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Abstract

Background: The objective of this study was to evaluate factors associated with intraventricular
hemorrhage (I'\VH) expansion and its association with long-term outcomes.

Methods: We performed a post-hoc analysis of the international, multi-center Clot Lysis:
Evaluating Accelerated Resolution of Intraventricular Hemorrhage (CLEAR I11) trial which
enrolled I'\VH patients between September 1, 2009 and January 31, 2015. The exposure was
IVVH expansion, defined as >1mL increase in volume between baseline and stability computed
tomography scans, prior to treatment randomization. We assessed factors associated with IVH
expansion and secondarily assessed the relationship of IVH expansion with clinical outcomes:
composite of death or major disability (modified Rankin Score > 3), and mortality alone at 6
months. The relationship of IVH expansion on ventriculoperitoneal shunt (VPS) placement was
additionally explored. Multivariable logistic regression was used for all analyses.
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Results: Of 500 IVH patients analyzed, the mean age was 59 (+/-11) years old, 44% were
female, and 135 (27%) had IVH expansion. In multivariable regression models, factors associated
with IVVH expansion were baseline parenchymal intracerebral hemorrhage (ICH) volume (adjusted
OR 1.04 per 1 mL increase; 95%Cl: 1.01-1.08), presence of parenchymal hematoma expansion:
>33% (adjusted OR 6.63; 95%CI: 3.92-11.24), time to stability head CT (adjusted OR 0.71

per 1 hour increase; 95%CI: 0.54-0.94) and thalamic hematoma location (adjusted OR 1.68;
95%Cl: 1.01-2.79) while additionally adjusting for age, sex, and race. In secondary analyses,
IVH expansion was associated with higher odds of poor 6-month outcomes (adjusted OR 1.84;
95% ClI: 1.12-3.02), but not mortality (OR 1.40; 95%CI: 0.78-2.50) after adjusting for baseline
ICH volume, thalamic ICH location, age, anticoagulant use, Glasgow Coma Scale score, any
withdrawal of care order, and treatment randomization arm. However, there were no relationships
of IVH expansion on subsequent VVPS placement (adjusted OR 1.02; 95% CI: 0.58-1.80) after
adjusting for similar covariates.

Conclusions: In a clinical trial cohort of patients with large IVH, acute hematoma
characteristics, specifically larger parenchymal volume, hematoma expansion, and thalamic ICH
location were associated with IVVH expansion. Given that I\VH expansion resulted in poor
functional outcomes, exploration of treatment approaches to optimize hemostasis and prevent IVH
expansion, particularly in patients with thalamic ICH, require further study.

Keywords

Intracerebral hemorrhage; intraventricular hemorrhage; intraventricular hemorrhage expansion;
hematoma expansion; outcome

Introduction

Intracerebral hemorrhage (ICH) is the most devastating type of stroke, with a high morbidity
and mortalityl. Parenchymal hematoma volume and intraventricular hemorrhage (IVH)
presence are strong independent predictors of poor outcome, in addition to age2. Although
both reflect blood in the brain, albeit in different compartments, the former is often
measured as a continuous variable, while IVH is primarily defined as a dichotomous
measure (the presence or absence of 1VH)3. Yet, IVH, like parenchymal ICH volume, is a
dynamic process and can change over time. Studies have suggested that delayed appearance
of IVH, even when absent on initial presentation, is a marker for poor outcomes®. This
implies that IVH expansion, like parenchymal hematoma expansion, also has an adverse
effect on outcomes, and emerging studies have advocated the incorporation of IVH
expansion to improve the predictive accuracy of existing prognostic scales®.

However, our understanding of IVH expansion is limited by a paucity of data. While it

is increasingly recognized that small amounts of I\VVH expansion is harmful in patients
who present initially with either no or small IVH volumes®®, it is unknown whether these
findings are generalizable to patients who present with already large volume obstructive
IVH. Similarly, factors associated with IVH expansion are unclear in these types of IVH
patients. Prior studies evaluating factors associated with IVH expansion were limited by
single center cohorts, small sample sizes, and cohorts with small or absent baseline IVH
volumes. In a secondary analysis of data from the recombinant Factor Vlla in spontaneous
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ICH trial, admission blood pressure, baseline ICH volume, and treatment randomization

to placebo (vs. recombinant factor V1) were associated with 1\VVH expansion®. However,
administration of hemostatic therapy within the first 4 hours hampered the generalizability
of the results. We therefore sought to investigate factors associated with 1VH expansion and
the relationships of IVH expansion with outcome in a multi-center international cohort of
patients with large I\VVH with protocolized imaging, centrally adjudicated imaging data, and
blinded endpoint assessments.

Data availability

The data used in this analysis may be obtained from the National Institute of Neurological
Disorders and Stroke (NINDS) clinical trial repository, or from the CLEAR 111 steering
committee, after a formal request with a written proposal.

Study design and Patient Population

We performed an ad hoc secondary analysis of data from the multi-center, international,
randomized, placebo-controlled trial, CLEAR 111 (Clot Lysis: Evaluating Accelerated
Resolution of Intraventricular Hemorrhage). Patients with large IVH were randomized
between September 1, 2009 and January 31, 2015 to receive an external ventriculostomy
drain (EVD) plus alteplase versus EVD plus saline, to facilitate removal of IVH. Full
study details have been published previously’. The trial protocol was approved by an ethics
committee at each enrolling site, and written informed consent was obtained from each
participant or the legal surrogate. The present study was approved by the Weill Cornell
Medicine institutional review board. For this study, we included all patients enrolled in the
CLEAR lll trial and given completeness of data and there were no exclusion criteria. This
study was performed in accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for reporting observational studies®.

Measurements

Head computed tomography (CT) was obtained on admission for IVH diagnosis and the
final head CT per trial protocol was 24 hours post last dose of the study agent. Interim
stability scans were obtained after clinically indicated placement of an EVD to ensure
parenchymal ICH stability as well as the absence of significant tract hemorrhage (< 5
milliliter [mL]) prior to enrollment and treatment randomization. If there was evidence of
initial hemorrhage growth (defined in the trial as >5mL for parenchymal hematoma and
>2 mm width of the lateral ventricle most compromised by blood for IVH), additional
screening with follow-up scans were allowed up to 72 hours from the initial hemorrhage
to evaluate for stabilization of the hematoma®. Hematoma volumes (both parenchymal and
intraventricular) were calculated using semi-automated planimetry and read centrally by
radiologists and neurologists blinded to treatment assignment and outcomes. ICH location
similarly was adjudicated centrally by radiology core’. The final stability head CT prior to
drug/placebo administration was considered as the stability scan analyzed for the purposes
of this study. Given potential variations in timing of the final stability head CT, times from
ictus to stability CT scans were recorded.
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The primary outcome in this study was IVH expansion defined as greater than 1 mL increase
in the absolute IVH volume between the baseline and final stability CT scans. This cut off
for IVH expansion has been validated in prior studies®. Hematoma expansion was defined as
an interval increase of 33% or more in the parenchymal ICH volume, given that the majority
of ICHs in the CLEAR I1I trial were small deep hemorrhages!0:11, The secondary outcomes
were a composite of major disability or death, defined as a modified Rankin Scale (mRS)
score >3, as well as death only, assessed at 6 months’. Lastly, exploratory analyses evaluated
the relationships of IVH expansion with ventriculoperitoneal shunt (VPS) placement, given
the known association of VPS with poor ICH outcomes?2,

Statistical analysis

Results

We used Student’s t-test or the Wilcoxon rank-sum test for continuous variables depending
on the normality of distribution, and the x 2 test for categorical variables. We performed two
different analyses. The first analysis entailed using multivariable logistic regression to study
the factors associated with IVH expansion. The covariates for the regression models were
chosen based on a significance of p<0.2 in the bivariate regression. Additionally, universal
confounders chosen a priori: age, sex, race (white vs non-white), baseline ICH volume (as

a continuous absolute volume measurement in mL), and ictus to stability head CT timing
(time in hours between ICH symptom onset to final stability head CT acquisition) were

also included in the models regardless of the p value. In the second analysis, we evaluated
the association between IVH expansion and functional outcomes. The covariates for the
models included known predictors of poor ICH outcomes: baseline ICH volume, thalamic
ICH location, age, anticoagulant use, Glasgow Coma Scale score (continuous variable), any
withdrawal of care order, and treatment randomization arm2:13.14, Exploratory regression
analyses were performed to assess relationships of IVH expansion on VPS placement after
adjusting for appropriate covariates!2, In cases with missing data, complete analyses were
performed if this was <15% of the entire cohort. The threshold for statistical significance
was set at a=0.05. All analyses were performed using Stata/MP version 13 (College Station,
TX).

Of the 500 patients with IVH enrolled in the CLEAR I11 trial, the mean age was 59
(standard deviation [SD]: 11) years old and 44% were female. We identified that IVH
expansion occurred in 135 (27%) subjects when assessing the IVH volume change between
baseline and final stability head CTs. When assessing IVH change as a continuous variable
of absolute growth or reduction (in mL), IVH expanders had a median expansion of 5.3
mL (IQR: 2.3-10.2 mL) compared to non-expanders who had a median reduction of IVH
volume of —4.3 mL (IQR: 8.0 to —1.5 mL). Patients with I\VVH expansion were older,
predominantly white, and were more likely to have preceding anticoagulant medication use
(Table 1). Patients with IVVH expansion also had larger baseline and stability parenchymal
ICH volumes and were more likely to encounter hematoma expansion (Figure 1 and
Supplemental Figure 1). Similarly, at the end of treatment (alteplase vs placebo), patients
with IVVH expansion also had larger parenchymal ICH (9.6 vs. 5.5 mL) and IVVH volumes
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(12.8 vs. 7.2 mL) compared to those without IVVH expansion on the final, end of treatment
scans. No missing IVH volume outcome variables were identified.

Results of the bivariate logistic regression assessing factors associated with IVH expansion
are shown in Table 2. In the multivariable logistic regression models, baseline parenchymal
ICH volume (adjusted OR 1.04 per 1 mL increase; 95%CI: 1.01-1.08), presence of
parenchymal HE (adjusted OR 6.63; 95%CI: 3.92-11.24), time from ictus to stability head
CT (adjusted OR 0.71 per 1 hour increase; 95%ClI: 0.54-0.94) and thalamic hematoma
location (adjusted OR 1.68; 95%CI: 1.01-2.79) were independently associated with higher
odds of IVH expansion (Table 2). Additionally, we performed in a post hoc sensitivity
analysis where we substituted time from ictus to stability CT scan with the time from
baseline CT scan to stability CT scan in the multivariable logistic regression model. The
results were similar to those noted in the primary analysis (Supplemental Table I).

We then evaluated the relationship between IVH expansion and outcomes. In the adjusted
regression models, IVH expansion was associated with increased odds of poor functional
outcome (adjusted OR 1.84; 95% ClI: 1.12-3.02), but not mortality (adjusted OR 1.40;
95%CI: 0.78-2.50) at 6 months.

We additionally explored whether initial I'\VH expansion impacted later IVH clearance by
investigating 1'VH volume changes between the stability and end of treatment CT scans.
While we did note that IVH expanders had slightly larger absolute IVH clearance volumes
by the end of treatment (median [IQR]: 12.6 mL [6.5-23.3 mL] vs. 10.4 mL [5.5-17.8
mL]; p=0.008), given their larger IVH volumes on stability imaging these 1\VH expanders
actually had less IVH clearance when quantified as a relative percent change compared to
non-expanders (median [IQR]: 49% [28-71%] vs 60% [39-80%]; p=0.002). Furthermore,
IVH expanders had less clearance compared to non-expanders in both the alteplase (median
[IQR]: 67% [52-78%] vs 74% [52-90%]; p=0.03) and placebo arms (median [IQR]: 33%
[23-50%] vs 48% [32-67%]; p=0.001) suggesting that acute IVH expansion results in less
relative 1VH clearance downstream regardless of the study intervention. Despite less IVH
clearance seen in IVVH expanders, we did not identify an association of IVH expansion with
VPS placement after adjusting for relevant covariates (Table 3).

Discussion

In this secondary analysis of a large, multicenter clinical trial cohort of patients with large
IVH, factors associated with I1\VVH expansion were larger parenchymal hematoma volume,
ICH expansion, and thalamic ICH location. Patients with IVH expansion had a nearly
two-fold higher odds of poor functional outcome, compared to those without.

Our results build on the findings of prior studies where acute ICH characteristics were
associated with IVH expansion®8. Notably, we identified that thalamic location appeared to
independently drive IVH expansion suggesting that the close proximity of the thalamus to
the ventricular system not only increases the probability of developing acute IVVH, but is
also driver of IVH expansion®15, Interestingly, the association between thalamic location
and IVH expansion was independent of hematoma expansion, implying that ongoing
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bleeding does not necessarily translate to parenchymal hematoma expansion, but may extend
primarily into the ventricular spacel.

We additionally identified that IVH expansion was associated with poor outcomes. While
prior studies have identified that small volumes of IVH expansion are associated with

poor outcomes, these studies were limited to patients having either small or initially

absent baseline I\VH volumes#-6:17. Furthermore, these prior studies were appropriately
limited to patients not requiring initial EVD placement to avoid confounding of these
relationships via CSF diversion. In our cohort of patients with moderate to severe IVH
necessitating EVD placement, we similarly identified relationships of IVH expansion with
poor outcomes. These collective findings may suggest that even small amounts of IVH
expansion deleteriously impact outcomes regardless of the amount of IVH present at
baseline. However, it is also important to note that the impact of I\VH expansion on poor
outcomes may differ based on baseline presenting I\VVH volumes. In other words, it is
plausible that small IVH expansion may not have as deleterious of an impact on outcome

in patients presenting with already large baseline IVH volumes. Though our IVH expander
patient cohort had a good distribution of both small and large I1VVH expansion, it was notable
that the impact of 1\VH expansion on poor long term outcomes in our data was smaller
compared to prior studies®. It is unclear whether this difference was from differences of

the patient cohort itself, limitations of the utilized I'VH thresholds in our patient cohort, or
CSF/IVH clearance via an EVD. However, further work may be required to best characterize
best I'VH thresholds associated with outcome in patients who present with large obstructive
IVH.

While the mechanism underlying the relationship of 1\VH expansion and poor outcomes in
our cohort is unknown, we did note that patients with IVH expansion had less relative IVH
volume clearance at the end of treatment, most likely reflecting the larger IVH volumes seen
in this group. However, this did not appear to drive a relationship of IVH expansion with
shunt dependency, a known factor associated with worse ICH outcomes'2. Mechanistically,
it is plausible that the additive burden of blood in the ventricular system led to increased
iron burden from hemosiderin breakdown and ensuing subsequent inflammation18-20, the
increased risk of intracranial hypertension and suboptimal cerebral perfusion pressure?!, and
an increased risk of stroke with larger IVH volumes?2 leading to the poor outcomes seen

in our IVH expander group. Though further work is required to clarify the mechanisms
behind our findings, our findings may indicate that previously identified poor outcomes
after thalamic ICH4 may not be driven merely from the thalamic injury itself, but the
compounded injury with concurrent IVH and IVH expansion in these patients!4. This

may suggest the importance of considering whether IVH expansion prevention treatment
strategies, such as ultra-early anti-hypertensive treatment or coagulation treatments23:24,

can improve long term outcomes in ICH patients, and perhaps thalamic ICH patients
specifically.

While our study strengths included the use of a large prospective, multicenter, trial cohort
of patients with large I\VH, protocolized neuroimaging, centrally adjudicated neuroimaging
measurement assessments, and blinded outcome assessments, there are several limitations
worth noting. First, the stringent inclusion criteria resulted in a cohort primarily comprised
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of patients with deep parenchymal ICH locations with smaller baseline hematoma volumes
and large IVH volumes. This may have resulted in selection bias thus limiting the
generalizability of our findings. Similarly, because large obstructive IVH at baseline was
required for enrollment, we did not have the data or patient cohort to assess for delayed

IVH in settings where patients initially presented with absent or minimal 1\VH volumes.
Second, because an EVD was placed between baseline and stability scans, and cerebrospinal
fluid diversion practices were variable between centers, we were unable to create accurate
IVH expansion thresholds best associated with poor outcomes in our severe IVH cohort
without the confounding effect of CSF or IVH removal. Despite these limitations, we

were still able to identify that previously identified I\VH expansion thresholds (>1 mL)
associated with poor outcome®®. It is also worth noting potential limitations of the use of
semi-automated planimetry in 1\VH volumetric analyses in identifying true expansion versus
“pseudo-expansion” that may occur with the re-distribution of casted IVH. Planimetric
techniques would not discriminate between these two entities if hounsfield unit thresholds
were still met, which could be a general limitation of such measurement approaches. Finally,
we did not have data on central, peripheral inflammatory markers, iron burden, or more
granular outcome measurements (including cognitive assessments) to evaluate for potential
mechanistic factors that could be driving the association between I\VVH expansion and poor
outcome.

Conclusion

In a post hoc analysis of a clinical trial cohort of patients with large 1\VH, we identified that
patients with thalamic ICH location were more likely to encounter I\VH expansion. Given
that IVH expansion portends poor outcomes, further work is required to assess whether
treatment efforts to prevent IVH expansion in thalamic ICH patients can improve outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Relationships between Changes in ICH and 1\VVH volumes from Baseline to Stability CT

Scans. Box plot showing a change in ICH volume (Y-axis) plotted against the change in IVH
volume (Panel A), and scatter plot of change in IVH volume (Y-axis) plotted against the
change in ICH volume (Panel B).

IVH: intraventricular hemorrhage; ICH: intracerebral hemorrhage; CT: computed
tomography
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Baseline demographics, comorbidities and clinical severity factors in intracerebral hemorrhage patients with
concurrent intraventricular hemorrhage

Demogr aphic factors I’\\l/:q?,lzsx(ge;r.gzr; Nﬁ':\/g'gg,'z();g%'l/so ;)n P value
Mean age (SD), years 60.5 (11.3) 57.9 (11.2) 0.01
Male (n,%) 64 (47.4) 158 (43.3) 0.41
Race (n,%)

White 78 (57.8) 174 (47.7)

Black 37 (27.4) 131 (35.9) 0.02

Hispanic 19 (14.1) 41 (11.2)

Other 1(0.7) 19 (5.2)
Hypertension (n,%) 107 (79.3) 263 (72.1) 0.10
Hyperlipidemia (n,%) 130 (96.3) 355 (97.3) 0.58
Prior anticoagulant use (n,%) 20 (14.8) 29 (7.9) 0.02
Prior antiplatelet use (n,%) 39 (28.9) 89 (24.4) 0.31
Baseline Clinical Factors
Median Glasgow Coma Scale (IQR) 8 (6-10) 10 (7-13) <0.001
Mean systolic blood pressure (SD), mm Hg 193 (35) 195 (39) 0.64
Imaging Factors
*ICH Location (n,%)

Lobar 13 (10.4) 39 (10.7)

Deep 107 (79.3) 294 (80.6) 0.86

Primary IVH 14 (10.4) 32(8.7)
Thalamic location (n,%) 87 (64.4) 206 (56.4) 0.11
Baseline ICH volumel, mL 8.5 (4.1-14.6) 7.5(2.8-136) 039
Baseline IVH volume?, mL 212(115-37.3)  25.6 (15.6-40.3) 0.08
Stability ICH volume”, mL 112(55-196)  66(23-128) <0001
Stability IVH volumel, mL 29.7 (16.7-48.5) 20.4 (11.5-31.1) <0.001
End of Treatment ICH volume‘z, mL 9.6 (2.3-17.5) 5.5(1.6-11.4) <0.001
End of Treatment IVH vqumeJ, mL 12.8 (6.7-28.1) 7.2 (2.6-14.1) <0.001
ICH expansion (n,%) 64 (47.4) 54 (14.8) <0.001
Time from ictus to stability CT scan, hours® ~ 41.1(25.2-49.6)  45.1(28.2-60.0) 0.01
Intraventricular alteplase use (n,%) 63 (48.8) 183 (50.1) 0.84
Withdrawal of care (n,%) 24 (18.6) 35 (9.6) 0.01

Abbreviations: ICH: Intracerebral hemorrhage; IVH: Intraventricular hemorrhage; N: number; mL: milliliters; SD: Standard deviation; IQR:
interquartile range; mm Hg: millimeters of mercury

1 L .
values presented as median (interquartile range)
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*
6 patients without clear ICH location
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Table 2:

Factors associated with IVH Expansion among Patients Enrolled in the CLEAR 111 Trial

Univariable Analysis

Multivariable Analysis

Covariates
OR(95% Cl) Pvalue OR(95% ClI)  Pvalue

Age, per year increase 1.02 (1.01-1.04) 0.02 1.01 (0.99-1.03) 0.39
Female 0.85(0.57-1.25) 041  1.29(0.83-2.02)  0.26
Black race 0.68 (0.43-1.05)  0.08  0.87(0.52-1.46)  0.60
Hypertension 1.48(0.92-2.38)  0.10  1.28(0.74-2.23)  0.38
Hyperlipidemia 0.73 (0.25-2.18) 0.56
Prior anticoagulant use 2.01 (1.09-3.70) 0.02 1.50 (0.72-3.13) 0.28
Prior antiplatelet use 1.26 (0.81-1.96) 0.31
Glasgow Coma Scale at screening 0.89 (0.83-0.93)  <0.001
ICH location

Lobar Reference

Deep 1.01(0.53-1.94)  0.97

Primary IVH 1.22 (0.51-2.92) 0.66
Thalamic ICH 1.40 (0.92-2.10) 0.11 1.68 (1.01-2.79) 0.04
Baseline IVH volume, per 1 mL 0.99 (0.97-1.03) 0.27
Baseline ICH volume, per 1 mL 1.01 (0.98-1.04) 0.36 1.04 (1.01-1.08) 0.01
Ictus to stability CT scan time, per 1 hour increase  0.98 (0.96-0.99) 0.01 0.71 (0.54-0.94) 0.02
ICH expansion 52(3.32-8.10) <0.001 6.63(3.92-11.24)  <0.001
Intraventricular alteplase use 0.95 (0.64-1.42) 0.80
Admission systolic blood pressure 0.99 (0.97-1.01) 0.74

Page 13

Abbreviations: Cl, confidence interval; CT, computed tomography; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; OR: Odds

ratio; P value <0.05 was considered significant
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Table 3:

Multivariate Analyses Showing the Relationship between IVH Expansion and Outcomes

; : Unadjusted Adjusted
Outcome IVH Expansion  No|VH Expansion OR (95% Cl) P value OR (35% CI) P value
Modified Rankin Score 4-6 at 6
7 91 (67.4) 182 (49.9) 2.07 (1.37-3.14) <0001 1.84(1.12-3.02)  0.02
months
Mortality at 6 monthsl 43 (31.9) 76 (20.9) 1.78 (1.14-2.76) 0.01 1.40 (0.78-2.50) 0.25
Permanent CSF shuntz 24 (17.8) 66 (18.1) 0.97 (0.58-1.64) 0.94 1.02 (0.58-1.80) 0.93

Abbreviations: Cl: confidence interval; IVH, intraventricular hemorrhage; OR: odds ratio

P value <0.05 was considered significant

1 . . . . .
Model was adjusted for age, sex, race, diagnostic parenchymal hematoma volume, hematoma location, withdrawal of care, and treatment
randomization arm.

Model was adjusted for age, sex, race, diagnostic parenchymal hematoma volume, treatment randomization arm, thalamic location, and
ventriculostomy output per day.
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