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ABSTRACT

Introduction Intracerebral haemorrhage (ICH) within deep
structures adjacent to the third ventricle is associated

with worse outcomes when compared with lobar ICH due
to the critical role of deep nuclei in normal neurological
functioning. New evidence suggests another contributing
factor to poor outcome is obstruction of cerebrospinal fluid
outflow by clot burden causing mechanical compression
of the third ventricle. The authors reviewed the incidence
and outcomes of mechanical compression ICH in order to
identify this high-risk group which may potentially benefit
from minimally invasive evacuation.

Methods Patients with spontaneous, non-traumatic,
supratentorial ICH were identified retrospectively over a
30-month period. CT imaging was reviewed to assess
location of the ICH, volume of the ICH, presence of
hydrocephalus requiring external ventricular drain (EVD)
placement, and time to clearing of the third ventricle.
Hydrocephalus was then categorised as due to ‘primarily
intraventricular haemorrhage (IVH)’, ‘primarily mechanical
compression’ or ‘mixed’. Functional outcomes at discharge
were assessed using the modified Rankin Score (mRS).
Results 287 patients met inclusion criteria, of which 39
(13.5%) patients developed hydrocephalus that required
EVD. EVD patients had significantly higher mRS at
discharge (p<0.001) when compared with the non-EVD
group. Lobar location was associated with lower odds

of poor outcome compared with thalamic location (OR
0.107-0.560). Mechanical compression hydrocephalus
was associated with poor outcome when compared with
the primary IVH hydrocephalus subgroup (p=0.037) as well
as longer time to clearing of the third ventricle (p=0.006).
Conclusions Mechanical obstruction requiring EVD
occurs in approximately (21/287) 7.3% of all patients with
spontaneous supratentorial ICH. It is unknown if the worse
morbidity in these subjects is purely related to damage

to deep structures surrounding the third ventricle or if
secondary damage from hydrocephalus could be mitigated
with targeted minimally invasive clot evacuation.

INTRODUCTION/BACKGROUND

Nearly 800 000 people have a stroke annually
in the USA, of which 87% are ischaemic and
13% are haemorrhagic.! Even though intrac-
erebral haemorrhage (ICH) is less common,
it associated with higher rates of mortality and
morbidity compared with ischaemic stroke.”
More than one-third of individuals die in the
first month after ICH, and patients who survive
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have a continuing elevated risk of death
compared with matched individuals from the
general population.” Despite advances in the
treatment of cerebral ischaemic infarction
and subarachnoid haemorrhage in recent
years, there remain few therapies of proven
benefit in improving outcome after ICH. The
current American Heart Association guide-
lines endorsed by the American Association
of Neurological Surgeons and the Congress
of Neurological Surgeons state that for most
patients with supratentorial ICH, the useful-
ness of surgery is not well established.*

Surgical evacuation of ICH has been a
widely debated and studied topic for over
half a century.” ® The Surgical Treatment for
IntraCerebral Hemorrhage (STICH) trial’
evaluated the efficacy of early surgery versus
initial conservative treatment in patients
with spontaneous intracerebral haematoma.
The authors demonstrated no difference in
outcome between early surgery versus initial
conservative treatment. STICH II® targeted
patients most likely to benefit based on STICH
subgroup analysis and demonstrated lower
mortality in the early surgery group, but no
functional benefit. It is important to note that
surgery was still used commonly as a life saving
measure in both of these studies; however, an
initial strategy of surgery did not seem to be
effective to improve outcomes. In more stable
patients who are less likely to deteriorate,
minimally invasive approaches as an initial
strategy have been increasingly studied. The
Minimally Invasive Surgery plus Rt-PA for ICH
Evacuation (MISTIE) studies are the largest
such studies comparing medical management
to stereotactic ICH drainage with alteplase
dosing over 72 hours.”? Ultimately, MISTIE
III demonstrated improvement in mortality
without functional improvement in the
surgical arm. Other minimally invasive tech-
niques have shown early promise and pivotal
trials are ongoing.'’ !

Primarily intraventricular haemorrhage
(IVH) is a related condition but has histori-
cally been studied separately. The Clot Lysis:
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Figure 1 Exclusion criteria. EVD, external ventricular

drain; ICD, International Classification of Diseases; ICH,
intracerebral haemorrhage; IVH, intraventricular haemorrhage;
tPA, tissue Plasmonogen Avtivator.

Evaluating Accelerated Resolution of Intraventricular
hemorrhage (CLEAR) trials'? studied the effect of intra-
ventricular alteplase versus saline in patients requiring
external ventricular drain (EVD), however, failed to
demonstrate a significant improvement in functional
outcome or other measures with alteplase. A posthoc
analysis of CLEAR patients demonstrated that there were
significantly worse outcomes in patients with IVH treated
with alteplase if the hydrocephalus was primarily from
mechanical compression due to thalamic haemorrhage,
whereas if the hydrocephalus was primarily from IVH,
alteplase was associated with better outcomes.'

Though these studies have significantly expanded our
knowledge of ICH/IVH management, this important
group of patients with hydrocephalus from mechanical
compression identified by Ullman et al may have been
largely missed in both studies. MISTIE excluded patients
with significant hydrocephalus from IVH and CLEAR
excluded ICH larger than 30 cm®. The goal of this study
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was to characterise this population and determine the
overall incidence and outcomes compared with other
patients with ICH and IVH, as well as the ICH popula-
tion as a whole. As rising evidence suggests, this study
seeks to investigate if patients with mechanical compres-
sion have worse outcomes than other patients with ICH
without such mechanical compression. Presented here is
a ‘proof of concept’ technical feasibility report regarding
targeted minimally invasive ICH evacuation for a patient
with mechanical compression.

METHODS

All patients admitted to the (INSTITUTION BLINDED)
Hospital from May 2015 to December 2017 with ICD-10
code 161.9 (non-traumatic ICH) or ICD-9 code 431 (ICH)
were retrospectively identified. Patient identifiers were
not used and a waiver for consent was granted. Exclu-
sion criteria are detailed in figure 1. Initial CT imaging
was reviewed and ICH location was assigned as either
thalamic, basal ganglia or lobar. ICH volumes were
measured using the ABC/2 method. Presence of IVH
was recorded as either present or not present. An ICH
Score was calculated for each patient using the standard
ICH scoring system.'* Infratentorial haemorrhage was
an exclusion criteria for this study; thus, the maximum
possible ICH Score was 5.

Provider discretion was used in the decision to place
an EVD, factors that were considered include radio-
graphic evidence of hydrocephalus, decreased level of
consciousness or significant IVH. The placement of a
ventriculoperitoneal shunt for persistent hydrocephalus
was done after multiple attempts are made to wean the
EVD with failure determined by following intracranial
pressure, clinical examination and radiographic ventric-
ular size. Patients requiring an EVD were further catego-
rised into subgroups based on characteristics of ICH at
the point when hydrocephalus was first radiographically
identified. No patients switched hydrocephalus category
after initial assignment was made. Two authors reviewed
all EVD patient CT scans and independently assigned
each to a hydrocephalus category. In cases where there
was a discrepancy, the scans were reviewed jointly, and a
consensus was made. The primary IVH subgroup consisted
of patients with hydrocephalus caused primarily by IVH
volume resulting in occlusion of the third and fourth
ventricles (figure 2A). The primary mechanical compres-
sion subgroup demonstrated ventricular occlusion via
ICH mass effect alone with little intraventricular blood
(figure 2B). The mixed subgroup consisted of patients
with hydrocephalus caused by a combination of intraven-
tricular blood as well as mass effect from ICH (figure 2C).
Patients with mixed and primary mechanical compres-
sion hydrocephalus were combined for subgroup analysis
into the mechanical compression group.

All patients in the EVD group were followed with serial
CT studies. Opening pressure was noted at time of EVD
placement. Glasgow Coma Scale was assessed at time of
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Figure 2 External ventricular drain subgroups. (A) ‘Primary
IVH subgroup’—primarily intraventricular haemorrhage (IVH)
causing ventricular obstruction with distant intracerebral
haemorrhage (ICH) not compressing the ventricular system.
(B) ‘Primary mechanical compression subgroup’—primarily
mechanical compression ICH showing minimal IVH present
with direct clot burden obstructing ventricular outflow.

(C) ‘Mixed subgroup’ —mixed components of mechanical
compression and IVH causing hydrocephalus.

presentation. Rates of meningitis, defined as one cerebro-
spinal fluid (CSF) culture with positive bacterial infection,
were tracked in the EVD cohort. In addition to tracking
presence of IVH, patients in EVD cohort were analysed
for IVH volume using the modified Graeb Score."” All
patients who were given alteplase directly into the ICH
were excluded from the review; however, alteplase was
routinely given intraventricularly with the goal of clearing
the third and fourth ventricles. The number of days with
EVD were calculated by noting the first day of placement
subtracted by the day the EVD was confirmed removed.
The number of days to the radiographic opening of
the third ventricle was determined by following serial
CT examinations until patency of the third ventricle
was evident. Patients who died, or were shunted before
clearing of the third ventricle occurred, were excluded
from analysis of this variable. Surgical evacuation of the
ICH was performed in cases of life-threatening mass
effect. Patient outcomes were measured using the modi-
fied Rankin Score (mRS) at discharge and scored on a
scale from 0 to 6. Due to the retrospective nature of this
study, mRS was abstracted from multidisciplinary and
clinical notes. Outcomes were dichotomised in the anal-
ysis to either ‘good outcome’ referring to a mRS of 0-3,
or ‘poor outcome’ indicating an mRS of 4-6. Withdrawal
of care was noted as occurring or not occurring in all
patients with in-hospital mortality. In the EVD cohort, the
timing of the withdrawal of care was calculated as time
from admission to time when family discussion occurred
to withdraw care.

For wunivariate analysis, categorical variables were
described as frequency rates and percentages. Contin-
uous data were presented as means and ranges. Propor-
tions for categorical variables were compared using the

X2 test, although the Fisher exact test was used where
appropriate. Means for continuous variables were
compared using independent group t tests when the data
were normally distributed; otherwise, the Mann-Whitney
test was used. A two-sided o of less than 0.05 was consid-
ered statistically significant. Multivariable logistic regres-
sion analysis was performed on statistically significant and
clinically relevant univariate variables. Statistical analysis
for these data was generated using SAS software, V.9.4 of
the SAS System for Microsoft Windows (SAS Institute).

RESULTS

Nine hundred eighty-nine charts were found initially.
After exclusions (figure 1), 287 patients were identified
admitted between May 2015 and January 2018. Compar-
isons between the non-EVD group and the EVD group
were analysed and are demonstrated in table 1.

There were 39 (13.5%) patients who underwent place-
ment of an EVD for treatment of hydrocephalus, with
the remainder (n=248 860.4%) in the non-EVD group.
Within the EVD subgroups (table 2), 18 (46.1%) devel-
oped hydrocephalus from IVH, 4 (10.2%) from primary
mechanical compression and 17 (43.6%) from mixed
components.

The non-EVD group had a significantly higher average
age compared with the EVD group (64.50 vs 57.69
p=0.007), although the portion of patients over 65 was
non-significantly different between groups (49.6% vs
35.9% p=0.122). The EVD subgroups did not differ
significantly in age (p=0.267). The EVD group had signifi-
cantly longer length of stay compared with the non-EVD
group (18.92 vs 8.85 p<0.001), with the portion of stays =7
days also significantly larger in the EVD group (47.9% vs
69.2% p=0.014). The EVD subgroup analysis did not show
a significant difference between EVD groups and length
of stay (p=0.358). The EVD group had a significantly
larger proportion of thalamic versus lobar haemorrhages
compared with the non-EVD group (p=0.001). Compari-
sons of the EVD subgroups demonstrated a significantly
higher portion of thalamic versus lobar haemorrhages
in the mechanical compression group compared with
the IVH group (p<0.001). The non-EVD group and EVD
group had similarly sized ICH volumes (40.3 mL vs 36.7
mL p=0.521), as well as the portion of patients with ICH
volume >30 mm® (39.5% vs 41.0% p=0.862). The EVD
subgroups did not differ significantly in ICH volume (42.1
mL’ vs 30.6 mL® p=0.384). The modified Graeb Score
was lower in the mechanical compression subgroup,
although this did not reach significance (p=0.058). The
modified Graeb was lower in the EVD subgroup analysis
of poor outcome (p=0.01). The number of days to the
radiographic opening of the third ventricle was signifi-
cantly longer in the mechanical compression subgroup
compared with the IVH subgroup (13.2 days vs 7.3 days
p=0.006). The authors reviewed the rate of withdrawal of
care between the non-EVD and EVD cohorts and found
them to be non-significantly different (16.5% vs 28.2%
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Table 1 Comparison of non-external ventricular drain (EVD) and EVD groups

Non-EVD group EVD group

Variable* (n=248) (n=39) P value
Demographics

Total patients 248 39

Male sex 122 (49.2%) 27 (69.2%) 0.020
Age, in years

Average age (years) 64.50+14.82 57.69+13.88 0.007

Age >65 years 113 (49.6%) 14 (35.90%) 0.122
Length of hospital stay, in days

Average (range) 8.85+9.91 (0-81) 18.92+15.09 (0-57) <0.001

>7 days 119 (47.9%) 27 (69.2%) 0.014
ICH location

Basal ganglia versus thalamic 50 (20.2%) versus 40 (16.1%) 8 (20.5%) versus 19 (48.7%) 0.018

Lobar versus thalamic 158 (63.7%) versus 40 (16.1%) 12 (30.8%) versus 19 (48.7%) <0.001

Basal ganglia versus lobar 50 (20.2%) versus 158 (63.7 %) 8 (20.5%) versus 12 (30.8%) 0.117
ICH Score

Score 2 versus 0-1 44 (17.7%) versus 153 (61.7%) 15 (38.5%) versus 5 (12.8%) <0.001

Score 3 versus 0-1 29 (11.7%) versus 153 (61.7%) 16 (41.0%) versus 5 (12.8%) <0.001

Score 4 versus 0-1 22 (8.9%) versus 153 (61.7%) 3 (7.7%) versus 5 (12.8%) 0.080
ICH volume, in mm?®

Average (range) 40.29+50.72 (0.5-248) 36.74+42.33 (3.9-189) 0.520

ICH volume greater than 30 mm?® 98 (39.5%) 16 (41.0%) 0.862
Presence of IVH 84 (29.2%) 39 (100%) <0.001
Modified Rankin Score at Discharge Score 46 129 (52.0%) 35 (89.7%) <0.001
Withdrawal of care 41 (16.5%) 11 (28.2%) 0.079

Bold indicate p values <0.05.

*Categorical data are presented as number (%) and continuous data as the mean.

ICH, intracerebral haemorrhage; IVH, intraventricular haemorrhage.

p=0.079). Within the EVD cohort, we found that there
was greater proportion of patients within the mechan-
ical compression group who had early withdrawal of care
(under 7 days), versus those in the primary IVH subgroup
(33.3% vs 6.3% p=0.024). However, the overall rate of
withdrawal was the same between the two EVD groups
(33.3% vs 22.0% p=0.497).

Associations with poor outcome

The mRS at discharge was significantly different between
the EVD and non-EVD groups, with the portion of
patients with a poor outcome (mRS 4-6) greater in the
EVD group (89.7% vs 52% p<0.001). Table 3 demon-
strates univariate and multivariate comparisons of the
whole cohort dichotomised to either good outcome or
poor outcome based on mRS at discharge.

Analysis of the ICH location demonstrated that
thalamic location was associated with poor outcome
when compared with lobar or basal ganglia location.
Higher ICH Scores were significantly associated with
poor outcome when compared against lower ICH
Scores. Presence of EVD, IVH and volume 2>30 mm®

was also significantly associated with poor outcome. In
order to prevent over fitting of the model, only ICH
location, ICH Score, presence of IVH and ICH volume
were used in the multivariable logistic regression. Lobar
location was associated with significantly decreased odds
of poor outcome compared with thalamic location (OR
0.107-0.560). This model did not show presence of IVH
and ICH volume was associated with poor outcome.
Additional post-hoc exploratory multivariable analysis
of whole group associations with poor outcomes was
attempted using only thalamic location, ICH Score and
presence of mechanical compression as input variables.
This model demonstrated ICH Score as the only signif-
icant factor with poor outcome (p<0.001); however,
mechanical compression did trend towards significance
(p=0.059).

Among the EVD subgroups, patients with mechanical
compression had a significantly worse outcome than
primary IVH patients (100% vs 75% p=0.037). Table 4
demonstrates univariate comparisons of the EVD cohort
dichotomised to either good outcome or poor outcome.
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Table 2 Comparison of external ventricular drain (EVD) subgroups

Mechanical compression Primary IVH

Variable* (n=21) (n=18) P value
Demographics

Total patients 21 18

Male sex 15 (71.4%) 12 (66.6%) 0.748
Age 60.1+8.5 (47-76) 54.8+18.1 (24-85) 0.267
Length of hospital stay, in days 17.1+£16.0 (0.83-56.6) 21.6+13.7 (0.7-44.9) 0.358
Glasgow Coma Scale on admission 7.47+3.4 (3-14) 7.88+3.73 (3-14) 0.722
ICH location

Basal ganglia versus thalamic 4 (19.0%) versus 16 (76.2%) 4 (22.0%) versus 3 (16.6%) 0.145

Lobar versus thalamic 1 (4.8%) versus 16 (76.32%) 11 (62.3%) versus 3 (16.6%) <0.001

Basal ganglia versus lobar 4 (19.0%) versus 1 (4.8%) 4 (22.0%) versus 11 (52.3%) 0.109
ICH Score

Score 2 versus 0-1 7 (33.3%) versus 4 (19.0%) 8 (44.4%) versus 1 (5.5%) 0.319

Score 3 versus 0-1 8 (38.1%) versus 4 (19.0%) 8 (44.4%) versus 1 (6.3%) 0.338

Score 4 versus 0-1 2 (9.5%) versus 4 (19.0%) 1(6.3%) versus 1 (6.3%) 0.999
Type of hydrocephalus

Primary mechanical compression 4 (19.0%)

Mixed mechanical compression 17 (80.9%)

Primary IVH compression 18 (100%)
ICH volume, in mm?®

Average (range) 42.1+£52.4 (3.9-189.8) 30.6+26.5 (5.2-89.5) 0.384

ICH volume greater than 30 mm?® 9 (42.8%) 7 (38.9%) 0.999
Modified Rankin Score at Discharge Score 4-6 21 (100%) 14 (77.8%) 0.037
In-hospital mortality 9 (42.8%) 7 (38.9%) 0.802
Meningitis (+) 1 (4.8%) 5(27.7%) 0.078
Intraventricular alteplase 4 (19.0%) 7 (38.8%) 0.170
Surgical clot evacuation 2 (9.5%) 3 (16.6%) 0.810
Modified Graeb Score 11.0+6.9 (0-25) 15.7+8.0 (1-27) 0.059
Opening pressure (in mm Hg) 16.1+8.7 (6-42) 24.1+23.6 (8-80) 0.182
EVD length of treatment

Average (range) 8.8+6.4 (0.8-21.45) 7.7+4.4 (0.7-15.4) 0.556

Length of treatment >7 days 12 (567.1%) 10 (55.5%) 0.999
Days to radiographic opening of third ventricle 13.2+4.7 (56.9-21.6) 7.3+4.5 (1.2-17.0) 0.006
Shunt dependent hydrocephalus 2 (9.5%) 0 (0%) 0.490
Withdrawal of care

Overall rate of withdrawal 7 (33.3%) 4 (22.0%) 0.497

Withdrawal under 7 days 7 (33.3%) 1(6.3%) 0.024

Bold indicate p values <0.05.

*Categorical data are presented as number (%) and continuous data as the meanzstandard deviation (range)

ICH, intracerebral haemorrhage; IVH, intraventricular haemorrhage.

The other significant association with poor outcome
within the EVD cohort includes thalamic location
compared with lobar (54.2% vs 25.7% p=0.049), lower
modified Graeb Score (12.6 vs 18.3 p=0.01), higher
opening pressure (20.6 mm Hg vs 12.8 mm Hg p=0.031)
and older age (60.0 vs 37.8 p=0.006). ICH Score, ICH
volume, meningitis and length of treatment with EVD were
not associated with poor outcomes. Due to the smaller

sample size of the EVD cohort, multivariable logistic
regression models were not statistically appropriate.

lllustrative case

The patient presented with a 40 mL® hypertensive
thalamic haemorrhage with mixed compression hydro-
cephalus (figure 3A). Multiple attempts were made to
clamp the EVD; however, the ventricles enlarged and
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Table 3 Whole group associations with poor outcome

Whole cohort Good outcome Poor outcome Multivariable
Variable* (n=287) (n=123) (n=164) Pvalue OR (95% CI)
Demographics
Total patients 287 123 164
Male sex 149 (51.9%) 60 (48.8%) 89 (54.3%) 0.357
Age
Average age (range) 63.6+14.85 (20-96)
Age >65 years 147 (51.2%) 58 (47.1%) 89 (54.3%) 0.236
Length of stay >7 days 146 (50.9%) 49 (39.8%) 97 (569.14%) 0.001
ICH location
Basal ganglia versus 56 (19.5%) versus 61 (21.3%) 24 (19.5%) versus 15 (12.2%) 32 (19.5%) versus 46 (28.0%) 0.036 0.153 to 1.018
thalamic
Lobar versus thalamic 170 (569.2%) versus 61 (21.3%) 84 (68.3%) versus 15 (12.2%) 86 (52.4%) versus 46 (28.0%) 0.001 0.107 to 0.560
Basal ganglia versus lobar 56 (19.5%) versus 170 (59.2%) 24 (19.5%) versus 84 (68.3%) 32 (19.5%) versus 86 (52.4%) 0.394
ICH Score
Score 2 versus 0-1 59 (20.6%) versus 158 (55.1%) 14 (11.3%) versus 104 (84.6%) 45 (27.4%) versus 54 (32.9%) <0.001 1.917 to 10.210
Score 3 versus 0-1 45 (15.7%) versus 158 (55.1%) 5 (4.1%) versus 104 (84.6%) 40 (24.4%) versus 54 (32.9%) <0.001 1.935 to 24.527
Score 4 versus 0-1 25 (8.7%) versus 158 (55.1%) 0 (0%) versus 104 (84.6%) 25 (15.2%) versus 54 (32.9%)  <0.001 0to 100
Presence of IVH 123 (42.4%) 20 (16.3%) 103 (62.8%) <0.001 0.993 to 4.492
Presence of EVD 39 (13.6%) 4 (3.2%) 35 (21.3%) <0.001
ICH volume greater than 30 114 (39.7%) 25 (20.3%) 89 (54.3%) <0.001 0.769 to 3.758
mm?®
Withdrawal of care 52 (18.1%) 0 (0%) 52 (32.1%) <0.001

Bold indicate p values <0.05.
*Categorical data are presented as number (%).

EVD, external ventricular drain; ICH, intracerebral haemorrhage; IVH, intraventricular haemorrhage.

the exam deteriorated due to continued hydrocephalus.
Targeted clot evacuation was therefore offered to attempt
to decompress the ventricular outflow. Under general
anaesthesia, a catheter was passed using stereotactic
guidance. Clot aspiration was done with a 10 mL hand-
held syringe until first resistance. A postoperative CT was
performed to confirm placement (figure 3B). Alteplase
was administered directly into the clot through the cath-
eter at 1.0 mg in 1 mL followed by a 3 mL flush until
the residual haematoma was less than 15 mL. Figure 3C
shows resolution of the haemorrhage after three doses of
alteplase.

DISCUSSION

Patients who haemorrhage within the deep brain
nuclei are known to have significantly worse outcomes
compared with patients with similar sized peripherally
located supratentorial ICH. Consistent with the results of
this study, several other studies have shown that among
patients who have an ICH that involves the thalamus
has the highest rate of death or major disability.'*™>’
These poor outcomes have traditionally been explained
primarily by the destruction of the vital thalamic nuclei
and their associated central relay pathways. However, data
from the secondary analysis of CLEAR III suggest that a
unique set of patients with ICH and CSF flow obstruction
have particularly poor outcomes in comparison to other
cohorts with similar size and location. ICH within the

deep nuclei has a unique anatomical position to cause
obstruction to CSF flow by mechanical compression of
the third ventricle, Foramen of Monroe, or cerebral aque-
duct.

This is the first study to report the incidence of mechan-
ical compression caused hydrocephalus after ICH. There
was a total of 21 (7.3%) patients that demonstrated a
mixed or primary component of mechanical compres-
sion on initial CT imaging. Within the EVD group, the
mechanical and mixed subgroups experienced signifi-
cantly worse outcomes when compared with the primary
IVH subgroup. These findings are consistent with the
CLEAR III analysis demonstrating worse outcomes with
mechanical obstruction,'® but has the advantage of eval-
uating a larger group of patients, not just those meeting
the entry criteria for CLEAR III. Many of these patients
included in this study would have been excluded from
CLEAR based on the size of the haemorrhage. Although
the modified Graeb Score was not significantly different
between the EVD subgroups, the mechanical compression
subgroup demonstrated a trend towards lower Scores. In
the subgroup analysis of poor outcomes, a higher modi-
fied Graeb Score was associated with better outcomes,
suggesting that within the EVD cohort—patients with
greater volume of IVH may fare better than those with
hydrocephalus and lower IVH volumes. The number of
days to the radiographic opening of the third ventricle
was demonstrated to be almost an entire week longer in
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Table 4 External ventricular drain (EVD) group associations with poor outcome

EVD cohort Good outcome Poor outcome

Variable* (n=39) (n=4) (n=35) P value
Demographics

Total patients 39 4 35

Male sex 27 (69.2%) 4 (100%) 23 (65.7%) 0.292

Age, in years 57.7+13.8 (24-85) 37.8+8.8 (29-48) 60.0+12.5 (24-85) 0.006

Length of hospital stay, in days 19.2+14.9 (0.7-56.7) 27.2+9.7 (21.1-41.6) 18.3+15.3 (0.7-56.7) 0.167

Glasgow Coma Scale on admission 7.66+3.5 (3-14) 6.8+0.5 (6-7) 7.8+3.7 (3-14) 0.139
ICH location

Basal ganglia versus thalamic 8 (20.5%) versus 19 (48.7%) 1 (25%) versus 0 (0%) 7 (20.0%) versus 19 (54.2%) 0.296

Lobar versus thalamic 12 (30.8%) versus 19 (48.7%) 3 (75%) versus 0 (0%) 9 (25.7%) versus 19 (54.2%) 0.049

Basal ganglia versus lobar 8 (20.5%) versus 12 (30.8%) 1 (25%) versus 3 (75%) 7 (20.0%) versus 9 (25.7%) 0.619
ICH Score

Score 2 versus 0-1 15 (38.5%) versus 5 (12.8%) 3 (75%) versus 0 (0%) 12 (34.3%) versus 5 (14.3%) 0.540

Score 3 versus 0-1 16 (41.0%) versus 5 (12.8%) 1 (25%) versus 0 (0%) 15 (42.9%) versus 5 (14.3%) 0.999

Score 4 versus 0-1 3 (7.7%) versus 5 (12.8%) 0 (0%) versus 0 (0%) 3 (8.6%) versus 5 (14.3%) 0.999
Type of hydrocephalus

Mechanical versus primary IVH 21 (59.0%) versus 18 (41.0%) 0 (0%) versus 4 (100%) 21 (65.7%) versus 14 (30.8%) 0.037
ICH volume

Volume average (range) 36.7+42.3 (3.9-189.8) 48.1+32.5 (18.5-89.5) 35.4+43.5 (3.9-189.8) 0.516

ICH volume greater than 30 mm?® 16 (41.0%) 2 (50%) 14 (40.0%) 0.369
Meningitis (+) 6 (15.4%) 2 (50%) 4 (11.42%) 0.105
Intraventricular alteplase 11 (28.2%) 2 (50%) 9 (25%) 0.562
Surgical clot evacuation 5(12.8%) 0 (0%) 5 (14.3%) 0.999
Modified Graeb Score 13.2+7.7 (0-27) 18.3+2.5 (15-21) 12.6+7.9 (0-27) 0.010
Opening pressure (in mm Hg) 19.8+17.2 (6-80) 12.8+3.4 (6-16) 20.6+17.9 (6-80) 0.031
EVD length of treatment

Average (range) 8.3+5.5 (0.7-21.6) 8.0+1.8 (6.0-9.5) 8.3+5.8 (0.7-21.6) 0.839

EVD length of treatment >7 days 24 (61.5%) 4 (100%) 20 (57.14%) 0.146
Days to radiographic opening of third 9.7+5.4 (1.2-21.6) 7.1+2.3 (4.4-9.9) 10.3+£5.7 (1.2-21.6) 0.088
ventricle
Shunt dependent hydrocephalus 2 (5.1%) 0 (0%) 2 (5.7%) 0.999

*Categorical data are presented as number (%) and continuous data as the mean+SD (range).
ICH, intracerebral haemorrhage; IVH, intraventricular haemorrhage.

Figure 3 lllustrative case. (A) Initial non-contrasted CT head
showing IPH in the deep grey structures with associated
intraventricular haemorrhage resulting in mechanical
obstruction of the third ventricle and aqueduct. (B) Interval
placement of an external ventricular drain for treatment of
hydrocephalus as well as placement of a catheter within

the haemorrhage. (C) Resolution of the intraparenchymal
haemorrhage after treatment with alteplase. IPH,
Intraparenchymal hemorrhage.

the mechanical compression subgroup when compared
with the IVH subgroup, further supporting the hypoth-
esis that mechanical compression hydrocephalus may be
caused by clot burden obstructing ventricular patency.
Consistent with the literature, the EVD group had
significantly worse outcomes than the non-EVD group.
Multivariable logistic regression model of this group
demonstrated that ICH volume >30 mm”® and presence of
IVH do not adequately explain the outcome differences,
but location may play an important role in prediction
of poor outcomes. Additional multivariable analysis did
not demonstrate mechanical compression as an indepen-
dent predictor of poor outcome within the whole cohort
of patients with ICH; however, this may have been due
to the presence of type II error and rarity of mechan-
ical compression within the larger group. Mechanical
compression was seen as univariate predictor of poor
outcome within the EVD subgroup analysis which is
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consistent with the findings of the alteplase treated
group shown by Ullman et al CLEAR III post-hoc anal-
ysis. Comparisons of the EVD subgroups demonstrated
a significantly higher portion of thalamic haemorrhages
in the mechanical compression subgroup and a higher
rate of meningitis in the IVH subgroup. However, the
only significant associations with poor outcome in the
EVD subgroups were age, lower modified Graeb Scores,
opening pressure, thalamic location and mechanical
compression type hydrocephalus. It is unknown if the
poor outcomes seen in the EVD subgroups were primarily
due to predominance of deep haemorrhages, mechanical
compression of ventricular outflow or some combination
of the two. Further studies should be done to examine if a
causal relationship between mechanical compression and
stroke outcomes can be differentiated from the effects of
haemorrhage within the deep nuclei.

Limitations

Withdrawal of care was noted 52 (88.1%) of patients who
died in hospital, with 41 (65.5%) undergoing a change
of code status while hospitalised. Due to the retrospective
nature of this study and the high levels of withdrawal of
care, caution should be used in interpreting these data
as prognostic. Due to small sample size in EVD cohort
(table 4), the tendency for type II error may be high,
and the lack of significance of some variables may be
due to decreased power to detect a difference between
groups. The long-term modified Rankin Disability Scores
beyond discharge were unable to be assessed due to the
retrospective nature of this study. Lastly, this study was
conducted from patients primarily funded by Medicare
and Medicaid in the (REGIONAL LOCATION OF INSTI-
TUTION BLINDED) and may not be generalisable to all
populations.

Conclusions

This is the first study to report the incidence of mechan-
ical compression hydrocephalus after ICH. Of all patients
with spontaneous supratentorial ICH, 7.3% demonstrated
a mixed or primary component of mechanical compres-
sion EVD dependent hydrocephalus on CT imaging. This
group also experienced significantly worse outcomes and
delayed opening of the third ventricle when compared
with the primary IVH hydrocephalus subgroup. It is
unknown if the worse morbidity in mechanical compres-
sion subjects is purely related to damage to deep struc-
tures surrounding the third ventricle or if secondary
damage from hydrocephalus could be mitigated with
targeted minimally invasive clot evacuation.
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