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Abstract

Objective—Intraventricular extension of intracerebral hemorrhage (1\VVH) is an independent
predictor of poor outcome. IVH volume may be important in outcome prediction and management;
however, it is difficult to measure routinely.

Design and Patients—We reviewed the charts and computed tomographies of a cohort of
consecutive patients with I'VH. The cohort was divided into two groups: index and validation by
random sampling. IVH and intracerebral hemorrhage (ICH) volume were measured manually in all
patients. IVH was also graded using a simple classification system termed IVH score (IVHS). Clinical
outcome was determined by the modified Rankin Scale (mRS) at discharge and in-hospital death.
Poor outcome was defined as mRS 4-6.

Main Results—One hundred seventy-five patients were analyzed, 92 in the index group and 83 in
the validation group. Exponential regression yielded the following formula for estimating I'VH
volume (mL): elVHS/5 (R2 = .75, p < 0.001). The I\VH estimation formula was then verified in the
validation group (R? = .8, p < 0.001). The following correlations with mRS were obtained: IVH
volume R =.305; ICH volume R = .468; total volume [TV] R = .571 (p < 0.001 for all three
correlations). Partial correlation of TV with mRS controlling for ICH volume yielded R = .3 for TV
(p<0.001). Logistic regression model comparing ICH and TV association with poor outcome yielded
the following: ICH odds ratio = 5.2, 95% confidence interval 2.3-11.6, p < 0.001; TV odds ratio =
41.6, 95% confidence interval 9.6-180.6, p < 0.001. Substituting TV for ICH volume in the ICH
score resulted in a significant increase in the specificity from 64% to 87% for predicting mortality.

Conclusions—IVHS enables clinicians to rapidly estimate 1VH volume. The addition of IVH to
ICH volume increases its predictive power for poor outcome and mortality significantly. IVHS and
TV may be used in clinical practice and clinical trials of patients with ICH.
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Spontaneous intracerebral hemorrhage (ICH) accounts for one fifth of all strokes. It is a
devastating condition with 30% mortality and a high rate of morbidity among survivors
(1-5). Most cases are attributed to hypertension or amyloid angiopathy (2,5,6). Intraventricular
extension of intracerebral hemorrhage (I'\VVH) that occurs in 45% of cases (7) is a known
independent predictor of poor outcome (1,7-14) and several studies have demonstrated a direct
relation between IVH volume and poor outcome or mortality (20,25,26). Yet, most studies
investigating I'VH volume use sophisticated and time-consuming volumetric analyses (15) that
are impractical for routine clinical use and clinicians still lack a method for easily obtaining
an estimate of the I\VH volume. The purpose of this study was to create a useful tool for rapid
determination of IVH volume and to further explore the prognostic significance of IVH volume.
Specifically, we tried to assess the relationship between IVH volume or total volume (TV the
combination of ICH and IVH volume) and clinical outcome.

Study Design and Population

A retrospective chart review of all patients admitted to our stroke center between April 2003
and June 2006 with the diagnosis of ICH. Patients were included if they suffered from
spontaneous nontraumatic ICH and had evidence of I\VH on computed tomography (CT) during
admission done within 24 hours of onset. Patients were excluded from the analysis if they had
ICH secondary to vascular malformations, tumor, or hemorrhagic conversion of an infarct. All
CT scans were done using identical technique (slice thickness 5 mm, gantry tilt —16). We also
excluded patients who had CT of inadequate quality for measurement purposes. The study
cohort was divided into an index group used for model development and a validation group by
random sampling.

Measurements

IVH Scoring

Two of the authors (HH and AB) were blinded to clinical outcomes and independently reviewed
all the admission CT scans to verify ICH location, ICH volume, and 1\VH presence.
Hydrocephalus was coded as present or absent (questionable cases were coded based on the
official radiology report). ICH location was determined by the anatomical structure that
contained the majority of the hematoma. ICH volume was determined using the ABC/2 method
(16). Two of the authors (HH and ND) independently measured IVH volume by hand-drawn
regions of interest around each area of intraventricular blood in every slice and in each lateral
ventricle, third ventricle, and fourth ventricle separately. The regions of interest area were
calculated automatically by the Picture Archiving and Communication Systems software
(General Electric Centricity workstation). Each region of interest area was then multiplied by
the slice thickness (5 mm) and added together to obtain the IVH volume in milliliter in each
ventricle. IVH volume was obtained as the sum of the volumes from the four ventricles.
Maximal ventricular volume (the potential volume of blood in each ventricle) was determined
for each ventricle.

Our primary goal was to develop a simple grading system to estimate I\VH volume
measurement. This system was partially based on scores previously developed for grading IVH
(17-20). Yet, we chose to develop a new score because none of the previous scores were
intended to estimate I\VH volume.

The a priori assumptions underlying our grading system were as follows: 1) the third and fourth
ventricles contribute much less to the ventricular volume than the lateral ventricles and 2) in
the presence of hydrocephalus, the ventricular volume increases through expansion. We graded
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each lateral ventricle with a score of 0 (no blood or small amount of layering), 1 (up to one
third filled with blood), 2 (one to two thirds filled with blood), or 3 (mostly or completely filled
with blood). The third and fourth ventricles received a score of 0 for no blood or 1 if they were
partially or completely filled with blood. Hydrocephalus was coded as present (1) or absent

(0).

Two of the authors (HH and AB) were blinded to volume measurements and outcomes while
they independently scored the IVH in each ventricle for all patients. This was done before and
was unrelated to the volume measurements. All medical charts were reviewed for baseline
demographics, clinical presentation, laboratory values, external ventricular drainage insertion,
and outcome measures. Clinical outcome was assessed on hospital discharge using the
modified Rankin Scale (mRS). Patients with mRS 4-6 on hospital discharge were considered
to have a poor outcome. Do-not-resuscitate status was captured at admission. The study was
approved by the Institutional Review Board.

Statistical Analysis

RESULTS

The analysis was performed using SPSS version 15 (SPSS, Chicago, IL). Interclass correlation
was used to assess inter-rater reliability for ICH volume, IVH volume, and IVH scoring. A
sub-sample of IVH cohort was randomly selected using a Bernouli function (using 0.5 as the
probability coefficient) as the index group for developing I\VVH scoring system and the
conversion formulato I'VH volume. The second half of the cohort was used to assess the validity
of the IVH grading system for predicting IVH volume. The measured IVH volume was log
transformed to achieve normality. A linear regression of the I\VH grade with hydrocephalus to
IVH volume was done to obtain the correction factor for hydrocephalus and produce the final
formula for IVH score (IVHS). Additional regression was then performed to obtain the
conversion formula from IVHS to IVH volume. After calculating the volume using the
conversion formula, the calculated volume and measured volume were entered into a regression
model to study the correlation between the two in the validation cohort. Cronbach’s alpha
assessed internal reliability of the IVHS within each cohort.

Receiver operating characteristics analysis was used to determine the sensitivity and specificity
of the different volumes and scores in predicting mortality and poor outcome and obtain volume
cutoffs for both poor outcome and mortality. Partial correlation was used to explore the
association of IVH, ICH, and TV with outcome (mRS) as well as their relative contribution to
the prediction. In addition, we used logistic regression of individual volumes to compare the
fit of the volume cutoffs with poor outcome and mortality between volumes using the log-
likelihood ration method (21). Cohen’s method was used to compare the strength of correlation
between the different outcome scores and mRS (22). Logistic regression was used to determine
independent association of variables with poor outcome and mortality. p value <0.05 was
considered significant.

We identified 178 patients with I\VVH. Four patients were excluded because of poor quality CT
(severe motion artifacts) and the final cohort consisted of 174 patients who met inclusion
criteria. The patients’ characteristics are shown in Table 1. The interclass correlation between
the two raters for IVH volume was 0.995 with a 95% confidence interval (Cl) of 0.973-0.999
(p <0.001). The interclass correlation between the two raters for IVH grading was 0.915 with
a 95% CI of 0.835-0.955 (p < 0.001). Additional sample of 20 patients was scored by two
other people with far less clinical training after a brief explanation of the score: a neurology
resident and a medical student. The interclass correlation for their scoring compared with the
stroke neurologist was resident 0.941 (p < 0.001, 95% CI 0.846-0.977) and medical student
0.8 (p = 0.001, 95% CI 0.48-0.92).
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Model Development in the Index Group

Ninety-one patients were randomly selected from the 1\VVH cohort of 174 patients for the index
cohort. Cronbach’s alpha for the five components of I\VH scoring was 0.741. The maximal
ventricular volume is shown in Table 2. We observed a volume ratio of 9-10:1 between the
lateral ventricles and the third and fourth ventricles, and therefore weighted the lateral ventricle
score by a factor of 3 (thus, yielding a ratio of 9:1 between the lateral and midline ventricles).
Linear regression of the IVH grade and hydrocephalus to 1\VH volume yielded the following
formula (p < 0.001 for both components):

In (IVH volume)=0.2 X (IVH grade)+0.6 x Hydrocephalus=0.2 X (IVH grade+3 X Hydrocephalus)

Therefore, the final formula for calculating the IVHS is

IVHS=3 X (RV+LV)+II1+IV+3 x H

where RV stands for right ventricle score (0-3), LV for left ventricle score (0-3), Il for third
ventricle score (0, 1), IV for fourth ventricle score (0, 1), and H for the presence of
hydrocephalus (0, 1). IVHS ranges from 0 (no 1\VH) to 23 (all ventricles filled with blood and
hydrocephalus present). The formula for converting IVHS to volume is

IVH volume (mL)=e'VH5/3

Two examples of IVH grading are shown in Figure 1. Table 3 provides a rapid-conversion
table. A reference card and a conversion calculator may be found as supplementary material
to the article for easy conversion.

Validation Group

The validation group consisted of 83 patients. Cronbach’s alpha of the five components of
IVHS was 0.714. Regression of calculated IVH volume to measured IVH volume (Fig. 2)
yielded a good fit with R2 = .8 (p < 0.001). This indicates that the IVHS conversion formula
performs equally well in the validation and index cohort.

Exploring IVH, ICH, and Total Volume to Clinical Outcome

Using the entire cohort of 174 patients, we explored the correlation of IVH, ICH,and TV (TV,
the sum of ICH and I'VVH volume) with outcome (mRS) using bivariate correlation: IVH volume
R =.305; ICH volume R = .468; TV R =.571 (p < 0.001 for all three correlations). Partial
correlation of TV with mRS controlling for ICH volume yielded R = .3 for TV (p < 0.001).
This represents the additional variance of the outcome explained by adding I\VVH to ICH volume.

Further exploration of TV using receiver operating characteristics curve showed a cutoff of 40
mL for poor outcome and 60 mL for mortality (Fig. 3). In fact, beyond 50 mL of TV, 100% of
patients had a poor outcome. Receiver operating characteristics analysis of ICH volume yielded
a cutoff of 30 mL for mortality and 25 mL for poor outcome. We then ran logistic regression
assessing the association of the cutoffs for ICH volume and TV (both measured and calculated)
with poor outcome and mortality (Table 4). In both categories, TV was a significantly better

predictor than ICH volume alone. The measured and calculated values performed similarly.
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Predictors of Mortality and Poor Outcome

Therole of TV in predicting poor outcome and mortality was explored using logistic regression.
The following known predictors were entered into the model: age, Glasgow Coma Scale (GCS),
infratentorial location, hydrocephalus, and TV. The only variables retaining independent
association with mortality were GCS (p < 0.001, odds ratio [OR] = 0.73, 95% CI 0.64-0.83)
and TV (p = 0.001, OR = 4.4, 95% CI 1.8-10.6). The variables retaining independent
association with poor outcome were GCS (p < 0.001, OR = 0.65, 95% CI 0.52-0.8) and TV
(p <0.001, OR =20.1, 95% CI 4.3-95.7).

Self-fulfilling Prophecy

The role of early care limitation (23) in predicting mortality was explored using logistic
regression with death as the dependent variable. The variables previously found as predictors
of mortality (TV and GCS) were entered into the model along with admission code status
(coded as limitation of care vs. full code) and age. Early limitation of care was independently
associated with mortality (p = 0.003, OR =11, 95% CI 2.3-53.2). A second model with GCS,
TV, and age was used to explore the role of withdrawal of care (as opposed to other causes of
death) in predicting death. The decision to withdraw care was not an independent predictor of
mortality (p = 0.9).

Comparing IVHS with Previous Scores

To further validate our score, we compared the predictive value of IVHS for mortality with
two previously published scores: the IVH scoring system by Graeb et al (17) and the ICH score
by Hemphill et al (24). The comparison with the Graeb score was performed using both IVHS
and TV whereas for the ICH score we used a composite score of GCS (scored the same way
as in the ICH score) and TV >60 (scored as 1 point). Figure 3a, b shows the receiver operating
characteristic curves for both scores. Although IVHS and the Graeb score performed similarly,
once TV was used the specificity of the score increased substantially. We further analyzed the
correlation of the same volumes and scores with outcome (mRS) using Spearman’s correlation:
IVHS R =.346; Graeb score R =.332 (p = 0.52 comparing the correlation of IVHS and Graeb
score with mRS); TV (calculated) R =.571 (p = 0.004 comparing Graeb score and TV); ICH
score R = .589; composite score (GCS + TV >60) R =.689 (p < 0.001 comparing ICH score
and composite score; p < 0.001 for all correlations). Taken together, these results suggest that
measuring 1\VH volume using IVHS to produce TV achieved the most robust correlation with
outcome. Substituting TV for ICH volume in the ICH score produces a score that is more
specific for mortality and has a better correlation with outcome.

DISCUSSION

IVH remains a poorly understood phenomenon. Previous work has demonstrated that IVH
volume is an important factor contributing to outcome and survival. Two investigators studying
IVH using a 12-point grading system found an association between high 1\VH grade and poor
outcome (17,20). The relationship of IVH volume and outcome has also been studied in a series
of 47 patients (25), which identified a “lethal volume” of 20 mL, and there was an observed
association between TV and poor outcome. Another study showed that IVH volume predicts
mortality independently of the GCS (13). Most recently, the dynamic nature of I\VH was studied
in a subanalysis of the activated factor V11 phase 1 trial (26) demonstrating the importance of
changes in IVH volume. However, the study of IVH volume and its clinical application has
been hampered by the difficulty of measuring the volume of blood in routine clinical practice.
Unlike ICH where the hematoma is relatively well defined and lends itself to volume
approximation methods such as ABC/2 (16), IVH is more diffuse and involves multiple
structures. The results from this study demonstrate that using a simple grading system, IVH
volume can be closely estimated within minutes after acquisition of the head CT, requiring
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only visual inspection of the CT and a reference card. Our findings are in agreement with
previous studies showing the important impact of 1\VH volume on clinical outcome (13,25,
26).

The mechanisms by which IVH volume affects outcome likely include increased intracranial
pressure with reduced cerebral perfusion (27), mechanical disruption, ventricular wall
distension (28), and possibly an inflammatory response (29,30). Although IVH volume in itself
is associated with poor outcome, we observed the previously reported (25) stronger association
with TV. We identified a cutoff of TV >40 mL beyond which the patients were 41 times more
likely to have a poor outcome and a “poor-outcome threshold” of 50 mL above which 100%
of patients had a poor outcome. A cutoff of TV >60 mL was similarly identified for mortality;
however, we did not identify a “lethal volume” (in our cohort patients with TV >60 mL had a
60% rate of mortality) as previously reported (25). This discrepancy may be explained by
differences in measurement techniques, improved image quality and resolution in our study,
and advances in the intensive care of IVH patients.

The ability to estimate volume and, thus, generate TV sets IVHS as a unique measure of
prognostic value separate from previously published scores. From the clinical standpoint,
numerous scales have been designed to predict outcome after ICH (10,12,24-26,31,32). Most
scales code 1\VVH as absent or present. We have shown that for patients with I\VH, our composite
score using only TV and GCS is superior to the prevalent ICH score (24) in predicting mortality.
This may reflect the additional impact of I\VH volume on outcome. TV may be used in two
ways in clinical research rather than using the traditional ICH volume: to stratify patients when
assessing treatment effect; and as a signal for treatment success by showing an increase in the
proportion of patients achieving favorable outcome with TV >40 mL.

This study has several limitations. It is retrospective and as such the outcome correlation may
need to be validated prospectively. Our clinical endpoint occurs at discharge from the hospital
and not at a set time. Because patients with severe strokes tend to have longer stays, this also
introduces bias. In addition, we did not have 90-day outcome and it is possible that some
patients discharged with a poor outcome may improve by that time point. Our choice to define
poor outcome as MRS 4-6 on discharge (instead of the traditional mRS 3-6 at 90 days) is meant
to partially compensate for this deficiency. To score the IVHS, hydrocephalus needs to be
identified. This may present a problem with inexperienced clinicians or when hydrocephalus
is mild and in places when radiology advice is not readily available. Finally, the efficacy of
surgical intervention could not be assessed in this work. Rather, the outcome of our cohort
represents patients who received routine ICU and neurosurgical care in a large stroke center.
Finally, our study reaffirms the concept of “self-fulfilling prophecy” (23) in IVH patients. Even
after controlling for age, TV, and GCS early limitation of care predicted mortality in our cohort.

CONCLUSION

IVHS allows for rapid estimation of actual IVH volume within minutes from the initial CT
scan of patients with ICH. IVH volume combined with ICH volume allows for estimating TV,
which is a powerful determinant of outcome. This information may be used in the acute setting
to inform patients and families and in research settings to stratify patients in treatment vs.
control groups.
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RV=2, lll=1, H=1 IVHS=10
IVH volume (calculated)=7ml IVH volume (measured)=9ml

RV=2 LV=1 llI=1 V=1 H=1 IVHS=14
IVH volume (calculated) = 16 IVH volume (measured) =17

Figure 1.
Intraventricular extension of intracerebral hemorrhage (IVH) grading. LV, left ventricle; RV,
right ventricle; 111, third ventricle score; H, hydrocephalus; IVHS, IVH score.
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Curve fitting of intraventricular extension of intracerebral hemorrhage (IVH) score (IVHS) to
IVH volume in the index cohort (A) and calculated to measured I'VH volume in the validation
cohort (B). IVHS-IVH Score. LV, left ventricle; RV, right ventricle; 11, third ventricle score.
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Figure 3.

Receiver operating characteristic curves. A, Total volume (TV) as a predictor of poor outcome
(modified Rankin Scale 4-6) and mortality. The star marks the cutoff point. B, Comparing
Graeb Score, intraventricular extension of intracerebral hemorrhage (IVH) score (IVHS) and
TV as predictors of mortality. C, Comparing intracerebral hemorrhage (ICH) Score and
composite score (Glasgow Coma Scale [GCS ] + TV >60 mL) as predictors of mortality.
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Baseline characteristics

Table 1
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Index Group (n =91) Validation Group (n = 83) p
Age (mean = SD) 59+ 15 61+14 0.3(TT)
NIHSS (mean + SD) 18 +10 19+9 0.7 (TT)
Mortality (%) 29 (31.5) 26 (31) 0.97 (CS)
Poor outcome (%) 69 (75) 63 (76) 0.7 (CS)
Mode of arrival 0.9 (CS)
Direct admission 38 35
Transfer 53 48
Early limitation of care (%) 10 (11) 12 (14.5) 0.5 (CS)
EVD insertion (%) 30 (33) 14 (16.9) 0.015 (CS)
IVT (%) 5(5.5) 0(0) 0.06 (FE)

NIHSS, National Institutes of Health Stroke Scale; TT, Student’s t test; CS, chi-square test; EVD, extraventricular drainage; IVT, intraventricular tPA;

SD, standard deviation.

Baseline characteristics of the index and validation groups.
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Maximal ventricular volume

Table 2
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Ventricle Median Volume in Milliliter (Interquartile Range)
Right lateral 24.2 (11-37.4)

Left lateral 25.7 (16.8-34.6)

Third 2.4(0.7-4.2)

Fourth 3.0(1.5-4.5)

Maximal ventricular volume of each ventricle. The maximal volume was calculated based on the intraventricular extension of intracerebral hemorrhage
volume in each ventricle. Only ventricles that were noted to be completely filled with blood were included.

Crit Care Med. Author manuscript; available in PMC 2009 June 8.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Hallevi et al.

Table 3
A quick reference for converting IVHS to IVH volume
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I\VVH Score IVH Volume (mL) IVVH Score IVH Volume (mL)
1 12 13 135
2 15 14 16.4
3 1.8 15 20.1
4 22 16 245
5 2.7 17 30.0
6 3.3 18 36.6
7 4.1 19 44.7
8 5.0 20 54.6
9 6.0 21 66.7

10 7.4 22 81.5
11 9.0 23 99.5
12 11.0

IVHS, intraventricular extension of intracerebral hemorrhage (I\VVH) score.

A rapid conversion table for converting IVHS to IVH volume (in mL).
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