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Abstract 

Background  Thrombolysis-related intracranial hemorrhage has a high mortality rate, and many factors can cause 
intracranial hemorrhage. Until now, systematic reviews and assessments of the certainty of the evidence have not 
been updated.

Aim  We conducted a systematic review to identify risk factors for thrombolysis-related intracranial hemorrhage.

Method  The protocol for this systematic review was prospectively registered with PROSPERO (CRD42022316160). All 
English studies that met the inclusion criteria published before January 2022 were obtained from PubMed, EMBASE, 
Web of Science, and Cochrane Library. Two researchers independently screened articles, extracted data, and evalu-
ated the quality and evidence of the included studies. Risk factors for intracranial hemorrhage were used as the 
outcome index of this review. Random or fixed-effect models were used in statistical methods.

Results  Of 6083 citations, we included 105 studies in our analysis. For intracranial hemorrhage, moderate-certainty 
evidence showed a probable association with age, National Institutes of Health stroke scale, leukoaraiosis, hyperten-
sion, atrial fibrillation, diabetes, total cholesterol, proteinuria, fibrinogen levels, creatinine, homocysteine, early infarct 
signs, antiplatelet therapy and anticoagulant therapy; In addition, we found low-certainty evidence that there may 
be little to no association between risk of intracranial hemorrhage and weight, sex, platelet count, uric acid, albumin 
and white matter hyperintensity. Leukoaraiosis, cardiovascular disease, total cholesterol, white blood cell count, pro-
teinuria, fibrinogen levels, creatinine, homocysteine and early CT hypodensities are not included in most intracranial 
hemorrhage risk assessment models.

Conclusion  This study informs risk prediction for thrombolysis-related intracranial hemorrhage, it also informs guide-
lines for intracranial hemorrhage prevention and future research.
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Introduction
Thrombolytic drugs, especially rt-PA (e.g., alteplase), 
are the most effective pharmacological therapy for acute 
ischemic stroke (AIS), to increase survival and reduce 
morbidity [1, 2]. However, the risk of severe hemor-
rhagic transformation in patients treated with rt-PA 
also increased [3]. Intracranial hemorrhage (ICH), also 
called cerebral hemorrhage, is the most serious compli-
cation of stroke thrombolysis and an important obstacle 
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to generalized thrombolytic therapy [4]. ICH has been 
reported in 1.7% to 8.8% of patients with acute ischemic 
stroke treated with iv thrombolysis, mortality and mor-
bidity rates increase in patients with symptomatic ICH 
[5–7]. Therefore, it is necessary to accurately predict 
the bleeding risk of patients, which will help physicians 
weigh the benefits and risks of thrombolytic therapy 
and reduce the occurrence of intracranial hemorrhage.

The risk assessment model (RAM) for thrombolysis-
related intracranial hemorrhage consists of a combina-
tion of multiple predictors. Risk for specified endpoints 
can be obtained based on the relevant predictors to 
inform recommendations for strata of patients [8]. In 
clinical treatment or medication decisions, we can apply 
relevant models for risk prediction to reduce the occur-
rence of intracranial hemorrhage. Therefore, establishing 
and using a thrombolysis-related intracranial hemor-
rhage model is crucial.

RAMs are currently available for patients on thrombo-
lytic therapy, which can be scored and stratified accord-
ing to risk factors. Although these models can prevent 
intracranial hemorrhage to some extent, most of them 
were developed using existing data that were not based 
on a systematic review of all potential risk factors [9]. 
However, model development requires a systematic 
review to determine the importance of risk factors [9]. 
Predictors included in existing models were not compre-
hensive, and effect sizes of the risk factors were not sub-
jected to meta-analysis, which may reduce the predictive 
power of the model.

Therefore, this review included studies of thrombol-
ysis-related intracerebral hemorrhage models and risk 
factors to conduct a systematic review and meta-analysis 
of risk factors for intracerebral bleeding that may inform 
treatment, future guideline recommendations, and the 
development of RAMs.

Method
Search strategy
The protocol for this systematic review was prospectively 
registered with PROSPERO (CRD42022316160). Data 
were reviewed from four databases: PubMed, EMBASE, 
Web of Science, and the Cochrane Library. Studies in 
English published before January 2022 were included. 
The groups of search keywords included were: (1) throm-
bolysis OR thrombolytic drug OR thrombolytic agent 
OR fibrinolytic agent OR fibrinolytic drug OR throm-
bolytic therapy; (2) intracerebral hemorrhage OR ICH 
OR cerebral hemorrhage OR hemorrhagic infarction OR 
subarachnoid hemorrhage OR subdural hemorrhage OR 
epidural hemorrhage; and (3) prediction model OR pre-
dict* OR risk prediction OR risk factor. A detailed search 
strategy is presented in Supplemental Material 1.

Study selection
Studies were selected independently by two research-
ers and checked to prevent potential errors. A third 
independent researcher resolved disputes arising in 
the process of study selection. Studies that met the 
following criteria were included: (1) use of thrombo-
lytic drugs [e.g., Tissue plasminogen activator (tPA), 
urokinase]; (2) comparison between the ICH group 
and Non-ICH group; and (3) the outcome index was 
risk factors or predictors. Studies that met the fol-
lowing criteria were excluded: (1) patients with ICH 
treated with non-thrombolytic drugs; (2) no access to 
data (including no data related to the risk factors in the 
study, the study was in the design or recruitment stage, 
no permission to use the data had been granted, con-
tacted the corresponding author but no reply had been 
received).

Data extraction
Data were extracted independently by two researchers 
and checked to prevent potential errors. A third inde-
pendent researcher resolved disputes arising in the 
process of data extraction. The data extracted included 
the name of the first author, year of publication, time 
frame, population and their demographics (e.g., sam-
ple size, number of centers, age, and sex), study design 
(e.g., cohort or case–control), type of prediction model 
study (development, validation, and impact), outcomes 
and measures of association [e.g., odds ratio (OR) or 
risk ratio (RR) or hazard ratio (HR), 95% confidence 
interval (CI) and P-value].

Quality assessment
Risk of bias assessment
We assessed the risk of bias in the included studies by 
using the Prediction Study Risk of Bias Assessment 
Tool (PROBAST) for RAM studies [10] and the Quality 
in Prognosis Studies tool (QUIPS) for prognostic factor 
studies [11–13].

Certainty of evidence assessment
We assessed the certainty of the evidence for each of 
the risk factors per outcome, based on the GRADE 
approach [14]. The approach considers the fol-
lowing domains: risk of bias, indirectness, incon-
sistency, imprecision, and publication bias. We 
developed evidence profiles and rated the overall 
certainty of evidence as high, moderate, and low or 
very low, depending on the grading of the individual 
domains [14]. We narratively described the strength 
of the association using the terms “there is,” “there 
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probably is,” or “there may be,” depending on whether 
the quality of the evidence was “high,” “moderate,” or 
“low/very low,” respectively.

Statistical analysis
We standardized each risk factor by log-transforma-
tion and unifying the direction of the predictors [15]. 
In studies that reported the measure of association as 
hazard ratio or risk ratio, we converted them to OR 
using the baseline risk reported in the studies [16, 17]. 
We conducted a meta-analysis of associations using 
the generic inverse variance-based method to produce 
an overall measure of association. We used the Review 
Manager 5.3 software for meta-analysis. The statistical 
indicators were odds ratio (OR) and 95% confidence 
interval (CI). The Chi-Square test (χ2) test was used to 
test the heterogeneity of results. If P ≥ 0.1 and I2 ≤ 50%, 
the fixed-effect model was used for meta-analysis. 
The random-effect model was used when P < 0.1 and 
I2 > 50%. To explore the stability of the results, we con-
ducted a sensitivity analysis by eliminating studies one 
by one.

Results
The characteristics of included studies
A total of 6083 articles were retrieved based on the 
search criteria. After screening, 105 articles met the 
inclusion criteria and were analyzed [S1-105]. The flow 
chart and results of the screening are shown in Fig.  1. 
Supplemental table 1 describes the characteristics of the 
included studies reporting on the outcomes of ICH. 22 
studies were prediction model development studies [S1-
22], and 83 were risk factor studies [S23-105]. 95 studies 
were cohorts [S1, S4-5, S7-49, S51-65, S67-69, S72-78, 
S80-84, S86-88, S90-105], 43 of which were multicenter 
[S1, S4-5, S7-15, S19, S21-23, S25, S31, S34-36, S40, S49, 
S55-58, S61-64, S67, S74-75, S91-94, S100, S102-105]; 
10 were case–control studies [S2, S3, S6, S50, S66, S70-
71, S79, S85, S89], 6 of which were multicenter [S3, S6, 
S70, S79, S85, S89]. Most of the patients were between 50 
and 80  years old, and most of them were male. Among 
the 105 studies, the populations of 96 studies were stroke 
patients [S1-6, S8-20, S22-41, S43-55, S57-66, S68-74, 
S76-78, S80-84, S86-104], 6 were in patients with myo-
cardial infarction [S21, S56, S67, S75, S79, S85], one was 
in patients with pulmonary embolism [S7], one was in 

Fig. 1  Flow chart and results of literature screening
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patients with major artery occlusion [S42], and one was 
in patients with deep venous thrombosis [S105].

Risk of bias assessment
The risk of bias was serious across all identified studies, 
each presenting risk of bias in at least 1 domain or item 
(Supplemental table 4). Among the 105 included studies, 
72 were retrospective, which may have introduced clas-
sification bias [S2-3, S5-8, S11-14, S16, S18-20, S22, S24-
28, S32-34, S36-38, S40-42, S44-46, S48, S50-51, S53, S55, 
S58, S60-68, S70-75, S78, S80-83, S86-93, S96, S99, S101-
103, S105]. Certainty in evidence was downgraded for 
imprecision, given that the confidence interval suggests 
that there may be no association. 9 of the 22 prediction 
model studies and 4 of the 83 risk factors studies did not 
have a clear description of appropriate outcome meas-
urement [S5-7, S9-10, S14-16, S21, S34, S41, S75, S105]. 
Supplemental tables 2 and 3 provide the detailed judge-
ments for each of the risk of bias domain criteria.

Analysis of risk factors of thrombolysis‑related ICH
Investigated were 110 candidate risk factors for ICH from 
105 studies. Supplemental table 2 provides the evidence 
profile for risk factors of thrombolysis-related ICH. Sup-
plemental figure (sFigure) 1–110 provides the forest plots 
of the meta-analysis of each of the risk factors.

Demographic factors
We found moderate-certainty evidence that there is 
probably an association between risk of ICH and age 
(OR, 1.77; 95%CI, 1.52–2.07) [S5, S7, S9-10, S12-14, S17, 
S19, S21, S23, S56, S65, S67, S73-75, S77, S79, S83, S91, 
S105] and race (OR, 1.86; 95%CI; 1.40–2.45) [S5, S38, 
S75]. We found low-certainty evidence that there may 
be little to no association between risk of ICH and body 
weight < 70 kg (OR, 1.26; 95%CI, 0.96–1.67) [S9-10, S21, 
S72, S75, S79, S85] and sex (OR, 0.96; 95%CI, 0.63–1.47) 
[S5, S56, S65, S75, S105]. See sFigure 1–4 for details.

Functional factors
We found moderate-certainty evidence that there is prob-
ably an association between risk of ICH and the Alberta 
Stroke Programme Early CT Score (ASPECTS) ≤ 7 (OR, 
1.97; 95%CI, 1.25–3.12) [S1-3, S47, S64], National Insti-
tutes of Health stroke scale (NIHSS) (OR, 1.27; 95%CI, 
1.22–1.33) [S4-6, S8-10, S12-20, S22, S24, S27-30, S36-
38, S47, S50, S64-65, S69, S73-74, S77-78, S81, S83-84, 
S89, S91, S96-97, S99], modified Rankin scale (mRS) > 2 
(OR, 1.65; 95%CI, 1.19–2.27) [S15, S53], Thrombolysis 
in Cerebral Infarction (TICI) score (3, 2, 1, 0; Each one 
decrease) (OR, 1.82; 95%CI, 1.04–3.18) [S34], CHADS2 
score > 2 (OR, 14.00; 95%CI, 1.59–123.28) [S47], low ejec-
tion fraction (EF) (OR, 16.22; 95%CI, 2.89–91.03) [S47], 

higher SEDAN score (OR, 9.25; 95%CI, 2.37–36.10) 
[S47], arterial stiffness index (ASI) (OR, 1.90; 95%CI, 
1.09–3.31) [S54] and K trans (The contrast volume trans-
fer coefficient) (OR, 5.04; 95%CI, 2.01–12.64) [S102]. We 
found low-certainty evidence that there may be little to 
no association between risk of ICH and apparent diffu-
sion coefficient (ADC) (OR, 2.72; 95%CI, 0.43–17.14) 
[S40, S42]. See sFigure 5–14 for details.

Medical illness and patient history factors
We found moderate-certainty evidence that there is 
probably an association between risk of ICH and periph-
eral vascular disease (PVD) (OR, 1.59; 95%CI, 1.12–2.26) 
[S7], cerebral small vascular diseases (CSVD) (OR, 2.69; 
95%CI, 1.98–3.66) [S20, S38, S70-71, S100], cerebral 
microbleeds (OR, 2.72; 95%CI, 1.45–5.10) [S38], leu-
koaraiosis (OR, 2.61; 95%CI, 1.74–3.91) [S70-71, S100], 
poor collaterals (OR, 4.36; 95%CI, 1.82–10.41) [S46, 
S90], recent facial or head trauma (2 weeks) (OR, 13.00; 
95%CI, 3.40–49.70) [S85], cerebral artery occlusion (OR, 
8.52; 95%CI, 3.20–22.64) [S37] and decreased levels of 
consciousness (OR, 2.36; 95%CI, 1.51–3.68) [S33, S37, 
S101]. We found low-certainty evidence that there may 
be little to no association between risk of ICH and stroke 
(OR, 4.68; 95%CI, 1.49–14.70) [S7, S10, S38, S47, S56, 
S58, S61, S75, S100, S105]. See sFigure 15–23 for details.

We found moderate-certainty evidence that there is 
probably an association between risk of ICH and car-
diovascular disease (OR, 2.09; 95%CI, 1.75–2.49) [S4, 
S7-9, S13-14, S16, S19-23, S30, S37, S47, S58, S61, S77, 
S83, S91], prior myocardial infarction (OR, 1.80; 95%CI, 
1.33–2.44) [S7], valvular heart diseases (OR, 2.09; 95%CI, 
1.07–4.08) [S8], hypertension (OR, 1.42; 95%CI, 1.21–
1.67) [S9, S13-14, S19-21, S58], atrial fibrillation (AF) 
(OR, 2.62; 95%CI, 1.92–3.59) [S4, S13-14, S16, S19-20, 
S22, S30, S37, S47, S61, S77, S83], congestive heart fail-
ure (OR, 2.57; 95%CI, 1.16–5.69) [S23] and diabetes (OR, 
1.84; 95%CI, 1.34–2.51) [S13-14, S20, S90-91]. We found 
low-certainty evidence that there may be little to no asso-
ciation between risk of ICH and dyslipidemia (OR, 1.18; 
95%CI, 0.57–2.47) [S19, S74, S87] and visual field defi-
cits (OR, 1.07; 95%CI, 0.29–3.91) [S33]. In addition, we 
found very low-certainty evidence that there may be little 
to no association between risk of ICH and smoke (OR, 
0.47; 95%CI, 0.02–14.61) [S77, S86]. See sFigure  24–33 
for details.

Laboratory and physical examination factors
We found high-certainty evidence that there is an 
association between risk of ICH and thrombin-acti-
vated fibrinolysis inhibitor (TAFI) (OR, 12.90; 95%CI, 
1.41–118.01) [S39] and plasminogen activator inhibi-
tor (PAI)-1 (OR, 12.75; 95%CI, 1.17–138.95) [S39]. We 
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found moderate-certainty evidence that there is prob-
ably an association between risk of ICH and blood sugar 
(OR, 1.14; 95%CI, 1.10–1.20) [S1, S5-6, S9-10, S12, S16-
19, S22, S30, S32, S34, S47, S57, S65, S83-84, S91, S97], 
Platelet derived growth factor-CC (PDGF-CC) (OR, 
1.03; 95%CI, 1.00–1.06) [S98], blood pressure (OR, 2.59; 
95%CI, 1.07–6.27) [S99], Systolic blood pressure (SBP) 
(OR, 1.15; 95%CI, 1.10–1.20) [S5, S8-10, S12, S17, S19, 
S23, S28, S36, S56, S75-77, S97, S99], pulse pressure (OR, 
2.37; 95%CI, 1.01–5.57) [S19, S67], international nor-
malized ratio (INR) (OR, 2.47; 95%CI, 1.34–4.55) [S30, 
S75] and activated partial thromboplastin time (APTT) 
(OR, 2.13; 95%CI, 1.02–4.45) [S86]. We found low-cer-
tainty evidence that there may be little to no association 
between risk of ICH and mean platelet volume (MPV) 
(OR, 1.02; 95%CI, 1.00–1.04) [S50] and prothrombin 
time activity percentage (PTA) (OR, 1.02; 95%CI, 1.00–
1.03) [S78]. See sFigure 34–44 for details.

We found moderate-certainty evidence that there is 
probably an association between risk of ICH and total 
cholesterol (TC) (OR, 0.91; 95%CI, 0.83–0.99) [S31], 
low density lipoprotein cholesterol (LDL-C) (OR, 0.87; 
95%CI, 0.82–0.92) [S31, S50], high density lipoprotein 
cholesterol (HDL-C) (OR, 1.09; 95%CI, 1.01–1.18) [S31], 
triglyceride (TG) (OR, 0.84; 95%CI, 0.72–0.97) [S31], TC/
HDL-C (OR, 1.73; 95%CI, 1.01–2.96) [S51], TG/HDL-C 
(OR, 2.06; 95%CI, 1.24–3.43) [S51], LDL-C/HDL-C (OR, 
1.93; 95%CI, 1.07–3.50) [S51], white blood cell count 
(OR, 1.10; 95%CI, 1.01–1.19) [S78], absolute eosinophil 
count (AEC) (OR, 0.22; 95%CI, 0.07–0.72) [S81] and 
low serum-free triiodothyronine (fT3) (OR, 0.24; 95%CI, 
0.11–0.51) [S26, S53]. We found low-certainty evidence 
that there may be an association between risk of ICH and 
neutrophil to lymphocyte ratio (NLR) (OR, 1.09; 95%CI, 
1.00–1.18) [S22, S104]. See sFigure 45–55 for details.

We found high-certainty evidence that there is an 
association between risk of ICH and activated protein C 
(APC) (OR, 25.19; 95%CI, 4.76–133.3) [S59]. We found 
moderate-certainty evidence that there is probably an 
association between risk of ICH and albuminuria (OR, 
1.66; 95%CI, 1.20–2.28) [S44, S49], fibrinogen (FIB) (OR, 
6.64; 95%CI, 3.40–12.97) [S47, S73, S86, S88-89], fibrin-
ogen degradation products (FDP) (OR, 7.50; 95%CI, 
1.26–44.64) [S88], globulin (OR, 1.18; 95%CI, 1.09–1.29) 
[S78], caveolin (OR, 2.35; 95%CI, 1.71–3.24) [S52, S77], 
matrix metalloproteinase-9 (MMP9) / tissue inhibitor of 
metalloproteinases (TIMP) (OR, 1.72; 95%CI, 1.31–2.28) 
[S63], S100B (OR, 2.80; 95%CI, 1.40–5.60) [S92], cel-
lular fibronectin (c-Fn) (OR, 2.10; 95%CI, 1.30–3.39) 
[S94], glomerular filtration rate (GFR) (OR, 1.83; 95%CI, 
1.38–2.43) [S80, S105], creatinine (OR, 5.50; 95%CI, 
1.08–28.01) [S93], homocysteine (OR, 13.65; 95%CI, 
3.58–52.05) [S96], apelin (OR, 0.24; 95%CI, 0.09–0.68) 

[S103], Interleukin-1β (IL-1β) (OR, 1.06; 95%CI, 1.03–
1.09) [S103], Interleukin-6 (IL-6) (OR, 1.53; 95%CI, 1.12–
2.11) [S103], malondialdehyde (MDA) (OR, 2.49; 95%CI, 
1.32–4.70) [S103] and superoxide dismutase (SOD) (OR, 
0.20; 95%CI, 0.05–0.75) [S103]. See sFigure  56–72 for 
details.

We found low-certainty evidence that there may be 
little to no association between risk of ICH and plate-
let count (OR, 1.00; 95%CI, 0.98–1.01) [S6, S8, S15, S18, 
S28-29, S36, S86, S90], uric acid (UA) (OR, 1.00; 95%CI, 
0.99–1.00) [S50], diastolic blood pressure (DBP) (OR, 
1.43; 95%CI, 0.89–2.31) [S4, S85] and albumin (OR, 2.30; 
95%CI, 0.89–6.00) [S50, S62, S95]. We found very low-
certainty evidence that there may be little to no associa-
tion between risk of ICH and glycated hemoglobin A1c 
(HbA1c) (OR, 3.36; 95%CI, 0.50–22.56) [S27, S62] and 
mean artery pressure (MAP) (OR, 3.68; 95%CI, 0.61–
22.13) [S32, S47, S73]. See sFigure 73–78 for details.

We found moderate-certainty evidence that there is 
probably an association between risk of ICH and early 
computed tomography (CT) hypodensities (OR, 2.47; 
95%CI, 1.54–3.95) [S23, S33], hyperdense middle cer-
ebral artery (HDMCA) sign (OR, 1.57; 95%CI, 1.09–2.25) 
[S12, S33, S48, S76, S83], early infarct signs (OR, 2.86; 
95%CI, 1.30–6.33) [S12, S32, S83], fluid-attenuated inver-
sion recovery (FLAIR) hyperintensity (OR, 13.58; 95%CI, 
3.72–49.60) [S25, S60], early CT signs of cerebral ischae-
mia (OR, 3.40; 95%CI, 2.19–5.27) [S6, S46, S55], brain 
infarction volume (OR, 1.81; 95%CI, 1.25–2.62) [S24, 
S35, S69], high-permeability region size on PCT (HPrs-
PCT) (OR, 1.00; 95%CI, 1.00–1.00) [S29], supratentorial 
territory of the posterior cerebral artery (PCA) (OR, 4.31; 
95%CI, 1.20–15.49) [S37], cerebral blood volume (CBV) 
(OR, 100.00; 95%CI, 3.20–3125.31) [S72] and calcifica-
tion volume on the lesion side (CV-L) (OR, 1.50; 95%CI, 
1.14–1.98) [S66]. We found low-certainty evidence 
that there may be little to no association between risk 
of ICH and white matter hyperintensity (WMH) (OR, 
2.45; 95%CI, 0.95–6.32) [S45, S68]. See sFigure 79–89 for 
details.

We found moderate-certainty evidence that there is 
probably an association between risk of ICH and MMP-
9-1562C/T polymorphism genotypes (OR, 13.08; 95%CI, 
1.04–164.51) [S41], PAI-1 5G/5G genotype (OR, 4.75; 
95%CI, 1.18–19.12) [S87], rs1801020, C allele (OR, 2.04; 
95%CI, 1.38–3.01) [S4] and rs669, A allele (OR, 2.19; 
95%CI, 1.57–3.06) [S4]. See sFigure 90–93 for details.

Medication factors
We found moderate-certainty evidence that there 
is probably an association between risk of ICH and 
antithrombotic therapy (OR, 2.28; 95%CI, 1.81–2.87) 
[S2, S8-10, S12, S19, S21, S23, S32, S42, S46-47, S64, S75, 
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S79, S84]. We found moderate-certainty evidence that 
there is probably an association between risk of ICH and 
thrombolytic therapy (OR, 2.00; 95%CI, 1.36–2.94) [S2, 
S21, S23, S42, S46, S75, S84]. Subgroup analysis showed 
that t-PA (OR, 2.33; 95%CI, 1.54–3.50) [S2, S21, S23, S42, 
S75, S84] and urokinase (OR, 1.06; 95%CI, 1.01–1.11) 
[S46] were statistically significant. We found moderate-
certainty evidence that there is probably an association 
between risk of ICH and antiplatelet therapy (OR, 2.15; 
95%CI, 1.70–2.72) [S8-10, S12, S32, S47, S64]. Subgroup 
analysis showed that single antiplatelet therapy (SAPT) 
(OR, 1.72; 95%CI, 1.52–1.93) [S8-10, S12, S32, S64] and 
dual antiplatelet therapy (DAPT) (OR, 3.54; 95%CI, 
1.86–6.76) [S9, S12, S64] were statistically significant. We 
found moderate-certainty evidence that there is probably 
an association between risk of ICH and anticoagulant 
therapy (OR, 4.40; 95%CI, 1.38–14.01) [S12, S47, S79]. 
See sFigure 94–97 for details.

We found moderate-certainty evidence that there is 
probably an association between risk of ICH and anti-
hypertensive drugs (OR, 1.63; 95%CI, 1.24–2.16) [S8, 
S36], lipid-lowering drugs (OR, 3.23; 95%CI, 2.33–4.48) 
[S17, S82, S99], microcatheter injection (MCI) (OR, 
3.60; 95%CI, 1.12–11.57) [S34], additional endovascular 
therapy (OR, 8.71; 95%CI, 2.54–29.89) [S37], deviation 
from the protocol (OR, 11.10; 95%CI, 2.40–51.34) [S55], 
periventricular transit time to the peak (TTP) (OR, 4.74; 
95%CI, 1.62–13.83) [S69] and vaspin (OR, 0.26; 95%CI, 
0.12–0.58) [S103]. We found low-certainty evidence 
that there may be little to no association between risk of 
ICH and time from onset to treatment (OTT) (OR, 1.06; 
95%CI, 0.99–1.15) [S4, S9, S12, S20, S90]. In addition, we 
found very low-certainty evidence that there may be little 
to no association between risk of ICH and time to reca-
nalization (OR, 3.19; 95%CI, 0.18–55.75) [S18, S43]. See 
sFigure 98–106 for details.

Other factors
We found moderate-certainty evidence that there is 
probably an association between risk of ICH and age & 
NIHSS (OR, 4.08; 95%CI, 2.69–6.18) [S11, S19], age & 
hypertension (OR, 2.10; 95%CI, 1.02–4.31) [S19] and age 
& DBP (OR, 6.10; 95%CI, 2.30–16.18) [S19]. We found 
low-certainty evidence that there may be little to no asso-
ciation between risk of ICH and age & weight (OR, 2.40; 
95%CI, 0.90–6.40) [S19]. See sFigure 107–110 for details.

Sensitivity analysis
Sensitivity analysis was conducted by eliminating stud-
ies one by one. There were no significant changes in the 
outcome except for body weight, ADC, dyslipidemia, 
smoke, HbA1c, DBP, MAP, albumin, early CT hypoden-
sities, HDMCA sign, early infarct signs, brain infarction 

volume, WMH, anticoagulant therapy and time to reca-
nalization, indicating that most of the results were stable.

Discussion
Summary of findings
We evaluated 110 risk factors for thrombolysis-related 
ICH. We found high-certainty evidence that there is an 
association between the risk of ICH and TAFI, PAI-1 and 
APC. We also identified several statistically significant 
predictors, such as age, age & NIHSS, ASPECT, NIHSS, 
cerebral small vascular diseases (CSVD), leukoaraio-
sis, cardiovascular disease, hypertension, AF, diabetes, 
blood sugar, SBP, INR, TC, LDL-C, HDL-C, TG, NLR, 
white blood cell count, AEC, low fT3, albuminuria, FIB, 
GFR, creatinine, homocysteine, early CT hypodensities, 
HDMCA sign, early infarct signs, FLAIR hyperintensity, 
early CT signs of cerebral ischemia, thrombolytic therapy, 
antiplatelet therapy, anticoagulant therapy, antihyperten-
sive drugs and lipid-lowering drugs, which supported by 
moderate certainty of the evidence. And low-certainty 
evidence suggests that body weight, sex, sex & body 
weight, dyslipidemia, visual field deficits, platelet count, 
UA, DBP, albumin, WMH and time from onset to treat-
ment (OTT) were not statistically significant. We found 
very low-certainty evidence that there may be little to 
no association between risk of ICH and ADC, smoke, 
HbA1c, MAP and time to recanalization. Therefore, in 
addition to thrombolytic therapy can affect ICH, other 
risk factors such as blood sugar, SBP, INR, TC, LDL-C, 
HDL-C, TG, fT3, albuminuria, GFR, creatinine, homo-
cysteine, antiplatelet therapy, anticoagulant therapy, anti-
hypertensive drugs and lipid-lowering drugs should also 
be paid attention to during treatment as a way to reduce 
the occurrence of ICH. We summarize and group (treat-
able vs. non-treatable) the different certainty-risk factors 
into a new table to permit easy reading. Please see Sup-
plementary Table 5 for details.

Implications for practice
Our study identified candidate risk factors for ICH, 
such as age, body weight, NIHSS, age & NIHSS, diabe-
tes, hypertension, AF, blood sugar, platelet count, SBP, 
time from onset to treatment (OTT) and antiplatelet 
therapy that have been considered in the analysis of 
some developed and widely used RAMs in daily prac-
tice, such as the GRASPS, SICH, SITs, SITs-MOST, 
SPAN-100, STARTING-SICH, THRIVE-C and RICH 
models [S5, S8-11, S12, S14, S17]. However, some fac-
tors that we identified as having a probable association 
with ICH, based on our meta-analysis results, were not 
included or considered in the development of most 
of the RAMs, such as stroke, decreased levels of con-
sciousness, cerebral artery occlusion, poor collaterals, 
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leukoaraiosis, early CT hypodensities, HDMCA sign, 
FLAIR hyperintensity, LDL-C, INR, brain infarction 
volume, low fT3, albuminuria, FIB, GFR and anticoagu-
lant therapy. Researchers can add the above risk factors 
to the data collection process to create a complete clini-
cal prediction model.

We found that congestive heart failure was associated 
with an increased risk of ICH. However, it should be 
noted that congestive heart failure has not been previ-
ously considered a risk factor for ICH. Patients with con-
gestive heart failure are at high risk of stroke [S106]. A 
likely mechanism of stroke in these patients is cerebral 
embolism from a ventricular thrombus, which leads to 
ICH [S107]. In addition, the relationship between abnor-
mal lipid metabolism and ICH remains controversial. 
Some studies [S108-109] reported no association with a 
higher risk of ICH, while others [S110] observed lower 
LDL-C levels to portend higher rates of ICH. This may 
be because low levels of lipids will adversely affect the 
integrity of small vessels in the brain, leading to blood 
extravasation due to the compromised integrity of the 
microvascular endothelial cells [S111-112].

We found that smoking may not be related to ICH. This 
is mainly because Wang et  al. found that smoking ben-
efits ICH [S86]. This contrasts with another article that 
considers smoking harmful to ICH [S77]. Wang et  al.’s 
study about smoking has limitations. The smoking rate 
in the study population was low, and the distribution was 
uneven among the patients, which may result in smoking 
as a protective factor. Given the harmful effects of smok-
ing on health, smoking cessation should still be strongly 
recommended to prevent stroke. First, long-term smok-
ing can make the adrenal gland release adrenaline, with 
increases blood pressure and lead to ICH.

Additionally, nicotine in tobacco could directly destroy 
vascular endothelial function and arterial elasticity, pro-
moting the destruction of the blood–brain barrier and 
increasing the possibility of ICH. The correlative study 
demonstrated a strong dose–response between the 
number of cigarettes smoked daily and ischemic stroke 
among young men [S113]. Likewise, there is evidence for 
a dose–response between cigarette smoking and the risk 
of stroke in middle-aged and older adults [S114].

Although this study did not find a correlation between 
UA and ICH, Song et  al. reported a dose–response 
relationship between UA and ICH in a cohort of 1230 
patients. Higher serum UA was independently related to 
a lower risk of ICH [S115]. This is an interesting discov-
ery. Only a few studies have investigated the relationship 
between UA and ICH. It may be related to UA’s ability to 
scavenging of free radicals, inhibit inflammatory cascade 
reactions, prevent mitochondrial damage, suppress lipid 
peroxidation, and reduce BBB permeability [S116-117].

In addition, no significant gender difference in ICH was 
found in this study. In some studies, male sex is a risk 
factor for developing ICH [S118], but the exact mecha-
nism is unknown. However, other studies have reported 
that women have a higher risk of ICH [S119]. It may be 
caused by an inherent biological vulnerability of women 
for ICH. What’s more, weight and gender had similar 
results. Some studies suggest that higher body weight 
may be associated with ICH. Kim et al. found that lower 
body weight was associated with ICH and explained it 
as a "paradoxical effect of obesity" [S120]. Some schol-
ars also found a potential explanation: when calculating 
the rt-PA dose, doctors overestimated their weight in the 
hyperacute phase, and patients’ "overdose" led to ICH. I 
think we should focus on body mass index (BMI) rather 
than weight. BMI can avoid the diagnostic error caused 
by abnormal height (too high or too short) and objec-
tively evaluate the treatment effect.

The mechanism of thrombolytic therapy-induced 
hemorrhage for cerebral infarction may differ from that 
of thrombolytic therapy-induced hemorrhage for other 
disorders. Compared with the mechanism of thromboly-
sis for bleeding in other diseases, the causes of bleeding 
in thrombolytic therapy-induced hemorrhage may also 
include destruction of the blood–brain barrier and reper-
fusion of injured brain tissue [18]. Therefore, because the 
bleeding mechanism is not identical, the risk of intracra-
nial hemorrhage may change and is worth continuing to 
explore in future studies.

Strengths
Our study followed rigorous methods, conducted exten-
sive searches, duplicate and independent screening and 
data extraction, and assessed the certainty of evidence 
based on a structured framework. Also, we conducted 
sensitivity analyses to determine the stability of the 
results. The greatest advantage is the comprehensiveness 
of the study results, which may have some clinical sig-
nificance in preventing the occurrence of thrombolysis-
related ICH.

Limitations and challenges
Since most of the studies included in this review were 
retrospective studies, classification and recall bias may 
lead to potential limitations. And this is not individual 
patient data meta-analysis and that any associations 
identified are univariate, with their inherent limitations. 
In addition, potential limitations of the included studies 
related to the inconsistency and variability across eligibil-
ity criteria in the original studies and variability in study 
design, study type, sample size, and definitions of the risk 
factors. Therefore, more rigorous and large-scale studies 
are needed to confirm our findings, and further analysis 
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is necessary to provide a more reliable basis for clinical 
work.

Conclusion
In this systematic review, we identified all reported risk 
factors for ICH associated with thrombolysis therapy. 
Some of these factors are not included in current ICH 
risk prediction models. Our findings will help inform 
experts in developing population-based guidelines and 
accurate, user-friendly RAMs to better guide individual 
patient prophylactic management.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12959-​023-​00467-6.

Additional file 1: Supplemental material 1. Search strategy

Acknowledgements
All authors made a substantial contribution to the concept and design of the 
study, interpreted the data, and reviewed the manuscript.

Authors’ contributions
CJN and ZZW initiated the study. CJN, ZZW, FZW and MFX performed data 
extraction and analyses and drafted the first version of the manuscript. ZZW, 
LMN, and ZJH critically reviewed the manuscript and revised it. The authors 
read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets generated during and/or analysed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Competing interests
The authors have no competing interests to declare that are relevant to the 
content of this article.

Received: 30 November 2022   Accepted: 20 February 2023

References
	1.	 Lansberg MG, O’Donnell MJ, Khatri P, et al. Antithrombotic and thrombo-

lytic therapy for ischemic stroke: Antithrombotic Therapy and Prevention 
of Thrombosis, 9th ed: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines. Chest. 2012;141(2 suppl):e601S – e636.

	2.	 Lees KR, Bluhmki E, von Kummer R, et al. Time to treatment with intra-
venous alteplase and outcome in stroke: an updated pooled analysis of 
ECASS, ATLANTIS, NINDS, and EPITHET trials. Lancet. 2010;375:1695–703.

	3.	 National Institute of Neurological Disorders and Stroke rt-PA Stroke Study 
Group. Tissue plasminogen activator for acute ischemic stroke. N Engl J 
Med. 1995;333:1581–1587.

	4.	 Derex L, Nighoghossian N. Intracerebral haemorrhage after thrombolysis 
for acute ischemic stroke: an update. J Neurol Neurosurg Psychiatry. 
2008;79:1093–9.

	5.	 The National Institute of Neurological Disorders and Stroke t-PA Stroke 
Study Group. Intracerebral hemorrhage after intravenous t-PA therapy for 
ischemic stroke. Stroke 1997;28:2109–18.

	6.	 Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind placebo-
controlled trial of thrombolytic therapy with intravenous alteplase in 
acute ischemic stroke (ECASS II). Second European–Australasian Acute 
Stroke Study Investigators. Lancet 1998;352:1245–51.

	7.	 Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 3 to 4.5 
hours after acute ischemic stroke. N Engl J Med 2008;359:1317–29.

	8.	 Darzi AJ, Karam SG, Charide R, et al. Prognostic factors for VTE and bleed-
ing in hospitalized medical patients: a systematic review and meta-analy-
sis. Blood. 2020;135(20):1788–810.

	9.	 Riley RD, Moons KG, Snell KI, Ensor J, Hooft L, Altman DG, et al. A guide 
to systematic review and meta-analysis of prognostic factor studies. BMJ. 
2019;364:k4597.

	10.	 Wolff RWP, Whiting P, Mallett S, et al, eds. PROBAST: a “risk of bias” tool for 
prediction modelling studies [abstract]. Cochrane Colloquium Abstracts. 
2015

	11.	 Tang SW, Zhang Y, Tao BL, Yang ZR, Sun F, Zhan SY. Risk of bias assess-
ment: (7) Assessing Bias in Studies of Prognostic Factors [in Chinese]. 
Zhong hua Liu Xing Bing Xue Za Zhi. 2018;39(7):1003-1008.

	12.	 Hayden JA, van der Windt DA, Cartwright JL, Cˆoté P, Bombardier 
C. Assessing bias in studies of prognostic factors. Ann Intern Med. 
2013;158(4):280–286.

	13.	 Reeves BC, Deeks JJ, Higgins JPT, Wells GA. Including non-randomized 
studies. In: Cochrane Handbook for Systematic Reviews of Interventions. 
2008:391.

	14.	 Iorio A, Spencer FA, Falavigna M, et al. Use of GRADE for assessment of 
evidence about prognosis: rating confidence in estimates of event rates 
in broad categories of patients. BMJ. 2015;350: h870.

	15.	 Ahn S, Fessler JA. Standard errors of mean, variance, and standard devia-
tion estimators. Ann Arbor: Electrical Engineering and Computer Science 
Department, The University of Michigan; 2003:1–2. https://​web.​eecs.​
umich.​edu/​~fessl​er/​papers/​files/​tr/​stderr.​pdf.

	16.	 Grant RL. Converting an odds ratio to a range of plausible relative risks 
for better communication of research findings [published correction 
appears in BMJ. 2014;348:g2124]. BMJ. 2014;348(1):f7450.

	17.	 Wang Z. Converting odds ratio to relative risk in cohort studies with 
partial data information. J Stat Softw. 2013;55(5):1–11.

	18.	 Yaghi S, Willey JZ, Cucchiara B, et al. Treatment and Outcome of Hemor-
rhagic Transformation After Intravenous Alteplase in Acute Ischemic 
Stroke: A Scientific Statement for Healthcare Professionals From the 
American Heart Association/American Stroke Association. Stroke. 
2017;48(12):e343–61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12959-023-00467-6
https://doi.org/10.1186/s12959-023-00467-6
https://web.eecs.umich.edu/~fessler/papers/files/tr/stderr.pdf
https://web.eecs.umich.edu/~fessler/papers/files/tr/stderr.pdf

	Risk factors for thrombolysis-related intracranial hemorrhage: a systematic review and meta-analysis
	Abstract 
	Background 
	Aim 
	Method 
	Results 
	Conclusion 

	Introduction
	Method
	Search strategy
	Study selection
	Data extraction
	Quality assessment
	Risk of bias assessment
	Certainty of evidence assessment

	Statistical analysis

	Results
	The characteristics of included studies
	Risk of bias assessment
	Analysis of risk factors of thrombolysis-related ICH
	Demographic factors
	Functional factors
	Medical illness and patient history factors
	Laboratory and physical examination factors
	Medication factors
	Other factors

	Sensitivity analysis

	Discussion
	Summary of findings
	Implications for practice
	Strengths
	Limitations and challenges

	Conclusion
	Anchor 34
	Acknowledgements
	References


