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Abstract
Background/aim: Successful coronary chronic total occlusion (CTO) revascularization was found by many studies to be
associated with improved left ventricular (LV) systolic function and survival if evidence of viability is present. Little is
known about the association of CTO revascularization in patients with electrocardiographic Q waves and improvement
in angina burden as a measurement of health-related quality of life (HRQOL) afterwards.
Methods: In this study, 100 patients with single vessel CTO were included. Myocardial viability was tested by late
gadolinium enhancement (LGE) on cardiac magnetic resonance (CMR) and 50 patients showed evidence of viability.
Seattle Angina Questionnaire (SAQ) scores were used as a measure of HRQOL.
Results: Pathological Q waves were present in 48 patients (including 19 patients with viable CTO territory) out of 100
patients. Patients with Q waves tended to have worse Seattle Angina Questionnaire (SAQ) scores compared to those with
no Q waves (31.2 ± 11.7 vs 45.3 ± 13.9 respectively, p ¼ 0.002), worse LV systolic function and wall motion score index
(WMSI) on CMR. They also had signiﬁcantly less prevalence of viability (p < 0.001). Patients with Q waves and positive
viability had lower SAQ scores (37.2 ± 10.1 vs 52.7 ± 13.2 respectively, p ¼ 0.02), higher LVEF and lower WMSI. They
also had well developed collateral grade (2.1 ± 1.03 vs 0.7 ± 0.82 respectively, p < 0.001). After successful percutaneous
coronary intervention (PCI), in the viable LV group, presence of Q waves was not associated with better LV functional
recovery, while those with higher collateral grades were more likely to have better LV functional recovery post CTO-PCI.
Patients with Q waves and viable CTO territory showed signiﬁcantly better SAQ scores compared to pre-PCI (87.3 ± 12.2
vs 37.2 ± 10.1 respectively, p < 0.001). For angina frequency, postePCI score was 80.2 ± 7.9 compared to 39.2 ± 7.1 before
PCI, p < 0.001). Multivariate regression analysis showed that pathological Q waves, Rentrop's collateral grade and the
Canadian Cardiovascular Society (CCS) angina class before PCI were the most signiﬁcant independent predictors of
improved HRQOL as reﬂected by SAQ (OR for Q waves 7.83, 95%CI 1.62e18.91,p 0.003), (OR for Rentrop's collateral
grade 8.31,95% CI 2.21e26.33, p < 0.001), (OR for CCS class 8.39, 95%CI 1.21e20.8, p 0.01).
Conclusion: Well-developed collateral circulation could independently predict LV functional recovery after CTO-PCI.
Patients with Q waves and viable CTO territory tend to have higher CCS class before revascularization and get signiﬁcant improvement of HRQOL after PCI. Other predictors of improved HRQOL are Rentrop's collateral grade and
worse CCS class before PCI.
Keywords: Chronic total occlusion, Pathological Q waves, Percutaneous coronary intervention, Angina frequency, CMR,
Health-related quality of life
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1. Introduction
pproximately, one in ﬁve patients undergoing coronary angiography is found to
have a chronic total occlusion (CTO) of one of the
epicardial coronaries [1] and CTO is a frequent
ﬁnding in patients with ischemic cardiomyopathy
(ICM) [2].
Successful recanalization of CTO has been found
by many studies to be associated with improved left
ventricular systolic function and with improved
survival as well, provided evidence of viability in the
CTO territory is present [3,4].
Revascularization of CTO has a class IIa recommendation in the most recent revascularization
guidelines provided that refractory angina is present [5]. However, the effect of percutaneous coronary intervention of chronic total occlusion (CTOPCI) on health-related quality of life (HRQOL) in
patients with pathological Q waves and viable CTO
territory remains relatively an unexplored area.
In many cases of CTO, the clinical recognition of
myocardial infarction is often challenging [5]. It was
found that only 25% of CTO patients (conﬁrmed on
angiography) have pathological Q waves on electrocardiograms as an evidence of a previous
myocardial infarction compared to 86% on late
gadolinium enhancement e cardiac magnetic resonance (LGE-CMR) [6]. This could reﬂect that the
frequency of old myocardial infarction is higher
than previously expected in CTO territories. It was
also found that the extent of myocardial scarring in
the CTO territory is inversely correlated with the
degree of the angiographic collaterals [6].
On the other hand, CTO patients remain underrepresented regarding enrollment in PCI trials
especially those with left ventricular systolic
dysfunction [7,8]. Whether CTO-PCI in patients
with pathological Q waves and viable CTO territory
would be reﬂected on HRQOL improvement irrespective of the baseline left ventricular (LV) systolic
function is unclear.
The aim of this study was to clarify the impact of
pathological Q waves and angiographic collateral
grade on health-related quality of life in patients
undergoing coronary chronic total occlusion
recanalization.

A

Abbreviations
CCS
CHF
CMR
CTO
HRQOL
ICM
LGE
PCI
SAQ
WMSI

Canadian Cardiovascular Society
congestive heart failure
cardiac magnetic resonance
chronic total occlusion
health-related quality of life
ischemic cardiomyopathy
late gadolinium enhancement
percutaneous coronary intervention
Seattle Angina Questionnaire
wall motion score index

2. Methods
2.1. Study population
This single center, prospective study was conducted in Cardiology department, Zagazig University Hospitals and Kobry Al-kobba Hospital, Egypt,
in the period from August 2018 to January 2020 on
100 consecutive patients with single vessel CTO in a
major epicardial coronary arteries as shown on
coronary angiography (CA), provided that CTO
lesion was amenable to PCI and has a viable territory. CTO was deﬁned as the presence of Thrombolysis in Myocardial Infarction (TIMI) ﬂow 0 within
the occluded vessel with an estimated duration of
occlusion of more than 3 months. A major epicardial
coronary artery was deﬁned as having a diameter of
2.5 mm or more [9]. We excluded patients with acute
coronary syndrome within 90 days, CTO in a nonmajor epicardial coronary artery, usual contraindications of CMR (implanted pacemakers, cardioverter
deﬁbrillators,
claustrophobia,
and
estimated glomerular ﬁltration rate of <30 ml/min),
or presence of bundle branch block criteria on ECG.
Written informed consent was obtained from all
participants. The study was approved by the institutional review board and local ethical Committee.
2.2. Clinical assessment
Diabetes mellitus was deﬁned as HbA1C > 6.5 g/
dL or use of oral hypoglycemic drugs and/or insulin.
Hypertension was deﬁned as a systolic blood pressure >140 and/or a diastolic blood pressure >90
during hospitalization or prior use of an antihypertensive medication. Dyslipidemia was deﬁned as
fasting total cholesterol >200 mg/dL, low-density

lipoprotein-cholesterol > 130 mg/dL, triglycerides
>150 mg/dL, high-density lipoprotein cholesterol
<40 mg/dL, and/or chronic use of lipid-lowering
drugs. Positive family history of premature coronary
artery disease (CAD) was deﬁned as documented
evidence of CAD in a close relative (men <55 and
women <65 years of age). Current smoking was
deﬁned as cigarette smoking during the last month.
Patients with signs/symptoms of congestive heart
failure (CHF), current treatment for CHF, or calculated left ventricular ejection fraction (LVEF) < 40%
were considered to have CHF.
2.3. Resting 12-lead ECG
Resting 12-lead ECG: (paper speed of 50 mm/s,
sensitivity of 0.1 mV/mm). Q wave were considered
pathological if > 30 ms duration involving  two
contiguous leads [10e13]. This had to be present in 5
consecutive complexes to be considered. ECG
analysis was conducted by two investigators and a
third
investigator
was
consulted
upon
disagreement.
2.4. Cardiac magnetic resonance (CMR)
2.4.1. Protocol
CMR was performed within 2 weeks (a median of
4 days) before PCI to assess left ventricular end
systolic and end diastolic volumes and ejection
fraction by Simpson's method, wall motion score
index (WMSI), as well as myocardial viability by late
gadolinium enhancement (LGE).
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2.4.3. Image analysis
Image analysis was performed on a Siemens'
workstation. Left ventricular end diastolic and end
systolic volumes were measured allowing the
calculation of left ventricular ejection fraction. Each
segment of the myocardium was assessed visually
and scored by the American College of Cardiology
Foundation/American
Heart
Association
17
segment model with 7 segments for the left anterior
descending artery, 5 for the right coronary artery,
and 5 for the left circumﬂex artery. If the left
circumﬂex artery was dominant, 2 inferior segments
were reassigned from the right coronary artery to
the left circumﬂex artery. For each segment, wall
motion was scored as:1(normal/hyperkinetic), 2
(hypokinetic), 3 (akinetic), or 4 (dyskinetic). WMSI
was calculated by dividing the sum of all points by
the number of segments in the coronary territory
(with a WMSI of 1 representing normal function)
[14]. All short axis images from the base to the apex
of the left ventricle were analyzed and the transmural extent of scar of each myocardial segment
was assessed by LGE. Using the same 17-segment
model, interpretation of LGE was performed visually with the enhanced area deﬁned as a percentage
of the myocardial thickness with each segment
scored as 1 (0%), 2 (1e25%), 3 (26e50%), 4 (51e75%),
5 (76e100%). Viable myocardium was identiﬁed
when most segments in the CTO territory had 50%
transmural extent of scar by LGE [15]. Accordingly,
patients were divided into 2 groups: viable and nonviable territory group.
2.5. Coronary angiography

2.4.2. Image acquisition
A 1.5 T scanner (Aera, Syngo MR, Siemens
Medical Solutions, Germany) was used. Standard
low-resolution localizer scans were performed to
deﬁne the cardiac long and short axes. Steady state
free precession (SSFP) cine images were acquired
in the horizontal long axis, vertical long axis and
left ventricular outﬂow tract views. Further SSFP
cine images were acquired in 12e10 contiguous,
end-expiratory, multiphase short axis slices parallel to the mitral valve annulus covering the whole
of the left ventricle (slice thickness 8 mm, interslice
gap 1 mm). A total of 0.2 mmol/kg of gadobuterol
contrast agent was administered at 4 ml/s via a
peripheral venous cannula followed by 30 ml of
0.9% normal saline ﬂush at 4 ml/s. After 10e15 min
post-injection of gadolinium-based contrast a
breath-hold 2-dimensional segmented inversion
recovery sequence, inversion time (TI) 240e300,
was acquired in the same orientation as the cine
images.

Assessment of collateral circulation was graded as
previously described by the Rentrop score [16]:
Grade 0 (no collaterals), Grade 1 (collaterals ﬁlling
only side branches of the recipient artery), Grade 2
(collaterals partially ﬁlling the occluded artery
trunk), Grade 3 (collaterals completely ﬁlling the
occluded vessel trunk). For Data analysis, grade 0 or
1 collaterals were considered a poorly developed
collateral group whereas grade 2 or 3 collaterals
were considered a well-developed collateral group
[16]. Analyses were done by two independent interventionists who were blinded to all data. In case
of inconsistency, the ﬁnal decision was made by
consensus.
2.6. Percutaneous recanalization of CTO
2.6.1. Selection Criteria
Functionally, the CMR criteria of myocardial
viability for proceeding to recanalization are
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majority of the segments in the CTO territory having 50% transmural extent of infarction by late
gadolinium enhancement (LGE) [14]. 50 patients
(viable CTO territory group) had successful CTOPCI.
2.7. Protocol
The PCI access choice was left to the operator
preference either femoral or radial. Each patient
received an initial unfractionated heparin bolus (70
u/Kg) and activated clotting time (ACT) was
checked every 15 min with ACT target > 250 s.
Antegrade approach was the ﬁrst choice in all cases,
with retrograde approach attempted after one unsuccessful anterograde attempt (secondary retrograde
approach).
Revascularization
strategy
(contralateral selective injection, wires choice,
microcatheter type, lesion crossing techniques) was
left to the operator's discretion, depending on his/
her own preference and the anatomical setting.
Drug-eluting stents were used when feasible. Arterial access closure strategy (manual compression,
closure device) was left to operators' preference.
Double antiplatelet therapy duration and P2Y12
inhibitor choice was based on current guidelines
[17]. Successful technical CTO-PCI was deﬁned as
the restoration of TIMI grade 3 ﬂow with residual
stenosis of less than 30% [18].
2.8. Assessment of health-related quality of life
using Seattle Angina Questionnaire (SAQ)
SAQ was given to patients at the time of their
CMR scans (baseline and follow-up). It is a widely
used questionnaire to assess health outcome measures in patients with coronary artery disease. It
consists of a 9-item scale of physical limitations

(how daily activities are limited by angina), 1-item
scale for angina stability (assesses change in frequency of angina at patient most strenuous level of
activity), 2-item scale for angina frequency (frequency of symptoms and use of medications), a 3item for perception scale (effect of angina on quality
of life), and a 4-item treatment satisfaction scale
quantiﬁes patients’ satisfaction with their current
treatment. All items use 5 point descriptive scales
and scores are calculated summing all the single
scores within each group and transforming them to
a scale of 0e100, where 0 is the worst and 100 is the
best [19,20].
Short term outcome: (6 months follow up)
It was performed 6 months after successful CTOPCI.
a Assessment of HRQOL: through SAQ.
b CMR follow-up study to assess LV end systolic
volume (ESV), LV end diastolic volume (EDV),
LVEF and WMSI to detect functional recovery of
systolic function and reverse myocardial
remodeling. Good LV functional recovery was
deﬁned as 5% increase in ejection fraction on
follow up study. This deﬁnition is concordant
with recent large meta-analysis [18].
2.9. Statistical analysis
In the descriptive analysis, categorical variables
are presented as number and percentage. Continuous variables are presented as mean ± SD as
normally distributed. Group differences were evaluated using chi-square for categorical variables.
Student t-test were used for continuous variables.
Comparisons between pre- and post-PCI clinical
parameters and CMR studies were performed by

Table 1. Baseline characteristics between Q waves & no Q waves groups.

Age (years), Mean ± SD
Male Gender, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)
Current smoking, n (%)
Family history of premature CAD, n (%)
SAQ (Total score), (Mean ± SD)
CMR measurements
LVEF (%)
WMSI (Mean ± SD)
Viable myocardium (LGE-CMR), n (%)

Q waves
(N ¼ 48)

No Q waves
(N ¼ 52)

p- value

59.2 ± 8.7
40 (83.3%)
26 (54.2%)
33 (68.7%)
24 (50%)
33 (68.7%)
11 (22.9%)
31.2 ± 11.7

58.1 ± 5.3
45 (86.5%)
30 (57.6%)
38 (73.1%)
28 (46.7%)
39 (75%)
14 (26.9%)
45.3 ± 13.9

0.79
0.89
0.91
0.61
0.81
0.31
0.87
0.002

42.3 ± 12.1
1.7 ± 0.42
19 (39.5%)

51.2 ± 10.3
1.5 ± 0.5
31 (59.6%)

0.01
0.03
<0.001

SAQ Seattle angina questionnaire; CAD: coronary artery disease; LVEF: left ventricular ejection fraction; WMSI: wall motion score
index; CMR: cardiovascular magnetic resonance.
Bold values indicate p < 0.05.

Table 2. Baseline characteristics between Q waves with viable LV & Q waves with non-viable LV groups.

Age (years), Mean ± SD
Male Gender, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)
Current smoking, n (%)
Family history of premature CAD, n (%)
SAQ (Total score), (Mean ± SD)
CCS (3 or 4), n (%)
CHF, n (%)
CMR measurements (Mean ± SD)
LVEF %
WMSI
Angiographic Data
Site of CTO, n (%)
LAD
LCX
RCA
Rentrop grade
grade 0, n (%)
grade 1, n (%)
grade 2, n (%)
grade 3, n (%)

Q waves with viable LV
(n ¼ 19)

Q waves with Non-viable LV
(n ¼ 29)

p- value

58.3 ± 7.2
14 (73.6%)
8 (42.1%)
12 (63.1%)
10 (52.6%)
12 (63.1%)
4 (21.1%)
37.2 ± 10.1
14 (73.6%)
7 (36.8%)

56.7 ± 6.9
22 (75.8%)
13 (44.8%)
20 (68.9%)
17 (58.6%)
17 (58.6%)
6 (20.7%)
52.7 ± 13.2
2 (6.8%)
20 (68.9%)

0.42
0.91
0.84
0.77
0.32
0.45
0.88
0.02
<0.001
0.01

46.3 ± 10.1
1.5 ± 0.4

41.7 ± 9.8
1.8 ± 0.2

0.008
0.02

14 (73.7%)
3 (15.7%)
2 (10.5%)

16 (55.2%)
7 (24.1%)
6 (20.7%)

0.12

2
4
6
7

13 (44.8%)
9 (31.03%)
3 (10.3%)
4 (13.7%)

<0.001

(10.5%)
(21.1%)
(31.5%)
(36.8%)

CAD: coronary artery disease; SAQ Seattle angina questionnaire; CCS: Canadian Cardiovascular Society; CHF: congestive heart failure;
CHF congestive heart failure. CMR: cardiovascular magnetic resonance; CTO: chronic total occlusion; LAD: left anterior descending;
LCX; left circumﬂex; LVEF: left ventricular ejection fraction; PCI: percutaneous coronary intervention; RCA: right coronary artery;
WMSI: wall motion score index.
Bold values indicate p < 0.05.
Table 3. Comparison between patients with good functional recovery post CTO-PCI versus those with poor functional recovery.

Age (years), Mean± SD
Male Gender, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)
Current smoking, n (%)
Family history, n (%)
SAQ (at follow up)
Mean ±SD
Pathological Q, n (%)
Type of CTO vessel, n (%)
LAD
LCX
RCA
Collateral grade,
Grade 0, n (%)
Grade 1, n (%)
Grade 2, n (%)
Grade 3, n (%)
Collateral state
Well-developed, n (%)
Poor, n (%)
Viability score
Score 1, n (%)
Score 2, n (%)
Score 3, n (%)

Good Functional Recovery
(n ¼ 34)

Poor Functional Recovery
(n ¼ 16)

p- value

56 ± 7
32 (94.1%)
17 (50%)
22 (64.7%)
15 (44.1%)
24 (70.6%)
9 (26.5%)
90 ± 4.4

57 ± 9
15 (93.8%)
6 (37.5%)
7 (43.8%)
10 (62.5%)
12 (75%)
1 (6.3%)
88 ± 3.8

0.783
0.959
0.408
0.161
0.225
0.746
0.095
0.417

15 (44.1%)

4 (25%)

0.194

20 (58.8%)
7 (20.6%)
7 (20.6%)

16 (100%)
0 (0%)
0 (0%)

0.01

1 (2.9%)
2 (5.9%)
14 (41.2%)
17 (50%)

5
6
1
4

(31.3%)
(37.5%)
(6.3%)
(25%)

0.001

31 (91.2%)
3 (8.8%)

5 (31.3%)
11 (68.8%)

0.001

12 (35.2%)
11 (32.4%)
11 (32.4%)

4 (25%)
4 (25%)
8 (50%)

0.056

SAQ Seattle angina questionnaire, LAD left anterior descending artery, LCX left circumﬂex artery, RCA right coronary artery, CTO
chronic total occlusion, well developed collaterals refer to Rentrop grade.
Bold values indicate p < 0.05.
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Table 4. Comparison between before and after CTO-PCI in patients with Q waves and viability.
Q waves with viable LV
Before CTO PCI
(N ¼ 19)
SAQ
Total score
physical Limitation
Treatment satisfaction
Angina stability
Angina frequency
Disease Perception
CMR
LVEF %
WMSI

37.2
58.3
52.4
32.9
39.2
35.2

±
±
±
±
±
±

Q waves with viable LV
After CTO PCI
(N ¼ 19)

10.1
13.7
7.8
5.9
7.1
6.4

87.3
90.2
88.9
79.3
80.2
87.4

46.3 ± 10.1
1.5 ± 0.4

±
±
±
±
±
±

p-value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

12.2
13.7
11.3
8.3
7.9
9.3

52.3 ± 6.3
1.2 ± 0.2

0.002
0.01

SAQ Seattle angina questionnaire, EF ejection fraction, WMSI wall motion score index, CMR cardiac magnetic resonance, CTO chronic
total occlusion.
Bold values indicate p < 0.05.

paired t-tests. Subgroup analysis was performed
based on mean difference of LVEF by CMR 5% to
evaluate LV functional recovery and reverse
remodeling [18].
Univariate logistic regression analysis was performed for the identiﬁcation of possible signiﬁcant
predictors of functional recovery and improved
HRQOL. Multivariate regression analysis was performed for the signiﬁcant variables in the univariate
logistic analysis. A two tailed p < 0.05 was considered signiﬁcant. Data were imported into Statistical
Package for the Social Sciences (SPSS version 20.0)
software for analysis.

3. Results
This study included 100 patients with single vessel
CTO and no other signiﬁcant CAD. Forty-eight patients (48%) had Q waves on their 12-lead surface
ECG and compared with those with no Q waves (52
patients), they tended to have worse SAQ scores,
lower LVEF and WMSI on CMR. Q waves patients
were found to have signiﬁcantly less viability as
shown by LGE-CMR (p < 0.001), (Table 1).
Nineteen patients (19%) had evidence of signiﬁcant viability on LGE-CMR and pathological Q

waves on 12-lead ECG. On the other hand, 29 patients had no evidence of viability and had pathological Q waves. Patients with Q waves and viability
evidence by CMR showed signiﬁcantly lower SAQ
scores, lower LVEF and higher WMSI on CMR.
They also showed evidence of more well-developed
coronary collateral circulation on angiography as
shown by Rentrop collaterals grade (p < 0.001).
Higher CCS angina class III and IV were more
frequently encountered in patients with pathological Q waves and viable myocardium, while
congestive heart failure symptoms were more
encountered in those with pathological Q waves and
non-viable territories, as shown in Table 2.
On comparing patients with good LV functional
recovery after CTO-PCI (34 patients) with those with
poor LV functional recovery (16 patients), we found
that the presence of Q waves was not signiﬁcantly
associated with functional recovery after CTO-PCI.
On the other hand, patients with well-developed
coronary collateral circulation in CTO segments, as
evidenced by higher Rentrop collateral grades, were
more likely to have good functional recovery after
CTO-PCI, as shown in Table 3.
After successful CTO-PCI, patients with Q waves
and evidence of viability (19 patients) showed a

Table 5. Binary logistic regression analysis to determine predictors of improvement of LV systolic function after single CTO-PCI.
Univariate analysis

Diabetes Mellitus
Pathological Q
LVEF% (CMR)
WMSI (CMR)
Well-developed Collaterals

Multivariate analysis

OR (95% CI)

P

OR (95% CI)

P

1.6 (0.4e56)
2.3 (0.6e8.8)
5.2 (0.5e43.2)
0.3 (0.1e1.8)
22.7 (4.6e111.2)

0.41
0.21
0.005
0.25
0.0001

_
_
_
_
41.5 (51e336.3)

_
_
_
_
0.0001

LVEF left ventricle ejection fraction, WMSI wall motion score index, CMR cardiac magnetic resonance, well developed collaterals refer
to Rentrop grade 2 or 3.
Bold values indicate p < 0.05.

Table 6. Binary logistic regression analysis to determine predictors of improvement of HRQOL after single vessel CTO-PCI.
Univariate analysis

Diabetes Mellitus
Hypertension
CCS (before PCI)
CHF (before PCI)
Pathological Q wave
LVEF% (CMR) (after PCI)
Well-developed Collaterals

Multivariate analysis

OR (95% CI)

P

OR (95% CI)

P

0.82
0.63
0.16
1.06
6.22
0.87
6.52

0.03
0.041
0.004
0.003
<0.001
0.03
0.001

0.41 (0.11e2.1)
0.19 (0.01e1.92)
0.39 (1.21e20.8)
0.32 (0.11e2.39)
7.83 (1.62e18.91)
7.29 (1.23e18.22)
8.3 (2.21e26.33)

0.08
0.12
0.01
0.32
0.003
0.06
<0.001

(0.17e0.89)
(0.18e0.97)
(0.03e0.51)
(1.02e1.30)
(1.28e33.17)
(0.29e1.33)
(2.11e28.22)

CCS Canadian cardiovascular score, CHF congestive heart failure, LVEF left ventricle ejection fraction, PCI percutaneous coronary
intervention, CMR cardiac magnetic resonance, well developed collaterals refer to Rentrop grade 2 or 3.
Bold values indicate p < 0.05.

highly signiﬁcant statistical difference regarding
SAQ total score and SAQ items scores compared to
pre-PCI scores (p < 0.001). On CMR follow up study
after CTO-PCI, patients with Q waves and positive
viability had signiﬁcant improvement in both LV
systolic function and WMSI (p value ¼ 0.002 and
0.01 respectively), as shown in Table 4.
By using binary logistic regression analysis to
detect predictors of LV functional recovery after
CTO-PCI, only well-developed collateral circulation
(Rentrop grade 2 or 3) was a signiﬁcant independent
predictor on multivariate analysis, as shown in
Table 5.
Table 6 shows that pathological Q waves, welldeveloped collateral circulation, CCS angina class
before PCI and LVEF were the independent predictors of HRQOL improvement as shown by SAQ
scores on multivariate regression analysis.

4. Discussion
To the best of our knowledge, this is the ﬁrst study
to address the relationship of pathological Q waves
and angiographic collaterals with LV functional recovery and HRQOL assessed by SAQ after single
vessel CTO-PCI. Only single vessel CTO with no
other signiﬁcant CAD cases were included in this
study. This greatly identiﬁes patients’ symptoms to
be due to the single CTO territory.
Different ECG criteria were tested to predict
myocardial viability and recovery of systolic function as QT dispersion and T wave normalization
[21,22]. Moreover, a QRS score (Silvester score) was
established to predict infarction size and LV function after MI [23,24].
CTO-PCI can lead to recovery of regional LV
function and may even improve survival [25] if
viable territory is present (as should have been
shown by viability tests before attempting
revascularization).
We found that cases with no pathological Q waves
were more likely to have viable CTO territory

compared to those with Q waves. Surber et al. reported that absence of Q-waves in pre-PCI ECG
signiﬁcantly predicted improved LV regional function in the reperfused territory, whereas their
presence predicted lack of recovery [26]. They found
that wall motion severity index improved from
2.92 ± 0.28 at baseline to 1.34 ± 0.61 on post-PCI
echocardiographic assessment (p < 0.001) in cases of
absent Q waves, compared to (3.01 ± 0.3 and
2.81 ± 0.32) (p ¼ 0.11) in cases of presence of Q
waves on the pre-PCI ECG.
They concluded that absence of Q waves predicted recovery of CTO territory regional function
with 89% sensitivity, 67% speciﬁcity and 68% positive predictive value [26].
Surber et al. showed that on multivariate logistic
regression analysis, only absence of Q wave in the
CTO territory (among all other set variables) predicted functional recovery of the LV [26].
Based on positron emission tomography (PET)
nuclear studies and dobutamine stress echocardiography (DSE), about 60% of Q waves areas show
viability [27e29]. On the other hand, only 50e80% of
viable myocardial tissue as shown by different
viability testing modalities assumed functional recovery after revascularization [30].
Histologically, severely ischemic hibernating
myocardium shows advanced structural changes
that eventually lead to lack of functional recovery
after reperfusion [31]. Such changes could be very
pronounced in Q waves territories of CTO with
eventually lack of recovery after reperfusion.
We found that patients with Q waves and evidence of viability, as assessed be LGE-CMR, had
more CCS class III and IV before PCI. This agrees
with Chen Seak Park et al. study where CTO patients with CCS III or IV symptoms before revascularization were more encountered in those with Q
waves. On the other hand, they showed that 64% of
CTO patients with Q waves had RWMA compared
to 24% of those without Q waves [32].
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In contrast to our study, health-related quality of
life was assessed by OAT trial investigators [33] and
found that CTO PCI was associated with a marginal
and un-sustained advantage in cardiac physical
function at 4 months’ follow-up. Furthermore, no
difference in the psychological well-being aspect of
quality of life was found. However, these results
cannot be widely applied to patients with CTO
(occlusion duration of 3 months) because the OAT
patient cohort presented with an occluded infarct
related coronary artery 3e28 days after acute
myocardial infarction (MI), and PCI was not guided
by the presence of residual myocardial viability and
ischemia [34].
We found that well-developed collaterals (Rentrop grade 2e3) were independent predictors of
functional recovery and improvement of regional
and global systolic function. This was concordant
with Choi et al. [35] who reported that successful
PCI for CTO lesions in patients with well-developed
collaterals was associated with reduced incidence of
the composite of death or MI, improved LV function, especially in certain subgroups of patients
compared with optimal medical therapy (OMT)
alone despite increased incidence of repeat mechanical revascularization for target CTO segments.
A recent study by Shaikh et al. [36] found that Qwaves associated with postinfarct chronic total occlusion arteries predicted non-viable myocardium
even in the presence of good collaterals. In their
study, viability was assessed by PET scan in 75 patients with a history of STEMI. In our study,
although many patients gave a history suggestive of
a myocardial infarction with admission to other
local hospitals, the exact MI subtype (STEMI or
NSTEMI) was not clear in many cases due to unavailable data and hence ‘previous STEMI’ was not
part of the comparison between viable and nonviable Q-waves groups in our statistical analysis.
Moreover, Shaikh et al. study was a single-center
retrospective study with a small sample size. To
conclusively state that prior MI with Q-waves on the
ECG preclude viability even in the presence of
grade 3 collaterals, larger sample size, prospective
studies are needed.
We found that the independent predictors for
improved HRQOL as assessed by SAQ after CTOPCI were pathological Q waves, collateral grade,
and CCS class before PCI. ECG, as an inexpensive,
readily available, noninvasive, and easy to use tool
compared to other sophisticated, expensive, time
consuming imaging modalities, could have an integral role regarding prediction of improvement of
HRQOL following reperfusion in single vessel CTO
patients.

4.1. Limitations of the study
A major limitation of this study was the small
number of patients and that it was a single center
study. Larger caliber multi-center studies recruiting
larger sample sizes are required to consolidate our
ﬁndings. Another limitation was that we did not
conduct a post-PCI (follow up) coronary angiography to assess stent patency. Re-occlusion or instent stenosis, if present, could have affected
reperfused territory regional function and quality of
life. Another limitation was that we did not perform
a follow up LGE-CMR or stress CMR at 6 months
after PCI in any of the patients. We rather assessed
LV function by non-contrast CMR in the follow up
study.

5. Conclusion
Well-developed collateral circulation could independently predict LV functional recovery after
CTO-PCI. Patients with Q waves and viable CTO
territory tend to have higher CCS class before
revascularization and get signiﬁcant improvement
of HRQOL after PCI.
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