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ABSTRACT

Background: Percutaneous coronary intervention (PCI) of chronic total occlusions (CTOs) may have a beneficial
effect on survival through a better-preserved or improved LVEF. Current literature consists of small observational
studies therefore we performed a weighted meta-analysis on the impact of revascularization of CTOs on left ven-
tricular ejection fraction (LVEF), left ventricular end-diastolic volume (LVEDV) and long-term mortality.
Methods: We conducted a meta-analysis evaluating LVEF before and after CTO PCI and long-term mortality. No
language or time restrictions were applied. References from the identified articles and reviews were examined
to find additional relevant manuscripts.

Results: Of the 812 citations, 34 studies performed between 1987-2014 in 2243 patients were eligible for LVEF
and 27 studies performed between 1990-2013 in 11,085 patients with success and 4347 patients that failed
CTO PCI were eligible for long-term mortality. After successful CTO PCI, LVEF increased with 4.44% (95% ClI:
3.52-5.35, p < 0.01) compared to baseline. In a small cohort of ~70 patients, no significant difference in LVEF
was observed after non-successful CTO PCI or reocclusion. Additionally, 8 studies reported the change in left ven-
tricular end-diastolic volume (LVEDV) in a total of 412 patients. LVEDV decreased with 6.14 ml/m? (95% CI:
—9.31 to —2.97, p < 0.01). Successful CTO PCI was also associated with reduced mortality in comparison with
failed CTO PCI (OR: 0.52, 95% CI: 0.43-0.62, p-value < 0.01).

Conclusions: The current meta-analysis revealed that successful recanalization of a CTO resulted in an overall im-
provement of 4.44% absolute LVEF points, reduced adverse remodeling and an improvement of survival (OR:

0.52).

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

On coronary angiography, a chronic total occlusion (CTO) is ob-
served in approximately 16% of patients with significant coronary artery
disease [1,2]. Of these patients, the majority will be treated medically
(64%) or are referred for CABG surgery (26%) whereas only 10% will
be referred for percutaneous CTO revascularization [1]. The overall con-
servative approach is somewhat concerning as observational data has
shown a possible beneficial effect on clinical outcome after percutane-
ous coronary intervention (PCI). Numerous beneficial effects have
been reported e.g. improvement of angina and quality of life, improve-
ment of electrical myocardial stability, reduced need for CABG surgery,
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but above all, improved survival [3-5]. It has been hypothesized that
the underlying mechanism primarily accountable for this effect is an im-
proved or better preserved left ventricular function (LVF) [6]. Current
literature contains several reports addressing the effect of CTO PCI on
left ventricular ejection fraction (LVEF) though they are mostly small
observational studies which could under- or over-estimate the true ef-
fect. For this reason, we decided to perform a meta-analysis of the liter-
ature describing the impact of CTO PCI on LVEF that has never been
reported before (references reported in Appendix 1). Furthermore, we
will update the most recent meta-analyses on long-term survival (refer-
ences reported in Appendix 1) [7].

2. Methods
2.1. Literature search and study selection

This meta-analysis was conducted and reported according to the
proposal for conducting and reporting Meta-analyses of Observational
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Studies in Epidemiology (MOOSE) [8]. A literature search was
performed using major databases, including PubMed, the Cochrane
Library, and ClinicalTrials.gov website for randomized controlled trials
until January 20th 2014 evaluating the impact of successful chronic
total occlusion (CTO) percutaneous coronary intervention (PCI) on left
ventricular function and comparing long-term mortality after successful
versus failed CTO PCI. The initial key words were: “chronic total occlu-
sion(s),” “chronic total coronary occlusion(s)”, “chronic”, “occlusion(s)”,
“percutaneous coronary intervention”, “angioplasty”, “recanalization”,
“revascularization”, “ventricular function,” “ventricular contraction”,
“ejection fraction”, and “successful”. No language or time restrictions
were applied. References from the initially identified articles and re-
views were examined to find additional relevant manuscripts. The titles
and abstracts of relevant studies were identified through the data
search and reviewed independently by 2 investigators (LPH, BEC) to de-
termine whether they met the eligibility criteria for inclusion. Discrep-
ancies regarding whether to include or exclude a study were resolved
by consensus with the other co-authors. To be included for the meta-
analysis on left ventricular function, studies had to include patients
with a chronic occlusion who received successful revascularization by
percutaneous intervention only and the left ventricular function needed
to be assessed before revascularization and after at least 1 month of
follow-up. For the meta-analysis on long-term mortality, studies had
to include patients with a chronic occlusion who were compared ac-
cording to the successfulness of the percutaneous intervention and re-
ported on all-cause mortality or when absent, cardiac mortality, at
>1 year after the index procedure. To prevent patient overlap, only
the latter study was included in the final analysis in case multiple sepa-
rate studies reported on the same patient data and outcomes from a sin-
gle center. Fig. 1 shows the complete search strategy with inclusion and
exclusion criteria.
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2.2. Data extraction and data analysis

The primary endpoint was the change in left ventricular ejection
fraction (LVEF) from baseline to follow-up after successful CTO PCI
and long-term mortality after successful versus failed CTO PCL. Initially,
all studies reporting on a “chronic occlusion” were included in the anal-
ysis, regardless of the CTO definition. To prevent distortion of the results
by the inclusion of acute or sub-acute 100% occlusions, a subgroup anal-
ysis was performed on only those studies that included patients with a
CTO of at least 3 months. Furthermore, in this >3 months occlusion

duration subgroup for the outcome LVEF, studies with a follow-up
duration <4 months were excluded as recovery of LV function in chron-
ically ischemic viable hibernating or stunned myocardium starts within
1 to 4 weeks after revascularization and is usually complete within
3 months [9,10]. When several methods were used for LVEF assessment
magnetic resonance (MRI) data were preferentially included in the
analysis, followed by nuclear imaging, echocardiography, and left ven-
tricular (LV) angiography.

The secondary outcomes were change of LVEF after CTO PClI failure,
change of LVEF after reocclusion during follow-up and change in left
ventricular end-diastolic volume (LVEDV) reported as ml/m? to assess
the effect on left ventricular remodeling.

For LVEF and LVEDV measurements, we used the reported mean and
standard deviation at baseline and follow-up. For mortality, absolute
numbers of mortality events were primarily used but when absent
they were calculated from the Kaplan-Meier estimates or extracted
from the survival curves. When reported or published data were incom-
plete, we requested additional details by correspondence or calculated
or estimated the missing data using the method of the Cochrane hand-
book [11]. In case of an intervention or experimental study, only the
control group was included.

2.3. Statistical analysis

For the outcomes LVEF and LVEDV, summary results were presented
as weighted mean difference with 95% CI. For the outcome long-term
mortality, summary results were presented as odds ratios (OR) with
95% CI. We examined heterogeneity across studies by calculating an
I2-value for every outcome. A standard fixed-effects model (Mantel-
Haenszel method) was used in the absence of heterogeneity among
studies (1% value less than 25%). In the presence of heterogeneity, the
DerSimonian and Laird random effects model was used.

Potential publication bias was assessed by visual assessment of con-
structed funnel plots (Appendix 2). Tests were two-tailed and a p-value
of 0.05 was considered statistically significant. All analyses were per-
formed using Review Manager 5.2.

3. Results

Of the 812 citations 666 were initially excluded after screening at the
title and abstract level (Fig. 1). Of the remaining 146 studies, a total of 34
were eligible for inclusion in the meta-analysis on left ventricular

812 articles identified

excluded due to:
-non human: 109

-letter/editorial/ case report: 94
-review/meta-analysis:51

-technical device related: 89

-stent performance:21

-physiology subhect:3
-angiogenic/experimental therapy:5
-occlusion versus non-occlusions: 9
-acute occlusions: 48

-not related to PCI CTO: 168

-non coronary occlusions:69

146 articles potentially eligible

excluded due to:

-clinical outcome not reported:100
-surgical revascularization:3
-follow-up <1 month:4

excluded due to:

-clinical outcome not reported:107
-surgical revascularization: 1
-follow-up <1 year:2

-duplicate/overlapping cohort:5 34 articles included for LVEF

27 articles included for mortality -uplicate/foveriapping cohort:9

Fig. 1. Flow diagram of studies included in the meta-analysis.
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