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Abstract
Background and Purpose—Early risk of recurrence and mortality after stroke differ by
subtype, but less is known about long-term recurrence and hospital readmissions. These
differences have economic implications and will affect long-term disability and stroke survivor
quality of life. We examined recurrent stroke, all-cause hospital readmission, and mortality by
index etiologic subtype.

Methods—We identified 987 Atherosclerosis Risk in Communities Study cohort participants
with first-ever stroke and followed them for a median 5.3 years after first stroke. Outcomes were
compared across index subtypes (infarction: thrombotic, cardioembolic [CE], and lacunar;
hemorrhagic: subarachnoid [SAH] and intracerebral [ICH]) using Kaplan-Meier analysis and Cox
proportional hazards regression adjusting for age, sex, and race.

Results—There were 183 recurrent strokes among 147 participants, 3234 hospitalizations among
746 participants, and 529 deaths; only 14% of participants were event free over follow-up. The
majority of recurrent events were of the same subtype, except for lacunar infarcts which were
followed nearly three-quarters of the time by non-lacunar events. Adjusted mortality was higher
for ICH (HR=2.3, 95% CI: 1.7–3.0) compared with thrombotic stroke and lower for lacunar
infarcts. Lacunar infarcts had somewhat higher recurrence compared with thrombotic infarcts (1.3,
0.9–1.9), but lower all-cause readmission (0.8, 0.7–1.0). Readmission was 40% higher for CE
relative to thrombotic stroke (1.4, 1.1–1.7).

Conclusions—While the highest mortality was observed for ICH, there was significant burden
of recurrent stroke and hospital readmissions for lacunar and cardioembolic strokes, respectively.
There may be opportunities to reduce the relatively high rate of post-stroke readmissions.
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Introduction
Stroke represents an important public health concern in the U.S. It is the 4th leading cause of
mortality, the leading cause of severe disability, and a top contributor to healthcare
expenditures for the elderly.1, 2 Recurrent events and hospital readmissions, which may be
preventable, contribute to morbidity and costs.

While early risk of mortality and recurrence differ by index subtype, less is known about
long-term recurrence and hospital readmission.3–5 These differences impact quality of life
and may have economic implications. The study aim was to characterize mortality,
recurrence, and hospital readmissions after stroke according to etiologic subtype in order to
better understand differential post-stroke health outcomes in a population-based sample of
U.S. adults.

Methods
The study included all first-ever definite/probable strokes among ARIC study cohort
participants; methods reported elsewhere.6 Briefly, 15,792 residents of 4 communities aged
45–64 were recruited from 1987–1989. Information on clinical events and hospitalizations
was collected at baseline, 3 subsequent clinic visits at 3-year intervals, during annual
telephone calls, and upon review of local hospital discharge lists. All stroke diagnoses (first-
ever and recurrent) were based on computer-derived diagnosis and physician medical record
review, with differences adjudicated by a second physician reviewer. Classification required
evidence of sudden or rapid onset of neurological symptoms lasting >24 hours or leading to
death, in the absence of evidence for a nonstroke cause. Strokes were further classified
according to etiologic subtype as thrombotic brain infarction, lacunar infarction,
cardioembolic stroke (CE), intracerebral hemorrhage (ICH), or subarachnoid hemorrhage
(SAH) according to criteria adopted from the National Survey of Stroke (S1: subtype
classification).6

We identified 987 first-ever stroke events during a median 19-year follow-up (S2:
participant flow diagram). These cases were followed from the index event for recurrent
stroke, all-cause hospital readmission, and mortality until the earliest of death, date of last
contact if lost-to-follow up, or end of follow-up on 12/31/2008. Outcomes were compared
across subtypes using Kaplan-Meier analysis and Cox proportional-hazards regression that
estimated hazard ratios (HR) and 95% confidence intervals (CI) adjusting for age, sex, race,
and in secondary analysis, Charlson comorbidity index. Recurrence after hemorrhagic
subtypes is not reported due to small numbers of events.

Results
The distribution of index stroke subtypes was: 48.7% thrombotic, 20.0% CE, 18.5% lacunar,
8.6% ICH, and 4.2% SAH (S3: participant characteristics). Hemorrhagic stroke patients
were slightly younger and more often women than individuals with ischemic strokes. During
a median 5.3 years of follow-up after the index event, there were 183 recurrent strokes
among 147 participants, 3234 hospital readmissions among 746 participants, and 529 deaths.
Only 139 participants (14.1%) were event-free during follow up.

Roughly 70% of recurrent strokes were of the same subtype; however, only 28% were the
same when the index stroke was lacunar (S4: recurrent stroke distribution). Post-stroke
survival was lowest for ICH (45.4% at 1 year) and highest for lacunar infarcts (9.6%; Figure
1, Table 1). Cardioembolic strokes had the highest all-cause readmission, 65.5% at 1 year,
while lacunar infarcts had the lowest at 41.2%. CVD-related readmissions showed the same
patterns across ischemic subtypes (23.4% for CE and 5.9% for lacunar). After adjustment
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for age, sex, and race, mortality was higher for CE (HR=1.3, 95% CI: 1.0–1.6) and ICH (2.3,
1.7–3.0) compared with thrombotic strokes and lower for lacunar (0.8, 0.6–1.0; Figure 2).
All-cause readmission was 40% higher for CE compared with thrombotic strokes (1.4, 1.1–
1.7). Additional adjustment for comorbidity did not appreciably change the results for
recurrence or readmission. All-cause mortality estimates were attenuated for CE (1.14, 0.91–
1.44) and increased for SAH (1.22, 0.78–1.92).

Conclusion
Post-stroke mortality was highest for ICH; however, there was significant morbidity for
other stroke types, particularly all-cause hospital readmission after cardioembolic stroke.
While some studies found no difference between hemorrhagic and ischemic strokes with
regard to readmission,7 others reported higher 4-year readmission for ischemic stroke.8 One-
year rehospitalization rates in a Canadian study were highest for ischemic strokes (37.9%).9

We extend these results by examining readmission for ischemic subtypes, reporting higher
readmission for CE and lower readmission for lacunar infarcts compared with thrombotic
events. A hospital-based registry noted that infection was a common reason for
rehospitalization, comprising 28% of all events in the year following stroke. This suggests
there may be opportunities to reduce potentially preventable post-stroke readmissions such
as pneumonia and UTI.7

Mortality in our study was lower than reported elsewhere, possibly reflecting differences in
case mix and temporal changes in case fatality.9, 10 As expected, hemorrhagic subtypes had
the highest mortality. Consistent with our results, previous studies report that recurrence
rates were highest for large-artery thrombosis and CE while being no different or somewhat
lower for lacunar infarcts.3–5, 11–14

Strengths of our study were the population-based design, near-complete event
ascertainment, validation of events, and long-term follow-up. The majority of studies
examining readmissions by subtype used hospital-based cohorts or administrative databases,
which often do not validate events and may not be representative of all strokes in a given
region. Limitations include the small number of hemorrhagic events, which limited our
ability to assess recurrence, and the inability to identify those readmissions that were
potentially preventable.

The disease burden experienced by stroke survivors is of increasing concern given the
ageing of the population, improvements in case fatality, and growing healthcare costs. The
high rate of hospital readmissions highlights the need for prevention not only of recurrent
events, but also of all-cause readmissions. Readmissions may result from gaps in secondary
prevention and medical care and therefore might be prevented with improved coordination
of care and discharge planning. Prevention and management strategies targeted according to
stroke subtypes may be warranted.
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Figure 1.
Kaplan-Meier analysis of mortality, recurrence, and readmission by subtype. Survival curves
are for all-cause mortality (A), first recurrent stroke event (B), and first hospital readmission
for any cause (C) in the 10 years after index stroke event. Numbers of patients at risk at 2-
year intervals are shown below the curves. Log-rank p-values for differences in survival by
stroke subtype were 0.05 for mortality, 0.05 for recurrent stroke, and <0.0001 for hospital
readmission. Recurrent stroke outcomes are not shown for hemorrhagic stroke subtypes due
to small numbers of events.
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Figure 2.
Hazard ratios for mortality, recurrence, and readmission by subtype. Values above each bar
indicate hazard ratios (95% confidence intervals) for outcomes by etiologic subtype with
thrombotic stroke serving as the referent group for all comparisons. Recurrent stroke results
are not shown for hemorrhagic subtypes due to small numbers of events.

Jones et al. Page 6

Stroke. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jones et al. Page 7

Ta
bl

e 
1

In
ci

de
nc

e 
(9

5%
 C

I)
 o

f 
m

or
ta

lit
y,

 r
ec

ur
re

nc
e,

 a
nd

 h
os

pi
ta

l r
ea

dm
is

si
on

 b
y 

in
de

x 
su

bt
yp

e

C
ha

ra
ct

er
is

ti
c

E
ti

ol
og

ic
 S

tr
ok

e 
Su

bt
yp

e

T
hr

om
bo

ti
c 

(N
=4

81
)

C
ar

di
oe

m
bo

lic
 (

N
=1

97
)

L
ac

un
ar

 (
N

=1
83

)
In

tr
ac

er
eb

ra
l H

em
or

rh
ag

e 
(N

=8
5)

Su
ba

ra
ch

no
id

 H
em

or
rh

ag
e 

(N
=4

1)

M
or

ta
lit

y

 
30

-d
ay

7.
5 

(5
.5

–1
0.

3)
12

.8
 (

8.
8–

18
.3

)
1.

1 
(0

.3
–4

.4
)

36
.5

 (
27

.3
–4

7.
7)

24
.4

 (
13

.9
–4

0.
6)

 
1-

ye
ar

19
.6

 (
16

.3
–2

3.
4)

27
.6

 (
21

.9
–3

4.
6)

9.
6 

(6
.1

–1
5.

0)
45

.4
 (

35
.4

–5
6.

6)
26

.9
 (

15
.9

–4
3.

3)

R
ec

ur
re

nt
 s

tr
ok

e

 
30

-d
ay

1.
6 

(0
.7

–3
.2

)
2.

3 
(0

.9
–6

.0
)

1.
1 

(0
.3

–4
.4

)
-

-

 
1-

ye
ar

7.
9 

(5
.7

–1
1.

0)
6.

5 
(3

.6
–1

1.
9)

6.
5 

(3
.6

–1
1.

4)
-

-

H
os

pi
ta

l r
ea

dm
is

si
on

 
A

ll-
ca

us
e 

re
ad

m
is

si
on

 
 

30
-d

ay
14

.4
 (

11
.5

–1
8.

0)
22

.0
 (

16
.5

–2
9.

1)
12

.9
 (

8.
8–

18
.8

)
9.

3 
(4

.0
–2

1.
0)

18
.8

 (
8.

9–
37

.1
)

 
 

1-
ye

ar
53

.2
 (

48
.6

–5
7.

9)
65

.6
 (

58
.2

–7
2.

8)
41

.2
 (

34
.3

–4
8.

8)
42

.8
 (

30
.6

–5
7.

4)
50

.0
 (

34
.3

–6
8.

1)

 
C

V
D

-r
el

at
ed

 r
ea

dm
is

si
on

*

 
 

30
-d

ay
1.

8 
(0

.9
–3

.6
)

6.
6 

(3
.7

–1
1.

6)
0.

6 
(0

.1
–3

.9
)

0
0

 
 

1-
ye

ar
13

.3
 (

10
.4

–1
7.

0)
23

.4
 (

17
.5

–3
1.

0)
5.

9 
(3

.2
–2

3.
2)

9.
4 

(3
.6

–2
3.

2)
6.

8 
(1

.7
–2

4.
6)

* Pr
im

ar
y 

IC
D

-9
 d

is
ch

ar
ge

 d
ia

gn
os

is
 c

od
es

 3
90

-4
29

, 4
40

-4
59

, 7
45

-7
47

Stroke. Author manuscript; available in PMC 2014 August 01.


