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Background: There are limited data available on factors associated with length of stay (LOS) 

in cases of acute ischemic stroke according to Poisson analysis, which is more appropriate 

than other methods.

Materials and methods: We retrospectively reviewed medical summary charts of patients 

with acute ischemic stroke in 30 hospitals across northeast Thailand, with the main outcome as 

LOS. Poisson regression was used to examine factors associated with LOS.

Results: We included 898 patients in the analysis; 460 (51.2%) were male. The median age 

(interquartile; IQR) was 58 (67–75) years and the median LOS was 5 (4–7) days. The median 

National Institute of Health Stroke Scale (NIHSS [IQR]) was 8 (4–13). Results of the analysis 

showed that, after controlling for age, stroke severity, atrial fibrillation, and thrombolytic use, 

significant variables associated with LOS were moderate stroke (incidence rate ratio [IRR] 95% 

confidence interval [CI] =1.15 [range 1.01–1.30], P=0.040), severe stroke (IRR [95% CI] =1.27 

[1.09–1.47], P=0.002), thrombolytic use (IRR [95% CI] =0.68 [0.60–0.76], P,0.001), and atrial 

fibrillation (IRR [95% CI] =1.15 [1.02–1.30], P=0.023). After adjusting for complications, 

thrombolytic use remained significantly associated with decreased LOS (IRR [95% CI] =0.74 

[0.67–0.83], P=0.001). Other significant factors were atrial fibrillation (IRR [95% CI] =1.14 

[1.02–1.28], P=0.018), pneumonia (IRR [95% CI] =1.48 [1.30–1.68], P,0.001), and urinary 

tract infection (IRR [95% CI] =1.41 [1.14–1.74], P=0.001).

Conclusion: According to Poisson analysis, intravenous thrombolysis, atrial fibrillation, pneu-

monia, and urinary tract infection are associated with LOS in cases of acute ischemic stroke, 

regardless of age, stroke severity, comorbidities, or complications.
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Introduction
Stroke is the second most common cause of death and disability in Thailand. In 2015, 

according to the Institute of Health Metrics and Evaluation, there were 1,204.5 years 

of life lost (YLL) per 100,000 population due to premature mortality from stroke.1 The 

prevalence of stroke in Thailand is estimated to be 1.88% among adults 45 years old 

and older.2 Expenses incurred from inpatients with stroke may be related to length of 

stay (LOS). A study from Greece found that the direct cost of acute ischemic stroke 

admission was €331.9 per day.3 In Thailand, the average hospitalization costs of acute 

ischemic stroke without thrombolysis use were US$691 and, with thrombolysis use, 

US$1,840. The cost of 50 mg Actilyse® (alteplase; Boehringer Ingelheim, Ingelheim 

am Rhein, Germany) was US$629.87.4 There are several factors associated with LOS 

as well as costs of stroke hospitalization such as age of the patient, stroke subtype, 

atrial fibrillation, stroke severity, and comorbidities.5–7
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In the era of intravenous thrombolytic treatment (IVT), 

early or short onset to IVT has decreased the LOS in patients 

with acute ischemic stroke8–10 and lowered hospital costs. 

A national study from Thailand found that the average cost 

of hospitalization for cases of cerebral infarction with IVT 

was higher than those without IVT (US$1,840 vs US$691).4 

The higher costs of patients with IVT were due to costs of 

IVT itself. The cost of 50 mg alteplase in Thailand was 

already US$629.87.4 Although one study from Taiwan found 

that IVT reduced LOS by 47%, the multivariate logistic 

model was built without including stroke complications.11 

Theoretically, a generalized linear model (GLM) with 

Poisson regression may be more appropriate to evaluate 

the association with LOS due to the count data character of 

LOS.12 The previous study showed that GLM with Poisson 

regression had the greatest consistency in prediction of LOS 

in patients with coronary artery bypass surgery. This study 

aimed to examine factors associated with LOS in patients 

with acute ischemic stroke using the more appropriate 

GLM model with Poisson regression and a wider array of 

studied variables.

Materials and methods
study area and population
This was a retrospective study conducted in northeast 

Thailand. The study period was from October 2015 to 

August 2016. The inclusion criteria specified that adult 

patients admitted with acute ischemic stroke in any level 

of the hospital in northeast Thailand were eligible. Thirty 

hospitals participated in this study including primary, 

secondary, and tertiary/university hospitals. There are four 

Ministry of Public Health service areas in northeast Thailand. 

We randomly sampled patients from the list (which contained 

a total of 1,000 patients from four service areas) and strati-

fied them by level of hospital. We included 40 patients from 

each tertiary/university hospital and 20 from each primary 

or secondary hospital, and randomly selected patient who 

were treated by intravenous thrombolysis and had not 

received a 1:1 ratio of the case selection process. Exclusion 

criteria were misdiagnosis of acute ischemic stroke or death 

after admission.13

Data collection and terminology
Data of all eligible patients were extracted from the admission 

medical records that were sent to the National Health Security 

Office (NHSO) for reimbursement purposes. Baseline clinical 

data, treatment, and outcomes of each patient were recorded. 

The National Institute of Health Stroke Scale (NIHSS) was 

classified into three categories: mild (0–6), moderate (7–15), 

and severe (16–42). LOS was calculated as total length 

of hospital stay in days from admission until discharge. 

Ischemic stroke subtype was classified according to the Trial 

of ORG 10172 in Acute Stroke Treatment (TOAST).14 The 

severity of stroke was classified by the NIHSS.15 If there 

were admission values that were missing from the NIHSS, 

we estimated them on the basis of the history and physical 

examinations recorded in the medical records. With regard 

to complications of acute stroke, an intracerebral hemorrhage 

after acute ischemic stroke included both asymptomatic 

and symptomatic manifestations. Those with intracerebral 

hemorrhage of more than 30% of the infarcted area with 

substantial mass effect were defined as the symptomatic 

group.16 The study protocol was approved by the ethics 

committee on human research, Khon Kaen University (HE 

591294). The Khon Kaen University Ethics Committee on 

human research granted a waiver of informed consent for 

retrospective chart review study. All data were anonymized 

and de-identified prior to the analysis that was conducted. 

This study was registered in the Thai Clinical Trials Registry 

(TCTR20160901001).

statistical analysis
Baseline characteristics were described using mean (standard 

deviation) or median (interquartile range [IQR]) for 

continuous data and frequencies for categorical data. All 

continuous variables were tested for normal distribution and 

equality of variances. Generalized linear models (GLMs) 

were used for examining the association of variables with 

LOS in unadjusted outcomes (Model A). A GLM was used to 

determine variables that were independently associated with 

length of hospital stay. A GLM was used with the Poisson 

family and log for link functions. A Poisson regression was 

used because LOS is used to count data and correct for 

overdispersion of that model using the Bootstrap test. LOS 

outcomes were adjusted for age, severity of stroke, throm-

bolysis use, and presence of atrial fibrillation (Model B). 

Model C included variables in Model B as well as complica-

tions of stroke, including pneumonia, urinary tract infection, 

sepsis, acute kidney injury, gastrointestinal bleeding, and any 

intracerebral hemorrhage. The discrimination of the model 

was assessed using the Akaike Information Criterion (AIC) 

and Bayesian Information Criterion (BIC) as a measure of 

fit. All statistical analyses were conducted with STATA 10.1 

(StataCorp, College Station, TX, USA).

Results
There were 6,655 patients with acute ischemic stroke 

admitted in the four service areas. A total of 1,000 patients 
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(15.03%) were eligible for inclusion in this study. Of those, 

47 patients were excluded due to misdiagnosis of stroke, and 

55 due to death following admission. Causes of death were 

pneumonia (n=29), brain herniation (n=7), sepsis (n=6), gas-

trointestinal bleeding (n=4), intracerebral hemorrhage (n=3), 

respiratory failure (n=2), cardiac arrest (n=2), pulmonary 

embolism (n=1), and myocardial infarction (n=1). Of the 

remaining 898 patients, 167 (18.60%), 597 (66.48%), and 

134 (14.89%) were from primary, secondary, and tertiary/

university hospitals, respectively. With regard to charac-

teristic data (Table 1), sex distribution was almost equal 

to 1, and the median age and NIHSS were 58 years and 8, 

respectively. The most common stroke subtype was large-

artery atherosclerosis (309 patients; 34.41%), hypertension 

was the comorbidity with the highest proportion (48.6%), 

and pneumonia was the most commonly found complication 

after acute ischemic stroke (21.3%). Thrombolytic therapy 

was prescribed in 422 cases (46.99%). The overall median 

LOS was 5 (range 4–7) days. There were no differences in 

length of hospital stay among hospital levels; primary or 

community hospital 5 days (IQR 4–6), secondary hospital 

5 days (IQR 4–7), and tertiary hospital 5 days (IQR 4–8), 

with P-value 0.19.

There were nine factors associated with LOS according 

to univariate analysis including age, stroke severity, throm-

bolysis use, atrial fibrillation, pneumonia, urinary tract 

infection, sepsis, gastrointestinal bleeding, and acute kidney 

injury (Model A; Table 2). After adjustment using Model B 

(Table 2), age was no longer significant. In addition, age and 

stroke severity were not significant according to Model C 

(Table 2). There were four independent factors according to 

Model C including thrombolytic therapy, atrial fibrillation, 

pneumonia, and urinary tract infection. Pneumonia had the 

highest incidence rate ratio (IRR) at 1.48 (1.30–1.68), whereas 

thrombolytic therapy was negatively associated with LOS by 

0.74 (0.67–0.83). Additionally, Model C had better overall fit 

of model than Model B according to AIC and BIC statistics.

Discussion
Using Poisson regression analysis for LOS prediction in 

acute ischemic stroke, we found four independent factors 

associated with LOS including thrombolysis therapy, atrial 

fibrillation, pneumonia, and urinary tract infection (Table 2). 

These predictors were significantly related to LOS regardless 

of age, stroke severity, stroke subtype, comorbidities, or com-

plications (Model C). Note that the IVT rate in this study may 

be higher than in real-life clinical practice or than previously 

reported in other countries due to the study design.17–19 We 

randomly selected patients with acute ischemic stroke who 

received the IVT or not equally. Therefore, the results of this 

study are applicable if the rate of IVT is nearly 50%.

Compared with the logistic regression model to predict 

LOS in acute ischemic stroke treatment,15 only thrombolytic 

therapy significantly shortened hospital stay (adjusted odds 

ratio 0.49; IRR 0.74 in this study). However, age, stroke 

severity, and diabetes were not significant factors associ-

ated with LOS according to this Poisson analysis (Table 2). 

However, the logistic model found that these three factors 

increased LOS by more than 7 days (up to 19.15 times).15 

These differences may be due to differences in the statistical 

analytical methods used and the factors included in the model. 

In Model C, complications were also included.

In previous studies, atrial fibrillation, diabetes, hyperg-

lycemia, and ischemic stroke subtype have been found to be 

correlated with increased LOS.5,20,21 In this study, we found 

that only atrial fibrillation was strongly associated with LOS 

Table 1 clinical characteristics of patients with acute ischemic 
stroke admitted at the primary, secondary, and tertiary/university 
hospitals throughout northeast Thailand

Characteristics n=898

Male 460 (51.22)
Median (first–third IQR) age, years 58 (67–75)
Median (first–third IQR) NIHSS 8 (4–13)
Mild (0–6) 362 (40.31)
Moderate (7–15) 386 (42.98)
severe (16–42) 150 (16.70)
Stroke classification
large-artery atherosclerosis 309 (34.41)
cardioembolism 236 (26.28)
small-vessel occlusion 339 (37.75)
Other etiology 2 (0.22)
Undetermined etiology 8 (0.89)
Comorbidities
hypertension 436 (48.55)
Diabetes mellitus 229 (25.50)
Dyslipidemia 235 (26.17)
Atrial fibrillation 218 (24.28)
coronary artery disease 47 (5.23)
Previous stroke 115 (12.81)
chronic kidney disease 40 (4.45)
Thrombolytic use 422 (46.99)
Complications
Pneumonia 191 (21.27)
Urinary tract infection 45 (5.01)
sepsis 40 (4.45)
gastrointestinal bleeding 19 (2.12)
acute kidney injury 35 (3.90)
heart failure 20 (2.23)
Brain herniation 38 (4.23)
intracerebral hemorrhage 69 (7.68)

Note: Data presented as number (percentage), unless indicated otherwise.
Abbreviations: IQR, interquartile range; NIHSS, National Institute of Health 
stroke scale.
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according to all three of the models used (Table 2). The 

presence of atrial fibrillation increased LOS by 14%–19% 

according to these three models. Patients with acute ischemic 

stroke with atrial fibrillation tend to have more severe strokes 

and, subsequently, more complications. Additionally, the 

mortality rate in cases of acute stroke with atrial fibrillation 

was significantly higher than in those without atrial fibrilla-

tion (14.1% vs 6.2%).4,21 Furthermore, atrial fibrillation was 

found to increase hospitalization expense.22–24

Among the four complications included in Model C, only 

pneumonia and urinary tract infection were independent 

predictors (Table 2). As previously reported, pneumonia is 

the most common medical complication after acute isch-

emic stroke and is associated with the development of other 

complications such as urinary tract infection, gastrointestinal 

bleeding, and decubitus ulcer.25 These complications have an 

impact on LOS and are independently associated with poor 

functional outcomes.26–28 Moreover, these complications have 

been found to increase mortality.29

In our study, LOS was shorter than in previously published 

studies.11,30,31 The mean/median of LOS in acute ischemic 

stroke settings in Taiwan, Singapore, and Germany were 7, 

9, and 7 days, respectively. In Thailand, the patient with acute 

ischemic stroke was transferred from the tertiary or secondary 

hospital to a local hospital or discharged home after stroke 

stabilization. After discharge, further home rehabilitations are 

undertaken by village health volunteers and nurses.

The LOS is the most important contributor to hospital 

cost in patients with acute ischemic stroke.3,5,32 Although IVT 

increased the direct medical cost of treatment, it significantly 

reduced LOS. This may decrease hospital expenditure and 

significantly reduce the functional dependence of patients in 

the long term. Pharmacoeconomics studies have found that 

IVT is an extremely cost-effective treatment for patients 

with acute ischemic stroke in both developed and develop-

ing countries.33,34 Doctors, therefore, should be encouraged 

to increase their usage of IVT.

Strengths and limitations
This study had several strengths. First, it was conducted with 

hospitals of various levels, including primary, secondary, and 

tertiary/university hospitals, across northeast Thailand, indi-

cating that the findings can generalized to the Thai population 

as a whole. Second, our analysis included all factors that could 

affect LOS including stroke severity, risk factors, and com-

plications. Third, our analytical models can be used to predict 

the LOS of patients with acute ischemic stroke at admission 

(Model B) and during in-hospital stay (Model C).

There were some limitations as well. First, LOS in this 

study included only LOS of acute stroke treatment; therefore, 

a direct comparison cannot be made with studies that included 

the post-treatment rehabilitation period. Second, due to the 

retrospective nature of study, some factors may be missing 

(in particular, initial NIHSS). In order to compensate for 

this, we used data from medical records to estimate NIHSS. 

Third, the severity of stroke or atrial fibrillation may prolong 

LOS or cause post-stroke complications. However, this was 

solved by using multivariate analysis. Finally, thrombectomy 

is not widely available in Thailand. None of the patients in 

this study underwent thrombectomy.

Table 2 Predictors for length of stay in patients with acute ischemic stroke according to three different models

Characteristics Model A* Model B# Model C‡

IRR (95% CI) P-value IRR (95% CI) P-value IRR (95% CI) P-value

age 1.00 (1.00–1.01) 0.005 1.00 (0.99–1.00) 0.763 1.00 (0.99–1.00) 0.638
Stroke severity
Mild (0–6) 1 1 1
Moderate (7–15) 1.02 (0.96–1.08) 0.552 1.15 (1.01–1.30) 0.040 1.05 (0.94–1.78) 0.389
severe (16–42) 1.10 (1.02–1.19) 0.012 1.27 (1.09–1.47) 0.002 1.00 (0.87–1.15) 0.962
Thrombolytic therapy 0.68 (0.68–0.76) ,0.001 0.68 (0.60–0.76) ,0.001 0.74 (0.67–0.83) ,0.001
Risk factors
Atrial fibrillation 1.19 (1.12–1.26) ,0.001 1.15 (1.02–1.30) 0.023 1.14 (1.02–1.28) 0.018
Complications
Pneumonia 1.66 (1.57–1.76) ,0.001 – – 1.48 (1.30–1.68) ,0.001
Urinary tract infection 1.74 (1.58–1.91) ,0.001 – – 1.41 (1.14–1.74) 0.001
sepsis 1.80 (1.63–1.99) ,0.001 – – 1.42 (0.95–2.12) 0.085
gastrointestinal bleeding 1.53 (1.32–0.178) ,0.001 – – 1.04 (0.65–1.65) 0.880
acute kidney injury 1.46 (1.31–1.64) ,0.001 – – 1.09 (0.86–1.38) 0.465
intracerebral hemorrhage 0.98 (0.89–1.08) 0.690 – – 1.01 (0.84–1.21) 0.933

Notes: Poisson regression analysis regressing length of stay on the independent variable. Incidence rate ratios (IRRs) and their corresponding 95% confidence intervals (CIs) 
are depicted. *Unadjusted. #Adjusted for age, stroke severity, and atrial fibrillation. ‡Adjusted for age, stroke severity, atrial fibrillation, pneumonia, urinary tract infection, 
sepsis, gastrointestinal bleeding, acute kidney injury, and intracerebral hemorrhage.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

263

intravenous thrombolysis on hospital stay in acute ischemic stroke

Conclusion
Intravenous thrombolysis, atrial fibrillation, pneumonia, 

and urinary tract infection were found to be associated with 

LOS in cases of acute ischemic stroke regardless of age, 

stroke severity, comorbidities, or complications according 

to Poisson analysis.
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