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Abstract

Introduction: The coronary collateral circulation (CCC) is an
alternative source of blood supply in coronary artery disease
(CAD). The prognostic value of the presence of CCC at
the time of acute coronary syndrome (ACS) is undefined
with regards to hard outcomes, particularly reduction in
mortality. The study's aim is to determine if the presence of
CCC demonstrated by coronary angiography during an ACS
is associated with a reduction in mortality.

Methods: We conducted a systematic search of studies
using MEDLINE, EMBASE, ScienceDirect, Scopus, and
Cochrane Cenftral Register of Controlled Trials databases
in all languages and examined reference lists of studies.
The inclusion criteria were 1) observational; 2) population
included adults >19 years old with an acute coronary
syndrome; 3) reported data on mortality in association
with the presence or absence of CCC on angiography;
and 4) should have conftrolled for confounders by using
logistic regression analysis. Study quality was assessed
using the Newcastle-Ottawa Quality Assessment Scale for
observational studies. The outcome of interest was reduction

in all-cause mortality, assessed using Mantel-Haenzel analysis
of random effects to compute for risk ratios.

Results: Pooled analysis from 11 identified trials with 8,370
subjects showed that among patients with ACS who
underwent coronary angiography, the presence of CCC
showed a trend tfowards benefit in tferms of mortality, but
was not statistically different from those without CCC (RR
0.65, (95% C1 0.38 to 1.12), p<0.0001, 1’=74%). In those ACS
patients with CCC freated with PCI, a significant reduction
in mortality was found (RR 0.43, (?5% CI 0.29 to 0.64), p<
0.0001, 12=0%).

Conclusion: The presence of CCC during ACS showed a
tfrend towards mortality reduction. Further, among patients
tfreated with PCI, those with CCC had an incrementally
significant reduction in mortality compared to those without
CCC.
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Introduction

The coronary collateral circulation (CCC) is an
important adaptation of the myocardium to prevent
damage from ischemic injury. Collaterals are usually
part of the microcirculation, existing as arterial-arterial
anastomotic connections. As an adaptation to injury, they
have a propensity fo remodel info components of the
macrocirculation with a decreased resistance to blood
flow.! These collateral arteries provide an alternative source
of blood supply to the ischemic or threatened myocardium.
Using the Rentrop grading system for CCC, grades of
collateral filling from the contralateral vessel were: O=none
(ie. No visible filling of any collateral channels); 1=filling
of side branches of the artery to be dilated via collateral
channels without visualization of the epicardial segment;

*Fellow-in-training, Section of Cardiology, Department of Medicine,
University of the Philippines-Philippine General Hospital

**Section of Cardiology, Department of Medicine, University of the
Philippines-Philippine General Hospital

Corresponding author: John Daniel A. Ramos, M.D., University of the
Philippines - Philippine General Hospital, Manila, Philippines
Email: johndanielramos.md@gmail.com

The PHILIPPINE JOURNAL OF INTERNAL MEDICINE is a peer reviewed journal and a copyrighted publication of the Philippine College of Physicians

2=partial filling of the epicardial segment via collateral
channels; 3=complete filling of the epicardial segment
of the artery being dilated via collateral channels.? It has
been demonstrated in past studies that in patients with
myocardial infarction, CCCs have a relevant profective
role regarding smaller infarct size, preservation of cardiac
function, reduction in post-infarct ventricular dilation, and
reduction of post-infarct aneurysm formation.®

A meta-analysis on the impact of CCCs on mortality
among patients with coronary artery disease (CAD) was
published in 2011. A total of 12 studies with 6,529 patients
were included in the analysis. Overall, the presence of high
collateralization showed a reduced mortality compared to
those with low collateralization. These effects were driven
by significant reduction in mortality for those patients with
stable CAD (RR 0.59 (CI 0.39, 0.89), p=0.012); however, the
reduction among patients with acute myocardial infarction
(AMI) was not significant (RR 0.63 (0.29, 1.39), p=0.257) .4

Intuitively, CCC should have a positive impact on
the outcomes of patients with ACS. However, studies
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have conflicting results. As described previously, the ACS
subgroup of the most recent meta-analysis did not show a
significant reduction in mortality.* Among patients with ACS,
surrogate end-points such as infarct size, systolic function,
ventricular dilatation and post-infarct aneurysm formation
have positive results in relation to the presence of CCC.?
Analysis of studies specifically infended to determine the
effect of CCC on hard outcomes such as mortality among
patients with ACS is imperative.

In this study, we wanted to specifically look at the impact
of CCC in ACS patients. In the meta-analysis described
above, Meier failed to reach a statistically significant result
for AMI, and attributed this to the limited statistical power of
the subgroup (small sample sizes).* We wanted to address
this limitation by pre-specifying this important subgroup of
patients, obtain more relevant studies, and increase the
number of ACS patients analyzed. The researchers aim
to determine if the presence of CCC demonstrated on
coronary angiography during an ACS is associated with a
reduction in mortality.

Methods

We conducted a meta-analysis following the proposed
reporting guidelines of the Meta-analysis for Observational
Studies in Epidemiology (MOQOSE) group.

Literature Search

We conducted a systematic search of studies using
MEDLINE, EMBASE, Science Direct, Scopus, Google Scholar,
and Cochrane Central Register of Controlled Trials databases
with no language restrictions. The search terms used were
coronary collateral circulation, acute coronary syndrome,
and mortality (in both free text and MESH strategies when
using MEDLINE). We also searched for local studies on the
topic, both published and unpublished. We reviewed the
reference lists of original and review arficles, and related
links of the relevant publications. The titles and abstracts of
all the studies were individually screened and the full texts of
relevant articles were obtained, when available. Authors of
studieswere contacted whenthere wasno available full text.

Study Selection

Studies were included if they are 1) observational; 2)
population included adults >19 years old with an acute
coronary syndrome; 3) reported data on mortality in
association with the presence or absence of CCC on
angiography, and 4) should have controlled for confounders
by using logistic regression analysis. Four reviewing authors
independently evaluated the eligibility of each study
included in this meta-analysis. The validity and quality of
each study was assessed using the Newcastle-Ottawa

2 Volume 55 Number 3 July - Sept., 2017

Quality Assessment Scale for Observational Studies
(Appendix 1). Disagreements were resolved by discussion
and a consensus among the reviewers.

Data Collection and Analysis

Relevant information such as patient and study
characteristics, data on the presence or absence of CCC,
and mortality outcomes were then extracted independently
by the three authors using a data collection table. We
assessed the prognostic value of coronary collaterals in ACS
using Mantel-Haenzel statistical analysis of random effects
tfo compute for risk ratios, with 95% confidence infervals,
and generate forest plots. Heterogeneity was assessed
through the 12 test. Subgroup analysis would be carried out by
excluding those studies that involved only thrombolysis as a
management. Likewise, data from the remaining studies will
be extracted to include only those patients who underwent
PCI. Studies were treated as statistical outliers if the k minus
1 estimate produced a 95% CI that did not overlap with the
95% Cl of the aggregated estimate. P< 0.05 was considered
stafistically significant. Publication bias was examined using
funnel plot analysis.

Analyses were carried out using Review Manager
(RevMan) 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen).

Results
Search for Studies and Strategy

Our MEDLINE search yielded a total of 111 potential
articles. Search from other databases, from reference lists,
and local studies yielded additional 33 studies. We evaluated
a total of 144 titles and abstracts. Out of these, 133 were
rejected for relevance. The full articles of the remaining 11
arficles®'s were obtained and reviewed. All met the specified
inclusion criteria. A summary of the search strategy is shown
in Figure 1.

111 studies identified from MEDLINE; 33 studies from other databases,
manual computer search, reference lists

133 studies excluded due to relevance, design

| Abstracts of the remaining 11 studies were put through the inclusion criteria. |

---------- b‘ Studies Excluded: none |

v
11 studies Included |

Figure 1. Summary of search strategy
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Study Characteristics and Quality

Data were reviewed from the 11 studies®'® included.
Table | summarizes the pertinent data of the studies included.
Studies included were mostly on ST-elevation myocardial
infarction (STEMI) patients who were managed accordingly
via thrombolysis or percutaneous coronary intervention (PCI).
The presence or absence of extensive CCC were classified
using the Rentrop classification. Most were observational
prospective studies. All of the included studies rated highest
quality in the Newcastle-Oftawa Quality Assessment Scale
for Observational Studies, and had high agreement among
the reviewers (Appendix A).

Mortality and the Presence or Absence of Coronary
Collateral Circulation

Pooled analysis from 11 identified trials showed that
among patients with ACS who underwent coronary
angiography, the presence of CCC showed a frend
towards benefit in terms of mortality, but was not statistically
different from those without CCC (RR 0.65, (95% CI 0.38 to
1.12), p<0.0001) (Figure 2). Funnel plot analysis showed no
evidence of publication bias (Appendix B). There was high
heterogeneity with this analysis (1?=74%).

Sensitivity analysis did not reveal a statistical outlier
(Appendix C). Subgroup analysis was done by extracting the
data for only those patients who had undergone PCI (i.e.
those patients who were managed medically or thrombolysis
were excluded). Thisanalysisshowed thatthose patients with
an ACSand CCCfreated with PClhad asignificantreduction
in mortality as compared to those with an ACS without CCC
tfreated with PCI (RR 0.43, (95% CI 0.29 to 0.64), p<0.0001)
(Figure 3). Data was homogenous (1?=0%). Funnel plot also
showed no evidence of publication bias (Appendix D).

Discussion

This meta-analysis of 11 observational studies, consisting
of 8,370 patients, demonstrates that among all patients
with acute coronary syndromes, the presence of CCC on
angiography does not significantly predict reduction in
overall mortality; but with a trend towards benefit. These
results were similar fo the meta-analysis* cited earlier:
extensive CCCs significantly reduces mortality in CAD, but
this reduction was driven primarily by the effects of CCCs
on stable CAD (rather than on ACS).

In the advent of recent and larger studies done during
the PCl era, when patients with ACS were freated with early
invasive strategy or primary PCI, the presence of extensive
CCC was associated with lower overall mortality in the
secondary analysis done in our review. With the presence of
CCC among PCl-treated ACS patients, there was significant

relative reduction of 57%. The subgroup analysis clearly
indicate reduced mortality of ACS with extensive CCC.

Potential Mechanisms of Survival Benefit

Coronary collateral circulation (CCC) provides an
alternative blood supply to the myocardium during ischemia
or infarction.! They are anastomotic channels that develop
in the heart as an adaptation to ischemia.' Survival benefits
in ACS may have stemmed from surrogate outcomes,
demonstrated by earlier studies. Notably, majority of these
studies have shown that extensive CCC preserves LV
function,'>% % reduces infarct size,'® and prevents formation
of left ventricular aneurysms.!” Meier (2011)* cites his own
study showing that coronary collaterals reduce QT interval
prolongation, arisk factor for fatal arrhythmias, during acute
vessel occlusion.

Potential Implications in Management

Our meta-analysis demonstrated that among patients
with ACS and CCC on coronary angiography, there is a tfrend
towards reduction in mortality. We have also demonstrated
that among patients with ACS and CCC on angiography,
managed with PCI, a significant reduction in mortality
occurred.

These findings may affect current practice in
management of ACS, especially with regards to timelines
of revascularization among patients with ST elevation
myocardial infarction (STEMI). In the presence of CCC,
STEMI patients may not necessarily rapidly develop infarcted
myocardium as previously predicted. The presence of CCC
may prolong the viability of injured myocardium at risk when
its blood supply is occluded. Given the mortality benefit in
our review, the presence of extensive CCC may rationalize
performance of delayed revascularization, even in patients
with STEMI past the “golden period” of viability.

The idea on inducing coronary collateral growth as
a possible therapeutic strategy has also been explored.
The induction of collateral growth has been demonstrated
in several small experimental and clinical studies, using
granulocyte-macrophage colony-stimulating factor and
external counterpulsation,'®2 but this remains largely
hypothetical and is unknown whether such strategy would
franslate to improved survival.*

Another important implication of our study is on
determining the patient who most likely would have
good collateralization sans a coronary angiogram. Pre-
angiographic clinical factors have been explored in
an effort to predict which patients might have better
prognoses because of the presence of good coronary
collateral formation, both in stable CAD and ACS. Akgullu
et al. (2014) showed that ejection fraction < 55% and mean
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Table I. Study characteristics

No. Author Patients Rentrop Outcome Type of study Intervention
classification of
CCC
- . Observational :
5 - -

1 Williams 1976 Acute MI 0 versus 1-3 In-hospital death Prospective Thrombolysis
Habib 1990 © STEMI 0 versus 1-3 Death at 6 months | Review of Database (TIMI) Thrombolysis
Castellano 1999 7| Anterior STEMI | 0 versus 1-3 In-hospital death Observational All PCI

’ Observational ’
8 - -
4 | Nicolau 1999 STEMI 0-1 versus 2-3 Death at 3 years Prospective Thrombolysis
L Observational
9 - -
5 Antioniucci 2002 °| STEMI 0-1 versus 2-3 Death at 6 months Prospective All PCI
. Observational Thrombolysis
10 -
6 Monteiro 2003 STEMI 0 versus 1-3 Death at 15 months Prospective and PCI
7 | Sorajja 2007 " STEMI 0-1 versus 2-3 Death at 6 months | Review of Database (Emerald) | All PCI
Observational
12 - -
8 Desch 2010 STEMI 0-1 versus 2-3 Death at 6 months Prospective All PCI
; Observational
13 -
9 | Wang 2011 Anterior STEMI 0 versus 1-3 Death at 1 year Prospective All PCI
! Moderate to high Review of Database (ACUITY Thrombolysis
14 -
10 | Meier 2014 risk ACS 0 versus 1-3 Death at 1 year Trial) and PCI
; . Observational
15 - -
11 | Yaylak 2015 Inferior STEMI 0 versus 1-3 In-hospital death Prospective All PCI
With Collaterals  No Collaterals Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Antioniucci 2002 (A 264 a0 900 126% 0.47 [0.25, 0.87] —
Desch 2010 2 64 13 166 7% 0.37 [0.09, 1.60] —
Hahik 2010 8 a1 a T4 10.5% 1.45[0.58, 3.61] —_ T
Meier 2014 38 858 127 4554 141% 1.99 [1.11, 2.26] -
tontiera 2003 4 35 3] 35 8.7% 0.67 [0.21, 2.16] — 1
Micolau 1939 16 a4 a4 363 13.4% 1.82[1.12, 2.86] —_
Perez-Castillano 1998 g G5 26 115 10.5% 0.34[0.14, 0.84] L
Sorajja 2007 3 113 8 193  8.0% 0.63[0.17,2.37) _—
Wang 2011 1 T8 gy 111 4.7% 016 [0.02,1.22] - T
Williams 1976 0 3] 8 14 31% 0.13[0.01,1.89) +
aylak 2015 2 g8 15 147 7.2% 0.22[0.05, 0.95] EE——
Total (95% CI) 1692 6678 100.0% 0.65 [0.38, 1.12] ‘-
Total events a0 354
Heterogeneity: Tau®= 0.50; Chi®= 39.02, df = 10 (P = 0.0001); F=74% lu v 0=1 1=D mol
Testfor overall effect Z=156(FP=012 Lower Mortality Higher Martality
Figure 2. Forest Plot of All Trials (PCI and Thrombolysis)
With Collaterals  No Collaterals Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Antioniucei 2002 (A 264 ao 900  40.2% 0.47 [0.25 0.87] ——
Desch 2010 2 64 13 166 7% 0.37 [0.09, 1.60] —
heier 2014 1 398 a 2573 3.5% 0.81[0.10, 6.44] ]
Montiera 2003 4 35 3] 35 11.0% 0.67 [0.21, 2.16] _— 1
Perez-Castillano 1998 g G5 26 115 18.5% 0.34[0.14, 0.84] —
Sorajja 2007 3 113 8 193  5.9% 0.63[0.17,2.37) _—
Wang 2011 1 T8 g 111 3.6% 016002, 1.2 B
Yaylak 2015 2 38 15 147 7.2% 0.22 [0.05, 0.84]
Total (95% CI) 1116 4246 100.0% 0.43 [0.29, 0.64] L 2
Total events 24 165
Heterogeneity: Tau®= 0.00; Chi*= 334, df=7 (F=0.89); F=0% 'D.D‘I D!1 1'D 1DD'

Testfor overall effect 2= 4.24 (P = 0.0001)

Figure 3. Forest Plot of Trials that Included Only PCI.
Data from Meier and Monteiro were re-analyzed.

Data of only those who had undergone PCI were included in this sub-analysis.
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platelet volume > nine femtoliter are predictive of coronary
collateral development in patients with stable CAD.2' In a
cohort of acute Ml patients, a history of angina pectoris was
a significant predictor of collateral development.?? In non-ST
elevation Ml patients (NSTEMI), a high neutrophil-lymphocyte
ratio (NLR) may predict good collateral development.? It
would be interesting to pursue this type of study in our local
setfting.

Limitations

By virtue of the clinical question to be answered, most
studies included are observational studies. The inherent
limitations of observational studies cannot be eliminated,
and this is evident in the observed heterogeneity in the
primary analysis.

This is fo be expected given the observational nature
of the included studies. Factors likely contributing to this
heterogeneity include different study design (refrospective
versus prospective design), different clinical settings and/
or patient characteristics (e.g. timing of STEMI, type of
ACS included), varying primary outcomes (e.g., fime to
follow-up), different study sizes, and different methods of
determining the presence or absence of extensive CCC
and the method of dichotomization i.e. some sfudies used
an all-or-none classification (Rentrop 0 vs. 1-3)57- 101315 while
some used a low-or-high approach (Rentrop 0-1 vs 2-3).8
12 The precision of some of the included studies, especially
the larger ones, may have conferred an artificially high 2. We
were able to mitigate this heterogeneity by pre-specifying a
subgroup and sensitivity analysis. Removing outliers would be
the first step in correcting for heterogeneity for this reason,
as this removed the possible effect of an artificially high 12,
As shown in our sensitivity analysis, however, not one of the
studies included was a statistical outlier. In our study, the
heterogeneity appears to be attributable primarily to the
treatment strategy, as shown in the subsequent subgroup
analysis. In the subgroup analysis done by excluding the
studies that used thrombolysis as therapy and limiting the
analysis only fo those that utilized PCI, we achieved a
homogenous data set.

Conclusion

The presence of CCC during ACS showed a tfrend
towards mortality reduction. After exclusion of those treated
with thrombolysis, patients with extensive CCC treated with
PCl was associated with a significant reduction in mortality
compared to those without extensive CCC. The presence
of extensive CCC may prolong fthe viability of injured
myocardium at risk when its blood supply is totally occluded.
Findings in this meta-analysis may guide physicians in
management, especially in patfients with ACS who are
candidates for revascularization via PCI.

References

10.

11.

12.

13.

14.

15.

Chilian WM, Penn MS, Pung YF, et al. Coronary collateral
growth — back to the future. Journal of molecular and cellular
cardiology 2012. 52 (905-911).

Rentrop KP, Cohen M, Blanke H. Change in collateral channel
filling immediately after controlled coronary artery occlusion by
an angioplasty balloon in human subjects. 1985, JACC 5:3(92)
Seiler C. The human coronary collateral circulation. Eur J Clin
Invest 2010;40: 465 — 476.

Meier P, Hemingway H, Lansky A, et al. The impact of the
coronary collateral circulation on mortality: A meta-analysis.
European Heart Journal 2011.

Williams DO, Amsterdam EA, Miller RR, Mason DT. Functional
significance of coronary collateral vessels in patients with acute
myocardial infarction: relation to pump performance, cardiogenic
Habib GB, Heibig J, Forman SA. Influence of coronary collateral
vessels on myocardial infarct size in humans: Results of phase-I
Thrombolysis in Myocardial Infarction (TIMI) Trial. Circulation
1990; 76.

Perez-Castellano N, Garcia E, Abeytua M. Influence of collateral
circulation on In-hospital death from anterior acute myocardial
infarction. 1998; JACC 31:512-8.

Nicolau JC, Nogueira PR, Pinto MA, Serrano CV Jr, Garzon
SA. Early infarct artery collateral flow does not improve long-
term survival following thrombolytic therapy for acute myocardial
Antoniucci D, Valenti R, Moschi G, Migliorini A, Trapani
M, Santoro GM, Bolognese L, Cerisano G, Buonamici P,
Dovellini EV. Relation between preinter- vention angiographic
evidence of coronary collateral circulation and clinical and
angiographic outcomes after primary angioplasty or stenting for
acute myocardial infarction. Am J Cardiol 2002;89:121 — 125. il
Monteiro P, Antunes A, Goncalves LM, Providencia LA. Long-
term clinical impact of coronary-collateral vessels after acute
myocardial infarction. Rev Port Cardiol 2003;22:1051 — 1061. sk
Sorajja P, Gersh BP, Mehran R. Impact of collateral flow on
myocardial reperfusion and infarct size in patients undergoing
primary angioplasty for acute myocardial infarction. 2007; Am
Heart J 152(2):379-84

Desch S, Eitel I, Schmitt J, Sareban M, Fuernau G, Schuler
G, Thiele H. Effect of coronary collaterals on microvascular
obstruction as assessed by magnetic reson- ance imaging in patients
with acute ST-elevation myocardial infarction treated by primary
coronary intervention. Am J Cardiol 2009;104:1204 — 1209. i
Wang B, Han Y, Li Y, et al. Coronary collateral circulation:
Effects on outcomes of acute anterior myocardial infarction after
primary percutaneous coronary intervention. J Geratr Cardiol
2011; 8:93-98

Meier P, Lansky AJ, Fahy M, etal. The impact of the coronary
collateral circulation on outcomes in patients with acute coronary
syndromes: results from the ACUITY Trial. 2014; Heart
100(8):647-51

Yaylak B, Altintas B, Ede H, et al. Impact of coronary collateral

Volume 55 Number 3 July-Sept., 2017 5



Malundo AFG, et al. Prognostic Impact of Coronary Collaterals in Acute Coronary Syndrome

16.

17.

18.

19.

circulation on in-hospital death in patients with Inferior ST
elevation myocardial infarction. Cardiology research and practice
2015; 242686

Rentrop KP, Feit F, Sherman W, et al. Late thrombolytic therapy
preserves left ventricular function in patients with collateralized
total coronary occlusion. J Am Coll Cardiol 1989; 14(1):58-64.
Hirai T, Fujita M, Nakajima H, et al. Importance of collateral
circulation for prevention of left ventricular aneurysm formation
in acute myocardial infarction. Circulation 1989;79-791-796.
Seiler C, Pohl T, Wustmann K, Hutter D, Nicolet PA, Windecker
S, Eberli FR,Meier B. Promotion of collateral growth by
granulocyte-macrophage colony-stimulating factor in patients
with coronary artery disease: a randomized, double-blind, placebo-
controlled study. Circulation 2001;104:2012-2017.

Zbinden S, Zbinden R, Meier P, Windecker S, Seiler C. Safety
and efficacy of subcutaneous-only granulocyte-macrophage
colony-stimulating factor for collateral growth promotion
in patients with coronary artery disease. ] Am Coll Cardiol
2005;46:1636-1642.

20.

21.

22.

23.

Gloekler S, Meier P, de Marchi SF, Rutz T, Traupe T, Rimoldi
SF, Wustmann K, Steck H, Cook S, Vogel R, Togni M, Seiler
C. Coronary collateral growth by external counterpulsation: a
randomised controlled trial. Heart 2010;96:202-207.

Akgullu C, Eryillmaz U, Murat OI, Gungor H, Avcil M, et
al. (2014) Predictors of Well Developed Coronary Collateral
Circulation in Patients with Stable Angina Pectoris. J Clin Exp
Cardiolog 5: 305. doi:10.4172/2155-9880.1000305

Fujita M, Nakae I, Kihara Y, et al. Determinants of Collateral
Development in Patients with Acute Myocardial Infarction Clin.
Cardiol. 1999; 22 (9): 595-599

Tenekecioglu E, Yilmaz M, Karaagac K, et al. Predictors
of coronary collaterals in patients with non ST-elevated acute
coronary syndrome: the paradox of the leukocytes. Centr Eur J
Immunol 2014; 39 (1): 83-90.

Appendix A.

Newcastle-Ottawa Quality Assessment Scale for Cohort Studies'.

SELECTION OUTCOMES ASSESSMENT
Representativeness| Selection |Ascertainment| Demonstration that Assessment Follow-up Adequacy
SOURCE of the Exposed of the of Exposure |outcome of interest was| COMPARABILITY | of Outcome Period of Follow-up
Cohort Nonexposed not present at start of Long Enough | Period Among
Cohort study for Outcome Cohorts
to Occur

Williams 1976 * * * * * * * *
Habib 1990 * * * * o * N N
Castellano1999 * * * * * * * *
Nicolau 1999 * * * * * * * ¥
Antioniucci 2002 * * * * * * * *
Monteiro 2003 * * * * * * * *
Sorajja 2007 * * * * * * * *
Desch 2010 * * * * Kk * * *
Wang 2011 * * * * *k * * *
Meier 2014 * * * * * * * *
Yaylak2015 ) : : : ” : ) :

- a study is graded highest quality if it has a total of 9 stars
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APPENDIX B APPENDIX D
Funnel plot of the primary analysis showing no evidence of publication Funnel plot of the secondary analysis showing no evidence of publica-
bias. Lower standard errors indicate better precision and larger study size. tion bias. Lower standard errors indicate better precision and larger study size.
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APPENDIX C

Sensitivity analysis with risk ratios for mortality. Each line represents a re-analysis of the data with exclusion of one study (inclusion of 10 studies only) at a
time to assess the influence of this particular study on the overall result. A study was treated as statistical outlier if the k minus 1 estimate (where k is the number of studies)
produced a 95% Cl that did not overlap with the 95% CI of the aggregated estimate. None of the studies met the qualifier for a statistical outlier.

Study RR 95% ClI
Removing Antoniucci 2002 0.69 (0.39, 1.21)
Removing Desch 2010 0.68 (0.39, 1.19)
Removing Habib 2010 0.58 (0.32, 1.06)
Removing Meier 2014 0.56 (0.30, 1.02)
Removing Monteiro 2003 0.64 (0.36, 1.15)
Removing Nicolau 1999 0.55 (0.31, 1.00)
Removing Perez-Castellano 1998 0.72 (0.42, 1.24)
Removing Sorajja 2007 0.65 (0.37, 1.15)
Removing Wang 2011 0.71 (0.41,1.21)
Removing Williams 1976 0.69 (0.41, 1.18)
Removing Yaylak 2015 0.72 (0.42, 1.23)
Random Effects Model 0.65 (0.38, 1.12)
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