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ABSTRACT

Background: Using data from a large national stroke registry, we aimed to investigate the
incidence and determinants of in-hospital and post-discharge recovery after acute ischemic
stroke and the independence of their occurrence.

Methods: In-hospital recovery was defined as an improvement of 4 points or > 40% in the
National Institutes of Health Stroke Scale (NIHSS) score from admission to discharge. Post-
discharge recovery was defined as any improvement in the modified Rankin Scale (mRS)
score from discharge to 3 months after stroke onset. Two analytic methods (multivariate
and multivariable logistic regression) were applied to compare the effects of 18 known
determinants of 3-month outcome and to verify whether in-hospital and post-discharge
recovery occur independently.

Results: During 54 months, 11,088 patients with acute ischemic stroke meeting the eligibility
criteria were identified. In-hospital and post-discharge recovery occurred in 36% and 33%
of patients, respectively. Multivariate logistic regression with an equality test for odds ratios
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showed that 7 determinants (age, onset-to-admission time, NIHSS score at admission,
blood glucose at admission, systolic blood pressure, smoking, recanalization therapy) had

a differential effect on in-hospital and post-discharge recovery in the way of the opposite
direction or of the same direction with different degree (all Pvalues < 0.05). Both in-hospital
and post-discharge recovery occurred in 12% of the study population and neither of them in
43%. The incidence of post-discharge recovery in those with in-hospital recovery was similar
to that in those without (33.8% vs. 32.7%, respectively), but multivariable analysis showed
that these 2 types of recovery occurred independently.

Conclusion: Our findings suggest that, in patients with acute ischemic stroke, in-hospital and
post-discharge recovery may occur independently and largely in response to different factors.

Keywords: Registries; Stroke; Brain Infarction: Recovery of Function; Prognosis

INTRODUCTION

While stroke recovery may proceed rapidly during the first month after stroke onset,
subsequent recovery is often slower, and may continue for over a year.1,2 Thus, stroke
recovery can be divided into early and later phases, in-hospital and post-discharge recovery,
which may differ in speed, determinants and mechanisms of recovery.

In-hospital recovery after stroke refers to early neurologic improvement and is reportedly
influenced by recanalization therapy, age, gender, time from onset to treatment, glucose
levels, stroke severity, blood pressure, and history of atrial fibrillation.3-6 Stroke patients who
are stable and ready for being discharged from an acute care hospital are usually discharged
to home or transferred to rehabilitation units, where post-discharge recovery may proceed
during the following 3 months.1

Functional outcomes of stroke and their determinants have been thoroughly studied,

but such investigations were generally based on clinical trials, included a limited sample

of patients, or single-center observational studies.”5 With respect to large-scale and
nationwide stroke registers, there is limited information on functional outcomes after stroke.
Furthermore, few studies have distinguished between recovery during hospitalization and
recovery after discharge (e.g., during a subsequent period of up to 3 months, which is when
the most significant recovery is expected to occur).16

Using a prospective multicenter nationwide stroke registry comprising over 10,000 acute
ischemic stroke patients,1%18 the present study aimed to elucidate 1) the incidence of in-
hospital and post-discharge recovery, 2) the differential effect of the known determinants of
3-month functional outcomes on in-hospital and post-discharge recovery, and 3) whether
in-hospital and post-discharge recovery occur independently.

METHODS

Study subjects

This study was a retrospective analysis based on data from the Clinical Research Center

for Stroke-5th division (CRCS-5) registry database. The CRCS-5 registry is a prospective,
web-based registry of ischemic stroke patients admitted to participating centers throughout
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Korea, including the provinces of Seoul, Busan, Daegu, Gwangju, Daejeon, Gyeonggi,

and Jeju, where > 60% of Koreans reside (Supplementary Fig. 1). The CRCS-5 registry

was established to monitor the quality of care in stroke patients, and collected clinical
information on demographics, vascular risk factors, stroke characteristics including stroke
subtype, diagnostic work-up, in-hospital management, laboratory findings, and functional
outcomes. A detailed description of the CRCS-5 registry is available elsewhere.1%18

Using this CRCS-5 registry database, we identified consecutive patients with acute ischemic
stroke who were admitted at a participating center between April 2008 and September 2012.
The following inclusion criteria were applied: hospital admission within 7 days of stroke
onset; discharge within 30 days of admission; functional outcomes measured with the
modified Rankin Scale (mRS) at discharge and at 3 months from stroke onset.

Data collection

Known determinants of 3-month functional outcomes were selected, based on previous
studies19 and consensus meetings of stroke experts considering clinical relevance of their
associations with stroke recovery, among variables that were available in the CRCS-5 registry
database.1” Nineteen variables were chosen: age, gender, body mass index (BMI), onset-to-
admission time, stroke subtype according to the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification with some modifications, 20,21 blood glucose levels at admission, systolic
blood pressure (SBP) at admission, pre-stroke mRS score, history of stroke, hypertension,
diabetes mellitus, hyperlipidemia, smoking, congestive heart failure (CHF), atrial fibrillation,
NIHSS score at admission, all kinds of recanalization therapy including thrombolysis and
endovascular treatment, prior statin use, and statin use at discharge. Stroke subtype was re-
classified as large artery atherosclerosis (LAA), small-vessel occlusion (SVO), cardioembolism
(CE), and other (stroke of other determined etiology, or undetermined etiology).

Outcome measures

Post-discharge recovery was defined as any improvement in a mRS score?? from discharge to

3 months after stroke onset, while in-hospital recovery was defined as an improvement of 4
points! or > 40% in a NIHSS score23 from admission to discharge. In Korea, most of hospitalized
acute stroke patients are treated in acute care settings including stroke units, intensive care

units or neurological general wards until they are stabilized neurologically and medically. Once
stabilized, they are transferred to in-hospital rehabilitation service, subacute care or rehabilitation
hospitals or long-term facilities, or are discharged to home. In this study, discharge was defined
as discharge from an acute care setting, usually one or two weeks after admission, including
being discharged to home or other hospitals or transferred to in-hospital rehabilitation service,
as defined in the CRCS-5 registry. The mRS scores were recorded at two distinct time points via
direct examination or telephone interviews performed by trained stroke coordinators.

Statistical analysis

Summary statistics are presented as mean * standard deviation or median (interquartile
range [IQR]) for continuous variables, and as number of participants (percentage) for
categorical variables. For each variable, median or mode imputation was used to account
for missing values of < 5%. The effects on the incidence of in-hospital and post-discharge
recovery were compared for each of the 19 determinants of 3-month outcome.

Because in-hospital and post-discharge recovery occur in succession and may affect each other, we
adopted an analytic method that allowed us to investigate the effects of covariates simultaneously
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on two different but potentially correlated outcomes. Multivariate logistic regression analysis
represents a statistical means for analyzing the dependence of multiple binary outcomes on a set
of covariates while considering the correlation among these outcomes. We applied Gumbel logistic
regression to model the dependence of in-hospital and post-discharge recovery on the same set

of covariates while estimating the degree of association among the two recovery phases and the
correlation coefficients of the responses.?4 The analysis was performed using the generalized
estimating equation (GEE) method, which takes into account the correlation structure between
two correlated outcomes. For each variable, the equality of odds ratios (ORs) between the two
correlated outcomes was examined using the Wald test. Among the 19 selected covariates,
hyperlipidemia was excluded from the final analysis because of its collinearity with prior statin use.

Meanwhile, the dependency of post-discharge recovery on in-hospital recovery was examined
using multivariable logistic regression models in which the above-described 18 covariates
together with in-hospital recovery were entered as independent variables, whereas post-
discharge recovery was entered as a dependent variable.

Furthermore, reflecting the observed differences in duration of hospitalization by center and
year of admission (as described in the first paragraph of the Results section), we adopted the
GEE method for center effect and added year of admission to the models as a covariate.

This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statements.25 All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA). A 2-sided Pvalue of < 0.05 was considered to
indicate statistical significance.

Ethics statement

The collection of clinical information for the CRCS-5 registry was approved by the local
Institutional Review Boards (IRBs) in all participating centers with a waiver of patient
consent because of the anonymity of the collected data and the minimal risk to participants.
We obtained further approval for the use of the registry database for the purpose of the
present study (Seoul National University Bundang Hospital IRB No. 2017-09-002-001).

RESULTS

Among 14,943 patients hospitalized at the 12 participating centers during the study period,
1,803 patients were excluded due to duration of hospitalization more than 30 days (n = 723),
in-hospital death (n = 370), and non-availability of functional outcome (n = 710). Finally,
11,088 (men, 55%; age, 67 + 13 years) met the eligibility criteria (Supplementary Fig. 2).
Missing imputation was performed in 4 subjects for NIHSS and in 504 subjects for blood
glucose at admission. The median NIHSS score was 3 (IQR, 1-7) at admission and 2 (IQR, 1-5)
at discharge. The mean value of onset-to-admission time was 10.0 + 5.6 hours, and 40.8%

of patients were hospitalized within 6 hours of onset. The mean duration of hospitalization
was 9.5 + 5.6 days, which differed significantly by center and year of admission (P's < 0.001 by
analysis of variance). Favorable functional outcomes (mRS score 0-2) were noted among 61%
of patients at discharge and among 66% of patients at 3 months from stroke onset (Fig. 1).

The median value of change in NIHSS scores from admission to discharge (NIHSS at admission
—at discharge) was O (IQR, 0-2). In-hospital recovery (an improvement of 4 points or > 40% in a
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mRS at discharge

Variables Total
0 1 2 3 4 5

0 1,530 980 376 138 31 5 3,060
(69.7) (38.1) (18.3) (7.4) 2.9 (0.5) (27.6)
] 326 1,283 612 263 73 9 2,566

(14.9) | (49.9) | (29.8) (14.2) (5.2) (0.9 (23.1)

9 128 169 815 454 129 17 1,712

(5.8) (6.6) (39.7) (24.5) 9.9 1.7) (15.4)

mRS
at 3 78 78 158 762 338 62 1,476
(3.6) (3.0) (7.7) (41.1) (24.2) 6.1 (13.3)
3 mon

4 56 27 52 149 572 183 1,039

(2.6) 1) (2.5) (8.0) (41.0) (17.9) (9.4)

5 40 16 18 41 136 486 737

(1.8) (0.6) (0.9) (2.2) 9.7) (47.6) (6.6)

6 36 17 22 48 17 258 498

(1.6) 0.7) ((R)) (2.6) (8.4) (25.3) (4.5)
2,194 2,570 2,053 1,855 1,396 1,020 11,088

Total

(100) (100) (100) (100) (100) (100) (100)

Fig. 1. Distribution of mRS scores at discharge and 3 months after stroke onset. Green cells represent the post-
discharge recovery group. Orange cells represent the aggravated group. Gray represent the non-changing group.
Data are number of patients (%).

mRS = modified Rankin scale.

NIHSS score) was observed in 36% of patients. Worsening of the NIHSS score by 1 point or more
from admission to discharge occurred in 12% of patients (Fig. 1). Patients who showed in-hospital
recovery were more likely to be younger, men, current smokers, previously healthy (pre-stroke
mRS score = 0); they were also more likely to have a history of atrial fibrillation, more severe
neurological deficits at admission, lower levels of blood glucose at admission, and shorter onset-
to-admission time, as well as to be treated with recanalization therapy; but they were less likely to
have a history of stroke, diabetes mellitus, or hyperlipidemia (Table 1). Cardioembolism was more
frequently noted among patients who showed in-hospital recovery, while LAA and other stroke
subtype were more frequently noted among those who did not show in-hospital recovery; the
prevalence of SVO was similar between patients with and without in-hospital recovery.

Post-discharge recovery was noted in 33% of patients, whereas mRS scores worsened in 18% of
patients (Fig. 1). Patients who showed post-discharge recovery were more likely to be younger,
men, and current smokers, as well as to have diabetes mellitus or hyperlipidemia (Table 1). Patients
who showed post-discharge recovery had better premorbid status and lower NIHSS scores at
admission and discharge; such patients were also more likely to receive statins at discharge.

LAA and SVO were more frequent among patients who showed post-discharge recovery, while
cardioembolism was more frequent among those who did not show post-discharge recovery.

Multivariate analysis revealed that age, pre-stroke mRS, NIHSS at admission, and stroke
subtype were associated with both in-hospital and post-discharge recovery. However, onset-
to-admission time, blood glucose levels at admission, SBP at admission, history of stroke, CHF,
recanalization therapy, and prior statin use were associated only with in-hospital recovery,
whereas gender and statin use at discharge were associated only with post-discharge recovery
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Table 1. Effect of 3-month outcome determinants in in-hospital and post-discharge recovery after acute ischemic stroke

Variables No in-hospital recovery  In-hospital recovery Pvalue No post-discharge Post-discharge Pvalue
(n=718) (n=3,970) recovery (n =7,418) recovery (n = 3,670)

Age, yr 67.75+12.6 66.8 +13.1 <0.01 70.4 £12.0 65.3+12.7 <0.001
Men 419 (57.9) 92,406 (60.6) <0.01 4,998 (57.0) 9,997 (62.6) <0.001
BMI, kg/m? 241 +13.1 23.9 £11.1 0.64 24.0 +14.0 24.0 +8.2 0.03
Onset-to-admission time, hr 29.0 +37.0 21.8 +32.1 <0.001 26.9 +35.5 26.8 +35.3 0.46
Blood glucose at admission, mg/dL 120.5 +53.4 115.8 + 47.0 <0.001 18.7 + 50.0 119.1+53.8 0.12
SBP at admission, mmHg 148.6 + 26.8 147.7 £ 271 0.09 147.8 £ 2711 149.2 + 26.6 0.02
Previous stroke 1,538 (21.6) 764 (19.2) <0.01 1,676 (21.9) 676 (18.4) <0.001
Hypertension 4,961 (69.7) 9,727 (68.7) 0.27 5,197 (70.1) 2,491 (67.9) 0.02
Diabetes mellitus 9,461 (34.6) 1,297 (30.9) <0.001 2,454 (33.1) 1,234 (33.6) 0.57
Hyperlipidemia 2,397 (33.7) 1,258 (31.7) 0.03 2,390 (32.2) 1,265 (34.5) 0.02
Smoker? <0.001 <0.001

Current 1,803 (25.3) 1,121 (28.2) 1,862 (25.1) 1,062 (28.9)

Ex-smoker 657 (9.5) 496 (10.7) 729 (9.8) 373(10.2)

Non-smoker 4,639 (65.7) 9,493 (61.0) 4,897 (65.1) 2,935 (60.9)
CHF 121 (1.7) 60 (1.5) 0.45 141 (1.9) 40 (1.1) 0.002
Atrial fibrillation 1,176 (16.5) 877 (22.1) <0.001 1,481 (20.0) 572 (15.6) <0.001
NIHSS score at admission. 3(1-6) 4(2-9) <0.001 3(1-7) 3(1-6) <0.001
Pre-stroke mRS score <0.001 <0.001

2-5 938 (13.2) 498 (10.8) 1,056 (14.2) 310 (8.4)

0-1 6,180 (86.8) 3,542 (89.9) 6,362 (85.8) 3,360 (91.6)
TOAST classification <0.001 <0.001

LAA 2,803 (39.4) 1,404 (35.4) 2,748 (37.0) 1,459 (39.8)

SVO 1,379 (19.4) 754 (19.0) 1,333 (18.0) 800 (21.8)

Cardioembolism 1,264 (17.8) 956 (24.1) 1,581 (21.3) 639 (17.4)

Other 1,672 (23.5) 856 (21.6) 1,756 (23.7) 772 (21.0)
Recanalization therapy 608 (8.5) 838 (21.1) <0.001 975 (13.1) 471 (12.8) 0.65
Prior statin use 1,138 (16.0) 686 (17.3) 0.08 1,201 (16.2) 623 (17.0) 0.29
Statin use at discharge 5,710 (80.2) 3,193 (80.4) 0.79 5,869 (79.1) 3,034 (82.7) <0.001

Data are presented as mean + standard deviation or median (interquartile range) or number (%).

BMI = body mass index, SBP = systolic blood pressure, CHF = congestive heart failure, NIHSS = National Institute of Health Stroke Scale, mRS = modified Rankin
scale, TOAST = Trial of Org 10172 in Acute Stroke Treatment, LAA = large artery atherosclerosis, SVO = small vessel occlusion.

2Smoking status was divided by current, ex-smoker (quit within 5 years), and non-smoker (never smoker or quit > 5 years).

https://jkms.org

(Table 2). Tests for OR equality between in-hospital and post-discharge recovery showed that
age, onset-to-admission time, blood glucose levels at admission, SBP at admission, smoking
status, NIHSS score at admission, and recanalization therapy differentially affected in-hospital
and post-discharge recovery (all Pvalues for OR equality < 0.05).

Both in-hospital and post-discharge recovery were observed in 12% of the study population.
On the other hand, 43% of patients showed neither in-hospital nor post-discharge recovery.
The incidence of post-discharge recovery in patients who experienced in-hospital recovery
was similar to that in those who did not (33.8% vs. 32.7%, respectively; P= 0.27 by Pearson's
1’ test) (Fig. 2). The multivariable logistic regression analysis showed no significant

W Post-discharge recovery (+) (n = 3,670)
B Post-discharge recovery (-) (n = 7,418)

In-hospital recovery (-)

In-hospital recovery (+)

f T T T T 1
0% 20% 40% 60% 80% 100%

Fig. 2. Incidence of in-hospital and post-discharge recovery after acute ischemic stroke.
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Table 2. Multivariate analysis for determining factors associated with in-hospital and post-discharge recovery after acute ischemic stroke

Variables In-hospital recovery Post-discharge recovery P value for OR equality
OR 95% ClI OR 95% ClI

Age, 5-year increments 0.96° 0.95-0.98 0.93* 0.91-0.94 <0.01
Gender, men 1.05 0.95-1.16 1.20% 1.08-1.32 0.08
BMI, kg/m? 1.00 1.00-1.00 1.00 0.99-1.00 0.59
Onset-to-admission time, hr 0.93* 0.90-0.96 1.00 0.97-1.03 <0.001
Blood glucose at admission, 10 mg/dL 0.98* 0.97-0.99 1.00 0.99-1.01 <0.001
SBP at admission, 10 mmHg 0.98* 0.96-0.99 1.01 0.99-1.02 0.01
Previous stroke 0.85% 0.76-0.95 0.92 0.82-1.03 0.32
Hypertension 1.04 0.95-1.14 0.98 0.89-1.08 0.39
Diabetes mellitus 0.97 0.88-1.06 1.01 0.92-112 0.48
Smoker® 0.02

Current 1.10 0.99-1.23 0.89 0.80-1.00

Ex-smoker 1.06 0.93-1.21 0.88 0.77-1.00

Non-smoker Reference Reference
CHF 0.712 0.51-1.00 0.76 0.53-1.10 0.78
Atrial fibrillation 113 0.96-1.32 1.07 0.91-1.26 0.64
NIHSS score at admission 1.05° 1.04-1.06 0.99° 0.98-0.999 <0.001
Pre-stroke mRS score 2-5 0.79% 0.69-0.91 0.68° 0.59-0.79 0.6
TOAST classification 0.05

LAA 0.85% 0.76-0.95 0.98 0.87-1.09

SvVo Reference Reference

Cardioembolism 0.90 0.76-1.07 0.77° 0.65-0.92

Other 0.80% 0.70-0.91 0.79* 0.69-0.90
Recanalization therapy 1.99* 1.75-2.26 112 0.97-1.28 <0.001
Prior statin use 1132 1.01-1.27 1.08 0.96-1.21 0.55
Statin use at discharge 1m 1.00-1.24 118? 1.06-1.32 0.40

The relationship between in-hospital and post-discharge recovery had a correlation coefficient of 0.004.

OR = odds ratio, CI = confidence interval, BMI = body mass index, SBP = systolic blood pressure, CHF = congestive heart failure, NIHSS = National Institute of Health
Stroke Scale, mRS = modified Rankin scale, TOAST = Trial of Org 10172 in Acute Stroke Treatment, LAA = large artery atherosclerosis, SVO = small vessel occlusion.
aStatistically significant with P < 0.05; "Smoking status was divided by current, ex-smoker (quit within 5 years), and non-smoker (never smoker or quit > 5 years).

association between in-hospital and post-discharge recovery (P = 0.37), suggesting that post-
discharge recovery occurred independent of in-hospital recovery (Supplementary Table 1).

DISCUSSION

The present study may be the first investigation based on a multicenter, nationally
representative, stroke register to assess the effects of known determinants of 3-month
functional outcome while distinguishing recovery during hospitalization and the subsequent
period (i.e., from hospital discharge to 3 months from stroke onset). A study from the
German Stroke Data Bank reported functional outcomes using a nationally representative
dataset, but it provided only descriptive information on 3-month functional outcome.15
Another study from the Swedish Stroke Register analyzed functional outcomes at 3 months
and one year, but it did not distinguish improvement from hospitalization to discharge.26

The present study showed that a number of determinants of 3-month functional outcome
had a differential effect on in-hospital and post-discharge recovery and could be divided
into 3 groups depending on their associations with each recovery phase. Specifically, there
were seven variables associated with in-hospital recovery only, which included onset-to-
admission time, blood glucose levels at admission, SBP at admission, history of stroke,
CHEF, recanalization therapy and prior statin use (Table 2). These variables are known as
determinants of early neurologic improvement in patients with acute ischemic stroke.911,27
As might be expected, the associations were negative regarding onset-to-admission time,
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glucose levels at admission, SBP at admission, history of stroke, and CHF, and positive
regarding recanalization therapy and prior statin use. These findings are clinically relevant
and concordant with results reported in previous studies.%10

The second group of variables, which showed association with post-discharge recovery only,
included gender and statin use at discharge. Compared to men, women have been reported
to have poorer functional outcomes after stroke.28-30 This difference can be explained by
the fact that women have higher life expectancy (and thus chance to experience stroke at

an older age), higher prevalence of living alone or in social isolation, poorer pre-stroke
function, and higher incidence of post-stroke mood disorder.28 It is quite notable that prior
statin administration was beneficial for both in-hospital recovery and statin use at discharge
for post-discharge recovery. The pleiotropic effects of statins, which affect angiogenesis,
neurogenesis, and synaptogenesis, have been proposed as possible biological mechanisms
accounting for the relevance of statin use in recovery after stroke.31

The third group of variables, which showed associations with both in-hospital and post-
discharge recovery, included age, NIHSS score at admission, pre-stroke disability, and stroke
subtype. Conceptually, the contribution of age does not seem to be confined to either the
in-hospital or post-discharge recovery phase, but age did show a different effect in in-hospital
and post-discharge recovery (P for OR equality < 0.01) (Table 2). This differential effect

can be explained, at least in part, by social aspects of aging such as an increased possibility
of being widowed, which seems to bear more influence on post-discharge recovery.
Interestingly, higher NIHSS scores at admission increased the probability of in-hospital
recovery but decreased the probability of post-discharge recovery, which is probably related
to definition of each recovery (i.e., in-hospital recovery was defined in terms of NIHSS

score improvement, while post-discharge recovery was defined in terms of mRS score
improvement). The effects of stroke subtype on recovery were complex, and further study

is warranted to clarify the mechanism of each effect. Our findings regarding the effects

of age, NIHSS score at admission and pre-stroke disability were in agreement with our
expectations as well as with results reported previously.32-34 Furthermore, the tests for OR
equality indicated that 7 factors had a differential effect on in-hospital and post-discharge
recovery, suggesting that in-hospital and post-discharge recovery may proceed via different
mechanisms.

Finally, we found that in-hospital and post-discharge recovery occur independently
(Supplementary Table 1), which implies that patients discharged from acute stroke care
hospitals have the same chance of further recovery, regardless of the incidence of in-
hospital recovery. Future research is warranted to clarify the mechanisms underlying the
independence of in-hospital and post-discharge recovery, as well as to explore mechanisms
of post-discharge recovery.

In our study, in-hospital recovery was noted in 36% of the study population. In-hospital
recovery is a useful surrogate marker for recanalization of occluded arteries and good
functional outcomes,27 and its incidence was reported to range from 18% to 37%.11,12,27 We
found that recanalization therapy, prior statin use, and higher NIHSS score at admission
independently increased the probability of in-hospital recovery, while older age, longer
onset-to-admission time, higher levels of blood glucose at admission, higher SBP at
admission, history of stroke, CHF, and pre-stroke disability decreased the probability of in-
hospital recovery; such observations are in agreement with results of previous studies.12,2%35
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We defined post-discharge recovery as recovery from the time of discharge from acute
stroke care services to 3 months after stroke onset, when it is expected that recovery may
slow down and plateau.3¢ Studies on post-discharge recovery are scarce,16 and therefore
information about the incidence of post-discharge recovery is limited. We found that post-
discharge recovery occurred in approximately one third of the study population. Men and

In-Hospital and Post-Discharge Recovery after Ischemic Stroke

statin use at discharge increased the probability of post-discharge recovery, while older age,
higher NIHSS score at admission, and pre-stroke disability decreased the probability of
post-discharge recovery.

Our study has several limitations. First, we dichotomized the recovery period into an in-
hospital phase and a post-discharge phase based on the discharge time. According to some
previous studies on patterns of recovery after stroke, 23738 greater recovery is achieved
during the first month after stroke, followed by a decrease in the rate of recovery. While the
time from hospital admission to neurological stabilization differs in each case, the time to
discharge tends to be similar across the population of acute stroke patients. Thus, dividing
the recovery period into a phase before and after discharge from acute stroke care services is
expected to be a reasonable approach. Second, although we assumed the study population
have representativeness of stroke patients in Korea, participating centers of CRCS-5 were
regional stroke centers or university hospitals and could have introduced selection bias.
However, our national healthcare system provides a public insurance program which allow
easy accessibility to any hospitals in Korea. In addition, the baseline characteristics of age
and gender of this study was almost identical to that of a statistical report from the National
Health Insurance Review Board in Korea.39 Third, this study is a retrospective analysis of the
prospectively collected multicenter registry database, therefore other biases related to the
retrospective nature of this study are inevitable. Lack of information on post-discharge care,
and no flexibility in defining outcome measures including in-hospital and post-discharge
recovery could be listed. Forth, information on the rehabilitation services, an aspect likely
to affect recovery, was not scrutinized because such information was not included in the
CRCS-5 registry.40,41 Fifth, the events including stroke recurrence after discharge may affect
the post-discharge recovery and biased the study results. However, the results of the post-
hoc sensitivity analysis excluding patients who had vascular events after discharge were not
different from those of the original analysis (Supplementary Table 2).

Despite its limitations, our study showed that various factors known as determinants of
3-month functional outcome had a differential effect on in-hospital and post-discharge
recovery, and that post-discharge recovery occurred independent of in-hospital recovery.
Characterizing the determinants of in-hospital and post-discharge recovery after stroke
represents an important step in the development of interventional programs, appropriate
allocation of medical resources, and, ultimately, improvement of outcomes in both phases of
recovery after stroke.

SUPPLEMENTARY MATERIALS
Supplementary Table 1
Multivariable logistic regression analysis for determining factors associated with post-

discharge recovery after acute ischemic stroke

Click here to view
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Supplementary Table 2

Sensitivity analysis of Table 1 (Effect of 3-month outcome determinants in in-hospital and
post-discharge recovery after acute ischemic stroke) using different population which exclude
patients with vascular events after discharge

Click here to view

Supplementary Fig. 1
Participating centers.

Click here to view

Supplementary Fig. 2
Flow diagram of enrollment of study subjects from the registry database.

Click here to view
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