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Direct admission to stroke centers reduces treatment delay
and improves clinical outcome after intravenous thrombolysis
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a b s t r a c t

We aimed to examine whether direct access to hospitals offering intravenous thrombolysis is associated
with functional outcomes in patients with acute ischemic stroke treated with intravenous thrombolysis.
We enrolled patients who received intravenous thrombolysis within 4.5 hours of symptom onset using a
prospective multicenter registry database. Patients referred directly from the field to organized stroke
centers were compared with those who were transferred from non-thrombolysis-capable hospitals in
terms of clinical outcomes at 90 days after intravenous recombinant tissue plasminogen activator treat-
ment. We also investigated onset-to-door time and onset-to-needle time according to admission mode. A
total of 820 patients (mean age of 67.3 years and median National Institutes of Health Stroke Scale score
of 9) were enrolled. Seventeen percent of patients with AIS who received intravenous thrombolytic ther-
apy at 12 hospitals (n = 142) were transferred from other hospitals. The direct admission group had a
shorter median onset-to-admission time (63 versus 121 minutes, P < 0.001) and onset-to-needle time
(110 versus 161 minutes, P < 0.001) as compared with the indirect admission group. Direct admission
was associated with a good outcome with an odds ratio of 1.57 (95% confidence interval: 1.02–2.39,
P = 0.036) after adjustment for baseline variables. Direct admission to a hospital with intravenous throm-
bolysis facilities available at all times was associated with shorter onset-to-needle time and better out-
come in patients with AIS undergoing thrombolytic therapy. Our findings support the implementation of
regional stroke care programs transporting patients directly to stroke centers to promote faster treatment
and to achieve better outcomes.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In patients with acute ischemic stroke (AIS), intravenous
recombinant tissue plasminogen activator (rtPA) within 4.5 hours

of stroke onset is a treatment modality with a well established
clinical benefit [1–3]. Several prospective randomized trials
comparing tPA with standard treatment and pooled analyses have
shown that there is a correlation between a shorter time from
symptom onset to treatment and better outcomes [4–7].
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Patients with AIS should be referred to hospitals where throm-
bolysis is available as promptly as possible, which is essential for
earlier intravenous rtPA treatment. However, this may be delayed
in many patients with AIS. This is mainly due to a lack of public
recognition of stroke symptoms or patients’ failure to activate
emergency medical services (EMS) [8–11]. Another reason for the
delayed admission is that patients with AIS are transferred from
initial visiting hospitals without receiving intravenous rtPA
[12,13].

Referral from other hospitals might significantly prolong not
only the onset-to-door (OTD) time to the thrombolysis-capable
hospitals but also onset-to-needle (OTN) time after AIS. This leads
to the speculation that patients who were indirectly admitted
would suffer poor outcomes after receiving thrombolytic treat-
ments as compared with those who were directly admitted,
although both groups are given rtPA within 4.5 hours of stroke
onset [14,15].

There are some data about the association between admission
route and outcome after percutaneous coronary intervention in
patients with ST-elevation myocardial infarction [16–18], but
there is a paucity of such data in the AIS field. We demonstrated
a correlation between direct admission to a hospital offering
intravenous thrombolysis therapy and good outcomes after intra-
venous rtPA in a single Korean center [19]. This study was
designed to evaluate whether direct admission to hospitals with
intravenous thrombolysis facilities available at all times could
affect the functional outcomes in patients with AIS receiving
thrombolytic therapy within 4.5 hours of stroke onset in multiple
Korean centers.

2. Methods

We used the database of the Clinical Research Center for Stroke-
5 (CRCS-5), which is a web-based, prospective registry for consec-
utive patients with AIS admitted to 12 academic hospitals in Korea.
All hospitals implemented a stroke code activation system to effec-
tively perform acute stroke treatment. Stroke specialists were
available 24 hours a day, 7 days a week during the study period.
Details of the CRCS-5 registry database have been described previ-
ously [20]. The National Institutes of Health Stroke Scale (NIHSS)
score was measured by neurologists at presentation. Modified Ran-
kin Scale (mRS) at 90 days was obtained by direct assessment or by
telephone interview with the patients or their relevant caregivers.
Symptomatic hemorrhagic transformation was defined as any
hemorrhage associated with a 4 point increase in the NIHSS. The
data quality for clinical and laboratory information was monitored
and audited regularly.

From the stroke registry database, we identified patients with
AIS who were treated with intravenous rtPA within 4.5 hours of
onset between January 2011 and December 2012. Eligibility crite-
ria for this study were: (1) AIS arriving at the emergency room; (2)
age >18 years; (3) no in-hospital stroke; (4) no or minimal pre-
stroke disability defined as mRS score 0–2; (5) no transfer after
intravenous rtPA at outside hospitals; and (6) availability of
3 month mRS outcome. We confirmed that OTD time, door-to-
needle (DTN) time (the time from emergency room arrival to rtPA
start) and OTN time were recorded upon admission in the
database.

Based on the mode of admission, we divided our patients into
two groups. The direct admission group was defined as patients
referred directly from the field to thrombolysis-capable stroke cen-
ters with a private visit or by way of EMS. The indirect admission
group included patients who were transferred from the field to
the nearest hospital and were subsequently referred to the stroke
centers.

Primary outcome was the proportion of mRS 6 2 outcomes at
3 months. We also compared baseline characteristics including
OTD, DTN and OTN times between the two groups.

The CRCS-5 registry and design of this study were approved by
the Institutional Review Boards of each hospital.

2.1. Statistical analysis

Continuous variables were presented as mean ± standard devi-
ation or median (interquartile range [IQR]) and then compared
using Student’s t-test or the Mann–Whitney test, as appropriate.
Categorical variables were presented as proportions and compared
by the chi-square test.

When comparing the dichotomized outcomes of the propor-
tions of mRS 6 2 between two groups, the chi-square test was used
for unadjusted analyses and multiple logistic regression for
adjusted analyses. All potential factors were entered into a step-
wise logistic regression model as independent variables except
for time factors. Covariates having P < 0.1 for good functional out-
come in univariable analyses were selected for input into the mul-
tivariable models. Results are presented as odds ratio (OR)
estimates with 95% confidence intervals (CI). P values < 0.05 were
considered statistically significant.

3. Results

Of 10,501 patients with AIS registered in CRCS-5 data, 994
(9.5%) received intravenous rtPA treatment in 12 hospitals. Among
them, we analyzed 820 after exclusion due to pre-stroke mRS > 2
(n = 72), follow-up loss (n = 14), in-hospital stroke with intra-
venous rtPA (n = 22) and intravenous rtPA after 4.5 hours of symp-
tom onset (n = 66) (Fig. 1). Mean age was 67.3 ± 12.3 years, 59.7%
were male and the median NIHSS score was 9 in the study
population.

Among these patients, 678 (82.7%) were referred directly from
the field to the organized stroke centers and 142 (17.3%) were
transferred from non-thrombolysis-capable hospitals. A compar-
ison of characteristics between the two groups is presented in
Table 1.

The median OTD time was shorter for patients referred directly
from the field (63 minutes; IQR: 39 to 105) as compared to patients
transferred from the non-thrombolysis-capable hospitals
(121 minutes; IQR: 98 to 152 minutes; P < 0.001). The median
DTN time was 5 minutes longer in the direct admission group

10,501 patients with acute ischemic stroke in CRCS-5 registry (2011− 2012)

994 patients treated with IV rtPA at participating hospital

820 patients included in the primary analysis

9,507 excluded
Not treated with IV rtPA (n=9352)    
Transferred in after IV-rtPA at outside hospital (n=155)

174 excluded
Prestroke mRS >2 (n=72)
Lost to follow-up (n=14)  
In-hospital stroke with IV rtPA (n=22)
IV tPA >4.5 hours after symptom detection (n=66)

Fig. 1. Study population selection process.
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