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Abstract

at 3 months in multivariable analysis.

as a promising therapeutic target for intervention.

Background/Objectives: The objective of this study is to propose a definition of intraventricular hemorrhage (IVH)
growth and to investigate whether IVH growth is associated with ICH expansion and functional outcome.

Methods: We performed a prospective observational study of ICH patients between July 2011 and March 2017 in

a tertiary hospital. Patients were included if they had a baseline CT scan within 6 h after onset of symptoms and a
follow-up CT within 36 h. IVH growth was defined as either any newly occurring intraventricular bleeding on follow-
up CT scan in patients without baseline IVH or an increase in IVH volume > 1 mL on follow-up CT scan in patients with
initial IVH. Poor outcome was defined as modified Rankin Scale score of 3—-6 at 90 days. The association between IVH
growth and functional outcome was assessed by using multivariable logistic regression analysis.

Results: IVH growth was observed in 59 (19.5%) of 303 patients. Patients with IVH growth had larger baseline
hematoma volume, higher NIHSS score and lower GCS score than those without. Of 44 patients who had concur-
rent IVH growth and hematoma growth, 41 (93.2%) had poor functional outcome at 3-month follow-up. IVH growth
(adjusted OR 4.15,95% Cl 1.31-13.20; P=0.016) was an independent predictor of poor functional outcome (mRS 3-6)

Conclusion: |VH growth is not uncommon and independently predicts poor outcome in ICH patients. It may serve

Keywords: Intracerebral hemorrhage, Intraventricular hemorrhage, Hematoma expansion, Outcome

Introduction

Spontaneous intracerebral hemorrhage (ICH) is a devas-
tating form of stroke associated with high rates of mor-
tality and unfavorable outcome [1, 2]. Intraventricular

*Correspondence: qili_md@126.com; 2267254102@qg.com; peng_xie@
yahoo.com

! Department of Neurology, The First Affiliated Hospital of Chongqing
Medical University, Chongging 400016, China

2 Department of Neurology, Yongchuan Hospital of Chongging Medical
University, Chongqing 402160, China

Full list of author information is available at the end of the article

Qi Li and Rui Li are co-first authors.

@ Springer

hemorrhage (IVH) occurs in up to 50% of patients with
ICH and is an independent predictor of 30-day mortality
[3-5].

Many authors have examined early hematoma expan-
sion after ICH, referring specifically to expansion of the
parenchymal component, and have found this is associ-
ated with poor outcome [6-9]. However, few have stud-
ied whether the ventricular component (IVH) expands
as well. Hematoma expansion has been a hot therapeu-
tic target for intervention in patients with ICH. How-
ever, clinical trials aimed at reducing hematoma growth
have shown little impact on functional outcome in
patients with ICH [10]. Refining therapeutic targets for
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anti-expansion treatment may have important clinical
implications for designing future clinical trials.

In the previous studies, most researchers have investi-
gated the effect of IVH presence alone on functional out-
come [4, 11]. Several studies suggested that ventricular
extension of ICH itself is a dynamic pathophysiological
process [12, 13], and IVH expansion may occur in a pro-
cess independent of that associated with ICH expansion
[14]. In order to evaluate the frequency of IVH growth
and the impact (if any) on functional outcome, we per-
formed a prospective observational study of patients
with ICH. We examined IVH presence and volume and
hypothesized that IVH growth would be relatively com-
mon and associated with worst outcome.

Study Design

Adult patients presenting with spontaneous ICH to The
First Affiliated Hospital of Chongqing Medical Univer-
sity between July 2011 and March 2017 were included
in our ongoing prospective cohort study. This study was
approved by the Ethics Committee of The First Affiliated
Hospital of Chongqing Medical University. Patients were
included in our study if they had baseline CT scan within
6 h after the onset of symptoms. Follow-up CT scan
was performed within 36 h after the baseline CT scan.
Patients who were surgically treated before the follow-
up CT scan were excluded from our study. Patients with
ICH attributable to arteriovenous malformation, head
trauma, cerebral aneurysm, brain tumor, hemorrhagic
transformation of brain infarction were also excluded
from the study. Patients with anticoagulant-associated
ICH were also excluded from the study. Relevant demo-
graphic and clinical data including age, sex, past medical
history and drug use were obtained. The admission blood
pressure, time from symptom onset to baseline CT scan,
time interval between baseline and follow-up CT scan,
Glasgow Coma Scale (GCS) score and the National Insti-
tute of Health stroke scale (NIHSS) score were prospec-
tively collected.

Imaging Analysis

All CT scans were performed using multidetector CT
scanner (Siemens SOMATOM Perspective; Siemens,
Germany) with axial 5-mm section thickness. The admis-
sion and follow-up CT scans were acquired and saved
as DICOM format for further review. In our study, we
have defined hematoma growth as an increase in hema-
toma volume of>33% or>6 mL at follow-up CT scan
according to previous definitions [15-18]. Two experi-
enced neurologists independently reviewed all images
in a blinded manner. The readers assessed the presence
of IVH on both baseline and follow-up CT scans. The
parenchymal hematoma volumes were measured using

abc/2 method. Baseline and follow-up IVH volumes
were measured using semiautomated computer-assisted
volumetric analysis (AnalyzeDirect medical imaging soft-
ware, version 11.0; AnalyzeDirect, Inc.). The ventricular
hemorrhage was outlined manually on each slice and cal-
culated with AnalyzeDirect software. IVH growth was
defined as either any newly occurring intraventricular
bleeding on follow-up CT scan in patients without base-
line IVH or an increase in IVH volume > 1 mL on follow-
up CT scan in patients with initial IVH (Fig. 1).

Outcome Assessment

Our primary outcome measure was IVH growth and
poor outcome at 90 days. Secondary outcome was I[VH
growth and ordinal shift analysis of mRS. In-hospital and
30-day mortality rates were recorded. The functional out-
come was assessed using modified Rankin Scale (mRS) at
3 months after the onset of symptoms. Poor outcome was
defined as 3 month mRS scores >3 as described previ-
ously [7, 19, 20].

Statistical Analysis

Statistical analyses were conducted using SPSS version 21
(Chicago, IL). Discrete variables were presented as count
(%). Continuous data are expressed either as median and
interquartile ranges (IQR) or mean =+ standard (SD) devi-
ations. The demographic, clinical and radiological char-
acteristics were compared between patients with IVH
growth and those without by using Fisher’s exact test, or
Student’s t test, or Mann—Whitney U test as appropriate.
The association of the IVH growth and poor outcome
at 90 days was determined by using multivariable logis-
tic regression. We considered ICH location as a vari-
able in the multivariable regression model. We divided
the location into three dummy variables: basal ganglia
hemorrhage, thalamic hemorrhage and other locations.
The basal ganglia hemorrhage was set as a reference
variable. We performed multivariate logistic regression
analyses including all variables with P<0.1 in the univar-
iate analysis. A P value<0.05 was considered statistically
significant.

Results

During the study period, 382 patients presented within
6 h after ICH onset and had follow-up CT scans. A total
of 79 patients were excluded from the study (supplemen-
tary figure 1), leaving 303 patients for the final analysis.
Of those, 95 (31.4%) had IVH on admission CT. IVH was
observed in 117 of 303 (38.6%) patients on follow-up CT
scan. Interestingly, 22 patients with no IVH on initial CT
scan developed subsequent IVH on follow-up CT scan.
There were 15 patients with history of using antithrom-
botics use, and 6 patients experienced hematoma
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Fig. 1 lllustration of IVH growth on noncontrast CT. a Baseline CT scan reveals a putaminal hematoma without concurrent intraventricular hemor-
rhage. b Follow-up CT scan performed 11 h later shows enlarged hematoma and intraventricular extension of parenchymal hemorrhage. € Admis-
sion CT scan shows a basal ganglia hemorrhage with ventricular extension of hematoma. d Follow-up CT scan performed 24 h after baseline CT
scan reveals the significant increase in ventricular hematoma volume. CT computed tomography, /VH intraventricular hemorrhage

expansion and IVH growth. The median time interval
between onset of symptom and baseline CT scan was
2.0 h (IQR 1.0-4.0 h), and the median interval between
the first CT scan and follow-up CT examination was
18.0 h (IQR 11.5-23.0 h). Of 17 patients who died dur-
ing their hospital stay, 10 patients had withdrawal of care.
The hematomas were located in basal ganglia (n=170),
thalamus (n=76), cerebral lobes (n=36), brainstem
(n=9) and cerebellum (n=12).

IVH growth was observed in 59 (19.5%) of 303 patients.
Of those, 22 (37.3%) had delayed IVH and 37 (62.7%) had

IVH volume increase. The clinical and radiological char-
acteristics of patients with IVH growth and those without
are illustrated in Table 1. The frequency of ICH expan-
sion was significantly higher in patients with IVH growth
than those without (74.6% vs 20.1%, P<0.001). Patients
with IVH growth had lower admission GCS score, higher
NIHSS score, larger baseline hematoma volume and more
frequently thalamic location at baseline. The median time
to baseline CT scan was significantly shorter in patients
with IVH growth than those without (2<0.001). Patients
with IVH growth had higher in-hospital (23.7% vs 1.2%,
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Table 1 Comparison of baseline demographic, clinical and radiological characteristics between patients with and with-
out IVH growth

Patients, no. (%)

IVH growth No IVH growth  Pvalue Subgroup comparison of IVH growth

(n=59, (n=244,
19.5%) 80.5%) Delayed IVH (n1=22,37.3%) IVH increase P value
(n=37,
62.7%)
Demographic
Mean age, years (SD) 634 (11.7) 58.7(12.4) 0.008 604 (10.8) 65.2(12.1) 0.127
Sex, male, n (%) 39 (66.1) 163 (66.8) 0918 16(72.7) 23(62.2) 0.407
Medical history

Basal ganglia hemorrhage, n (%) 27 (45.8) 143 (58.6) 0.074 18(81.8) 9(24.3) <0.001
Thalamic hemorrhage, n (%) 23(39.0) 53(21.7) 0.006 1 (4.5) 22 (59.5) <0.001
Other, n (%) 9(15.3) 48(19.7) 0436 3(13.6) 6(16.2) 1.000

Decompression 7(11.9 12 (4.9) 0.094 4(182) 3(8.1) 0.459

EVD placement 3(5.1) 4(1.6) 0.272 0(0) 3(8.1) 0448
Admission platelet count, 10%/L (SD) 186.8 (66.3) 177.8 (59.9) 0315 185.7 (62.8) 1874 (69.1) 0.924
Admission INR, mean (SD) 1.03 (0.15) 1.01 (0.08) 0.244 1.02 (0.06) 1.03 (0.19) 0.861
Admission PT, s (SD) 12.7 (1.59) 13.2(7.84) 0.568 12.6 (0.94) 12.7 (1.89) 0.862
Outcome
In-hospital mortality, n (%) 14 (23.7) 3(1.2) <0.001 4(18.2) 10 (27.0) 0.440
30-day mortality, n (%) 27 (45.8) 13 (5.3) <0.001 11 (50.0) 16 (43.2) 0614
90-day mortality, n (%) 32(54.2) 24(9.8) <0.001 12(54.6) 20 (54.1) 0971
90-day mRS score, median (IQR) 6 [4-6] 2[1-4] <0.001 6[4-6] 6 [4-6] 0.748
90-day mRS 3-6, n (%) 54 (91.5) 99 (40.6) <0.001 21(95.5) 33(89.2) 0.725

CT computed tomography, EVD external ventricular drainage, GCS Glasgow Coma Scale, ICH intracerebral hemorrhage, INR international normalized ratio, IQR
interquartile range, IVH intraventricular hemorrhage, mRS modified Rankin scale, NIHSS National Institutes of Health Stroke Scale, PT prothrombin time, SAH
subarachnoid hemorrhage, SD standard deviation
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P<0.001) and 30-day mortality (45.8% vs 5.3%, P<0.001)
than those without. IVH growth was also associated
with increased risk of death (54.2% vs 9.8%, P<0.001)
and worse clinical outcome (91.5% vs 40.6%, P<0.001)
at 90 days. Interestingly, the median parenchymal ICH
increase from admission CT to follow-up CT was sig-
nificantly greater in patients with IVH growth (median
growth of 18.0 mL; IQR 3.6—42.6 mL) than in those with-
out (median growth of 0.7 mL; IQR, —0.4 to 3.2 mL).
Subgroup analysis shows that patients with delayed
IVH are more likely to experience hematoma growth
than patients with IVH volume increase (100% vs 59.5%;
P<0.001). The median ICH increase from admission CT
to follow-up CT was significantly higher in patients with
delayed IVH subgroup (median growth of 45.0 mL; IQR
16.8-87.6 mL) than in IVH volume increase subgroup
(median growth of 13.0 mL; IQR 0.4—24.5 mL, Table 1).
Multivariate analyses demonstrated thalamic hemor-
rhage (P<0.001), hematoma expansion (P<0.001) and
time from onset to baseline CT scan (P=0.007) were
independent predictors for IVH growth (Table 2).

A total of 153 (50.5%) patients in our cohort had poor
functional outcome (mRS 3-6) at 3-month follow-up.
The sensitivity, specificity and overall accuracy of dif-
ferent cut-off values for IVH volume increase are illus-
trated in Supplementary Table 1. IVH growth of 1 mL is
associated with the highest accuracy for predicting poor
outcome. Univariate and multivariate logistic regres-
sion analysis was performed to predict the poor out-
come (mRS 3-6) at 3 months (Table 3). Further analysis
of the 90-day ordinal mRS scores demonstrates that IVH
growth was associated with a significant shift toward

Table 2 Multivariate analysis of predictors for IVH growth

Odds ratio 95% P value
confidence
interval
Age, year 1.01 0.98-1.05 0458
Admission GCS score® 0.99 0.78-1.26 0.928
Baseline hematoma volume, mL  1.00 0.97-1.02 0.921
Admission NIHSS score® 1.09 1.00-1.19 0.059
Hematoma expansion 16.7 6.13-45.49 <0.001
Time from onset to CT, h? 0.65 047-0.89 0.007
Admission SBP. mmHg® 1.00 0.99-1.02 0.598
ICH location
Basal ganglia hemorrhage Reference®
Thalamic hemorrhage 6.99 2.40-20.39 <0.001
Other 1.02 0.32-3.27 0973

CT computed tomography, GCS Glasgow Coma Scale, ICH intracerebral
hemorrhage, IVH intraventricular hemorrhage

@ Per unit change in regressor

b Reference point for other OR calculations

poor outcomes and increased mortality (Fig. 2). After
controlling for age, admission GCS score, admission
NIHSS score, baseline hematoma volume, IVH at base-
line CT, time from onset to CT, final IVH volume, ICH
location and hematoma expansion, IVH growth (adjusted
OR 4.15, 95% CI 1.31-13.20; P=0.016) was an independ-
ent predictor of poor functional outcome (mRS 3-6) at
3 months (Table 3).

Discussion

In our study, we demonstrated that IVH growth is an
independent predictor of death and poor functional out-
come in patients with ICH. The association between IVH
growth and poor outcome remained significant even with
adjustment for potential confounding factors.

Prior authors have examined either the development of
delayed IVH, or increase in IVH volume, individually. In
a study of 216 ICH patients, Maas et al. [21] found that
delayed IVH occurred in 21%, higher than our rate of
10% but similar to our overall frequency of 18% (includ-
ing IVH growth). Their study did also find that delayed
IVH was an independent predictor of poor outcome. In
another study of 282 patients, Witsch et al. [22] reported
19 (14.5%) of 131 patients without initial IVH developed
delayed IVH. However, no association with poor out-
come was found. In a pooled analysis of the INTERACT
trials, Moullaali et al. [23] demonstrated that delayed
IVH was independently associated with poor outcome in
small to moderate ICH. In a study of 374 patients, Steiner
et al. [24] reported that 12% of patients with initial [VH
may have a subsequent volume increase>2 mL. In a
recent study, Dowlatshahi et al. [25] reported that (6.1%)
of patients without hematoma expansion had>2 mL
IVH expansion and is associated with poor outcome.
Overall, these results are generally consistent with ours,
suggesting that new or expanding IVH after ICH is com-
mon and high risk. In a recent analysis of 5345 patients,
Al-Shahi Salman et al. [26] found that time to baseline
CT was a reliable predictor of hematoma growth. We are
interested to observe that time from onset to baseline CT
scan was also an independent predictors for IVH growth.
Therefore, a repeat CT scan is warranted in patients pre-
sented early since they are at higher risk of both hema-
toma growth and IVH growth.

Our findings have important clinical implications.
First, IVH growth is strongly associated with early
hematoma growth. In previous reports, many research-
ers have focused on early hematoma growth and pres-
ence or absence of IVH on baseline CT scan [5-11, 27].
The ICH score is a well-established and widely used tool
for outcome prediction [28, 29]. Our findings suggest
that a significant proportion of patients without initial
IVH will develop delayed IVH subsequently. We are
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Table 3 Univariate and multivariate analysis of predictors for poor outcome (mRS 3-6) at 3 months

Variable Univariate OR (95% Cl)

Multivariate OR (9.

P value

Mean age, year® 1.04 (1.02-1.06)

<0.001 1.03 (1.01-1.06) 0.018

0.56 (0.35-0.88)
250 (1.45-4.31)
0.86 (0.48-1.53)

Basal ganglia hemorrhage
Thalamic hemorrhage
Other

0012 Reference®
0.001 2.18 (0.89-5.33) 0.089
0.600 1.06 (0.48-2.35) 0.887

Cl confidence interval, CT computed tomography, DBP diastolic blood pressure, ICH Intracerebral hemorrhage, IVH intraventricular hemorrhage, mRS modified Rankin
scale, NIHSS National Institutes of Health Stroke Scale, OR odds ratio, SAH subarachnoid hemorrhage, SBP systolic blood pressure

2 Per unit change in regressor

mRS 0 mRS 1

IVH gl‘OWth (n=59 ) 1717

No IVH growth (n=244) 18.4 23.0

0% 10% 20% 30%

19.04; P<0.001) (Fig. 2)
N

W mRS 2

EmRS 3 HEmRS 4 HEmRS 5 EmRS 6

13.5 8.2 9.0 9.8

40% 50% 60% 70% 80% 90% 100%

Percent of Patients

Fig. 2 Distribution of modified Rankin scale in patients with or without IVH growth. The ordinal analysis showed a significant unfavorable shift in
the distribution of scores on the modified Rankin scale IVH growth (pooled odds ratio for shift to higher modified Rankin score, 10.69; 95% Cl 6.00 to

interested to observe that patients with “delayed IVH”
experience more severe hematoma growth compared to
patients with IVH growth; a possible explanation is that
delayed IVH might be a complication of severe hemor-
rhage expansion. In these patients, early use of the ICH
score to predict outcome may be inaccurate. In addi-
tion, patients who had hematoma extension into the
ventricles may not meet the criteria for early hematoma

growth. Therefore, patients with IVH growth but no
parenchymal hematoma growth are traditionally classi-
fied as nonexpanders. However, such patients may have
just as poor (or worse) prognosis because they under-
went active bleeding into the ventricular space. Since
IVH growth is fairly common in patients with ICH and
was an independent predictor of poor outcome, it is
important to report the status of IVH growth together
with parenchymal hematoma growth in studies of ICH.
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Our study has several limitations. First, the sam-
ple size of our study is relatively small. Second, we only
assessed the admission and 36-h follow-up CT scan. As
an observational study, CT scans were not performed
at study-defined time points, and the natural history of
hematoma growth after 36 h is still unknown. Third, as a
single-center study, it may be that the natural history of
ICH in this population (or aspects of clinical care) does
not translate into other populations. Future studies with
serial imaging follow-up are needed to further clarify the
natural history and time course of IVH growth. Fourth,
since the number of patients receiving EVD treatment
is relatively small, our conclusions may be limited to
untreated IVH.

In summary, we have demonstrated that IVH growth
independently predicts poor outcome in patients with
ICH. IVH growth appears to be associated with early
hematoma growth in most cases. It may be a promising
potential therapeutic target for intervention. Future stud-
ies are needed to determine the effect of anti-expansion
treatment in preventing hematoma growth and IVH
growth.
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