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Abstract

Background: Readmission after coronary artery bypass graft (CABG) surgery is associated with adverse outcomes
and significant healthcare costs, and 30-day readmission rate is considered as a key indicator of the quality of care.
This study aims to: quantify rates of readmission within 30 days of CABG surgery; explore the causes of
readmissions; and investigate how patient- and hospital-level factors influence readmission.

Methods: We conducted systematic searches (until June 2020) of PubMed and Embase databases to retrieve
observational studies that investigated readmission after CABG. Random effect meta-analysis was used to estimate
rates and predictors of 30-day post-CABG readmission.

Results: In total, 53 studies meeting inclusion criteria were identified, including 8,937,457 CABG patients. The
pooled 30-day readmission rate was 12.9% (95% Cl: 11.3-14.4%). The most frequently reported underlying causes of
30-day readmissions were infection and sepsis (range: 6.9-28.6%), cardiac arrythmia (4.5-26.7%), congestive heart
failure (5.8-15.7%), respiratory complications (1-20%) and pleural effusion (0.4-22.5%). Individual factors including
age (OR per 10-year increase 1.12 [95% Cl: 1.04-1.20]), female sex (OR 1.29 [1.25-1.34]), non-White race (OR 1.15
[1.10-1.21]), not having private insurance (OR 1.39 [1.27-1.51]) and various comorbidities were strongly associated
with 30-day readmission rates, whereas associations with hospital factors including hospital CABG volume, surgeon
CABG volume, hospital size, hospital quality and teaching status were inconsistent.

Conclusions: Nearly 1 in 8 CABG patients are readmitted within 30 days and the majority of these are readmitted
for noncardiac causes. Readmission rates are strongly influenced by patients’ demographic and clinical
characteristics, but not by broadly defined hospital characteristics.

Keywords: Coronary artery bypass graft, Cabg, Readmission, Hospitalisation, 30-day readmission, Patient factors,
Hospital factors

* Correspondence: s.shawon@unsw.edu.au
Centre for Big Data Research in Health, University of New South Wales
(UNSW) Sydney, Kensington, Australia

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-021-01556-1&domain=pdf
http://orcid.org/0000-0003-4502-1457
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:s.shawon@unsw.edu.au

Shawon et al. Journal of Cardiothoracic Surgery (2021) 16:172

Background

The annual volume and population-based rate of
coronary artery bypass graft (CABG) surgery have
declined significantly over the past two decades in the
United States of America (USA) and in other developed
countries [1-4]. These declines reflect lower incidence
of coronary artery disease [5] and increased use of per-
cutaneous coronary artery interventions (PCI) instead of
CABG [1, 2]. Patients undergoing CABG in recent years
also tend to have more extensive disease and more
comorbidities than previously [1]. However, CABG is
still the most common cardiac surgical procedure in the
USA, with 156,931 procedures performed in 2016 [6].

Unplanned readmissions following coronary artery by-
pass graft (CABG) surgery are associated not only with
poorer outcomes (including increased mortality) for
patients but also with significant health care costs for
payers and patients [7—9]. While reduction of unplanned
readmissions in patients undergoing CABG is a clinical
priority, the 30-day risk-standardised unplanned readmis-
sion rate following CABG is considered in the Hospital
Readmissions Reduction Program (HRRP) in the USA,
which penalizes hospitals financially for above-expected
rates [10]. Given these significant clinical and policy impli-
cations, it is important to identify and address factors
driving unplanned readmissions following CABG.

For achieving the goal of preventing post-CABG
readmissions, effective and well-coordinated patient care
interventions (such as telemonitoring, cardiac rehabilita-
tion, patient education, and follow-up appointments)
[11] are needed. Identifying the underlying causes of re-
admission can highlight which care processes should be
the focus of attention and effort, whereas examining the
patient-level factors associated with readmission can
help to identify patient groups to target for improved
inpatient care and post-procedure follow-up. Because
substantial between-hospital variation in post-CABG
readmission rate has been reported previously [12-14]
and policies on patient safety and quality of care are
usually implemented at the hospital level, certain
hospital characteristics may also need to be targeted. To
date, no study has systematically collated the evidence
regarding the causes of post-CABG readmissions and
patient-level as well as hospital-level characteristics asso-
ciated with such readmissions.

In this systematic review and meta-analysis of 30-day
unplanned readmissions after CABG, our key aims were
to: (1) quantify rates of unplanned readmission within
30 days of CABG surgery; (2) examine how these re-
admission rates vary according to different study-level
characteristics; (3) explore the underlying causes of 30-
day unplanned readmissions following CABG; and (4)
investigate associations of various patient- and hospital-
level factors with 30-day readmission following CABG.
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Methods

Data sources and search strategies

This review was conducted in accordance with PRISMA
guidelines (see Additional File 1) [15]. Two electronic
databases (PubMed and EMBASE) were searched up
until June 2020, without any restrictions on language,
publication date, source of study population or
study size. We searched for published studies with
combinations of relevant search terms as outlined in
Additional File 2. We also searched cited references
in the included papers for further relevant papers.

Study selection

We included studies identified by the systematic search
in the review if they met all of the following criteria: (1)
study population: adult patients undergoing CABG, irre-
spective of indication, severity of disease, and whether
carried out as an isolated procedure or in combination
with other cardiac surgeries; (2) study design: observa-
tional studies; (3) outcome: hospital readmissions within
30days of CABG surgery, irrespective of cause of
readmission; (4) comparison or control group: none; (5)
article type: original research articles published in peer-
reviewed journals; and (6) language: written in English.

We excluded studies if they (1) did not report CABG-
specific readmissions; (2) were restricted to special study
populations (e.g., patients undergoing dialysis); (3) were
intervention studies or had only matched analysis; and
(4) were review articles, or meeting or conference
papers.

Using these selection criteria, two independent re-
viewers (MS and MO) screened titles and abstracts of all
studies initially identified through the systematic search.
Any disagreement was resolved through consensus. Full
texts for further evaluation were retrieved for studies
that satisfied all selection criteria. Details of quality as-
sessment is given in supplementary methods.

Data extraction

We extracted the following information from each in-
cluded study: authors, year of publication, country, study
period, data source, sample size, mean age at CABG
procedure, proportion of male patients, proportions of
patients with diabetes, hypertension, dyslipidemia, renal
failure, heart failure, elective procedure, and isolated
procedure. We defined data source of a study as either
“administrative data” if data were generated through the
routine administration of health care programs or as
“medical records data” if data were derived from medical
records designed to support individual patient care,
whether electronic or not. We also extracted estimates
of post-CABG 30-day readmission rates, causes of
readmission, and adjusted odds ratios (ORs) with 95%
confidence intervals (ClIs) for the associations of various
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patient-level and hospital-level factors with 30-day re-
admission rates. In instances of multiple studies based
on the same data, the most up-to-date or the most com-
prehensive results were extracted.

Quality assessment of included studies

Quality assessment of the included studies was con-
ducted independently by two reviewers (MS and MO)
using the Newcastle-Ottawa Scale (NOS) [16] for cohort
studies using observational data (see Additional File 3).
This scale awards a maximum of nine points to each
study using three dimensions for quality assessment: se-
lection (up to 4 points), comparability (up to 2 points),
and assessment of outcome (up to 3 points) [16]. We
categorized study quality based on the total score: low
(0-3), moderate [4—6], and high [7-9]. The “comparabil-
ity of cohorts” criterion was deemed to be met if the
study used a multicenter or national database, and “ad-
equacy of follow-up of cohorts,” was deemed acceptable
if a study accounted for readmissions to both index and
non-index hospitals [17, 18].

Statistical analysis

We calculated summary estimates for readmission rates
within 30 days after CABG by pooling the study-specific
estimates using random-effects models to allow for be-
tween study heterogeneity, using the “metaprop” pro-
gram in Stata v16.0 [19]. I? statistic was used to estimate
the variation in the estimates attributable to between-
study heterogeneity, while between-study variance was
estimated by 1. We also estimated 30-day readmission
rates after CABG according to prespecified study-level
characteristics (publication year, country, data source,
study size, study quality, proportion of elective proce-
dures and inclusion of isolated CABG patients only).
Differences between these group-specific readmission
rates were assessed by tests for between-subgroup het-
erogeneity (P Heterogeneity < 0.05 indicated significant dif-
ference between groups). We did narrative synthesis for
the causes of 30-day readmissions after CABG because
pooling those estimates quantitatively did not seem
appropriate.

For the associations of patient-level factors (e.g., socio-
demographic and comorbidities) with 30-day readmis-
sion rates, we used the inverse variance weighted
method to combine study-specific ORs (with 95% Cls)
using random-effects models in the “meta” program of
Stata v16.0. Between-study heterogeneity was assessed
using the Cochrane x” statistic and the I” statistic. To as-
sess the associations between hospital-level factors and
30-day readmission rates, we constructed descriptive
summary tables because those estimates could not be
quantitatively pooled.
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Results

Study identification and selection

We identified 1506 relevant citations. After screening ti-
tles and abstracts, 128 articles were selected for full text
retrieval and detailed evaluation. As shown in Fig. 1,
after full-text assessment, 75 studies were excluded. The
remaining 53 studies were included in the systematic re-
view and relevant meta-analyses.

Characteristics of the included studies

Characteristics of all 53 studies [7, 8, 11-14, 20-66] in-
cluded in this systematic review are given in Table 1.
Forty studies [7, 8, 11-14, 20-26, 28-37, 39-44, 46—49,
52, 54, 58, 59, 62, 64, 65] (75% of all included studies)
were from the USA. Most studies [7, 8, 11-14, 20, 21,
25, 27, 32, 33, 35-37, 39-42, 44, 46-49, 52, 58, 59, 61,
63, 65, 66] (1 =31) were based on administrative data
aggregated across multiple sites and 22 studies [22-24,
26, 28-31, 34, 38, 43, 45, 50, 51, 53-57, 60, 62, 64] used
medical records from either a single center or multiple
centers. The included studies varied widely in sample

Articles identified through database
search (n = 1506)
» PubMed = 474
« EMBASE = 1032

—>| Duplicate articles removed (n = 409)
A

A

Articles screened by title and
abstract (n = 1097)

Articles excluded after title and
abstract screening (n = 969)

A

Articles screened by full-text
(n=128)

Articles excluded after full-text

screening (n = 75)

« No 30-day all-cause readmission
estimates reported (n = 54)

* No CABG-specific readmission
estimate (n =12)

* Intervention study or matched
analysis (n = 6)

* Included special study
population (n = 2)

* Review/ meta-analysis (n = 1)

A 4

A 4

Articles included in the review
(n=53)

Fig. 1 PRISMA flow diagram for study selection in the systematic review
- J
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size (range: 110 to 1,116,991). Most participants in all
studies were male (range 65 to 99%). The mean age at
CABG procedure ranged from 57 years to 76 years. In
studies where history of comorbidities was reported, dia-
betes (range: 12 to 69%) and hypertension (range: 37 to
95%) were relatively common in patients undergoing
CABG. While most studies included patients, who had
either isolated or combined CABG procedures, 22 stud-
ies [8, 13, 26, 29, 31, 33, 35-37, 39, 40, 45-48, 50, 51,
54, 56, 58, 59, 62] included only those who underwent
isolated CABG procedures. The included studies varied
widely (range: 15 to 100%) in the proportion of elective
procedures (Table 1).

30-day readmission rates after CABG
Among individual studies, 30-day readmission rates
following CABG ranged from 0.50% in Saito et al. [56]
to 23.3% in Case et al. [28] The pooled 30-day readmis-
sion rate after CABG was 12.9% (95% CI: 11.3—-14.4%)
(Fig. 2). In terms of study characteristics, we found
evidence of significant between-subgroup heterogeneity
in the pooled 30-day readmission rate by data source
(administrative data vs medical record data: 14.5% vs
10.6%; P =0.015) and by study size (large studies [>10,
000 patients] vs small studies [< 10,000 patients]: 13.9%
vs 11.3%, P = 0.03) (Fig. 3). Although 30-day readmission
rates varied when studies were grouped by publication
year, country, study quality and proportion of elective
procedure, no statistically significant between-subgroup
heterogeneity was observed for these study-level charac-
teristics (Fig. 3). When restricting to studies that included
only patients undergoing isolated CABG, the 30-day re-
admission rate did not change appreciably (12.2%).
Information on the readmission destination (index vs.
non-index hospitals) after CABG was available from only
three US studies (see additional file 4) [7, 41, 48].
Around one-third (range: 27.3 to 34.6%) of all patients
readmitted within 30 days after CABG were admitted to
non-index hospitals.

Causes of 30-day readmission after CABG

Twenty-three studies [8, 13, 28, 31, 35, 36, 39-41, 43,
46, 48, 50, 52, 54, 55, 57, 58, 60, 62—64, 66] reported the
causes of 30-day readmission after CABG (Fig. 4).
Cardiac causes, most frequently congestive heart failure
and arrythmias, constituted between 10 and 40% of all
readmissions. Between 6.9 and 28.6% of all readmissions
within 30 days after CABG were due to infection and
sepsis (Fig. 4). Other commonly reported causes of 30-
day readmission were pleural effusion (range: 5 to
23.3%), respiratory complications (1 to 20%), thrombo-
embolic disorders (0.7 to 6.3%), and gastrointestinal
complications (0.7 to 5.8%) (Fig. 4).
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Patient and hospital factors associated with 30-day
readmission

Figure 5 presents associations of various patient-level
factors with 30-day readmission rate following CABG
(Fig. 5). The estimated pooled OR for per 10-year in-
crease in age from 11 studies [24, 25, 28, 34, 35, 39, 47,
59-61] was 1.12 (1.04-1.20). Female sex (pooled OR
from 20 studies [11, 13, 25, 26, 28, 33-36, 39, 40, 47-50,
58, 59, 61-63]: 1.29 [1.25-1.34]) and non-White race
(pooled OR from 12 studies [8, 11, 13, 28, 34, 35, 37, 39,
40, 47, 48]: 1.15 [1.10-1.21]) were associated with higher
risk of readmissions within 30 days after CABG. Com-
pared to those with private insurance, those with Medi-
care or Medicaid in the US were more likely to be
readmitted (pooled OR from 11 studies [8, 11, 32-36,
40, 48, 58]: 1.39 [1.27-1.51]) (Fig. 5).

For meta-analyses for the associations of 12 comorbid
conditions with readmission rate after CABG (Fig. 5),
data came from 22 studies for diabetes [8, 13, 24—26, 28,
31, 34-36, 39, 40, 4648, 50, 54, 58, 59, 62, 63], 11 stud-
ies for hypertension [8, 13, 35, 36, 47, 48, 54, 59, 62, 63],
14 studies for heart failure [13, 24, 34—36, 39, 40, 47, 48,
50, 58, 59, 62, 63], 12 studies for previous myocardial in-
farction (MI) [8, 13, 24-26, 28, 34, 39, 48, 54, 62, 63], 6
studies for atrial fibrillation [8, 13, 26, 36, 47, 48], 6 stud-
ies for stroke [13, 40, 47, 50, 54, 59], 14 studies for per-
ipheral vascular disease [8, 13, 35, 36, 39, 40, 47, 48, 50,
54, 59, 62, 63], 13 studies for renal disease [8, 13, 28, 31,
35, 36, 39, 40, 48, 50, 58, 63], 15 studies for pulmonary
disease [8, 13, 31, 35, 39, 40, 46-48, 50, 54, 58, 59, 62,
63], 6 studies for liver disease [8, 35, 36, 39, 40, 58], 7
studies for immunosuppression [25, 26, 40, 47, 48, 54,
59], and 4 studies for obesity [8, 34, 35, 63]. All of these
comorbidities, except hypertension, were found to be
significantly associated with 30-day readmission after
CABG (Fig. 5). Meta-analyses for each of these comor-
bidities are given in Figures S1-S16 in Additional File 5.
Pooled ORs for 30-day readmission after CABG were
highest for immunosuppression (1.45 [1.33-1.58]), renal
disease (1.41 [1.31-1.51]), and atrial fibrillation (1.33
[1.24-1.42]) (Fig. 5). Because of the differences in the
comparison groups, we could not conduct meta-analysis
for the association between comorbidity indices and 30-
day readmission after CABG. However, qualitative review
suggested that higher scores in either Charlson Comorbid-
ity index or Elixhauser Comorbidity index were associated
with higher likelihood of 30-day readmission after CABG
(S4 Table) [8, 30, 31, 44, 58, 60, 61, 63, 66].

For the associations of various hospital-level factors
and 30-day readmission after CABG, we did not perform
meta-analysis due to either differences in comparison
groups or limited numbers of studies examining any
specific association. A total of eight studies [8, 13, 20,
22, 23, 30, 35, 48] examined the association with hospital
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Author Study Sample
year Country period size
Alkhouli 2019 USA 2015-2016 411159
Anderson 2016 USA 2011-2012 21638
Angraal 2018 USA 1999-2004 1863719
Auerbach 2009 USA 2003-2005 81289
Barnett 2018 USA 2008-2011 5818
Benuzillo 2018 USA 2010-2014 2589
Bianco 2019 USA 2014-2016 16641
Bianco 2019 USA 2011-2017 7048
Blackledge 2009 UK 1995-2004 2520
Brooke 2015 USA 2001-2011 1502815
Case 2019 USA 2011-2017 150
Chan 2020 USA 2011-2017 4980
Chen 2015 USA 2011 5813
Cho 2019 USA 2013-2016 1552
Connolly 2018 USA 2007-2014 312018
Deo 2019 USA 2014 135699
Fanari 2017 USA 2010-2013 1277
Feng 2018 USA 2007-2011 177229
Fox 2013 USA 2005-2009 63911
Girotti 2014 USA 2006-2008 232980
Gurram 2019 India 2015-2016 773
Hannan 2003 USA 1999 16325
Hannan 2011 USA 2005-2007 33936
Hirji 2020 USA 2010-2015 844206
Hwang 2007 USA 2001-2003 22091
Iribarne 2014 USA 2010 5059
Khuory 2019 USA 2010-2014 855836
Kim 2015 USA 2010-2012 41031
Koochmeshki 2013 Iran 2004-2011 952
Lancey 2014 USA 2007-2011 4861
Li 2012 USA 2009 11823
Li 2014 USA 2010-2011 22389
Li 2015 USA 2012 14051
McNeely 2017 USA 2000-2012 1116991
Narain 2019 UK 2012-2017 649
O'Brien 2018 Australia 2000-2012 36902
Price 2013 USA 2006-2011 1205
Reis 2008 Brazil 2006-2007 290
Rosenblum 2019  USA 2002-2017 21719
Saab 2013 Lebanon 2010 110
Saito 2019 Japan  2015-2016 29395
Sargin 2016 Turkey 2013 1103
Sedrakyan 2016 USA 2005-2011 198461
Shah 2019 USA 2013-2014 288059
Shahian 2014 USA 2008-2010 162572
Shehata 2013 Canada 2007-2009 2102
Slamowicz 2008 Australia  1998-2003 6627
Stewart 2000 USA 1997 485
Tam 2018 Canada 2008-2016 63336
Trooboff 2019 USA 2008-2010 1683
Tsai 2013 USA 2009-2010 153496
Tseng 2018 Taiwan 2005 1575
Zywot 2018 USA 2006-2011 126519

Pooled estimate

Note:

Heterogeneity Chi? = 226804.58 (d.f. = 52) p = 0.000

12 (variation in the estimate attributable to heterogeneity) = 99.9%
Estimate of between-study variance Tau? = 0.003

the black squares and the horizontal lines, respectively
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readmission rate (%) (%)
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Fig. 2 Random-effect meta-analysis for 30-day readmission rate after CABG. Individual study-specific estimates and their 95% Cls are indicated by

CABG volume. Five studies [8, 13, 20, 22, 35] found that
lower hospital CABG volume was significantly associated
with higher rates of readmission while the other three
studies [23, 30, 48] found no significant association
(Table 2). For surgeon CABG volume, Hannan et al. [39]
reported that the OR comparing <100 cases vs > 100
cases was 1.16 (1.03-1.31). However, Auerbach et al.
[22] reported no significant association between surgeon
CABG volume and CABG readmission. There was no

strong evidence for associations of hospital quality indi-
cators (e.g. risk-adjusted mortality rate) [39, 40, 42],
number of hospital beds [48, 58], and teaching status
[30, 48, 58] with readmission rate after CABG (Table 2).

Discussion

We conducted a systematic review and meta-analysis to
synthesize available evidence on 30-day readmissions
after CABG and to understand the relevant clinical and
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No. of 30-day all-cause
studies readmission rate (%)
Publication year
Before 2010 7 —T 13.5(10.6, 16.4)
2010-2015 13 - 13.7 (12.3, 15.1)
2015 onwards 33 —a— 12.5(10.5, 14.6)
i Heterogeneity: 12=0.818 (p=0.664)
Country i
USA 40 L 13.6 (12.3, 14.9)
Rest of the world 13 —_— 10.5 (6.53, 14.4)
i Heterogeneity: 72=2.196 (p=0.138)
Data source i
Administrative data 31 i—l— 14.5 (13.0, 15.9)
Medical records data 22 —-—?— 10.6 (7.94, 13.4)
i Heterogeneity: 72=5.871 (p=0.015)
Sample size i
Small (Less than 10,000) 23 - 11.3(10.1, 12.5)
Large (10,000 or more) 30 — 13.9 (11.9, 16.0)
i Heterogeneity: xf=4.71 (p=0.030)
Study quality !
Moderate 16 —l—i— 11.8(9.47,14.2)
High 37 —il— 13.3(11.5, 15.2)
i Heterogeneity: 1°=0.939 (p=0.333)
Elective procedure i
Less than 50% 11 — 13.1(10.8, 15.4)
50% or more 9 —I—i— 11.4 (9.68, 13.2)
i Heterogeneity: 72=1.215 (p=0.270)
Isolated CABG only 22 — 12.2 (9.24, 15.1)
All studies 53 <> 12.9 (11.3, 14.4)
0 5 10 15 20
30-day all-cause
readmission rate (%)
Fig. 3 Subgroup analysis of 30-day readmission rate after CABG by various study characteristics. The black squares and the horizontal lines
indicate pooled estimates from random effect meta-analysis of studies belong to a specific subgroup and the corresponding 95% Cls,
respectively. Heterogeneity chi-squares are based on tests of heterogeneity between subgroups

policy implications. Overall, nearly 1 in 8 patients under-
going CABG are readmitted for any cause within 30 days
of the procedure. The pooled readmission rates were
broadly similar when studies were grouped by various
study characteristics. A large proportion of readmissions
are due to noncardiac causes such as postsurgical infec-
tions and respiratory complications. Taken together,
findings from our study suggest that readmission rates
are strongly influenced primarily by patients’ demo-
graphic characteristics and the presence of comorbidi-
ties, whereas we did not identify any broadly defined
hospital characteristics that are consistently associated
with post-CABG readmissions.

Most of the included studies in this systematic review
are from the USA [7, 8, 11-14, 20-26, 28-37, 39-44,
46-49, 52, 54, 58, 59, 62, 64, 65] and we found that

these studies had higher rates of 30-day readmission
(13.6% vs. 10.5%) than studies conducted outside the
USA. Such differences might reflect differences between
countries in healthcare systems (e.g, USA has an
insurance-based healthcare model whereas many
European countries have publicly funded healthcare sys-
tems), practice patterns and guidelines for managing
acute coronary syndromes, and healthcare resources. We
found that the pooled readmission rate for studies based
on administrative data was much higher than the pooled
readmission rate for studies based on medical records
data (14.5% vs. 10.6%). This difference could be ex-
plained by the fact that studies using medical records
may only be able to track readmissions to the hospital
where the initial procedure is performed (i.e., readmis-
sions to the index hospital) whereas administrative data
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can capture readmissions occurring both to index and
other (non-index) hospitals. The three studies in this re-
view that considered re-admission destination (all using
administrative data from the USA) reported that nearly
one-third of all readmissions within 30 days of CABG
occurred in non-index hospitals. Notably, 27 out of 31
studies which are based on administrative data are from
USA, so this may at least partly explain the higher 30-
day readmission rates observed in USA-based studies.
Another source of variation among the USA-based stud-
ies could be which database was used to define the
CABG patient cohort. Those using the Nationwide Re-
admission Database captured patients with Medicare,
Medicaid, private insurance, and other payers, whereas
some studies only included patients with Medicare in-
surance [67]. Sociodemographic profiles vary between
these two databases [68], which might contribute to the
observed differences in readmission rates.

We did not observe any appreciable differences in re-
admission rates by publication year, despite significant
changes over time in the risk profile and clinical presen-
tation in patients undergoing CABG, and reductions in
post-surgery length of stay [1, 2]. This might be due to
the fact that year of publication does not always

correlate with year of clinical practice, given some stud-
ies covered a large period of time. Two of the included
studies [12, 13] using national data for Medicare benefi-
ciaries reported decreasing trends of readmission within
30days following CABG over the period 1999-2014
while another study [14] reported that the readmission
rates did not vary significantly in New York and Califor-
nia states over the period 2005-2011.

Our review suggests that collectively the majority of
readmissions after CABG are due to noncardiac causes,
including but not limited to infections, pleural effusion,
respiratory complications, gastrointestinal complications
and bleeding. Since predictors for noncardiac readmis-
sions are more frequently related to system-related fac-
tors such as post-discharge care coordination [46], one
might argue that certain noncardiac causes of readmis-
sions, for example postoperative infection, should be an
important focus for reducing avoidable readmissions.
Clinically, it is important to generate evidence regarding
whether interventions such as improved care processes,
use of discharge checklists, post-discharge care coordin-
ation, patient education videos, and early follow-up
clinics for high-risk patients can be implemented to re-
duce these noncardiac causes of readmissions [11].
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Patient No. of Pooled ORs Heterogeneity
factors studies (95% ClI) 12 (%)
Sociodemographic factors
Age (per 10 year increase) 11 —— 1.12 (1.04, 1.20) 94
Sex (Female vs male) 20 -— 1.29 (1.25, 1.34) 90
Race (Non-white vs White) 12 - 1.15(1.10, 1.21) 88
Insurance (Medicare/Medicaid vs private) 11 —a— 1.39(1.27,1.51) 96
Comorbidities
Diabetes 22 : = 1.20 (1.15, 1.26) 92
Hypertension 11 - 1.04 (0.98, 1.11) 96
Heart failure 14 - 1.25(1.19, 1.31) 94
Previous myocardial infraction 12 —— 1.12 (1.04, 1.21) 87
Atrial fibrillation 6 —— 1.33 (1.24,1.42) 94
Stroke 6 —— 1.22 (1.13, 1.30) 88
Peripheral vascular disease 14 = 1.17 (1.14, 1.20) 77
Renal disease 13 —&— 1.41(1.31,1.51) 91
Pulmonary disease 15 —a— 1.31 (1.21, 1.42) 97
Liver disease 6 L 3 1.23 (1.18, 1.28) 0
Immunosuppresion 7 —&—— 1.45(1.33, 1.58) 29
Obesity 4 —| 1.10 (1.06, 1.14) 87
0:4 0:6 018 1 1:2 1:4 1:6
Pooled ORs (95% ClI)
Fig. 5 Pooled odds ratios (ORs) with 95% confidence intervals (Cls) from random effect meta-analysis for associations between various patient
factors and 30-day readmission after CABG. The black squares and the horizontal lines indicate pooled ORs from random effect meta-analysis of
studies investigating the association of 30-day readmission with a specific patient factor and the corresponding 95% Cls, respectively. Individual
meta-analysis for each variable presented here can be found in S1-515 Figures in S2 File

Patients who undergo CABG often suffer from multi-
morbidity and managing those comorbidities can poten-
tially prevent a future readmission. Nevertheless, it
should be recognized that not all readmissions are pre-
ventable. Another reason for focusing on the causes of
readmissions is the fact that the potential clinical impli-
cations for all readmissions are not the same. For
example, Toorboff et al. [64] reported that although in-
fection was the leading primary diagnosis of post-CABG
readmissions, nearly three in four patients with sternal
infections required a procedure at readmission and only
one in four patients with leg infections required a pro-
cedure at readmission. On the other hand, the majority
of those readmitted for pericardial or pleural effusions
required drainage.

Our study confirmed that patients’ sociodemographic
(e.g., female sex, older age, non-white race, insurance
type) and clinical characteristics (e.g. diabetes, heart fail-
ure, previous MI, atrial fibrillation, stroke, peripheral
vascular disease, renal disease, pulmonary disease, liver

disease, immunosuppression, obesity), rather than hos-
pital characteristics, are the major drivers of readmis-
sions following CABG. Because many of these patient
factors are non-modifiable in nature, attention to man-
agement of comorbidities at the index hospitalisation as
well as close follow-up of high-risk patients (with mul-
tiple comorbidities) after discharge may reduce the po-
tentially avoidable readmissions. A previous systematic
review reported that similar patient factors were associ-
ated with unplanned readmission following PCI [69].
Shared patient-level predictors of unplanned readmis-
sions following CABG and PCI present opportunities for
interdisciplinary heart teams to collaborate and improve
patient care. We found that there is an inconsistent body
of evidence linking various hospital characteristics and
post-CABG readmissions. Notably, we found that the as-
sociation between hospital annual CABG volume and
30-day readmission rate is weak and inconsistent across
studies. It has been hypothesized that hospitals with
higher CABG volume are likely to have lower readmission
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Author (Year)

Comparison groups

Findings®

Annual CABG volume
Alkhouli (2019) [20]

Auerbach (2009) [22]

Barnett (2018) [23]

Chen (2015) [30]

Feng (2018) [35]

Khuory (2019) [8]

Li (2012) [48]

McNeely (2017) [13]

Tsai (2013) [65]

No. of hospital bed

Li (2012) [48]

Shah (2019) [58]

Surgeon CABG volume
Auerbach (2009) [22]

Low (< 100)

Intermediate (100-250)

High volume (> 250)

Lowest quartile
Q2
Q3
Highest quartile

Low volume (< 200 cases)

Standard volume (=200 cases)

Lowest quartile
Q2

Q3

Highest quartile
Lowest quartile
Q2

Q3

Highest quartile
Lowest tertile
Middle tertile
Highest tertile
100-299

2300

<100

<50

500-100
101-200

> 200

Lowest quartile
Q2
Q3
Highest quartile

2300
150-299
<150
Small
Medium

Large

Lowest quartile
Q2
Q3

1.77 (1.68-1.87)
1.07-1.14)

1.06-1.41)

-1.33)

1(1.05-1.39)
1.00 (Reference)
0.83 (0.64-1.09)
1.00 (Reference)
1.08 (0.66-1.75)

4 (0.80-1.63)
1.07 (0.78-1.46)
1.00 (Reference)
1.00 (Reference)
0.94 (0.91-0.98)
0.94 (0.90-0.98)
0.95 (0.92-0.99)
1.00 (Reference)
0.93 (0.89-0.96)
0.95 (0.91-0.99)
0.93-1.29)
0.79-1.22)

1
00 (Reference)
22 (
16 (10

0(
0.99 (

00 (Reference)
7 (1.12-1.21)
1.06 (1.02-1.09)
1.02 (0.99-1.06)
(

1.00 (Reference)

Adjusted 30-day readmission rates:

19.2%
17.4%
17.2%
17.2%

1.04 (0.79-1.36)
1.02 (0.78-1.35)
1.00 (Reference)
0.95 (0.87-1.04)
1.00 (0.95-1.06)

(

1.00 (Reference)

1.02 (0.94-1.11)
1.05 (0.96-1.15)
1.03 (0.95-1.12)
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Table 2 Systematic review of hospital factors associated with 30-day readmission after CABG (Continued)

Author (Year) Comparison groups Findings®
Highest quartile 1.00 (Reference)
Hannan (2003) [39] < 100 cases vs > 100 cases 1.16 (1.03-1.31)

Hospital teaching status
Chen (2015) [30]
Li (2012) [48]
Shah (2019) [58]
Hospital quality
Hannan (2003) [39]
Hannan (2011) [40]
Hwang (2007) [42]

Yes, vs no
Yes, vs no

No vs yes

Hospital risk-adjusted mortality rate, highest tertile vs lowest tertile
Hospital risk-adjusted mortality rate, highest tertile vs lowest tertile

Hospital degree of cardiac specialization

0.92 (0.63-1.34)
1.12 (0.90-1.35)
1.02 (0.97-1.07)

1.14 (1.03-1.25)

Most

Moderate

Least
Tsai (2013) [65]

Lowest quartile

Q2

Q3

Highest quartile

Hospital Quality Alliance surgical score

1.10 (0.91-1.33)
0.96 (0.77-1.19)
1.0 (0.88-1.13)

1.00 (reference)

30-day readmission rate:
17.8%

17.4%

17.2%

17.5%

@ Findings are presented as adjusted ORs (95% Cl), unless otherwise indicated

rates because they have greater access to experienced
surgeons and highly trained staff members, robust
preoperative patient care, and optimized postoperative
management [8, 20]. Because a significant proportion of
readmissions were due to infection, sepsis, and other non-
cardiac causes, it is likely that patient complexity and
other hospital-level characteristics reflecting the care/dis-
charge processes are the major drivers of any hospital vari-
ations in 30-day readmission rate. In this review, however,
we found that post-CABG readmissions were not consist-
ently related to broadly defined hospital quality indicators
or CABG-specific quality of care indicators [22, 39, 40, 42,
65]. More research is needed to better understand the
exact drivers of hospital variation in unplanned post-
CABG readmissions.

Under the HRRP program in the USA, the Centers for
Medicare & Medicaid Services calculates payment
reduction for each hospital based on 30-day risk-
standardized unplanned readmission rate for six condi-
tions or procedures including CABG [10]. The risk
adjustment is done for age, sex, and comorbidity, but ac-
cording to a recent study large teaching hospitals and
safety-net hospitals with bigger shares of vulnerable
patients (with low socioeconomic status and more co-
morbidities) were facing larger penalties in the HRRP
program than other hospitals [70]. Accounting for social
risk factors to the risk adjustment for readmission rates
could reduce the negative unintended consequences for
safety-net hospitals [71]. Another competing issue of risk

adjustment for readmission rate might be upcoding of
the variables included in the risk-adjustment models to
game the system [72].

While we conducted the most comprehensive and de-
tailed review to date of post-CABG readmission rates,
causes of readmissions, and factors associated with such
readmissions, several limitations pertaining to this re-
view and the included studies should be noted. Firstly,
we observed a high level of heterogeneity between stud-
ies in the meta-analysis of 30-day readmission rate,
which warrants cautious interpretations of the pooled
estimates. Secondly, while we examined the associations
of patient-level and hospital-level factors with 30-day
readmission rates, we did not examine the roles of pro-
cedural factors (e.g., use of arterial vs venous grafts, har-
vesting techniques, off-pump vs. on-pump techniques,
no. of vessels involved and bypass time) or postoperative
factors (e.g., postoperative complications, length of hos-
pital stay and discharge destination) on readmission
rates. According to recent studies [46, 50], more than
60% of 30-day readmissions occurred within the first 10
days of discharge. These studies also suggested that earl-
ier readmissions were more likely to be procedure-
related than patient-related [46, 50]. Thirdly, regarding
the causes of readmissions, individual studies reported
the primary reason for unplanned readmissions after
CABG, but patients might be readmitted with multiple
diagnoses. Administrative data like the National Re-
admission Database are derived from hospital claims
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data without access to individual medical records [67].
Therefore, studies based on administrative databases did
not have sufficient granularity to answer questions re-
lated to clinical presentation or indication for CABG
procedure, risk scores, and variation in postoperative
outpatient practice patterns, which may further explain
readmission rates. Fourthly, administrative databases are
also subjected to variations in the diligence and accuracy
of data collection across multiple sites. Some studies [39,
40] did not exclude planned or elective readmissions for
which the observed rates might be overestimated to
some extent. However, Kuhoy et al. [8] reported that
only less than 1% of all CABG readmissions in the
Nationwide Readmission Database were planned. It is
also important to understand that not all readmissions
are bad, some are necessary for optimal clinical care [73].

Conclusions

In conclusion, a significant proportion of patients under-
going CABG require readmissions within 30 days and
the majority of these are readmitted for noncardiac
causes. 30-day readmission rates are strongly influenced
by patients’ demographic and clinical characteristics, but
not by broadly defined hospital characteristics. The find-
ings of this study are valuable for benchmarking quality
improvement in clinical care as well as informing hos-
pital readmission reduction policies for CABG.
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