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Using the National Institutes of Health Stroke Scale
(NIHSS) to predict the mortality and outcome of
patients with intracerebral haemorrhage

CME|

Objectives To investigate whether the National Institutes of Health
Stroke Scale (NIHSS) can be used to predict mortality and
functional outcome in patients presenting with intracerebral
haemorrhage.

Design Retrospective study of a prospectively collected cohort.
Setting Regional hospital, Hong Kong.
Patients A cohort of 359 patients presented to our hospital from 1996 to

2001 with their first-ever stroke and intracerebral haemorrhage.

Main outcome measures The sensitivity and specificity of the NIHSS with a cut-off point of
20 in predicting mortality at 30 days and 5 years, and a favourable

functional outcome at 5 years.

Results A total of 359 patients were available for analysis and were
divided into three subgroups according to the site and the size
of the haematoma. The NIHSS can predict 30-day mortality with
a sensitivity of 81% and a specificity of 90%. The NIHSS can
predict 5-year mortality with a sensitivity of 57% and a specificity
of 92%. In predicting favourable functional outcomes at 5 years,

the NIHSS had a sensitivity of 98% and a specificity of 16%.

Conclusions The NIHSS performed on admission can be used to predict
mortality at 30 days and 5 years as well as favourable functional
outcome at 5 years, all with an acceptable sensitivity and

specificity.

Introduction

Intracerebral haemorrhage (ICH) is a major cause of stroke among Asians. It contributes to
about 10 to 15% of strokes in western countries." In Hong Kong, ICH contributes to about
30% of all strokes.”* The disease differs from ischaemic stroke, as it confers higher early
mortality and poorer long-term outcomes.* A method of predicting mortality within 30
days and good long-term functional outcomes could facilitate interviews with patients and
their relatives in terms of decisions for invasive and/or supportive care. For this purpose,
complicated scoring systems had been created but were difficult to use in daily clinical
practice. In the recent 6 years, two less complicated scoring systems have been published.>®
The ICH score involves a scoring system consisting of the Glasgow Coma Scale (GCS), age,
infratentorial origin, ICH volume, and presence of intraventricular haemorrhage. The new
ICH score uses National Institutes of Health Stroke Scale (NIHSS), admission temperature,
pulse pressure, presence of intraventricular haemorrhage, and subarachnoid extension of
haemorrhage. Whilst these scores are useful for clinical trials and sophisticated research,
a system based on commonly assessed clinical parameters for stroke patients could be
much more useful. The NIHSS score is commonly obtained in patients presenting with
acute stroke. It consists of 15 items and a total score of 42 points. A score of 0 indicates
no clinically relevant neurological abnormality. If a patient scores more than 20, it usually
indicates a dense paralysis with impaired consciousness. We studied whether the NIHSS
can provide adequate predictive information in the course of routine clinical practice.

Methods

In our hospital, all patients with acute stroke attending the Accident and Emergency
Department are admitted to the Medical Department. On admission, a stroke is defined
as acute if the onset of symptoms has ensued within 5 days. Patients are transferred to the

Hong Kong Med J Vol 14 No 5 & October 2008 & www.hkmj.org 367



% Cheung et al =

FE R =BIB R EE M FhE BT L ERR
AR H i s A RYSE T R MR EN &

E:H)

s
aXA

ZHk
B
FERERAE

LEES

filam

BB R E M RIS R R S 23R (NTHSS) B8
R TERIIS B s ARIZE TR A ERE R o

RIS SRRV AR EEE T I BT 3E ©

BB —HATHEEERT -

1996ZF20014F » ANEEPTEUNAN3594 B X R RIS H
MEA °

PI20%& 5725 » FEFANIHSSTERIFESE 30 R A ESEFRT
K PIRFEESENRERR B TNSREEE NS -

AHFRIEISIMEAZHIMMNAERNBERE D A=
HEDHT o NIHSSHTEAIZE30RIE T XM E R
81% ~ $5EM90% ; NIHSSHTEEIFESEF T RIS
E557% ~ 1R MH92% ; NIHSSH 8858 5 FEE M
TSI BRE 598% ~ ERME16% °

1T AZE RS 7] FE FHNTH S STERI 5 30 R A1 25 SAE R FE
TEX - URBESENRERRER  ESRENSE
PEISIE R SR ©

neurosurgical team, only if neurosurgery is deemed
necessary. From July 1996 onwards, all acute stroke
patients under the care of our department were
assessed by the neurology team. We entered the data
of all acute stroke patients into a stroke registry. This
included: demographic data, risk factors for stroke,
and stroke type (ischaemic, ICH, subarachnoid
haemorrhage). Non-contrast computed tomography
of the brain was performed on all acute stroke
patients within 24 hours after admission, and the site
and the size of any haematoma recorded. All patients,
who were enrolled in the first 5 years of our stroke
registry with first-ever strokes and also diagnosed as
having ICH, were identified for recruitment into the
present study. From 1997, in our institution the NIHSS

had been used prospectively by trained or certified
doctors to assess stroke patients within 2 days of
admission.

Patient data in the registry, in-patient hospital
records, out-patient follow-up notes, and subsequent
hospital admission records were retrieved and
retrospectively reviewed at 5 years or more after the
index stroke episode. For patients followed up in other
hospitals, their electronic hospital records, including
discharge summary and out-patient progress notes,
were traced. Patients were followed up in the
integrated clinics of our hospital and government
out-patient clinics. The patients could also have
been followed up by doctors in the rehabilitation
hospital, and sometimes in other hospitals (when
they changed their residence). The modified Rankin
score was estimated at 5 years, by using all of the
written information collected in the medical record
and in the electronic record. We did not estimate the
score before admission, so we cannot exclude other
factors affecting the score, eg chronic obstructive
pulmonary disease. However, such factors were
not common in our cohort. Accurate classification
into five grades may be difficult but classification
into favourable outcome (a score of 0 to 2) or poor
outcome (a score of 3 to 5) appeared reasonable. We
usually described whether a patient could walk or
was dependent for the activities of daily living during
out-patient visits or admissions. The patients were
divided into three groups according to the size and
site of their haematoma. If the size of the haematoma
was estimated as more than 62.5 cm?, it was classified
as massive. Haematomas smaller than 62.5 cm® were
classified into lobar (if within the brain parenchyma)
or non-lobar (if in a deep part of the brain).

The data were analysed by the Chi squared
test, if appropriate (using the Statistical Package for
the Social Sciences, Windows version 12.1; SPSS Inc,
Chicago [IL], US). A P value of <0.05 (2-sided) was
taken to be statistically significant.

TABLE |. Baseline demographic and clinical characteristics of the whole cohort and different types of intracerebral haemorrhage (ICH)

Characteristic Whole cohort Patients with small Patients with lobar Patients with
(n=359) non-lobar ICH (n=239) ICH (n=68) massive ICH (n=52)

Mean (range) age (years) 71.4 (27-98) 69.9 741 74.4

Male:female 192:167 141:98 28:40 23:29

No. (%) of patients with atrial fibrillation 15 (4) 13 () 1(1) 1)

No. (%) of patients with diabetes mellitus 66 (18) 49 (21) 8(12) 9(17)

No. (%) of patients with hypertension 201 (56) 144 (60) 31 (46) 26 (50)

No. (%) of patients with ischaemic heart disease 21 (6) 13 (5) 3(4) 5(10)

No. (%) of patients with hypercholesterolaemia 28 (8) 22 (9) 4 (6) 2 (4)

No. (%) of smokers 66 (18) 52 (22) 9(13) 5(10)

Mean NIHSS* score 16 13 17 32

* NIHSS denotes National Institutes of Health Stroke Scale
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Results

A total of 431 patients suffering from first-ever stroke
and diagnosed as having had cerebral haemorrhage
were enrolled in our stroke registry during the 5-year
period from 28 July 1996 to 27 July 2001. The outcome
of 24 first-ever ICH patients could not be traced at
the time of review. The remaining 407 patients were
included in this analysis. Among these 407 patients,
only 359 patients had NIHSS assessments on the day
of admission.

The baseline characteristics of these 359
patients are shown in Table 1. The relationships
between NIHSS assessments on admission and 30-
day mortality, 5-year mortality, and the favourable
functional outcome at5 years for the whole cohort are
shown in Table 2. The corresponding relationships for
the three different ICH subgroups are shown in Table
3. Except for the massive ICH subgroup (in which
there were too few 30-day survivors), the relationship
between NIHSS assessments on admission and 30-
day mortality or 5-year functional outcome holds true
for all subgroups.

Age did not affect the poor outcome of those
with NIHSS scores of higher than 20. However, among
those with scores of less than 20, younger patients
survived better (Table 4). Compared to older patients,
those who were younger also had better 5-year
functional outcomes regardless of NIHSS category
(Table 5). In all, 41 patients had a second stroke after
surviving the first 30 days. Adjustment of the results
to their modified Rankin scores just before their
second stroke shows that there would have been
80 favourable outcomes for those with initial NIHSS
scores of 0-5, and 19 such outcomes for those with
scores of 6-10. This would have further improved
the overall outcome of the whole cohort with NIHSS
scores of <20 (108 favourable outcomes instead of 99),
and accentuated the disparity of outcomes between
those with NIHSS scores of >20 and <20. By itself, age
did not increase the risk of recurrent stroke over 5
years (in the group aged <60 years, the rate was 15%;
and in those aged =60 years, it was 10%). Recurrent
stroke therefore was not the cause of less favourable
functional outcomes in older patients.

In total, 186 patients died during the study
period, 119 within 30 days, and 67 between 30 days and
5 years. The number of patients who died of vascular
causes (ie not counting aspiration pneumonia) was
35.

Discussion

This study was hospital-based. Therefore patients
with very minor deficits (not hospitalised whatever
the reason), those who refused admission, those with
severe deficits who died before admission, and those
admitted to private hospitals were not included in

& National Institutes of Health Stroke Scale &

TABLE 2. The 30-day and 5-year mortality and favourable functional outcome rates at 5
years related to NIHSS assessments on admission*

NIHSS No. (%)
30-Day mortality 5-Year mortality Favourable 5-year functional
outcome for survivorst
>20 96/120 (80) 106/120 (88) 2/24 (8)
11-20 15/61 (25) 35/61 (57) 9/46 (20)
6-10 3/56 (5) 14/56 (25) 17/53 (32)
0-5 5/122 (4) 31/122 (25) 73/117 (62)

* NIHSS denotes National Institutes of Health Stroke Scale
* P<0.0001 when using 0-20 vs >20 for 30-day, 5-year mortality and good outcome

TABLE 3. The 30-day mortality and favourable functional outcome rates at 5 years for
subgroups with massive, lobar, and non-lobar (small) intracerebral haemorrhage (ICH)

No. (%)

Favourable 5-year functional
outcome for survivors

NIHSS* in various
subgroups

30-Day mortality

Massive ICH?

>20 38/40 (95) 0/2 (0)

0-20 5/12 (42) 2/7 (29)
Lobar ICH*

>20 18/25 (72) 0/17 (0)

0-20 5/44 (11) 14/39 (36)
Small non-lobar ICHS

>20 40/55 (73) 2/15 (13)

0-20 13/183 (7) 83/170 (49)

NIHSS denotes National Institutes of Health Stroke Scale

P<0.0001 when using 0-20 vs >20 for 30-day mortality, P=1 for functional outcome
P<0.0001 when using 0-20 vs >20 for mortality and P<0.01 for good outcome
P<0.02 for both mortality and good outcome

@  w o+ oy

TABLE 4. The 30-day mortality for different age-groups

NIHSS* No. (%)
<60 Years =60 Years
>207 13/16 (81) 83/104 (80)
0-20 1/56 (2) 22/183 (12)

* NIHSS denotes National Institutes of Health Stroke Scale
* P>0.05 for NIHSS>20; P<0.05 for NIHSS<20

TABLE 5. Favourable functional outcomes at 5 years for different

age-groups
NIHSS* No. (%)
<60 Years =60 Years
>207 2/16 (13) 0/104 (0)
0-20 43/56 (77) 56/183 (31)

* NIHSS denotes National Institutes of Health Stroke Scale
* P<0.05 when comparing two age-groups for favourable functional
outcome in different NIHSS

our cohort.

When the NIHSS is used to predict 30-day
mortality, it has good sensitivity (81%) and specificity
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(90%) using a cut-off point of 20 (0-20 vs >20). Using
the same cut-off point to predict 5-year mortality,
the NIHSS has a lower sensitivity (57%) but good
specificity (92%). When using an NIHSS cut-off point
of =20 to predict a good outcome among survivors
at 5 years, its sensitivity was 98% but specificity was
16%. If the cut-off point is changed from 20 to 5 (0-5
vs >5), sensitivity was reduced to 72% but specificity
increased to 68%. When the NIHSS is used to predict
30-day mortality, it has good sensitivity (81%) and
specificity (90%) using a cut-off point of 20 (0-20 vs
>20). Using the same cut-off point to predict 5-year
mortality, the NIHSS has a lower sensitivity (57%) but
good specificity (92%). When using an NIHSS cut-
off point of =20 to predict a good outcome among
survivors at 5 years, its sensitivity was 98% but
specificity was 16%. If the cut-off point is changed
from 20 to 5 (0-5 vs >5), sensitivity was reduced to 72%
but specificity increased to 68%.

In two earlier studies which have examined the
impact of NIHSS on outcome in cerebral haemorrhage,
Cheung and Zou® found that the NIHSS assessment
but not the GCS was an independent predictor of
mortality and outcome at 30 days. A study published
in 2006 also used the NIHSS to predict outcome
at 100 days, when the patients were assessed at
admission.” The investigators assigned scores for:
NIHSS assessments (0-5=0; 6-10=1; 11-15=2; 16-20=3;
>20=4), the level of consciousness (alert=0; drowsy=1;
stuporous=2; comatose=3), and age (<60=0; 60-69=1;
70-79=2; =80=3). Using a total score cut-off point of <3
to predict complete recovery and >7 to predict death,
yielded a sensitivity of 74% and specificity of 84% for
the former and corresponding figures for the latter
were 44% and 98%.

Compared to previous scoring systems, the
NIHSS alone is much simpler to use. A cut-off point at
0-20 versus >20 already achieved sufficient sensitivity
and specificity for predicting 30-day mortality, close
to what was reported for the original, modified and
Essen ICH scores.
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