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Prospective validation of the ICH Score for

12-month functional outcome
ey

ABSTRACT

Background: The ICH Score is a commonly used clinical grading scale for outcome after acute
intracerebral hemorrhage (ICH) and has been validated for 30-day mortality, but not long-term
functional outcome. The goals of this study were to assess whether the ICH Score accurately
stratifies patients with regard to 12-month functional outcome and to further delineate the pace
of recovery of patients during the first year post-ICH.

Methods: We performed a prospective observational cohort study of all patients with acute ICH
admitted to the emergency departments of San Francisco General Hospital and UCSF Medical
Center from June 1, 2001, through May 31, 2004. Components of the ICH Score (admission
Glasgow Coma Scale score, initial hematoma volume, presence of intraventricular hemorrhage,
infratentorial ICH origin, and age) were recorded along with other clinical characteristics. Patients
were then assessed with the modified Rankin Scale (mRS) at hospital discharge, 30 days, and 3,
6, and 12 months post-ICH.

Results: Of 243 patients, 95 (39%) died during initial acute hospitalization. The ICH Score accu-
rately stratified patients with regard to 12-month functional outcome for various dichotomous
cutpoints along the mRS (p < 0.05). Many patients continued to improve across the first year,
with a small number of patients becoming disabled or dying due to late events unrelated to the
initial ICH.

Conclusions: The ICH Score is a valid clinical grading scale for long-term functional outcome after
acute intracerebral hemorrhage (ICH). Many ICH patients improve after hospital discharge and
this improvement may continue even after 6 months post-ICH. Neurology® 2009;73:1088-1094

GLOSSARY

CHR = Committee on Human Research; ED = emergency department; GCS = Glasgow Coma Scale; ICH = intracerebral
hemorrhage; IVH = intraventricular hemorrhage; mRS = modified Rankin Scale; SFGH = San Francisco General Hospital.

The ICH Score is the most commonly used clinical grading scale for outcome after intracerebral
hemorrhage (ICH).! Comprised of factors related to age, initial level of consciousness, and neuro-
imaging findings, the ICH Score was initially developed to provide a simple, reliable way of stratify-
ing outcome early after acute ICH for the purpose of improving communication for clinical care
and clinical research. Outcome for development of the ICH Score was mortality at 30 days. The
ICH Score has subsequently been externally validated in numerous other cohorts?® and has been
used as a stratification tool in a clinical trial of neuroprotection in order to improve balance of
baseline characteristics.” However, the reliability of the ICH Score in stratifying patients regarding
long-term functional outcome has not been systematically assessed.

Despite several recent large clinical trials of medical or surgical interventions,®® ICH re-
mains without a treatment of proven benefit. Even so, there remains great interest in under-
standing and using outcome predictors for ICH. Numerous observational studies have been
performed to develop prediction models and scales for ICH outcome,>*!*!7 although few besides
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the ICH Score have been externally validated.
Just as the use of clinical grading scales has im-
proved communication and consistency in
other neurocritical care disorders such as acute
ischemic stroke (NIH Stroke Scale), traumatic
brain injury (Glasgow Coma Scale), and sub-
arachnoid hemorrhage (Hunt/Hess and World
Federation of Neurological Surgeons Scales), the
availability of a validated reliable grading scale
which is predictive of both early mortality and
long-term functional outcome would likely im-
prove consistency in ICH.

The overall purpose of this study was to
determine whether the ICH Score reliably
stratifies patients with acute ICH with regard
to 12-month functional outcome as assessed
by the modified Rankin Scale (mRS). Given
recent concerns that early care limitations
such as early do-not-resuscitate orders or
withdrawal of medical support may create
self-fulfilling prophecies of poor outcome, 82
an additional aim was to determine whether
this influenced the reliability of the ICH
Score on risk stratification. A final goal was to
provide insight into the pace of recovery of
ICH survivors, in order to assess the optimal
time point during the first year for the pur-
poses of outcome assessment. In order to
accomplish these aims, we conducted a pro-
spective study of acute ICH patients who
were then followed for outcome for 12
months.

METHODS We performed a prospective longitudinal obser-
vational study involving all patients with acute nontraumatic in-
tracerebral hemorrhage who presented to the emergency
departments (ED) of San Francisco General Hospital (SFGH) or
UCSF Medical Center from June 1, 2001, through May 31,
2004. Patients who were transferred from another hospital were
excluded in order to ensure availability of records related to ini-
tial evaluation and to exclude potential differential bias if trans-
ferred patients had different characteristics than those presenting
directly to the ED for initial evaluation. Patients were identified
during initial hospitalization and aspects related to initial evalu-
ation and in-hospital care were recorded on case report forms.
This included the elements which comprise the ICH Score: age,
Glasgow Coma Scale (GCS) score at the time of hospital admis-
sion from the ED, hematoma volume on the initial CT scan (as
measured manually using the ABC/2 method?' by a single exam-
iner [J.C.H.]), presence of intraventricular hemorrhage (IVH)
on the initial CT scan, and hematoma origin (either infratento-
rial or supratentorial). Patients were then followed for up to 12
months and clinical status (alive/dead and scores on the mRS?? [a
commonly used stroke ordinal outcome scale with scores ranging

from 0 (no symptoms at all) to 6 (dead)]) was assessed at hospital

discharge, 30 days, and 3, 6, and 12 months post-ICH either in
person or via telephone by a physician or research coordinator
trained in the administration of the mRS.? If contact could not
be made then medical records were reviewed (n = 22 for 12-
month evaluation; 9% of cohort). For patients who were lost to
follow-up prior to the 12-month time point, a Social Security
Death Index search was performed 2 years after the study close.
If death was not identified, then the clinical status from the last
known evaluation point was carried forward (n = 10 for lost to
follow-up for 12-month evaluation).

All aspects of patient care were left to the treating physicians.
Clinical care was provided in accordance with the American
Heart Association Guidelines for the Management of Spontane-
ous Intracerebral Hemorrhage from 1999. As this was an obser-
vational study only, no information gathered or analyzed solely
for purposes of this study were provided to treating physicians
during the course of patient care. Cause of ICH and cause of
death (if applicable) were taken from that attributed by the at-
tending treating physician. No patient received recombinant
Factor VlIla or was enrolled in an ICH treatment trial; 7 patients
were also enrolled in a concurrent observational study of brain
tissue oxygen monitoring. Only the initial ICH occurring during
the study period was considered for each patient. Of 248 cases of
ICH, 2 patients refused all participation and 3 patients had an
additional ICH leading to an ED admission at SFGH or UCSF
during the 12-month follow-up period after initial ICH. Thus,
the cohort for study consisted of 243 patients.

The ICH Score was determined as previously described by
creating a sumscore of points assigned for individual compo-
nents: GCS (3-4 = 2, 5-12 = 1, 13-15 = 0), hematoma vol-
ume (=30 mL = 1, <30 mL = 0), presence of IVH (yes = 1,
no = 0), infratentorial origin (yes = 1, no = 0), and patient age
=80 (yes = 1, no = 0). Patient ICH Scores ranged from 0 to 5;
no patient in this cohort achieved an ICH Score of 6. Cuzick’s*
nonparametric test for trend was used to assess association of
increasing points on the ICH Score with increased risk of mor-
tality or decreased likelihood of favorable functional outcome as
determined by the mRS, which was dichotomized at various cut-
points in order to determine whether the ICH Score reliably
stratified patients across the spectrum of mRS outcomes. Re-
ceiver operating characteristic curves were constructed for mRS
dichotomous cutpoints as well as for mortality and associated
e-statistics were determined. Statistical analysis was performed
using Stata (Version 9.0, College Station, TX), and significance
was considered as p < 0.05.

Standard protocol approvals, registrations, and patient
consents. All aspects of this study were approved by the Com-
mittee on Human Research (CHR) of the UCSF prior to initiat-
ing any human subjects research. The CHR is the institutional
review board for UCSF Medical Center and SFGH. Per condi-
tions of the UCSF CHR approval, informed consent was ob-
tained from all subjects or their authorized surrogates for
follow-up after hospital discharge.

RESULTS Table 1 summarizes the baseline and ini-
tial treatment characteristics for the entire cohort of
243 patients. The majority of ICH cases were pre-
sumed due to chronic hypertension, with coagulopa-
thy being the second most common cause. Surgical
hematoma evacuation was performed in only 14 cas-
es: 5 cerebellar (23%), 8 lobar (12%), and 1 basal
ganglia (1%). ICP monitoring via a ventricular cath-
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Table 1 Characteristics of intracerebral
hemorrhage (ICH) cohort (n = 243)

Characteristics Values

Glasgow Coma Scale, median (IQR) 12(6,15)
Hematoma volume, mL, mean + SD 35+ 44
Presence of intraventricular hemorrhage 139(57)
Infratentorial ICH origin 46 (19)

Age, y, mean + SD 65 + 15
Female 113 (47)

Presumed cause

Hypertension 169 (70)
Coagulopathy 24 (10)
Illicit drugs 16(7)
Vascular anomaly 15(6)
Amyloid 14 (6)
Underlying lesion or other 5(2)
Location
Basal ganglia 78(32)
Lobar 67(28)
Thalamus 52(21)
Pons or brainstem 24 (10)
Cerebellum 22(9)
Race
American Indian 2(1)
Asian 107 (44)
Black 43(18)
Pacific Islander 9(4)
White 82(34)
Ethnicity
Hispanic 14 (6)
Non-Hispanic 229 (94)
Surgical hematoma evacuation 14 (6)
Ventriculostomy placement 57 (24)
Withdrawal of support 75(31)
ICH Score
0 37(15)
1 58(24)
2 51(21)
3 53(22)
4 32(13)
5 12(5)

Values are expressed as n (%) unless otherwise denoted.

eter was performed in 24% of patients. Thirty-nine
percent of patients died during the initial hospitaliza-
tion; 78% of patients who died during initial hospi-
talization had withdrawal of support. Components
of the ICH Score were widely distributed, with 20%
of patients aged 80 or older, 38% of patients having
an initial hematoma volume greater than or equal to
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30 mL, 19% of patients with infratentorial origin,
and IVH present in 57% of cases. GCS was 3-5 in
22%, 5-12 in 30%, and 13—15 in 47% of patients.

As demonstrated in figure 1, the ICH Score accu-
rately stratified patients with regard to 12-month
functional outcome on the mRS. While the overall
likelihood of a favorable outcome decreased as lower
numbered mRS cutpoints were used to define favor-
able outcome, the ICH Score accurately stratified pa-
tients at each of these cutpoints (p < 0.05, test for
trend) as well as across the entire mRS (p < 0.05, test
for trend). This means that, in general, an increasing
ICH Score was associated with a lower likelihood of
favorable outcome regardless of the specific cutpoint
used to define outcome. ¢-Statistics for the various
mRS cutpoints were 0.80 for mRS =1, 0.81 for
mRS =2, 0.80 for mRS =3, and 0.84 for mRS =4.
Sensitivity analyses excluding those patients who
were unavailable for 12-month follow-up, had medi-
cal records reviewed for 12-month timepoint assess-
ment, underwent surgical hematoma evacuation, or
had intracranial pressure monitoring did not affect
the conclusions of the study. Of note, one patient
with an ICH Score of 5 achieved a 12-month mRS of
2. This 49-year-old patient presented to the ED with
a GCS of 12 and rapidly deteriorated to a GCS of 3;
he was then taken for urgent head CT which demon-
strated a 30 mL cerebellar hematoma that was imme-
diately surgically evacuated.

This same significant trend for ICH Score out-
come stratification was present for these same mRS
cutpoints even when functional outcome was mea-
sured at 30 days, 3 months, or 6 months post-ICH
(data not shown). In order to determine if with-
drawal of support affected the ability of the ICH
Score to accurately stratify patients with regard to
functional outcome, sensitivity analysis was done ex-
cluding patients who died during initial hospitaliza-
tion. For each of the 4 mRS cutpoints in figure 1, the
ICH Score accurately stratified surviving patients
with regard to functional outcome at all measured
timepoints, indicating that the ability of the ICH
Score to accurately stratify long-term outcome is not
affected by withdrawal of support (p < 0.05, test for
trend). The ICH Score remained a significant predic-
tor of mortality risk at 30 days (¢ = 0.86), as well as 3
(¢ = 0.88), 6 (c = 0.87), and 12 months (¢ = 0.87)
post-ICH (p < 0.001 for all timepoints, test for
trend).

Table 2 describes the proportion of patients with
various outcomes, as measured by the mRS, at vari-
ous timepoints during the first year post-ICH, irre-
spective of ICH Score. The vast majority of patients
who died did so early after ICH. Of the 16 patients
who died between hospital discharge and 3 months,
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Figure 1 Favorable 12-month outcome based on various dichotomized cutpoints
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Distribution of modified Rankin Scale (mRS) scores at 12 months after intracerebral hemorrhage (ICH) with favorable
outcome defined using various dichotomized cutpoints. The Y-axis indicates the percentage of patients who achieved the
indicated outcome. (A) considers a favorable outcome as a 12-month mRS of =1 (able to carry out all usual duties or
activities); (B) as an mRS of =2 (slight disability); (C) as an mRS of =3 (moderate disability but ambulatory); (D) as an mRS of
=4 (moderate to severe disability; nonambulatory). For each outcome cutpoint, rising ICH Scores are associated with lower
likelihood of favorable outcome (p < 0.05, test for trend). Note that one patient (out of 12) with an ICH Score of 5 achieved
a 12-month mRS of 2 after evacuation of a cerebellar hematoma.

only 2 patients were known to die of causes not di-
rectly following from the initial ICH (1 cancer, 1
renal failure). Of the 6 patients who died after 3
months, none was known to clearly follow from the
initial ICH (1 each with brain tumor, multiorgan
dysfunction from sepsis, collagen vascular disease,
and cardiovascular disease, 2 with cause not known).

Table 2 Modified Rankin Scale (mRS) score at
various timepoints (n = 243)

mRS Hospital

score discharge 30d 3 mo 6 mo 12 mo

0 3(1) 3(1) 5(2) 4(2) 5(2)

1 21(9) 25(10) 29(12) 32(13) 35(14)

2 13(5) 15(6) 17(7) 21(9) 16(7)

3 31(13) 27(11) 31(13) 29(12) 31(13)

4 55(23) 55(23) 42(17) 36(15) 26(11)

5 25(10) 18(7) 8(3) 7(3) 13(5)

6 95(39) 100(41) 111(46) 114(47) 117 (48)

Values are expressed as n (%).

Overall, 51 of the 148 (34%) patients who survived
to hospital discharge improved in mRS score between
hospital discharge and 12 months. Eleven of these pa-
tients (13% of hospital survivors) improved at least 2
points on the mRS. Thirty-two patients (22% of hospi-
tal survivors) worsened on the mRS between hospital
discharge and 12 months, with 15 of these patients
(10% of hospital survivors) worsening by 2 or more
points. Of these 15 patients, 13 died after hospital dis-
charge as described above, 1 patient deteriorated from a
hospital discharge mRS of 3 to a 12-month mRS of 5,
and 1 patient developed a new ICH between 3 and 6
months after initial ICH. Forty-four percent (n = 65)
of hospital survivors did not change in mRS between
hospital discharge and 12 months.

Figure 2 demonstrates the change in mRS for pa-
tients across different timepoints during the first year
after ICH indicating that change in clinical status
was common. For example, from table 2, 31 patients
(13%) had an mRS of 3 at hospital discharge and 31
patients (13%) had an mRS of 3 at 12 months. How-
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Figure 2
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(A) Patients who remained the same or improved their mRS score across various timepoints assessed during the first year post-ICH. While most patients re-
mained the same, substantial numbers of patients improved throughout the year. (B) Patients who worsened their mRS during the first year post-ICH. Most of
those who worsened functionally did so by one step on the mRS. However, several patients developed new unrelated events after 3 months which led to death.
Arrow thickness is used to represent the proportion of patients with a specific MRS score who change or stay the same to the next timepoint. Arrow color is used
to depict change in mRS score from one timepoint to next (no change = gray, 1-point change = blue, 2 = red, 3 = green, 4 = black, 5 = purple).
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ever, only 12 of these were the same patients, infor-
mation not readily apparent from summary statistics
such as in table 2. In figure 2, arrow thickness is used
to illustrate the proportion of patients with a specific
mRS score who remain the same or change until the
next assessment point, whereas arrow color is used to
illustrate the absolute change in mRS scale points. As
seen in panel A, most patients remain at the same
mRS value from one timepoint to the next (gray
shaded arrow). However, many patients demonstrate
improvement and this improvement may occur
throughout the first year post-ICH. This is especially
notable during the first 3 months in severely im-
paired patients (mRS 4 or 5). Improvement in mod-
erately affected patients (mRS =3) continued
through 12 months, whereas improvement in more
severely affected patients (mRS 4 or 5) was rare after
6 months. Panel B demonstrates that some patients
do worsen throughout the year, but most of this is
modest (1 point on the mRS) except for those pa-
tients who die from their initial ICH (usually within
3 months) or who develop a new unrelated medical
problem resulting in death or disability.

DISCUSSION This study demonstrates that the
ICH Score is a valid clinical grading scale for stratify-
ing likelihood of favorable functional outcome
throughout the first year after acute ICH, out to 12
months. This is in addition to prior studies which
have demonstrated the ICH Score as a validated pre-
dictor of risk of 30-day mortality. Importantly, in
this study the ICH Score was valid and significant
regardless of the specific cutpoint chosen to define
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favorable functional outcome. This is important
since different clinical research studies or clinical care
contexts may define favorable outcome differently, as
has been the case for several different recent ICH
treatment clinical trials.”” Additionally, this study
demonstrates that a substantial proportion of pa-
tients with acute ICH improve after hospital dis-
charge and that this improvement may occur
throughout the first year post-ICH.

The purpose of this study was not to develop a
new ICH outcome prediction model or to test
whether various prediction models were more accu-
rate with regard to predicting individual patient out-
come. Rather, the point of this study was to assess the
validity of an existing, simple, and previously vali-
dated scale, the ICH Score. We believe that the spe-
cific ability of a scale such as the ICH Score to
predict individual patient outcome is less important
than the overall trend of increasing scale scores in
stratifying increased overall probability of unfavor-
able outcome. Because outcome prediction models
are developed from populations of patients, they can
provide overall probabilities of the likelihood of a
specific outcome, but these point estimates have
inherent uncertainty and confidence intervals. Con-
cern has been raised for the possibility of self-
fulfilling prophecies of poor outcome if early
prognostication of a negative outcome in an individ-
ual patient leads to care limitations.!s2

This study has also helped to elucidate the course
of improvement (or lack thereof) after acute ICH.
This is important clinically because it helps patients,
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families, and providers plan for ongoing care needs.
It is also important in the context of clinical treat-
ment trials for ICH, since the optimal definition of
favorable outcome and the optimal time for this as-
sessment is paramount. This study suggests that a
large proportion of survivors improve during the first
year after ICH and that the pace of this improvement
takes several forms. First, many patients show
profound improvement, often from very severe dis-
ability, during the first 3 months. However, improve-
ment also occurs in many patients across the disability
spectrum from 3 to 6 months. Improvement after 6
months was seen, but principally in patients who
were less disabled. Whether this represents a lack of
continued aggressive care of chronically disabled pa-
tients is unclear. Additionally, some patients wors-
ened somewhat (often by 1 point on the mRS)
throughout the year and a few patients (5% in this
study) died or became disabled after 6 months due to
new events remote from the initial ICH. In consider-
ing the optimal outcome assessment timepoint for
clinical trials, a balance must be struck between al-
lowing adequate time for meaningful recovery to oc-
cur and avoiding the occurrence of unrelated events
which decrease study power. Of note, studies of trau-
matic brain injury have tended to use 6-month out-
come,” as opposed to 3-month outcome, which is
commonly used in ischemic stroke trials.2 Whether
ICH clinical trials should use a longer duration of
follow-up should be considered and may potentially
be influenced by the specific cutpoint used to define
favorable outcome.

This study has numerous limitations. First, al-
though it was a prospective study in which patients
were identified and followed, 10 patients (4%) were
lost to follow-up for 12-month functional outcome.
Also, because this study was performed in the institu-
tions where the ICH Score was developed, the possi-
bility of bias exists. While the ICH Score was not
formally used as a prognostic tool in clinical
decision-making, residents and faculty were aware of
it. However, the staff performing outcome assess-
ments were not aware of a patient’s specific ICH
Score as this was not calculated from study records
until follow-up was completed. Additionally, the rea-
sons for worsening in mRS scores by 1 point were
not clear in many cases. While the possibility of vari-
ability in mRS assessment exists due to interrater dif-
ferences or the fact that telephone interviews or
medical record reviews were used when in-person as-
sessments were not able to be conducted,?”28 a small
group of 5 trained research personnel conducted all
follow-up assessments. Finally, because patients were
only followed for 1 year, the possibility of continued
improvement after this point was not evaluated.

However, even with these limitations, this study
clearly demonstrates that the ICH Score is a vali-
dated clinical grading scale for outcome considered
as mortality or functional outcome throughout the
first year after acute ICH.
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