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Abstract. Objective: Door-to-CT-completion interval (DCI) for acute ischemic stroke patients is one

of the clinical indicators of quality assurance in an emergency room (ER). The aim was to clarify

whether the critical pathway improves the DCI for acute stroke patients in the ER. Methods: The

pathway describes each step in patient evaluation in sequence from the patient’s arrival in the ER until

the brain CT is completed. Whether to use the pathway when evaluating individual patients is left to

the discretion of the physician. After excluding 8 cases with insufficient data, 52 cases diagnosed with

acute stroke (29 males, 69.9G 12.4 y/o) in the ER between January and February 2003 were retro-

spectively identified. A logistic regression analysis was used to assess the impact of application of the

pathway on achievement of an acceptable DCI (H 25 min). Results: The pathway was applied in 21.2%

of the cases included in the study, and the median DCI was reduced from 48 minutes to 22 minutes as a

result (PF 0.02). Comparing them with the DCI, the probability values for ambulance use, conscious-

ness disturbance, history of stroke, and application of the pathway in univariate analyses were less than

0.10. These variables were entered into the logistic analysis, which that indicated application of the

pathway was the strongest variable related to acceptable DCI (OR: 10.92, 95% CI: 1.22 to 97.96).

Conclusion: Application of the pathway was associated with an improvement of the DCI. Use of the

pathway will improve the quality of the process of care in the ER. (Keio J Med 53 (4): 247–250, De-

cember 2004)
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Introduction

Critical pathways have been developed not only
for nursing, but also for medical care, both to reduce
costs and improve quality of care.1,2 Many pathways for
cardiovascular diseases have been developed to date,
including for emergency cardiovascular care.3–5

Early thrombolysis is given first priority in the treat-
ment of acute ischemic stroke in an emergency room,
and there is considerable evidence of the importance of
reducing the interval between symptom onset and the
institution of thrombolytic therapy.6–9 Based on the US
National Institute of Neurological Disorders and Stroke
trial (NINDS) protocol,7 the American Heart Associa-

tion (AHA) recommended that the goal of emergency
care for acute stroke should be a door-to-CT-comple-
tion interval of less than 25 minutes.8 Previous studies
have reported that pathways significantly reduced con-
suming time relating to quality of care in the emergency
room.3,5 However, measuring time intervals as clinical
indicators and application of critical pathways are not
yet popular among physicians in Japan.

The purpose of this study was to determine whether
application of a critical pathway in the emergency room
would reduce the door-to-CT-completion interval in the
management of acute stroke patients in a tertiary
emergency center in Japan.
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Methods

The present study was designed as a retrospective
observational study and was conducted in a single
tertiary emergency center of a community hospital, fol-
lowing the ethical guidelines for epidemiological studies
(Ministry of Health, Labour and Welfare, 2002) based
on the principles outlined in the World Medical Asso-
ciation’s Declaration of Helsinki. Further, the ethics
committee of the emergency center and the executive
committee on clinical pathway of the hospital approved
the present study.

The critical pathway

The critical pathway for the management of acute
stroke patients is shown in Table 1. Use of the pathway
when evaluating individual patients is left to the dis-
cretion of the physician. The pathway describes each
step of the initial evaluation in sequence from the
patient’s arrival in the emergency room until comple-
tion of the brain CT scan. Physicians who use the
pathway must fill in the actual time when each step of
medical care was carried out.

Case series

Between January and February 2003, a total of
2,645 adults presented to the emergency room of Sai-
seikai Utsunomiya Hospital with an acute illness, and
60 (2.3%) of them were diagnosed with acute stroke
and admitted to stroke care units. Eight cases were
excluded, consisting of 6 had missing door time and 2
had missing brain-CT-completion time, the remaining
52 cases were identified as eligible and included in the
study. The patients’ characteristics are shown in Table
2. Of the 52 patients, 67.4% had acute ischemic stroke.
None of those patients received intravenous thrombo-
lytic therapy, because it was not approved for acute

ischemic stroke in the hospital. Door time and brain-
CT-completion time were recorded on the medical-
order computer in our hospital.

Statistical analysis

The statistical analysis, including calculation of
median values and ranges, was performed using SPSS
11.5J software. Univariate analyses of variables were
performed by using the w2 test for categorical data and
the Mann-Whitney U-test for continuous data. Vari-
ables with probability values less than 0.10 were
entered in a logistic regression model with backward
elimination procedure to identify multivariate pre-
dictors of acceptable door-to-CT-completion interval
(< 25 min).

Results

The pathway was applied in 11 (21.2%) of the
52 cases included in the study and the median door-to-
CT-completion interval was shorter in the pathway
group (24 minutes; range: 13 to 84 minutes) than in
the no-pathway group (48 minutes; range: 12 to 201
minutes; Mann-Whitney U-test: P ¼ 0.02). The propor-
tion of patients with an acceptably short door-to-CT-
completion interval (< 25 minutes) improved from
6.4% to 42.9% as a result of using the pathway (Table
3).

Ambulance use, consciousness disturbance, applica-
tion of the pathway, and history of stroke were selected
in the univariate analyses, and inserted into the logistic
regression model (Table 3), which indicated application
of the pathway as one of the independent variables of

Table 1 Critical Pathway for the Management of Acute Stroke
Patients in the Emergency Room

Patient Name: Date:
Signature of Physician:

1. : Arrival in the ER of a patient with suspected acute
stroke

2. : Immediate general assessment
Vital signs, Blood glucose
IV-line, CBC & blood chemistry
12-lead ECG
Establish time of onset of symptoms
Review patient history
Physical and neurological examination

3. : Order urgent noncontrast CT scan
4. : CT scan completion (goal < 25 minutes from arrival)

Table 2 Patient Characteristics

Patients n ¼ 52
number (%)

Male 29 (55.8)
Age median (range) 72 (39 to 92) y/o
Type of stroke (discharge diagnosis)
Thrombosis
Embolism
Intracerebral hemorrhage
Subarachnoid hemorrhage

24 (46.2)
11 (21.2)
9 (17.3)
8 (15.4)

Mode of transportation
Ambulance 35 (67.3)

Door time
Day (8:30 to 17:30) 32 (61.5)

Glasgow coma scale score < 15 19 (36.5)
Atrial fibrillation 8 (15.4)
History of stroke 15 (28.8)
Onset-to-door interval median (range) 2.2 (1 to 240) hours
Door-to-CT-completion median (range) 42 (12 to 201) minutes
Application of critical pathway 11 (21.2)
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the acceptable door-to-CT-completion interval (Table
4).

Discussion

Application of the pathway to patients suspected of
acute stroke was shown to be the strongest independent
variable in increasing the percentage of cases in which
the ACC/AHA criterion was met.8 Although there
have been no reports on the role of the pathway for
acute stroke patients in the emergency room, applica-
tion of pathways has been reported to reduce door-
to-drug intervals for patients with acute myocardial
infarction receiving intravenous thrombolytic ther-
apy.3,5 Door-to-drug intervals have been used as an in-
dicator of the quality of medical care for acute myo-
cardial infarction and acute ischemic stroke patients
in the emergency room. Pathways have been valuable
for continuously the improving quality of emergency
care.3,5,7–9

Since acute ischemic stroke is one of the most com-
mon diseases treated in emergency rooms, realistic
evaluation guidelines must be established in every in-
stitution. Critical pathways may clarify the goal of care
not only for physicians but also for all medical person-

nel involved in providing emergency care. They also
promote good collaboration among the entire emer-
gency room team.1

This is the first report from Japan on the application
of a critical pathway in the emergency room to reduce
the door-to-CT-completion interval as the emergency
evaluation goal. The pathway used in this study clearly
stated the process of patient care and rationalized the
sequence of orders of treatment by medical personnel.
Similar pathway sheets for patients with acute myo-
cardial infarction that significantly reduced consuming
time relating to quality of care in the emergency room
have been previously reported.3,5 Those pathways will
be effective in reducing physician delay (door-to-
physician evaluation interval), which is considered one
of the reasons for in-hospital delay. Actually, the
median door-to-CT-order-given interval in this study
was shorter in the pathway group than in the no-
pathway group (11 minutes, 33 minutes, respectively;
Mann-Whitney U-test: P ¼ 0.006), but order-to-CT-
completion intervals between the groups was not
different (6 minutes, 8 minutes, respectively; Mann-
Whitney U-test: P ¼ 0.47).

There were potential limitations in this study. First, it
was a retrospective study conducted in a single center.
Although the study includes some selection bias, con-
secutive cases were included in the study to reduce se-
lection bias. Second, the sample size was small, but it
was estimated to be sufficient to detect statistically sig-
nificant differences. The criterion for significance (al-
pha) for 2-tailed test in this study was set at 0.05. The
study had a power of 81% to yield a statistically signifi-
cant result. Third, the patients had a variety of different
types of acute stroke. It is difficult to diagnose the type
of acute stroke solely on the basis of the clinical pre-
sentation.10 A CT scan of the brain is the definitive test
for differentiating ischemic stroke from hemorrhagic
stroke, and thus the type of acute stroke may not in-
fluence the door-to-CT-completion interval. Finally, the
proportion of the patients to whom the pathway was
applied less than 25%. Although the actual reasons for
this were not identified in this study (Table 5), physi-
cians’ reluctance use the pathway may be a contributing
factor. It may be associated with unavailablility of in-
travenous thrombolytic agents for acute ischemic stroke
in the hospital. Further, the fact that the pathway had to
be applied at the initial evaluation may have decreased
its use.

The effectiveness of the pathway on patients’ out-
come in Japan, where intravenous thrombolytic therapy
for acute ischemic stroke has not yet been adopted, is
limited, and the long-term outcome of the patients was
actually not included in the analysis. However, the re-
sult of this study indicated that the pathway was valu-
able in reducing physician delay.

Table 3 Univariate Analysis

Door-to-CT-completion interval

<25 minutes
n ¼ 14

Number (%)

>¼25 minutes
n ¼ 38

Number (%)

P-value

Male 9 (64.3) 20 (52.6) 0.54
Age median 64 y/o 74 y/o 0.21
Mode of
transportation
Ambulance 14 (100) 21 (55.3) 0.0002

Door time
Day (8:30 to 17:30) 7 (50) 25 (65.8) 0.35

Glasgow coma
scale score < 15

9 (64.3) 10 (26.3) 0.02

Atrial fibrillation 4 (28.6) 4 (10.5) 0.19
History of stroke 7 (50) 8 (21.1) 0.08
Application of
critical pathway

6* (42.9) 5 (6.4) 0.05

* Odds ratio ¼ 4.95 (95% Confidence Interval: 1.20 to 20.40)

Table 4 Multivariate Analysis

Odds ratio 95% CI P-value

Application of critical pathway 10.92 1.22 to 97.96 0.03
History of stroke 9.50 1.35 to 66.78 0.02
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Table 5 Application of Critical Pathway

Application of critical pathway

Pathway group
n ¼ 11

Number (%)

No-pathway group
n ¼ 41

Number (%)

P-value

Male 6 (54.5) 23 (56.1) 1.00
Age median 71 y/o 73 y/o 0.62
Mode of
transportation
Ambulance 9 (81.8) 26 (63.4) 0.30

Door time
Day (8:30 to 17:30) 9 (81.8) 23 (56.1) 0.17

Glasgow coma
scale < 15

3 (27.3) 16 (39.0) 0.73

Atrial fibrillation 1 (9.1) 7 (17.1) 1.00
History of stroke 4 (36.4) 11 (26.8) 0.71
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