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Objective: To compare the efficacy and functional outcome of Glasgow Coma Scale (GCS) score with that
of Acute Physiology and Chronic Health Evaluation Score II (APACHE II) in patients with multiple trauma
admitted to the ICU.
Methods: This cross-sectional study included 125 patients with traumatic brain injury associated with systemic
trauma admitted to the ICU of Shahid Kamyab Hospital, Mashhad, between September 2015 and December
2016. On the day of admission, data were collected from each patient to calculate GCS and APACHE II scores.
Sensitivity, specificity, and correct outcome prediction was compared between GCS and APACHE II.
Results: Positive predictive value (PPV) at the cut-off points was higher in APACHE II (80.6%) compared with
GCS (69.2%). However, negative predictive value (NPV) of GCS was slightly higher in comparison with APACHE
II. Moreover, the area under the receiver operating characteristic (ROC) curve for sensitivity and specificity of
GCS and APACHE II showed no significant difference (0.81±0.04 vs. 0.83±0.04; p=0.278 respectively).
Conclusion: Our study suggested that there was no considerable difference between GCS and APACHE II
scores for predicting mortality in head injury patients. Both scales showed acceptable PPV, while APACHE II
showed better results. However, the utilization of GCS in the initial assessment is recommended over APACHE
II as the former provides higher time- and cost-efficiency.
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Introduction

T

rauma is among the most common causes of death
accounting for about 10% of all-cause mortality
worldwide. According to world health organization
(WHO), the main reason for trauma-related morbidity
and mortality, especially in developing countries, is
motor vehicle accidents. Accidents mostly involve
younger groups of population and about 50% of all
trauma-related mortalities are in working age, thus
they impose a huge socioeconomic burden on the
healthcare systems [1, 2].
Absence of a definite criteria for Intensive Care Unit
(ICU) admission has led to an increase in morbidity
and mortality of patients with multiple trauma and
head injury, especially in developing countries [3].
Growing number of studies have investigated health
quality and risk of mortality, which emphasizes the
necessity of an accurate scoring systems to predict
outcome and mortality in critically injured patients [4].
The Glasgow Coma Scale (GCS) is being widely
used as a useful predictor to investigate patients with
head injury due to ease of application, simplicity, and
quickness [5-7]. However, in the past two decades,
growing evidence have brought up the idea of using
a more complex system in compare with GCS [8].
The revised Acute Physiology and Chronic Health
Evaluation II (APACHE II) system has been used in
many hospitals since 1985 [9]. It contains 12 different
physiological and clinical parameters as well as GCS
and Chronic Organ Insufficiency score, which seems
to be more efficacious in predicting the outcome
in ICU patients [10, 11]. Although several studies
have compared the prognostic value of GCS and
APACHE II, there is an ongoing discussion between
ICU physicians on which scale to use. In the Middle
East region and especially in Iran, the GCS score
has remained the main method for assessment of
critically injured patients [3]. This study was aimed
at investigating the efficacy of GCS and APACHE II
scores in predicting the hospital mortality of patients
admitted to ICU with multiple trauma including
acute head injury.
Materials and Methods
Study Settings and Approval
This cross-sectional study investigated 125 patients
with acute head trauma admitted to the ICU of the
Shahid Kamyab Hospital, Mashhad, Iran, from
September 2015 to December 2016. Patients under
16 years of age, sedated patients, those connected to
ventilators, those with trauma in the maxillofacial
zone, and patients who were injured while being under
the influence of illicit drugs or alcohol were excluded
from the study. All the investigations conformed to
the principles outlined in the Declaration of Helsinki.
Informed written consent was obtained from each
patient and the study was approved by the Ethics
Committee of Mashhad University of Medical
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Science (code: 922366).
Data Collection
At the time of ICU admission, a trained physician
simultaneously calculated the GCS and APACHE II
scores for each patient, before any sedation. The GCS
is composed of three different tests: eye opening,
verbal responses, and motor responses. The scores
range from 3 (minimum) to 15 (maximum) and lower
scores represent poor response to the practitioner’s
examination. The APACHE II scoring system, first
introduced by Knaus et al. in 1985, uses 12 different
physiological factors to evaluate critically ill patients
within their first 24 hours of admission to the ICU.
In this study, we calculated the APACHE II scores
using the Knaus et al. method. In the APACHE II
system, scores range from 0 to 71 and unlike the
GCS system, higher values of APACHE II shows
poorer outcome and higher risk of death [9].
Moreover, we assessed the Injury Severity Score
(ISS) for each patient at the time of admission. It is
a method for numerical description of the overall
severity of injuries and is calculated by adding the
squares of the highest scores from Abbreviated Injury
Scale (AIS) in order of severity scale ranging from 1
to 6 (currently untreatable), making an overall score
ranging from 0 to 75 [12].
Admission Period and Mortality
The first day of admission to the ICU was defined as
the first 24 hour after the patients entered the hospital
emergency room. Early mortality was defined as
death of a patient before the 7th day of admission,
while late mortality was defined as death of a patient
after the 7th day of admission.
Data Analysis
Data were analyzed using Statistical Package for
the Social Sciences (SPSS), version 16 for Windows
(SPSS Science, Apache Software Foundation,
Chicago, IL, USA). Descriptive statistics (mean,
median, standard deviation (SD), and interquartile
range) was determined for all variables. Normality
of the data was assessed using the KolmogorovSmirnov test. Baseline demographic and clinical
characteristics were compared between groups
using independent samples t-test, Mann-Whitney
test, chi-square test, or Fisher’s exact test where
appropriate. In all tests, a P value below 0.05
was considered statistically significant. Receiver
Operating Characteristic (ROC) curve was drawn
for each scale. The area under the ROC curve was
measured to determine the scales’ reliability and
discrimination power and compared between the
two scales.
Based on gathered information, diagnostic indices
such as sensitivity, specificity, negative predictive
value (NPV) and positive predictive value (PPV) was
calculated to determine and compare the ability of
the GCS and APACHE II scales to predict hospital
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mortality.
Youden index was calculated to specify the best
cutoff point for the two diagnostic scales. This index
ranges from 0 to 1 and its 0 value means that the
diagnostic test gives the same proportion of positive
results for groups with and without a specific disease,
while 1 indicates that there are no false positive nor
false negative predictions [13].
Results
This study included 125 patients, of whom 101
(80.8%) were males. The subjects were aged 16
to 90 years. Among the patients, 44 (35.2 %) died
during their stay at the hospital, while 81 (64.8%)
were discharged alive and in good condition. The
median (quartiles) of staying period for the patients
was 11 (6-24) days and the majority of patients (54.5
%) stayed less than 14 days. Among the 44 dead
patients, 9.3 % died within the first day of admission
and the rate of early mortality was 46.5 %.
As shown in Table 1, car accident was the most
frequent cause of injury (35.2%) and had the highest
survival rate (76.7%). The mortality rate was highest
(63.6 %) in injuries with other causes that included
gunshots, fights, home disturbances, work related
injuries and lightning strike. Overall, mean score
of APACHE II scale was 14.9±6.2. The APACHE
II scores were significantly different between dead
and alive patients (19.4±5.5 vs. 12.4±5.5; p<0.001
respectively). There were no significant differences
in APACHE II score between male and female
subjects neither in the dead nor in the alive group.
The overall median score of GCS was 9.0 (6.0-15.0).
Table 1. Demographic and etiologic data of our study
Demographic and etiologic features
N (%)
Sex
Male
101 (80.8)
Female
24 (19.2)
Age (y)b
34 (25-60)
Mortality status
Dead
44 (35.2)
Alive
81 (64.8)
Cause of injury
Car accident
46 (36.8)
Motorcycle accident 38 (30.4)
Fall
12 (9.6)
Other causesa
29 (23.2)
ISS scoreb
27 (17-35)
GCS scoreb
9 (6-15)
APACHE II scorec
14.9±6.2
a
Other causes included gunshots, fights, home disturbances,
work related injuries and lightning strike; bData are expressed
as median (Q1-Q3) due to their non-normal distribution; cData
are expressed as mean ± SD due to their normal distribution.

There was a significant difference in the GCS score
between dead (6 (3.0-9.0)) and alive (12 (7.0-15.0))
patients (p<0.001). Male subjects in the dead group
had considerable lower GCS scores compared to
female subjects (3 (5.5-7.0) vs. 10 (8-11.75); p=0.001;
respectively). The median score for ISS was 27 (1735) and it was ranged between 3 and 75. ISS was
not different within genders (p>0.05), but dead
subjects had significantly higher scores in ISS
system, compared with alive ones (34.0 (27.0-43.0))
vs. 21.0(11.0-29.0), respectively; p<0.001).
No association was found between hospital
mortality and the type of injury (p>0.05). Mean
scores for none of the APACHE II, ISS and GCS
were significantly associated with type of injury
(p>0.05). The best cut-off points for APACHE
II and GCS were 19 and 6, respectively. Detailed
information of GCS and APACHE II scales on
sensitivity, specificity, PPV, NPV, Youden index, and
area under the ROC curve at the best cut-off point for
hospital mortality are shown in Table 2. In addition,
there was no significant difference regarding the area
under the ROC curve between the GCS (0.81±0.04)
and APACHE II (0.83±0.04) scales (p>0.05). The
ROC curves drawn at different cut-off values for
GCS and APACHE II scales are depicted in Figure 1.
Discussion
Severely injured patients with multiple traumas
are at risk of life-threatening complications and
demand rapid decision making in an emergency
setting. Paying attention to their comorbidities and
concomitant medical conditions has an important
role in proper management of these patients [14].
Traumatic brain injuries are among the most severe
and fatal injuries [15]. The routine initial assessment
currently done in the emergency units in Iran is
mostly GCS and the use of APACHE II scale is still
limited and under controversy [3].
GCS is based on basic responses to stimuli and is
essential in measuring neurological function and
severity of head injury in traumatic patients [16]. It
is simple, practical, time-efficient, and cost-effective
and it helps to unification and ease of communication
between the medical staff regarding the condition of
patients. GCS score is easy to measure not only by
the physicians but also by trained paramedics [17].
One of the disadvantages of GCS is that it is
difficult to measure in some specific conditions, e.g.
in sedated patients, those connected to ventilator,
those with maxillofacial trauma, and those injured
under the influence of illicit drugs or alcohol, all of

Table 2. Comparison of GSC and APACHE II scores for hospital mortality prediction
Scale
CPa
Sensitivity
Specificity
YIb
AUCc
PPVd
NPVe
95%CIf
GCS
6
61.4%
85.1%
0.46
0.81±0.04
69.2
80.2
0.73-0.87
APACHE II
19
56.9.72%
92.6.0%
0.50
0.83±0.03
80.6
79.8
0.75-0.89
a
b
c
d
e
CP: Cut-off Point; YI: Youden Index; AUC: area under the ROC curve; PPV: Positive Predictive Value; NPV: Negative Predictive
Value; fCI: confidence interval
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Fig. 1. ROC curves drawn at different cut-off values for GCS and APACHE II scales. The area under the curve for APACHE II is
larger, but there is no statistically significant difference when compared with that of GCS.

whom were excluded from this study to minimize
the researcher bias [18].
APACHE II scale has been shown to have promising
outcomes in evaluating patients in emergency units
[19, 20]. APACHE II not only includes GCS but also
uses 11 other physiologic factors that include both
clinical and laboratory data.
ISS is an anatomical scoring system that is
associated with mortality, morbidity, hospital stay,
and overall severity of injuries. There are several
downsides to the use of ISS in the initial evaluation of
critically injured patients in emergency department.
First, since ISS is directly related to AIS, any
error in AIS increases the chance of error in ISS.
Moreover, different patterns of injury on different
sites and organs can result in same ISS scores. Most
importantly, since complete description of injuries
require thorough investigation and examination of
the patient, anatomical scoring systems like ISS
are not efficacious tools for initial evaluation and
screening in an emergency setting, especially in ICU
patients [12].
In the current study, we found the most frequent cause
of ICU admission to be road traffic accidents. Similar
results have been previously reported by Majdan et al.,
who showed traumatic brain injuries are significantly
associated with road traffic accidents [15].
Our results showed that APACHE II had higher
specificity but lower sensitivity compared with
GCS. This finding suggests that APACHE II scale
has more power in recognizing critically ill patients
with higher chances of survival, who are in greater
need for ICU care.
The ROC curve results showed no significant
difference between the GCS and APACHE II scales,
suggesting that APACHE II is not necessarily a
better mortality predictor in patients with head
trauma. Measuring the APACHE II score demands
more time and budget, the items that are of utmost
importance in emergency care.
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On the one hand, in the developing countries, the
rate of accidents and subsequent head injuries are
higher, compared to the developed countries. On
the other hand, the healthcare budgets are usually
lower in the developing countries, compared to the
developed ones. This discrepancy highlights the
need for an initial assessment method that is less
costly and more time-efficient, since it is important
to reduce the costs of management and treatment in
emergency units and hospitals.
The findings of this study demonstrated that there
was no significant difference between GCS and
APACHE II scales for predicting hospital mortality
in patients with head injury. Although both of the
scales showed desirable PPV, APACHE II yielded
better results. However, t it is important to reduce the
expenses of management and treatment in hospitals.
Considering all aspects, it seems that in comparison
with APACHE II, GCS is a more accessible method
particularly for quick initial evaluation of critically
injured patients with head trauma.
One of our limitations was that the follow-up
was limited to the period of hospital stay. Due to
the lack of trained staff, limited budget, and low
socioeconomic status in most of the patients, the
patients were not followed for long-term outcomes
after their discharge. In addition, this study was
carried out in a single center. Although our hospital
is the main referral center for traumatic patients in
the Northeast of Iran, further multicenter studies
would be of help in order to achieve results that are
more reliable.
In conclusion, our study suggested that there
was no considerable difference between GCS and
APACHE II scores for predicting mortality in head
injury patients. Both scales showed acceptable PPV,
while APACHE II showed better results. However,
the utilization of GCS in the initial assessment
is recommended over APACHE II as the former
provides higher time- and cost-efficiency.
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