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Significance of Intraventricular Hemorrhage in Acute
Intracerebral Hemorrhage

Intensive Blood Pressure Reduction in Acute Cerebral
Hemorrhage Trial Results

Edward Chan, BSc (Adv); Craig S. Anderson, MD, PhD; Xia Wang, MMed;
Hisatomi Arima, MD, PhD; Anubhav Saxena, BSc (Adv); Tom J. Moullaali, MD;
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Guofang Chen, MD; Pablo M. Lavados, MD; Christian Stapf, MD; Thompson Robinson, MD;
John Chalmers, MD, PhD; Yining Huang, MD; the INTERACT?2 Investigators

Background and Purpose—Intraventricular hemorrhage (IVH) with spontaneous intracerebral hemorrhage indicates a poor
prognosis but uncertainty exists over the pattern of association. We aimed to elucidate risk associations of IVH and
outcome in the Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial (INTERACT?) data set.

Methods—INTERACT2 was an international prospective, open-blinded end point, randomized controlled trial in 2839
patients with intracerebral hemorrhage (<6 hours) with elevated systolic blood pressure randomly assigned to intensive
(target systolic blood pressure <140 mmHg) or guideline-based (systolic blood pressure <180 mmHg) blood pressure
management. Associations of baseline IVH in 740 of 2613 (28%) patients and poor outcomes (death and major disability
defined on the modified Rankin Scale) at 90 days were determined in linear and logistic regression models.

Results—Patients with IVH were significantly older and with greater neurological impairment, history of ischemic stroke,
and larger hematomas more often deep hemisphere located at presentation, after adjustment for other baseline variables.
Death or major disability occurred in 66% with IVH versus 49% in intracerebral hemorrhage—alone patients (adjusted
odds ratio, 1.68; 95% confidence interval, 1.38-2.06; P<0.01). Associations of IVH volume and clinical outcomes
were strong and near continuous. Adjusted analyses by thirds of IVH volume indicate thresholds of =5 and 10 mL for
significantly increased odds of death and death or major disability, respectively.

Conclusions—A strong association exists between the amount of IVH and poor outcome in intracerebral hemorrhage. An
IVH volume of 5 to 10 mL emerges as a significant threshold for decision making on prognosis in these patients.

Clinical Trial Registration—URL.: http://www.clinicaltrials.gov. Unique identifier: NCT00716079.

(Stroke. 2015;46:653-658. DOI: 10.1161/STROKEAHA.114.008470.)
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cute spontaneous intracerebral hemorrhage (ICH) is the
least treatable and most serious form of stroke.! When

for patient care has not been clearly defined. Such data are
important for planning inclusion criteria and outcomes in

ICH spills into the ventricular system, which occurs in about
one third of cases,? the risk of death increases 5-fold and sur-
vivors are left with greater long-term disability.>> However,
the pattern of association between intraventricular hemor-
rhage (IVH) volume and adverse outcomes in ICH remains
unclear, and the amount of IVH that is clinically relevant

clinical trials and in decisions about patient management,
such as the use of drainage and fibrinolysis of IVH.*¢” We
aimed to elucidate risk associations of IVH and outcomes
among participants of the main phase Intensive Blood
Pressure Reduction in Acute Cerebral Hemorrhage Trial
(INTERACT?) study.

Received December 15, 2014; final revision received December 31, 2014; accepted January 2, 2015.

From the George Institute for Global Health, Neurological and Mental Health Division, Royal Prince Alfred Hospital, Sydney, Australia (E.C., C.S.A.,
X.W,HA,AS., TIM., EH., CD.,J.C.); Central Clinical School, University of Sydney, Sydney, Australia (E.C., C.S.A., X.W., HA.,A.S.,EH.,CD.,J.C);
Department of Neurology, Hebei Yutian Hospital, Tangshan, China (G.W., J.W.); Department of Neurology, Xuzhou Central Hospital, Jiangsu, China (G.C.);
Servicio de Neurologia, Departamento de Medicina, Clinica Alemana, Universidad del Desarrollo, Santiago, Chile (P.M.L.); Department of Neurological Sciences,
Universidad de Chile, Santiago, Chile (P.M.L.); Department of Neurology, APHP—Hopital Lariboisiere and DHU NeuroVasc Paris—Sorbonne, Université Paris
Diderot-Sorbonne Paris Cité, Paris, France (C.S.); Department of Cardiovascular Sciences and NIHR Biomedical Research Unit in Cardiovascular Disease,
University of Leicester, Leicester, United Kingdom (T.R.); and Department of Neurology, Peking University First Hospital, Beijing, China (Y.H.).

Presented in part at the International Stroke Conference of the American Heart Association, Nashville, TN, February 11-13, 2015.

The online-only Data Supplement is available with this article at http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.
114.008470/-/DC1.

Correspondence to Craig S. Anderson, MD, PhD, The George Institute for Global Health, PO Box M201, Missenden Rd, Sydney, NSW 2050, Australia.
E-mail canderson @george.org.au

© 2015 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org DOI: 10.1161/STROKEAHA.114.008470

653


http://www.clinicaltrials.gov
http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.114.008470/-/DC1
http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STROKEAHA.114.008470/-/DC1
mailto:canderson@george.org.au
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/

810z ‘6T AInr uo 19nb Aq /B10's feuino feyedx0.//:dny woly papeojumod

654 Stroke March 2015

Methods

The INTERACT?2 study was an international, multicenter, open-
blinded end point, randomized controlled trial, the details of which
are outlined elsewhere.® In brief, 2839 patients with computed
tomographic—confirmed spontaneous ICH within 6 hours of onset
and elevated systolic blood pressure (systolic BP, 150-220 mm Hg)
were randomly assigned to receive intensive (target systolic BP, <140
mm Hg within 1 hour) or guideline-recommended (target systolic BP,
<180 mm Hg) BP-lowering therapy using locally available agents ac-
cording to standardized protocols. The study protocol was approved
by the appropriate ethics committee at each participating site, and
written informed consent was obtained from the patient or an appro-
priate surrogate.

Demographic and clinical characteristics were recorded at the
time of enrollment. Stroke severity was measured using the Glasgow
Coma Scale and National Institutes of Health Stroke Scale at base-
line, 24 hours, and at day 7 (or earlier on discharge from hospital).
Uncompressed digital images of all baseline and follow-up CT scans
were collected in DICOM format, identified only with the patient’s
unique study number, for central analysis of ICH and IVH volumes
blind to clinical data, treatment, and date and sequence of scan, using
computer-assisted multislice planimetric and voxel threshold tech-
niques in MIStar version 3.2 (Apollo Medical Imaging Technology).
Inter-reader reliability was checked by periodic reanalysis of 15% of
the scans reviewed by each imaging scientist against a gold standard
single neurologist to avoid drift (intraclass correlation coefficient,
0.92 for total hematoma volume and 0.96 after removing outlier data
with total volumes >50 mL).

The primary clinical outcome was death or major disability, defined
by scores 3 to 6 on the modified Rankin Scale’ at 90 days. Secondary
outcomes were death and major disability (modified Rankin Scale
score of 6 and 3-5, respectively), as well as serious adverse events
and length of initial hospital stay.

Independent associations between various defined baseline char-
acteristics and the presence of IVH at baseline were examined in a
multivariable logistic regression model with all significant baseline
characteristics as well as sex. Multivariable logistic regression mod-
els were also used to evaluate associations of baseline IVH volume,
either as a continuous or categorical (thirds and fourths) variable, and
clinical outcomes. These models included (1) initial adjustment for
significant baseline univariates (including ICH volume, time to initial
CT, randomized treatment, age, sex, China region, baseline systolic
BP, location of ICH location [deep hemisphere versus other], history
of heart disease, history of ischemic or undifferentiated stroke, and
prior use of antithrombotic treatment [anticoagulation or antiplatelet
agents]) and then with (2) further adjustment for significant differenc-
es in management variables >7 days postrandomization,® including
the use of intubation (and ventilation), admission to an intensive care
unit, prophylactic treatment for venous thromboembolism, use of any
hemostatic therapy, any specific neurosurgical intervention, and a de-
cision to withdraw active treatment/care. The predicted probabilities
for outcomes were evaluated in univariate logistic regression models
using IVH volume as a continuous variable. Collinearity and interac-
tion between variables were checked. Data are presented with odds
ratios (ORs) and 95% confidence intervals (CIs). Adjusted survival
curves were used to assess survival in patients with and without IVH.
A 2-sided P value <0.05 was set for statistical significance. All analy-
ses were performed using SAS version 9.3 (SAS institute, Cary, NC).

Results
There were 2613 patients with ICH from the INTERACT2
trial with available CT data, of whom 740 (28%) had associ-
ated IVH at entry. Table 1 shows the characteristics of patients
with and without IVH. In multivariable analysis, those with
IVH were significantly older, more clinically severe (ie,
higher National Institutes of Health Stroke Scale scores), hav-
ing a slightly longer delay to initial (diagnostic) CT, higher
heart rate, greater frequency of prior ischemic stroke, and

larger volume of hematoma more often deeply located in the
cerebral hemisphere.

As there was a strong correlation between China region
and prophylactic treatment for venous thromboembolism
(r=—0.74) among patients, the latter variable was excluded
in further multivariable analysis. Four significant variable
interactions were found which were also adjusted in the mul-
tivariable analysis: baseline hematoma volume and location,
baseline hematoma volume and intubation, baseline hema-
toma volume and any neurosurgical intervention, and intuba-
tion and any neurosurgical intervention. Table 2 shows that
IVH was significantly associated with poorer 90-day clinical
outcomes: ORs were 1.68 (95% CI, 1.38-2.06; P<0.01), 1.76
(95% CI, 1.34-2.31; P<0.01), and 1.56 (95% CI, 1.26-1.93;
P<0.01), for the outcomes of death or major disability, death,
and major disability alone, respectively. Other serious adverse
outcomes were more frequent in patients with IVH, includ-
ing any serious adverse event, clinical reported neurological
deterioration, and specific noncardiovascular serious adverse
events. Despite the differential prognosis between patients
with and without IVH, there was no difference in their length
of initial hospital stay. There were, however, significant dif-
ferences in aspects of their medical and surgical manage-
ment in the 7-day postrandomization, as outlined in Table 3.
In particular, patients with IVH received more intravenous
BP-lowering treatment in the first 24 hours, any hemostatic
therapy and ventricular drain insertion. Survival curves
adjusted for imbalances in baseline characteristics show that
the greatest probability of death from IVH occurred in the first
30 days after ICH onset and most apparent within the first
several days (Figure I in the online-only Data Supplement).
After adjustment for differences in management, the survival
curves were no longer significant (Figure II in the online-only
Data Supplement).

There was a strong and near continuous relationship
between IVH volume and death (OR, 1.04; 95% CI, 1.02—
1.06; P<0.01) as well as death or major disability (OR, 1.03;
95% CI, 1.01-1.05; P<0.01) at 90 days, in adjusted models
according to increasing IVH volume (Figures 1 and 2). In
Table 4 and the Table in the online-only Data Supplement,
with baseline IVH volume divided into thirds and fourths cat-
egories, respectively, the threshold for significantly increased
OR seemed lower for mortality (=5 mL) than for the com-
bined poor outcome of death or major disability (=10 mL)
with adjustment for baseline variables. The strength of these
associations diminished after further adjustment for differ-
ences in management. There was no such trend in OR across
similar categories of IVH volume and major disability alone.

Discussion
Our post hoc analysis of the INTERACT?2 data set confirms
that IVH denotes a worse outcome in patients with acute ICH.
As well as showing a strong and near continuous relationship
between IVH volume and the odds of death, and of death or
major disability, logistic regression analysis identified vol-
ume of between 5 and 10 mL as being a statistically signifi-
cant threshold for increased odds of poor clinical outcomes,
whether defined by death or death and major disability, after
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Table 1. Baseline Characteristics of Patients With and Without Intraventricular Hemorrhage
ICH Without IVH Adjusted OR*
All (n=2613) ICH With IVH (n=740) (n=1873) PValue (95% Cl) PValue
Age, median (IQR), y 63 (54-74) 66 (58-76) 62 (53-73) <0.01 1.02(1.01-1.03)  <0.01
Men 1631/2613 (62) 457/740 (62) 1174/1873 (63) 0.66 0.96 (0.80-1.16) 0.69
Chinese region 1737 (67) 467/740 (63) 1270/1873 (68) 0.02 1.01 (0.82-1.25) 0.90
GCS, median (IQR) 14 (13-15) 14 (12-15) 14 (13-15) <0.01
Time to CT scan, h 1.8 (1.2-2.7) 1.8(1.3-2.8) 1.8 (1.2-2.6) 0.05 1.10 (1.02-1.20) 0.02
NIHSS score, median (IQR) 11 (6-16) 13 (7-17) 10 (6-15) <0.01 1.03 (1.02-1.05)  <0.01
Systolic BP, mean (SD), mmHg 179 (17) 180 (17) 179 (17) 0.07
Diastolic BP, mean (SD), mm Hg 101 (115) 100 (14) 101 (15) 0.28
History of hypertension 1890/2611 (72) 550/739 (74) 1340/1872 (72) 0.14
Use of antihypertensive therapy 1174/2611 (45) 346/739 (47) 828/1872 (44) 0.23
History of heart disease 285/2613 (11) 105/740 (14) 180/1873 (10) <0.01 1.21 (0.91-1.61) 0.19
Diabetes mellitus 286/2611 (11) 92/739 (13) 194/1872 (10) 0.12
Prior ICH 209/2611 (8) 61/739 (8) 148/1872 (8) 0.77
Prior ischemic or undifferentiated stroke 298/2613 (11) 125/740 (17) 173/1873 (9) <0.01 2.04 (1.57-2.67)  <0.01
Prior warfarin anticoagulation 80/2611 (3) 32/739 (4) 48/1872 (3) 0.02 1.11 (0.67-1.81) 0.71
Prior aspirin or other antiplatelet agent 251/2613 (10) 87/740 (12) 164/1873 (9) 0.02 0.98 (0.72-1.35) 0.91
Deep location of hematomat 2182/2613 (84) 645/740 (87) 1537/1873 (82) <0.01 1.74(1.34-2.28)  <0.01
Left hemisphere site of hematoma 1313/2613 (50) 366/740 (47) 947/1873 (51) 0.61
Hematoma volume, median (IQR), mL
ICH 11.0 (5.8-19.5) 11.0 (6.7-21.3) 10.9 (5.3-18.8) <0.01 1.01(1.01-1.02)  <0.01
IVH 5.9 (2.1-13.8)
ICH+IVH 13.1(6.5-23.8) 20.8 (11.5-37.0) 10.9 (5.3-18.8) <0.01
Randomized treatment 1294/2613 (50) 371/740 (50) 923/1873 (49) 0.69 1.05 (0.88-1.25) 0.59

Data are n (%) unless otherwise stated. P values are based on 2, t test, or Wilcoxon rank-sum test. BP indicates blood pressure; Cl, confidence intervals; CT,
computed tomography; GCS, Glasgow Coma Scale; ICH, intracerebral hemorrhage; IQR, interquartile range; IVH, intraventricular hemorrhage; NIHSS, National Institutes

of Health Stroke Scale; and OR, odds ratios.
*Adjusted for all other variables.
TDeep location refers to location in the basal ganglia or thalamus.

adjustment for baseline imbalances. This volume of IVH
seems meaningful for clinical decision making on prognosis
and as a therapeutic target for residual IVH in those patients
who have a ventricular drain inserted. When the model
includes adjustment for ventricular drain and other manage-
ment imbalances, more modest associations of IVH and these
outcomes were evident.

Although the literature is consistent for IVH being a pre-
dictor of poor outcome in ICH,'*" there is uncertainty on
the strength and pattern of association. One study suggests
a curvilinear relationship between IVH volume and 30-day
mortality, with 10 to 15 mL of IVH proposed as an appropri-
ate threshold for predicting poor outcome in patients with
comatose state (Glasgow Coma Scale scores <8),> whereas
another study indicates IVH volumes >20 mL as being rel-
evant for survival.'* Our analyses indicate a near linear rela-
tionship between the amount of IVH and adverse outcomes
in ICH, with a much lower volume threshold than previously
considered for increased odds of death (=5 mL) and the com-
bined poor outcome of death or major disability (or depen-
dency, =10 mL).

The pathophysiological mechanisms underlying the inde-
pendent prognostic significance of IVH are relatively well

understood. Obstructive hydrocephalus and meningeal irrita-
tion from blood and its breakdown products obstruct arach-
noid granulations, which are key to draining cerebrospinal
fluid into dural venous sinuses, although intracranial pressure
may not necessarily be increased.'® Ependymal inflammation
and fibrosis also contribute to delayed clearance of cerebro-
spinal fluid, which may further contribute to tissue damage
caused from the primary parenchymal ICH.'™"” The weaker
association of IVH with major disability is likely explained
by residual disability in survivors being more strongly related
to neuronal injury resulting from the underlying intraparen-
chymal hematoma. Furthermore, the weaker association of
IVH and the primary outcome and mortality after adjustment
for differences in management between randomized groups
suggests potential beneficial effects of some interventions, in
particular, the insertion of a ventricular drain.

Major strengths of this study are that it was undertaken
on a large heterogeneous sample of patients recruited from
a diverse range of hospitals and healthcare settings, who
were assessed according to a standardized protocol and
objective measures. This approach allowed adjustment for
multiple confounding variables and provides some reassur-
ance over both the reliability and the validity of the results.
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Table 2. Clinical Outcomes Associated With Intraventricular Hemorrhage

ICH Without IVH

ICH With IVH (n=730) (n=1852) OR (95% Cl) PValue AOR* (95% CI) PValue
Day 90
Death or major disability 481/730 (66) 912/1852 (49)  1.99 (1.67-2.38) <0.01 1.68 (1.38-2.06) <0.01
Death 143/730 (20) 170/1852 (9)  2.41 (1.89-3.07) <0.01 1.76 (1.34-2.31) <0.01
Major disability 338/587 (58) 742/1682 (44)  1.72 (1.42-2.08) <0.01 1.56 (1.26-1.93) <0.01
Days of hospitalization (median) 21 (11-39) 20 (12-33) 0.35
Serious adverse events
Anyt 382/730 (52) 591/1852 (32)  2.00 (1.70-2.36) <0.01
Neurological deteriorationt
Nonfatal 28/730(3.8) 27/1852(1.5)
Fatal 86/730(11.8) 87/1852(4.7)
Recurrent cardiovascular eventt
Nonfatal 6/730 (1) 16/1852 (1)
Fatal 3/730 (0) 2/1852 (0)
Noncardiovascular eventf
Nonfatal 75/730 (10) 138/1852 (8)
Renal failure 3/730 (3) 5/1852 (1)
Respiratory infections 25/730 (3) 26/1852 (1)
Sepsis 2/730 (0) 4/1852 (0)
Fatal 26/730 (4) 50/1852 (3)

Data are n (%) unless otherwise stated. AOR indicates adjusted odds ratio; Cl, confidence intervals; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage;

and OR, odds ratios.

*Adjusted for age, sex, China region, time to computed tomographic scan, baseline blood pressure, history of heart disease, history of ischemic stroke or undifferentiated
stroke, prior use of warfarin/aspirin, baseline hematoma volume and location, randomized treatment, and interaction between baseline hematoma volume and location.

TNumber of events.

FCounts correspond to the number of subjects who experienced a specific serious adverse event at least once; 1 subject may be counted in >1 category.

Even so, we recognize several limitations, in particular that
some patients such as those with large hematomas and who
required early neurosurgery were excluded, leading to the
influence of selection bias on a clinical trial population.
However, this is likely to have led to an underestimation

rather than overestimation of the prognostic significance of
IVH. Another issue is that although our results are based
on prospectively collected data, this is a retrospective study
and thus prone to random error and incomplete adjust-
ment for potential confounding including decisions on the

Table 3. Treatment of Patients With and Without Intraventricular Hemorrhage

Parameter ICH Without IVH (n=1873) ICH With IVH (n=740) PValue

Time from ICH to start of treatment, median (IQR), h
Any intravenous BP-lowering treatment
Use of a single intravenous BP-lowering agent
Intubation
Admission to an intensive care unit
Prophylactic treatment for deep venous thrombosis
Compression stockings used
Subcutaneous heparin administered
Use of intravenous mannitol
Hemostatic therapy*
Any surgical intervention
Evacuation or decompression of the hematoma
Insertion of a ventricular drain
Decision to withdraw active treatment and care

4.0(2.9-5.3) 4.3 (3.0-5.5) 0.03
1195/1873 (64) 541/740 (73) <0.01
823/1873 (44) 351/740 (47) 0.1
96/1852 (5) 83/718 (12) <0.01
659/1852 (36) 315/718 (44) <0.01
405/1852 (22) 185/718 (26) 0.04
182/1852 (10) 99/718 (14) <0.01
337/1852 (18) 142/718 (20) 0.36
1117/1852 (60) 438/718 (61) 0.75
55/1852 (3) 33/718 (5) 0.04
86/1852 (5) 58/718 (8) <0.01
60/1852 (3) 17/718 (2) 0.24
32/1852 (2) 47718 (7) <0.01
54/1852 (3) 58/718 (8) <0.01

Data are n (%) unless otherwise stated. BP indicates blood pressure; ICH, intracerebral hemorrhage; IQR, interquartile range; and IVH,

intraventricular hemorrhage.

*Includes the use of fresh frozen plasma, vitamin K, and recombinant tissue factor Vlla.
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Figure 1. Predicted probabilities for death by baseline intraven-
tricular volume. *Adjusted factors are age, sex, China region,
time to computed tomographic scan, baseline blood pressure,
history of heart disease, history of ischemic stroke or undifferen-
tiated stroke, prior use of warfarin/aspirin, baseline hematoma
volume and location, randomized treatment. tAdditional adjust-
ment for all baseline characteristics in model 1 together with the
use of intubation, intensive care unit admission, any hemostatic
therapy, any surgical intervention, decision to withdraw active
treatment and care, and interactions of baseline hematoma vol-
ume and location, baseline hematoma volume and intubation,
baseline hematoma volume and any neurosurgical intervention,
and intubation and any neurosurgical intervention. AOR indicates
adjusted odds ratio; Cl, confidence interval; IVH, intraventricular
hemorrhage; and OR, odds ratio.

management of patients. Finally, as two thirds of partici-
pants were from China, differences in the patterns of ICH
and background care from other regions may raise concerns
over the robustness of these results.

In summary, this study reaffirms the importance of IVH as
a major independent prognostic factor in patients with acute
spontaneous ICH, in particular for predicting early mortality.
Our approach defined not only a strong near linear association
between IVH volume and poor outcome but also a statistically
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Figure 2. Predicted probabilities for death or major disability

by baseline intraventricular volume. *Adjusted factors are age,
sex, China region, time to computed tomographic scan, base-
line blood pressure, history of heart disease, history of ischemic
stroke or undifferentiated stroke, prior use of warfarin/aspirin,
baseline hematoma volume and location, randomized treatment,
and baseline hematoma volume and location. TAdditional adjust-
ment for all baseline characteristics in model 1 together with the
use of intubation, intensive care unit admission, any hemostatic
therapy, any surgical intervention, and decision to withdraw
active treatment and care. AOR indicates adjusted odds ratio; Cl,
confidence interval; IVH, intraventricular hemorrhage; and OR,
odds ratio.

significant, and potentially clinically important, categorical
threshold of 5 to 10 mL. This threshold may be useful for
informing clinical-decision pathways and to indicate the need
to consider early neurosurgical intervention, for example,
external ventricular drainage. The results of ongoing studies
such as the Clot Lysis Evaluation of Accelerated Resolution of
Intraventricular Hemorrhage (CLEAR 1II) trial'® are eagerly
awaited to provide a basis for further validation of these
results and advance the treatment of IVH.

Table 4. Relationship of Baseline Intraventricular Hemorrhage Volume and Outcome

Outcome/IVH Volume n (%) OR (95% Cl) PTrend AOR (95% CI)* PTrend AOR (95% CI)t PTrend
Death or major disability <0.01 0.03 0.16
0-2.99 144 (59) 1.0 1.0 1.0
3.01-10.14 159 (65) 1.29 (0.89-1.86) 1.32 (0.86-2.02) 1.24 (0.80-1.93)
10.15-117.55 178 (73) 1.88 (1.28-2.76) 1.62 (1.04-2.53) 1.40 (0.88-2.23)
Death <0.01 <0.01 0.02
0-2.99 31 (13) 1.0 1.0 1.0
3.01-10.14 49 (20) 1.72 (1.05-2.81) 1.84 (1.06-3.22) 1.62 (0.83-3.17)
10.15-117.55 63 (26) 2.39 (1.49-3.84) 2.46 (1.44-4.22) 2.13(1.10-4.10)
Major disability . e 0.04 . 0.07 . 0.21
0-2.99 113 (53) 1.0 1.0 1.0
3.01-10.14 110 (56) 1.13(0.77-1.68) 1.22 (0.79-1.91) 1.23(0.78-1.94)
10.15-117.55 115 (64) 1.55(1.03-2.33) 1.52 (0.96-2.42) 1.35(0.84-2.18)

Data are n (%) unless otherwise stated.

AOR indicates adjusted odds ratio; Cl, confidence intervals; IVH, intraventricular hemorrhage; and OR, odds ratio.

*Adjusted factors are age, sex, China region, time to computed tomographic scan, baseline blood pressure, history of heart disease, history of ischemic stroke or undifferentiated
stroke, prior use of warfarin/aspirin, baseline hematoma volume and location, randomized treatment, and interaction between baseline hematoma volume and location.

tAdditional adjustment for all baseline characteristics in model 1 together with and significant management variables including the use of intubation, admission to
an intensive care unit, use of any hemostatic therapy, any neurosurgical intervention, a decision to withdraw active treatment and care and interactions of baseline
hematoma volume and location, baseline hematoma volume and intubation, baseline hematoma volume and any neurosurgical intervention, and intubation and any

neurosurgical intervention.


http://stroke.ahajournals.org/

810z ‘6T AInr uo 19nb Aq /B10's feuino feyedx0.//:dny woly papeojumod

658 Stroke March 2015

Sources of Funding
The second Intensive Blood Pressure Reduction in Acute Cerebral
Hemorrhage Trial study was supported by Program (571281) and
Project (512402 and 1004170) grants from the National Health and
Medical Research Council of Australia. The study was designed, con-
ducted, analyzed, and interpreted by the investigators independent of
Sponsors.

Disclosures

Dr Anderson reports membership of Advisory Boards for Pfizer and
The Medicines Company, and receiving travel reimbursement and
honorarium from Takeda China and Covidien. The other authors re-
port no conflicts.

References

1. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M,
Bennett DA, et al. Global and regional burden of first-ever ischaemic and
haemorrhagic stroke during 1990-2010: findings from the Global Burden
of Disease Study 2010. Lancet Global Health. 2013;1:e259—e281.

2. LeiraR,Davalos A, SilvaY, Gil-Peralta A, Tejada J, Garcia M, et al; Stroke
Project, Cerebrovascular Diseases Group of the Spanish Neurological
Society. Early neurologic deterioration in intracerebral hemorrhage: pre-
dictors and associated factors. Neurology. 2004;63:461-467.

3. Hanley DF. Intraventricular hemorrhage: severity factor and treatment
target in spontaneous intracerebral hemorrhage. Stroke. 2009;40:1533—
1538. doi: 10.1161/STROKEAHA.108.535419.

4. Qureshi Al, Safdar K, Weil J, Barch C, Bliwise DL, Colohan AR, et al.
Predictors of early deterioration and mortality in black Americans with
spontaneous intracerebral hemorrhage. Stroke. 1995;26:1764-1767.

5. Tuhrim S, Horowitz DR, Sacher M, Godbold JH. Volume of ventricular
blood is an important determinant of outcome in supratentorial intracere-
bral hemorrhage. Crit Care Med. 1999;27:617-621.

6. Moradiya Y, Murthy SB, Newman-Toker DE, Hanley DF, Ziai WC.
Intraventricular thrombolysis in intracerebral hemorrhage requir-
ing ventriculostomy: a decade-long real-world experience. Stroke.
2014;45:2629-2635. doi: 10.1161/STROKEAHA.114.006067.

7. Khan NR, Tsivgoulis G, Lee SL, Jones GM, Green CS, Katsanos AH, et
al. Fibrinolysis for intraventricular hemorrhage: an updated meta-analy-
sis and systematic review of the literature. Stroke. 2014;45:2662-2669.
doi: 10.1161/STROKEAHA.114.005990.

8. Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, et al;
INTERACT? Investigators. Rapid blood-pressure lowering in patients

12.

with acute intracerebral hemorrhage. N Engl J Med. 2013;368:2355—
2365. doi: 10.1056/NEJMoal214609.

. Bamford JM, Sandercock PA, Warlow CP, Slattery J. Interobserver

agreement for the assessment of handicap in stroke patients. Stroke.
1989;20:828.

. Fortes Lima TT, Prandini MN, Gallo P, Cavalheiro S. Prognostic

value of intraventricular bleeding in spontaneous intraparenchymal
cerebral hemorrhage of small volume: a prospective cohort study.
Neurosurgery. 2012;70:929-934, discussion 934. doi: 10.1227/
NEU.0b013e31823bcc42.

. Nishikawa T, Ueba T, Kajiwara M, Miyamatsu N, Yamashita K. A

priority treatment of the intraventricular hemorrhage (IVH) should
be performed in the patients suffering intracerebral hemorrhage with
large IVH. Clin Neurol Neurosurg. 2009;111:450-453. doi: 10.1016/j.
clineuro.2009.01.005.

Staykov D, Bardutzky J, Huttner HB, Schwab S. Intraventricular
fibrinolysis for intracerebral hemorrhage with severe ventricu-
lar involvement. Neurocrit Care. 2011;15:194-209. doi: 10.1007/
$12028-010-9390-x.

. Young WB, Lee KP, Pessin MS, Kwan ES, Rand WM, Caplan LR.

Prognostic significance of ventricular blood in supratentorial hemor-
rhage: a volumetric study. Neurology. 1990;40:616—619.

. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN,

et al; FAST Trial Investigators. Efficacy and safety of recombinant
activated factor VII for acute intracerebral hemorrhage. N Engl J Med.
2008;358:2127-2137. doi: 10.1056/NEJMo0a0707534.

. Mendelow AD, Gregson BA, Fernandes HM, Murray GD, Teasdale

GM, Hope DT, et al; STICH Investigators. Early surgery versus initial
conservative treatment in patients with spontaneous supratentorial intra-
cerebral haematomas in the International Surgical Trial in Intracerebral
Haemorrhage (STICH): a randomised trial. Lancet. 2005;365:387-397.
doi: 10.1016/S0140-6736(05)17826-X.

. Ziai WC, Melnychuk E, Thompson CB, Awad I, Lane K, Hanley

DF. Occurrence and impact of intracranial pressure elevation dur-
ing treatment of severe intraventricular hemorrhage. Crit Care Med.
2012;40:1601-1608. doi: 10.1097/CCM.0b013e318241e380.

. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck L, et

al. Early hemorrhage growth in patients with intracerebral hemorrhage.
Stroke. 1997;28:1-5.

. Ziai WC, Tuhrim S, Lane K, McBee N, Lees K, Dawson J, et al; CLEAR

IIT Investigators. A multicenter, randomized, double-blinded, placebo-
controlled phase III study of Clot Lysis Evaluation of Accelerated
Resolution of Intraventricular Hemorrhage (CLEAR III). Int J Stroke.
2014;9:536-542. doi: 10.1111/ijs.12097.


http://stroke.ahajournals.org/

810z ‘6T AInr uo 19nb Aq /B10's feuino feyedx0.//:dny woly papeojumod

Stroke T

American  American

Heart | Stroke

Association | Associatione.

Significance of Intraventricular Hemorrhagein Acute Intracerebral Hemorrhage:
Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial Results
Edward Chan, Craig S. Anderson, Xia Wang, Hisatomi Arima, Anubhav Saxena, Tom J.
Moullaali, Emma Heeley, Candice Delcourt, Guojun Wu, Jinchao Wang, Guofang Chen, Pablo
M. Lavados, Christian Stapf, Thompson Robinson, John Chalmers and Y ining Huang
the INTERACT?2 Investigators

Sroke. 2015;46:653-658; originally published online February 12, 2015;

doi: 10.1161/STROKEAHA.114.008470
Srokeis published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2015 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://stroke.ahaj ournal s.org/content/46/3/653

Data Supplement (unedited) at:
http://stroke.ahajournal s.org/content/suppl/2015/02/13/STROKEAHA.114.008470.DC1
http://stroke.ahgjournal s.org/content/suppl/2016/04/06/STROKEAHA.114.008470.DC2

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originaly published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
processis available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Srokeis online at:
http://stroke.ahajournal s.org//subscriptions/



http://stroke.ahajournals.org/content/46/3/653
http://stroke.ahajournals.org/content/suppl/2015/02/13/STROKEAHA.114.008470.DC1
http://stroke.ahajournals.org/content/suppl/2016/04/06/STROKEAHA.114.008470.DC2
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org/

Supplemental Material: Table and Figures I and |

Significance of intraventricular hemorrhage in acute intracerebral hemorrhage:
INTERACT?2 results

Edward Chan BSc (Adv), Craig S Anderson MD PhD, Xia Wang MMed, Hisatomi Arima MD
PhD, Anubhav Saxena BSc (Adv), Tom J Moullaali MD, Emma Heeley PhD, Candice Delcourt
MD, Guojun Wu MD, Jinchao Wang MD, Guofang Chen MD, Pablo M Lavados MD, Christian
Stapf MD, Thompson Robinson MD, John Chalmers MD PhD, Yining Huang MD,the
INTERACT?2 Investigators

Author for correspondence:

Professor Craig S Anderson

The George Institute for Global Health, PO Box M201, Missenden Road, NSW 2050,
AUSTRALIA

T:+61-2-9993-4500, F:+61-2-9993-4502, Email: canderson@george.org.au



mailto:canderson@george.org.au

Supplemental Table.

Baseline intraventricular hemorrhage volume (fourths) and outcome (N=730)

Outcome/IVH volume n (%) OR (95% CI) P trend AOR (95% CI)* P trend AOR (95% (:|)Jr P trend

Death or major disability
0-2.07 114 (63) 1.0 <0.01 1.0 0.03 1.0 0.17
2.08-5.84 101 (55) 0.74 (0.48-1.12) 0.71 (0.43-1.14) 0.64 (0.39-1.06)
5.97-13.84 129 (72) 1.50 (0.97-2.33) 1.41 (0.85-2.34) 1.24 (0.74-2.09)
13.86-117.55 137 (74) 1.71 (1.10-2.68) 1.44 (0.85-2.44) 1.21 (0.70-2.08)

Death
0-2.07 23 (13) 1.0 <0.01 1.0 <0.01 1.0 <0.01
2.08-5.84 25 (14) 1.09 (0.60-2.01) 1.09 (0.55-2.19) 1.04 (0.46-2.37)
5.97-13.84 43 (24) 2.12 (1.22-3.70) 2.46 (1.31-4.62) 1.86 (0.86-4.03)
13.86-117.55 52 (29) 2.77 (1.61-4.76) 3.11 (1.67-5.81) 3.00 (1.41-6.38)

Major disability
0-2.07 91 (57) 1.0 0.07 1.0 0.11 1.0 0.28
2.08-5.84 76 (48) 0.69 (0.45-1.08) 0.70 (0.42-1.15) 0.65 (0.39-1.09)
5.97-13.84 88 (63) 1.27 (0.79-2.01) 1.29 (0.76-2.19) 1.20 (0.70-2.06)
13.86-117.55 83 (64) 1.32 (0.82-2.12) 1.30 (0.75-2.25) 1.13 (0.64-1.99)

IVH denotes intraventricular hemorrhage; ICH, intracerebral hemorrhage; OR, odds ratio; AOR, adjusted odds ratio; and ClI, confidence

intervals.

*Adjusted factors are: age, sex, China region, time to CT scan, baseline blood pressure, history of heart disease, history of ischemic or
undifferentiated stroke, prior use of warfarin/aspirin, baseline hematoma volume and location, randomized treatment, and interaction
between baseline hematoma volume and location.

"Additional adjustment for all baseline characteristics in model 1 together with significant management variables including use of intubation,
admission to an intensive care unit, use of any hemostatic therapy, any neurosurgical intervention, a decision to withdraw active treatment
and care, and 4 interactions: baseline hematoma volume and location; baseline hematoma volume and intubation; baseline hematoma
volume and any neurosurgical intervention; intubation and any neurosurgical intervention.



Supplemental Figure I. Adjusted survival curves by baseline characteristics
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Supplemental Figure Il. Adjusted survival curves by baseline characteristics and
management factors
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