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Abstract
Background: Accurate classification of postthrombolytic intracerebral hemorrhage (ICH) subtypes 
is vital for predicting stroke outcomes and managing ICH. Currently, the recommended classification 
criteria are the European Cooperative Acute Stroke Study III criteria, including two primary categories: 
hemorrhagic infarction (HI) and parenchymal hematoma (PH). 
Objectives: The primary objective of this study was to assess the contribution of various ICH subtypes 
to serious complications, with the secondary aim to identify associated predictors.
Methods: The study examined medical records of patients with acute ischemic stroke receiving throm-
bolysis at Saraburi Hospital from 2014 to 2022. The logit model with the margins command assessed 
the association of ICH subtypes with serious complications, and multinomial logistic regression iden-
tified potential predictors for HI and PH. 
Results: Among 345 patients, HI-1, HI-2, PH-1 and PH-2 had prevalence rates of 3.2, 7.8, 4.9 and 
7.5%, respectively, while 76.5% did not have ICH. PH-2 demonstrated the strongest correlation with 
inhospital mortality (adjusted risk ratio [RR] 2.83, 95% CI 1.56-5.13), invasive mechanical ventilator 
requirement (adjusted RR 3.93, 95% CI 2.09-7.39) and hematoma evacuation (adjusted RR 4.58, 95% 
CI 1.17-17.95) compared with patients of non-ICH. HI demonstrated a significant prolongation of  
hospitalization. (adjusted RR 3.30, 95% CI 1.53-7.12). Multinomial logistic regression analysis  
revealed that prior use of antiplatelet drugs, antihypertensive treatment before rt-PA, white blood cell 
count ≥11,750 cells/mm3 and baseline Alberta stroke program early CT scores ≤7 were independent 
predictors for PH. The adjusted odds ratios were 3.06 (95% CI, 1.23-7.57), 6.95 (95% CI, 2.62-18.45), 
6.01 (95% CI, 2.17-16.65) and 5.01 (95% CI, 2.00-12.60), respectively. 
Conclusion: The PH-2 subtype was associated with the highest mortality, while our study demonstrated 
that the HI subtype, previously considered relatively benign with successful early recanalization, 
showed a significant prolongation of hospitalization compared with that of patients of non-ICH.  
High-risk patients of ICH require intensive monitoring to reduce complications. 
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Introduction 
 Intravenous recombinant tissue plasminogen 
activator (rt-PA), approved in 1996 for acute  
ischemic stroke (AIS)(1), intricately leads to  
intracerebral hemorrhage (ICH) by disrupting  
the blood-brain barrier and causing damage to 
the extracellular matrix, impaired cerebral auto-
regulation and increased vascular permeability.(2)   

The incidence of ICH among patients with AIS 
typically occurs within seven days  after throm-
bolysis, reported in 3 to 10% of cases with symp-
tomatic intracerebral hemorrhage (sICH) and asso-
ciated with serious complications, resulting in high 
mortality. The cumulative 12-month risk of death 
among patients with postthrombolytic ICH was 
increased approximately three fold.(3, 4)

 Based on related studies regarding the rela-
tionship between ICH subtypes and poststroke 
complications, the primary focus has been  
on studying outcomes related to mortality and  
disability.(5-7) However, limited information  
remains concerning the specific association  
between ICH subtypes, as classified by radio-
graphic classifications according to the European 
Cooperative Acute Stroke Study II (ECASS II) 
and the occurrence of postthrombolytic severe 
complications across different fields. Emphasiz-
ing that radiographic signs of ICH on follow-up 
imaging do not always correspond with rapidly 
occurring clinical deterioration is critical; therefore,  
characterizing the ICH subtypes to help predict 
clinical outcomes and guide therapeutic choices 
after rt-PA administration is essential. Conse-
quently, the definition of “thrombolysis-related 
sICH” can be problematic. The impact of the ICH 
subtypes on short and long term outcomes among 
patients with AIS continues being debated.(7) 

Identifying pretreatment predictors of ICH can 
help improve patient selection and counseling. 

Stroke severity, advanced age, heart disease, high 
blood pressure and early non-contrast computed 
tomography (NCCT) abnormalities have been 
shown to predict ICH after stroke, but the results 
are considered controversial. ([8)

 The primary objective of this study aimed to 
assess the impact of ICH subtypes on short term 
prognoses including inhospital mortality (IHM), 
stroke-associated pneumonia (SAP), length- 
of-stay (LOS) ≥14 days, invasive mechanical 
ventilation (IMV) requirement, hematoma evac-
uation and septicemia among patients with AIS 
who underwent thrombolysis. The secondary 
objective was identifying potential predictors for 
PH (parenchymal hemorrhage), HI (hemorrhagic 
infarction), and any ICH.
 
Methods
Study population
 This retrospective observational study included 
patients with acute anterior circulation ischemic 
stroke (AACIS) receiving thrombolysis and  
admitted to Saraburi Hospital, located in central 
Thailand, a tertiary care hospital with 700 beds. 
The study comprised 345 consecutive patients 
enrolled between 1 January, 2015 and 31 July, 
2022. The guidelines for the early management 
of patients with AIS 2019 determined the  
indications and contraindications for thrombolyt-
ic treatment. [9] After 24 hours, patients without 
evidence of ICH or large hemispheric infarction 
were administered  antiplatelet or oral antico-
agulant therapy. The Human Research Ethics  
Committee of Saraburi Hospital approved this 
study (EC061/2565), and the patient flowchart is 
depicted in Figure 1.

Data collection
 Data were collected from electronic medical 
records to determine patient demographics,  
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comorbidities, prestroke functional status, time 
from symptom onset to thrombolysis, National 
Institutes of Health Stroke Scale (NIHSS) score, 
Alberta Stroke Program Early CT Score (AS-
PECTS), laboratory results, ICH subtypes and 
complications. After 24 hours of thrombolysis, 
a neurologist and neuroradiologist examined the 
brain NCCT. Our assessment focused on the oc-
currence of ICH within seven days following rt-
PA treatment. The ICH subtypes and ASPECTS 
were determined independently by each reader. 
Disagreements were resolved consensually by 
mutual discussion between the neurologist and 
neuroradiologist to ensure accurate results. A fol-
low-up NCCT was performed to detect ICH after 
thrombolysis. The International Classification of 
Diseases, 10th Revision, Clinical Modification 
(I63) was used to confirm a diagnosis of AIS, and 
the mortality data were categorized using infor-
mation obtained from death certificates.

Criteria and Definition
 Regarding the radiological classification  
of ICH subtypes after thrombolysis, we used  
the ECASS II. HI and PH are the two main  
radiographic classifications for identifying  
postthrombolytic ICH. HI type 1 (HI-1) is char-
acterized by scattered petechiae without mass 
effect, while HI-2 is characterized by confluent 

petechiae without mass effect. Additionally, PH 
was classified in two groups: parenchymal hem-
orrhage type 1 (PH-1), referring to a hematoma 
within infarcted tissue occupying less than 30% 
without significant mass effect, and PH-2, repre-
senting a hematoma occupying more than 30% 
of infarcted tissue with mass effect. (5, 6) 

 Regarding other definitions, diabetes mellitus 
(DM) criteria were: (i) random plasma glucose 
≥200 mg/dl, (ii) fasting plasma glucose ≥126 
mg/dl, or (iii) HbA1c ≥6.5% (≥48 mmol/mol).(10) 

Chronic kidney disease (CKD) was defined as 
kidney damage or a glomerular filtration rate <60 
mL/min/1.73 m2 for three months or more, irre-
spective of cause.(11) Myocardial infarction (MI) 
is diagnosed when at least two of the following 
criteria are met: (i) symptoms of ischemia; (ii) 
new ST-segment changes or a left bundle branch 
block; (iii) the presence of pathologic Q waves on 
the electrocardiogram; (iv) a new regional wall 
motion abnormality on the echocardiography or 
(v) the presence of an intracoronary thrombus at 
angiography.(12) Congestive heart failure (CHF) 
diagnosis relies on the Framingham Diagnos-
tic Criteria, requiring two major criteria or one 
major and two minor criteria. Major criteria en-
compass acute pulmonary edema, cardiomegaly, 
hepatojugular reflux, neck vein distention, par-
oxysmal nocturnal dyspnea or orthopnea, pulmo-

Figure 1. Patient flow chart.
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nary rales and the third heart sound (S3 gallop). 
Minor criteria include ankle edema, dyspnea on 
exertion, hepatomegaly, nocturnal cough, pleural 
effusion and tachycardia (heart rate >120 beats 
per minute). (13)

Outcomes
 The primary outcome measures included  
serious complications of thrombolytic treatment 
to investigate the impact of ICH subtypes on IHM, 
SAP, LOS ≥14 days, IMV requirement, hematoma 
evacuation and septicemia. The secondary outcomes 
were PH, HI, and any ICH after thrombolyt-
ic treatment, which were analyzed to identify  
predictors for thrombolysis in AACIS. Additional 
analyses included the association between 
the frequency of ICH subtypes and functional  
outcomes at hospital discharge, which were  
evaluated using the modified Rankin Scale (mRS), 
assessed by neurologists and stroke-trained nurses. 
A favorable outcome was defined as an mRS 
score of 0 to 1, while a score of 6 represented 
death. NCCT examination was performed using 
a TOSHIBA-160 slice Aquilion Prime scanner 
by Canon Medical Systems in Otawara, Japan. 
The examination covered continuous cross-sec-
tions from the entire base of the skull to the 
vertex, parallel to the inferior orbitomeatal line, 
with a 3 mm axial slice thickness, 120 kV and 
240 mA. The interpretation involved assessing 
all cross-sectional images of the brain. We em-
ployed NCCT to identify the radiologic classi-
fication of ICH subtypes and assess ASPECTS 
before administering rt-PA.

Statistical analysis
 We used Stata (Version 16.0; Stata Corp.,  
College Station, TX, USA) for statistical analysis. 
Categorical data were analyzed using frequency 
and percentage, mean and standard deviation for 
normally distributed continuous data, and median 
and interquartile range (IQR) for non-normally 
distributed continuous data. Fisher exact or  
chi-square test was conducted to compare cate-
gorical variables, while the Mann–Whitney U or 
Student’s t-test was employed to compare contin-
uous variables. We used the logit model with the 
margins command to estimate the risk ratio (RR) 
with 95% confidence intervals (CIs) for the asso-

ciation between ICH subtypes and serious stroke 
complications. The unadjusted model involved 
univariable analysis. In the adjusted analysis, we 
further adjusted for age, sex, the Trial of ORG 
10172 in Acute Stroke Treatment classification, 
NIHSS, baseline ASPECTS ≤7, DM, CKD, MI, 
CHF and a history of malignancy, which com-
prised potential confounders. The cumulative 
incidence of IHM according to ICH subtypes 
and non-ICH groups was evaluated using the Ka-
plan-Meier method, and statistical significance 
was determined through the log-rank test. Mul-
tinomial logistic regression was used to assess  
potential risk factors for HI and PH. Variables 
with p-values <0.2 from univariable analysis 
were included in the multivariable multinomial 
logistic regression for the final model, presenting 
results as odds ratios (ORs) with 95% CIs. 

Results 
Clinical features of patients with different types 
of postthrombolytic ICH  
 This retrospective study included 387 indi-
viduals receiving thrombolysis for AACIS at 
Saraburi Hospital from 1 January, 2015, to 31 
July, 2022. We excluded 42 patients for the fol-
lowing reasons: five declined rt-PA treatment, 
nine presented posterior circulation AIS, six were 
referred to other hospitals and 22 had incomplete 
brain NCCT images (Figure 1). A cohort of 345 
patients participated in the study, and 81 devel-
oped postthrombolytic ICH. HI-1 was diagnosed 
among 11 patients (3.2%), HI-2 among 27 pa-
tients (7.8%), PH-1 among 17 patients (4.9%) 
and PH-2 among 26 patients (7.5%), while 264 
patients (76.5%) were without ICH. The patients’ 
mean age was 62, and 47.0% were men. The 
patients’ LOS ranged from 1 to 91 days with 
a median of 5 days (IQR: 3 to 9). Sixty-five of 
345 (18.8%) patients with thrombolysis in AA-
CIS who were admitted to the stroke unit died. 
Patients with postthrombolytic ICH were more 
likely to have prior use of antiplatelet drugs, 
swallowing dysfunction, aphasia, gaze paresis, 
higher mRS score for pre-stroke functional  
status, time of onset of symptoms to rt-PA of 3 to 
4.5 h, higher NIHSS score, cardioembolic stroke, 
antihypertensive treatment before thrombolysis 
and lower baseline ASPECTS (Table 1).
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Impact of the ICH subtypes on serious compli-
cations
Associations between the ICH subtypes and IHM 
 In adjusted models, PH-2 was significantly 
associated with IHM during stroke unit hospi-
talization (adjusted RR 2.83; 95% CI, 1.56 to 
5.13). Figure 2 depicts Kaplan-Meier curves 
for IHM according to ICH subtypes and patients 
of non-ICH. The cumulative incidence of IHM 
was highest in PH-2 (p<0.001). The cumulative  
incidence curves for IHM demonstrated a sharp 
increase in PH-2 within the initial 10–20 days 
from admission. However, we did not find a  
significant relationship among HI, PH-1 and 
IHM (Table 2).

Associations between the ICH subtypes and SAP
 We found an association between ICH  
subtypes (PH-1, PH-2 and any ICH) and the risk 
of SAP in adjusted models. The adjusted RRs 
were 2.58 (95% CI, 1.14 to 5.87), 2.01 (95% CI, 
1.04 to 3.88), and 2.02 (95% CI, 1.17 to 3.49) in 
the adjusted model compared with those of the 
patients of non-ICH, respectively. We did not 
find a significant correlation between HI and SAP 
in the adjusted model. However, HI tended to  
increase the risk of SAP compared with that of 
patients of non-ICH (adjusted RR 1.77, 95% CI 
0.86 to 3.65) (Table 2).

Associations between the ICH subtypes and LOS 
≥14 days
 In adjusted models, HI, PH-1 and any ICH 
were associated with LOS ≥14 days. The adjusted 
RRs were 3.30 (1.53 to 7.12), 4.63 (1.88 to 11.38), 
and 2.97 (1.59 to 5.54) for HI, PH-1 and any ICH, 
respectively. However, we did not determine  
a relationship between PH-2 and LOS ≥14 days 
in the adjusted model (Table 2).

Associations between the ICH subtypes and IMV 
requirement 
 PH-1, PH-2 and any ICH showed significant 
associations with IMV requirement in the ad-
justed models compared with those of patients 
of non-ICH (Table 2). The adjusted RRs for  
PH-1, PH-2 and any ICH compared with patients 

of non-ICH were 3.70 (95% CI, 1.55 to 8.80), 
3.93 (95% CI, 2.09 to 7.39) and 3.14 (95% CI, 
1.77 to 5.57), respectively. While the association 
between HI and IMV requirement was not sta-
tistically significant, our data indicated a trend 
suggesting an increased risk of IMV requirement 
with HI (adjusted RR 1.88, 95% CI 0.84 to 4.19).

Associations between the ICH subtypes and  
hematoma evacuation 
 Only PH-2 was significantly associated  
with hematoma evacuation in the adjusted model 
(adjusted RR 4.58; 95% CI, 1.17 to 17.95).  
Nevertheless, no significant association was   
observed between HI, PH-1, any ICH and hema-
toma evacuation, as indicated in Table 2.

 Associations between the ICH subtypes and  
septicemia
 In adjusted models, the PH-1 and any ICH 
groups showed a significantly higher association 
with septicemia compared with that of patients 
of non-ICH, with adjusted RRs of 4.40 (95% CI, 
1.13 to 17.16) and 2.71 (95% CI, 1.05 to 6.98), re-
spectively. However, the adjusted models found 
no relationship between HI, PH-2 and septicemia 
(Table 2).
 A bar graph illustrating the functional out-
comes of patients with different ICH subtypes 
at hospital discharge is presented using the mRS 
score (Figure 3). Notably, 92.3% of patients 
with PH-2 died during hospitalization (Table 3 
and Figure 3). The rates of SAP were signifi-
cantly higher in HI-1 (36.36%), HI-2 (29.63%), 
PH-1 (58.82%) and PH-2 (61.54%) compared 
with patients of non-ICH (12.12%). Specifically, 
the rates of SAP were approximately 3.0 to 5.0 
times higher, and the rates of IMV requirement 
were about 3.0 to 10.0 times higher in these  
ICH groups. Hematoma evacuation was pre-
dominantly performed among patients with 
PH-2 (23.08%), occurring at a 10.0 fold higher 
frequency than in that of patients of non-ICH 
(2.27%). Septicemia rates were approximately 
6.0 times higher in PH-1 (23.53%) and PH-2 
groups (23.08%) than those of non-ICH (3.79%) 
(Table 3 and Supplemental Figure 2). 

http://jseamed.org/index.php/jseamed/article/view/186/118
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Predictive factors for PH after thrombolytic 
treatment
 Univariable multinomial regression analysis 
revealed that prior use of antiplatelet drugs (OR 
2.83, 95% CI 1.39 to 5.75), atrial fibrillation 
(OR 2.83, 95% CI 1.39 to 5.75), mRS score for 
pre-stroke functional status ≥1 (OR 4.08, 95% 
CI 1.60 to 10.43), time of symptom onset to 
rt-PA 3 to 4.5 hours (OR=2.16, 95% CI 1.12 to 
4.14), diastolic blood pressure ≥110 mmHg (OR 
2.50, 95% CI 1.20 to 5.21), NIHSS at admission 
≥16 (OR 5.85, 95% CI 2.92 to 11.72), antihyper-
tensive treatment before rt-PA (OR 2.83, 95% CI 
1.39 to 5.75), admission white blood cell count 
(WBC) ≥11,750 cells/mm3 (OR 6.91; 95% CI 
3.16 to 15.10), admission blood glucose ≥120 
mg/dL (OR 2.14, 95% CI 1.09 to 4.19) and 
baseline ASPECTS ≤7 (OR 9.49, 95% CI 4.67 
to 19.29) were statistically significant predictors 
of PH (Supplementary Table 1). The best  
cutoff value for the WBC count in the cohort, 
as revealed by receiver operating characteristic  
analysis and Youden index analysis, was 11,750 
cells/mm3. Multivariable multinomial logistic  
regression analysis revealed that prior use of  
antiplatelet drugs, antihypertensive treatment  
before rt-PA, WBC count ≥11,750 cells/mm3 and 
baseline ASPECTS ≤7 were independent predic-
tors for PH. The adjusted ORs were 3.06 (95% 
CI, 1.23 to 7.57), p=0.016; 6.95 (95% CI, 2.62 to 
18.45), p<0.001; 6.01 (95% CI, 2.17 to 16.65), 
p=0.001 and  5.01 (95% CI, 2.00 to 12.60), p= 
0.001, respectively (Table 4).

Discussion
 This study found that PH-2 exhibited the 
highest risk of IHM, IMV requirement, and he-
matoma evacuation compared with patients of 
non-ICH. Furthermore, PH-1 demonstrated the 
highest association with SAP, prolonged hospi-
talization and septicemia. This underscores the 
importance of comprehending the risk of com-
plications associated with each ICH subtype, 
enabling the physician to strategize surveillance 
and treatment interventions to minimize these 
complications. Patients developing PH presented 
significant, prior use of antiplatelet drugs, anti-
hypertensive treatment before rt-PA, WBC count  

≥11,750 cells/mm3 and baseline ASPECTS ≤7. 
Early prediction among high risk patients  
with PH can guide prompt treatment, preventing 
complications and death among patients with 
postthrombolytic ICH.
 Our study found that 23.5% (81/345) of  
patients with thrombolysis in AACIS had ICH, 
and 44.4% (36/81) of patients with ICH died 
during the study period. Serious complications 
frequently accompany postthrombolytic ICH 
and carry a high overall mortality rate. Recent 
studies have shown that the incidence of ICH 
following thrombolysis among patients with 
AIS ranges from 10 to 50%.(14–16) Our study 
found an ICH occurrence rate of 23.5% after 
thrombolysis, higher than the NINDS study 
but slightly lower than the ECASS III trial.(16)  
Related research in Thailand by Dharmaraja 
et al.(17) reported an incidence rate of 5.36% 
(14/216) using the NINDS definition. In 2013, 
Watanawong et al.(18) reported an incidence rate 
of sICH of 20.7% (18/103) according to the 
NINDS criteria. The mean time from onset to 
thrombolysis was 142.0±57.2 min, lower than 
that reported by the ECASS III study. The median 
NIHSS score at admission was 11 (IQR, 8–17), 
consistent with the ECASS II study but lower 
than that reported by the NINDS study.(19,20) 

Our study revealed lower incidence proportions 
of HI-1 and HI-2 compared with those of the 
ECASS II study, while the incidences of PH-1 
and PH-2 were closely similar. This could be  
attributed to the differences in the study  
populations: our cohort focused on patients  
receiving rt-PA within 3 to 4.5 hours, whereas 
the ECASS II study included patients receiving 
rt-PA within six hours of symptom onset. Ringleb 
et al.(21) observed a slightly higher incidence  
of ICH within the six-hour time window than  
the three-hour time window (ORs: 3.23 vs. 2.68). 
The time window for rt-PA administration and 
stroke severity varied across studies, potentially 
impacting the incidence of ICH differently.(4)

 It has been well established that PH is strongly 
associated with an elevated likelihood of unfa-
vorable outcomes.(17, 22, 23) Hematoma expansion 
is a mortal predictor among patients with ICH.(24) 

Our study’s results aligned with these findings, 

https://jseamed.org/index.php/jseamed/article/view/186/116
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Figure 2. Kaplan-Meier estimates the cumulative incidence of IHM according to ICH subtypes and 
non-ICH groups.

which indicated that PH-2 strongly correlated 
with IHM and hematoma evacuation. 
Furthermore, a significant association was noted 
between PH-1 and stroke complications including 
SAP, prolonged hospitalization, IMV requirement 
and septicemia. This consistency with related 
research underscores the need for intensive care 
for patients with ICH, who are prone to com-
plications, particularly pneumonia. Prolonged  
hospital stays are associated with hospital- 
acquired pneumonia (HAP) and functional  
decline, especially among the elderly, with HAP 
in the ICU carrying an approximate 20% mor-
tality rate.[25, 26] Ventilated patients, managed 
for respiratory failure or to control increasing 
intracranial pressure, face an increased risk of 
airway bacterial colonization and subsequent 

lung infection. This risk arises from microbial 
colonization in the lower respiratory tract,  
continuous micro-aspiration and compromised 
lung defense mechanisms. Consequently, pneu-
monia is strongly linked to the duration of  
mechanical ventilation and hospital stays. The 
need for tracheostomy among patients requiring 
prolonged IMV significantly elevates the risk 
of ventilator-associated pneumonia. Bacterial  
colonization during the tracheostomy procedure 
serves as a reservoir for lower airway coloniza-
tion, further heightening the risk of pneumonia 
and subsequent septicemia among patients  
with ICH. (27) 
 HI has been acknowledged as a successful 
recanalization sign and predicted favorable 
functional outcomes among patents with AIS  
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Figure 3. Functional outcomes of patients with different ICH subtypes of postthrombolytic ICH using 
the mRS at the time of hospital discharge.

receiving thrombolytic therapy.(14, 15, 28) Converse-
ly, our analysis revealed that HI significantly  
prolonged hospitalization. Although HI showed 
a non-significant increase in the risk of SAP and 
IMV requirement compared with that of patients 
of non-ICH, a trend indicated elevated risk,  
according to our data. This result might have  
negatively impacted long term outcomes.  
The relationship between HI and SAP could be 
attributed to the significantly higher prevalence 
of swallowing dysfunction among patients 
with HI compared with that of patients of  
non-ICH (60.53% vs. 27.65%, p<0.001). Swal-
lowing dysfunction significantly raises the risk 

of aspiration pneumonia, particularly among 
patients with ICH. It occurs when respiratory 
pathogens colonize the oropharynx, leading to 
the inhalation of infectious particles. The bed-
side swallow screen is vital for early dysphagia  
identification among patients with ICH.(29) It  
enables effective early-stage swallowing re-
habilitation including aspiration monitoring, 
modifying dietary consistency or texture, oral  
hygiene and appropriate posture for swallowing  
to reduce aspiration. 
 Notably, the prior use of antiplatelets, anti-
hypertensive treatment before rt-PA and a WBC 
count at admission ≥11,750 cells/mm3 were ex-
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clusively observed in the PH subgroup, not in the 
HI group. This finding supports a related study 
indicating that a higher total WBC count is asso-
ciated with a larger baseline hematoma volume 
and intraventricular growth among patients with 
ICH.(30) Hematoma enlargement occurs due to 
an augmented systemic inflammatory response, 
disrupting the blood-brain barrier and facilitat-
ing molecular exchange.(31) The inflammatory 
response occurred 4 to 6 hours after onset, start-
ing with leukocytic infiltration. Cytokines such 
as interferon-γ, interleukin-6 and tumor necrosis 
factor-α affected cellular integrity, and blood-
brain barrier breakdown was often associated 
with responses to acute cerebral insults, includ-
ing ICH.(32) Moreover, new-onset hypertension 
was associated with an inflammatory response 
and poor neurological outcomes.(23) According to 
our study, an ASPECTS ≤7 was associated with 
PH. These results were consistent with numerous 
studies demonstrating the association between 
early ischemic changes (EICs) on NCCT and  
the risk of ICH after thrombolysis.(8, 33, 34)  Ischemic 
change in NCCT is a key predictor of sICH,  
particularly in cases with a larger infarct core 
undergoing thrombolytic therapy. However, its 
sensitivity and specificity are constrained. Eval-
uating blood-brain barrier damage, measured 
through permeability using computed tomogra-
phy and magnetic resonance perfusion imaging, 
can directly serve as a tool to predict ICH follow-
ing thrombolysis.(35)

 Related studies have found that heavy alco-
hol consumption (≥5 drinks/day) was linked to an  
increased ICH risk, while rare (<1 drink/month) 
and moderate alcohol intake (≥1 drink/month and 
≤2 drinks/day) were associated with a decreased 
risk of ICH. The protective effect is hypothesized 
to be associated with increased HDL concentra-
tion from rare and moderate alcohol consumption, 
contributing to vascular integrity maintenance, 
although the mechanism remains unclear.(36) 

In our study, as we only collected information 
on the history of binary information on alcohol  
consumption due to the retrospective observa-
tional nature of this study, we lacked sufficient 
detailed data regarding the level of alcohol con-
sumption (quantity of drinks daily). Therefore, 

our multivariable analysis revealed that alcohol 
was a protective factor against HI (adjusted OR 
0.41; 95% CI, 0.18 to 0.90), a finding that should 
be considered cautiously.
 Our study’s primary strength lies in its emphasis 
on examining the correlation between ECASS II 
ICH subtypes and comprehensive clinical out-
comes. To the best of our knowledge, this study 
constitutes the first to shed light on the compre-
hensive exploration of the relationship between 
ICH subtypes and various stroke complications. 
However, this study also encountered several 
limitations. First, our results may need to be 
more generalizable because this study, limited 
to a single-center setting, requires additional 
research to validate its results. Second, as our 
study focused on the short term consequences, 
the information on long term outcomes still 
needs to be evaluated. Third, magnetic resonance 
imaging with diffusion-weighted imaging (DWI) 
is highly sensitive for EICs, but due to its cost 
and limited availability, we used NCCT-based  
ASPECTS instead. However, when evaluating 
EICs among patients with early symptoms of 
disability within six hours of onset, the differenc-
es between NCCT and DWI in visualizing EICs 
were minimal.(29) Lastly, the impact of alcohol 
consumption on ICH risk was assessed based on 
the number of drinks.(36) Despite the unavailability 
of detailed data on exact amounts from a retro-
spective review of electronic medical records, 
we collected alcohol consumption data in bina-
ry information. Future research should investi-
gate the correlation between the level of alcohol  
consumption and the risk of ICH in a prospective 
observational study in the Thai population, as  
the need for further investigation remains.

Conclusion
 The PH-2 subtype exhibits the highest increase 
in mortality compared with that of patients of 
non-ICH. The HI subtype, considered relatively 
benign with successful early recanalization, 
showed a significant prolongation of hospitaliza-
tion compared with that of patients of non-ICH  
in our exploratory research. Prior use of an-
tiplatelet drugs, antihypertensive treatment  
before thrombolysis, elevated admission WBC 
and baseline ASPECTS ≤7 were independent 
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predictors of PH. Early identification of ICH  
after thrombolysis is urgently required.
 To enhance the comprehensiveness of the re-
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ing Interests, Availability of Data and Materials, 
and Author Contributions sections following the 
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