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Abstract. Thrombolytic therapy is useful in severe stroke, but 
it increases the risk of intracerebral hemorrhage. In addition, 
it may have limited use in resource‑limited due to a lack of 
trained neurologists and equipment to perform CT scans. 
There are limited data available from studies of national 
databases on stroke outcomes and predictors of severe stroke. 
This study, therefore, aimed to evaluate acute severe ischemic 
stroke outcomes in a real‑world setting. Additionally, predic‑
tors of favorable stroke outcomes were explored using a 
retrospective cohort. Data were extracted from the National 
Health Security Office (NHSO) in Thailand. The inclusion 
criteria were: Aged ≥18 years or older, diagnosis of acute 
severe ischemic stroke (defined by an admission National 
Institutes of Health Stroke Scale score of 15‑24), and avail‑
able data on stroke outcomes. Outcomes were evaluated at 
discharge using a modified Rankin score at discharge. Factors 
associated with good outcomes were determined using 
multivariate logistic regression analysis. During the study 
period, 268 severe stroke patients met the inclusion criteria. 
Of those, 38 (14.18%) had good outcomes at discharge. A 
total of 223 patients received intravenous recombinant tissue 
plasminogen activator (83.21%). Of those, 38 (17.04%) had 
favorable outcomes. A predictive model for good outcomes 
revealed two independent factors: Male sex and atrial fibril‑
lation with adjusted odds ratios (95% confidence interval) of 
2.30 (1.10‑4.82) and 0.38 (0.16‑0.91), respectively. Predictors 
for good stroke outcomes in severe stroke patients included 
rtPA treatment, atrial fibrillation, and male sex.

Introduction

Acute severe ischemic stroke, defined as a baseline National 
Institutes of Health Stroke Scale (NIHSS) score >15  (1), 
accounts for ~12.7% of stroke cases  (2). Patients with this 
condition suffer from high rates of morbidity, severe compli‑
cations, and mortality (2). A previous study found that the 
NIHSS scores of severe stroke patients at 7 days after treat‑
ment were significantly higher than those with non‑severe 
stroke (22 vs. 2; P<0.01). The rate of favorable outcomes in 
these patients has been reported to be only 28%, and they have 
a mortality rate of 80% (2,3).

A meta‑analysis found that alteplase therapy significantly 
improved outcomes in patients with acute severe ischemic stroke 
with NIHSS scores of 16‑21 with an odds ratio of 1.50 [95% 
confidence interval (CI), 1.03‑2.17] (4). However, the meta‑anal‑
ysis included only randomized clinical trials, suggesting that it 
may not reflect real‑world results. Additionally, alteplase may 
increase intracerebral hemorrhage by up to 6.4%. (5) Thus, it 
is important to determine the predictors of good outcomes of 
alteplase or thrombolytic therapy.

In Thailand, the rate of thrombolytic therapy in acute 
ischemic stroke patients since the practice was implemented 
in 2008 has increased from 0.38 to 4.78% in 2016 (10). Due to 
the lack of availability of neurologists and the country's stroke 
fast‑track program, thrombolytic therapy may have limited use 
in Thailand (6). A previous study conducted at a university 
hospital found that severe stroke treated with thrombolytic 
therapy was associated with a poorer outcome at 3 months 
compared with non‑severe stroke patients (7). However, there 
are limited data available on outcomes and predictors of 
patients with severe stroke in Thailand. This study, therefore, 
aimed to evaluate stroke outcomes in acute severe ischemic 
stroke in a real‑world setting. Additionally, predictors of good 
stroke outcomes were explored.

Patients and methods

Study design. This was a retrospective cohort study. Data were 
extracted from medical admission records submitted to the 
National Health Security Office (NHSO). The NHSO oversees 
the reimbursement of medical costs for Thailand's universal 
health coverage scheme, which covers ~75% of the Thai 
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population. Data used in this study was obtained from between 
October 2015 and September 2018. The inclusion criteria 
were: >18 years or older, diagnosed with acute severe ischemic 
stroke (defined by an admission NIHSS score of 15‑24), and 
available stroke outcome data. Patients with incomplete data 
were excluded.

Studied variables and outcomes. The admission record of 
each patient was reviewed to evaluate their eligibility. Data 
were retrospectively retrieved from the medical records 
including baseline characteristics, co‑morbidities, NIHSS 
score, modified Rankin score (mRS), Barthel index, complica‑
tions, cost of treatment, and length of stay at the time of stroke 
diagnosis (8,9). Outcomes were evaluated at discharge using 
the mRS. An mRS score of 0‑2 was defined as a good outcome 
and 3‑6 as a poor outcome.

Statistical analysis. The patients were divided into two 
groups based on outcomes (good and poor). Clinical data 
at baseline were compared between the two groups using 
descriptive statistics. Factors associated with good outcomes 
were determined using univariate and multivariate logistic 
regression analysis. Univariate logistic regression analysis was 
used to determine the P‑value of each factor to predict good 
outcomes. Factors with a P‑value <0.20 by univariate logistic 
regression analysis were entered into the multivariate logistic 
regression analysis. The final multivariate logistic regres‑
sion analysis model was calculated using a stepwise method. 
Factors retained in the final model of multivariate logistic 
regression analysis were those with a P‑value <0.20. The best 
model was defined based on the lowest Akaike information 
criterion (AIC). Factors in the final model for good outcomes 
in severe stroke were tested for interaction with other factors 
using multivariate logistic regression analysis. A P‑value <0.10 
of interaction was considered statistically significant. The 
predictive model was also applied to patients who underwent 
thrombolysis treatment. All statistical analyses were performed 
using R software version 3.6.1. (R Foundation for Statistical 
Computing, Vienna, Austria) (10).

Results

Baseline characteristics. During the study period, there were 
268 severe stroke patients who met the study criteria. Of those, 
38 (14.18%) had good outcomes at discharge. There were four 
factors that differed significantly between the good and poor 
outcome groups (Table I). The good outcome group had a higher 
proportion of male patients (65.8 vs. 45.2%) and patients who 
underwent thrombolysis treatment (100 vs. 80.4%) but a lower 
proportion who underwent atrial fibrillation (18.4 vs. 39.1%) 
and shorter admission duration (4 vs. 6 days). Additionally, 
scores on the three stroke outcome indexes (mRS, Barthel 
index, and NIHSS) were significantly better at discharge in the 
good outcome group. The total cost of admission did not differ 
significantly between the groups (~1,760 vs. ~1,730 USD).

Outcomes. There were 223  patients who received rtPA 
(83.21%). Of those, 38 (17.04%) had good outcomes (Table II). 
A predictive model for good outcomes revealed two indepen‑
dent factors: Male sex and atrial fibrillation, with adjusted 

odds ratios (95% CI) of 2.30 (1.10‑4.82) and 0.38 (0.16‑0.91), 
respectively (Table III). Neither stroke nor atrial fibrillation 
was found to have significant interactions in the final model 
(Table IV). In patients who received rtPA treatment (n=223), 
only atrial fibrillation was negatively and independently 
associated with good outcomes; the adjusted odds ratio 
(95% CI) was 0.36 (0.15‑0.88), as shown in Table V.

Discussion

The percentage of patients with good stroke outcomes in this 
study was somewhat lower than in previous reports (17.04% vs. 
28‑47%) (2,7,11). There are several possible explanations for 
this. The first is that few of the patients were able to undergo 
advanced treatment modalities such as endovascular treatment. 
In addition, thrombolytic therapy may not have been available in 
all health care facilities (6). Finally, the median onset‑to‑needle 
time in our study was higher than in a previous study of patients 
undergoing thrombolytic therapy (150-155 vs. 140 min) (12).

However, rtPA treatment perfectly predicted good 
outcomes in acute severe ischemic stroke according to multi‑
variate logistic regression analysis. The patients who did 
not receive rtPA treatment did not have favorable outcomes. 
This implies that acute severe ischemic stroke patients have a 
17.04% chance of improvement with rtPA treatment, but none 
if thrombolysis is not administered. Note that patients in the 
good outcome group had shorter hospital stays but comparable 
hospital costs, likely due to the rtPA treatment (13).

Previous studies have found atrial fibrillation to be a 
predictor of severe stroke (2,14). Here, it was found that atrial 
fibrillation was negatively associated with good outcomes in 
severe stroke. However, it was a poor predictor of outcomes in 
cases of severe stroke, both overall and in patients receiving 
rtPA treatment (Tables III and IV). These findings may be due 
to the larger infarct size from atrial fibrillation. Stroke patients 
who undergo atrial fibrillation have significantly larger infarct 
sizes compared with those who do not (48.1 vs. 36.4 mm; 
P<0.001), leading to a higher risk of hemorrhagic transforma‑
tion and a 1.7x higher mortality rate (15). Additionally, patients 
with atrial fibrillation have a higher risk of thrombogenicity 
associated with larger thrombus formation (16), diminished 
cerebral autoregulation resulting in cerebral dysfunction 
after stroke (17), poor collateral circulation due to chronic 
hypoperfusion from cervical atherosclerosis  (18,19), and 
no recanalization after thrombolytic therapy, as old and 
large thrombi in the left atrium are more resistant to throm‑
bolysis (20). However, the Danish Stroke Registry found atrial 
fibrillation was associated with a higher rate of mortality, 
which is primarily driven by worse stroke severity and not 
atrial fibrillation itself (21). On the other hand, the present 
study found atrial fibrillation was still associated with higher 
odds of worse outcomes after adjustment for severity of stroke.

Previous reports have also shown that women tend to 
have more severe strokes than men (44 vs. 36%), which may 
account for the better stroke outcomes in men in this study 
(Table  III)  (22,23). Sex was an independent predictor for 
stroke outcome overall, but narrowly failed to reach statistical 
significance in those treated with rtPA (P=0.054). Note that 
there was no association between sex and outcome in patients 
who underwent atrial fibrillation (24).
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Predictors for good stroke outcomes in this study differed 
slightly from those found in a previous study conducted in 
Switzerland, despite comparable population sizes (223 and 243, 
respectively) (2). The predictors for good stroke outcomes in 

the previous study were age, physical signs, lab test results, and 
endovascular treatment. Here, atrial fibrillation and sex were 
predictors of a good outcome, neither of which were included 
in the Swiss study. In this study, age was included in the initial 
model but not in the final model. In addition, treatment with 
rtPA was an independent predictor for good stroke outcome, 
while there was no endovascular treatment in this study. 
Finally, there were differences in the ethnicity of the study 
populations, which may account for some of the differences 
observed.

There were some limitations in this study. First, a predic‑
tive model for those who did not receive rtPA treatment was 
not created, as no patient in this group had good outcomes. 
Second, only those patients whose stroke severity scores were 
available were included, which limited the available sample 
size. However, there were still independent predictors for 
good outcomes. Third, the outcomes were evaluated only at 
discharge and not over a longer term. Fourth, some factors 

Table II. rtPA treatment of patients with severe stroke (NIHSS 
15‑24) by stroke outcome (mRS 0‑2) at discharge.

	 mRS >2, 	 mRS 0‑2
	 (poor outcome)	 (good outcome)
rtPA use, n (%)	 n=230 (%)	 n=38 (%)

No	 45 (19.57)	 0 (0)
Yes	 185 (80.43)	 38 (100)

rtPA, recombinant tissue plasminogen activator; mRS, modified 
Rankin scale; NIHSS, National Institutes of Health Stroke Scale.

Table I. Baseline characteristics of patients with severe stroke (NIHSS 15‑24) by stroke outcome (mRS 0‑2) at discharge.

Factor	 Poor outcome, n=230	 Good outcome, n=38	 P‑value

Age, years, median (IQR)	 67.90 (59.00‑76.88)	 63.50 (58.25‑70.00)	 0.119
Male sex, n (%)	 104 (45.2)	 25 (65.8)	 0.030a

Thrombolysis use, n (%)	 185 (80.4)	 38 (100.0)	 0.006b

Systolic blood pressure, mmHg, median (IQR)	 148.00 (130.00‑167.00)	 156.50 (137.25‑170.00)	 0.327
Diastolic blood pressure, mmHg, median (IQR)	 84.00 (73.00‑97.00)	 90.00 (78.00‑98.75)	 0.163
Mean arterial pressure, mmHg, median (IQR)	 106.17 (93.33‑118.58)	 112.50 (100.00‑122.58)	 0.174
Body weight, kg, median (IQR)d	 57.30 (50.00‑65.00)	 59.00 (51.40‑67.00)	 0.192
NIHSS admit, median, IQR	 18.00 (16.00‑21.00)	 17.00 (15.00‑20.00)	 0.064
Hypertension, n (%)	 138 (60.0)	 24 (63.2)	 0.850
Diabetes, n (%)	 51 (22.2)	 5 (13.2)	 0.293
Dyslipidemia, n (%)	 91 (39.6)	 22 (57.9)	 0.052
Atrial fibrillation, n (%)	 90 (39.1)	 7 (18.4)	 0.023a

Coronary artery disease, n (%)	 21 (9.1)	 3 (7.9)	 0.999
Valvular heart disease, n (%)	 12 (5.2)	 1 (2.6)	 0.780
Previous stroke or TIA, n (%)	 30 (13.0)	 7 (18.4)	 0.525
Smoking, n (%)	 50 (21.7)	 10 (26.3)	 0.677
Chronic kidney disease, n (%)	 14 (6.1)	 6 (15.8)	 0.076
Hyperthyroidism, n (%)	 5 (2.2)	 1 (2.6)	 0.999
Onset to needle time, min, mean (SD)	 155.43 (49.83)	 150.77 (47.25)	 0.612
mRS at discharge, n (%)			   <0.001c

  1	 0 (0.0)	 21 (55.3)	
  2	 0 (0.0)	 17 (44.7)	
  3	 23 (10.0)	 0 (0.0)	
  4	 65 (28.3)	 0 (0.0)	
  5	 99 (43.0)	 0 (0.0)	
  6	 43 (18.7)	 0 (0.0)	
Barthel index at discharge, median (IQR)d	 20.00 (10.00‑35.00)	 82.50 (70.00‑100.00)	 <0.001c

NIHSS at discharge, median (IQR)	 15.00 (10.00‑19.00)	 3.00 (1.00‑6.75)	 <0.001c

Cost, USD, median (IQR)e	 1,727.44 (1163.30‑2,270.14)	 1,755.64 (1,482.69‑2,000.85)	 0.807
Length of hospital stay, days, median (IQR)	 6.00 (4.00‑10.00)	 4.00 (3.00‑6.00)	 0.001c

aP<0.05, bP<0.01, cP<0.001. dPercentage missing data for Barthel index at discharge in 8.6%, 14.4%, and 8.6%, respectively. eUnited States 
Dollar = 35.49 Thai Baht on June 23, 2021. TIA, transient ischemic attack.
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possibly related to both stroke and atrial fibrillation were 
not examined such as laboratory tests and obstructive sleep 
apnea (25‑33). Finally, authorization to access the database 
was only for the mentioned study period (2015‑2017). Thus, 
data may not be up‑to‑date. Further studies are required to 
validate the results of this study.

In conclusion, predictors for good stroke outcomes in severe 
stroke patients included rtPA treatment, atrial fibrillation, and 
male sex.
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Table IV. Interactions tested for factors in the final model for good outcomes in patients with severe stroke (NIHSS 15‑24) using 
multivariate logistic regression analysis.

	 Adjusted odds ratio	
Interactions	 (95% confidence interval)	 P‑value

Sex:AF	 2.61 (0, Inf)	 0.989
CKD:AF	 1.71 (0, Inf)	 0.998
Dyslipidemia:AF	 5.47 (0, Inf)	 0.989
Sex:CKD	 9.14 (0, Inf)	 0.996
CKD:Dyslipidemia	 4.38 (0, Inf)	 0.998
Sex:Dyslipidemia	 1.51 (0.25, 9.18)	 0.652
Sex:AF:CKD	 3.31 (0, Inf)	 0.997
Sex:AF:Dyslipidemia	 1.50 (0, Inf)	 0.988
Sex:Dyslipidemia:CKD	 4.28 (0, Inf)	 0.998
CKD:AF:Dyslipidemia	 3.26 (0, Inf)	 0.996
Sex:AF:CKD:Dyslipidemia	 NA	 NA

AF, atrial fibrillation; CKD, chronic kidney disease; Inf, infinity; NA, no univariate odds ratio is available for interactions; NIHSS, National 
Institutes of Health Stroke Scale.

Table V. Factors related to good outcomes in patients with severe stroke (NIHSS 15‑24) who received rtPA treatment (n=223) 
using univariate and multivariate logistic regression analysis.

Factor	 Univariate OR (CI)	 P‑value	 Multivariate OR (CI)	 P‑value

Male sex	 2.12 (1.02‑4.40)	 0.044	 2.10 (0.99‑4.45)	 0.054
Dyslipidemia	 1.97 (0.97‑4.00)	 0.060	 1.86 (0.90‑3.87)	 0.095
Atrial fibrillation	 0.33 (0.14‑0.79)	 0.013	 0.36 (0.15‑0.88)	 0.024a

Chronic kidney disease	 2.70 (0.95‑7.73)	 0.063	 2.46 (0.83‑7.34)	 0.106

aP<0.05. OR, odds ratio; CI, confidence interval; rtPA, recombinant tissue plasminogen activator; NIHSS, National Institutes of Health Stroke 
Scale.

Table III. Factors related with good outcomes in patients with severe stroke (NIHSS 15‑24) (n=268) using univariate and multi‑
variate logistic regression analysis.

Factor	 Univariate OR (CI)	 P‑value	 Multivariate OR (CI)	 P‑value

Male sex	 2.33 (1.14‑4.78)	 0.021a	 2.30 (1.10‑4.82)	 0.027a

Dyslipidemia	 2.10 (1.05‑4.21)	 0.037a	 2.01 (0.98‑4.12)	 0.056
Atrial fibrillation	 0.35 (0.15‑0.83)	 0.017a	 0.38 (0.16‑0.91)	 0.029a

Chronic kidney disease	 2.89 (1.04‑8.07)	 0.042a	 2.77 (0.95‑8.08)	 0.062

aP<0.05. OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale.
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