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Abstract

Background Wide variation exists in criteria for accessing

intensive care unit (ICU) facilities for managing patients

with critical illnesses such as acute intracerebral hemor-

rhage (ICH). We aimed to determine the predictors of

admission, length of stay, and outcome for ICU among

participants of the main Intensive Blood Pressure Reduc-

tion in Acute Cerebral Hemorrhage Trial (INTERACT2).

Methods INTERACT2 was an international, open, blinded

endpoint, randomized controlled trial of 2839 ICH patients

(<6 h) and elevated systolic blood pressure (SBP) allo-

cated to receive intensive (target SBP <140 mmHg within

1 h) or guideline-recommended (target SBP <180 mmHg)

BP-lowering treatment. The primary outcome was death or

major disability, defined by modified Rankin scale scores

3–6 at 90 days. Logistic regression and propensity score

analyses were used to determine independent associations.

Main Results Predictors of ICU admission included younger

age, recruitment in China, prior ischemic/undetermined stroke,

high SBP, severe stroke [National Institute of Health stroke

scale (NIHSS) score C15], large ICH volume (C15 mL),

intraventricular hemorrhage (IVH) extension, early neurologi-

cal deterioration, intubation and surgery. Determinants of

prolonged ICU stay (C5 days) were prior antihypertensive use,

NIHSSC15, large ICH volume, lobar ICH location, IVH, early

neurological deterioration, intubation and surgery. ICU

admission was associated with higher-risk major disability at

90-day assessment compared to those without ICU admission.

Conclusions This study presents prognostic variables for

ICU management and outcome of ICH patients included in

a large international cohort. These data may assist in the

selection and counseling of patients and families concern-

ing ICU admission.

Keywords Intracranial hemorrhage � Intensive care unit �
Outcome predictors � Mortality � Duration of stay

Introduction

Acute spontaneous intracerebral hemorrhage (ICH) is the

most devastating and least treatable form of stroke that

affects several million people in the world each year [1].
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Though prognosis is strongly linked to initial clinical

severity, and the size, location and growth of the hematoma

[2–5], intensive care unit (ICU) admission and the associ-

ated expertise can improve outcome in certain types of ICH

patients [6–10]. However, ICU access is variable both

within and between countries, and increasingly limited

with increasing demands in aging populations. In addition,

compared to acute ischemic stroke, few critical care path-

ways or protocols exist and/or are routinely applied in the

management of ICH patients; further exacerbating

inequalities in treatment [11]. We aimed to determine the

predictors of admission, length of stay, and outcome for

ICU among participants with ICH in the large-scale,

international, Intensive Blood Pressure Reduction in Acute

Cerebral Hemorrhage Trial (INTERACT2).

Methods

Study Design and Participants

This is a post hoc analysis of the INTERACT2 trial, the

design and main results of which are described in detail

elsewhere [12, 13]. Briefly, the study included 2839 adult

patients with acute spontaneous CT-confirmed ICH within

6 h of onset and sustained elevated systolic blood pressure

(SBP 150–220 mmHg), who were eligible to receive active

management. Exclusion criteria encompassed having: (a) a

clear indication for, or contraindication to, intensive BP

lowering; (b) definite evidence that ICH was secondary to a

structural brain abnormality; (c) severe condition defined

by coma (scores 3–5 on the Glasgow coma scale (GCS)

[14]), concurrent medical illness, a high likelihood of early

death, or massive ICH; (d) patients with known pre-stroke

advanced dementia or disability [e.g., modified Rankin

scale (mRS) score of 3–5] and (e) where early surgery was

planned. All relevant ethics committees approved the

study, and informed consent was obtained from all patients

or relevant surrogates. The study is registered with Clini-

calTrials.gov (NCT00716079).

Procedures

Demographic and clinical characteristics of patients were

captured upon enrollment. Scores on the GCS [14] and

National Institutes for Health Stroke Scale (NIHSS) [15]

were recorded by appropriately qualified personnel to

measure neurological status and stroke severity immedi-

ately prior to randomization and 24 h later. Patients were

randomly assigned to receive early intensive BP-lowering

treatment (according to a standardized protocol to achieve

a SBP goal of <140 mmHg within 1 h, commencing with

an intravenous agent and changed to oral agents when

feasible to maintain the SBP goal for at least 7 days) or

guideline-recommended best practice BP control (SBP

<180 mmHg). Clinical and management data were

recorded upon enrollment and over the next 7 days of

hospital admission (or until death/discharge, whichever

occurred soonest). These data included any ICU admission

during first 7 days, key management procedures, and

duration of ICU, as well as overall hospital stay. Patients

admitted to ICU following local protocols according to the

attending clinician, since this pragmatic study did not

provide particular criteria for ICU admission. Date of ICU

admission was not recorded. Brain imaging was performed

according to standardized techniques and analyzed cen-

trally by trained staff blinded to clinical data, treatment and

sequence of scan. ICH volume and growth were calculated

using computer-assisted multi-slice planimetric and voxel

threshold techniques. Trained local staff unaware of group

assignment or treatments followed up patients in person or

by telephone at 90 days. Clinical outcomes were the

combined and separate endpoints of death and major dis-

ability (mRS [16, 17] scores 3–6, 6, and 3–5, respectively).

Statistical Analysis

A logistic regression model was used to identify baseline,

clinical, and neuroradiological variables associated with

admission to ICU and subsequent duration of stay C5 days

(based on a median ICU stay of 5 days). Significant uni-

variate variables and others considered clinically

important, including gender and randomization to intensive

BP-lowering treatment, were entered into the first model. A

second model was created that included all previous

parameters, important management variables of intubation

or neurosurgical intervention, as well as neurological

deterioration within the first 24-h post-randomization,

defined as an increase in NIHSS of C4 points or a decline

of C2 in GCS from baseline to 24 h. The full model was

reduced by successively removing nonsignificant covari-

ates until all remaining predictors remained statistically

significant.

A logistic regression model that included all the sig-

nificant covariates, plus gender, is outlined in

Supplemental Table 1 and was constructed to estimate the

propensity score (PS) for ICU admission. We used optimal

matching 1:1 without replacement, and an initial caliper

width matching algorithm that equates to 0.17 (20% of the

SD of the logit of the PS) [18]. Generalized estimating

equations were used to test the effect of ICU admission on

the primary and secondary outcomes, accounting for

matching in the PS-matched subpopulation [19]. Pre- and

post-matching balance of covariates between the ICU

admission groups was assessed by using standardized dif-

ference, with values closer to zero indicating better balance
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[20]. After PS matching, all the covariates were <0.05,

which indicated good balance between ICU admission

groups (Supplementary Table 2). We also conducted an

analysis that was stratified across fifths of the PS. A sum-

mary estimate was calculated using unadjusted logistic

regression stratified by PS strata as previous stated [21].

Finally, PS was used as a covariate in the logistic model to

assess the impact of ICU admission.

Data are reported with odds ratios (OR) and 95% con-

fidence intervals (CI). A two sided P value <0.05 was set

as the level for statistical significance. All statistical anal-

yses were performed using SAS version 9.3 (SAS Institute,

Cary, NC, USA).

Results

Of 2779 patients with available data, 1061 (38%) were

admitted to ICU; all other patients were managed in an

acute stroke unit. Table 1 describes the baseline patient

characteristics and their management over the first 7 days

of hospital admission according to ICU admission. Multi-

variate regression analysis shows that ICU admission was

associated with younger age, China region of recruitment,

prior history of ischemic/undifferentiated stroke, increased

stroke severity (NIHSS C15), higher SBP, left hemisphere

location, larger hematoma volume, and IVH extension

(Table 1). After adjusting for management factors (neuro-

logical decline in first 24 h, intubation, and any surgical

intervention), only China region and SBP were predictors

of ICU admission (Model 2, Table 1). With respect to

differences in management over the first 7 days of hospital

admission, ICU-treated patients were more likely to have

experienced early neurological deterioration, to have

received intravenous mannitol, intubation, and mechanical

ventilation, and to have undergone hematoma evacuation

or other neurosurgical intervention, including ventricular

drain insertion.

Median duration of ICU stay was five days (interquartile

range 3–7), and this figure did not differ significantly

between high- and middle-income countries (Supplemen-

tary Table 3). Independent predictors of longer ICU

admission, defined as a median of or greater than five days,

were determined (Table 2). After multivariable analysis,

adjusting for pre-specified baseline and management fac-

tors, only prior antihypertensive therapy use, lobar ICH

location, IVH, and intubation and surgical intervention

were the significant predictors of prolonged ICU admission

(Table 2).

At 90 days after ICH, 1454/2779 (53%) patients were

dead or had residual major disability (mRS 3–6); 286

(10%) deaths and 1168 (48%) with major disability (mRS

scores 3–5). Sixty percent (632/1061) of ICU patients were

dead or remained with residual major disability at 90 days,

with higher rates of death or major disability (mRS 3–5)

compared to those managed on an acute stroke unit: 13

versus 9 and 54 versus 44%, respectively (P < 0.001). In

the PS matching population, ICU admission was signifi-

cantly associated with higher risk of death or major

disability (OR 1.22, 95% CI 1.01–1.48; P = 0.040), but

this was driven by major disability (OR 1.28, 95%

1.05–1.57; P = 0.017) and not death (OR 0.86, 95% CI

0.62–1.20; P = 0.377). PS stratification and adjusted

models showed consistent results (Table 3).

Discussion

Acute ICH is a condition that is associated with significant

morbidity and mortality, and patients often require ICU

admission—nearly 40% in this trial clinical cohort.

Nonetheless, there is significant inequity in ICU access,

both within and between countries, which may in part

reflect limited critical care pathways and protocols for this

patient group. Although ICU care and monitoring may

improve a patient’s chances of survival and reduce the

duration of hospital stay and costs [6–9], access and uti-

lization of this resource is limited in many parts of the

world. This is an increasingly important issue as more

patients are requiring critical care as a consequence of an

aging population, but with limited numbers of intensivists

[22]. In the face of limited capacity and expertise, risk

stratification for requiring ICU care may be one approach

to improve consistency and efficiency in the use of this

resource. Our analysis has identified a set of clinical vari-

ables that predict management and outcomes for ICU,

which could be considered as a guide to triaging decisions.

It seems plausible to consider ICU admission for ICH

patients on the basis of age, stroke severity defined by

clinical grade (hematoma location and volume, and the

presence of IVH), vital signs, particularly of SBP level, and

history of previous stroke. [23, 24], The finding of a greater

likelihood of ICU admission for patients in China is less

generalizable and most likely reflects the service and cul-

tural aspects of care in this country, as well as the large

volume of recruitment of patients from large Chinese

academic centers in this study.

In regard to duration of ICU stay, and thus resource use,

this was significantly related to prior antihypertensive

therapy use, lobar ICH location, IVH, intubation and sur-

gical intervention. It is possible that prior antihypertensive

use identified a selected patient subgroup, perhaps who had

end organ damage from chronic hypertension, who

required more intensive BP treatment and monitoring,

which led to a longer ICU stay. Some of the therapeutic

interventions in the ICU observed in this study deserve
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clarification. Intravenous mannitol infusion was adminis-

tered in China as routine therapy within a standardized

protocol for treatment of ICH regardless of whether there

was suspected or confirmed raised intracranial pressure.

The preference for the use of compression stockings rather

than prophylactic heparin for venous thromboembolism

prophylaxis likely reflects clinicians’ concerns about the

potential for hematoma expansion or hemostatic problems

should surgical evacuation be required [25].

The combined poor 90-day outcome of death and major

disability was higher in ICH patients admitted to ICU than

those managed on acute stroke units, was driven by the

latter component, and may relate to an early survivor bias

and the effects of larger hematoma volume and initial

clinical severity after ICH [2–5, 23, 24]. It is likely,

though, that patients with these factors were more likely to

be treated in an ICU setting as part of active therapy

through participation in a clinical trial of intensive BP

lowering. Nevertheless, while PS matching and comple-

mentary analyses produced consistent results, the outcome

of major disability might have been related to unmeasured

variables that were not accounted for in the PS model, such

as re-bleeding, later neurological deterioration, or other

complications such as ventriculitis. Ninety-day outcomes,

whether assessed by combined death and major disability

or the separate components, were worse in those partici-

pants who required ICU care. The association between

shorter time from onset to randomization and worse out-

comes can be explained by the finding that patients

randomized earlier had larger hematoma volumes and

higher rates of hematoma expansion, factors known to be

associated with worse functional outcome [26–30].

Strengths of this study include the large heterogeneous

sample of patients recruited from a diverse range of hos-

pitals and health-care settings, who were assessed

according to a standardized protocol and objective out-

come measures. The limitations include the limited range

of variables that were assessed mainly at the time of hos-

pital presentation as part of a large-scale pragmatic clinical

trial. Factors that determine ICU admission, such as

advance directives, change in physiological parameters and

comorbid variables, and of adverse events, were not pre-

defined or adjudicated and thus could not be included in

analyses. ICU admission was decided by the treating

teams, and local preferences and service availability would

also influence decisions about care. As these analyses were

not pre-specified, they are prone to random error and

residual confounding. Finally, as this study was based on a

clinical trial population, which excluded patients with

profound coma (GCS score 3–5), significant previous

disability, and those for whom early surgery was planned,

the findings may not be readily applied to severe cases of

ICH.T
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Table 2 Predictors of long duration of stay (C5 days) in an ICU

Variable Duration of ICU stay Multivariable

<5 days

(n = 458)

C5 days

(n = 602)

OR (95% CI) P value Model 1 Model 2

aOR (95% CI)a P value aOR (95% CI)b P value

Demographic

Age, per 10-year

increase

62 (12) 63 (13) 1.05 (0.95–1.15) 0.345

Male 284 (62) 396 (66) 1.18 (0.92–1.52) 0.205

Chinese region 338 (74) 418 (69) 0.81 (0.62–1.06) 0.120

Medical history

Prior ICH 30 (7) 53 (9) 1.38 (0.87–2.19) 0.178

Prior ischemic or UND

stroke

58 (13) 80 (13) 1.06 (0.74–1.52) 0.765

Heart disease 51 (11) 63 (11) 0.93 (0.63–1.38) 0.726

Diabetes mellitus 49 (11) 65 (11) 1.01 (0.68–1.50) 0.959

History of

hypertension

342 (75) 446 (74) 0.97 (0.73–1.28) 0.829

Antihypertensive use 177 (39) 276 (46) 1.34 (1.05–1.72) 0.019 1.36 (1.04–1.78) 0.023 1.33 (1.01–1.75) 0.042

Use of warfarin

anticoagulation

16 (4) 14 (2) 0.66 (0.32–1.36) 0.259

Use of an antiplatelet

agent

36 (8) 53 (9) 1.13 (0.73–1.76) 0.583

Clinical features

Time to randomization,

h

3.7 (2.8–4.8) 3.8 (2.9–4.8) 1.05 (0.95–1.16) 0.343

NIHSS C15 122 (27) 227 (38) 1.67 (1.28–2.18) 0.002 1.44 (1.07–1.93) 0.015 1.31 (0.96–1.77) 0.085

Systolic BP, per

10 mmHg increase

180 (17) 182 (16) 1.05 (0.98–1.13) 0.157

Deep location of

hematomac
361 (86) 439 (80) 0.65 (0.46–0.91) 0.012 0.63 (0.44–0.89) 0.010 0.65 (0.46–0.94) 0.020

Left hemisphere site of

hematoma

224 (53) 293 (53) 1.00 (0.77–1.28) 0.969

Hematoma volume

C15, mL

146 (35) 242 (44) 1.47 (1.13–1.91) 0.004 1.36 (1.03–1.81) 0.032 1.19 (0.89–1.59) 0.253

Intraventricular

extension

116 (28) 199 (36) 1.48 (1.13–1.95) 0.005 1.51 (1.14–2.01) 0.004 1.43 (1.07–1.91) 0.015

Management post-randomization

Intensive BP lowering 230 (50) 302 (50) 1.00 (0.78–1.27) 0.987

Neurological

deteriorationd
70 (15) 141 (24) 1.70 (1.24–2.33) 0.001 1.25 (0.87–1.79) 0.236

Intubation 38 (8) 123 (20) 2.84 (1.93–4.18) <0.001 1.60 (1.03–2.49) 0.038

Any surgical

intervention

28 (6) 95 (16) 2.88 (1.85–4.47) <0.001 1.85 (1.14–3.02) 0.014

Data are shown in n (%), mean (SD), or median (IQR)

BP blood pressure, CI confidence interval, aOR adjusted odds ratio, GCS Glasgow coma scale, ICU intensive care unit, NIHSS National Institutes

of Health Stroke Scale, CT computerized tomography, UND undetermined stroke
a Model 1 includes all baseline significant variables in the univariate analysis, plus gender and intensive BP treatment
b Model 2 includes variables from Model 1 plus neurological deterioration in first 24 h post-randomization, and intubation and any surgical

intervention
c Refers to location of hematoma in the basal ganglia or thalamus
d Defined as an increase from baseline to 24 h of C4 on the NIHSS or a decline of C 2 on the GCS
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In conclusion, this study presents management and

prognostic issues of ICH patients admitted to ICU from a

large international cohort. These findings may contribute to

improve risk stratification and allow appropriate selection

of ICH patients most likely to benefit from ICU admission.
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