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Abstract

OBJECTIVES: The aim of the current study was to estimate adverse event rates while awaiting myocardial revascularization and review cri-
teria for prioritizing patients.

METHODS: A PubMed search was performed on 19 January 2015, to identify English-language, original, observational studies reporting
adverse events while awaiting coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCl). Rates of death, non-
fatal myocardial infarction (MI) and emergency revascularization were calculated as occurrence rates per 1000 patient-weeks and pooled
using random-effects models.

RESULTS: The search yielded 1323 articles, of which 22 were included with 66 410 patients and 607 675 patient-weeks on the wait list.
When awaiting CABG, rates per 1000 patient-weeks were 1.1 [95% confidence interval 0.9-1.3] for death, 1.0 [0.6-1.6] for non-fatal MI and
1.8 [0.8-4.1] for emergency revascularization. Subgroup analyses demonstrated consistent outcomes, and sensitivity analyses demon-
strated comparable event rates with low heterogeneity. Higher urgency of revascularization was based primarily on angiographic com-
plexity, angina severity, left ventricular dysfunction and symptoms on stress testing, and such patients with a semi-urgent status had a
higher risk of death than patients awaiting elective revascularization (risk ratio at least 2.8). Individual studies identified angina severity and

©The Author 2017. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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left ventricular dysfunction as most important predictors of death when awaiting CABG. Adverse rates per 1000 patient-weeks for patients
awaiting PCl were 0.1 [95% confidence interval 0.0-0.4] for death, 0.4 [0.1-1.2] for non-fatal M| and 0.7 [0.4-1.4] for emergency revasculari-

zation but were based on only a few old studies.

CONCLUSIONS: Rates of death, non-fatal Ml and emergency revascularization when awaiting myocardial revascularization are infrequent
but higher in specific patients. Countries that not yet have treatment recommendations related to waiting times should consider introduc-
ing a maximum to limit adverse events, particularly when awaiting CABG.

Keywords: Coronary artery bypass grafting « Percutaneous coronary intervention « Myocardial revascularization « Waiting + Wait list «

Delay « Death « Myocardial infarction « Emergency revascularization

INTRODUCTION

Coronary artery disease (CAD) remains the leading cause of
death in Western countries. If CAD is too severe or medical ther-
apy falls short, treatment is based on myocardial revasculariza-
tion performed by percutaneous coronary intervention (PCl) and
coronary artery bypass grafting (CABG) [1-3]. PCI has become
the most frequently performed therapeutic intervention in medi-
cine, while CABG is one of the most common surgical procedures
[4, 5] As a result, centres may have waiting lists in place for pa-
tients requiring myocardial revascularization, particularly for
CABG. However, these patients are at risk for myocardial infarc-
tion (MI), urgent or emergency revascularization or death while
awaiting (semi-)elective procedures [6].

To prioritize access to care for patients who are at risk for ad-
verse events and in greater need for early revascularization [7],
the Canadian Cardiovascular Society has introduced guidelines
with maximum acceptable waiting times for patients requiring
revascularization [8]. The recent 2014 ESC/EACTS guidelines for
myocardial revascularization have adopted these prioritization
criteria and for the first time provide a recommendation on the
time frame in which patients in Europe should undergo revascu-
larization. Accordingly, it is recommended that patients with se-
vere symptoms or high-risk coronary anatomy should undergo
revascularization within 2 weeks, while other patients with stable
CAD should undergo revascularization within 6 weeks after diag-
nostic catheterization [3]. These recommendations pertain to pa-
tients with stable CAD referred for elective revascularization,
whereas more stringent timelines are in place for patients
undergoing revascularization in the context of acute coronary
syndrome (ACS) [9, 10].

However, the debate on waiting lists for myocardial revascula-
rization is still ongoing, as it remains unclear to what extent pa-
tients are at risk of adverse events and criteria for prioritizing
patients have not been adequately reviewed and are contradict-
ory. These data are crucial for patient care as well as for health-
care providers and insurance companies. Moreover, numerous
countries, including the USA, do not have recommendations for
maximum waiting times.

We have performed a systematic review and meta-analysis of
observational studies to estimate adverse event rates while await-
ing myocardial revascularization and review criteria for prioritiz-
ing patients.

MATERIALS AND METHODS

This study adheres to the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) criteria for meta-analysis of observa-
tional studies [11].

Search strategy

A search of the PubMed database was performed on 19 January
2015, to identify potentially relevant full-length English-language
studies that reported adverse events occurring in patients await-
ing coronary revascularization, either CABG or PCl. No year of
publication exclusion was applied. A combination of the follow-
ing keywords was used, which were related to treatment (‘percu-
taneous coronary intervention’, ‘PCl', ‘percutaneous transluminal
coronary angioplasty’, ‘/PTCA’, ‘coronary artery bypass, ‘CABG,
‘coronary artery revascularization’, and ‘coronary revasculariza-
tion’), status (‘waiting time', ‘waiting list’, ‘wait time’, ‘priority’, ‘pri-
oritizing', ‘prioritization’, ‘delay’, ‘queueing’, ‘queued’, ‘queuing’
‘queue’, and ‘rationing’) and outcomes (‘'death’, ‘mortality’, 'stroke’,
‘myocardial infarction’, ‘STEMI’, ‘acute coronary syndrome
‘unstable angina’, ‘heart failure’, ‘readmission’, and ‘rehospitaliza-
tion’) (Supplementary Material, Appendix). Reference lists of the
included studies were hand-searched to determine that no po-
tential articles were missed.

Study inclusion

The results of the literature search were screened in 3 phases: (i)
an initial inspection of the study titles, (i) a reading of the ab-
stract and (iii) an in-depth screening of the full-text articles.
Studies had to fulfil the following criteria to be included in the
meta-analysis: (i) the population consisted primarily of adult pa-
tients undergoing myocardial revascularization, although <25% of
patients awaiting valve procedures was allowed; (ii) the popula-
tion had to consist of patients with CAD on a waiting list for
myocardial revascularization, excluding studies exclusively on pri-
mary PCI for ST-elevation myocardial infarction, recent ACS or
salvage/emergent procedures; (i) adverse event rates were re-
ported separately for CABG or PCl; and (iv) adverse event rates
were reported as events per time interval (e.g. deaths per
patient-weeks), or, alternatively, could be calculated to events
per time interval. The screening and study selection was per-
formed independently and in duplicate by 2 investigators (SJ.H
and M.S.U.). Disagreement was resolved by consensus.

Data extraction

We collected a number of study characteristics to assess whether
patient populations were overlapping by being included in multiple
studies. If this was the case, only the study with the highest number
of patients was included in the meta-analysis. Two researchers (SJ.H.
and B.B.) extracted the data independently and in duplicate; in case
of disagreement, consensus was reached by discussion.
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For each study, the following patient characteristics were ex-
tracted: mean age, gender, left ventricular (LV) function, angina
classification, and prevalence of diabetes, multivessel disease, and
left main disease. The following outcome measures were ex-
tracted to allow appropriate analyses: mean or median number
of days/weeks/months/years that individuals spent on the waiting
list or the total number of days/weeks/months/years that the co-
hort spent on the waiting list, number of deaths while on the
waiting list and number of non-fatal adverse events (Ml or emer-
gency revascularization) while on the waiting list.

For studies categorizing patients according to an urgency/prior-
ity scale, we collected the urgency/priority criteria (e.g. variables)
and the waiting times and adverse events for each group separ-
ately. If rates were provided according to the Canadian criteria of
prioritizing procedures using elective, semi-urgent A and semi-
urgent B status based on clinical and anatomical variables (left
main or complex multivessel disease), these rates were extracted
separately [12]. Patients with a semi-urgent status are stable to be
discharged home with a Canadian Cardiovascular Score I-1ll, and
stratification takes place based on <2 metabolic equivalents on a
stress test using the standard Bruce protocol (e.g. semi-urgent A)
or 2-5 metabolic equivalents (e.g. semi-urgent B). Semi-urgent A
patients also include those with more complex coronary disease as
defined as left main disease, multivessel disease and involvement
of the proximal left anterior descending artery.

To analyse the risk factors for adverse events when waiting for
myocardial revascularization, we collected outcomes of multi-
variable analyses identifying independent predictors of adverse
events, with corresponding point estimates (odds ratio, hazard
ratio and rate ratio) for different characteristics.

Statistical analysis

Analyses were performed with studies evaluating adverse events
when awaiting CABG and PCl separately because of severely dif-
ferent characteristics of patients referred to CABG and PCl in
these observational studies; no comparisons were made between
the treatment strategies.

We calculated the rate of events per patient-week of observa-
tion time and used log transformation before pooling of estimates
using a random-effects model. If the total number of patient-
weeks on the waiting list was not provided, it was recalculated
using the total number of patient-days/patient-years. If the total
number of days/weeks/months/years on the waiting list was not
provided, it was calculated through [median/mean number of
waiting time in weeks x number of patients]. In case of zero
events, we derived the upper end of the 95% confidence interval
(CI) of the rate as described by Hanley and Lippman-Hand [13]
and used a continuity correction of 0.01 at the level of events and
denominator population to derive a rate. Log rates and corres-
ponding limits of the 95% Cl were back transformed to rates per
1000 patient-weeks throughout. Results were summarized in forest
plots. To estimate whether the average waiting time had an impact
on the death rate per study, a scatter plot was constructed with
the coefficient of determination, also known as R”.

Heterogeneity across studies was explored using the Tau [2] stat-
istic, with their prediction intervals calculated taking into account
the between-study variance [14]. Since there was considerable het-
erogeneity between studies, we calculated 95% prediction intervals
in addition to conventional intervals to reflect residual uncertainty
[15]; performed analyses stratified by study design (prospective vs

retrospective), year of initiation of patient recruitment (before
1999 vs 1999 or later), geographic location of patient inclusion, ur-
gency of procedure (exclusively elective vs not exclusively elective
patients), number of patients included in the study (<700 vs >700)
and mean length of waiting time (<10 vs >10 weeks); and identified
studies that contributed most to statistical heterogeneity by z-tests
for the difference between the estimated log rate of a specific
study and the pooled estimate of remaining studies. In sensitivity
analyses, we excluded the studies with the highest z-values
deemed to contribute most to heterogeneity. For the analysis of
CABG patients, we cumulatively excluded the top 3 studies and for
the analysis of PCI patients, which included few studies only, we
excluded a single study with the highest z-value. Additional sensi-
tivity analyses were performed by calculating within-study death
rates for each status of the Canadian criteria of prioritizing proced-
ures (i.e. elective, semi-urgent A and semi-urgent B) and calculated
rate ratios (RRs) to compare death rates across different status of
prioritizing of procedures. We subsequently pooled log RR using
inverse variance random-effects meta-analysis and exponentiated
pooled log RR and 95% CI; a log RR is statistically significant if the
95% Cl does not include 0. All analyses were performed using
Stata version 14 (StataCorp, College Station, TX, USA).

RESULTS

The database search yielded 1323 articles (Fig. 1). Based on the
first screening of the titles, 105 potentially relevant articles were
deemed eligible. During the second screening of the abstract, an
additional 60 articles could be excluded. As a result, the full texts
of 45 potentially relevant articles were read, after which 22 art-
icles were included in the pooled analysis. The majority of studies
reported adverse events while awaiting CABG. Only 3 dedicated
studies were published on events awaiting PCl. Two studies re-
ported adverse events awaiting both PCl and CABG.

Study characteristics as well as patient baseline characteristics
are reported in Table 1. The total number of patients from all
included studies amounted to 66410 and a total time on the
waiting list of 607675 patient-weeks. Characteristics of waiting
times and adverse events within the individual studies are sum-
marized in Table 2.

Coronary artery bypass grafting

Adverse events while awaiting revascularization. There
were 19 studies that could be pooled to estimate rates among pa-
tients awaiting CABG (Fig. 2; Table 3). Death occurred at a rate of
1.1 (95% Cl 0.9-1.3) per 1000 patient-weeks when awaiting CABG,
derived from 579584 patient-weeks. A non-fatal Ml occurred at a
rate of 1.0 (95% Cl 0.6-1.6) per 1000 patient-weeks, derived from
187000 patient-weeks. Emergency revascularization occurred at a
rate of 1.8 (95% Cl 0.8-4.1) per 1000 patient-week derived from
4182 patient-weeks (Supplementary Material, Fig. S1).

In an analysis to determine whether the risk of death increases
with longer waiting times, there was no correlation between the
length of the average waiting time and the death rate, as indi-
cated by an R of 0.0045 (Supplementary Material, Fig. S2).

Adverse events according to urgency or priority. Nine stud-
ies reported on what basis the decision was made to prioritize
patients or categorize them according to urgency. Urgency/
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1323 identified articles
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Y

Y

1.

Excluded based on title screening (n=1218)

105 potentially relevant articles

h 4

Y

2.
- acute indication (n=11)

- not an original contribution (n=16)

- no relevant topic (n=10)

- no reporting adverse events on wait list (n=23)

Excluded based on abstract screening:

45 potentially relevant articles

h 4

3.
_| - no full text available (n =4)

Al not stable CAD population (n=4) or isolated CABG (n=1)
- no reporting of adverse events on wait list (n=6)

- calculation of linearized rate not feasible (n=1)

- no separate rates for CABG or PCl population (n=2)

Excluded based on full-text reading:

27 relevant articles

Y

4.

Excluded based on duplicate populations (n=5)

Y

5.

Screening of references of studies (n=0)

22 articles included in the pooled analysis

Figure 1: Study flow chart. CABG: coronary artery bypass grafting; CAD: coronary artery disease; PCI: percutaneous coronary intervention.

priority was based on the extent of CAD (n=9 studies), severity
of angina (n=9 studies), LV dysfunction (n=8 studies), exercise
stress/non-invasive testing (n=6 studies), ability to work (n=2
studies) and the response to medical treatment (n = 2 studies).

Separate analyses with 12 studies could be pooled to generate
rates of patients that were on the elective/routine waiting list
(Table 3). The analysis of death included 104371 patient-weeks
during which 121 deaths occurred, calculating to a rate of 1.1
(95% Cl 0.8-1.4) per 1000 patient-weeks. There were 30608
patient-weeks during which 19 patients suffered a non-fatal MI,
calculating to a rate of 0.7 (95% ClI 0.4-1.1) per 1000 patient-
weeks. Only a single study evaluated emergency revascularization
when awaiting elective/routine CABG, occurring at a rate of 1.1
(95% Cl 0.4-3.5) per 1000 patient-weeks.

For patients awaiting CABG, there were 3 studies that reported
deaths of patients on a semi-urgent B and semi-urgent A waiting
list, which could be pooled. When compared with patients await-
ing elective/routine CABG, patients with a semi-urgent B status
had an increased risk of death (log RR=2.8, 95% C| 0.6-14.3).
Patients with an even higher semi-urgent A priority status had an
increased risk of death when compared with patients with an
elective (log RR=5.3, 95% Cl 0.9-33.3) as well as semi-urgent B
(log RR=2.0, 95% Cl 0.5-7.2) status.

Subgroup and sensitivity analyses. There were no significant
differences in subgroup analyses for death and non-fatal Ml
(Table 4).

Sensitivity analyses by deleting studies contributing to hetero-
geneity demonstrated consistency in event rates of death and
non-fatal Ml when awaiting CABG while significantly reducing
the degree of heterogeneity (Supplementary Material, Table S1).

Independent predictors of adverse events. Seven manu-
scripts reported the results of multivariable analysis of adverse
events when awaiting CABG. Angina class appeared most often
to be an independent predictor, followed by LV (dys)function or
heart failure, male gender and time on the waiting list. Several
other predictors have also been identified but have not been
validated in other studies (Table 5).

Percutaneous coronary intervention

There were 5 studies that could be pooled to estimate rates
among patients awaiting PCI (Fig. 3; Table 3). Death occurred at a
rate of 0.1 (95% Cl 0.0-0.4) per 1000 patient-weeks, derived from
28001 patient-weeks. A non-fatal M| occurred at a rate of 0.4
(95% Cl 0.1-1.2) per 1000 patient-weeks derived from 25463
patient-weeks. Emergency revascularization occurred at a rate of
0.7 (95% Cl 0.4-1.4) per 1000 patients-week derived from 13428
patient-weeks (Supplementary Material, Fig. S1).

All studies evaluating adverse events awaiting PCl were performed
on patients awaiting an elective procedure, and therefore the results
did not change in the analysis of elective patients only (Table 3).

Sensitivity analyses to reduce heterogeneity and test consist-
ency of death and non-fatal Ml rates found similar event rates
after deleting a single study contributing to heterogeneity
(Supplementary Material, Table S1).

DISCUSSION

This systematic review and meta-analysis of 22 studies compris-
ing 66410 patients and a total time on the waiting list of 607 675
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Continued

Table 1

Angina

LV function

Multivessel

disease disease (%)

Male DM LM
(%)

(%)

Mean

No. of

Procedures

Patient Type of

Study

Study

Author,

class (%)

(%)

age (years)

patients (n)

patients

location inclusion

design

year, ref.

LVD: 35%

13 3VD: 70

88

=85 58
39

CABG, n

Elective CABG or PTCA

CAD

Retrospective  England 1988

Lim et al., 1991 [31]

PTCA, n

PCI

Unstable: 16

2VD: 42

100

57

215

Routine PCI, not

1989-1990 CAD

England

Prospective

Chester et al., 1995

3VD: 11

emergent or urgent
Elective PTCA
Elective PTCA

(32]
Koch et al., 1997 [33]

Bernstein et al.,

14

72

64

817

1990-1992 CAD

1992

Netherlands

Prospective

CCS 111/1v: 80

2VD: 36
3vD: 10

<1

71

869

Netherlands

Prospective

1997°[17]

CCSIlI/IV: 54

2VD: 30
3VvD:7

29

<1

76

423

Elective PTCA

1994-1995

Sweden

Prospective
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10

80

60

Elective PCI 145

1998-1999 CAD

England

Prospective

Talwar et al., 2005

(34]

2VD: two-vessel disease; 3VD: three-vessel disease; iCABG: (isolated) coronary artery bypass grafting; CAD: coronary artery disease; CCS: Canadian Cardiovascular Score; DM: diabetes mellitus; EF: ejection fraction;

LM: left main; LV(D): left ventricular (dysfunction); PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angioplasty.

Median instead of mean.

PSame study but results were reported for CABG and PCl separately.

“Includes 408 patients with an emergent or in-hospital waiting status because baseline characteristics were not reported separately.

patient-weeks provides, for the first time, a systematic analysis of
an underappreciated topic: adverse events, including death, while
awaiting myocardial revascularization. Although many consider
waiting times to be an issue of the past, nearly all studies in this
analysis, including more recent studies, had average waiting
times longer than suggested by the recent guidelines. The key
findings of the present study are the following. First, death and
non-fatal MI occur at a rate of 1.1 and 1.0 per 1000 patient-
weeks when awaiting CABG. Second, separate analysis of priori-
tized patients awaiting CABG shows that patients with an elective
status versus those with a semi-urgent status have lower rates
of death, justifying prioritizing according to status and anatomy.
In this regard, the most powerful clinical predictors of death ap-
pear to be severity of angina and LV dysfunction, which were in-
dependent predictors in >4 studies. Third, death and non-fatal
MI occur at a rate of 0.1 and 0.4 per 1000 patient-weeks, respect-
ively, when awaiting PCI. However, this rate is derived from only
a few old studies.

While the benefits and risks of myocardial revascularization
among patients with stable CAD are well established, the conse-
quences of untimely access to revascularization have not been
subject to a thorough investigation. Therefore, our results have
several important implications on a clinical, logistic and regula-
tory level.

The benefit of shorter waiting times is multifactorial. When ana-
lysing deaths that occurred when awaiting CABG, Plomp and co-
authors reported that 181 of 224 deaths (80.8%) were considered
waiting-list related [37]. Of these, 137 (61.1% of total) deaths were
sudden, while another 20 (8.9% of total) and 15 (6.7% of total)
were the result of MI or heart failure, respectively. As suggested by
the authors, these deaths may have been avoidable had there
been unrestricted surgical capacity. Second, patients with an indi-
cation for myocardial revascularization have an impaired quality
of life that is only declining when waiting times are prolonged,
while a remarkable quality of life increase is seen shortly after
revascularization [38-40]. Therefore, shortening waiting times will
likely have a great impact not only on the rates of death, but also
on increasing quality-adjusted life-years by lowering rates of non-
fatal MI. Third, studies have reported a decline in LV function
while awaiting revascularization, which may in part explain the im-
paired quality of life. In addition, a recent non-fatal Ml or ACS, as
well as preoperative LV dysfunction and a higher New York Heart
Association classification are all predictors of operative mortality,
and could potentially be avoided by reducing events when
shortening waiting times [41]. Indeed, Sobolev and co-authors
found that patients with waiting times longer than recommended
had an operative risk of death that was about 50% higher than
that of patients with waiting lists within the recommended max-
imum time [42], extending the benefit of shorter waiting times to
an improvement in postoperative outcomes.

Several studies have suggested that the risk of adverse events
increases with longer waiting times [25, 35]. However, other stud-
ies have contradicted this finding and reported that rates of death
were particularly high within the first weeks on the wait list for pa-
tients awaiting CABG. Morgan and co-authors reported that death
rates were highest in the first 2 weeks and occurred randomly there-
after [18]. We found that there was no correlation between the aver-
age waiting times and death rates per study. However, the
cumulative risk of an adverse event for a certain patient does in-
crease with longer waiting times.

A number of priority scores have been developed to assess which
patients should receive myocardial revascularization within a certain
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. Events / Rate
Study + End-point Patient/weeks (95% CI)
Mortality 1
Arthur 2000 0/2657 * 0.0 (0.0to 1.1)
Bernstein 1997 a 11/ 10080 L 4 1.1(06t02.0)
Bernstein 1997 b 8/ 8437 L 0.9(0.5t01.9)
Cesena 2004 12112531 ] 10({05t01.7)
Cox 1996 5/ 4655 * 1.1(0.4 to 2.6)
Da Rocha 2003 1/552 o 18(0.3t012.7)
Haddad 2002 54/ 50336 [ 2 1.1(0.8t0 1.4)
Hendriksson 2010 83 /83738 L] 10({0.8to01.2)
Jackson 1999 13110738 o 1.2{0.7t02.1)
Koomen 2001 /4316 e 18(091t03.7)
Legare 2005 41824 | L 48(1.8t012.9)
Lim 1991, CABG 0/1530 [ I 0.0 (0.0 o 2.0)
Maziak 1996 0/1525 o 0.0 (0.0 to 2.0)
Morgan 1998 91/ 122984 o 0.7 (0.6t0 0.9)
Naylor 1995 31/ 40057 L 0.8(0.5t01.1)
Ray 2001 9/ 11144 . 0.8 (0.4 to 15)
Rexius 2004 67 / 46074 K2 1.4(1.1t01.8)
Seddon 1999 18114621 - 1.2{0.8t0 1.9)
Sobolev 2006 92/137139 LR 0.7 (0.5t0 0.8)
Suttorp 1992 26/ 15736 8 1.6 (1.1t0 2.4)
Overall (Tau?=0.099; 95% PI 0.5-2.1) (o3 1.1 (0.9 to 1.3)
Non-fatal MI ]
Arthur 2000 3/ 2657 - 1.1 (0.4 to 3.5)
Bernstein 1997 a 8/10080 "._ 0.8 (0.4 to 1.6)
Cesena 2004 5712531 LJ i 0.4(0.2t01.0)
Cox 1996 0/4655 L 0.0 (0.0 to 0.6)
Da Rocha 2003 6/552 i ® > 10.9 (4.9 to 24.0)
Hendriksson 2010 84 / 83738 ¢ 1.0(0.8t01.2)
Jackson 1999 16 /10738 e 1.5(0.9t0 2.4)
Koomen 2001 3/4316 : 0.7 (0.2 10 2.1)
Lim 1991, CABG 1/1530 L4 0.6 (0.110 4.6)
Maziak 1996 411525 e 26(1.0t07.0)
Naylor 1995 3 /40057 L 0.1(0.0t00.2)
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T T T T T 1
0 5 10 15

Figure 2: Pooled rate of death and non-fatal Ml when awaiting CABG. Incidence estimated from log-transformed data; therefore, 95% Cls are asymmetrical. CABG:
coronary artery bypass grafting; Cl: confidence interval; MI: myocardial infarction.

time frame and which patients have a lower risk and can wait longer
[7, 20]. These scores have largely been developed using the following
variables: complexity of CAD, LV dysfunction, severity of angina and
results on exercise stress/non-invasive test. Many of these factors
have therefore been included in the most recent guidelines to per-
form revascularization within 2 instead of 6weeks from coronary
angiography [3]. Our subgroup analysis could not confirm the clin-
ical impact of these variables on adverse events in patients awaiting
revascularization. A meta-analysis with individual patient data would
have the ability to perform specific subgroup and multivariable ana-
lyses to detect such differences. We did find that studies that identi-
fied predictors of death reported angina class and LV dysfunction as
the most frequently occurring predictors. The complexity of CAD
did not appear to be an independent predictor of adverse events in
the individual studies, but it is unclear whether this is because it is
not a predictor or because it often was not included as a variable.
Moreover, it is not only the risk of an adverse event that warrants
these patients to undergo earlier revascularization but also the risk
of compromising the result of revascularization by the loss of viable
myocardium when an event occurs in the left anterior descending
coronary artery territory as opposed to an event in, e.g. the distal
right coronary artery [43]. Furthermore, our analysis of prioritizing
patients according to their extent of CAD, LV dysfunction, severity
of angina and results on exercise stress/non-invasive testing did
show that patients with a more urgent indication for revasculariza-
tion had a higher rate of death while on the waiting list, suggesting
that the waiting time should be minimized for these patients. In

addition, data have shown that 38% of patients who have suffered
an ACS (and would therefore have a high priority) were readmitted
with further ACS while waiting [44].

Current guideline recommendations do not take into account
whether a patient is awaiting CABG or PCl [3]. According to our
results, the impact of waiting times and the guideline recommen-
dations may be more relevant for patients awaiting CABG than
for those awaiting PCl, although the data on adverse events
when awaiting PCl were scarce and conclusions related to PCI
should be considered hypothesis generating. For CABG patients
on a wait list who develop an acute indication, primary PCl and
the subsequent need for complete revascularization with CABG
increases complication rates, challenges hospital logistics and
thus significantly increases health care costs. Diffusion of cardiac
catheterization and PCI facilities have decreased bottlenecks
related to access to interventional care. Moreover, the option of
ad hoc PCl, supported by current guidelines [3] in patients with
less complex CAD despite optimized medical therapy [45, 46], is
probably one of the reasons why we could include only 5 studies
that reported adverse events for patients awaiting PCl. These
were particularly older studies with only a single study performed
after 2000 [17, 31-34, 47, 48], which could reflect the progressive
increase in ad hoc PCl [49]. Although PCl practice has since
changed significantly, adverse event rates are still particularly
relevant for patients with more complex and diffuse disease in
whom ad hoc PCl is not advised by clinical guidelines and a Heart
Team discussion should take place [3, 50]; these patients can
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Table 3 Pooled data of adverse events when awaiting (elective) CABG or PTCA/PCI

Cohort Outcome Treatment No. of No. of Total waiting No. of Pooled rate 95% Cl
studies®  patients  time (weeks) events  (per 1000 patient-
weeks)

Entire cohort Death CABG 19 64002 579584 533 1.1 09-13
PTCA/PCI 5 2508 28001 3 0.1 0.0-0.4

Non-fatal Ml CABG 12 22254 187000 149 1.0 0.6-1.6

PTCA/PCI 5 2085 25463 9 0.4 0.1-1.2

Emergency revascularization CABG 2 527 4182 7 1.8 0.8-4.1

PTCA/PCI 2 360 13428 10 0.7 0.4-1.4

Elective/routine Death CABG 9 10029 104371 121 1.1 0.8-1.4
revascularization PTCA/PCI 5 2508 28001 3 0.1 0.0-0.4
Non-fatal Ml CABG 6 2082 30608 19 0.7 0.4-1.1

PTCA/PCI 5 2085 25463 9 0.4 0.1-1.2

Emergency revascularization CABG 1 246 2657 3 1.1 0.4-3.5

PTCA/PCI 2 360 13428 10 0.7 0.4-1.4

CABG: coronary artery bypass grafting; Cl: confidence interval; MI: myocardial infarction; PCl: percutaneous coronary intervention; PTCA: percutaneous trans-

luminal coronary angioplasty.

“The sum of the number of separate studies on CABG or PTCA/PCI patients does not add up to the ‘all treatments’ results, as some studies did or did not pro-

vide separate results for each treatment.

Table 4 Subgroup analyses of CABG studies

Death Non-fatal Ml
Rate 95% Cl P-value for Rate 95% Cl P-value for
interaction interaction
Study design
Prospective 1.0 0.8-1.3 0.55 Prospective 0.9 0.6-1.4 0.73
Retrospective 1.1 0.8-1.6 Retrospective 1.1 0.3-3.6
Years of patient inclusion
Inclusion before 1999 1.0 0.8-1.3 0.64 Inclusion before 1999 0.8 0.4-1.6 0.89
Inclusion since 1999 12 0.7-2.0 Inclusion since 1999 0.7 0.3-1.7
Geographic location of study 0.14 0.93
Canada 0.9 0.6-1.2 Canada 0.4 0.0-2.9
Brazil 1.1 0.8-1.4 Brazil 2.1 0.1-51.4
England 0.0 0.0-2.0 England 0.7 0.1-4.6
Netherlands 1.5 1.1-2.0 Netherlands 0.8 0.4-1.4
New Zealand 12 0.9-1.7 New Zealand 13 0.9-1.8
Sweden 1.2 0.9-1.6 Sweden 1.0 0.8-1.2
Study size
Number of patients <700 13 0.8-2.0 0.28 Number of patients <700 13 0.5-3.1 0.33
Number of patients >700 1.0 0.8-1.2 Number of patients >700 0.6 0.3-1.2
Urgency
Exclusively elective patients 1.1 0.9-1.3 0.78 Exclusively elective patients 1.1 0.6-2.1 0.72
Not exclusively elective patients 1.1 0.8-1.6 Not exclusively elective patients 0.7 0.4-1.2
Waiting time
Average waiting time <10 weeks 1.0 0.8-1.4 0.76 Average waiting time <10 weeks 0.9 0.2-4.1 0.91
Average waiting time >10 weeks 1.1 0.8-1.5 Average waiting time >10 weeks 1.0 0.7-1.4

CABG: coronary artery bypass grafting; Cl: confidence interval; MI: myocardial infarction.

therefore be exposed to waiting times. Nevertheless, medical ther-
apy while awaiting myocardial revascularization has significantly
improved, potentially reducing the occurrence of adverse events.
Our subgroup analysis according to patient inclusion before and
after 1999 did not show a significant difference in terms of adverse
event rates. Despite these results, it is anticipated that the use of
more potent (dual) antiplatelet therapy while awaiting revasculari-
zation would significantly reduce adverse events. Individual studies

did not report any information on the use of medical therapy, and
this hypothesis could therefore not be tested.

Clinical practice guidelines are universal, independently of dif-
ferent local conditions and health care systems. However, depend-
ing on geographic, economic and social considerations, guideline
adherence might vary across different countries. Notwithstanding,
the recent 2014 ESC/EACTS guidelines for myocardial revasculari-
zation recommendations for a timely access to myocardial
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Table 5 Independent predictors of adverse events
Characteristics Point estimate Outcome measure Reference
Angina
Unstable OR=6.4 Death (6]
HR=25 Death/MI/UA [22]
OR=84 Death/MI [25]
RR=2.8 Death [27]
Class I11/IV OR=22 Death/Ml/cardiac readmission [20]
HR=23 Death/MI/UA/cardiac readmission [26]
LV dysfunction
LVEF per 10% decrease RR=13 Death [27]
Class l11/1V OR=25 Death [18]
HR=24 Death/MI/UA/cardiac readmission [26]
Male gender OR=2.0 Death [18]
RR=2.4 Death [27]
Waiting time
Longer than recommended?® OR=1.6 Death [18]
Per month RR=1.1 Death [27]
Urgency/priority
Urgent HR=14.2 Death/MI/UA [22]
Priority RR=2.0 Death [27]
Age per 10 years OR=14 Death [18]
Hypertension OR=138 Death/Ml/cardiac readmission [20]
Triglycerides <150 mg/dl (1.7 mmol/l) OR=1.8 Death/MI/UA/cardiac readmission [26]
Smoking OR=87 Death [6]
Positive exercise test OR=133 Death (6]
Coumadin treatment OR=7.1 Death [6]
Cardiac enlargement OR=144 Death (6]
Cleveland Clinic risk score® RR=1.2 Death [27]
Concomitant aortic valve disease RR=27 Death [27]
Previous CABG OR=25 Death/Ml/cardiac readmission [20]

CABG: coronary artery bypass grafting; HR: hazard ratio; LV(EF): left ventricular (ejection fraction); MI: myocardial infarction; OR: odds ratio; RR: rate ratio;

UA: unstable angina.
#According to Canadian guidelines for a patient’s clinical profile.
PCleveland Clinic risk score refers to Higgins and co-authors [36)].

revascularization are the first cardiovascular guidelines to focus on
the timing of myocardial revascularization [3]. European countries,
therefore, now have been provided such guidance. However,
other countries, such as the USA, do not have such recommenda-
tions. The present meta-analysis provides evidence to support
maximum waiting times. Our findings that patients with CAD

Study + End-point Patlis::erLks

Mortality !
Bemnstein 1997 ¢ 214345 g
Bernstein 1997 d 0/2538 [ ]
Chester 1995 1/6988 L]
Koch 1997 0/7190 [ ]

Lim 1991, PCI 0/702 ¢
Talwar 2005 076238 L]
Overall (Tau?=2,335; 95% Pl 0.0-8.5) 1]
Non-fatal MI |
Bernstein 1997 ¢ 414345 T
Chester 1995 46988 .
Koch 1997 0/7190 o

Lim 1991, PCI 0/702 o,
Talwar 2005 116238

Overall (Tau2=0.775; 95% Pl 0.0-10.5)

waiting for myocardial revascularization are at risk of death and
other adverse events may contribute to health care systems reform
that will ultimately benefit patients' access to cardiac care.
However, dedicated registries and randomized controlled trials on
the most optimal timing of revascularization after coronary angi-
ography will be critical in complementing the information

Rate
(95% CI)

0.5(0.1101.8)
0.0 (0.0 10 1.2)
0.1(0.0t0 1.0)
0.0 (0.0t00.4)
0.0 (0.0 t0 4.3)
0.0 (0.0t0 0.5)
0.1 (0.0 to 0.4)

0.9 (0.3 to 2.4)
0.6 (0.2 to 1.5)
0.0 (0.0 to 0.4)
0.0 (0.0 to 4.3)
02(00to1.1)

0.4 (0.1t01.2)

0

T T | T 1
5 10 15

Figure 3: Pooled rate of death and non-fatal Ml when awaiting PCI. Incidence estimated from log-transformed data; therefore, 95% Cls are asymmetrical. MI: myocar-

dial infarction; PCI: percutaneous coronary intervention; Cl: conficence interval.
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gathered by this meta-analysis and are required to strengthen the
evidence for guideline recommendations and provide insights into
costs related to delayed revascularization.

Study limitations

Selection of manuscripts available in the literature may have
introduced an entry bias, and it may therefore be unclear how
these rates truly reflect clinical practice. Moreover, there were no
randomized trials on the timing of revascularization that could
be included. It is also possible that potentially relevant manu-
scripts were missed in the literature search. Furthermore, a publi-
cation bias might exist, and unpublished quality control data
from health care systems might not be in the public domain or
available only in closed fora or local languages.

Another important limitation of the current study is the hetero-
geneity in study designs and outcome data. The inclusion of stud-
ies with slightly different inclusion criteria is likely to be one of the
reasons why there was a high heterogeneity in the analyses.
Although most subgroup results did show consistency of adverse
event rates, we could only perform such analyses with known fac-
tors, while unknown factors that could have an impact on adverse
events could not be analysed. Furthermore, subgroup analyses ac-
cording to patient characteristics, such as severity of angina and
left ventricular dysfunction, could not be performed because no
individual patient data was available. We did find that event rates
remained consistent when deleting studies from the analysis,
which significantly reduced the degree of heterogeneity.

The definition of waiting times was different among studies; it
can be calculated from the time of registration to revasculariza-
tion or the time between coronary angiography and revasculari-
zation [48]. Therefore, one of the problems we encountered was
underappreciation of true waiting times due to a discrepancy be-
tween ‘official’ and real waiting times in relation to delay between
angiography and registration for revascularization [28].

CONCLUSIONS

According to the results of this meta-analysis of observational
studies, death and non-fatal MI occur at a rate of 1.1 and 1.0 per
1000 patient-weeks when awaiting CABG, respectively, with rates
being dependent on the priority of patients according to their
status and coronary anatomy. Angina class and LV function ap-
pear to be the most important predictors for adverse events
when awaiting CABG. When awaiting PCl, rates are 0.1 and 0.4
per 1000 patient-weeks, respectively. Our study findings under-
score the importance of recommendations on the maximum
waiting time for revascularization provided by the recent guide-
lines, particularly for CABG. Countries that do not yet have such
recommendations should consider introducing maximum wait-
ing times to limit adverse events.

SUPPLEMENTARY MATERIAL

Supplementary material is available at E/CTS online.
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