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Modified Glasgow Coma Scale to predict mortality in
children with acute infections of the central nervous system

S. AWASTHI, S. MOIN, S. MEENAKSHIIYER, H. REHMAN

ABSTRACT
Background. This study aimed to identify the predictors of

hospital mortality in children with acute infective disorders of
the central nervous system using an aggregate Modified
Glasgow Coma Scale (MGCS) score and other clinical vari-
ables assessed within 24 hours of hospitalization.

Methods. We did a prospective cohort study in a teaching
and referral hospital in Lucknow, north India. Consecutive
children aged 1 month to 12 years of age admitted with acute
infective disorders of the central nervous system were in-
cluded in the study. The diagnosis was based on the presence
of symptoms of fever, headache or irritability with or without
vomiting, and either altered sensorium or first episode of
seizures or both.The main outcome measure was hospital-
based mortality.

Results. Of the 230 patients included in the study, 42.2%
had pyogenic meningitis, 36.9% had tuberculous basal men-
ingitis and 20.9% had meningo-encephalitis. There were 43
(18.7%) deaths of which 44.2% were within 3 days of admis-
sion. Death was associated with the day 1 aggregate MGCS
score only. The area under the curve of four strata of aggregate
MGCS was 0.63 (SE 0.05). The likelihood ratio for discharge
with an aggregate MGCS score of <5 was 0.52 (95% CI: 0.29-
0.95) and> 10 was 5.52 (95% CI: 1.02-31.96).

Conclusion. The MGCS can be used to predict discharge in
patients with acute infective disorders of the central nervous
system within 24 hours of hospitalization. The scale is simple,
can be applied at the bedside and does not depend on any
investigations. In developing countries with limited investiga-
tive facilities it can be used for identification and selective
referral of patients with a higher risk of death to specialized
centres. This study validates the predictive value of the MGCS.
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INTRODUCTION
Acute infections of the central nervous system (CNS) are a major
cause of hospitalization among children.':" The infective agent
could be bacterial (tubercular or non-tubercular) or viral. Irre-
spective of the aetiology, high case-fatality rates have been
associated with acute infections of the CNS. These are higher in
the developing>" compared to developed countries.v' Survival in
developing countries may be improved with the provision of
intensive care facilities.v" However, due to resource constraints,
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it is not possible to refer all patients to tertiary care centres.
Therefore, it is necessary to identify patients who would benefit
from intensive care and referral to specialized centres. One basis
of selection may be the likelihood of death within 24 hours of
admission. Coma has been identified as a prognostic factor for
death6•9•111 in such patients. Therefore, we hypothesized that it
would be possible to identify patients with a higher risk of death
using the Modified Glasgow Coma Scale (MGCS)II to quantify
the level of coma.

PATIENTS AND METHODS
The aim of the study was to identify the predictors of mortality in
children with acute infections ofthe CNS. The potential predictor
variables were the aggregate MGCS assessed within 24 hours of
hospitalization, the type of infection, the child's weight-for-age,
sex and the duration of illness prior to hospitalization, as well as
whether any treatment had been given prior to the index hospital-
ization.

Definitions
Main outcome. Hospital-based mortality was the main out-

come measure.
Acute infections of the central nervous system. This was

diagnosed on the basis of the symptom complex of fever, head-
ache or irritability with or without vomiting and either altered
sensorium 01: first episode of seizures or both.

Pyogenic meningitis (PM). In patients with AI, this was
defined as: (i) the presence of two or more of the following
abnormalities of the cerebrospinal fluid (CSF): leucocytosis
>1OOOx 106cellslL, predominantly polymorphonuclear cells, pro-
teins >1 glL, glucose >1.66 mmol/l.," or (ii) if lumbar puncture
was not done, treatment for tuberculous basal meningitis (TBM)
with at least four antitubercular drugs and no antibiotics.

Meningo-encephalitis (ME). This was essentially a diagnosis
of exclusion. In patients with acute infections of the CNS, it was
defined as the absence of criteria for both PM and TBM.

Design
A prospective cohort study was conducted from October 1995 to
September 1996 in the Department of Paediatrics, King George's
Medical College, Lucknow, India. Even though this is a referral
hospital, intensive care facilities such as monitoring of intracra-
nial pressure and ventilatory support are not available. Blood
gases and serum electrolytes are not routinely monitored.

The potential subjects were all patients between I month and
12 years of age, admitted with complaints of acute infections of
the CNS. Those patients whose MGCS score on day I was not
available, or those who had left the hospital within the first 7 days
of hospitalization, or were later diagnosed as not suffering from
acute infections of the CNS were excluded from the study.
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Data were collected on age, sex, weight, height, and medical
treatment prior to hospitalization. The presence and duration of
fever, headache, vomiting, convulsions and altered sensorium
were elicited. The presence of neck stiffness, paralysis and blind-
ness on admission were noted. One of the investigators assessed
theMGSC within 24 hours of hospitalization. As the outcome was
death, there was no blinding of the investigator who applied the
MGCS. The data on investigations and treatment were abstracted
by chart review.

AtiDlyses
Since most ofthe deaths occur within the first week, those who left
the hospital against medical advice after 7 days of hospitalization
were considered to be living.

The clinical features, the aggregate MGCS score on day I, age,
weight, weight-for-age z-score, sex, anthropometric data and
investigative findings of all children in the three diagnostic cate-
gories were compared using the Chi-square test for categorical
and analysis of variance for continuous variables.

Underweight children were those whose weight-for-age z-
score was less than -2.00, when compared to the World Health
Organization (WHO) reference standards for boys and girls.

Anthropometric, clinical and investigati ve variables were com-
pared between survivors and non-survivors to determine their
association with mortality. The Student test was used for continu-
ous variables. For categorical variables, the Chi-square test was
used and the relative risk (RR) of death with its 95% confidence
interval (CI) was computed.

Using various cut-offs of aggregate MGCS, the stratum-
specific Iikehood ratio of being discharged was calculated. The
area under the curve with its standard error (SE) was calculated
using the ROC analyser. The aggregate MGCS was considered a
diagnostic test and the likelihood ratio when multiplied by the
pre-test odds gave the post-test odds for discharge for a child
falling in that specific stratum. The pre-test odds for being dis-
charged for patients with acute infections of the CNS can be
obtained from each hospital's records.

RESULTS
Of the 256 potential children, 2 were excluded as their final
diagnosis was not an acute infection of the CNS. In 2, the MGCS
could not be assessed within 24 hours and 22 left against medical
advice before completing 7 days of hospital stay. Thus, a total of
230 children were included. Of these, 97 (42.2%) had PM, 85
(36.9%) had TBM and 48 (20.9%) had ME.

There were 43 deaths (18.7%; 95% CI: 14.05-24.13). This
gives a pre-test probability of 0.81 of discharge or a pre-test odds
of4.37. The case-fatality was 22.9% (95%0: 12.7-36.3) forME,
followed by 18.6% (95% 0: 11.7-27.2) for PM and 16.5% (95%
CI: 9.7-25.5)forTBM. TheRRofdeath with ME when compared
to the combined RR of PM andTBM was 1.24 (95% CI: 0.7-2.3;
p=O.4)

About half (44.2%) the deaths occurred within 3 days of
admission and 62.8% within the first 7 days. The mean (SD)
length of hospital stay was 13.7 (9.9) days for PM, 13.2 (10.5)
days forTBM and 7.6(7.1) days for ME and the p value of analysis
of variance was 0.001.

The demographic and social characteristics of the subjects are
shown in Table I. There was no difference in the reported monthly
family income in the three diagnostic categories; 85.9% of chil-
dren admitted with TBM were underweight, and this was signifi-
cantly higher than the proportion found in the other two condi-
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TABLE J. Characteristics of patients admitted with acute infections
of the central nervous system

Characteristic PM (n=97) TBM (n=8S) ME (n=48) p value

Sex ratio (M:F) 7S:22 S2:33 31:17
Underweight 68% 8S.9% 64.6% 0.02·

meaD(SOl meaD(SOl meaD(SOl
Income in rupees 1832 (936) IS87 (687) IS44 (731) 0.2
Age in months 29.5 (36.2) 40.9 (32.7) 48.9 (3S.9) 0.3
Weight in kg 8.6 (S.2) 9.8 (4.1) 10.6 (4.1) 0.04
Height in cm 82.4 (26.3) 88.2 (19.6) 92.1 (23.7) O.OS
Duration of 10.9 (13.1) IS.6 (18.6) 7.8 (3.9) 0.001

symptoms prior to
admission (days)

Aggregate MGCS 7.8 (2.3) 7.6 (3.3) 7.6 (2.3) 0.9

~ ~ ~
Prior treatment SI (52.6) 46 (54.1) 24 (50) ns·
Neck stiffness 60 (61.9) 44 (51.8) 24 (50) ns·
MGCSon day J
IS I (I) 4 (4.7) 0 (0) 0.12·
14-11 10 (10.3) 8 (9.4) 2 (4.2) 0.4·
10.4 70 (72.2) 56 (65.9) 41 (85.4) O.OS"
3 16 (16.5) 17 (20) 5 (10.4) 0.4"

PM pyogenicmeningitis TBMtuberculousbasal meningitis
ME meningo-encephalitisSO standarddeviation
MGCSModifiedGlasgowComaScale
p valuesmarkedwithan asterisk(0) are forChi-squaretestwith2 degreesof
freedomandallothersarc foranalysisof variance(ANOV A)

TABLE II. Abnormalities on fundoscopic and cerebrospinal fluid
examination

Finding PM TBM ME P value

Fundoscopy

Normal optic disc 81.3 63.8 64.7
and retina

Pallor 9.3 13.0 14.7 0.7
Papilloedema 5.2 11.6 14.7 0.2
Hyperaemia 2.6 2.9 5.9 0.7
Optic atrophy 1.3 8.7 0 0.Q3

Cerebrospinal fluid
Protein (gIL) 1.42 (1.69) 0.9 (0.95) 0.24 (0.17) 0.0001
Cells (x I0"11...) 4777 (8240) 184 (277) 48 (48) 0.0001
Glucose (mmolll...)1.75 (0.99) 1.86 (0.75) 2.54 (0.36) 0.1

PM pyogenicmeningitis TBMtuberculousbasal meningitis
ME meningo-encephalitisFundoscopicexaminationfiguresindicateperceMageof
patientswhiletbe cerebrospinalfluidexaminationresultsaremean(SO)

tions. The mean duration of symptoms prior to admission was 7.8
days for ME, 10.9 days for PM and 15.6 days for TBM (Table I).
Most of the clinical features on admission were similar in all three
categories. However, vomiting occurred more frequently in those
with TBM. Only 1 patient with PM, 4 with TBM and none with
ME had a normal level of consciousness on day 1. The mean agg-
regate MGCS score was similar in the three categories (Table I).

Fundoscopic examination was done in all. patients while ex-
amination of the cerebrospinal fluid (CSF) was done in 97.6%
(85/87) of PM, 89.4% (76/85) ofTBM and 81.2% (39/48) of ME
patients (Table ll). Computerized axial tomography (Cf) of the
head was done in >25% of cases. CT scan was normal in 75% of
patients witti PM and ME, and in only 37.3% cases of TBM
(p=O.OI).

The clinical features on admission were compared between
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TABLEIII. Comparison of certain factors at the time of admission
of patients with acute infections of the central nervous system

Factor Dead Living p value

Males 25 (58.1%)
Underweight 35 (81.4%)
Prior treatment 22 (51.2%)
Mean (SO) age in months 33.7 (35.3)
Mean (SO) weight in kg 8.7 (4.5)
Mean (SO) duration of disease 11.4 (10.8)
Mean (SO) MGCS on day I 6.8 (3)
MGCS <5 27.9%

133 (71.1%)
140 (74.9%)
99 (52.9%)

37.5 (35.3)
9.7 (4.9)

12.6 (15.8)
7.9 (2.9)

14.4%

0.1
0.5
0.4
0.05
0.5
0.6
0.03
0.03

MCGS Modified Glasgow Coma Scale
Relative risk of death 1.90 (95% CI: 1.07-3.35)

those dying and those discharged alive. Age. weight. sex, duration
of illness prior to admission and history of prior treatment were
not related with death (fable Ill). The crude RR of death in cases
of AI who were underweight was 1.38 (95% CI: 0.68-2.79;
p=0.5). The mean (SO) aggregate MGCS score in those dis-
charged alive versus those dying-was 7_9 (2.9) versus 6.8 (3)
(p=0.03; Table IV). Using an aggregate MGCS cut-off of <4. the
RR of death was 1.90 (Table IV).

Four stratum specific likelihood ratios for predicting discharge
with the aggregate MGCS have been shown in Table IV. The area
under the curve was 0.63 (SE 0.05) An aggregate score of <5 and
> 10 had 0.52 and 5.52 times the pre-test odds. respectively, for
discharge.

DISCUSSION
The case-fatality rate in our study was 18.7% which gives a pre-
test probability of discharge of 0.81 which is equal to a pre-test
odds of 4.37. The aggregate MGCS assessed within 24 hours of
hospitalization had uni variate association with mortality. Assess-
ment of MGCS can be done at the bedside without any investiga-
tions, unlike the paediatric risk score (pRISM) for mortality. III

Among those diagnosed as PM, 18.6% died in the hospital.
This is higher than the deaths reported from developed countries. ~
but similar to those reported from Pakistan'? and India.':" ME
tended to have the greatest proportional mortality compared to
either PM or TBM.

The findings of CSF examination and CT supported the diag-
nosis of the three categories of illness. Neck stiffness was only
found in 57% cases of PM and TBM. and was present in half the
cases of ME. Since tuberculosis is a chronic disease. the proportion
of malnourished children was the highest in TBM compared to
PM or ME.

Unlike others. 12we did not find any association between death
and the duration of disease prior to admission. Since the study was
conducted in a referral centre. our findings may be biased as it is
possible that children with more severe disease may have died
prior to reaching hospital.

The factors associated with death in acute infections are the
type of bacteria or virus causing PM or ME, 6 respectively. and the
condition at admission.v'<'t'Ihe level of consciousness (impaired
or not) has also been found to be an independent predictor of
mortality in PM. with an adjusted RR of 4.13 (95% CI: 1.34-
12.73).12In this study. we quantified the level of consciousness on
the day of admission by using the MGCS. At the time of admis-
sion. patients with all three types of illness had a similar mean
aggregate MGCS. Children with an aggregate MGCS <5 had the
worst prognosis while those with an aggregate MGCS >10 had the
best prognosis for discharge.
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TABLEIV. Stratum specific likelihood ratios for predicting
discharge with different cut-offs of the aggregate MGCS score

MGCS score Died Discharged Likelihood ratio for discharge>
(n=43) (n=187) Mean (Lower-Upper)

<5 12 27 0.52 (0.29-0.95)
5-7 15 52 0.80 (0.52-1.31 )
8-10 15 84 1.29 (0.87-2.05)
>10 I 24 5.52 ( 1.02-31.96)

MGCS Modified Glasgow Coma Scale • area under the curve=0.63, SE=0.05

(n discharged in stratum'total discharge)xlOO or

Likelihood ratio = ~per_ce_nt_a..::.ge_fa_ls_e--,-po_s_ib_·v_e _
(n dead in stratum/total deaths)xlOO or
percentage true-positive

Most cases ofTBM in our study were in stage Ill," since they
had altered sensorium with or without coma; among them. a 50%
mortality has been reported. 14However, in this study the hospital-
based mortality in TBM was 16.5%_This finding may be biased
by the spectrum of disease that is referred to the hospital.

We also found that 44.2% of deaths occurred within the first
three days of admission. Using the aggregate MGCS we can
identify children at the highest risk of death even at admission.
Referral of patients with increased risk of death for specialized
care may improve their chances of survival. However. further
studies are needed to confirm these results.

In conclusion, we feel that it is possible to categorize patients
with acute infections of the central nervous system into three
categories of risk for discharge within 24 hours of admission
using the MGCS. We are prospectively validating this in our
centre and feel that further validation at other centres is needed
before this can be widely accepted.
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