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Abstract Acute stroke and transient ischemic attack
(TIA) is a great burden not only during hospitalization but
also after hospital discharge. The objective of this meta-
analysis was to evaluate the hospital readmissions, causes
and risk factors after survival of acute stroke and TIA.
Pubmed, Web of Science, Cochrane Library, OVID and
EMBASE databases were searched to identify studies
reporting hospital readmissions after acute stroke and TIA.
The primary outcomes were hospital readmission rates
during 30 days and 1 year after discharge. The primary
causes and risk factors of hospital readmissions were also
identified. Ten studies with 253,680 patients were eligible
for inclusion. The pooled 30-day and 1-year hospital
readmission rates were 17.4 % (95 % CI, 12.7-23.5 %)
and 42.5 % (95 % CI, 34.1-51.3 %), respectively. The
three major causes of 30-day hospital readmissions were
infection (19.9 %), coronary artery disease (CAD)
(17.8 %) and recurrent stroke (16.0 %) successively, while
the three major causes were recurrent stroke (19.4 %),
infection (19.3 %) and CAD (16.3 %) during 1 year’s
follow-up. There were more patients with CAD in readmits
group than that in control group (p = 0.030). The length of
index admission, defined as any eligible admission to an

< Weibin Zhong
abc32939@126.com

< Lili Cao
jy11102@126.com

Department of Neurology, Qilu Hospital, Shandong
University, 44 West Wenhua Road, Jinan 250012, Shandong,
People’s Republic of China

Department of Neurology, Weihai Municipal Hospital,
70 Heping Road, Weihai 264200, Shandong,
People’s Republic of China

acute care hospital assessed in the measure for the out-
come, was longer (p = 0.000) and admission National
Institutes of Health Stroke Score (NIHSS) was higher
(p = 0.002) in readmits group than these in control group.
In conclusion, there is high risk of early and long-term
hospital readmissions after survival of acute stroke and
TIA. These patients with coronary artery disease, longer
length of index admission and higher NIHSS deserve deep
attention after hospital discharge.
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Introduction

Acute stroke and transient ischemic attack (TTA) is
emerging as a leading cause of preventable death and
disability worldwide [1]. Stroke survivors often face high
risks of mortality and stroke recurrence. For stroke
patients, hospitalizations can be stressful and even more so
when they result in subsequent readmissions to the hospi-
tal. It has been found that 16 % of stroke patients may
experience two or more readmissions within 30 days of the
incident admission [2] and about 50 % of 30-day read-
missions have been classified as avoidable [3].

Hospital readmissions contribute significantly to the cost
of inpatient care and are targeted as a marker for quality of
care [4]. Researchers have found wide variation in hospi-
tals’ readmission rates [5] and a number of studies show
that hospitals can engage in several activities to lower their
rate of readmissions [6]. In USA, Medicare has started
implementing incentives to reduce hospital readmissions,
such as the Hospital Readmissions Reduction Program
(HRRP).
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We conducted a meta-analysis to estimate the pooled
short-term and long-term readmission rates, the common
causes and the risk factors of readmissions after discharge
of acute stroke and TIA during various follow-up periods.
This effort hopes to raise awareness of hospital readmis-
sions after acute stroke and TIA, and to provide consider-
able healthcare resources after hospital discharge.

Methods
Search strategy and data sources

We performed a computerized search to identify relevant
published original studies (1985 to November 2015).
Pubmed, Web of Science, Cochrane Library, OVID and
EMBASE databases were searched using medical subject
headings (MeSH) or keywords. These words were “acute
stroke, acute ischemic stroke (AIS), transient ischemic
attack, acute cerebral infarction, acute intracerebral hem-
orrthage (ICH), acute cerebral hemorrhage, hemorrhagic
stroke” and “re*hospital*, re*admission*”. This search
was not limited to English language or publication type.

Selection criteria

An initial eligibility screen of all retrieved titles and
abstracts was conducted, and only studies reporting
rehospitalization after acute stroke or TIA were selected for
further review. The following included criteria were used
for final selection: (1) studies reporting the hospital read-
missions after AIS, TIA or ICH, (2) studies providing
detailed information about the rehospitalization rates dur-
ing follow-up periods (30 days or 1 year). We restricted our
search to clinical studies performed in adult populations.
Studies without clear rehospitalization rates or experi-
mental studies were excluded.

Data extraction and quality assessment

WBZ performed the first screening of published reports,
while two reviewers (WBZ and NG) independently
examined the studies, and disagreement was resolved by
discussion. Data extraction included country of origin, year
of publication, study period, source of data, primary dis-
eases, sample size, patient characteristics (age and sex).
The primary outcomes were hospital readmission rates
during 30 days and 1 year after discharge. The primary
causes and risk factors of hospital readmissions were also
identified. The study selection, data extraction, and
reporting of results were all based on the preferred
reporting items for systematic reviews and meta-analyses
checklist [7]. The quality of the cohort studies was assessed
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independently by pairs of two authors, using the New-
castle—Ottawa scale (NOS) [8], which allocates a maxi-
mum of nine points for quality of the selection,
comparability, and outcome of study populations. Study
quality scores were defined as poor (0-3), fair (4-6), or
good (7-9).

Data synthesis and statistical analysis

Comprehensive meta-analysis (version 2.0; Biostat) was
used to perform the meta-analysis. Pooled estimates were
obtained for rates, causes and risk factors of hospital
readmissions reported using random-effects meta-analysis
based on the methods of DerSimonian and Laird [9]. Meta-
analyses were performed using odds ratio (OR) for
dichotomous outcomes and standard difference (Std diff) in
means for continuous outcomes. All confidence intervals
(CI) were reported at 95 percent. P value statistical sig-
nificance was measured at 0.05. Heterogeneity across trials
was evaluated with using the /* index and the Q test
p value. A p value of less than 0.05 and an /* index of more
than 25 % indicated the presence of interstudy hetero-
geneity [10]. Publication bias was assessed by constructing
a funnel plot and Egger’s regression test.

Results
Study selection

The article selection process is outlined in Fig. 1. After
primary screening, 116 articles were excluded without
meeting criteria of final selection. At the full-text review
stage, 35 articles were not about acute stroke or TIA, 18 did
not involve rehospitalization and 15 were reviews. Four
studies were excluded from the primary meta-analysis as
they did not report the number of patients rehospitalizing
during the follow-up periods, and the corresponding
authors were unable to provide the requisite data. After
screening, ten studies with 253,680 patients were included
in this systematic review. Agreement between investigators

198 citations
identified through
database searching

116 studies excluded from

) " .. .
selection criteria

A
82 studies selected

for full-text review 72 studies excluded:
1) 35 were not about acute stroke
14> 2) 18did not involve rehospitalization
10 studies included 3) 15 were reviews
in final meta-analysis 4) 4 did not have detailed information

Fig. 1 Flowchart of literature search and study selection
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at the full-text review stage was excellent as indicated by a
x of 0.8.

Study description and quality assessment

A detailed description of the included studies is provided in
Table 1. The included studies were published between
2006 and 2015. Most of the included studies (n = 7)
occurred in the United States of America, and two in China
(Taiwan). The total number of patients included in the
primary meta-analysis was 253,680 with a median (in-
terquartile range) of 1009 (121-200,900) patients per
study. Detailed information of age and gender is also listed
in Table 1. Overall study quality was good with a mean
NOS score of 7.6 out of a possible nine (range, 6-9) and
with eight studies (80 %) receiving a NOS greater than or
equal to seven Table 2.

Hospital readmission rates after acute stroke

Five studies reported 30-day post-discharge hospital read-
missions after acute stroke, including AIS, TIA and ICH,
and six reported 1l-year rehospitalization. The pooled
30-day and 1-year hospital readmission rates were 17.4 %
95 % CIL 12.77-235 %) and 425% (95 % CI,
34.1-51.3 %), respectively. Three studies including
patients only with AIS reported 30-day and 1-year rehos-
pitalization, and the pooled 30-day and 1-year readmission
rates of these patients were 124 % (95 % CI,
10.8-14.1 %) and 53.0 % (95 % CI, 49.7-56.2 %),

Table 1 Characteristics of studies included in the meta-analysis

respectively (Fig. 2). There were not enough trials to
conduct the readmission rates in other subgroups, such as
ICH.

Causes of hospital readmissions after acute stroke

Five studies identified the causes of hospital readmissions
within 30 days after discharge, while six reported the
causes within 1 year’s follow-up. The three major causes of
30-day hospital readmissions were infection, coronary
artery disease (CAD) and recurrent stroke, and the pooled
percentage of these causes was 199 % (95 % CI,
5.1-53.1 %), 17.8 % (95 % CI, 5.6-44.2 %) and 16.0 %
(95 % CI, 8.6-27.7 %), respectively (Fig. 3). During 1
year’s follow-up, the three major causes of readmissions
were recurrent stroke, infection and CAD, and the pooled
percentage of these causes was 194 % (95 % CI,
14.8-25.0 %), 19.3 % (95 % CI, 15.5-23.7 %) and 16.3 %
(95 % CI, 14.8-18.1 %).

Risk factors of hospital readmissions after acute
stroke

Four studies compared the risk factors of hospital read-
missions with control group. There were more patients with
CAD in readmits group than that in control group (OR
0.326, 95 % CI 0.119-0.897, p = 0.030). No significant
differences were identified when comparing other risk
factors such as diabetes mellitus (DM), hypertension, atrial
fibrillation (AF), and in-hospital neurologic deterioration

Author (year) Study Country Source of data Primary Sample  Mean age of Men
period diseases size patients (years) (%)

Strowd et al. [11] NR USA UHC reports AIS or ICH 165 68.0 49.1

Shah et al. [12] 2012-2013 USA Northwestern University Brain ~ AIS or TIA 505 65.6 51.9
Attack Registry

Bjerkreim et al. [13] 2007-2012  Norway Bergen NORSTROKE registry  ICH 121 723 55.4

Qian et al. [14] 2003-2008 USA AHA-GWTG-Stroke registry AIS 200,900 76.9 58.2

Olson et al. [15] NR USA AHA/ASA-GWTG-S program AIS or TIA 2802 60.0 53.6
from across the United States

Li et al. [16] 2004-2007  China (Taiwan) BNHI AIS 1194 68.0 59.3

Lakshminarayan 2000-2005 USA PRISMM AIS 823 76.0 48.2

et al. [17]

Tseng et al. [18] 2000-2001  China (Taiwan)  NHI Research Database Acute stroke 468 67.0 55.5
in Taiwan

Bravata et al. [19] 1995 USA Fee-for-service Medicare AIS 2603 80.0 60.3
beneficiaries

Smith et al. [20] 1998-2000 USA Medicare beneficiaries AIS 44,099 80.0 38.5

USA United States of America, UHC University Health System Consortium, NORSTROKE Norwegian Stroke Research Registry, AHA American
Heart Association, ASA American Stroke Association, GWTG Get With The Guidelines, GWTG-S Get With The Guidelines—Stroke, BNHI
Bureau of National Health Insurance, PRISMM The Project for Improvement of Stroke Care Management in Minnesota, NHI National Health
Insurance, AIS Acute ischemic stroke, 7/A Transient ischemic attack, /CH Intracerebral hemorrhage, NR not reported
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(Fig. 4). The length of index admission, defined as any
eligible admission to an acute care hospital assessed in the
measure for the outcome, was longer (Std diff in means
0.254, 95 % CI 0.129-0.380, p = 0.000) and admission
National Institutes of Health Stroke Score (NIHSS) was
higher (Std diff in means 0.281, 95 % CI 0.107-0.454,
p = 0.002) in readmits group than these in control group
(Fig. 5).

Publication bias

The funnel plots for Fig. 6 showed no evidence of publi-
cation bias. Egger’s test for a regression intercept gave a
p value of 0.401 for 30-day rehospitalization rates after
acute stroke and TIA, indicating no publication bias.

1-year
Follow-up periods

Discussion

Our meta-analysis showed that about 17.4 % of discharges
after acute stroke and TIA resulted in hospital readmissions
within 30 days and 42.5 % within 1 year. To our knowl-
edge, this was the first time to conduct a meta-analysis
reporting hospital readmissions after acute stroke and TIA.
Given the high heterogeneity, it is best to consider the
confidence interval rather than the pooled result. It is likely
that the reported rates underestimate the true rate of read-
missions, as patients may be treated at a different hospital
and may not be reflected in the included studies. The
readmission rates might be different for patients with var-
ious primary diseases, such as AIS, TIA and ICH. But we
only identified enough studies to conduct the pooled
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Study name Statistics for each study Events | Total

Odds Lower Upper Control Readmits

ratio limit limit Z-Value p-Value group  group
Risk factors-DM
Strowd, etal (2015) 0701 0357 1375 -1.0%4 0301 22/86 26/79
Shah, etal (2015) 0745 0442 125 -1.106 0.269 111/427 25/78
Bjerkreim, etal (2015) 1.829 0383 8727 0758 0449 12/94 2/27
Tseng, etal (2009)  1.091 0.723 1.647 0415 0.678 64/236 59/232
Total effects 0913 0686 1217 0.619 0.536 209/ 843 112/416

Heterogeneity: Tau?=0.000; Q=2.654; df=3; (P=.448); I>=0%
Risk factors-Hypertension

Strowd etd (2015  0.609 0250 1482 -1.094 0274 71/86 70/79
Sheh, etal (015)  0.944 0533 1671 -0.199 0842 324/427 60/78
Bjerkreim, etal (2015) 1.880 0.788 4484 1424 015 53/94 11/21
Tseng etd (2009 1483 1.031 2136 212 0.034 130/236 105/232
Total effects 1.185 07% 1778 0819 0413 578/843 246/416

Heterogeneity: Tau?=0.070; Q=5.138; df=3; (P=.162); >=42%
Risk factors-CAD

Strowd, etal (2015) 045% 020 098 2102 0036 16/&6 H/R
Shah, etd (2015) 068 0383 107 -1616 0106 100/427 25/B
Biedreim etal (2015)  00% 0036 051 4747 0000 15/% 18/7
Total effects 03% 0119 087 2171 0030  130/607 68/%8¢

Heterogeneity: Tau?=0.654; Q=11.645; df=2; (P=.003); I*=83%

Risk factors-AF

Strowd, etal (2015)  0.897 0428 1879 -0288 0773 18/86 18/79
Shah, etal (2015) 0.747 0407 1370 -0942 0346 69/427 16/78
Blerkreim, etal (2015) 0.349 0135 0.900 -2177 0.029 16/94 10/27
Tseng, etal (2009)  0.105 0013 0839 2126 0034 1/236 9/232
Total effects 0567 0307 1.047 -1813  0.070 104/843 53/416

Heterogeneity: Tau?=0.171; Q=5.527; df=3; (P=.137); >=46%
Risk factors-In-hopital neurologic deterioration

Odds ratio and 95% CI

Relative

Favours Favours weight

readmits control

18.07
30.12
337
48.44
1 1

15.50
21.58
16.05
40.87

%
o

362
274
263

31.36
36.80
24.24

7.61

r+

&
-2

Strowd, etal 2015)  0.907 0.369 2225 -0.214 0831 11/86 11/79 3317
Shah, etal (2015) 0574 0293 1125 -1.616 0106 44/427 13178 40.60
Bjerkreim, etal (2015) 2565 0.814 8089 1.608 0108 29/94  4/27 26.23
Total effects 0990 0444 2205 -0026 0979 84/607 28/184

Heterogeneity: Tau?=0.294; Q=4.877; df=2; (P=.087); =59% .01 0.1 0 100

Fig. 4 Risk factors of hospital readmission after acute stroke—dichotomous variables. DM diabetes mellitus, CAD coronary artery disease, AF

atrial fibrillation

readmission rates in patients with AIS. The readmission
rates in AIS subgroup seemingly were lower within
30 days and higher within 1 year when comparing with
total stroke patients. For limited data, further investigation
may be needed to compare different readmission rates
within various types of stroke.

This review also identified several common causes that
lead to hospital readmissions after acute stroke. Infection,
CAD and recurrent stroke were the three leading reasons
not only within 30 days but also 1 year after discharge. The
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three major causes of 30-day hospital readmissions were
infection, coronary artery disease (CAD) and recurrent
stroke successively, while the three major causes were
recurrent stroke, infection and CAD during 1 year’s follow-
up. Infection seemingly accounted for the more proportion
of readmissions within 30 days than CAD and recurrent
stroke.

Although this study highlights predictors associated
with unplanned readmission, it was not possible to perform
a meta-regression analysis evaluating how these risk
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Study name Statistics for each study e size Std diff in means and 6% ClI
Std diff Standard Lover  Upper Control Readmits Relative
inmeans  error  Varawe limit  limit ZVale pVale group group Favours Favours veight
Risk factors-Age control readmits
Strowd, etal 2015 0.000 0.158 0.@4 -0205 0.205 0.000 1.000 8 ™ 265
Shsh, etsl 2015 0025 0122 0.015 -0216 0.267 0208 0.827 427 78 2772
Bjedereim, etal (2015) 0.291 0220 0.0s8 -0040 o082 1779 0.075 o4 27 . 17.04
Tseng, etsl (2009) 0408 002 002 02% 0591 4282 0.000 228 e 2158
Total effects o2 0121 0015 0025 0420 1672 0095 842 418
Heterogeneity: Q=9.088; df=3; (P=.028); ’=67%
Risk factors-length of index admission
Stowd, etd (2015) 0.267 Q157 0025 -0040 057 1707 0088 8 ™ & 1678
Sreh, etsl (D15) 0.282 0122 0015 0010 0.4%¢ 2042 0041 427 i . 2888
Bjedcrsim etsl (2015)  0.288 Q219 0048 -0141 0.718 1318 0.188 o4 27 858
Tseng, etsl @003) 0,245 0032 0009 002 0423 2635 0008 238 2 —— 4770
Total effects ozs« 0024 0004 09 02 295 0000 842 418 ‘
Heterogeneity: Q=0.042; df=3; (P=.998); ’=0%
Risk factors-NIHSS
Stoag, etal 2015) 0.289 0.157 0028 Q.018 0.596 1.843 0.085 5 70 . 2.0
Shan, etal 2015) 0.263 0123 0018 0026 0.510 2172 0.020 427 78 + s$1.61
Bjerkeim, etal 2015) 0.208 0219 0043 Q.125 0.738 1.391 0.184 24 27 i i3 16.%
Total effectso=s 0033 0008 0107 0.454 3165 0002 607 134 *
Heterogeneity: Q=0.025; df=2; (P=.987); >=0% 1.00 050 000 050 100
Fig. 5 Risk factors of hospital readmission after acute stroke—continuous variables
Fig. 6 Funnel plot to evaluate Funnel Plot of Standard Error by Logit event rate
for publication bias for 30-day 0.00
rehospitalization rates after
acute stroke
0.05
o
—
o
—
i
o 010
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]
k-]
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»
0.15 °
0.20 3
4 -3 2 -1 0 1 2 3 4

factors were associated with the overall pooled estimates,
because too few studies comparably collected or reported
individual factors. Four included studies compared the risk
factors of hospital readmissions with control group. There
were more patients with CAD in readmits group than that
in control group, and stroke patients with longer length of
index admission and higher NIHSS were more likely to
readmit within 30 days after discharge. These factors and
other factors that were identified as risk factors of read-
missions may be potentially modifiable targets in future
studies.

Logit event rate

Study limitations

The present study may have limitations. Firstly, significant
difference across studies in primary diseases, age and the
assessment of variables, such as causes and risk factors of
hospital readmissions, may lead to high heterogeneity.
Secondly, all publications included in this analysis were
retrospective observational studies, which are considered
moderate evidence, and so the conclusions drawn in this
analysis are limited by this study type. Finally, for limited
studies, we could not estimate the causes and risk factors in
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subgroups, such as AIS and ICH, and there must be dif-
ferences in these subgroups.

In conclusion, results of our systematic review suggest
that there is high risk of early and long-term hospital
readmissions after discharge of acute stroke and TIA.
These patients with CAD and longer length of index
admission and higher NIHSS deserve deep attention after
hospital discharge. Further large-scale, multicenter studies
with careful matching and enough follow-up periods nee-
ded for more persuasive analysis.
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