO lesion 
located in LCX, the proximal, 
and middle LAD was 50% ste-
nosis, first and second diagonal 
branch were both 90% stenosis. 
C A 60-year-old man with 
CTO and non-CTO ischaemia 
experienced cardiac death after 
63 months. Fixed myocardial 
perfusion defects (arrows) were 
found in inferior wall (thin 
arrow) and inferolateral wall. 
Coronary angiography revealed 
that CTO lesion located in 
LCX, the distal end of LAD 
stent was 50% stenosis and RCA 
stent was 95% stenosis
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revascularization, two patients experienced acute myocar-
dial infarction, one patient died of cardiovascular event. The 
adverse events of two patients in SPECT-negative group 
were both non-CTO revascularization.

For subgroup analysis, the adverse events rate in the 
group of CTO-ischaemia, non-CTO ischaemia, mixed-
ischaemia were 32.0% (8/25), 71.4% (5/7), and 40.9% (9/22). 
Patients in these three ischaemia groups had significantly 
higher rate of adverse events comparing to those in the 
SPECT-negative group (7.1%, 2/28) (P = 0.034, P = 0.001, 
P = 0.006).

Univariate and multivariate logistic regression 
analyses

Table 3 shows the results of univariate logistic regres-
sion analysis. SPECT-positive (OR = 8.937; 95% CI 
1.921–41.575; P = 0.005) was revealed as significant pre-
dictor for adverse events. Multiple categorical independ-
ent variable logistic regression analysis was constructed 
to detect whether CTO-ischaemia, non-CTO ischaemia, 
mixed-ischaemia were associated with the adverse events. 
The results showed that CTO-ischaemia (OR = 6.118; 
95% CI 1.157–32.359; P = 0.033), non-CTO ischaemia 
(OR = 32.500; 95% CI 3.670–287.841; P = 0.002), mixed-
ischaemia (OR = 9.000, 95% CI 1.693–47.837; P = 0.010) 
were all significantly associated with outcome (Table 4).

Two multivariate logistic regression models were con-
structed based on inclusion of either SPECT-positive or each 
subgroup of ischaemia to detect the independent predic-
tive value for the adverse events (Table 5). After backward 
stepwise multivariate analysis, LVEF was not significantly 
associated with outcome (OR = 0.959; 95% CI 0.877–1.038; 
P = 0.301) (OR = 0.958; 95% CI 0.881–1.041; P = 0.306) 
in two models. In model 1, SPECT-positive remained an 
independent predictor for outcome (OR = 7.656; 95% CI 
1.598–36.677; P = 0.011). The Kaplan–Meyer survival 
curves showed that the adverse event-free survival rate 
of SPECT-positive patients was significantly lower than 
SPECT-negative patients (log-rank = 7.850, P < 0.01) 
(Fig.  2A). In model 2, CTO-ischaemia (OR = 5.466; 
95% CI 1.015–29.420; P = 0.048), non-CTO ischaemia 
(OR = 29.174; 95% CI 3.245–262.322; P = 0.003), mixed-
ischaemia (OR = 7.130; 95% CI 1.257–40.445; P = 0.027) 
were all significant independent predictors for adverse 
events. The adverse event-free survival rate of patients 
with CTO-ischaemia (log-rank = 4.574, P < 0.05), non-
CTO ischaemia (log-rank = 15.610, P < 0.001), and mixed-
ischaemia (log-rank = 6.304, P < 0.05) was all significantly 
lower than non-ischaemia patients (Fig. 2B). Among three 
ischaemia subgroups, adverse event-free survival rate of 
patients with non-CTO ischaemia was significantly lower 
than patients with CTO-ischaemia (Log-rank = 5.265, 

Table 3   Results of univariate logistic regression analysis

OR odds ratio; CI confidence interval; NT-proBNP N-terminal pro-
B-type natriuretic peptide; NYHA New York Heart Association; ACE 
angiotensin-converting enzyme; ARB angiotensin II-receptor blocker; 
PCI percutaneous coronary intervention; CTO chronic total occlu-
sion; LVEF left ventricular ejection fraction; LVEDD left ventricular 
end diastolic diameter; NYHA functional class number of diseased 
vessels were divided into three ordered multi-categories for logistic 
regression analysis, reference categories were the former level

Variable OR (95% CI) P value

SPECT-positive 8.937 (1.921–41.57) 0.005
Ages (years) 1.033 (0.958–1.083) 0.182
Male sex 0.472 (0.115–1.936) 0.297
NT-proBNP 1.002 (0.996–1.008) 0.486
Creatinine 0.987 (0.954–1.021) 0.440
Urea nitrogen 0.890 (0.604–1.310) 0.553
NYHA functional class 0.608 (0.234–1.577) 0.306
Medication at baseline
 Diuretic 3.667 (0.754–17.837) 0.107
 Calcium channel blocker 1.607 (0.614–4.205) 0.333
 β-blocker 3.680 (0.434–31.175) 0.232
 ACE-inhibitor 1.976 (0.649–6.016) 0.230
 ARB 0.881 (0.323–2.403) 0.804
 Nitrates 2.870 (0.591–13.943) 0.191

History
 Smoking 0.877 (0.327–2.356) 0.795
 Alcoholic 0.895 (0.344–2.330) 0.821
 Diabetes mellitus 0.574 (0.213–1.550) 0.273
 Hypertension 1.576 (0.506–4.906) 0.433
 Hyperlipidemia 0.625 (0.198–1.970) 0.422
 Prior infarction 1.575 (0.575–4.312) 0.377
 Prior PCI 1.307 (0.500–3.416) 0.585

Coronary angiography
 Number of diseased vessels 1.211 (0.593–2.471) 0.599

Left ventricular function
 LVEF 0.928 (0.859–1.003) 0.061
 LVEDD 1.073 (0.983–1.171) 0.117

Table 4   Results of multiple categories of ischaemia logistic regres-
sion analysis

Reference categories for CTO-ischaemia, non-CTO ischaemia, 
mixed-ischaemia were SPECT-negative
OR odds ratio, CI confidence interval

OR (95% CI) P value

CTO-ischaemia 6.118 (1.157–32.359) 0.033
Non-CTO ischaemia 32.500 (3.670–287.841) 0.002
Mixed-ischaemia 9.000 (1.693–47.837) 0.010
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P < 0.05), there were no significantly differences between 
mixed-ischaemia and CTO-ischaemia (Log-rank = 0.148, 
P > 0.05), non-CTO ischaemia (Log-rank = 3.614, P > 0.05).

Discussion

The main findings of this study are as follows: (1) myo-
cardial ischaemia was present in the majority of patients 
with unrevascularized CTO. (2) The risk of adverse events 
in patients with myocardial ischaemia was significantly 
higher than patients with normal perfusion, and myocardial 
ischaemia detected by MPI was an independent predictor 
for adverse events. (3) Ischaemia only attributable to CTO 
vessel was a predictor for adverse events after adjustment.

We observed that majority of the patients (65.9%, 
54/82) showed perfusion abnormalities on MPI. The 

proportion of ischaemia in our study was similar to that in 
Wright’s study (71.4%) [10], but lower than other previous 
studies (93.3–93.6%) [11, 13]. Possibly, this is because not 
only CTO lesions located in the major coronary arteries 
but also in major branches were included in Wright’s study 
and ours. Nearly one third of patients in our study showed 
occlusions of only major branches but not the major coro-
nary arteries on angiography. Thus, it is reasonable that 
other studies studying only patients with major coronary 
arteries CTO had higher ischaemia rate. Although col-
lateral circulation played a protective role for the injured 
myocardial subtended by CTO [14], it was not adequate 
to sustain stress myocardial blood flow evidenced by pre-
vious physiological examinations and clinical imaging 
research [5, 15, 16]. Given the large proportion of myo-
cardial ischaemia existing in this population, it is neces-
sary to further study the prognostic value of myocardial 
ischaemia.

To our best, only two studies explored the associa-
tion between ischaemia evaluated by MPI and prognosis 
in patients with unrevascularized CTO. 40.7% (22/54) of 
patients experienced adverse events in our study, which was 
lower than that in the study by Wright’s [10] (60%, 9/15) and 
higher than Galassi’s [11] (26.3%, 31/118). This discrep-
ancy can be explained by differences in follow-up duration 
and definition of study endpoint. In Wright’s study, rela-
tively broader definition of study endpoint including unsta-
ble angina without Troponin I elevation was used, which 
resulted more adverse events recorded. In Galassi’s study, 
the median follow-up time was 44-month, which is relatively 
shorter that in our study (51.8 months). Longer follow-up 
may lead to more adverse events. In SPECT-negative group, 
two patients (2/28, 7.1%) experienced adverse events (revas-
cularization of non-CTO vessels) during an average follow-
up time of 4.27 years. It can be speculated that the annual 
adverse event rate of this group of patients would be less 
than 2%, which was close to previous reports [8, 17].

Table 5   Results of multivariate logistic regression analysis

Reference categories for CTO-ischaemia, non-CTO ischaemia, 
mixed-ischaemia were SPECT-negative
OR odds ratio, CI confidence interval, LVEF left ventricular ejection 
fraction
a In model 1, SPECT-positive, LVEF were included as covariates
b In model 2, CTO-ischaemia, non-CTO ischaemia, mixed-ischaemia 
and LVEF were included as covariates

OR (95% CI) P value

Model 1a

 SPECT-positive 7.656 (1.598–36.677) 0.011
 LVEF 0.959 (0.877–1.038) 0.301

Model 2b

 CTO-ischaemia 5.466 (1.015–29.420) 0.048
 Non-CTO ischaemia 29.174 (3.245–262.322) 0.003
 Mixed-ischaemia 7.130 (1.257–40.445) 0.027
 LVEF 0.958 (0.881–1.041) 0.306

Fig. 2   Results of Kaplan–Meyer survival curves. A Event-free survival in patients with SPECT-negative and SPECT-positive. B Event-free sur-
vival in patients with CTO-ischaemia, non-CTO ischaemia, mixed-ischaemia, and non-ischaemia patients
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Previous studies showed that patients with CTO had 
significantly higher rate of death than those without CTO 
lesions [18]. With the progress of technique and equip-
ment, the rate of successful CTO-PCI reached above 90% 
[19]. However, optimal treatment for CTO is controver-
sial [20]. Whether revascularization of CTO is beneficial 
requires more evidence. Successful CTO-PCI reduced 
myocardial ischaemic burden [21, 22] and patients with 
greater decrease in ischaemic burden following CTO-PCI 
experienced fewer clinical events [21]. It suggested that 
the benefit of revascularization may depend on the degree 
of myocardial ischaemia. It is critical to identify patients 
at high risk and those who may benefit most from revascu-
larization. In our study, a group of patients with unrevas-
cularized CTO were studied and the results demonstrated 
that myocardial ischaemia detected by MPI was an inde-
pendently predictor for the adverse events in CTO patients. 
The rate of adverse events was significantly higher in 
patients with ischaemia than those with normal stress per-
fusion. SPECT MPI, which is widely used for evaluating 
myocardial ischaemia to assist prognostic assessment and 
risk stratification of patients with CAD [6], was proven 
utility for patients with CTO in our study.

CTO tended to have a strong relationship with multi-
vessel CAD [23]. In previous studies, whether ischaemia 
was generated from CTO or non-CTO vessels was not dis-
criminated and the respective predictive effect proportion 
of CTO-ischaemia and non-CTO ischaemia was obscure. 
More than 60% of CTO patients in our study were mul-
tivessel CAD. Therefore, the predictive value of ischae-
mia attributed to CTO, non-CTO or both were separately 
compared. The rate of adverse events in CTO-ischaemia 
subgroup, non-CTO ischaemia subgroup, mixed-ischaemia 
subgroup was all significantly higher than normal perfu-
sion subgroup. Ischaemia attributed to different vessels 
were all independent predictors for outcome. The results 
indicated that ischaemia in the territory of unrevascular-
ized CTO and non-CTO were both associated with adverse 
events independently.

Noticeably, the odds ratio of non-CTO ischaemia was 
higher than CTO-ischaemia. In those who experienced 
events, patients with non-CTO ischaemia received more 
revascularization, while patients with CTO-ischaemia 
presented with more deterioration of cardiac function and 
aggravation of angina pectoris. It can be explained that 
patients with CTO-ischaemia may be progressed because 
of lower rate of attempting in CTO-PCI, while patients with 
non-CTO ischaemia received interventional therapy for the 
non-CTO lesion. It is reasonable to speculate the severity 
of ischaemia was associated with adverse outcome. In our 
study, SSS for non-CTO ischaemia group was less than that 
for CTO-ischaemia and mixed-ischaemia groups, indicating 
patients with non-CTO ischaemia did not have more severe 

ischaemia. Limited sample size in each group may lead to 
bias of the result.

Limitation

Our study has several limitations. It is a retrospective obser-
vational analysis. In addition, follow-up was performed by 
telephone, which may lead to recall bias. Our study merely 
assessed the predictive value of the presence of myocar-
dial ischaemia. Association between the extent and severity 
of ischaemia evaluated by absolute myocardial blood flow 
using quantitative PET or SPECT imaging in CTO patients 
and prognosis should be investigated in future.

Conclusion

Ischaemia demonstrated on MPI, especially CTO-ischaemia 
were independent predictors for the adverse events. SPECT 
MPI was useful to identify patients at risk of adverse events, 
who may benefit from subsequent CTO-PCI. Moreover, 
patients with unrevascularized CTO who had normal stress 
MPI were at low risk, revascularization may not be urgent 
for those patients.
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