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Background and Purpose—Concomitant acute ischemic lesions are detected in up to a 

quarter of patients with spontaneous intracerebral hemorrhage (ICH). Influence of bleeding pattern 

and intraventricular hemorrhage (IVH) on risk of ischemic lesions has not been investigated.

Methods—Retrospective cohort study of all 500 patients enrolled in the CLEAR III randomized 

controlled trial of thrombolytic removal of obstructive IVH using external ventricular drainage. 

The primary outcome measure was radiologically-confirmed ischemic lesions, as reported by the 

Safety Event Committee and confirmed by two neurologists. We assessed predictors of ischemic 

lesions including analysis of bleeding patterns (ICH, IVH and subarachnoid hemorrhage) on 

computed tomography scans (CT). Secondary outcomes were blinded assessment of mortality and 

modified Rankin scale (mRS) at 30 and 180 days.

Results—Ischemic lesions occurred in 23 (4.6%) during first 30 days after ICH. Independent risk 

factors associated with ischemic lesions in logistic regression models adjusted for confounders 

were higher IVH volume (p= 0.004) and persistent subarachnoid hemorrhage on CT scan 

(p=0.03). Patients with initial IVH volume ≥15mL had five times the odds of concomitant 

ischemic lesions compared to IVH volume <15mL. Patients with ischemic lesions had 

significantly higher odds of death at 1 and 6 months (but not poor outcome; mRS 4-6) compared to 

patients without concurrent ischemic lesions.

Conclusions—Occurrence of ischemic lesions in the acute phase of IVH is not uncommon, and 

is significantly associated with increased early and late mortality. Extra- parenchymal blood 

(larger IVH and visible SAH) is a strong predictor for development of concomitant ischemic 

lesions after ICH.
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Intracerebral hemorrhage (ICH) accounts for 10–15 % of all strokes and carries a 

disproportionately high risk of death or long-term disability.1 Concomitant acute ischemic 

lesions after ICH have been reported in up to 26.8% of patients with spontaneous ICH and 

may be under-reported.2–7 Although the exact etiology is unknown, theories proposed to 

explain ischemic lesions after ICH include aggressive blood pressure reduction, 

microangiopathy, and enlarged perivascular spaces.8 These hypotheses have yet to be 

convincingly proven. Regardless of the etiology, emerging data suggest that ICH patients 

with co-existing ischemic lesions have worse functional outcomes.8

Our current understanding of ischemic lesions in the setting of acute ICH, is based on 

single-center studies with small sample sizes. The role of vasospasm and cerebral infarction 

following isolated intraventricular hemorrhage (IVH) has been described;9 however, the 

influence of subarachnoid hemorrhage and bleeding pattern has not been evaluated in the 

IVH population. It is also unclear whether administration of intracerebral alteplase for 

enhanced removal of parenchymal clot and obstructive IVH impacts the incidence of such 

lesions. The aim of this study was to evaluate the influence of bleeding pattern and other risk 

factors on incidence of ischemic lesions in patients with spontaneous IVH, and to assess the 
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relationship between ischemic lesions and IVH outcomes, using data from a large 

prospective randomized clinical trial.

METHODS

Study Design and Population

We performed a retrospective cohort study of patients enrolled in the Clot Lysis: Evaluating 

Accelerated Resolution of Intraventricular Hemorrhage (CLEAR) III 10 trial. The CLEAR 

III trial was a multicenter, double-blind, randomized study comparing 1mg of 

intraventricular alteplase (N=249) vs. saline (N=251) every 8 hours via a pragmatically 

placed external ventricular drain (EVD) for treatment of obstructive hypertensive IVH until 

third and fourth ventricles were radiographically open, IVH mass effect relieved, 80% of 

clot removed, or a maximum of 12 doses were received. The trial enrolled patients with 

supratentorial ICH volume <30 ml, Glasgow Coma Scale (GCS) score >3, age 18 to 80 

years with historical modified Rankin score (mRS) of 0-1, and ICH verified by computed 

tomography (CT) scan performed within 24 hours of symptom onset. A conventional CT 

angiogram or magnetic resonance imaging/angiography (MRI/MRA) was obtained prior to 

enrollment to rule out aneurysm, arteriovenous malformation, or other vascular anomaly. 

Exclusion criteria were: (i) any infratentorial hemorrhage, (ii) coagulopathy, including 

platelet count <100,000, international normalized ratio outside the normal range, and 

prothrombin time (PT) or partial thromboplastin time (PTT) outside of normal range after 

reversal of anticoagulation. We analyzed incidence and etiology of ischemic lesions in all 

patients enrolled in CLEAR III. We only included ischemic lesions that occurred in the first 

30 days after ICH/IVH onset and compared the clinical features of patients with ischemic 

lesions to those without. This study was approved by the Johns Hopkins Medical Institutions 

Review Board.

Measurements

Patient demographics and comorbidities were recorded at time of enrollment. The following 

baseline characteristics were collected: age, gender, stroke comorbidities, medication history 

particularly antithrombotic medications, and admission severity variables including blood 

pressure, and GCS and NIHSS scores. In-hospital events reported by the enrolling sites 

included any infection within the first 7 and 30 days, and intracranial and cerebral perfusion 

pressures (ICP, CPP) every 4 hours starting after EVD placement and for first 7 days after 

randomization.

Ischemic Event Monitoring

All ischemic lesions were reported by site investigators using standard Good Clinical 

Practice definitions (21 Code of Federal Regulations, Part 312, Investigational New Drug 

Application) and then independently reviewed by the coordinating center and the Medical 

and Intensive Care Unit Complications Monitors. Ischemic lesions were defined as any 

instance when cerebral infarction was diagnosed, using either clinical and/or radiologic 

criteria. Clinical criteria for cerebral infarction were based on the presence of focal and/or 

global neurologic deficits (sensory, motor, cranial nerve, or speech). Radiologic criteria (CT 

or MRI) for cerebral infarction were based on the presence of focal and/or global 
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abnormalities in brain images that indicated regions which have lost viability. Intensity was 

graded as either asymptomatic or symptomatic.

Both imaging modalities, CT and MRI, have been used in prior studies to evaluate ischemia 

in the acute phase of ICH.11, 12 The Safety Event Committee (SEC) chairperson adjudicated 

all ischemic lesions.

Imaging analysis

Following diagnostic CT, the study protocol required a pre-randomization stabilization 

period up to 72 hours, during which patients underwent a CT scan at least 6 hours after 

diagnostic CT or EVD placement until stabilization of any intracranial bleeding was 

established. Post-randomization, all patients had daily head CT scans over the period of 

study agent administration (1-4 days), at 24 and 72 hours after last dose of study treatment 

and on day 30 (± 7 days). End of study treatment (EOT) was defined as 24 hours after last 

dose of study agent. MRI/MRA scans were not protocolized, and were performed in 9% 

(45/500) (MRI) and 7.4% (MRA) of CLEAR III patients, respectively. Two independent 

neurologists (W.C.Z and L.R.L) blinded to outcomes evaluated all ischemic lesions reported 

during the first 30 days in both trials and confirmed with neuroimaging. When there were 

discrepancies in the results, the two authors conferred and consensus was achieved. Ischemic 

lesion location/vascular territory and proximity to ICH (perihematomal, ipsilateral distant, 

contralateral), ischemic lesion appearance, and cerebral blood vessel evaluation (if available) 

were recorded. The association between ischemic lesions and hemorrhage patterns on CT 

scan was investigated by ICH and IVH volumes and %IVH removal at EOT, by presence of 

primary IVH (without radiographic evidence of ICH on any pre or post randomization CT), 

by ICH location (thalamic origin vs. non-thalamic) and by presence of and persistence of 

subarachnoid hemorrhage which was reported on all CT scans performed. Hematoma 

volumes were calculated using semi-automated planimetry.

Outcomes

Our primary outcome measure was occurrence of ischemic lesions defined on neuroimaging 

during the first 30 days after spontaneous IVH. Secondary outcomes were blinded 

assessments of mortality and poor outcome defined as mRS score of 4-6 at 30 days and 6 

months.

Statistical analysis

We used the Mann-Whitney U test for continuous variables because data were not normally 

distributed. Categorical variables were analyzed using Pearson’s Chi square test (Fisher 

exact test when appropriate). We performed multivariable logistic regression to assess 

factors associated with ischemic brain lesions and the relationship between ischemic lesions 

and ICH outcomes. Covariates for the regression models were chosen based on bivariate 

logistic regression with a significance of p<0.1. Statistical analyses were performed using 

Stata (version 14.0, College Station, TX). All analyses were two- tailed, and significance 

level was determined by p<0.05.
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RESULTS

Incidence and risk factors of concomitant ischemic lesions after ICH/IVH

Of 500 patients enrolled, concurrent ischemic lesions were noted in 23 (4.6%) in the first 30 

days after ICH. All ischemic lesions were defined radiographically at a median of 10 

(interquartile range [IQR] 5, 19) days post hemorrhage onset. Twelve patients with ischemic 

lesions (52%) were symptomatic.

We found no differences in demographics and comorbidities between patients with and 

without ischemic lesions (Table 1). Patients with ischemic lesions had significantly higher 

IVH volumes (38 ml [21, 48] vs. 27 ml [12, 35], p=0.003) but similar ICH volumes (7 ml [1, 

18] vs. 8 ml [3, 15] p=0.86) at randomization compared to those without ischemic lesions 

(Figure 1). Furthermore, median IVH volume at EOT was also significantly higher in the 

ischemic lesion group compared to the non-ischemic lesion group (p=0.02) (Table 2). ICH 

location (thalamic vs. non-thalamic) was not associated with ischemic lesions (p=0.52). 

Visible SAH which had a cortical distribution (Figure 2) was present in 3.8% (19/500) of 

CLEAR III patients on diagnostic CT and in 27% (135/500) at randomization (day 2-4 after 

presentation). SAH was present on at least one head CT in 41.8% (209/500) of patients and 

on all head CT’s in 17% (85/500) of patients within the first 6 days after randomization. The 

presence of visible SAH at randomization and persistent visible SAH on all head CT scans 

post randomization performed during the first 7 days, were significantly associated with 

ischemic lesions vs. their absence (47.8% vs. 26%; p=0.02 and 39.1% vs. 15.9%; p=0.004, 

respectively). Cerebral vasospasm defined by cerebral vessel imaging was found in 17% of 

patients with ischemic lesions (4/23). The brain vessel imaging was done as part of the 

work-up for ischemic lesions. No significant differences were found in stroke risk factors or 

comorbidities between groups including pre-admission use of anticoagulation or 

antiplatetelet agents, admission and randomization systolic and diastolic blood pressure, and 

change in blood pressure during this interval. Study group assignment and in-hospital 

complications were not significantly different between patients with and without ischemic 

lesions with exception of site reported infection in the first 30 days which showed a trend to 

higher frequency in subjects with ischemic lesions compared to those without (69.6% vs. 

48.8%; p=0.06).

In the logistic regression model factors associated with higher odds of ischemic lesions after 

ICH were: IVH volume (Odds Ratio [OR]: 1.02; 95% confidence interval [CI]: 1.01-1.03, 

p=0.004) and presence of SAH on all post-randomization head CT’s (OR 2.75, 1.1-7.1, 

p=0.03). The presence of SAH only on the randomization CT did not reach statistical 

significance (OR 2.25, 0.94-5.4, p=0.07). Patients with an IVH volume ≥15 ml had five 

times the odds of having a concomitant ischemic lesion (OR 5.05[1.17-21.82]) compared to 

patients with IVH volumes <15 ml. Patients with IVH volume < 15 ml had no significant 

increase in the odds of concomitant ischemic lesions (OR 4.31 [0.99-18.66]).

Characteristics of patients with new ischemic lesions after ICH

Patients with ischemic lesions had non-significantly higher NIHSS at day 7 and 30. In 

nineteen (19/23) subjects, ischemic lesions were identified on head CT and in four (4/23), on 
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brain MRI. All ischemic lesions were distant from the hematoma except two that were 

within the perihematoma edema region. In nine subjects, ischemic lesions occurred 

contralateral to side of ICH, in seven, the ischemic lesions were bilateral, in four, ischemic 

lesions were ipsilateral but distant from the ICH. The three remaining patients had primary 

IVH.

Fifteen of 29 patients with ischemic lesions (52%) were symptomatic. The most common 

presumed etiologies of ischemic stroke according to the TOAST classification were 

cardioembolism (11/29), followed by large vessel atherosclerosis (5/29). Stroke of other 

determined etiology, such as vasospasm defined by cerebral vessel imaging occurred in 14% 

(4/29) of patients, and transtentorial herniation due to intracranial hypertension in 5% (2/29) 

of patients (Figure 3).

Ischemic lesions and ICH outcomes

Patients with ischemic lesions had higher odds for death at 1 month (OR 5.52, 2.04-14.95; p 

= 0.001) and at 6 months (OR 3.97; 1.65-9.56; p = 0.002) in the logistic regression model 

adjusted for confounders (Table 3). There was no significant association of ischemic lesion 

with poor outcome at 1 and 6 months.

DISCUSSION

In this retrospective cohort study of patients with large obstructive IVH with or without 

spontaneous ICH, we report an incidence rate of 4.6% for concomitant ischemic lesions. The 

presence of ischemic lesions was independently associated with higher odds for early and 

late mortality. Factors associated with incident ischemic lesions were larger IVH volume 

(≥15 ml) and persistence of SAH for one week. Furthermore, hemodynamic factors, 

including blood pressure, prior use of antiplatelet agents or anticoagulants, and 

intraventricular administration of alteplase were not associated with ischemic lesions.

Prior studies have reported an increased incidence of ischemic lesions following acute ICH. 

Arsava et al.5 reported an incidence of 17.4% in a retrospective cohort of 86 patients who 

had MRI scans of the brain performed within 14 days of symptom onset. Similarly, Kang et 

al.7 reported an incidence of 26.8% when MRI was performed 5 days after ICH onset. The 

low incidence of ischemic lesions in our study is probably an underestimation since not all 

patients underwent MRI scans, which were only required by the study protocol when 

clinically indicated, and nearly half of incident ischemic lesions (48%) were asymptomatic.

SAH was present on 27% of CT scans in CLEAR III at randomization and was significantly 

more frequent in subjects who developed ischemic lesions especially if persistent during the 

acute treatment period. Furthermore, 17% of patients with ischemic lesions had vasospasm 

identified on brain vessel imaging done as part of the lesion work up, suggesting a possible 

association between occurrence of ischemic lesions and cerebral vasospasm associated with 

IVH and SAH. Redistribution of blood to the subarachnoid space from the ventricular 

compartment may cause cerebral vasospasm and delayed cerebral ischemia and has been 

reported in several case reports with isolated IVH.9, 13–17 Ischemic lesions occurred at a 

median of 10 days after IVH/ICH in CLEAR III. Despite reliance on CT scans to diagnose 
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these lesions and inherent delays in visualization, the apparent delay in lesion onset also 

supports a possible hypothesis of blood redistribution to the subarachnoid space over the 

first few days after hemorrhage onset causing delayed cerebral vasospasm which may have 

resulted in ischemic lesions in the subacute phase. A single center prospective observational 

study of 62 patients with spontaneous ICH and IVH reported vasospasm, defined by 

transcranial Doppler (TCD) ultrasound, in 37% of patients which was significantly 

associated with delayed cerebral ischemia in a similar time interval to our study.13 It is not 

known whether radiographically/TCD defined vasospasm behaves similar to that associated 

with aneurysmal SAH, or whether it requires similar intervention. Ischemic lesion incidence 

was not different between alteplase and saline treatment groups, and subjects with ischemic 

lesions had significantly more IVH clot burden on EOT CT. It is not known whether rapid 

lysis of IVH and removal through an EVD increases or decreases persistence of cortical 

SAH and potential for ischemic injury.

It should be emphasized that the most frequent etiology of the ischemic lesions in this cohort 

was cardioembolic, followed by large vessel atherosclerosis. These results differ somewhat 

from prior studies which have identified small vessel ischemic disease as the most prevalent 

etiology based on MRI diagnosis and frequent association with white matter changes and 

cerebral microbleeds (6,7). Vasospasm, defined by cerebral vessel imaging was the third 

most common etiology; therefore vasospasm surveillance in IVH patients may be warranted, 

but only after more common etiologies have been considered. Aggressive systolic BP 

reduction in the acute phase of ICH has previously been reported as a risk factor for 

ischemic lesions after ICH.5 We did not find a relationship between diagnostic or enrollment 

BP and ischemic lesions in this study that treated subjects according to American Heart 

Association blood pressure guidelines or equivalent.18 Our findings corroborate the results 

of a pooled study of INTERACT 1 and 2, where a policy of initial BP control was not 

associated with white matter lesions on CT scans.12 The INTERACT cohort did not find an 

association between ischemic lesions and ICH/IVH volume. Due to trial design, patients in 

the CLEAR III cohort had significantly greater median IVH volume on admission compared 

to other ICH trials (21.7 ml [12.6, 36.9] vs. 3 mL on Interact I and II) and smaller ICH 

volume (7.9 ml [2.4, 15] vs. 11 mL [6, 20] on Interact II).

This study found that occurrence of ischemic lesions impacted mortality, but not functional 

outcome. These results differ from the literature. Two longitudinal studies investigated 

influence of DWI lesions on functional outcomes after ICH. Garg et al. reported a 5-fold 

increase in risk of poor functional outcomes (defined as mRS 4–6) at 3 months adjusting for 

known predictors (age, initial stroke severity, and ICH score).19, 20 A single-center study 

evaluating outcomes at 1 year observed >6- fold increased likelihood of poor outcomes in 

ICH patients with DWI lesions compared to those without, independent of stroke severity.20 

In our cohort, just over half (52%) of ischemic lesions were symptomatic and therefore may 

have impacted the likelihood for a meaningful recovery and possibly affected decision for 

withdrawal of life support. Of 10 subjects with ischemic lesions who died, 7 had withdrawal 

of life support. The remaining 13 subjects with ischemic lesions who survived likely 

constituted too small a number to significantly impact functional outcome at later time 

points. Moreover, smaller subcortical ischemic lesions appear to be more common than large 

vessel cortical strokes and therefore the impact on functional outcome may be relatively 
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small and masked by the overwhelming injury from the hemorrhage. Finally, we suspect 

underreporting of ischemic lesions in this study. Studies with protocolized MRI may show 

more ischemic lesions and potentially greater impact on functional outcomes. The clinical 

importance of identifying such lesions is both to identify possible need for additional 

preventive treatment based on etiology in a high risk population, and to be aware of potential 

impact on functional outcome which may not be assessed with scales such as the mRS. 

Moreover, silent infarcts in older patients are known biomarkers for severity of 

cerebrovascular disease, and predict subsequent risk of stroke and vascular dementia.21, 22

The strengths of our study include a large number of patients enrolled in a large multicenter 

randomized study with well-defined inclusion criteria, pre-established time points for 

neuroimaging, safety event monitoring, and blinded assessment of outcome. Our study does 

have some important limitations predominantly related to the retrospective study design. 

Although we had pre-specified criteria for definition of ischemic stroke, this study lacked 

protocolized MR imaging and evaluation for vasospasm. This may have led to an 

underestimation of ischemic lesions, and the significant association between baseline IVH 

volume and ischemic lesions may have been stronger, had protocolized MR imaging been 

performed. CT remains the preferred imaging modality for assessment of acute SAH which 

may not have been accurately assessed on MRI. Finally, workup for suspected cerebral 

ischemia was at the discretion of the treating physicians at participating institutions, which 

limited our ability to determine the lesion etiology in this cohort. As a result, many patients 

with ischemic lesions did not have brain MRI and/or vessel imaging or TCD at the time of 

lesion occurrence, which may have influenced the low incidence of cerebral vasospasm 

reported. However, screening for vasospasm in the setting of ICH/IVH is not standard of 

care, which may need to be revisited if prospective studies confirm that vasospasm and 

associated DCI are an important cause of ischemic lesions in this population.

In summary, incident ischemic lesions after ICH with large IVH are not uncommon, and are 

significantly associated with increased early and late mortality. Mass effect from ICH 

volume, strict blood pressure control, stroke risk factors, and use of intraventricular alteplase 

do not appear to be major contributors to acute ischemic lesions in this population. Instead 

baseline IVH volume (≥15 ml) and presence of SAH were important predisposing factors for 

such lesions. Further investigation of the role of SAH and recirculation of IVH with 

potential for vasospasm seems warranted as a potential treatable mechanism of ischemic 

injury when IVH is significant.
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Figure 1. 
Box plot of intraventricular and intracerebral hemorrhage volume (IVH and ICH, 

respectively) at randomization and end of treatment (EOT) IVH volume in patients with and 

without concomitant ischemic lesions.
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Figure 2. 
Head computed tomography (CT) of a patient who presented with intracerebral and 

intraventricular hemorrhage. The ischemic lesion and subarachnoid hemorrhage were not 

seen on admission CT, but were present on subsequent scans after redistribution of 

intraventricular hemorrhage into the subarachnoid space.
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Figure 3. 
Classification of ischemic strokes by presumed etiology according to TOAST criteria.
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Table 1

Demographics, comorbidities and clinical characteristics at baseline in patients with intracerebral and 

intraventricular hemorrhage.

Demographic variables No ischemic lesions (N= 477) Ischemic lesions (N= 23) p value

Age in Years, median [IQR] 59 [51, 67] 59 [52, 66] 0.73

Gender: Female, n (%) 212 (44.4) 10 (43.5) 0.93

Race, n (%)

 Caucasian 12 (52.2) 240 (50.3) 0.25

 African American 163 (34.2) 7 (30.4)

 Hispanic/Latino 52 (10.9) 1 (4.4)

 Other 22 (4.6) 3 (13.0)

Baseline variables

 Tobacco Use, n (%) 127 (26.6) 5 (21.7) 0.60

 Alcohol use, n (%) 19 (3.9) 1 (4.4) 0.93

 Hypertension, n (%) 445 (93.3) 20 (86.9) 0.21

 Diabetes Mellitus, n (%) 51 (10.7) 3 (13.1) 0.72

 On Antiplatelet at Registration, n (%) 122 (25.6) 6 (26.1) 0.96

 Anticoagulated at Registration, n (%) 47 (9.8) 2 (8.7) 0.85

 History of Myocardial Infarction, n (%) 29 (6.1) 0 (0) 0.38

 Atrial Fibrillation, n (%) 10 (2.1) 1 (4.4) 0.40

 Hyperlipidemia, n (%) 463 (97.1) 22 (95.6) 0.51

 GCS at screening Total, median [IQR] 10 [7,14] 9 [5,14] 0.28

Index Clot Location, n (%)

  Thalamus 281 (58.9) 12 (52.2) 0.15

  Putamen 15 (3.1) 2 (8.7)

  Caudate 85 (17.8) 2 (8.7)

  Primary IVH 42 (8.8) 3 (13.0)

 Stability CT: IVH Volume* (mL), median [IQR] 27 [12, 35] 38 [21, 48] 0.003

 Stability CT: presence of SAH, n (%) 124 (26) 11(47.8) 0.02

 Stability CT: ICH Volume* (mL), median [IQR] 8 [3, 15] 7 [1, 18] 0.86

 Admission SBP, median [IQR] 194 [167, 220] 199 [163, 218] 0.93

 Admission DBP, median [IQR] 108 [90, 124] 100 [88, 123] 0.39

Abbreviations: IQR: interquartile range; n: number; SBP: systolic blood pressure; DBP: diastolic blood pressure; GCS: Glasgow Coma score; ICH: 
intracerebral hemorrhage; IVH: intraventricular hemorrhage; SAH: subarachnoid hemorrhage.

*
Stability volume calculated by head computed tomography (last one prior to enrollment).
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Table 2

In-hospital complications and clinical characteristics during the first 30 days of hospital stay.

Clinical characteristics No ischemic lesions (N= 23) Ischemic lesions (N= 477) p value

Randomization SBP, median [IQR] 145 [130, 158] 149 [138, 161] 0.35

Randomization DBP, median [IQR] 108 [90, 124] 100 [88, 123] 0.40

SBP change*, median [IQR] 49 [22, 78] 45 [26,64] 0.68

DBP change§, median [IQR] 36 [19, 54] 28 [21, 52] 0.51

Randomization NIHSS, median [IQR] 19 [11, 36] 19 [13, 36] 0.57

NIHSS at 7 days, median [IQR] 17 [8, 27] 20 [13, 39] 0.08

NIHSS at 30 days, median [IQR] 11 [3, 19] 14 [4, 24] 0.62

Any infection in the first 7 days, n (%) 92 (19.3) 8 (34.8) 0.10

Any infection in the first 30 days, n (%) 233 (48.8) 16 (69.6) 0.06

Any CPP readings below 70 mm Hg, n (%) 293 (61.7) 15 (65.2) 0.73

Any ICP readings above 20 mm Hg, n (%) 347 (72.9) 16 (69.6) 0.72

Presence of SAH on all head CTs#, n (%) 76 (15.9) 9 (39.1) 0.004

Alteplase administration in CLEAR III, n (%) 236 (49.4) 13 (56.5) 0.50

Number doses of study agent if Alteplase, median [IQR] 0 [0,5] 3 [0,5] 0.64

EOT IVH Volume+ (mL), median [IQR] 8.3 [3, 16] 13 [6, 29] 0.02

Greater than 80% IVH removal at EOT, n (%) 49 (10.3) 4 (17.4) 0.28

Abbreviations: CI: confidence interval; CPP: cerebral perfusion pressure; EOT: end of treatment; ICP: intracerebral pressure; IVH: intraventricular 
hemorrhage’ IQR: interquartile range; N: number; SAH: subarachnoid hemorrhage.

*
SBP difference from admission to randomization.

§
DBP difference from admission to randomization.

#
Presence of SAH in all head CT’s post-randomization during first 7 days
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