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Abstract

Background: Intravenous thrombolysis is the 
mainstay treatment for acute ischemic stroke patients 
who presents within 4.5 hours of onset. Accurate 
outcome prediction for individual patients is essential 
for optimizing approach to patient management. 

Objective: To identify factors associated unfavorable 
outcome following intravenous rtPA treatment.

Methods: We retrospectively identified acute 
ischemic stroke patients who received intravenous 
recombinant tissue plasminogen activator (IV rtPA) 
treatment. Multiple logistic regression was 
performed to identify factors associated with 
unfavorable outcome (modified Rankin scale at 90 
days >2). Receiver operating characteristic (ROC) 
curve analysis was done to validate previously 
published prognostication models (DRAGON score 
and START nomogram) for our population. 

Results: 85 patients were included in our 
analysis (38 males (44.71%); median age: 65 years 
(IQR 54.25-73); median NIHSS: 11 (IQR 7-17)). 
Unfavorable outcome was observed in 30 patients 
(35%). Multivariate logistic regression identified three 
factors associated with unfavorable outcome: history 
of diabetes mellitus (OR 9.365; 95% CI: 2.369-37.03; 
p = 0.001), NIHSS at presentation (OR 1.109; 95% 
CI: 1.007-1.221; p = 0.036), and early infarct signs 
on baseline CT scan of the brain (OR 4.834; 95% CI: 
1.423-16.413; p = 0.012). Area under the ROC curve 
(AUC-ROC) for DRAGON score and START nomogram 
were 0.813 (95% CI: 0.721-0.905; p < 0.001) and 0.8 
(95% CI: 0.707-0.894; p < 0.001), respectively. 

Conclusion: Diabetes mellitus, baseline 
NIHSS, and early infarct signs on baseline CT scan 
of the brain were associated with unfavorable 
outcome in acute ischemic stroke patients who 
received IV rtPA.
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Introduction

Acute ischemic stroke is a major cause of 

death and disability.1 Intravenous thrombolysis 

using recombinant tissue plasminogen activator 

(rtPA) is the mainstay treatment for patients 

presenting within 4.5 hours of treatment.2 However, 

there is still large proportion of patients with 

unfavorable outcome after IV rtPA treatment.3 

Accurate outcome prediction for individual 

patients is essential for optimizing approach to 

patient management and for informing patients 

regarding clinical course and prognosis. Various 

prognostication models have been published4-7 to 

help predict post-thrombolysis outcome, though 

they were derived in different populations and have 

not been validated in Thai population.

Objective

1. To identify factors associated with 

unfavorable outcome following intravenous rtPA 

treatment.

2. To  va l ida te  p rev ious ly  pub l i shed 

prognostication models in Thai population.

Methods

We retrospectively identified acute ischemic 

stroke patients who were treated with IV rtPA at the 

Faculty of Medicine Vajira Hospital between June 

2005 to June 2019 from our institutional stroke 

database. All patients eligible for IV rtPA treatment 

were included. Eligibility criteria and contraindications 

for IV rtPA at our institute were the same as those 

set forth in the National Institute of Neurological 

Disorders and Stroke (NINDS) study.8

Exclusion criteria included patients who did 

not received the full dosage of IV rtPA due to acute 

adverse reaction during infusion, patients who 

received endovascular treatment, different final 

diagnosis other than acute ischemic stroke, and 

patients without follow-up data at three months.

Collected baseline demographic and medical 

history included: age, sex, body weight, height, 

body mass index (BMI), smoking status, history of 

hypertension, diabetes mellitus, hyperlipidemia, 

coronary artery disease, and atrial fibrillation. 

Laboratory data included: hemoglobin, white blood 

cell count, platelet count, capillary blood glucose 

at presentation, fasting blood glucose, hemoglobin 

A1C (HbA1C), lipid profiles, prothrombin time, and 

INR. Stroke-related data included baseline NIHSS, 

pre-stroke modified Rankin Scale (mRS), time from 

onset to treatment, etiologic stroke subtype 

according to TOAST classification, and identification 

of hyperdense cerebral artery sign and early infarct 

signs (defined as any of the following: hypodensity 

comprising less than one-third of the middle 

cerebral artery territory, loss of basal ganglion 

outline, loss of grey-white differentiation, loss of 

insular ribbon, or effacement of sulci) on baseline 

CT scan of the brain. DRAGON score4 and START 

nomogram5 were retrospectively calculated using 

the collected data.

The  p r imary  ou tcome measure  was 

unfavorable functional outcome, defined as mRS 

score of 3-6 (indicating major disability or death) at 

three months from stroke onset.

Analyses were performed using SPSS version 

26.0. The continuous variables were reported as 

median and interquartile range values. Patients 

were grouped according to their functional outcome 

(indicated by mRS ≤2 or >2). Differences between 

groups were explored using the Mann-Whitney U 

test for continuous variables and the Fisher exact 
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test for categorical variables. To identify factors 

associated with unfavorable functional outcome, we 

performed stepwise multiple logistic regression 

using prespecified variables those were associated 

with the outcome variable in the univariate analysis. 

At each step of multivariable modeling, backward 

elimination of variables not statistically significant 

was used to reach a final model. Conventional 

p-value <0.05 was considered significant. 

For secondary analysis, we performed the 

receiver operating characteristic (ROC) curve 

analysis to validate the previously published 

prognostication models (DRAGON score and 

START nomogram). Discrimination (the degree to 

which the prognostication models were able to 

discriminate patients with unfavorable outcome from 

those with favorable outcome) was assessed by 

calculation of the area under the ROC curve 

(AUC-ROC), and sensitivity and specificity at each 

scoring level of the prognostication models were 

calculated. 

The study was approved by the institute’s 

ethical review committee.

Results

We identified 97 patients who were treated with 

intravenous rtPA during the study period. Twelve 

patients were excluded from the statistical analysis: 

5 patients received endovascular treatment, 4 had 

no follow-up data at 3 months, and 3 did not receive 

full dosage of rtPA. 85 patients were included in the 

final analysis. Unfavorable outcome was observed 

in 30(35%) patients, including 10(12%) patients who 

died within the same period. 

Baseline demographic and clinical character-

istics were reported in Table 2. In comparison to 

patients with favorable outcomes, patients with 

unfavorable outcomes at three months were 

significantly older, had higher baseline NIHSS 

score, higher level of prothrombin time, INR, fasting 

blood glucose, HbA1C, higher score on DRAGON 

and START, and higher proportion of patients who 

had history of diabetes mellitus, hyperdense artery 

sign and early infarct signs on baseline CT scan of 

the brain. Regarding stroke etiology, the unfavorable 

outcome group had higher proportion of cardioem-

bolism and lower proportion of small vessel disease.

Final multivariate logistic regression model 

(Table 3) demonstrated three variables associated 

with unfavorable outcome: diabetes mellitus, NIHSS 

at presentation, and early infarct signs on baseline 

CT scan of the brain. There was also a trend, albeit 

without statistical significance, of association of 

higher age with unfavorable outcome. 

Area under the ROC curve (AUC-ROC; 

Figure 2) for DRAGON score and START nomogram 

were 0.813 (95% CI: 0.721-0.905; p < 0.001) and 

0.8 (95% CI: 0.707-0.894; p < 0.001), respectively. 

Sensitivity and specificity of both prognostication 

models to predict unfavorable outcome were shown 

in Table 4.

Discussion

Unfavorable outcome following IV rtPA 

treatment were observed in 35% of patients in our 

study, a comparable proportion to previous studies 

using the same definition of unfavorable outcome.4,5 

Three variables associated with unfavorable 

outcomes were identified: baseline NIHSS score, 

history of diabetes mellitus, and early infarct signs 

on baseline CT scan of the brain.
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Figure 1 START nomogram

Figure 2 Receiver operating characteristic (ROC) curve for DRAGON score (a; AUC-ROC 0.813; 95% 

CI: 0.721-0.905; p < 0.001) and START nomogram (b; AUC-ROC 0.8; 95% CI: 0.707-0.894; p < 0.001).
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Table 1 DRAGON score

Category Points
Hyperdense cerebral artery sign or early infarct signs on admission CT head scan

None 0
Either 1
Both 2

Pre-stroke mRS score >1
No 0
Yes 1

Age
<65 years 0
65-79 years 1
≥80 years 2

Glucose level on admission
≤8 mmol/L (144 mg/dL) 0
>8 mmol/L (144 mg/dL) 1

Onset to treatment time
≤90 minutes 0
>90 minutes 1

NIHSS score on admission
0-4 0
5-9 1
10-15 2
>15 3

Table 2 Baseline characteristics of thrombolytic patients with favorable and unfavorable outcomes.

Variable Total Favorable outcome Unfavorable outcome P value
n = 85 n = 55 (65%) n = 30 (35%)

Male gender - No. (%) 38 (45%) 27 (49%% 11 (37%) 0.362
Age, years - median (IQR) 65 (54.5 - 73) 63 (52 - 72) 72 (61.25 - 74.75) 0.006
Weight, kg - median (IQR) 65 (57.9 - 74.95) 64.6 (57.7 - 75) 68.5 (57.95 - 74.93) 0.682

Height, cm - median (IQR) 159.5 (150.5 - 168) 159 (153 - 168) 160 (150 - 170) 0.658
BMI, kg/m2 – median (IQR) 26.23 (22.57 - 29.19) 26.22 (22.60 - 28.57) 26.23 (21.78 - 29.96) 0.469
Time from onset to treatment, minutes 

– median (IQR)

170 (142 - 208.5) 170 (144 - 208) 172.5 (132.5 - 210) 0.96

Pre-stroke mRS ≥ 1 – No. (%) 12 (14%) 5 (9%) 8 (27%) 0.55
Comorbidities – No. (%)
Hypertension 65 (77%) 41 (75%) 24 (80%) 0.607
Diabetes mellitus 27 (32%) 11 (20%) 16 (53%) 0.002
Dyslipidemia 52 (61%) 32 (58%) 20 (67%) 0.492
Coronary artery disease 12 (17%) 6 (11%) 8 (27%) 0.061
Atrial fibrillation 26 (31%) 14 (26%) 12 (40%) 0.219
Smoking 19 (22%) 15 (27%) 4 (13%) 0.179
NIHSS at presentation – median (IQR) 11 (7 - 17) 9 (7.0 - 14.0) 16 (8.0 - 22.0) 0.001

0-6 12 (14%) 11 (20.0%) 1 (3.3%)
7-12 36 (42%) 28 (50.9%) 8 (26.7%)
13-18 21 (25%) 11 (20.0%) 10 (33.3%)
19-24 13 (15%) 5 (0.1%) 8 (26.7%)
>= 25 3 (4%) 0 (0%) 3 (10.0%)
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Variable Total Favorable outcome Unfavorable outcome P value
n = 85 n = 55 (65%) n = 30 (35%)

TOAST – No. (%) 0.014
Small vessel disease 20 (24%) 17 (31%) 3 (10%)
Large vessel atherosclerosis 9 (11%) 5 (9%) 4 (13%)
Cardioembolism 31 (37%) 14 (26%) 17 (57%)
Other 0 (0%) 0 (0%) 0 (0%)
Undetermined 25 (29%) 19 (35%) 6 (20%)
Investigations – median (IQR)
Hemoglobin (g/dL) 13.2 (11.8 - 14.5) 13.2 (12.1 - 14.5) 12.75 (11.4 - 13.8) 0.163
WBC (cells / mm3) 8020 (6260 - 9705) 8000 (6320 - 9710) 8190 (5775 - 9310) 0.734
Platelet (/mm3) 235,000 (191,500 

- 282,000)

238,000 (196,000 

- 284,000)

224,500 (189,250 

- 281,750)

0.613

PT (seconds) 12 (11.5 - 12.8) 11.9 (11.3 - 12.3) 12.75 (11.90 - 13.42) 0.001
INR 1.01 (0.97 - 1.06) 0.97 (0.95 - 1.03) 1.055 (0.99 - 1.12) 0.001
Capillary blood glucose at presentation 

(mg/dL)

128 (109 - 157) 126 (109 - 149) 139.5 (110 - 223) 0.196

Fasting blood glucose (mg/dL) 113 (99.5 - 145.5) 108 (94 - 132) 135 (112 - 183) 0.001
HbA1C 6 (5.5 - 6.5) 5.8 (5.50 - 6.20) 6.3 (5.9 - 8.1) 0.003
Cholesterol (mg/dL) 188 (151 - 227) 188.5 (149 - 230.25) 188 (157 - 223) 0.89
LDL (mg/dL) 126 (96.5 - 156.3) 123 (94 - 154) 128 (97 - 158) 0.933
Brain imaging – No. (%)
Hyperdense cerebral artery sign 37 44% 18 33% 19 63% 0.011
Early infarct signs 31 37% 12 22% 19 63% <0.001
Prognostication models – median (IQR)
DRAGON score 4 (3 - 6) 4 2-5 6 (4.0 - 7.0) <0.001
START nomogram 9.6 (8.1 - 11.3) 8.7 (7.5 - 10.2) 10.75 (10 - 14.9) <0.001
mRS at 90 days – No. (%)

0 21 25%
1 28 33%
2 6 7%
3 6 7%
4 12 14%
5 2 2%
6 10 12%

Table 3 Multiple logistic regression showing variables associated with unfavorable outcome with IV rtPA 

treatment.

Variables Odd ratios 95% CI p values

Age at onset 1.061 (0.998 - 1.127) 0.058

Diabetes mellitus 9.365 (2.369 - 37.03) 0.001

NIHSS at presentation 1.109 (1.007 - 1.221) 0.036

Early infarct signs on baseline CT scan 4.834 (1.423 - 16.413) 0.012

Table 2 Baseline characteristics of thrombolytic patients with favorable and unfavorable outcomes. (cont.)
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Table 4 Sensitivity and specificity of DRAGON score & START nomogram for prediction of unfavorable 

outcome (mRS >2) in patients receiving IV rtPA treatment.

Value Sensitivity Specificity
DRAGON score 0 100% 0%
 1 100% 5%
 2 100% 25%
 3 97% 44%
 4 73% 69%
 5 57% 87%
 6 47% 93%
 7 17% 100%
 8 10% 100%
 9 3% 100%
 10 0% 100%
START nomogram 3 100% 0%

5 100% 2%
6 100% 13%
7 100% 16%
8 97% 36%
9 87% 58%

10 63% 73%
11 47% 85%
12 43% 91%
13 40% 93%
14 33% 96%
15 17% 100%
16 7% 100%
17 0% 100%

Higher NIHSS score is indicative of a more 

severe stroke with possible larger infarct area, and 

had been previously found to associate with poor 

functional outcome4,5,9-12, and higher risk of 

developing symptomatic intracerebral hemorrhage 

after thrombolytic treatment.8 

Diabetes mellitus is an established risk factor 

for cerebrovascular diseases and previous studies 

had demonstrated hyperglycemia as a risk factor 

for poor outcomes after IV rtPA treatment in acute 

ischemic stroke.10,13-16 Interestingly, our study only 

showed association between unfavorable outcome 

and previous history of diabetes mellitus, but not 

the presenting capillary blood glucose or fasting 

blood glucose level. This could be due to the long-

term, rather than acute, effect of hyperglycemia on 

cerebral vasculature, or could be consequential to 

our relatively small sample size providing insufficient 

statistical power to detect the effect of acute 

hyperglycemia. Further study with larger sample 

size might be needed to further validate this finding.

Early infarct signs on baseline CT scan reflects 

early ischemic edema, and has been shown to be 

associated with worse outcome after thrombolytic 
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treatment, especially if there was large area (more 

than one-third of middle cerebral artery territory) of 

early ischemic change.17,18

ROC curve analyses showed that AUC-ROC 

of the DRAGON score and START nomogram were 

comparable to their original cohorts (AUC-ROC 

0.813 and 0.8 in our study, in comparison to 0.844 

and 0.85 in the original derivation cohorts. Indicating 

the ability of both prognostication models to predict 

unfavorable outcome in our population. Incorporating 

these tools in the initial evaluation of patients 

undergoing IV rtPA treatment could help predicting 

clinical courses after treatment and prompt the 

clinician to expedite the plan for additional 

treatments (e.g. transfer to facilities with the capability 

of endovascular treatment) in eligible patients.

This study had several limitations. First, the 

retrospective design of the study could have 

inherent biases. Second, the sample size is 

relatively small and may have insufficient statistical 

power to demonstrate association of some variables 

with unfavorable functional outcome. Our population 

also included only a small number of patients with 

prior neurological deficits (mRS ≥1; 12 patients), 

therefore the results might not be generalizable to 

this population.

Conclusion

In conclusion, our study demonstrated that 

higher NIHSS score, history of diabetes mellitus, 

and early infarct signs on CT scan of the brain are 

associated with higher risk of unfavorable outcome 

after treatment with IV rtPA in acute ischemic stroke 

patients. DRAGON score or START nomogram 

could also be a useful tool to help predicting the 

outcome after treatment. 
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