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Objective To evaluate the effects of the implementation of critical pathway (CP) in stroke patients treated at a
single university hospital.

Methods A retrospective medical review collected data from 497 patients who had suffered acute stroke in the
rehabilitation center. Stroke outcomes were compared between before and after the implementation of CP
based on factors including demographic factors, stroke characteristics, pre-existing medical conditions, medical
complications, functional states, and length of stay (LOS).

Results After the implementation of CP, the patients showed significantly higher stage for upper proximal
(p=0.008) and lower extremity (p=0.001) on Brunnstrom stage and significantly lower scores for modified Rankin
Scale (p=0.003) at transfer. For those with pre-existing medical conditions, there were significantly increased
osteoarthritis (p=0.002) and valvular heart disease (p=0.011). Regarding medical complications during acute
inpatient rehabilitation, there were significantly decreased shoulder pain (p=0.001) and dysphagia (p=0.017),
and significantly increased gastrointestinal symptoms (p=0.001). Functional gain and efficiency of stroke patients
during rehabilitation center hospitalization did not significantly change after implementation of CP. But, shorter
LOS of total hospitalization, pre-rehabilitation center hospitalization, and rehabilitation center hospitalization
were evident.

Conclusion After the implementation of CP, patients less often developed complications and displayed no
changes in functional gain and efficiency. They had shorter LOS of total hospitalization, pre-rehabilitation center
hospitalization and rehabilitation center hospitalization.
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INTRODUCTION

Stroke is common in Korea. Stroke may cause serious
disabilities. With the Westernization of the Korean life-
style, the prevalence of stroke is increasing and has be-
come the second cause of death in the nation [1]. Com-
plications during the post-stroke rehabilitation period
delay patients’ recovery and impede their rehabilitation.
To reduce these complications, a systematic and compre-
hensive treatment plan, such as a critical pathway (CP), is
necessary [2-5].

CP refers to a systematic treatment plan created so that
the medical personnel from different fields can sequen-
tially apply efficient and appropriate treatment [6]. The
introduction of CP for treatment of stroke dates back to
the mid-1980s. The diverse CPs include patient manage-
ment in the local community after discharge, and as well
as acute stroke diagnosis and thrombolysis treatment [7].
In general, CP related to acute stroke is divided into three
categories: treatment, rehabilitation, or both [7]. In the
United States, 78% and 30% of hospitals have instituted
a CP for the treatment of ischemic stroke and cerebral
hemorrhage, respectively [8].

Although research thus far has reported that a CP pre-
vents unnecessary treatment delay and decreases hos-
pital stay [9-11], most studies were confined to patients
experiencing a first-ever ischemic stroke. No study has
detailed the changes in the occurrence of complications
after CP introduction.

Unlike previous studies, this study was not confined to
ischemic stroke patients. Hemorrhagic stroke patients
and patients with a history of more than one stroke as
well as those with the first onset of a stroke were includ-
ed. The retrospective study involved patients who visited
a single university hospital due to a stroke. The aim was
to discern differences in the kinds of complications and
their incidence during hospitalization, functional recov-
ery, and the length of stay (LOS).

MATERIALS AND METHODS

Subjects

The subjects of this study were 497 patients who visited
the emergency room of Gyeongsang National University
Hospital for the first time without treatment in other
hospitals after a stroke. The study included patients
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who were diagnosed with an ischemic or hemorrhagic
stroke through brain computed tomography or magnetic
resonance imaging based on their history or physical ex-
amination findings, transferred to the Department of Re-
habilitation after acute-stage treatment and discharged
after comprehensive rehabilitation treatment. With Janu-
ary 2010 (the time of implementation of CP) as the refer-
ence time point, subjects were divided into two groups.
The first group comprised 196 patients who visited the
hospital from July 1, 2007 to December 31, 2009, prior to
CP introduction. The other group comprised 301 patients
who visited the hospital from January 1, 2010 to June 31,
2010, after CP introduction. Both groups were subse-
quently transferred to the Department of Rehabilitation.
CP-mediated rehabilitation treatment of acute stroke
patients involves a physical examination to evaluate the
severity of stroke, functional state, and complications
within 3 days after the onset of a stroke in collaborative
diagnosis with the Department of Rehabilitation and by
diligently and swiftly carrying out rehabilitation, thereby
preventing and treating complications and enabling early
movement of patients. During treatment, when a patient
is neurologically stable, comprehensive rehabilitation
treatment is provided and whether transfer to the De-
partment of Rehabilitation is possible is evaluated. After
transfer or discharge, a follow-up observation is made.
When a stroke progresses during early rehabilitation
treatment, the patient should be reevaluated and treat-
ment appropriate for the patient’s condition carried out

(Fig. 1).

Methods

Retrospective review of the medical records was con-
ducted. Demographic and stroke characteristics prior to
and after the introduction of CP including age, gender,
cause of stroke (ischemic or hemorrhagic), stroke loca-
tion (cortical, subcortical, or infratentorial lesions), and
the hemiplegic side resulting from a stroke (right, left, or
bilateral sides) were investigated and the National Insti-
tutes of Health Stroke Scale (NIHSS) was used to assess
the patients’ condition at the time of visit to the emer-
gency room.

Patient history including previous stroke, hypertension,
diabetes mellitus (DM), dyslipidemia, seizure, osteoar-
thritis, osteoporosis, alcohol abuse, smoking, chronic ob-
structive pulmonary disease or asthma, coronary artery
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disease, cardiac arrhythmia, valvular heart disease, renal
failure, and hydrocephalus was investigated.

Concerning complications, the presence of shoulder
pain after a stroke, seizure, depression, heterotopic
ossification, decubitus ulcer, urinary tract infection,
pneumonia, electrolyte imbalance, tracheostomy, Foley
catheter insertion, hydrocephalus, dysphagia, deep vein
thrombosis, gastrointestinal symptoms (gastritis, gastric
ulcer, gastric bleeding, and enteritis), progression of a
stroke, a fall, and sudden death was inspected.

For functional evaluation, stroke patients were classi-
fied as ischemic stroke patients and hemorrhagic stroke
patients according to stroke cause and their modified
Rankin Scale (mRS) and Brunnstrom stage were inves-
tigated by dividing their lesions into the upper limb
proximal, upper limb distal, and lower limb at the time of
transfer to the Department of Rehabilitation. At this time
and at discharge, Korean version of Modified Barthel
Index (K-MBI) score was assessed and functional acqui-
sition (score at the time of discharge - score at the time
of transference to the Department of Rehabilitation) was
also investigated to examine efficiency of the rehabilita-
tion treatment (functional acquisition/LOS) to examine
the differences between the two groups.

bilitation.

In addition, to analyze the effects of the introduction
of CP on the number of hospital stay days, the period of
hospitalization until transfer to the Department of Re-
habilitation, the period of hospitalization in the Depart-
ment of Rehabilitation, and the entire period of hospi-
talization from when visiting the emergency room until
discharge from the hospital were investigated.

Statistical analyses

Medical record data for the recent 5 years were used
to assess the condition of patients who experienced
ischemic or hemorrhagic stroke prior to and after the
introduction of CP using independent t-test. Age, NIHSS,
mRS, Brunnstrom stage, K-MBI, and LOS are reported as
averageststandard deviations. Gender, cause of a stroke,
location of brain lesion, hemiplegic side resulting from
a stroke, pre-existing medical conditions, and complica-
tions occurred prior to discharge were compared using
chi-square test. SPSS ver. 17.0 for Windows software (SPSS
Inc., Chicago, IL, USA) was used for the analyses, with
significance set at p<0.05.
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RESULTS

Demographic and stroke characteristics

The total number of the subjects was 497. Among 196
patients prior to the introduction of critical pathway, 96
(49.0%) were male and 100 (51.0%) were female. Average
age was 66.4+13.4 years. Among 301 patients after the in-
troduction of CP, 153 (50.8%) were male and 148 (49.2%)
were female. The average age was 64.1+12.6 years.

One hundred eleven (56.6%) patients experienced isch-
emic stroke and 85 (43.4%) experienced hemorrhagic
stroke prior to the introduction of CP. The respective
numbers following CP implementation were 132 (43.9%)
and 169 (56.1%). Cortical, subcortical, and infratentorial
lesions comprised 8 (4.1%), 55 (79.1%), and 33 (16.8%)
patients, respectively, prior to CP introduction and 15
(5.0%), 242 (80.4%), and 44 (14.6%) patients, respectively,
after the introduction of CP. Right hemiplegia, left hemi-
plegia, and bilateral hemiplegia comprised 78 (39.8%), 80
(40.8%), and 38 (19.4%) patients, respectively, prior to CP
and 124 (41.2%), 123 (40.9%), and 54 (17.9%) patients, re-
spectively, after CP implementation. NIHSS measured to

Table 1. Comparison of demographic and stroke charac-
teristics before and after CP implementation

Before After

Age (yr) 66.4t13.4  64.1+12.6
Gender

Female 100 (51.0) 148 (49.2)

Male 96(49.0) 153 (50.8)
Cause of a stroke

Ischemic 111 (56.6) 132 (43.9)

Hemorrhagic 85 (43.4) 169 (56.1)
Location of lesion

Cortical 8(4.1) 15 (5.0)

Subcortical 155 (79.1) 242 (80.4)

Infratentorial 33(16.8) 44 (14.6)
Side of hemiplegia

Right 78(39.8)  124(41.2)

Left 80(40.8) 123 (40.9)

Bilateral 38(19.4) 54(17.9)
NIHSS at Emergency room 9.1+4.2 26580

Values are presented as meantstandard deviation or
number (%).
CP, critical pathway; NIHSS, National Institutes of Health
Stroke Scale.
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Table 2. Comparison of pre-existing medical conditions
of stroke patients before and after CP implementation

Before After p-value
Hypertension 132(67.3) 215(71.4) 0.333
Diabetes mellitus 47 (24.0) 70(23.3) 0.853
Alcohol abuse 47(24.0) 81(26.9) 0.465
Osteoarthritis 46 (23.5) 110(36.5) 0.002
Smoking 40(20.4) 79(26.2) 0.136
Previous stroke 35(17.9) 58(19.3) 0.693
Cardiac arrhythmia 25(12.8) 51(16.9) 0.205
Coronary artery disease 24 (12.2) 31(10.3) 0.499
Valvular heart disease 12(6.1) 40(13.3) 0.011
Osteoporosis 12 (6.1) 14 (4.7)  0.472
Dyslipidemia 10(5.1) 29(9.6)  0.066
Renal failure 8(4.1) 11(3.7) 0.763
COPD/asthma 5(2.6) 14(4.7)  0.339
Hydrocephalus 1(0.5) 3(1.0) 0.553
Seizure history 1(0.5) 5(1.7) 0.251

Values are presented as number (%).
CP, critical pathway; COPD, chronic obstructive pulmo-
nary disease.

Table 3. Comparison of the number of stroke patients
with medical complications before and after CP imple-
mentation

Before After p-value
Post-stroke shoulder pain 124 (63.3) 145(48.2) 0.001
Dysphagia 121 (61.7) 153 (50.8) 0.017
Foley catheter insertion 35(17.9) 47(15.6) 0.510
Urinary tract infection 30(15.3) 30(10.0) 0.074
Pneumonia 28 (14.3) 43(14.3) 1.000
Post-stroke depression 26(13.3) 49(16.3) 0.359
Tracheostomy 18(9.2) 33(11.0) 0.523
Hydrocephalus 14(7.1) 11(3.7) 0.082
GI symptoms 10(5.1) 50(16.6) 0.001
Deep vein thrombosis 8(4.1) 13(4.3) 0.898
Decubitus ulcer 6(3.1) 13(4.3) 0.475
Stroke progression 6(3.1) 16(5.3) 0.232
Post-stroke seizure 4(2.0) 5(1.7) 0.756
Electrolyte abnormality 4(2.0) 11(3.7) 0.304
Fall 2(1.0) 5(1.7) 0.554
Sudden death 2(1.0) 1(0.3) 0.333
Heterotopic ossification 1(0.5) 2(0.7) 0.828
With complications 181 (92.3) 262 (87.3) 0.077

Values are presented as number (%).
CP, critical pathway; GI, gastrointestinal.



Retrospective Assessment of the Implementation of Critical Pathway

evaluate patient conditions at the time of the emergency
room visit was 9.1+4.2 and 9.6+5.9 prior to and following
the introduction of CP, respectively. There were no sig-
nificant differences between the two groups (Table 1).

Pre-existing medical conditions

Pre-existing medical conditions included hyperten-
sion (n=132, 67.3%), DM (n=47, 24.0%), alcohol abuse
(n=47, 24.0%), osteoarthritis (n=46, 23.5%), smoking
(n=40, 20.4%), and previous stroke (n=35, 17.9%), prior
to the introduction of CP. Following CP implementation,

pre-existing medical conditions included hypertension
(n=215, 71.4%), osteoarthritis (n=110, 36.5%), alcohol
abuse (n=81, 26.9%), smoking (n=79, 26.2%), DM (n=70,
23.3%), and previous stroke (n=58, 19.3%). The increased
rate of osteoarthritis and valvular heart disease with
the implementation of CP was significant (p=0.002 and
p=0.011, respectively). There were no other significant
differences (Table 2).

Complications
More than half the patients suffered from shoulder

Table 4. Comparison of functional states at transfer to rehabilitation center and discharge before and after CP imple-

mentation
Before After p-value

Total
mRS 4.4+0.9 4.2+0.8 0.003
Br-stage UE proximal 3.2+1.3 3.5+1.3 0.008
Br-stage UE distal 3.2+1.5 3.4%1.4 0.085
Br-stage LE 3.2+1.1 3.6x1.2 0.001
K-MBI (at transfer) 40.0+£23.8 33.7+£23.5 0.004
K-MBI (at discharge) 62.1+26.0 56.0+28.7 0.016
K-MBI gaina) 22.1+15.3 223118 0.914
K-MBI efficiency” 0.60.6 0.7+0.8 0.095

Infarction
mRS 4.4+1.0 4.1+0.8 0.005
Br-stage UE proximal 3.2+1.4 3.7£1.3 0.001
Br-stage UE distal 3.2+1.4 3.6+1.3 0.017
Br-stage LE 3.3t1.2 3.9+1.2 0.001
K-MBI (at transfer) 44.2+24.9 38.6+22.5 0.065
K-MBI (at discharge) 64.4+25.6 59.5+26.6 0.152
K-MBI gaina) 20.1+12.8 21.0+18.0 0.690
K-MBI efficiency” 0.6+0.6 0.8+0.8 0.173

Hemorrhage
mRS 4.4+0.8 4.3+0.9 0.199
Br-stage UE proximal 3.1+1.3 3.3x1.3 0.366
Br-stage UE distal 3.2+1.5 3.3t1.4 0.722
Br-stage LE 3.0%1.1 3.3t1.3 0.060
K-MBI (at transfer) 34.5+21.4 29.8+23.5 0.127
K-MBI (at discharge) 59.5+26.4 53.2+30.0 0.118
K-MBI gain® 24.8+17.8 23.4+20.3 0.596
K-MBI efficiency” 0.5+0.5 0.60.8 0.229

Values are presented as meantstandard deviation.

CP, critical pathway; mRS, modified Rankin Scale; Br-stage, Brunnstrom stage; UE, upper extremity; LE, lower extrem-

ity; K-MBI, Korean version of Modified Barthel Index.

“Function at discharge - function at rehabilitation start. ”Gain/rehabilitation stays (days).
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pain after a stroke (n=124, 63.3%) and dysphagia (n=121,
61.7%) prior to CP, followed by Foley catheter insertion
(n=35, 17.9%), urinary tract infection (n=30, 15.3%), and
pneumonia (n=28, 14.3%). After CP introduction, dys-
phagia comprised the majority of complications (n=153,
50.8%), followed by shoulder pain after a stroke (n=145,
48.2%), gastrointestinal symptoms (n=50, 16.6%), de-
pression (n=49, 16.3%), and Foley catheter insertion
(n=47, 15.6%). The decreases in the rate of shoulder pain
after stroke and dysphagia was significant (p=0.001 and
p=0.017, respectively), with the increase in gastrointes-
tinal symptoms being significant (p=0.001). Among all
stroke patients, 181 (92.3%) and 262 (87.3%) experienced
complications before and after implementation of CP, re-
spectively (Table 3).

Functional evaluation

After transfer, mRS score was 4.4+0.9 and 4.2+0.8 prior
to and after CP introduction, respectively (p=0.003). Up-
per limb proximal, upper limb distal, and lower limb
Brunnstrom stage was 3.2+1.3, 3.2+1.5, and 3.2+1.1, re-
spectively, prior to the introduction of CP and 3.5£1.3,
3.4%1.4, and 3.6%1.2, respectively, after CP introduction.
The increase in upper limb proximal and lower limb
Brunnstrom stage was significant (p=0.008 and p=0.001,
respectively). mRS of ischemic stroke patients was
4.4+1.0 and 4.1+0.8 prior to and following CP introduc-
tion (p=0.005). Brunnstrom stage increased significantly
in upper limb proximal, upper limb distal, and lower
limb (p=0.001, p=0.017, and p=0.01, respectively). On the
contrary, changes in mRS and Brunnstrom stage in all
the three locales of hemorrhagic stroke patients were not
significant. For all stroke patients, K-MBI significantly de-
creased when they were transferred and discharged after
the introduction of CP (p=0.004 and p=0.016, respective-
ly). However, functional acquisition and rehabilitation
treatment efficiency in K-MBI was not statistically differ-
ent (Table 4).

Length of stay

LOS after CP introduction until transfer to the Depart-
ment of Rehabilitation, LOS in the Department of Reha-
bilitation, and the total LOS significantly decreased in all
stroke patients and the ischemic and hemorrhagic stroke
patient groups (Table 5).
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Table 5. Comparison of length of stay (LOS) before and
after CP implementation

Before After p-value

Total

Pre-RH LOS 36.0+34.4 24.6+16.4 0.001

RH LOS 53.8+38.9 41.0+29.5 0.001

Total LOS 90.3+58.8 65.61+36.7 0.001
Infarction

Pre-RH LOS 25.9+18.0 18.5+11.5 0.001

RH LOS 45.7+31.3 35.3+25.9 0.005

Total LOS 71.6£38.1  53.8+31.2 0.001
Hemorrhage

Pre-RH LOS 50.1+44.6 29.3+18.0 0.001

RHLOS 64.5+45.0 45.5+31.4 0.001

Total LOS 114.6+71.1 74.8438.1 0.001

Values are presented as meantstandard deviation (days).
CP, critical pathway; RH, rehabilitation.

DISCUSSION

CP can prevent unnecessary treatment delay and can
shortened hospital stay [9-11]. Attention to the introduc-
tion of stroke CP and the resulting effects is increasing.
However, its effects have not been systematically estab-
lished and only small scale studies have been done. The
present study was undertaken to reveal differences in the
incidence of complications, functional recovery, and LOS
of stroke patients prior to and after CP introduction, with
differences among stroke patients classified according to
the cause of stroke, with stroke patients in a single hospi-
tal as subjects.

The rates of hypertension, osteoarthritis, alcohol abuse,
smoking, and DM were high prior to and after the in-
troduction of CP. This agrees with the findings of a prior
study, in which hypertension, DM, smoking, and previ-
ous cardiovascular disease were the most common risk
factors for stroke [12]. Presently, osteoarthritis and valvu-
lar heart disease significantly increased in stroke patients
after CP introduction, compared to before CP introduc-
tion. A previous study reported that the diagnosis fre-
quency of diseases significantly differed according to the
treatment environment of a stroke [13]. The present study
was retrospective and the results depended on medi-
cal records, so the results may have varied according to
the integrity of preparation of medical records. Also, the
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results may reflect the increasing use of radiologic exami-
nation for active diagnosis of stroke, and increasing use
of cardiac sonography among stroke patients.

Gain and efficiency in Functional Independence Mea-
sure scale and MBI are significantly low when a stroke is
accompanied by osteoarthritis, myocardial infarction,
and atrial fibrillation [14]. Such past medical histories
can impede recovery during hospitalization (including
rehabilitation) of stroke patients. The treatment plan
should consider such factors.

The rate of complications in stroke patients did not dif-
fer between the two groups, but tended to decline after
the introduction of CP. The most frequent complications
of post-stroke dysphagia and shoulder pain significantly
decreased. Dysphagia is diagnosed by performing esoph-
agography or a videofluoroscopic swallowing study on
patients suspected of difficulty in swallowing using a bed-
side screening test. According to the treatment plan, they
are trained to swallow and a follow-up examination is
done to check improvement. Early evaluation and treat-
ment of dysphagia after CP introduction aids in the treat-
ment of dysphagia and can help prevent complications.
Shoulder pain after a stroke includes all musculoskeletal
pains together with complex regional pain syndrome.
After CP introduction, collaborative diagnosis with the
Department of Rehabilitation was made early after the
onset of a stroke. Also, before transfer to the Department
of Rehabilitation, shoulder joint exercise was performed
with bed posture and arm sling to prevent subluxation of
the shoulder joints. This may have led to a reduction in
the incidence of shoulder pain. Brunnstrom stage also
significantly improved in proximal upper limb at the
time of transfer, thereby preventing shoulder pain. This is
consistent with a finding of a previous meta-analysis, in
which early rehabilitation treatment was more effective
in helping to obtain functional independence and de-
creasing complications than conventional rehabilitation
treatment [15,16].

Gastrointestinal symptoms rapidly increased after CP
introduction. Such patients were endoscopically diag-
nosed with the symptoms among those suspected of
gastritis, gastric ulcer, and gastrorrhagia during hospi-
talization. Endoscopy has become a more commonly
used procedure according to gastrointestinal complaints.
When the NIHSS is high, gastrointestinal bleeding in-
creases [17]. In the present study as well, after CP intro-

duction the NIHSS measured when patients visited the
emergency room became higher.

Functional evaluation following transfer to the Depart-
ment of Rehabilitation and CP introduction revealed
significantly lower mRS in ischemic stroke patients than
hemorrhagic stroke patients. This result may reflect im-
proved diagnosis and treatment of acute stroke patients
because of CP, and because collaborative diagnosis with
the Department of Rehabilitation enabled early compre-
hensive rehabilitation treatment even before transfer.
Brunnstrom stage of ischemic stroke patients significant-
ly increased when they were transferred and Brunnstrom
stage of the upper limb proximal and the lower limb was
significantly high in all stroke patients, which is the result
of early rehabilitation treatment. Nonetheless, there were
no significant differences in mRS and Brunnstrom stage
of hemorrhagic stroke patients probably because they did
not receive active rehabilitation treatment and had limit-
ed access to comprehensive rehabilitation due to postop-
erative treatment in the intensive care unit. Nevertheless,
the mRS score of hemorrhagic stroke patients tended to
be low and their Brunnstrom stage tended to be higher
after CP introduction. It is likely that there will be positive
effect of early rehabilitation treatment in hemorrhagic
stroke patients after the CP introduction.

K-MBI of all stroke patients was significantly low com-
pared to prior to the CP introduction, but other changes
were not significant. On the other hand, LOS after CP
introduction was significantly decreased in ischemic
and hemorrhagic stroke patients, and all stroke patients.
This indicates that functional acquisition and efficiency
during comprehensive rehabilitation may be affected by
differences in the total amount of treatment; significant
reduction in LOS in the Department of Rehabilitation
may influence the functional outcome of patients when
they are discharged. This result is consistent with the
outcome in which the hospitalization period decreased
and the degree of independence was low in patients to
which the CP was applied in previous meta-analyses
[7,10,18]. In addition, after CP introduction, LOS signifi-
cantly decreased in all total stroke patients. But, the fact
that the efficiency of rehabilitation treatment was high
and statistically significant in functional acquisition may
indicate that the result of patient treatment did not differ
appreciably among individuals.

This study concerned stroke patients hospitalized in
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a single hospital during the most recent 5 years, and
included recurrent stroke patients as well as those who
experienced a stroke for the first time. It was a large-scale
study of all stroke patients in a single hospital and its
advantage is that it examined complications, functional
acquisition, and hospitalization period prior to and after
CP introduction. However, this study was retrospective,
involved one site, and depended on medical records
and, therefore, the integrity of the preparation of these
records, the stroke treatment environment at the time of
data acquisition, and universalization of tests on relevant
diseases that may have led to different results. In addi-
tion, there may be variation between hospitals concern-
ing considering comprehensive rehabilitation treatment
and patient transfer to the Department of Rehabilitation
and their total hospital stay. The scope of available data
from different hospitals applying the CP and from our
hospital may differ, limiting generalization of the find-
ings. Thus, multi-institutional research is necessary using
data from hospitals that currently apply the stroke CP.

In conclusion, due to the introduction of the CP, the
rate of complications among stroke patients tended to
decline. Overall functional acquisition and efficiency
did not differ between the periods before and after CP
implementation. However, CP introduction reduced the
hospitalization period before transfer to the Department
of Rehabilitation, post-transfer LOS, and total LOS.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Park HS, Kang M]J, Huh JT. Recent epidemiological
trends of stroke. ] Korean Neurosurg Soc 2008;43:16-
20.

2. Dromerick A, Reding M. Medical and neurological
complications during inpatient stroke rehabilitation.
Stroke 1994;25:358-61.

3. McClatchie G. Survey of the rehabilitation outcome of
strokes. Med J Aust 1980;1:649-51.

4. Roth EJ. Medical complications encountered in stroke
rehabilitation. Phys Med Rehabil Clin North Am
1991;2:563-77.

610 Www.e-arm.org

5. Davenport RJ, Dennis MS, Wellwood I, Warlow CP.
Complications after acute stroke. Stroke 1996;27:415-
20.

6. Espinosa-Aguilar A, Reyes-Morales H, Huerta-Posada
CE, de Leon IL, Lopez-Lopez F, Mejia-Hernandez M,
et al. Design and validation of a critical pathway for
hospital management of patients with severe trau-
matic brain injury. ] Trauma 2008;64:1327-41.

7. Kwan J. Care pathways for acute stroke care and stroke
rehabilitation: from theory to evidence. J Clin Neuro-
sci 2007;14:189-200.

8. Cooper D, Jauch E, Flaherty ML. Critical pathways for
the management of stroke and intracerebral hemor-
rhage: a survey of US hospitals. Crit Pathw Cardiol
2007;6:18-23.

9. Romito D. A critical path for CVA patients. Rehabil
Nurs 1990;15:153-6.

10. Falconer JA, Roth EJ, Sutin JA, Strasser DC, Chang
RW. The critical path method in stroke rehabilitation:
lessons from an experiment in cost containment and
outcome improvement. QRB Qual Rev Bull 1993;19:8-
16.

11.Patel M, Potter J, Perez I, Kalra L. The process of
rehabilitation and discharge planning in stroke: a
controlled comparison between stroke units. Stroke
1998;29:2484-7.

12.Wolf PA, D’Agostino RB, Belanger AJ, Kannel WB.
Probability of stroke: a risk profile from the Framing-
ham Study. Stroke 1991;22:312-8.

13.Kalra L, Yu G, Wilson K, Roots P. Medical complica-
tions during stroke rehabilitation. Stroke 1995;26:990-
4.

14. Park HK, Kang Y], Kim H]J, Lee KS, Park KT. Influence
of associated medical diseases and complications on
functional improvement after rehabilitation in pa-
tients with stroke. Brain Neurorehabil 2008;1:190-6.

15. Craig LE, Bernhardt J, Langhorne P, Wu O. Early mo-
bilization after stroke: an example of an individual
patient data meta-analysis of a complex intervention.
Stroke 2010;41:2632-6.

16. Sorbello D, Dewey HM, Churilov L, Thrift AG, Collier
JM, Donnan G, et al. Very early mobilisation and com-
plications in the first 3 months after stroke: Further
results from phase II of A very early rehabilitation trial
(AVERT). Cerebrovasc Dis 2009;28:378-83.

17.Roth EJ, Lovell L, Harvey RL, Heinemann AW, Semik



Retrospective Assessment of the Implementation of Critical Pathway

P, Diaz S. Incidence of and risk factors for medical 18.Kwan J, Sandercock P. In-hospital care pathways
complications during stroke rehabilitation. Stroke for stroke. Cochrane Database Syst Rev 2004;(4):
2001;32:523-9. CD002924.

Www.e-arm.org 6M



