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Validation and reclassiﬁcation of MGAP and GAP in hospital
settings using data from the Trauma Audit and Research Network
Rebecca M. Hasler, MD, MSc, Nicole Mealing, PhD, Hans-Ulrich Rothen, MD, Michael Coslovsky, PhD,
Fiona Lecky, MD, PhD, and Peter Jüni, MD, Bern, Switzerland
Recently, two simple clinical scores were published to predict survival in trauma patients. Both scores may successfully guide
major trauma triage, but neither has been independently validated in a hospital setting.
METHODS:
This is a cohort study with 30-day mortality as the primary outcome to validate two new trauma scoresVMechanism, Glasgow
Coma Scale (GCS), Age, and Pressure (MGAP) score and GCS, Age and Pressure (GAP) scoreVusing data from the UK
Trauma Audit and Research Network. First, an assessment of discrimination, using the area under the receiver operating
characteristic (ROC) curve, and calibration, comparing mortality rates with those originally published, were performed.
Second, we calculated sensitivity, speciﬁcity, predictive values, and likelihood ratios for prognostic score performance. Third,
we propose new cutoffs for the risk categories.
RESULTS:
A total of 79,807 adult (Q16 years) major trauma patients (2000Y2010) were included; 5,474 (6.9%) died. Mean (SD) age
was 51.5 (22.4) years, median GCS score was 15 (interquartile range, 15Y15), and median Injury Severity Score (ISS) was
9 (interquartile range, 9Y16). More than 50% of the patients had a low-risk GAP or MGAP score (1% mortality). With regard
to discrimination, areas under the ROC curve were 87.2% for GAP score (95% conﬁdence interval, 86.7Y87.7) and 86.8%
for MGAP score (95% conﬁdence interval, 86.2Y87.3). With regard to calibration, 2,390 (3.3%), 1,900 (28.5%), and 1,184
(72.2%) patients died in the low, medium, and high GAP risk categories, respectively. In the low- and medium-risk groups,
these were almost double the previously published rates. For MGAP, 1,861 (2.8%), 1,455 (15.2%), and 2,158 (58.6%) patients
died in the low-, medium-, and high-risk categories, consonant with results originally published. Reclassifying score point
cutoffs improved likelihood ratios, sensitivity and speciﬁcity, as well as areas under the ROC curve.
CONCLUSION:
We found both scores to be valid triage tools to stratify emergency department patients, according to their risk of death. MGAP
calibrated better, but GAP slightly improved discrimination. The newly proposed cutoffs better differentiate risk classiﬁcation
and may therefore facilitate hospital resource allocation. (J Trauma Acute Care Surg. 2014;77: 757Y763. Copyright * 2014 by
Lippincott Williams & Wilkins)
LEVEL OF EVIDENCE: Prognostic study, level II.
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BACKGROUND:

T

rauma is the leading cause of death among young people
(5Y44 years) in developed countries. Worldwide, trauma
accounts for 10% of deaths and 14% of years of life lost.1,2
Accurate prediction of outcomes helps to adequately triage
patients according to their risk of death and to make treatment
more efﬁcient.3,4
Several prognostic scores attempt to accurately predict outcomes for trauma patients.5Y10 Their complexity limits their
usefulness for triage and initial assessment of severity in injured
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patients in an emergency department setting. Some require laboratory or imaging information, unavailable at initial assessment.
Others require clinicians to use complicated formulae, a practice more suited to use in registries.11,12 Furthermore, clinical
triage scores previously in practical use have tended to ignore
the impact of increasing age on the risk of death after injury.
Recently, two succinct clinical scores were developed to
predict survival in trauma patients, and they may address some
of the problems described earlier. The Mechanism, Glasgow
Coma Scale (GCS),13 Age and Pressure (MGAP) score14 and the
GCS, Age and Pressure (GAP) score15 derive simple additive
scores from age, GCS score, and systolic blood pressure (SBP),
which are readily available at the initial assessment. The MGAP
also includes the mechanism of trauma (blunt vs. penetrating).14
The MGAP score was developed from 360 prehospital trauma
patients admitted to mobile intensive care units in France during
2002 and was prospectively validated using patients from the
same setting.14 The GAP score is based on 27,154 patients from
the Japan Trauma Data Bank (2004Y2009).15 However, the validation sample was representative of the development sample, as
the authors randomly divided patients into the two groups.
Therefore, excellent validation results were not surprising.
Although both scores may successfully guide major
trauma triage, neither has been independently validated in a
hospital setting. We therefore set out to validate both scores
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in a large Western population of trauma patients recruited in
hospital settings and included in the Trauma Audit and Research Network (TARN).11 The hypothesis is that both scores
perform well in predicting trauma death at 30 days.

PATIENTS AND METHODS
TARN is a European multicenter trauma registry with
prospective data collection in up to180 hospitals. It includes
all trauma cases admitted directly to a participating hospital
and those who require hospitalisation for 72 hours or greater,
those who are transferred to a participating hospital for specialist care, those who require a high dependency or intensive
care unit, or those who die as a result of their injuries within
93 days. Patients transferred for rehabilitation only; patients
with nontraumatic brain injuries, simple skin lacerations, contusions or abrasions, minor penetrating injuries, singular uncomplicated limb injuries; and patients older than 65 years with isolated
fractures of the femoral neck or pubic ramus are excluded.16 Age,
sex, SBP, heart rate, respiratory rate, GCS score, mechanism of
injury, and the Injury Severity Score (ISS) are all recorded.16,17
Research ethics permission for research on the anonymized
data held by TARN was granted by the National Information
Governance Board (approval number: PIAG3-04(e)/2006).
For inclusion in our analysis, TARN patients had to be
16 years or older and admitted to a participating hospital in the
United Kingdom between January 2000 and December 2010.
Patients from continental European hospitals were excluded
because trauma care varies across continental European countries. We also excluded patients if they had been transferred from
a non-TARN hospital, since data on their clinical status at admission was missing; if they were referred to a non-TARN
hospital, because information on mortality was missing; or if
data on any of the four components used to derive the GAP
or MGAP scores was missing (age, SBP at arrival at the emergency department, GCS score, and mechanism of trauma).
The GAP score ranges from 3 to 24; total score is
composed of the actual GCS value (3Y15 points), plus 3 points
if age at admission is less than 60 years, 4 points if SBP is
greater than 60 mm Hg to 120 mm Hg, and 6 points if SBP is
greater than 120 mm Hg. Higher values indicate better prognosis (Table 1).15 Scores from 3 to 10 indicate high, 11 to
18 moderate, and 19 to 24 low risk of death up to 30 days.15
The MGAP ranges from 3 to 29; total score is composed of
the actual GCS value (3Y15 points), plus 5 points if age at
TABLE 1. Comparison of GAP and MGAP Score Point
Allocations
Score Component
Age G 60 y
SBP 9 120 mm Hg
SBP of 60Y120 mm Hg
GCS score
Blunt trauma
(vs. penetrating)

GAP Score
(Point Range, 3Y24)

MGAP Score
(Point Range, 3Y29)

+3
+6
+4
GCS value
V

+5
+5
+3
GCS value
+4

GCS score ranges from 3 points to 15 points.
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admission is less than 60 years, 3 points if SBP is greater
than 60 mm Hg to 120 mm Hg, 5 points if SBP is greater than
120 mm Hg, and 4 points if the patient experienced blunt
trauma. Scores from 3 to 17 indicate high, 18 to 22 moderate,
and 23 to 29 low risk of death up to 30 days (Table 1).14
In this cohort study, the primary outcome was overall
mortality up to 30 days. To assess discrimination,18 we used a
logistic regression model to estimate the area under the receiver
operating characteristic curve (ROC) for 30-day mortality. An
area under the ROC of 1 is optimal, and an area of 0.5 indicates
that the score is no better than chance at assessing the risk of
death.19 We plotted Kaplan-Meier cumulative incidence curves
by originally proposed risk categories and calculated corresponding hazard ratios (HRs) using Cox models with shared
frailty for hospitals to account for the clustering of patients within
hospitals.20 We used the low-risk group as the reference group. To
determine calibration,18 we calculated mortality rates by risk
category and compared them with mortality rates previously
published by the groups who developed the scores.14,15 Then, we
used univariable Cox models with shared frailty for hospitals to
determine the association of patient characteristics with mortality.
To assess the prognostic performance, without regard to
originally speciﬁed cutoffs, we calculated sensitivity, speciﬁcity,
positive predictive value, negative predictive value, as well as
positive and negative likelihood ratios (LRs). We used each individual score point as a cutoff for dichotomizing patients into
categories of higher risk of death (less than or equal to the cutoff )
and lower risk of death (greater than the cutoff ). Positive LR
indicates how much more likely it is to ﬁnd scores less than or
equal to the cutoff in patients who died than in patients who
survived. Conversely, negative LR speciﬁes how much less likely
it is to ﬁnd scores greater than the cutoff in patients who died than
in patients who survived.
We propose new cutoffs for the categorization of patients
into low, moderate, and high risk of mortality based on the
calculated LR. The cutoff for the high-risk category was set at
the maximum score at which the positive LR was 5 or greater
(corresponding to moderate power to rule in patients at high
risk of death);21 the cutoff for the low-risk category was set at
the minimum score at which the negative LR was 0.1 or lower
(corresponding to a high power to rule out patients at moderate
to high risk of death).21 Patients with scores between the cutoffs
were at moderate risk. Finally, we determined the numbers of
patients classiﬁed into low-, moderate-, and high-risk categories and the corresponding numbers of deaths observed within
these categories. We used the cutoffs originally published by
Kondo et al.15 and Sartorius et al.14 and the new cutoffs for a
hypothetical population of 1,000 trauma patients presenting
to a major trauma center. To account for missing data, we
performed a sensitivity analysis using multiple imputation with
mortality, survival time and age, sex, SBP, GCS score, ISS,
mechanism of injury, and hospital as variables in the imputation model. All analyses were completed using Stata, Release
11 (StataCorp LP, College Station, TX).

RESULTS
From 2000 to 2010, 138,097 patients from 180 hospitals
were included in the registry. A total of 79,807 TARN patients
* 2014 Lippincott Williams & Wilkins
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(57.8%) matched the inclusion criteria; patients from non-UK
hospitals (n = 6,952), those younger than 16 years (n = 13,389),
those transferred from or to a non-TARN hospital (n = 28,250),
those with missing data for any of the four score component
variables (n = 9,682), or those who died but had no or an
invalid date of death recorded were excluded (n = 17, Fig. 1).
Patient characteristics and their univariable associations with
30-day mortality are shown in Table 2. A total of 5,474 (6.9%)
died within 30 days. The mean (SD) age was 51.5 (22.4) years,
the mean SBP upon arrival at ED was 135 (30.1) mm Hg,
the median GCS score was 15 (interquartile range, 15Y15),
and the median ISS was 9 (interquartile range, 9Y16). Additional patient characteristics are illustrated in Supplementary
Table 1 (http://links.lww.com/TA/A478). Supplementary Figure 1
(http://links.lww.com/TA/A479) shows the distribution of GAP
and MGAP score points and their association with 30-day mortality. More than half of the patients had a GAP score of 22 or
greater, which was associated with a 1% risk of death, and more
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TABLE 2. Baseline Characteristics of TARN Patients With Crude
HRs Within 30 Days (n = 79,807)
Mortality Within 30 d After Trauma
Characteristics
Age, y
16Y30
31Y45
46Y60
61Y75
76Y110
Sex
Male
Female
SBP, mm Hg
0Y59
60Y79
80Y99
100Y119
120Y139
140Y159
160Y179
180Y199
200Y250
GCS score
3
4Y5
6Y8
9Y12
13Y15
ISS
1Y8
9Y15
16Y25
26Y75
Mechanism of Injury
Blunt
Penetrating
GAP, 3 risk categories
Low, 19Y24
Medium, 11Y18
High, 3Y10
MGAP, 3 risk categories
Low, 23Y29
Medium, 18Y22
High, 3Y17

Yes, n (%)
(n = 5,474)

No, n (%)
(n = 74,333)

800 (14.6)
633 (11.6)
694 (12.7)
952 (17.4)
2,395 (43.8)

18,248 (24.5)
15,103 (20.3)
16,218 (21.8)
12,025 (16.2)
12,739 (17.1)

HR*
(95% CI)

p

1.00 (reference) G0.001
0.97 (0.88Y1.08)
1.05 (0.95Y1.17)
1.97 (1.79Y2.16)
4.42 (4.07Y4.80)

3,334 (60.9) 46,397 (62.4) 1.00 (reference)
2,140 (39.1) 27,936 (37.6) 1.08 (1.02Y1.14)

0.0065

213 (3.9)
214 (0.3) 17.9 (15.4Y20.8) G0.001
307 (5.6)
731 (1.0) 8.25 (7.26Y9.38)
577 (10.5) 3,435 (4.6) 3.63 (3.28Y4.02)
827 (15.1) 13,148 (17.7) 1.44 (1.31Y1.58)
1,040 (19.0) 23,968 (32.2) 1.00 (reference)
1,094 (20.0) 19,911 (26.8) 1.26 (1.16Y1.37)
656 (12.0) 8,194 (11.0) 1.81 (1.64Y1.99)
452 (8.3)
3,322 (4.5) 2.98 (2.67Y3.33)
308 (5.6)
1,410 (1.9) 4.55 (4.00Y5.17)
1,462 (26.7)
946 (1.3)
462 (8.4)
548 (0.7)
509 (9.3)
1,603 (2.2)
572 (10.4) 2,687 (3.6)
2,469 (45.1) 68,549 (92.2)

31.0 (29.0Y33.2) G0.001
19.4 (17.5Y21.5)
8.47 (7.68Y9.33)
5.77 (5.26Y6.32)
1.00 (reference)

368 (6.7) 18,512 (24.9) 1.00 (reference) G0.001
1,075 (19.6) 38,630 (52.0) 1.40 (1.24Y1.57)
1,740 (31.8) 12,422 (16.7) 7.19 (6.42Y8.05)
2,291 (41.9) 4,769 (6.4) 23.2 (20.8Y26.0)
5,303 (96.9) 70,554 (94.9) 1.00 (reference) G0.001
171 (3.1)
3,779 (5.1) 0.59 (0.51Y0.69)
2,390 (43.7) 69,100 (93.0) 1.00 (reference) G0.001
1,900 (34.7) 4,778 (6.4) 10.3 (9.71Y11.0)
1,184 (21.6)
455 (0.6) 43.2 (40.2Y46.4)
1,861 (34.0) 64,715 (87.1) 1.00 (reference) G0.001
1,455 (26.6) 8,092 (10.9) 5.81 (5.42Y6.22)
2,158 (39.4) 1,526 (2.1) 33.9 (31.8Y36.2)

*HRs are from Cox regression models with shared frailty for hospitals to account for
clustering of patients within hospitals. HRs larger than 1 indicate a higher mortality than in
the reference group. p values are from tests for linear trend or association.

Figure 1. Flow diagram of included and excluded patients.

than half of the patients had a MGAP score of 25 or greater,
which was associated with a 1% risk of death.
Figure 2 presents areas under the ROC curve of 87.2%
for GAP scores (95% conﬁdence interval [CI], 86.7Y87.7%,
Fig. 2A), and 86.8% for MGAP scores (95% CI, 86.2Y87.3%,
Fig. 2B). Using the originally proposed cutoffs to derive risk
categories,14,15 rather than the full scores, we found areas of 86.7%
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Figure 2. Figure 2 presents areas under the ROC curve for GAP and for MGAP scores using the originally proposed cut-offs to derive
risk categories.

(95% CI, 85.8Y87.6%) and 84.3% (95% CI, 83.4Y85.2%).
Supplementary Figure 2 (http://links.lww.com/TA/A480) presents Kaplan-Meier curves by risk category for GAP (left) and
MGAP (right). According to GAP, corresponding HRs of death
up to 30 days were 10.3 (95% CI, 9.7Y11.0) for patients at
moderate risk according to GAP and 43.2 (95% CI, 40.1Y46.4)
for patients at high risk compared with patients with low risk (pfor
trend G 0.001). Corresponding HRs for MGAP were 5.8 (95% CI,
5.4Y6.2) and 33.9 (95% CI, 31.8Y36.2; p for trend G 0.001).
Figure 3 presents observed mortality rates by risk category and compares them to previously published mortality
rates.14,15 A total of 2,390 (3.3%, 95% CI, 3.2Y3.5%), 1,900
(28.5%, 27.4Y29.5%), and 1,184 (72.2%, 70.1Y74.4%) patients died in the low, medium, and high GAP risk categories,
respectively. In low- and medium-risk groups, these estimates
were almost double the previously published rates of 1.8%
(1.5Y2.1%) and 14.9% (13.3Y16.5%).15 In the low, medium,
and high MGAP risk categories, respectively, 1,861 (2.8%,

2.7Y2.9%), 1,455 (15.2%, 14.5Y16.0%), and 2,158 (58.6%,
57.0Y60.2%) patients died. These rates were similar to those
previously published (Fig. 5).14
Supplementary Table 2 (http://links.lww.com/TA/A481)
presents corresponding estimates of GAP performance according to different cutoffs. At a cutoff of 18 or lower, the score
reached a clinically relevant power to rule in patients at risk of
death, with a positive LR of 8.00 (95% CI, 7.73Y8.29). At this
cutoff, sensitivity and speciﬁcity were 56.3% (55.0Y57.6%)
and 93.0% (92.8Y93.1%), respectively. At a cutoff of 21 or
greater, the GAP reached a high power to rule out patients at
risk of death, with a negative LR of 0.09 (0.08Y0.10) and
sensitivity and speciﬁcity of 96.6% (96.0Y97.0%) and 39.4%
(39.1Y39.8%), respectively. Using these cutoffs to derive new
risk categories, we found 3,084 deaths in the high-risk category of 3 points to 18 points (37.1%, 36.0Y38.1%), 2,003 in
the moderate-risk category of 19 points to 21 points (6.8%,
6.5Y7.1%), and 387 in the low-risk category of 22 points to

Figure 3.
760

* 2014 Lippincott Williams & Wilkins

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

J Trauma Acute Care Surg
Volume 77, Number 5

24 points (0.9%, 0.8Y1.0%). The area under the ROC curve was
87.6% (95% CI, 87.0Y88.1%).
Supplementary Table 3 (http://links.lww.com/TA/A482)
presents corresponding estimates of the performance of the
MGAP according to different cutoffs. At a cutoff of 22 or
lower, the score reached a clinically relevant power to rule in
patients at risk of death, with a positive LR of 5.10 (95% CI,
4.97Y5.24). At this cutoff, sensitivity and speciﬁcity were
66.0% (64.7Y67.2%) and 87.1% (86.8Y87.3%), respectively.
At a cutoff of 27 or greater, the MGAP reached a high power
to rule out patients at risk of death, with a negative LR of
0.09 (0.08Y0.10) and sensitivity and speciﬁcity of 96.8%
(96.3Y97.2%) and 36.9% (36.5Y37.2%), respectively. Using
these cutoffs to derive new risk categories, we found 3,613
deaths in the high-risk category of 3 points to 22 points (27.3%,
26.5Y28.1%), 1,500 in the moderate-risk category of 23 points
to 26 points (5.5%, 5.2Y5.7%), and 361 in the low-risk category
of 27 points to 29 points (0.9%, 0.8Y1.0%). The area under the
ROC curve was 86.3% (95% CI, 85.8Y86.8%).
Figure 4 graphically presents the numbers of patients
classiﬁed into low-, moderate-, and high-risk categories and
the corresponding numbers of deaths observed within these
categories using the cutoffs originally published (top) and the
new cutoffs (bottom) for a hypothetical population of 1,000
trauma patients presenting to a major trauma center for GAP
(left) and MGAP (right). For both scores, according to the new
categorization, the original medium- and high-risk categories
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were collapsed into the same category and labelled as high risk.
Conversely, the original low-risk categories were split into lowand moderate-risk categories. For both scores, the new low-risk
category contained only 5 of a total of 69 hypothetical deaths
occurring in the overall population of 1,000 patients, but the
high-risk category contained 39 and 45 deaths.
In a sensitivity analysis using multiple imputation to
account for missing data and additional inclusion of the
9,682 patients with missing components for GAP or MGAP,
the area under the ROC curve remained unchanged (87.5%
for GAP, 87.2% for MGAP). Predictive values, sensitivity, speciﬁcity, and LRs as reported in the Supplementary Tables 5 and 6
(http://links.lww.com/TA/A483 and http://links.lww.com/TA/A484)
were compatible with those found in the main analyses.

DISCUSSION
Both MGAP and GAP performed well in predicting
30-day mortality, with similar areas under the ROC curve
(approximately 87%) in our independent validation of GAP
and MGAP in 79,807 trauma patients from the TARN registry.
Calibration was better for MGAP, while GAP was slightly
better at discriminating with both original and novel cutoffs.
For both scores, our novel cutoffs for risk categories improved
differentiation of patients. Approximately 50% of patients were
classiﬁed as low risk, of whom only approximately 1% died. Of

Figure 4.
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the patients, 10% to 15% were classiﬁed as high risk; one quarter
to one third of them died.
This study was validated with a very large sample of
UK major trauma patients with prospective data collection
from 180 hospitals. Because patient characteristics may vary
by hospital, we used Cox models with shared frailty for hospitals to account for the hierarchical structure in the data set.
For both scores, sensitivity, speciﬁcity, positive predictive
value, negative predictive value, and LRs were calculated for
different cutoffs, and this allowed us to better differentiate in
terms of patient classiﬁcation.
This analysis was register based, and we were therefore
limited by missing data in some covariates, which is a wellknown problem for registry studies. In this study, either automated oscillometry or manual sphygmomanometry were used
for SBP measurement because this represents the current
practice in emergency departments. However, this might have
led to random misclassiﬁcation of some patients. We relied
on clinical data collected at patient admission to participating emergency departments. Thus, our results might not be
generalizable to prehospital settings.
The MGAP score was developed from 360 prehospital
trauma patients admitted to mobile intensive care units in
France during 2002 and was prospectively validated using a
sample of 1,003 patients from the same setting from 2003 to
2005.14 Although this score was designed for use in a prehospital setting, our study demonstrated its validity for patients admitted to emergency departments. The GAP score
is based on data collected on 27,154 patients from the Japan
Trauma Data Bank, between 2004 and 2009. The authors
randomly divided these patients into a development sample
of 13,463 patients and a validation sample of 13,691 patients.15 The validation sample was representative of the
development sample, so it is not surprising that it yielded
excellent results. Our independent validation included considerably more patients than either of the two studies. We
found that both scores perform well in an in-hospital setting
for triage of patients admitted with major trauma to emergency departments.
MGAP differentiates between blunt and penetrating injury mechanism, allocating lower valuesVand therefore higher
riskVto patients with penetrating trauma.14 However, the univariate analysis for mechanism of trauma shows that penetrating trauma is associated with a lower risk of death than is blunt
trauma (HR for penetrating trauma patients, 0.59; 95% CI,
0.51Y0.69). In view of the small number of patients who experienced penetrating trauma, this should not have a large impaction the analysis.
In addition to age and GCS score, known for their correlation with mortality in trauma patients,22 both scores also include an upper cutoff for SBP at 120 mm Hg. This is a slightly
higher cutoff than we found in our previous work on hypotension in blunt and penetrating trauma patients, in which patients with an SBP of less than 110 mm Hg were found to be
at increased risk of death.23,24 However, these previous studies
excluded patients with head trauma, and so a slightly higher
cutoff of SBP in the general trauma population is reasonable.
As shown by a study by Perel et al.,25 cutoffs for vital signs such
as SBP as well as age and GCS may also vary between countries.
762

Cutoffs originally deﬁned by GAP and MGAP to classify patients were based on average risk of death, distinguishing
between a low-risk group (G5%), a moderate-risk group (5Y50%),
and a high-risk group (950% mortality). These cutoffs classiﬁed fewer than 5% of patients as high risk, and approximately
two of three patients died. More than 80% were classiﬁed as low
risk, and approximately 3% died. To derive our alternate cutoffs, we focused on the power to rule in or out patients at high
risk of death, assessed by LRs instead of average mortality
risks. Our classiﬁcation is more conservative and better differentiated patients with low mortality risk, while the persistently high area under the ROC curve indicated that its ability
to discriminate was not diminished.
GAP and MGAP are new and simple tools for the triage
of patients with major trauma in the in-hospital setting. A valid
and accurate risk assessment is likely to positively inﬂuence
the management of these patients. According to the newly proposed cutoffs, 10% to 15% of patients were classiﬁed as high
risk and one of three patients died, whereas approximately
50% of patients were classiﬁed as low risk and approximately
1% died. The low mortality risk means that patients could be
safely allocated to regular management. High-risk patients
could be directly referred to the resuscitation room and receive
speciﬁc care from a trauma team, which includes emergency
physicians, surgeons, and anaesthesiologists. Moderate-risk patients could be considered for referral to speciﬁc trauma care
with regular observation of vital signs and clinical status of
the patient. At a major European trauma center with approximately 500 TARN patients per year, this would implicate that
less than one patient per day would be triaged as moderate
or high risk and therefore increased use of resuscitation rooms
may not be a problem applying the reclassiﬁed MGAP or
GAP scores. Kaplan-Meier curves in Supplementary Figure 2
(http://links.lww.com/TA/A480) indicate that most deaths occur
within 24 hours to 48 hours. Therefore, our conclusions
would remain identical if short-term mortality had been
addressed in our analysis rather than death at 30 days.
There is some evidence that the power of the GCS can
be adequately represented by the best motor response segment.26 However, Vivien et al.27 found a subtle increase in
mortality rate in the low-risk stratum for MGAP, replacing
the GCS by its motor component. Therefore, studying the
two score models by using just best motor response only would
be a topic for further research.

CONCLUSION
In conclusion, we found the GAP and MGAP scores to be
valid triage tools for use in in-hospital settings to stratify patients with major trauma according to their risk of death. The
newly proposed cutoffs result in a more differentiated risk classiﬁcation and could allow more informed resource allocation.
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Wiel E, Ricard-Hibon A, Berthier F, Gueugniaud PY, et al. Mechanism,
Glasgow Coma Scale, Age, and Arterial Pressure (MGAP): a new simple
prehospital triage score to predict mortality in trauma patients. Crit Care
Med. 2010;38(3):831Y837.
Kondo Y, Abe T, Kohshi K, Tokuda Y, Cook EF, Kukita I, Revised trauma
scoring system to predict in-hospital mortality in the emergency department: Glasgow Coma Scale, age and systolic blood pressure score. Crit
Care. 2011;15(4):R191.
The Trauma Audit and Research Network (TARN), Procedures Manual
February 2013. Available at: https://www.tarn.ac.uk/content/downloads/
53/Full%20Procedures%20manual%20-%20February%202013.pdf. Accessed
January 18, 2014.
Committee on Injury Scaling. Association for the Advancement of Automotive Medicine (AAAM). The Abbreviated Injury Scale 2008 Revision.
Des Plaines, IL: AAAM; 2008.
McGilchrist CA, Aisbett CW. Regression with frailty in survival analysis.
Biometrics. 1991;47:461Y466.
Jaeschke R, Guyatt GH, Sackett DL; The Evidence-Based Medicine
Working Group. Users’ guides to the medical literature. III. How to use
an article about a diagnostic test. B. What are the results and will they
help me in caring for my patients? JAMA. 1994;271(9):703Y707.
Justice AC, Covinsky KE, Berlin JA. Assessing the generalizability of
prognostic information. Ann Intern Med. 1999;130(6):515Y524.
Hanley JA, McNeil BJ. The meaning and use of the area under a receiver
operating characteristic (ROC) curve. Radiology. 1982;143:29Y36.
The Trauma Audit and Research Network (TARN). Available at: https://
www.tarn.ac.uk/Content.aspx?c=1895. Accessed September 28, 2013.
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