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Abstract: 

Background and Objective: Recent studies have highlighted the importance of temporal blood 

pressure indices, including mean and peak blood pressure during the 2–8-hour, 8–24-hour, and overall 24-

hour periods, in predicting the risk of hemorrhage and severe complications. Despite considerable advances 

in this field, a substantial gap remains in the evidence regarding the effect of blood pressure fluctuations 

on the occurrence of hemorrhages requiring neurosurgical intervention following administration of the 

thrombolytic agent alteplase. The present study aimed to address this issue through a detailed evaluation 

of data from patients admitted to a dedicated stroke care unit (SCU). 

Materials and Methods: This retrospective study included all patients with ischemic stroke admitted 

to the SCU of Imam Reza Hospital, Tabriz University of Medical Sciences, between 2020 and 2022. 

Eligibility criteria required complete clinical and paraclinical data, no prior use of anticoagulant 

medications or contraindications to thrombolytic therapy, and accurate blood pressure recordings during 

the first 24 hours following alteplase administration. Blood pressure was recorded every 15 minutes during 

the first 2 hours, every 30 minutes for the subsequent 6 hours, and then hourly until the completion of the 

first 24 hours; these data were extracted from medical records. Variables assessed included age, sex, blood 

pressure values, and the frequency of blood pressure measurements. Symptomatic intracerebral 

hemorrhage was defined as parenchymal hematoma type 2. Chi-square and independent-samples t-tests 

were used for comparisons, with a p-value less than 0.05 considered statistically significant. 

Results: Comparison of systolic blood pressure changes between the hemorrhage and non-

hemorrhage groups after TPA administration showed no statistically significant difference at hospital 

admission (P = 0.998). However, systolic blood pressure changes were significantly greater in the 

hemorrhage group during the first 2 hours (P = 0.048) and during the 2-to-8-hour period (P = 0.004). No 

statistically significant difference was observed between the two groups during the 8-to-24-hour period  

(P = 0.879). Diastolic blood pressure at hospital admission also did not differ significantly between groups 

(P = 0.852), and no significant between-group difference was found during the first 2 hours (P = 0.524). In 

contrast, diastolic blood pressure during the 2-to-8-hour period was significantly higher in the hemorrhage 

group than in the non-hemorrhage group (P = 0.004). No statistically significant difference in diastolic 

blood pressure was observed between groups during the 8-to-24-hour period (P = 0.744). 

Conclusion: This study demonstrated that patients who developed intracerebral hemorrhage 

following thrombolysis exhibited higher diastolic blood pressure during the first 24 hours compared to 

other patients, while the difference in systolic blood pressure was not statistically significant overall. 

Surgical and pharmacological interventions were performed according to the severity and location of the 

hemorrhage, as well as the patients’ clinical condition. These findings underscore the importance of close 

blood pressure monitoring and individualized therapeutic decision-making in preventing thrombolysis-

related complications. 
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Background and Objective 
Acute ischemic stroke is one of the 

leading causes of death and neurological 

disability worldwide, accounting for a 

substantial proportion of the global burden 

of cerebrovascular disease.1 Each year, 

millions of individuals are affected by this 

condition, which results from the sudden 

occlusion of a cerebral artery and leads to 

severe impairment of cerebral blood flow.2 

The administration of alteplase, a 

thrombolytic agent, remains the standard 

treatment for eligible patients and offers the 

greatest chance of neurological recovery.3 

However, alteplase therapy is associated 

with an increased risk of intracerebral 

hemorrhage, a complication that may lead to 

serious and potentially fatal clinical 

outcomes.4 

Intracerebral hemorrhage following 

alteplase administration most commonly 

occurs due to reperfusion of ischemic tissue, 

microvascular fragility, and activation of 

tissue-destructive pathways.5 Blood pressure 

is considered a key dynamic  

factor in this process, as significant 

elevations or fluctuations during the  

early hours after thrombolysis may  

increase the likelihood of rupture of 

damaged capillaries.6 Previous studies have 

shown that both the magnitude and 

trajectory of blood pressure changes  

within the first 24 hours after alteplase 

administration are directly associated  

with the occurrence of parenchymal 

hematoma type 2, which is regarded as the 

most severe form of hemorrhagic 

transformation.7 

Blood pressure management during this 

period is particularly challenging because of 

the need to balance the preservation of 

perfusion in the ischemic penumbra with the 

prevention of hemorrhagic complications.8 

Elevated systolic blood pressure may 

enhance perfusion to vulnerable brain 

regions; however, excessive reduction can 

contribute to the expansion of the infarcted 

area.9 The role of diastolic blood pressure 

has received less attention, although 

available evidence suggests that early 

elevation in diastolic pressure may sustain 

mechanical stress on fragile capillary walls, 

thereby increasing the risk of hemorrhage 

progression.10 

In some patients, extensive hemorrhage 

or a high-volume hematoma creates a 

clinical scenario in which conservative 

treatment is insufficient, necessitating 

neurosurgical intervention such as 

craniotomy or hematoma evacuation.11 

Surgical decision-making after alteplase 

administration is highly sensitive  

because large hematomas can produce a 

substantial mass effect and rapidly  

elevate intracranial pressure.12 In this 

context, identifying the pattern of  

blood pressure changes during the  

first 24 hours and clarifying  

their relationship with hemorrhage severity 

and the need for surgery may improve  

both prediction and clinical  

management.13 

Recent investigations have emphasized 

the importance of time-based blood pressure 

indices, including mean blood pressure and 

peak blood pressure during the 2-to-8-hour, 

8-to-24-hour, and full  

24-hour periods, in predicting the risk of 

hemorrhage and severe complications.14 

Despite these advances, a considerable gap 

remains in the current evidence regarding 

the relationship between blood pressure 

changes and the occurrence of hemorrhage 

requiring neurosurgical intervention after 

alteplase administration. Therefore, the 

present study was conducted to compare 

blood pressure changes during the first 24 

hours following TPA administration 

between patients with and without 

intracerebral hemorrhage. 

Materials and Methods 
Study Design 

This retrospective study reviewed the 

medical records of all patients with ischemic 

stroke admitted to the Stroke Care Unit 

(SCU) at Imam Reza Hospital, affiliated with 

Tabriz University of Medical Sciences, from 

the beginning of 2020 through the end of 

2022. 

Sampling 

The initial sample size was estimated to 

be approximately 300 patients. However, 

because of the available data and the absence 

of complete blood pressure charts in some 

records, a total of 268 patients were 
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ultimately included in the study. These 

patients had received thrombolytic therapy 

over the three-year study period, of whom 35 

developed intracerebral hemorrhage 

following thrombolysis. All 268 eligible 

patients were enrolled using a census 

sampling method. 

Eligibility Criteria 
Only records containing complete clinical 

and paraclinical information were included 

in the analysis. The study population 

consisted of all patients with ischemic stroke 

admitted to the SCU of Imam Reza Hospital 

who received intravenous alteplase 

thrombolysis based on the National 

Institutes of Health Stroke Score (NIHSS) 

and other predefined clinical and 

paraclinical criteria. In all cases, 

thrombolytic therapy was administered by 

the same treatment team following standard 

institutional protocols. 

Patients were excluded if they had 

received anticoagulant medications prior to 

admission, had any medical 

contraindications to thrombolytic therapy, 

or lacked accurate and consecutive blood 

pressure recordings in the nursing chart 

during the first 24 hours after TPA 

administration. 

Study Procedure 
In this retrospective cross-sectional 

study, we reviewed the records of all patients 

with ischemic stroke admitted to the SCU of 

Imam Reza Hospital between 2020 and 2022. 

Eligible patients were those who received 

thrombolysis according to NIHSS score and 

other predefined criteria, and whose blood 

pressure records from the first day were 

available. These records were analyzed to 

assess post-treatment hemorrhage and blood 

pressure changes during the first 24 hours 

following therapy. 

Blood pressure was measured every 15 

minutes during the first 2 hours after 

injection, every 30 minutes for the 

subsequent 6 hours, and then hourly up to 24 

hours. These measurements were 

documented on blood pressure monitoring 

charts and are available in the patients’ 

medical records. The variables examined 

included patient age, sex, blood pressure 

values, and the number of blood pressure 

recordings. In this study, symptomatic 

intracerebral hemorrhage (sICH) was 

defined as parenchymal hematoma type 2, as 

illustrated in Figure 1. Patients were 

categorized into two groups according to the 

presence or absence of intracerebral 

hemorrhage after TPA administration 

(Figure 1). 
 

 

 
 

Figure 1. Types of intracerebral hemorrhage (ICH) evaluated in the present study. 
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Statistical Analysis 
Data were analyzed using SPSS version 

22. Results are presented as numbers 

(percentages), means ± standard deviation, 

or medians (interquartile ranges), 

depending on the distribution characteristics 

of the variables. Given the non-normal 

distribution of some variables, appropriate 

descriptive statistics were selected. The chi-

square test was used to compare qualitative 

demographic and baseline variables between 

the two groups, while the independent-

samples t-test was applied to compare 

quantitative variables. Additionally, the 

independent-samples t-test was used to 

compare systolic and diastolic blood 

pressure between the two groups at different 

time points. A p-value of less than 0.05 was 

considered statistically significant. 

Ethical Considerations 
This study was conducted after obtaining 

approval from the Research Council of the 

Faculty of Medicine and Tabriz University 

of Medical Sciences, as well as ethics 

approval under the code 

IR.TBZMED.REC.1402.196, dated 

08/03/1402. Prior to the initiation of the 

study, the researcher and the study 

objectives were introduced to Imam Reza 

Educational and Medical Center, and 

necessary coordination was made with the 

head of the relevant department. Study 

participants were carefully selected 

according to predefined criteria to enhance 

the validity of the findings, and all study 

procedures were performed in full 

compliance with standard methodological 

requirements. Reliable scientific sources 

were used in preparing the thesis 

discussions, and the results will be presented 

and published for clinical application. Given 

the retrospective nature of the study, written 

informed consent was not obtained from 

participants; ethics approval was considered 

sufficient to serve as a waiver of informed 

consent. 

Results 

The initial sample size was estimated to 

be approximately 300 patients; however, due 

to data availability and the absence of blood 

pressure charts in some medical records, 268 

patients were ultimately included in the 

study. Overall, 9 patients (3.3%) developed 

symptomatic intracerebral hemorrhage, 

defined as parenchymal hematoma type 2, 

while 26 patients (9.7%) developed 

asymptomatic hemorrhage. This latter 

group included 11 patients (4.1%) with 

hemorrhagic transformation and 15 patients 

(5.5%) with parenchymal hematoma type 1. 

The mean age of patients who received 

thrombolysis was 71.7 ± 4.2 years in the 

hemorrhage group and 67.3 ± 3.3 years in 

the non-hemorrhage group. No statistically 

significant difference in age was observed 

between the two groups (P = 0.058). 

Intracerebral hemorrhage occurred in 17 

women (13.6%) and 18 men (12.6%). In 

contrast, 108 women (86.4%) and 125 men 

(87.4%) did not develop hemorrhage. There 

was no statistically significant difference in 

sex distribution between patients with and 

without hemorrhage (P = 0.806). 

Regarding discharge status, 16 patients 

with hemorrhage (45.7%) died, 16 patients 

(45.7%) were discharged per physician 

order, 2 patients (5.7%) were discharged 

against medical advice, and 1 patient (2.9%) 

was transferred to another center. A 

statistically significant association was 

observed between discharge status and 

hemorrhage, with mortality being 

significantly higher among patients who 

developed hemorrhage compared to those 

without hemorrhage (P < 0.001). 

Among patients with non-lacunar stroke, 

35 (13.8%) developed hemorrhage, whereas 

none of the patients with lacunar stroke 

experienced hemorrhage. However, no 

statistically significant association was found 

between lacunar stroke and the occurrence 

of intracerebral hemorrhage in the study 

population (P = 0.231). 

In all 13 patients (100%), thrombolysis 

was administered within one hour of 

symptom onset, and none developed 

hemorrhage. The incidence of hemorrhage 

was 11.7% (9 patients) among those who 

received thrombolysis within 1–2 hours, 

12.4% (12 patients) among those treated 2–3 

hours after symptom onset, and 17.3% (14 

patients) among those treated 3–4.5 hours 

after symptom onset. Although the rate of 

intracerebral hemorrhage increased as the 

interval between symptom onset and 
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thrombolysis became longer, no statistically 

significant association was observed between 

the time from symptom onset to 

thrombolysis and the occurrence of 

hemorrhage (P = 0.389). 

Among patients who developed 

intracerebral hemorrhage following 

intravenous thrombolysis, interventional 

and surgical procedures were performed 

according to hemorrhage severity, location, 

and the patients’ clinical status. Two patients 

underwent surgical hematoma evacuation to 

reduce intracranial pressure and prevent 

further tissue injury. Additionally, 

decompressive craniectomy was performed 

in two other patients because of increased 

intracranial pressure and life-threatening 

clinical deterioration. Only one patient, who 

had extensive intracerebral hemorrhage 

with obstruction of cerebrospinal fluid flow, 

underwent shunt placement. Another 

patient received external ventricular drain 

(EVD) placement because of acute 

hydrocephalus secondary to 

intraventricular hemorrhage. 

Regarding pharmacological treatment, 

antifibrinolytic therapy was administered to 

five patients with intracerebral hemorrhage 

(14.3%) to control bleeding and enhance 

hemostasis. In contrast, the majority of 

patients—30 individuals (85.7%)—did not 

receive this treatment. This pattern reflects 

a targeted selection of interventions based on 

each patient’s clinical condition and imaging 

findings (Figure 2). 

Comparison of systolic blood pressure 

changes between the hemorrhage and non-

hemorrhage groups after TPA 

administration showed that systolic blood 

pressure at hospital admission did not differ 

significantly between the two groups (P = 

0.998). However, systolic blood pressure 

changes were significantly greater in the 

hemorrhage group during the first 2 hours 

(P = 0.048) and during the 2-to-8-hour 

period (P = 0.004). In contrast, no 

statistically significant difference was 

observed between the two groups during the 

8-to-24-hour period (P = 0.879) (Figure 3). 

A comparison of diastolic blood pressure 

changes between the hemorrhage and  

non-hemorrhage groups after TPA 

administration revealed no significant 

difference in diastolic blood pressure at 

hospital admission (P = 0.852). Changes 

during the first 2 hours were also not 

statistically significant (P = 0.524). However, 

diastolic blood pressure  

during the 2-to-8-hour period was 

significantly higher in the hemorrhage 

group than in the non-hemorrhage  

group (P = 0.004). In addition, no statistically 

significant difference in diastolic blood 

pressure was observed between the two 

groups during the  

8-to-24-hour period (P = 0.744) (Figure 4). 

 

Figure 2. Distribution of interventional and surgical procedures among patients with intracerebral 

hemorrhage following intravenous thrombolysis. 
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Figure 3. Comparison of systolic blood pressure changes in alteplase-treated patients with and 

without intracerebral hemorrhage. 

 

 

 

 

Figure 4. Comparison of diastolic blood pressure changes in alteplase-treated patients with and 

without intracerebral hemorrhage. 

Discussion 
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Intracerebral hemorrhage after 

intravenous thrombolysis with alteplase is 

considered one of the most serious and 

potentially fatal complications of this 

treatment. Its occurrence has been 

attributed, in previous studies, to a complex 

interplay of clinical, hemodynamic, and 

pathophysiological factors.6 The principal 

mechanism is thought to involve acute 

disruption of the blood–brain barrier 

secondary to the initial ischemic insult, 

activation of inflammatory pathways, and 

the release of matrix metalloproteinases 

such as MMP-9.7 In addition to its 

fibrinolytic action, alteplase may indirectly 

affect the vascular endothelium, increase 

vascular permeability, and thereby facilitate 

hemorrhagic transformation.8 

Blood pressure levels during the early 

hours after thrombolysis represent a key 

determinant of cerebrovascular 

hemodynamic stability. Elevated blood 

pressure, particularly in the diastolic range, 

can increase the transvascular pressure 

gradient and, when the blood–brain barrier 

is compromised, promote uncontrolled 

extravasation of plasma and blood cells into 

the brain parenchyma.9 This phenomenon, 

commonly known as hyperperfusion injury, 

may aggravate vascular damage and 

ultimately result in hemorrhage.10 

Furthermore, significant blood pressure 

variability—even when mean values are 

comparable—can cause rapid fluctuations in 

vascular shear stress, potentially triggering 

rupture of structurally weakened 

microvessels or ischemia-related 

microaneurysms.11 

The effect of age on post-thrombolysis 

hemorrhage has long been debated. 

Advancing age is generally associated with 

reduced vascular elasticity, increased 

intima–media thickness, and impaired 

vascular repair capacity, all of which may 

increase the susceptibility of the cerebral 

microcirculation to pressure-related 

injury.12 In older patients, collateral 

vascular compensation is often reduced, and 

ischemic damage may be more advanced 

before arterial recanalization occurs, 

further increasing tissue vulnerability to 

hemorrhagic transformation.13 In the 

present study, although the mean age was 

higher in patients with hemorrhage than in 

those without, this difference did not reach 

statistical significance. 

Sex does not appear to be a direct 

determinant of hemorrhage following 

alteplase administration; however, 

hormonal status, overall cerebrovascular 

condition, and sex-related differences in the 

prevalence of underlying comorbidities may 

influence pathophysiological responses.14 

For example, in postmenopausal women, 

reduced estrogen levels may lead to 

decreased endothelial nitric oxide 

availability and increased oxidative stress, 

thereby enhancing vascular vulnerability. In 

the present study, no statistically significant 

association was observed between sex and 

the occurrence of intracerebral hemorrhage. 

From a temporal perspective, a longer 

interval between symptom onset and 

alteplase administration is likely associated 

with more extensive tissue necrosis. This, in 

turn, may structurally weaken capillary and 

arteriolar walls, so that the restoration of 

blood flow can precipitate more severe 

reperfusion injury.15 Under such conditions, 

even blood pressure levels within the upper-

normal range may be sufficient to promote 

hemorrhage. In the present study, although 

the frequency of intracerebral hemorrhage 

increased as the time from symptom onset to 

thrombolysis became longer, this 

relationship was not statistically significant. 

Surgical interventions performed on 

patients with hemorrhage reflect both the 

severity and anatomical location of the 

bleeding. Hematoma evacuation becomes 

necessary when the hemorrhage volume 

produces substantial mass effect or 

structural displacement within the brain, 

particularly in the setting of rising 

intracranial pressure and impending  

life-threatening deterioration.16 

Decompressive craniectomy is typically 

reserved for cases of severe cerebral edema 

and refractory intracranial hypertension 

despite medical treatment.17 Placement of a 

shunt or external ventricular drain is 

generally indicated in the setting of acute 

obstructive hydrocephalus, which may occur 

following intraventricular extension of the 

hemorrhage.18 

Pharmacological treatment with 

antifibrinolytic agents is used selectively to 

directly inhibit fibrinolytic activity, reduce 
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ongoing bleeding, and stabilize clot 

formation.19 The administration of such 

agents, particularly tranexamic acid, may 

benefit patients whose hemostatic function 

remains impaired because of the residual 

effects of alteplase.20 However, the routine 

use of these medications has not yet achieved 

universal consensus, and treatment decisions 

should be individualized according to each 

patient’s clinical condition and risk profile.21 

From a preventive standpoint, strict 

blood pressure control before, during, and 

after alteplase administration is one of the 

most important strategies for reducing 

hemorrhagic complications. Protocols aimed 

at maintaining systolic blood pressure below 

180 mmHg and diastolic blood pressure 

below 105 mmHg may reduce the likelihood 

of intracerebral hemorrhage.22 Continuous 

monitoring, early detection of blood 

pressure elevation, and prompt 

antihypertensive intervention are also 

critical components of  

post-thrombolysis care.23 

The findings of the present study align 

with a substantial portion of the existing 

literature and underscore that the risk of 

intracerebral hemorrhage following 

alteplase is determined by the interaction of 

hemodynamic, pathological, and therapeutic 

factors. These observations highlight the 

importance of individualized patient 

assessment, rigorous blood pressure 

monitoring, careful consideration of 

treatment timing, and rational selection of 

surgical or pharmacological interventions 

when hemorrhagic complications occur.24 

Conclusion 

This study demonstrated that patients 

who developed intracerebral hemorrhage 

following thrombolysis exhibited higher 

diastolic blood pressure during the first 24 

hours compared to those without 

hemorrhage, while systolic blood pressure 

did not differ significantly between the two 

groups overall. Surgical and 

pharmacological interventions were selected 

according to hemorrhage severity, location, 

and each patient's clinical status. These 

findings emphasize the importance of strict 

blood pressure control and individualized 

therapeutic decision-making in preventing 

and managing thrombolysis-related 

complications.  
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