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Purpose: Intravenous thrombolysis (IVT) has become a standard treatment for eligible ischemic stroke patients. However, functional
outcomes after receiving IVT varied widely. Hence the primary goal of this study is to identify characteristics related to poor
outcomes.
Patients and Methods: The study enrolled acute ischemic stroke patients aged 18 or older who received IVT within 4.5 hours after
onset between January 2018 and December 2020. The data were retrospectively collected from medical records. The patients were
classified as having an excellent (0–2) or poor (3–6) outcomes based on the 90-day modified Rankin Scale (mRS). Univariable and
multivariable logistic regression analyses were used to evaluate the results. The predictive model was determined and developed the
score using regression coefficients. The prediction power was validated using the area under the receiver operating characteristic curve
analysis.
Results: The study included 138 eligible participants. Forty-eight patients had unfavorable functional outcomes. With multivariable
logistic regression analysis, factors significantly associated with poor outcomes were age (adjusted odds ratio (AOR), 1.03; 95%
confidence interval (CI), 0.99–1.07; P = 0.05), diabetes (3.96; 1.61–9.37; P = 0.003), admission National Institute of Health Stroke
Scale (NIHSS) (1.08; 1.01–1.15; P = 0.02) and initial Alberta Stroke Program Early Computed Tomography Score (ASPECTS) (0.56;
0.37–0.86; P = 0.009). The predictive model developed from the findings demonstrated good discrimination power (AuROC 0.803,
95% CI 0.728–0.877).
Conclusion: The current study found that older age, diabetes, atrial fibrillation, higher admission NIHSS, and lower ASPECTS on the
initial NCCT brain were related to unfavorable functional outcomes following IVT and served as good predictors of patient functional
outcomes.
Keywords: ischemic stroke, intravenous thrombolysis, stroke outcomes

Introduction
Stroke is a prevalent neurological disorder and a significant public health problem globally. There are 80 million stroke
cases worldwide, with an annual mortality rate of 5.5 million. The burden of stroke is not only in the high mortality but
also in the high morbidity, which results in up to 50% of survivors being permanently impaired.1 Ischemic stroke
accounts for the majority of all strokes.1,2 Intravenous thrombolysis (IVT) and mechanical thrombectomy (MT) are two
validated reperfusion treatments for acute ischemic stroke (AIS).3 On the other hand, MT is only available in a restricted
number of Thai hospitals. As a result, the standard treatment for eligible patients with AIS is IVTwith recombinant tissue
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plasminogen activator (rt-PA). Intravenous rt-PA is generally limited within 4.5 hours of the onset of symptoms, which
can enhance the functional outcome of the patients.4–7

However, clinical outcomes differed amongst patients, and a significant number of patients still have poor
outcomes despite rt-PA treatment due to individual factors and treatment complications such as IVT-related
symptomatic intracerebral hemorrhage (sICH).8 Several factors influencing clinical outcomes are extensively
explored, and the findings of the reported studies regarding factors predicting the outcomes for patients receiving rt-
PA treatment revealed some inconsistency and a wide range of variability.9–16 Early in the admission process,
precise outcome prediction can significantly impact the optimal management approach, and this information is also
helpful for informing patients and caregivers about disease progression and prognosis, as this may influence
treatment decisions. Therefore, our objective was to identify factors associated with poor outcomes following IVT
in patients with acute ischemic stroke and develop a scoring system for predicting functional outcomes based on our
findings.

Patients and Methods
Population
The retrospective study was done at Maharaj Nakorn Chiang Mai Hospital, a super tertiary care hospital of the
Faculty of Medicine, Chiang Mai University. AIS patients aged 18 years or over who were admitted to the Acute
Stroke Unit between January 2018 and December 2020 and received IVT within 4.5 hours after onset were enrolled
in the study.

Data Collection and Outcome
The data were collected from the medical records, including demographic characteristics, medical history, laboratory
data, TOAST classification, neuroimaging, and clinical outcomes. The clinical outcome was evaluated by the National
Institute of Health Stroke Scale (NIHSS), modified Rankin Scale (mRS), and Barthel Index (BI) at admission, discharge,
and 90-day. The complication after treatment as intracranial hemorrhage was recorded, and 90-day mRS presented the
functional outcomes. The patients who had mRS scores from 0–2 were classified as having excellent functional
outcomes, while an mRS score of more than 2 was an unfavorable functional outcome.

Statistical Analysis
Categorical variables are presented as numbers and proportions, while continuous variables are presented as mean with
standard deviation or median with the interquartile range depending on data distribution. Pearson χ2 test, Fischer’s exact
2-sided test, Student’s t-test, or Mann Whitney U (Wilcoxon rank-sum) test were used when appropriate. Univariable and
multivariable logistic regression analyses were performed to detect factors associated with unfavorable functional
outcomes after IVT.

In the predictive model, the significant predictors were weighted by their coefficient, converted to item score by
dividing each variable coefficient with the smallest coefficient number, rounding to the nearest integer, and adding a total
predictive score. A receiver operating characteristic (ROC) curve was plotted to evaluate a discriminatory power of
predictive score and determine a cut-off value. Hosmer-Lemeshow goodness of fit test was also done to measure the
performance of the predictive model. The sensitivity, specificity, positive predictive value, negative predictive value,
positive likelihood ratio, and negative likelihood ratio of this model were performed. The area under the receiver
operating characteristic (AuROC) was calculated to evaluate test accuracy. The significant level was defined as a P-value
less than 0.05. All analyses were performed by licensed Stata statistical software version 16.1.

Results
Demographics and Neuroimaging Parameters
A total of 138 eligible patients were enrolled in the study (Figure 1). The baseline characteristics of the enrolled patients
are shown in Table 1 based on functional outcome classification. Patients with unfavorable functional outcomes had
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a 12.8 years higher age than those with excellent functional outcomes (74.9 vs 62.1 years, respectively, P < 0.001) and
had more prevalent large-artery atherosclerosis (LAA) and cardioembolism (CE) of stroke etiology. Previous medical
history, including hypertension, diabetes, dyslipidemia, and atrial fibrillation (AF) was also significantly higher in
patients with unfavorable functional outcomes (84.8%, 54.4%, 63.0%, 30.4%, respectively). Patients with initially severe
stroke, assessed by NIHSS, mRS, and BI had 90-day unfavorable functional outcomes. Initial and fasting plasma glucose
was found to be significantly higher in those with unfavorable functional outcomes.

Table 2 demonstrated neuroimaging parameters of the enrolled patients according to functional outcomes. Patients
with unfavorable functional outcomes had a higher proportion of early infarction signs and hyperdense middle cerebral
artery (MCA) sign on initial non-contrast computed tomography (NCCT) brain and significantly lower ASPECTS, the
Alberta Stroke Program Early Computed Tomography Score, 10 vs 9, P < 0.001. In addition, there were significant
associations with a more length of hyperdense MCA sign and a lower rate of clot disappearance following IVT in those
with unfavorable functional outcomes.

Regression Analysis
Univariable analysis and multivariable logistic regression analysis are shown in Tables 3 and 4. Five independent
variables were associated with unfavorable functional outcomes following IVT including, diabetes (adjusted Odds ratio
(AOR), 3.96; 95% confident interval (CI), 1.61 to 9.33; P = 0.003), admission NIHSS (1.08; 1.01 to 1.15; P = 0.02),
ASPECTS (0.56; 0.37 to 0.86; P = 0.009), age (1.03; 0.99 to 1.07; P = 0.05), and AF (2.94; 0.90 to 9.67; P = 0.07).

Model Development
The significant predictors and assigned item scores are performed in Table 5 to show the correlation between variables
and a total predictive score of unfavorable outcomes after IVT in AIS patients. As shown, there were five remaining
independent variables; age, diabetes, AF, admission NIHSS, and ASPECTS. Age in years was divided into two groups
(greater than or equal to 75 = 1, less than 75 = 0). Admission NIHSS was divided into three groups according to the
stroke severity (minor (0–5 points) = 0, moderate (6–16 points) = 1, severe (>16 points) = 2). According to early
infarction signs on neuroimaging, ASPECTS was divided into two groups (equal to 10 = 1, less than 10 = 0).

Age, diabetes, AF, and admission NIHSS directly vary to predictive score, whereas ASPECTS has an inverse
variation. In the predictive model, an age variable has the smallest coefficient number. The predictive score will increase

Figure 1 Study flow chart and patient selection procedure.
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Table 1 Baseline Characteristics of Acute Stroke Patients According to Functional Outcomes

Total Cohort (n=138) mRS 0–2 (n=86) mRS 3–6 (n=46) P value*

Age, yr – mean (SD) 66.5 (16.2) 62.1 (16.2) 74.9 (12.6) <0.001

Male Sex – no. (%) 71 (51.5) 49 (57.0) 19 (41.3) 0.23

BMI, kg/m2 – mean (SD) 25.25 (7.4) 26.12 (7.8) 23.67 (6.5) 0.10

Medical history – no. (%)

Hypertension 97 (73.5) 58 (67.4) 39 (84.8) 0.03

Diabetes 43 (32.6) 18 (21) 25 (54.4) <0.001

Dyslipidemia 65 (49.2) 36 (41.9) 29 (63) 0.02

Atrial fibrillation 19 (14.4) 5 (5.8) 14 (30.4) <0.001

Coronary artery disease 12 (9.1) 8 (9.3) 4 (8.7) 1.00

Congestive heart failure 5 (3.8) 2 (2.3) 3 (6.5) 0.34

Prior stroke or TIA 18 (13.6) 10 (11.6) 8 (17.4) 0.36

Smoking history 40 (30.3) 29 (33.7) 11 (23.9) 0.24

Blood pressure, mmHg – mean (SD)

Systolic 155.6 (28.8) 153.9 (28.4) 158.8 (29.8) 0.36

Diastolic 85.5 (21.3) 87.2 (18.9) 82.3 (25.1) 0.21

IV nicardipine – no. (%)

Pre rt-PA 23 (17.4) 12 (14.0) 11 (23.9) 0.15

Post rt-PA 19 (14.4) 10 (11.6) 9 (19.6) 0.25

ONT, min – median (IQR) 141 (107–199) 143 (111–194) 139 (100–204) 0.93

DNT, min – median (IQR) 50 (42–58) 51 (41–58) 50 (43–57) 0.87

NIHSS on admission – median (IQR) 10 (5–18) 6 (3–16) 16 (12–19) <0.001

mRS on admission – median (IQR) 4 (3–4) 3 (3–4) 4 (4–5) <0.001

BI on admission – median (IQR) 45 (10–70) 65 (30–75) 15 (5–35) <0.001

Cholesterol, mg/dL – mean (SD) 179.1 (48.6) 181.1 (50.4) 175.4 (45.5) 0.52

LDL, mg/dL – mean (SD) 120.4 (45.0) 122.3 (44.6) 116.8 (46.1) 0.50

Initial plasma glucose, mg/dL – median (IQR) 140 (107–192) 125 (105–162) 163 (126–245) 0.006

Fasting plasma glucose, mg/dL – median (IQR) 115 (98–152) 104 (92–125) 148 (124–193) <0.001

Glycated hemoglobin, % – mean (SD) 7.0 (2.1) 6.8 (2.2) 7.1 (2.1) 0.55

Platelet count, cells/cu.mm. – mean (SD) 253,394 (79,367) 251,861 (74,308) 256,261 (88,851) 0.76

PT, sec – mean (SD) 11.4 (1.2) 11.2 (1.1) 11.7 (1.4) 0.03

INR – mean (SD) 1.0 (0.1) 1.0 (0.1) 1.1 (0.1) 0.17

TOAST – no. (%) 0.03

Large-artery atherosclerosis 41 (31.1) 21 (24.4) 20 (43.5)

(Continued)
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by 1 point if the patients’ age is greater than or equal to 75. The patient who had diabetes will increase the score by 6
points, while AF will increase by 5 points. The patient whose admission NIHSS is more than 5, will increase the score by
8 points. When ASPECTS equal to 10 will decrease the score by 4 points. The higher the predictive score, the more
likelihood of unfavorable outcomes after IVT.

Table 1 (Continued).

Total Cohort (n=138) mRS 0–2 (n=86) mRS 3–6 (n=46) P value*

Cardioembolism 35 (26.5) 20 (23.3) 15 (32.6)

Small-vessel occlusion 41 (31.1) 32 (37.2) 9 (19.5)

Other determined 5 (3.8) 5 (5.8) 0 (0.0)

Undetermined 10 (7.5) 8 (9.3) 2 (4.4)

Newly diagnosed atrial fibrillation – no. (%) 18 (13.6) 9 (10.5) 9 (19.6) 0.15

Notes: *Comparison between patients with the favorable and unfavorable functional outcome; For P values, Pearson χ2 test, Fischer’s exact 2-sided test, Student’s t-test, and
Mann Whitney U (Wilcoxon rank-sum) test were used when appropriate.
Abbreviations: BI, Barthel index; BMI, body mass index; DNT, door-to-needle; INR, international normalized ratio; IQR, interquartile range; IV, intravenous; LDL, low-
density lipoprotein; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; ONT, onset-to-needle; PT, prothrombin time; rt-PA, recombinant tissue-
type plasminogen activator; SD, standard deviation; TIA, transient ischemic attack; TOAST, the Trial of Org 10,172 in Acute Stroke Treatment.

Table 2 Neuroimaging Parameters According to Functional Outcomes

Total Cohort (n=138) mRS 0–2 (n=86) mRS 3–6 (n=46) P value*

Early infarction signs – no. (%) 55 (39.9) 23 (26.7) 28 (60.9) <0.001

ASPECTS – median (IQR) 10 (9–10) 10 (10–10) 9 (8–10) <0.001

Hyperdense MCA sign

Presence – no. (%) 49 (35.5) 22 (25.6) 27 (58.7) <0.001

Location – no./total no. (%) 0.54

ICA 6/49 (12.2) 3/22 (13.6) 3/27 (11.1)

M1 31/49 (63.3) 12/22 (54.6) 19.27 (70.4)

M2 12/49 (24.5) 7/22 (31.8) 5/27 (18.5)

Length, cm – median (IQR) 1.6 (1.2–2.4) 1.3 (1.2–1.8) 2.1 (1.6–2.6) 0.006

Disappearance – no./total no. (%) 29/46 (63.0) 18/20 (90.0) 11/26 (42.3) 0.002

Disappearance type – no./total no. (%) 0.23

No longer seen 18/29 (62.0) 13/18 (72.2) 5/11 (45.5)

Decreased attenuation 10/29 (34.5) 5/18 (27.8) 5/11 (45.5)

Distal migration 1/29 (3.5) 0/18 (0.0) 1/11 (9.0)

Post rt-PA ICH – no. (%) 0.003

Asymptomatic 20 (15.1) 9 (10.5) 11 (23.9)

Symptomatic 6 (4.6) 1 (1.1) 5 (10.9)

No 106 (80.7) 76 (88.4) 30 (65.2)

Notes: *Comparison between patients with the favorable and unfavorable functional outcome; For P values, Pearson χ2 test, Fischer’s exact 2-sided test, Student’s t-test, and
Mann Whitney U (Wilcoxon rank-sum) test were used when appropriate.
Abbreviations: ASPECTS, the Alberta Stroke Program Early Computed Tomography Score; ICA, internal carotid artery; ICH, intracerebral hemorrhage; IQR, interquartile
range; MCA, middle cerebral artery; mRS, modified Rankin Scale; rt-PA, recombinant tissue-type plasminogen activator; SD, standard deviation.
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Model Validation
The receiver operating characteristics analysis (ROC) suggests that the total predictive score is accurate (0.69
sensitivity, 0.75 specificity) at the cut-point of 13 (Supplementary Table S1). In other words, patients with unfavorable
functional outcomes were correctly predicted at 69%, whereas those with excellent functional outcomes were correctly
predicted at 75%. The probability of having a total score greater than or equal to 13 points in the unfavorable functional
outcome group is more than another group 2.85 times (LR+ 2.85), whereas the unfavorable functional outcome group
has 0.4 times compared to the excellent functional outcome group in the probability of having a total score less than 13
points (LR- 0.403). At the 0.35 prevalence of unfavorable functional outcome following IVT, the patient with poor
outcome was correctly predicted with low accuracy (0.60 positive predictive value) when a patient with excellent
outcome was excluded with moderate accuracy (0.82 negative predictive value). A total score from the developed
scoring system predicts poor outcomes after IVT with good validity, AUC was 0.8026 (95% CI 0.728 to 0.877)
(Figure 2) and good calibration (Hosmer-Lemeshow goodness of fit; χ2 = 23.22, P value = 0.0016) (Supplementary
Figure S1).

Table 4 Multivariable Logistic Regression Analysis Variables
Associated with Unfavorable Functional Outcomes

Variables AOR (95% CI) P value

Age 1.03 (0.99–1.07) 0.05

Diabetes 3.96 (1.61–9.33) 0.003

Atrial fibrillation 2.94 (0.90–9.67) 0.07

Admission NIHSS 1.08 (1.01–1.15) 0.02

ASPECTS 0.56 (0.37–0.86) 0.009

Abbreviations: AOR, adjusted Odds ratio; ASPECTS, the Alberta Stroke Program Early
Computed Tomography Score; CI, confidence interval; NIHSS, National Institute of Health
Stroke Scale.

Table 3 Univariable Analysis Variables Associated with Unfavorable
Functional Outcomes

Variables OR (95% CI) P value

Age 1.06 (1.03–1.10) <0.001

Hypertension 2.69 (1.01–8.00) 0.04

Diabetes 4.5 (1.92–10.56) <0.001

Atrial fibrillation 7.09 (2.15–26.81) <0.001

Admission NIHSS 1.14 (1.08–1.21) <0.001

Initial plasma glucose 1.01 (1.00–1.01) 0.015

Early infarction signs 4.26 (1.86–9.80) 0.002

ASPECTS 0.43 (0.28–0.66) <0.001

Hyperdense MCA sign 4.13 (1.81–9.50) 0.003

Abbreviations: ASPECTS, the Alberta Stroke Program Early Computed Tomography Score; CI,
confidence interval; MCA, middle cerebral artery; NIHSS, National Institute of Health Stroke
Scale; OR, odds ratio.
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Discussion
According to AHA/ASA 2019 guidelines, IVT with alteplase has been first-line reperfusion therapy in acute ischemic
stroke.7 In Thailand, after successfully introducing of the first IVT in 1996, the “stroke fast track” system was initiated
and developed and a more significant number of acute stroke patients were identified and received IVT within the golden
time window of 4.5 hours. The percentage of patients receiving IVT for acute ischemic stroke in Thailand is continuously

Figure 2 Area under receiver operating characteristics (AuROC) curve of a predictive score for predicting the unfavorable functional outcomes after IVT in acute ischemic
stroke.

Table 5 Significant Predictors and Assigned Item Scores for Unfavorable Functional Outcomes After IVT

Predictors Category AOR (95% CI) Coefficient P value Assigned Score

Age ≥75 years 1.40 (0.51–3.82) 0.334567 0.514 1

<75 years Reference

Diabetes Yes 6.75 (2.40–18.95) 1.909456 <0.001 6

No Reference

AF Yes 4.74 (1.18–19.04) 1.556723 0.028 5

No Reference

Admission NIHSS >16 points 16.29 (3.00–88.52) 2.790304 0.001 8

6–16 points 12.76 (2.30–70.67) 2.546222 0.004 8

0–5 points Reference

ASPECTS 10 0.25 (0.09–0.68) −1.398741 0.007 4

0–9 Reference

Abbreviations: AF, atrial fibrillation; AOR, adjusted odds ratio; ASPECTS, the Alberta Stroke Program Early Computed Tomography Score; CI, confidence interval; IVT,
intravenous thrombolysis; NIHSS, National Institute of Health Stroke Scale.
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increasing from 0.38% in 2008 to 4.78% in 2016. This percentage varies between the centers, as high as 15–16% in some
tertiary care centers.17 Still, not everyone that receives treatment always has an excellent functional outcome. Hence, our
study objective is to find which factor in the patient is associated with unfavorable outcomes after IVT because each
person has a different background and characteristics. Our study found that the unfavorable outcome (mRS >2) at
discharge was 33.33%, and symptomatic intracranial hemorrhage (sICH) occurred after administration of IV alteplase for
treatment of AIS was 4.38%. Complications after treatment as sICH were of concern to physicians because of increased
hospital stay and cost, leading to poor recovery after treatment.

Older age, diabetes, AF, high admission NIHSS, and low ASPECTS contributed to be the independent factors
associated with unfavorable outcomes after IVT in AIS patients. Diabetes was recognized as one significant risk factor
for developing unfavorable outcomes due to impaired blood-brain barrier and microvascular.18 Among 12,686 patients
with ischemic stroke from Nikneshan et al’s study found higher death and disability at discharge and long-term mortality
in patients with diabetes, but there was no difference in the risk of ICH after IVT.19 The study by Tang et al, which
included 419 patients, found that AIS with diabetes had unfavorable neurological outcomes associated with incomplete
recanalization after IVT due to hyperglycemia that affects coagulation activation and hyperinsulinemia which increases
plasminogen activator inhibitor and leads to hyperfibrinolysis.20,21

AF is another significant risk factor associated with unfavorable outcomes in several studies.22–27 A study by Findler
et al with 214 stroke patients found more favorable outcomes in the non-AF than in the AF because thrombus from AF in
the atrium was mainly composed of erythrocytes due to slow flow which induced cardioembolic stroke while thrombus in
the vessel was composed of fibrin and platelets that correlated to rt-PA mechanisms with less probability to cause rt-PA
resistance to compare with cardioembolic stroke.25 Padjen et al, who include 734 AIS patients, found that AF has a worse
outcome than those without because of old age and severe stroke at admission.24 Saposnik et al included 12,686 patients
found that AF patients had a higher risk of death at 30-day, 1-year, and death or disability at discharge more than non-AF
patients.26 A meta-analysis of 8509 patients not only found the same trend as the previous study but also found that AF
with stroke increases the risk of ICH due to large infarct size, poor collateral circulation, and large or old thrombi, which
lead to IVT resistance, some AF patients may receive the anticoagulant drug before IVT which will increase bleeding
risk.23 Cardioembolism due to AF was recognized as one of the predictors for early parenchymal hemorrhagic
transformation, related to unfavorable outcomes following IVT.28 In comparison, Frank et al included 77,091 patients,
which found that AF is not an independent predictor of unfavorable outcomes.22 In addition, Zhao et al had 267 ischemic
stroke patients who found that IVT was beneficial for ischemic stroke with AF. The reason for worse outcomes in stroke
patients with AF after rt-PA was that most AF patients were older and had more severe dysfunction at baseline.27

Our study finds that the age of 75 years or older, the more likely poor outcome that assigned score 1. According to
previous studies, advanced age is associated with unfavorable outcomes.15,29–31 This is likely to be an effect of
comorbidity and greater stroke severity which are found in advancing age. A retrospective study in 88 patients showed
that advanced age is related to poor functional outcomes.15 A meta-analysis of nine studies in 3391 patients found no
statistical difference of unfavorable outcomes in two age groups, 18–80 years old and more than 80 years old, which
receive rt-PAwithin 0 to 3 hours. The patients whose ages were more than 80 years old seemed to have a higher risk of
unfavorable outcomes if they received rt-PA between 3 to 4.5 hours after stroke onset.31 In Thai stroke population,
elderly patients over 70 years may carry a higher risk of mortality when treated with IVT.32 In contrast, another
prospective study in 121 patients found that age was not statistically associated with unfavorable outcomes following
multivariable analysis, but NIHSS at admission and deep MCA infarction are independent factors predicting unfavor-
able outcomes.30 Our finding was consistent with many studies that advancing age (>80 years old) had an impact on
post thrombolytic therapy poor outcomes. However, thrombolysis treatment for patients presenting with AIS should be
evaluated on an individual benefit-risk basis. Notably, age alone is no longer a barrier to rt-PA treatment for AIS.29

Admission NIHSS is also a predictive factor in many studies.12,33,34 A Chinese case series study in 101 patients found
that patients with lower NIHSS at admission tend to have favorable outcomes following rt-PA.12 A prospective study on
269 Chinese patients found that the higher NIHSS indicated a five times higher risk of unfavorable functional
outcomes.34 Our study divided admission NIHSS into three groups, including mild (0–5 points), moderate (6–16 points),
severe (>16 points). The finding were consistent with other studies in which admission NIHSS of less than 7 was
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a predictive factor for an excellent functional outcome [30]. In contrast, NIHSS of greater than 20 to 25 predict a high
probability of ICH due to large infarction size.35

ASPECTS is a topographic brain NCCT scan score. Due to the indication for receiving rt-PA, a high proportion of
patients in our study have ASPECTS of 8 to 10, resulting in selection bias. Consequently, we categorized the patients’
ASPECTS into two groups: those with a score of 10 and those with less than 10. Our study found that an ASPECTS
equal to 10 is a favorable factor which corroborates previous research indicating that patients with an ASPECTS less than
8 after thrombolysis did not have a favorable clinical outcome at three months, defined by mRS of 2 or less.36 A study by
Das et al discovered that lower ASPECTS are independently linked with cerebral bleeding following rt-PA.10

Our study found that the total predictive score is accurate (0.69 sensitivity, 0.75 specificity) at the cut-point of 13.
This finding was consistent with a previously published scoring system for predicting outcomes post-IVT, however, some
predictive score systems have more than five associated factors, and these systems still have some limitations in the
aspect of sICH. They do not include other poor outcomes that include morbidity and mortality. As shown in a study
conducted in Thailand, the existing sICH risk score was not applicable for the Thai population.37 In addition, our findings
provide an accurate predictive model in Thai stroke patients. Apart from onset to treatment time, in-hospital complica-
tions, and elderly age, clinical and neuroimaging parameters from our model illustrate important prognostic factors
related to functional outcomes after stroke.17,32,38 Besides these predictive models, we should be focused on stroke
screening, prevention, and a better control system to improve stroke patients’ outcomes. Recently, fascinating data from
China Stroke Prevention Project Committee (CSPPC) provides an unquestionable benefit of three 1-h gold rescue circles
(less than 1-h for onset to call time, pre-hospital transfer time, and door-to-needle time) for stroke treatment and should
be further promoted worldwide, especially for other developing countries, to improved stroke care.39

Our predictive model demonstrated good discriminatory ability (AuROC 0.803; 95% CI 0.728 to 0.877). Therefore,
we expect that the scoring system developed from this model may predict functional outcomes of patients with AIS after
IVT has been administered. A better understanding of the factors associated with poor outcomes, along with the use of
a predictive tool such as ours in the initial evaluation, may aid in prognosis estimation, clinical decision-making for
patients and caregivers regarding the risks and benefits of IVT, and performance improvement of health-care providers by
directing monitoring strategies and additional appropriate management interventions. The study has some limitations,
including the retrospective collection of data from electronic medical records, which excluded some variables such as
3-month post-stroke outcomes due to missing data and loss to follow-up. Additionally, the sample size was relatively
small, as only those who met the criteria of the study were enrolled. This could lead to inadequate statistical power to
establish clear associations between certain variables and unfavorable functional outcomes, as well as wide confidence
intervals. To validate our findings and increase the precision of the predictive model, we suggest that more prospective
studies with a larger sample size be done in the future.

Conclusion
Regarding the findings of the current study, the role of factors including older age, diabetes, AF, a higher admission
NIHSS, and a lower ASPECTS on the initial NCCT brain are confirmed to be associated with a greater risk of
experiencing unfavorable functional outcomes in the population of Thai acute ischemic stroke patients after treatment
with IVT. IVT with alteplase remains the primary approach to stroke reperfusion therapy, while the findings of this study
might provide important information regarding the prognostic factors related to functional outcomes after stroke.
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