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ABSTRACT

Objective: Accurate classification of traumatic brain injury (TBI) severity is essential to brain injury research. TBI heterogeneity
complicates classification of the injury; is a significant barrier in the design of therapeutic interventions; and results in retrospective
data which is difficult to translate. The objective of this study is to describe the differences in two current tools used in the
classification of TBI severity, the Glasgow Coma Scale (GCS) and the head Abbreviated Injury Score (AIS), using retrospective
data to compare their performance.
Methods: Using correlational and descriptive statistics, this study examined two TBI severity classification methods across a
large sample of TBI patients (N = 56,131), who were treated at level I and level II trauma centers in the United States and were
included in the 2010 National Sample Program (NSP) of the National Trauma Data Bank (NTDB R©).
Results: The study population was 67% male, 67% non-Hispanic white, treated most often in trauma centers in the South (38%),
with blunt trauma (93%) and from non-motor vehicle collisions (MVC’s) (56%). Observation of the AIS classification system
demonstrated that it tends to over-score TBI severity compared to the GCS classification. The methods (GCS & AIS) had a weak,
inverse relationship with a correlation coefficient (Pearson’s r) of -0.3980, which was significant at p < .001.
Conclusions: The current study addressed the difficulties associated with categorizing TBI severity when analyzing retrospective
data. Although AIS is commonly used to classify severity in retrospective data when GCS is unavailable, the relationship between
the two scales is relatively unknown. Results show that AIS and GCS are more closely related for severely brain injured patients
but in cases of mild and moderate injury, AIS is less predictive of GCS. Since they are often used in conjunction in identifying
brain injured severity in retrospective data, researchers cannot be certain that the tools are similarly classifying mild, moderate,
and severe injuries. This study reinforces the need for additional TBI severity classification methods, such as neuroimaging
techniques and biomarkers.
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1. INTRODUCTION

Accurate classification of traumatic brain injury (TBI) sever-
ity is essential to contemporary brain injury research and
public health initiatives. The heterogeneity or diversity of
impairments that patients suffer from is a relevant factor

for planning, developing, and evaluating treatment and is
related to the varied causes and pathophysiologic mecha-
nisms responsible for the neurological deficits of patients.[1]

The heterogeneity of TBI leads to variation in the common
classification of brain injuries as either mild, moderate, or
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severe and can also be a significant barrier in brain injury
research. The classification of the brain injury is important
because it often refers to the level of functioning immedi-
ately after a TBI and is discussed with regards to the severity
of the brain injury; with patients typically divided into the
broad categories of mild, moderate, and severe injury.[2] Not
only is treatment often based on these categories but also
rehabilitation.

Over the past forty years, a variety of scoring systems that
measure injury severity have been created and utilized in
trauma care and research. These scoring systems are used by
emergency medical services (EMS) to assess injury severity
in the field triage so that the patient’s level of care needs can
be determined.[3] The importance of injury scoring systems
cannot be underestimated since the information obtained is
used not only in making clinical decisions for the patient
but also to compare the quality of trauma care in trauma
related outcome research and benchmarking. The accuracy
and reliability of the TBI injury scoring tool and the fact that
it indeed measures what it aims to measure are of upmost
importance.[3]

The two most commonly used methods of designating the
brain trauma severity after an injury are the Glasgow Coma
Scale (GCS) and the head Abbreviated Injury Score (AIS)
classification tools.[2] The GCS is a physiologic scale
based on clinical examination and the AIS head score is
an anatomic score based on computerized tomography (CT)
scan, operative or autopsy findings.[4] Although GCS is the
most widely used method to classify brain injury in the clini-
cal setting, a major difficulty in retrospective research is that
the GCS variable is often missing in a large percentage of
patients in large database cohorts. This results in the use of
other measures such as the head AIS to classify mild, moder-
ate, or severe injury, even though the head AIS scale does not
have established number ranges for these classifications.[5]

The missing GCS score in the clinical setting is often related
to the lack of training and nurses’ lack of confidence in GCS
proficiency.[6] It is imperative to have consistent methods of
TBI severity stratification.

Retrospective data are essential in studying TBI. Trauma
databases are increasingly being used to formulate predictive
models in trauma, as well as clinical documentation, prog-
nostication, and TBI research.[7] An important strength of
most retrospective databases is that they allow researchers
to examine medical care utilization as it occurred in routine
clinical care. Retrospective databases often provide large
study populations and longer observational periods, allow-
ing for examination of specific subpopulations. In addition,
retrospective databases provide a relatively inexpensive and

expedient approach for answering the time-sensitive ques-
tions posed by decision makers.[8]

Therefore, the primary purpose of this paper is to describe
TBI severity classification in a large sample of patients using
retrospective data and to compare the GCS and the AIS head
score performance and evaluate the differences. Secondary
objectives were to compare demographic and clinical char-
acteristics of TBI patients classified using the two methods:
GCS and AIS of the head.

2. METHODS
2.1 Data source
TBI patient data were extracted from the 2010 National
Sample Project (NSP) of the National Trauma Data Bank
(NTDB R©) database. The NTDB R© contains over 3 million
records submitted voluntarily from over 900 United States
trauma centers. Maintained by the American College of Sur-
geons (ACS), the registry contains information on patient
demographics, payment source, injury type and severity, hos-
pital treatment, and facility characteristics including teaching
status, trauma center level, and bed size.[9] The NTDB R©
is the largest trauma registry in the U.S. and, owing to the
large number of subjects and trauma centers, researchers are
increasingly using this databank to explore different aspects
of injury epidemiology and trauma care.[10]

The 2010 National Sample Project (NSP) is sampled from
the NTDB R© and uses a stratified sample design of 100 desig-
nated sample hospitals in their sample frame and uses number
of Emergency Department (ED) visits from the American
Hospital Association 2005 data as the size measure. The
strata used for the sampling include NTDB R© contributing
hospitals and non-NTDB R© contributing hospitals; trauma
centers level I or II; and region, including Northeast, Mid-
west, West, and South. The NSP includes incident-level
records and hospital information such as admission and dis-
charge status, patient demographics, injury and diagnosis,
procedure codes, injury severity scores, outcome variables,
and weights [9].

2.2 Study population
A retrospective sample (N = 56,131) of de-identified sub-
jects from the 2010 National Sample Project (NSP) dataset
who were diagnosed with a TBI based on the International
Classification of Disease 9th Revision Clinical Modification
(ICD-9-CM) codes were selected for the study. Based on
the World Health Organization’s Ninth Revision, the Inter-
national Classification of Diseases, Clinical Modification
(ICD-9-CM) is the official system used to assign codes to
diagnoses and procedures associated with hospital utilization
in the United States. Subjects for this study had at least 1
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ICD-9-CM code that met the CDC case definition for TBI,
including codes 800.0-801.9, 803.0-804.9, 850.0-854.1, and
959.01.[11]

2.3 Variables of interest
Glasgow Coma Scale and Abbreviated Injury Scale Score of
the head were selected because of their widespread use in
classifying TBI severity in the literature. Both are common
measures used to define TBI severity as mild, moderate or
severe and have been used in both prospective and retrospec-
tive research. The GCS score ranges from 1 to 15, with a
severe brain injury falling between the scores of 3 and 8;
moderate (9-12 score); and mild (13-15 score). The AIS of
the head score ranges from a score of 1-6. For purposes of
this study and based on prior use of the tool in brain injury
research; the head AIS score was categorized as severe (5-6);
moderate (3-4); and mild (1-2). The AIS of the head scores
were grouped per cross-linkage of injury registry information
in prior research.[12]

The following demographic and clinical data elements were
retrieved from the NSP for analysis: age, sex, race/ethnicity,
region of care, injury severity score (ISS), mechanism,
trauma type, and mortality. Age was analyzed as a categori-
cal variable; gender coded as male/female; and race/ethnicity
was categorized as Hispanic/Latino, non-Hispanic White,
non-Hispanic Black, and non-Hispanic other. Region in-
cluded the standard classifications provided by the NSP of
Midwest, Northeast, South, and West. ISS was categorized
per the literature as ISS < 9, 9-15, 16-24, and ≥ 25. ISS
ranges from 1-75 with a higher number associated with a
more severe injury. The ISS score is calculated by taking
the highest AIS score for each body region, squaring each,
and then the addition of the three highest numbers.[3] Mech-
anism of injury was either motor-vehicle collision (MVC)
or non-MVC with trauma type listed as blunt or penetrating.
Percentage of deaths was defined as in-hospital mortality.

2.4 TBI severity
TBI can be characterized as acute disruption of brain physiol-
ogy or anatomic damage caused by an external source. The
severity of the brain injury can be conveyed through injury
severity classification.[13] Generally, studies of the brain have
classified patients based on the severity of the brain injury,
and not by the associated extracranial injuries.[2] Mild trau-
matic brain injuries have routinely been defined as a GCS
score of 13 to 15 in the TBI literature. Moderate injures
relate to a GCS score of 9 to 12; and a GCS score of 3 to
8 is associated with severe brain injuries. The GCS scores
are based on level of consciousness, regardless of CT scan
findings.[2]

2.5 Abbreviated Injury Scale score of the head
The American Medical Association Committee on Medical
Aspects of Automotive Safety initially developed the Abbre-
viated Injury Scale (AIS) for researchers to have a consistent
method of comparing tissue damage injuries acquired in au-
tomobile crashes as well as having standardized language
and classification of injuries.[14] The AIS assigns a severity
score to an injury on a scale from 1 (minor) to 6 (major),
where a score of 1 generally does not require inpatient hos-
pital treatment and a score of 6 is almost certainly fatal.[15]

Known as the gold standard in injury severity scoring since
its development in 1971, the AIS is the foundation subse-
quent injury scoring tools, such as the Injury Severity Score
(ISS). There have been several revisions of the AIS since
its development. The AIS classifies the severity of injury in
each region including the head, face, neck, thorax, abdomen,
spine, upper and lower extremities and external/other. Unlike
the GCS score, the AIS score cannot be calculated by hand
at the scene of the trauma and requires manual review of the
patient’s record. This contributes to GCS generally being the
first classification of brain injury by prehospital personnel or
upon admission to acute care. The development of AIS soft-
ware has made it possible to convert ICD-9-CM diagnosis
to AIS codes by using a 7-digit number that describes type,
location, and severity of the injury.[15]

A 2005 revision of the AIS (AIS-2005) changed the head
section to be more descriptive and to include details of head
injuries, such as the size of a hematoma. This change gave
a better reflection of the clinical severity of the head injury
and improved precision in the coding of the concussive head
injury in a trauma registry dataset.[16] In general, the head
AIS measures and describes head injury severity based on a
combination of symptoms (e.g. headache, amnesia, loss of
consciousness), physical and neurologic examination find-
ings (e.g. motor responses), and radiographic or CT scan
findings (e.g. types of fracture, number, location, types, and
volume of hemorrhage).[7]

Based on the initial CT scan, the AIS score has been shown to
provide useful prognostic information in patients with severe
head injury. A good or moderate outcome on the GOS was
strongly predicted by an AIS of 3 or less (positive predictive
value 95%, specificity 98%, sensitivity 40%). However, the
AIS was less predictive with a score of 5 (positive predictive
value 71%, specificity 75%, sensitivity 67%).[17]

2.6 Glasgow Coma Scale
Developed to quantify the level of consciousness, the Glas-
gow Coma Scale has become a medical classic.[18] In the
past 30 years since its development, many coma scales have
been recommended as alternatives to the GCS, but none
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have achieved success. With more than 4,500 publications
referencing use of the GCS and by virtue of its simplicity,
the scale has become the most commonly used and validated
consciousness scale throughout the world.[19] The GCS score
has been shown to be particularly beneficial in the clinical
management and prognosis of TBI, however, it does not offer
specifics on the pathophysiology mechanisms that account
for the neurological deficits present.[20]

Pre-hospital and emergency care personnel have widely used
the GCS score to support the triage of trauma patients.[3]

The GCS scale is an objective scale that has three elements
including eyes, verbal, and motor. Each element has a range
of values: eyes (1-4), verbal (1-5), and motor (1-6). The
GCS is the summation of these elements and is generally
separated into three classifications; severe (≤ 8), moderate
(9-12), and minor (≥ 13). With an intra-class correlation
coefficient of 0.8 to 1.0 for proficient users, a Cronbach’s al-
pha of 0.69, and a test-retest Spearman rho of 0.85, the GCS
has established reliability. Validity of the scale is established
by its predictive value 0.56 (Pearson r) when used alone
to forecast 3-month survival, and when used with age and
brainstem reflexes, the scale has a sensitivity of 79% to 97%
with a specificity of 84% to 97%.[21] The GCS scale has been

shown to possess the necessary methodological discipline
and the quality of measurements needed in medical research
and clinical practice care of head trauma patients, if it is used
by experienced or trained personnel.[22] The scale remains an
important neurological assessment measure after head injury.
In the area of research, the classification of the head trauma
severity is still based on the admission GCS, regardless of
the findings of the head CT scan. The gold standard for head
trauma patients’ outcome prediction remains the GOS.[19]

2.7 Outcomes
GCS and AIS of the head have been used in prior research to
classify TBI samples to examine outcomes of mortality, func-
tion, and discharge destination after acute care. Research
examining discharge destination as an outcome after TBI
shows a consistency in the use of GCS in classifying mild
(13-15), moderate (9-12), and severe (3-8) injuries. However,
variations of brain injury classification as mild, moderate,
and severe with the head AIS scale have been used to clas-
sify severity in prior research utilizing retrospective data as
demonstrated in Table 1. Although the head AIS score is
often being used when the GCS score or classification is
missing, it is not clear what head AIS score correlates with
the GCS classification of mild, moderate, or severe.

Table 1. Use of GCS and AIS scores to classify TBI severity in the literature
 

 

Author TBI Severity Classification Criteria Data Type 

Hoffman et al., 2012 Mild, Moderate, and Severe AIS of head ≥ 2 Retrospective 

Mosenthal et al., 2002 Mild, Moderate, and Severe AIS of head ≥ 3 Retrospective 

Cuthbert et al., 2011 Moderate and Severe GCS 3 to 12 AIS of head ≥ 3 Retrospective 

Bowman et al., 2007 Moderate and Severe AIS of head ≥ 3 Retrospective 

Chan et al., 2001 Moderate and Severe AIS of head ≥ 2 Retrospective 

Mellick et al., 2003 Severe AIS of head ≥ 4 Retrospective 

 

2.8 Statistical analyses

Descriptive statistics are reported, including means, modes,
medians or counts and percentages, as appropriate. Injury
severity variables and descriptive variables were categorized
using clinically conventional definitions. Pearson’s correla-
tional analysis was used to compare the interrelationships
of the injury severity variables, GCS and AIS score of the
head. A p value < .05 was considered statistically significant.
Descriptive plots were generated to compare the distribution
of TBI severity scores between the AIS and GCS scales. The
difference in TBI severity scores between the two scales is
presented, based on the Bland-Altman approach.[23] All sta-
tistical analyses were conducted using the statistical software
program Stata R© version 13 (College Station, TX).

3. RESULTS

Retrospective data from the 2010 NSP dataset was analyzed
to examine TBI severity classification methods in a sample
of patients (N = 56,131) that received care at either level I
or level II trauma centers in the United States. The study
population was 67% male, 67% non-Hispanic white, mostly
sustaining blunt trauma (93%) as compared to penetrating
trauma; and of the blunt trauma, 56% were non-MVC related
injuries. The in-hospital mortality rate was 6%. Three per-
cent of the sample was missing GCS scores and resulted in
a total of N = 54,621 patients examined using GCS scores
while 7% of the sample were missing AIS head scores for a
total of N = 52,105 examined using the AIS of head scores.
The relationship between GCS and AIS is apparent. The
majority of patients with AIS 1-4 had mild GCS scores,
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while most patients with AIS 5-6 had severe GCS scores (see
Figure 1).

Differences were also noted in age and mechanism charac-
teristics when examined across GCS and AIS severity levels
of mild, moderate, severe. The age group 18-24 sustained
a higher percentage of severe GCS injuries (18%) with a
higher percentage of MVC related injuries (53%). While
21% of the 25-34 age group sustained severe injuries accord-
ing to AIS (5-6); 19% sustained mild injuries as categorized
by AIS of 1 & 2. Unlike GCS, a higher percentage of MVC
related injuries (46% & 58%) were captured in the AIS mild
scores of 1 & 2 respectively. ISS scores were appropriate
with AIS scores increasing with severity and GCS scores
showing an appropriately inverse relationship, considering
that a lower number on the GCS is considered a severe injury.
The majority of the injuries were classified as mild (77%)

per GCS scores with a higher percentage classified as mod-
erate (46%) according to AIS scores. Region of care for the
AIS of the head scores was slightly different than the GCS
characteristics in that 50% of the patients classifying as AIS
of 1 received treatment in the West.

To distinguish correlation between head AIS scores (1-6)
and GCS (3-15), an analysis was performed. The correlation
coefficient Pearson’s r was significant at p < .001, with a
weak, inverse relationship of -0.3980. The inverse relation-
ship was expected due to the direction of scoring with lower
GCS scores and higher AIS scores associated with increased
severity.

Observations from the Bland-Altman analysis gave the ap-
pearance that an AIS classification system tends to over score
TBI severity compared to the GCS classification (see Figure
2).

Figure 1. GCS severity distribution by head AIS

Figure 2. Plot of difference between AIS and GCS severity scales
Caption: Distribution of difference between AIS and GCS severity scales. Only 5% of patients had a severe TBI by one scale and a mild
TBI on the other scale (2% severe GCS, 3% mild GCS). While 46% of patients had equivalent TBI severity by both scales, AIS scored one
level higher in 39%, and scored two levels higher for 3% of patients – as evidenced on Figure 2 as GCS score +1 and GCS score +2.
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4. DISCUSSION AND CONCLUSION

The classification of brain injury severity as either mild, mod-
erate, or severe can result in different treatment modalities in
the clinical setting. The GCS score is a quick and easy tool
that is often used pre-hospital as well as upon admission to
an acute care setting to classify the brain injured patient’s
injury as either mild, moderate, or severe. In retrospective
research of TBI, the GCS classification is often used when
isolating either the mild, moderate, and severe TBI patient
populations. Missing GCS scores continue to plague retro-
spective data and are often substituted with the head AIS
variable. However, there is variability in severity classifi-
cation when using AIS head scores to stratify patients as
mild, moderate, and severe. GCS remains the standard tool
for TBI severity classification in prior literature with scores
of 13-15 being labeled as mild; 9-12 as moderate; and a
score between 3-8 classified as severe head injury. AIS of
the head scores are often substituted when GCS is missing
even though AIS of the head scores have not been routinely
used for characterizing the severity of head injury in the lit-
erature. Prior researchers have used different levels of the
AIS of the head score to match with the GCS rating of mild,
moderate, and severe. The GCS and head AIS scales remain
the most widely used methods to describe severity of head
injury even though they may not necessarily be measuring
the same features of traumatic brain injury, as evidenced by
our correlation results.

This study offers an extensive examination of the two tools,
GCS and AIS of the head, at different brain injury sever-
ity levels (mild, moderate, and severe) and highlights their
similarities and differences. This study confirmed that AIS
performs differently and demonstrated that AIS classifica-
tion could be over scoring severity. Therefore, sensitivity

analyses are recommended when stratifying severity based
on a combination of methods, such as GCS and AIS head
scores, to assess for any unexpected relationships and to
reduce uncertainty.

Severity classification of brain injury (mild, moderate, se-
vere) using tools with unclear correlation complicates future
TBI research using retrospective data and the results. In-
juries need to be coded consistently for comparison and for
evaluation of trends. Researchers that use the NTDB and
other large trauma datasets for evaluation of different aspects
of injury epidemiology and trauma care should be aware of
the special features and methodological challenges that may
affect the robustness of their studies. With the inherent issues
of missing data in retrospective databases, the use of multiple
tools to stratify TBI severity is most often unavoidable. The
results of this study provide feedback on how two common
tools, GCS and AIS of head score, compare in TBI stratifi-
cation for consideration in future TBI research. Although
the GCS tool is commonly used by nurses in the clinical and
prehospital setting, the AIS score may not be as common
and could require the need for nursing education on the use
of the tool in the clinical setting.
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