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ABSTRACT

Introduction: Stroke is a common neurological
disease. Thrombolytic therapy has been shown to
be beneficial in acute ischemic stroke. This treat-
ment can be given in various hospital levels. This
study aimed to evaluate the quality of acute
ischemic stroke care amongvarioushospital levels.
Methods: Data were randomly selected from
the medical records that were sent to the
National Health Security Office (NHSO) for
reimbursement purposes between October 2015
and August 2016. Patient demographics, risk
factors, stroke subtypes, stroke severity, quality
of care indicators, and complications were

recorded. Paired comparisons between two
groups were carried out using the Bonferroni
correction.
Results: A total of 947 patients, including 169
patients from community hospitals (CHs), 629
from regional hospitals (RHs), and 149 from
tertiary hospitals (THs), were included in the
final analysis. The CH group had a higher
median age but lower median initial National
Institutes of Health Stroke Scale (NIHSS) score
than the RH and TH groups (median age = 70,
66, and 67 years, respectively, and initial
NIHSS = 6, 8, and 9, respectively). The CH
group had shorter onset-to-needle times for
intravenous recombinant tissue plasminogen
activator (rt-PA) treatment than the other two
groups (147 vs. 178.5 and 180 min). After
adjustment for baseline characteristics, stroke
type, and stroke severity, the CH group was
significantly associated with lower mortality
and presence of complications. The adjusted
odds ratios (95% confidence intervals) for the
two factors were 0.13 (0.03, 0.67) and 0.59
(0.35, 0.99). None of the patients received
endovascular therapy or non-thrombolytic
interventional therapy.
Conclusion: CHs may have the potential for
acute ischemic stroke care in the same way as
RHs or THs, with faster rt-PA treatment, in
northeast Thailand. However, further studies
should be performed to evaluate appropriate
patient characteristics for CHs.
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Key Summary Points

Why carry out this study?

Acute ischemic stroke is a common
neurological disease. Patients with acute
ischemic stroke can be significantly
improved with thrombolytic therapy if
indicated.

In northeast Thailand, the Stroke Fast
Track Network has been established for
years in three hospital levels: community
hospitals, regional hospitals, and tertiary
hospitals.

This study aimed to evaluate the quality of
acute ischemic stroke care in the various
hospital levels. We hypothesized that
stroke care should be comparable among
hospital levels under the Stroke Fast Track
Network.

What was learned from the study?

Patients with acute ischemic stroke treated
at community hospitals had significantly
lower mortality rates and presence of
complications compared with the other
two hospital levels. However, there were
some clinical differences at baseline
among the three hospital levels.

Community hospitals may have the
potential for acute ischemic stroke care in
the same way as regional or tertiary
hospitals, with faster intravenous
recombinant tissue plasminogen activator
(rt-PA) treatment, in northeast Thailand.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.14510853.

INTRODUCTION

Stroke is a leading cause of death and disability
throughout the world. In Thailand, the preva-
lence of stroke is estimated to be 1880/100,000
among adults aged 45 years and older [1]. The
most common type of stroke in Thailand is
ischemic stroke, which accounts for 80% of
cases [2]. Intravenous recombinant tissue plas-
minogen activator (rt-PA) treatment within
4.5 h of stroke onset [3, 4] is one part of a
multidisciplinary approach for treatment of
acute ischemic stroke that may improve stroke
outcomes. This treatment has been shown to
lead to significantly better outcomes than pla-
cebo (52.4% vs. 45.2%) [4].

Hospitals in Thailand are divided into three
levels, similar to hospitals in other Asian coun-
tries. These are community hospitals (CHs),
regional hospitals (RHs), and tertiary hospitals
(THs). Referrals travel up stepwise from CHs to
RHs to THs. In Thailand, rt-PA therapy began to
be implemented in 1996 [2]. A previous study
conducted an evaluation of acute ischemic
stroke care from 2008 to 2010 among the three
levels of hospitals in Thailand. For rt-PA treat-
ment, the CHs had the lowest rates, followed by
RHs and THs, at 0.4% vs. 1.8% and 9.1%,
respectively, while aspirin therapy within 48 h
was also lowest at the CHs (33.6% vs. 87.5% vs.
72.6%) [5]. The Thai Stroke Society and Khon
Kaen University have established the Stroke Fast
Track Network, which has been in practice for
more than 10 years, in order to improve stroke
care, particularly in CHs. This study, therefore,
aimed to evaluate the quality of acute ischemic
stroke care in the various hospital levels.

METHODS

Study Design

This was a cross-sectional retrospective study of
patients with acute ischemic stroke who were
enrolled from 30 hospitals in northeast
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Thailand: CHs, RHs, and THs under the
National Health Security Office (NHSO). The
NHSO covers 98.26% of the Thai population.
The study period was from October 2015 to
August 2016. The study protocol was approved
by the ethics committees for human research of
all hospitals. The protocol was reviewed and
approved by the ethics committee in human
research, Khon Kaen University, Thailand
(HE591294). The study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments. Permission was
obtained to access and use the data from the
National Health Security Office database.

Subjects

All patients aged 15 years or older admitted
with acute ischemic stroke to hospitals in
northeast Thailand were included in this study.
Stroke was defined according to the World
Health Organization (WHO) criteria [6] and was
confirmed by neuroimaging studies. Patients
diagnosed with hemorrhagic stroke or misdiag-
nosis of stroke or those with incomplete data
were excluded from this study.

Subject Enrollment

Nine CHs, 16 RHs, and five THs participated in
the study. All eligible patients were randomly
selected from the NHSO list, stratified by level
of hospital. We included 20 patients from each
CH and 40 patients from each RH and TH. A
total of 1020 patients, including 180, 640, and
200 patients from CHs, RHs, and THs, were eli-
gible for the study. Of those, patients were
randomly selected by treatment with intra-
venous rt-PA versus non-rt-PA treatment to
meet a ratio of 1:1. The randomization process
was performed using a random number
generator.

Data Collection

Data were collected from electronic medical
records submitted to the NHSO. The medical
records included history, physical signs, labo-
ratory results, treatment, and outcomes. Patient

demographics, stroke risk factors, ischemic
stroke subtypes classified according to the Trial
of ORG 10172 in Acute Stroke Treatment
(TOAST) [7], initial stroke severity as measured
by the National Institutes of Health Stroke Scale
(NIHSS) [8], time of hospital arrival, and onset
of stroke were collected from the medical
admission records. Quality of acute stroke care
indicators were recorded as follows: stroke unit
admission; NIHSS evaluation; electrocardio-
gram (EKG) study; EKG monitoring; brain
imaging study before and after rt-PA; vascular
study; onset-to-needle time of rt-PA; door-to-
needle time of rt-PA; aspirin used within 48 h;
prescription of antihypertensives at discharge;
lipid-lowering drugs and anticoagulants for
patients with atrial fibrillation (AF); and assess-
ment for stroke rehabilitation services, compli-
cations, hospital costs, length of hospital stay,
and discharge status. If the admission NIHSS
values were missing from the medical record,
we estimated them on the basis of the history
and physical examinations recorded. If there
were no data of stroke subtype by TOAST clas-
sification, we evaluated stroke subtypes using
clinical factors including risk factors, history,
physical examination, and brain imaging
including vascular study (if available) for clas-
sified cause of stroke. The stroke subtypes were
reviewed by two board-certified neurologists.

The CHs are located in the district level. In
this study, the CHs that can accommodate
thrombolysis patient have a CT scanner and
capacity of 90–120 beds. These CHs are the
referral centers for the other CHs. The RHs are
located in the province level, and have a
capacity of 120–500 beds. The THs have a
capacity of more than 500 beds. The physicians
who treat patients at the CH and the RH levels
are non-neurologists and include internists and
emergency physicians. There are few neurolo-
gists at the RH level. In the THs, the physicians
who treat patients are neurologists. Thailand
has three major health insurance schemes,
namely the Universal Coverage Scheme (UCS),
the Social Security Scheme (SSS), and the Civil
Servant Medical Benefit Scheme (CSMBS). The
UCS, which is operated by the NHSO, is the
largest scheme, covering 73.71% of the popu-
lation and available to anyone who is not
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eligible for SSS or CSMBS. The SSS is a compul-
sory health insurance program for private sector
employees, which covers 17.18% of the popu-
lation. The CSMBS provides health insurance to
government sector employees, their dependents
(parents, spouses, and children), and retirees,
and covers 7.37% of the population. The UCS
and the CSMBS are funded primarily through
the general tax; the SSS receives a tripartite
contribution of 1.5% of salary, divided equally
by employer, employee, and government. In
fiscal year 2015, the total Thai population was
65.580 million, and 65.530 million people
(99.92%) were insured by a health insurance
scheme, so there was a very low financial barrier
to stroke care [9].

Statistical Analysis

Baseline characteristics were analyzed using
mean and standard deviation or median and
interquartile range for continuous variables.
Categorical variables were presented as per-
centages and frequencies. A chi-square or Fish-
er’s exact test (as appropriate) was applied to
compare categorical variables, and the Scheffé
test was used for comparisons between two
groups. Analysis of variance (ANOVA) or the
Kruskal–Wallis test (as appropriate) was applied
to compare continuous variables. Paired com-
parisons between two groups were carried out
using the Bonferroni correction. Statistical sig-
nificance was set at a two-sided p value\ 0.05.
Association between hospital level and stroke
outcome was calculated and adjusted for age,
sex, stroke risk factors, stroke subtype, initial
NIHSS, stroke onset, thrombolysis treatment,
plasma glucose, and complications. Analyses
were performed using STATA version 10.1 soft-
ware (StataCorp, College Station, TX, USA).

RESULTS

One thousand patients with acute ischemic
stroke were randomly sampled from the reim-
bursement data, 73 of whom were excluded due
to misdiagnosis of stroke (53 patients) or
incomplete data (20 patients). Thus, a total of
947 patients (169 patients from CHs, 629 from

RHs, and 149 from THs) were included in the
final analysis. There were five factors that dif-
fered significantly among the three study pop-
ulations in terms of baseline characteristics
(Table 1). The CH group had a higher median
age and lower median initial NIHSS than the RH
and TH groups (median age = 70, 66, and
67 years, respectively, and initial NIHSS = 6, 8,
and 9, respectively). The CH group also had a
higher proportion of patients with dyslipidemia
than the RH group (33.1% vs. 21.9), while the
TH group had a higher median body weight
than the RH group (60 vs. 56 kg).

In terms of stroke care, the TH group had the
highest proportion of admissions to the stroke
unit, NIHSS evaluations, brain imaging post-rt-
PA, vascular study, and speech rehabilitation
among the three groups (Table 2). The CH
group had shorter onset-to-needle times for rt-
PA than the other two groups (147 vs. 178.5 and
180 min). The TH group had longer door-to-
needle rt-PA times and lower proportions of
antiplatelet therapy within 48 h and adminis-
tration of lipid-lowering drugs than the other
two groups (Table 2).

The groups were comparable in terms of
stroke outcomes and complications, with the
exceptions of being asymptomatic intracerebral
hemorrhage, hospital cost, and discharge status
(Table 3). The CH group had a lower proportion
of asymptomatic intracerebral hemorrhage
(0.6%), lower hospital costs (24,400 Baht), and
lower mortality rate (1.2%) than either the RH
or TH group. With regard to complication rates,
the CH group had a significantly lower rate than
the RH and TH groups (29.59% vs. 41.02% vs.
40.94%; p value 0.022).

After adjustment for baseline characteristics,
stroke type, and stroke severity, the CH group
was significantly associated with lower mortal-
ity and complications (Table 4). The adjusted
odds ratios (95% confidence interval: CI) for the
two factors were 0.13 (0.03, 0.67) and 0.59
(0.35, 0.99). Hospital level was not associated
with asymptomatic or symptomatic intracere-
bral hemorrhage, length of stay, or cost.
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Table 1 Demographic and baseline characteristics of acute ischemic stroke patients treated at various hospital levels

Characteristics Hospital levels p value

CHs (n = 169) RHs (n = 629) THs (n = 149) Total (n = 947)

Male sex 95 (56.2) 311 (49.4) 71 (47.7) 477 (50.4) 0.23

Age (years) 70 (61–76) 66 (56–75) 67 (58–74) 67 (58–75) \ 0.01a,b

Body weight (kg) 58 (50–66) 56 (50–65) 60 (54–67) 57 (50–65) \ 0.01c

Risk factors

Diabetes mellitus 49 (29.0) 161 (25.6) 41 (27.5) 251 (26.5) 0.64

Hypertension 82 (48.5) 307 (48.8) 74 (49.7) 463 (48.9) 0.97

Dyslipidemia 56 (33.1) 138 (21.9) 47 (31.5) 241 (25.4) \ 0.01a

Chronic kidney disease 2 (1.2) 32 (5.1) 8 (5.4) 42 (4.4) 0.08

Atrial fibrillation 39 (23.1) 144 (22.9) 44 (29.5) 227 (24.0) 0.38

Coronary artery disease 5 (3.0) 39 (6.2) 8 (5.4) 52 (5.5) 0.26

Previous TIA/stroke 22 (13.0) 84 (13.4) 17 (11.4) 123 (13.0) 0.82

Smoking 12 (7.1) 82 (13) 21 (14.1) 115 (12.1) 0.08

Stroke subtype

LAA 52 (30.8) 235 (37.4) 45 (30.2) 332 (35.1) 0.11

CE 42 (24.9) 164 (26.1) 50 (33.6) 256 (27.0) 0.14

SVD 74 (43.8) 224 (35.6) 47 (31.5) 345 (36.4) 0.06

Others 0 (0.0) 1 (0.2) 1 (0.7) 2 (0.2) 0.32

Undetermined 1 (0.6) 3 (0.5) 4 (2.7) 8 (0.8) 0.04c

Initial NIHSS 6 (3–10) 8 (5–13) 9 (6–15) 8 (4–14) \ 0.01a,b

Arrival \ 0.01a,b

Self 44 (26.0) 108 (17.2) 19 (12.8) 171 (18.1)

EMS 18 (10.7) 42 (6.7) 12 (8.1) 72 (7.6)

Refer 53 (31.4) 382 (60.7) 109 (73.2) 544 (57.4)

Others 0 (0.0) 2 (0.3) 0 (0.0) 2 (0.2)

No data 54 (32.0) 95 (15.1) 9 (6.0) 158 (16.7)

Onset more than 24 h 36 (34.3) 110 (33.1) 14 (20.0) 160 (31.6) 0.08

Data presented as number (%) or median (1st–3rd IQR)
CHs community hospitals, RHs regional hospitals, THs tertiary hospitals, TIA transient ischemic attack, NIHSS National
Institutes of Health Stroke Scale, LAA large artery atherosclerosis, CE cardioembolic, SVD small vessel disease, IQR
interquartile range
a CHs vs. RHs (p\ 0.05)
b CHs vs. THs (p\ 0.05)
c RHs vs. THs (p\ 0.05)
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Table 2 Laboratory investigations and treatments for patients with acute ischemic stroke treated at various hospital levels

Acute stroke care indicators Hospital levels p value

CHs (n = 169) RHs (n = 629) THs (n = 149) Total (n = 947)

Admission stroke unit 92 (54.4) 378 (60.1) 117 (78.5) 587 (62.0) \ 0.01b,c

NIHSS evaluation 97 (57.4) 328 (52.1) 104 (69.8) 529 (55.9) \ 0.01c

Plasma glucose (mg/dL) 122 (98–168) 117 (98–150) 125 (101–161) 118 (98–158) 0.09

EKG 161 (95.3) 597 (94.9) 144 (96.6) 902 (95.2) 0.67

EKG monitoring 74 (43.8) 257 (40.9) 72 (48.3) 403 (42.6) 0.24

Brain imaging 169 (100.0) 628 (99.8) 146 (98.6) 943 (99.7) 0.09

Imaging pre-rt-PA 64 (100.0) 287 (96.6) 79 (100.0) 430 (97.7) 0.12

Imaging post-rt-PA 61 (95.3) 265 (89.2) 79 (100.0) 405 (92.1) \ 0.01c

Vascular study 1 (0.7) 17 (2.9) 27 (18.4) 45 (5.0) \ 0.01b,c

Carotid Doppler ultrasound 1 (0.6) 6 (1.0) 5 (3.4) 12 (1.3) 0.06

CTA 0 (0.0) 2 (0.3) 0 (0.0) 2 (0.2) 1.00

MRA 0 (0.0) 9 (1.4) 7 (4.7) 16 (1.7) \ 0.01b,c

Thrombolysis (rt-PA)

Onset to needle (min) 147 (120–194) 178.5 (135–210) 180 (143–225) 174.5 (135–210) 0.01a,b

Door to needle (min) 55 (40–69) 60 (45–80) 73 (55–94) 60 (48–82) \ 0.01b,c

Antiplatelet within 48 h 142 (84.0) 463 (73.6) 94 (63.1) 699 (73.8) \ 0.01a,b,c

Antihypertensive 35 (20.7) 141 (22.4) 27 (18.1) 203 (21.4) 0.50

Lipid-lowering drugs 152 (89.9) 543 (86.3) 117 (78.5) 812 (85.7) 0.01b,c

Anticoagulant if AF 10 (25.6) 49 (31.4) 15 (34.1) 74 (31.0) 0.70

Rehabilitation 125 (74.0) 490 (77.9) 113 (75.8) 728 (76.9) 0.53

Motor 126 (74.6) 466 (74.1) 107 (71.8) 699 (73.8) 0.83

Swallow 3 (1.8) 16 (2.5) 7 (4.7) 26 (2.7) 0.26

Speech 0 (0.0) 36 (5.7) 12 (8.1) 48 (5.1) \ 0.01a,b

Data presented as number (%) or median (1st–3rd IQR)
CHs community hospitals, RHs regional hospitals, THs tertiary hospitals, NIHSS National Institutes of Health Stroke Scale,
CTA computed tomography angiography, MRA magnetic resonance angiography, AF atrial fibrillation, IQR interquartile
range
a CHs vs. RHs (p\ 0.05)
b CHs vs. THs (p\ 0.05)
c RHs vs. THs (p\ 0.05)
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DISCUSSION

The results of this study suggest that CHs may
be able to treat acute ischemic stroke in the
thrombolytic era in terms of fast rt-PA treat-
ment, stroke awareness, fewer complications,
and lower mortality rates compared with the

two higher hospital levels. However, proper
patient selection for CHs may be needed.

The CHs had significantly better acute
ischemic stroke care and outcomes than the
higher hospital levels. The times of rt-PA treat-
ment at the CHs were shorter than at the RHs
and THs in terms of onset to needle (147 min)
and door to needle (55 min), as shown in

Table 3 Stroke outcomes and complications of acute ischemic stroke patients treated at various hospital levels

Outcomes Hospital level p value

CHs (n = 169) RHs (n = 629) THs (n = 149) Total (n = 947)

Complications

Pneumonia 30 (17.8) 155 (24.6) 38 (25.5) 223 (23.5) 0.14

Urinary tract

infection

4 (2.4) 38 (6.0) 6 (4.0) 48 (5.1) 0.14

Sepsis 7 (4.1) 34 (5.4) 11 (7.4) 52 (5.5) 0.44

Gastrointestinal

bleeding

3 (1.8) 21 (3.3) 1 (0.7) 25 (2.6) 0.18

Acute kidney injury 5 (3.0) 27 (4.3) 5 (3.4) 37 (3.9) 0.80

Myocardial

infarction

0 (0.0) 1 (0.2) 1 (0.7) 2 (0.2) 0.32

Heart failure 6 (3.6) 14 (2.2) 2 (1.3) 22 (2.3) 0.44

Brain herniation 4 (2.4) 33 (5.2) 12 (8.1) 49 (5.2) 0.07

Asymptomatic ICH 1 (0.6) 31 (4.9) 5 (3.4) 37 (3.9) 0.01a

Symptomatic ICH 5 (3.0) 27 (4.3) 4 (2.7) 36 (3.8) 0.62

Cost (baht) 24,400

(2654–50,376)

39,506

(17,051–64,315)

53,649

(8798–79,320)

39,656

(6689–64,805)

\ 0.01a,b,c

LOS, days 5 (4–6) 5 (4–7) 5 (4–8) 5 (4–7) 0.19

Discharge status \ 0.01b,c

Complete recovery 1 (0.6) 2 (0.3) 4 (2.7) 7 (0.7)

Improved 145 (85.8) 515 (81.9) 118 (79.2) 778 (82.2)

Not improved 21 (12.4) 80 (12.7) 12 (8.1) 113 (11.9)

Death 2 (1.2) 32 (5.1) 15 (10.1) 49 (5.2)

Data presented as number (%) or median (1st–3rd IQR)
CHs community hospitals, RHs regional hospitals, THs tertiary hospitals, ICH intracerebral hemorrhage; LOS length of stay
a CHs vs. RHs (p\ 0.05)
b CHs vs. THs (p\ 0.05)
c RHs vs. THs (p\ 0.05)
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Table 2. These data indicate that CHs may pro-
vide stroke care more promptly than the larger
hospitals.

Regarding stroke awareness and knowledge,
the CH group had a higher but comparable
proportion of late presentations to the hospital
relative to the other two hospital levels. In this
group, 65.7% of stroke patients came to the
hospital within 24 h, while 66.9% and 80.0%
did so in the RH and TH groups (p value 0.08),
respectively. A previous study showed that the
average proportion of stroke awareness was
41%, which was somewhat higher than that of
the CH group in this study [9]. These data may
indicate good knowledge and awareness of
stroke at the community level in northeast
Thailand.

There was no statistical difference in the
various complications among the three hospital
levels, with the exception of asymptomatic
intracerebral hemorrhage (Table 3). The rate of
symptomatic intracerebral hemorrhage in this
study was higher than that of a previous land-
mark study of rt-PA (3.8% vs. 2.4%) [4]. How-
ever, the symptomatic intracerebral
hemorrhage rate was not higher than the rates
of 5–7% that have been found in general reports
[10, 11]. The CH group had a significantly lower
rate of asymptomatic intracerebral hemorrhage,
than did the THs. These findings may be
explained by the higher proportion of patients

with small vessel disease in CHs than in the
other two hospital levels, 43.8% vs. 35.6% vs.
31.5%, as shown in Table 1. As a result, the CH
group had lower initial NIHSS than the others,
leading to higher odds of intracerebral hemor-
rhage [12]. Patients with acute ischemic stroke
with higher initial NIHSS had higher odds of
symptomatic intracerebral hemorrhage than
those with lower NIHSS (16.53 vs. 10.19;
p\0.001). Additionally, faster rt-PA treatment
may reduce symptomatic intracerebral hemor-
rhage by as much as 4% (p\0.001). [13].

Overall, the favorable discharge rate in cases
of acute ischemic stroke was 82.9% (Table 3).
The mortality rate was lowest in the CHs (1.2%),
which is comparable to that found in another
previous study (1.9%) [5]. However, the mor-
tality rate in this study was somewhat higher
than in the aforementioned previous study
(5.2% vs. 3.2%). These higher mortality rates
may be due to the inclusion of more severe cases
in this study, as the median NIHSS was higher
than that of the previous study (8 vs. 6.5). [5]
After adjustment for stroke severity, the CH
group was still significantly associated with
lower mortality, by 87% compared with the TH
group, regardless of stroke severity. There are
two possible reasons for these results: more
complex patients treated at higher hospital
levels, and faster thrombolytic therapy in CHs
than the other two hospital levels. Faster time

Table 4 Hospital levels and various outcomes in acute ischemic stroke patients

Hospital
level

Mortalitya Asymptomatic
ICHa

Symptomatic
ICHa

LOSb Costc Complicationsa

CHs 0.13 (0.03,

0.67)

0.25 (0.03, 2.36) 1.23 (0.30, 4.96) 0.72 (0.42,

1.21)

-337.56

(p 0.97)

0.59 (0.35,

0.99)

RHs 0.45 (0.19,

1.04)

2.06 (0.68, 6.25) 1.76 (0.58, 5.32) 0.89 (0.60,

1.32)

8667.64

(p 0.23)

1.03 (0.69,

1.55)

THs 1 1 1 1 1 1

CHs community hospitals, RHs regional hospitals, THs tertiary hospitals, ICH intracerebral hemorrhage, LOS length of
stay; models adjusted for age, sex, stroke risk factors, stroke subtype, initial NIHSS, stroke onset, thrombolysis treatment,
plasma glucose, and complications
a Adjusted odds ratio (95% confidence interval)
b Incidence risk ratio (95% confidence interval)
c Coefficient (p value)
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to rt-PA treatment reduced mortality by 4%
(p value\ 0.001) [13].

The main strength of this study is that stroke
outcomes in CHs or RHs were comparable to or
even better than those at THs when the rt-PA
treatment was equal to non-rt-PA treatment in
all groups. Note that rt-PA treatment in both
CHs and RHs was prescribed by non-neurolo-
gists. The internists or emergency physicians at
both hospital levels prescribed rt-PA. Therefore,
this may imply that rt-PA may be prescribed by
non-neurologists at CHs and RHs. The length of
stay in our study was shorter than that in other
studies [14, 15], because in Thailand, patients
with acute ischemic stroke are transferred from
the TH or the RH to a CH or discharged home
after stroke stabilization. After discharge, fur-
ther home rehabilitation is undertaken by vil-
lage health volunteers and nurses.

This study had some limitations. First, the
study population was drawn only from north-
east Thailand, where the stroke network men-
tioned above has been active. The stroke
network consists of academic conferences,
consultation with the experienced neurologists,
nursing care, and stroke unit management.
Second, there were no long-term data after dis-
charge. Third, no details were investigated with
regard to rt-PA doses or other medications, or
with home rehabilitation or endovascular ther-
apy. Clinical comparison was not performed
between those treated with and without rt-PA.
The CH group had lower stroke severity, which
may be explained by the higher rate of small
vessel disease. Additionally, CHs may have less
complex patients than RHs or THs. The actual
rt-PA treatment rate in each hospital level was
not studied or compared. Fourth, there was
some discharge bias in our study because we
report only the deaths during the admission (in-
hospital mortality), and do not include early
post-discharge mortality combined with short
in length of stay [16]. Finally, there were no
private hospitals included in the study, nor
were other factors related to stroke investigated
[17–19].

In conclusion, the CHs showed higher-qual-
ity care for acute ischemic stroke than they had
in the past. The acute ischemic stroke outcomes
and quality of care were comparable among the

three hospital levels in northeast Thailand.
These results may be applicable in other coun-
tries with similar hospital level systems if a
stroke network is established.

CONCLUSIONS

Ease of access to CHs and good referral systems
were able to improve the quality of acute
ischemic stroke care in Thailand, meaning that
development of a ‘‘hub-and-spoke’’ model is the
key to success. Moreover, CHs may have the
potential for acute ischemic stroke care in the
same way as RHs or THs, with faster rt-PA
treatment, in northeast Thailand. However,
further studies should be performed to evaluate
appropriate patient characteristics for CHs.
Therefore, the development of stroke services in
CHs may help increase access to stroke treat-
ment in rural areas.
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