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Abstract 

Background The Abbreviated Injury Scale (AIS) and Injury Severity Score (ISS) grade the severity of injuries and are 
useful for trauma audit and benchmarking. However, AIS coding is complex and requires specifically trained staff. 
A simple yet reliable scoring system is needed. The aim of this study was two‑fold. First, to develop and validate a sim‑
plified AIS (sAIS) chart centred on the most frequent injuries for use by non‑trained healthcare professionals. Second, 
to evaluate the diagnostic accuracy of the sAIS (index test) to calculate the simplified ISS (sISS) to identify major 
trauma, compared with the reference AIS (rAIS) to calculate the reference ISS (rISS).

Methods This retrospective study used data (2013–2014) from the Northern French Alps Trauma Registry to develop 
and internally validate the sAIS. External validation was performed with data from the Trauma Registry of Acute Care 
of Lausanne University Hospital, Switzerland (2019–2021). Both datasets comprised a random sample of 100 injured 
patients. Following the Standards for Reporting of Diagnostic Accuracy Studies 2015 guidelines, all patients com‑
pleted the rAIS and the sAIS. The sISS and the rISS were calculated using the sAIS and the rAIS, respectively. Accuracy 
was evaluated with the mean difference between the sISS and the rISS and the Pearson correlation coefficient. A clini‑
cally relevant equivalence limit was set at ± 4 ISS points. Precision was analyzed using Bland‑Altmann plots with 95% 
limits of agreement.

Results Accuracy was good. The mean ISS difference of 0.97 (95% CI, −0.03 to 1.97) in the internal validation data‑
set and − 1.77 (95% CI, − 3.04 to 0.50) in the external validation dataset remained within the equivalence limit. The 
Pearson correlation coefficient was 0.93 in the internal validation dataset (95% CI, 0.90–0.95) and 0.82 in the external 
validation dataset (95% CI, 0.75–0.88). The limits of agreement were wider than the predetermined relevant range.

Conclusions The sAIS is accurate, but slightly imprecise in calculating the ISS. The development of this scale 
increases the possibilities to use a scoring system for severely injured patients in settings with a reduced availability 
of the AIS.
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Background
The organization of care in trauma systems has been 
shown to reduce mortality [1]. The evaluation of the 
quality and performance of trauma systems and centres 
is based on the analysis of data collected from trauma 
registries [2]. Scaling and scoring systems are needed to 
stratify baseline risk, assess severity of injury, and allow 
for interhospital comparison and benchmarking.

The Abbreviated Injury Scale (AIS) developed by the 
Association for the Advancement of Automotive Medi-
cine (AAAM) is a standardized scale describing the 
severity of injuries of the entire body [3]. It classifies 
each injury in nine predefined anatomical regions and 
by severity, ranging from 1 (minor injury) to 6 (maxi-
mal injury). The 2008 AIS contains 1999 injury descrip-
tors and the 2015 AIS contains 2006 injury descriptors. 
The AIS is used for the calculation of the Injury Sever-
ity Score (ISS), which assesses the overall severity in 
injured patients. The ISS is the sum of the square of the 
highest AIS severity code in the three most severely-
injured body regions and is used to define major trauma 
(usually an ISS ≥ 16) and to retrospectively character-
ize the case-mix of a trauma centre or system and their 
outcomes [4].

One of the main limitations of AIS coding is its com-
plexity and cost of use. Coding requires specifically 
trained and accredited staff and coders must follow a 
course of two days with prerequisites in basic anatomy 
and medical terminology. They must also obtain recer-
tification every five years. This limits the availability 
of this trauma scoring system in general hospitals and 
resource-limited countries with a high incidence of 
trauma [5]. There is a need to simplify the burden of 
coding in trauma registries.

The aim of this study was two-fold. First, to simplify 
the AIS classification into a condensed chart for ISS 
calculation and to internally and externally validate this 
simplified version for use by non-trained healthcare 
professionals. Second, we aimed to evaluate the diag-
nostic accuracy of the simplified AIS (sAIS) to calculate 
the simplified ISS (sISS) to identify major trauma.

Methods
Study design
This retrospective study was conducted in three steps. 
First, we developed the simplified scale (sAIS) using the 
100 most frequent injuries collected in the Northern 

French Alps Trauma Registry (TRENAU). Second, for 
the internal validation, we examined the sAIS classifi-
cation performance by randomly selecting 100 injured 
patients in the TRENAU Registry, which were rated by 
10 French physicians. Third, we externally validated 
the sAIS by randomly selecting 100 injured patients 
included from a different dataset, the Trauma Registry 
of Acute Care (TRAC) of Lausanne University Hospi-
tal (Lausanne, Switzerland), which were rated by eight 
Swiss physicians and two research nurses. The study 
was conducted and reported in accordance with the 
Standards for Reporting Diagnostic Accuracy Studies 
(STARD) 2015 guidelines [6, 7].

Study setting and participants
Two trauma registries from 14 trauma centres were used 
to randomly select study participants. We used data col-
lected by the French TRENAU Registry between 1 Janu-
ary, 2013 and 31 December, 2014 [8] for the development 
and internal validation of the sAIS. The Registry includes 
two level I, one level II, and 10 level III trauma centres 
in an inclusive trauma system. External validation was 
completed using data from the TRAC collected from 
1 June, 2019 to 1 June 1, 2021. The TRAC includes one 
level I trauma centre (Lausanne University Hospital) in 
an exclusive trauma system of the state of Vaud (Switzer-
land), regrouping seven general hospitals and one univer-
sity hospital [9].

The two registries collected data following the Utstein 
template for the uniform reporting of data following 
major trauma [10]. The certified coder scoring the ref-
erence AIS (rAIS) and reference ISS (rISS) in the TRAC 
had six years of coding experience with 5,028 cases rated 
throughout her career. Another certified coder scored the 
rAIS in the TRENAU Registry. The AIS 2008 classifica-
tion was used until 31 December, 2019 and the AIS 2015 
since 1 January, 2020. Inclusion criteria were any sus-
pected major trauma based on physiological, anatomical 
and anamnestic criteria. Exclusion criteria were patients 
with isolated burns (including electric injury), out-of-
hospital traumatic cardiac arrest, asphyxia or hanging 
without other injuries, and drowning. The following data 
were extracted: rAIS; rISS; age; gender; type of trauma; 
mechanism of injury; heart rate; systolic blood pres-
sure; Glasgow Coma Scale; and survival status at hospital 
discharge (alive or dead). Coders included in the study 
to score the sAIS and calculate the sISS were randomly 
selected among all physicians involved in trauma care in 
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the emergency department (ED) or intensive care unit 
(ICU) in one trauma centre of each trauma system. Cli-
nicians did not receive any previous training or certifica-
tion in AIS coding.

Development of the sAIS
We extracted the 100 traumatic injuries most frequently 
reported in the TRENAU Registry between 2013 and 
2014 (Additional File 1), which represent 90% (in pro-
portion of reporting) of all AIS diagnoses described in 
the registry. We classified the 100 diagnoses into six ana-
tomical regions (head and neck, face, chest, abdomen 
and pelvis, extremities, external) and by severity from 
1 (minor injury) to 6 (maximal injury) to develop the 
sAIS (Table 1). We checked if all organs and all types of 
injury (skeletal, vascular, neurological, internal organs) 
were represented in the classification. We ensured that 
every category of severity was represented for each 
organ. If not, we added a generic injury in the chart for 
the missing organ or missing type of injury (e.g., retina 
detachment) in order to cover all possible diagnoses. We 
grouped diagnostics in generic categories by severity to 
reduce the number of items of the condensed chart. The 
sAIS was designed to be used by non-trained healthcare 
professionals.

Internal validation
We internally validated the sAIS using data from the 
TRENAU Registry from 1 January, 2013 to 31 Decem-
ber, 2014. Eight physicians from the ED and two from the 
ICU of a level 1 trauma centre (Annecy-Genevois Hos-
pital) were randomly chosen among the ED (n = 29) and 
ICU (n = 16) teams, without any previous experience in 
AIS coding. They were asked to independently calculate 
the simplified ISS (sISS) of 10 cases each using the sAIS 
(Table  1), reported by body region using a data collec-
tion sheet (Additionnal File 2), and blinded to the rISS 
reported in the trauma registry. The 100 patients were 
selected by stratified randomization according to the ISS 
severity. The physicians used the ED medical records and 
radiological reports (radiography, computed tomography, 
magnetic resonance imaging, ultrasound) to rate their 10 
cases, if available. No cases were rated by more than one 
physician.

External validation
We externally validated the sAIS using patient cases 
from the TRAC Registry. A similar process was used as 
previously detailed for the internal validation. Six regis-
trar physicians, two senior consultants and two clinical 
research nurses from the ED were chosen among the 

team (n = 39) by randomization to calculate the sISS of 10 
cases per participant, i.e., 100 patients in total.

Reference and index diagnostic tests
The reference diagnostic test for major trauma iden-
tification was the rISS calculated using the rAIS and 
scored by a specifically trained and accredited coder. 
The index diagnostic test under evaluation was the 
sISS, calculated using the sAIS and scored by non-
trained healthcare professionals.

Outcome
The primary outcome was the accuracy of the sISS cal-
culated using the sAIS compared with the rISS calcu-
lated using the rAIS ©2008 and ©2015.

Statistical analysis
We present continuous data as means and standard 
deviation (SD) when normally distributed or medi-
ans and interquartile range (IQRs) when not normally 
distributed. We report categorical data as numbers 
and percentages. We used Student’s t-test to compare 
continuous and normally distributed data and the 
Mann–Whitney test for continuous and non-normally 
distributed data. We defined a two-tailed p-value 
of < 0.05 as statistically significant.

First, we assessed the difference between the two 
methods at the whole trauma population level. We 
estimated the mean difference between the rISS and 
the sISS, which represents a measure of the accuracy. 
We considered a clinically relevant limit of equivalence 
of ± 4 ISS points for the bias. For a SD of the ISS of 9.5 
and a limit of equivalence of 4 ISS points, 97 patients 
were required to ensure a power of 80% with a signifi-
cance level of 5%. We estimated the Pearson correlation 
coefficient (r) as another measure of accuracy. The rela-
tionship between the sISS and the rISS was described 
by using scatterplots and local polynomial regression in 
a calibration plot.

Second, as a measure of the precision at an individual 
patient level and to examine the agreement between the 
sISS and the rISS, we used the Bland–Altman method 
to plot the bias and the limits of agreement (LoA). 
Assuming a normal distribution, the LoA represent the 
mean of the difference ± 2 SD of the difference. We con-
sidered a relevant LoA range of ± 9 ISS points. We used 
two different limits of ISS variation. For the precision 
at an individual level, we used a LoA range of ± 9 ISS 
points, corresponding to an increase in the severity of 
an injury from an AIS 4 to 5, as described by Ringdal 
et al. [11]. For the accuracy at the population level, we 
chose a narrower limit of equivalence of ± 4 ISS points 
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as clinically relevant. In addition, as the ISS is used 
to classify major trauma (ISS ≥ 16), we assessed the 
agreement of major trauma classification by using the 
Cohen’s kappa statistic between the two methods [12]. 
We performed a complete case analysis as no missing 
values were reported.

As we suspected an imperfect gold standard bias, 
an independent trained coder reviewed the rISS of the 
patient cases of the external validation dataset when the 
difference between rISS and sISS was outside the cal-
culated LoA limit. We performed a sensitivity analysis 
of the sISS compared with the corrected rISS. Analyses 
were performed with Stata version 16 (Stata Corporation, 
College Station, TX, USA).

Results
The demographic and clinical characteristics of patients 
selected in each trauma registry are summarized in 
Table 2 (mean age, 41 [TRENAU] and 52 [TRAC] years). 
Main mechanisms of injury were as follows: low energy 
fall (n = 11 [11%] TRENAU; n = 31 [31%] TRAC); motor 
vehicle collision (n = 28 [28%] TRENAU; n = 10 [10%] 
TRAC); high energy fall (n = 27 [27%] TRENAU]; n = 10 
[10%] TRAC); and motorcycle crash (n = 19 [19%] TRE-
NAU; n = 12 [12%] TRAC]). The main anatomical regions 
injured were the head/neck, chest and lower limb/pelvis. 
The median [IQR] ISS was 18 [9–29] in the TRENAU and 
13 [8–20.5] in the TRAC.

Trauma population level
The mean of the difference between the rISS and the sISS 
was 0.97 (95% CI, − -0.03 to 1.97) in the internal valida-
tion dataset and − 1.77 (95% CI, − 3.04 to − 0.49) in the 
external validation dataset, which is included in the 
equivalence limit of ± 4 ISS points (Table 3). For 11 cases 
of the external validation dataset, the difference between 
the sISS and rISS was outside the calculated LoA. After 

Table 2 Patient characteristics

Low energy fall: defined as a fall from a standing height or less than 3 m

AIS Abbreviated Injury Scale, BP blood pressure, CI confidence interval, IQR 
interquartile range, ISS injury severity score, GCS Glasgow coma scale, SD 
standard deviation

Internal 
validation 
dataset 
TRENAU (France)
N = 100

External 
validation 
dataset 
TRAC 
(Switzerland)
N = 100

Sex (male) 80 66

Age (years), mean (SD) 41 (19) 52 (22)

Penetrating injury 1 11

Mechanism of injury

Motor vehicle collision 28 10

Motorcycle crash 19 12

Bike crash 6 19

Pedestrian hit by vehicle 1 3

High energy fall 27 10

Low energy fall 11 31

Gunshot—stabbing 1 11

Struck by 2 4

Heart rate [/min], mean (SD) 89 (22) 85 (23)

Systolic BP [mmHg], mean (SD) 124 (21) 139 (24)

GCS, median (IQR) 12 (5) 15 (2)

Death in the first 24 h 1 1

In‑hospital death 7 4

AIS ≥ 3

Head or neck 28 42

Chest 38 22

Extremities or pelvic girdle 16 13

Abdominal or pelvic contents 17 7

Face 4 2

External 0 2

ISS, median (IQR) 18 [9–29] 13 [8–20.5]

Table 3 Performance Indicators in the internal and external validation datasets

CI confidence interval, TRAC  Swiss Trauma Registry, TRENAU Northern French Alps Trauma Registry
* External validation dataset corrected for imperfect gold standard bias: calculation based on the rISS corrected

Internal validation dataset 
TRENAU 
(France)
2013–2014

External validation Dataset 
TRAC  
(Switzerland)
2019–2021

External validation dataset 
TRAC  
(Switzerland) 
2019–2021
(rISS corrected*)

Bias between rISS and sISS, mean [ISS points] (95% CI) 0.97 (− 0.03 to 1.97)  − 1.77 (− 3.04 to − 0.49)  − 0.86 (− 1.87 to 0.15)

Pearson correlation coefficient (95% CI) 0.93 (0.90 to 0.95) 0.82 (0.75 to 0.88) 0.89 (0.84 to 0.93)

Limit of agreement [ISS points]  − 9.1 to 11.1  − 14.6 to 11.0  − 11.1 to 9.4

Proportion of patients outside the limit of agreement 
(− 9 to + 9)

3% 11% 4%

% of agreement for ISS ≥ 16, (Cohen’s kappa) 89% (0.77) 81% (0.62) 85% (0.70)
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recoding by an independent coder, the mean difference 
was − 0.86 (95% CI, − 1.87 to 0.15).

The Pearson correlation coefficient was 0.82 (95% CI, 
0.75–0.88) in the external validation dataset and 0.89 
(95% CI, 0.84–0.93) after correction. The sISS slightly 
underestimated a lower ISS (< 9) and overestimated a 
higher ISS (> 25) (Fig. 1).

Individual patient level
The Bland–Altman plot showed a low estimated bias, but 
a LoA range slightly outside the predefined relevant range 
of ± 9 ISS points in the uncorrected external validation 
dataset (Fig. 2; Table 3). After correction for an imperfect 
gold standard bias, the LoA range was narrower (− 11.1 
to 9.4), but remained outside the predefined relevant lim-
its of agreement of ± 9 ISS points (Fig. 2). The proportion 
of patient cases outside the LoA was 11% in the exter-
nal validation dataset and 4% in the corrected external 
validation dataset. Most outliers presented a higher ISS 
(V-shape in the Bland–Altman plot). The calibration plot 
and the Bland-Altmann plot for the internal validation 
dataset is presented in the Additional File 3.

Discussion
We developed and validated an sAIS to calculate the ISS 
and were able to demonstrate an excellent accuracy with 
a low ISS difference. However, as values of the LoA were 
outside the predefined relevant range of ± 9 ISS points, 
we did not observe a good precision of the sAIS to cal-
culate the ISS. The AIS was conceived to standardize the 
classification of traumatic injuries. Since 1971 and with 
each update and revision, the catalogue has evolved by 
incorporating new descriptors, refining existing ones and 
introducing specific coding rules [13, 14]. These enhance-
ments have not only augmented its completeness, but 
also increased its complexity. The development of the 
sAIS was driven by the need of a pragmatic, easy-to-use 
classification, centred on the most frequently reported 
injuries. In 1998, a first attempt was proposed by Civil 
et  al. who developed a condensed chart (CAIS-85) for 
the clinical use of the AIS ©1985, but unfortunately its 
performance was not assessed [15]. To our knowledge, 
no study has assessed a simplified or a condensed chart 
of the AIS in multiple trauma. Only one Brazilian study 
assessed the CAIS-85 in head injury. They found a similar 
ISS calculated with the CAIS-85 compared with the ref-
erence method with AIS/90 [16].

Our findings showed that the sAIS allowed to accu-
rately estimate the ISS with an non-significant ISS differ-
ence at the population level, particularly in patients with 
a higher ISS. However, the reference method for ISS cal-
culation is not without limitations. Ringdal et al. showed 
that even with AIS-certified coders in the Norwegian 

trauma system, inter-rater agreement was poor [11]. The 
Dutch system found an inter-rater agreement rate of 49% 
[17]. Reliability could be improved by a one-day training 
course at regular intervals by coding meetings or by cali-
bration of cases coded by all coders [18, 19]. The accuracy 
of the reference method with the complete AIS catalogue 
was frequently reported as poor. Twiss et al. reported an 
accuracy of 42% for ISS coding in the Dutch system [17]. 
In North America, Arabian et al. reported 64% of accu-
racy for AIS coding by registrars in state-verified level I 
and II trauma centres [20]. Poor accuracy and reliabil-
ity of the reference method for AIS coding highlight its 
complexity. In addition, the limitation of the reference 
method is likely to create an imperfect gold standard bias 
[21].

At an individual patient level, this study showed a 
low precision with a LoA slightly wider than the prede-
fined relevant limit of ± 9 ISS points. The low precision 
occurred mainly for a higher ISS due to the squaring of 
each AIS severity code. We observed that the LoA were 
exceeded for ISS values > 30. At an individual patient 
level, this is probably less important. Of note, the ISS is 
useful for benchmarking in trauma audit and research, 
but not for individual decision-making [22]. It was dem-
onstrated that the ISS is a mathematical function use-
ful to retrospectively assess priority of care, rather than 
cardinal numbers reflecting the human body response 
to multiple injuries [23–25]. We recommend scoring the 
sAIS of all injuries as this approach allows not only the 
adequate calculation of the sISS, but also the creation 
of subgroups with specific injury patterns, e.g., all cases 
with a femur fracture.

Clinical implications
The sAIS allows to calculate the sISS in institutions with-
out a capacity of trained and certified staff to code the 
rISS. This issue affects not only low- and middle-income 
countries (LMICs), which carry the highest burden of 
injuries and yet struggle to initiate care improvement 
programmes, but also high-income countries (HICs). In 
HICs, only the main trauma centres can finance certified 
coders. Thus, reliable data to estimate the burden of inju-
ries and calculate the ISS for benchmarking are essential, 
even in smaller hospitals with limited resources that still 
care for injured patients. A less precise, but more accessi-
ble method for ISS coding would facilitate the implemen-
tation of quality improvement programmes in settings 
with a high incidence of traumatic injuries, including 
audit and benchmarking. However, staff scoring the sAIS 
still require training to understand medical terminology 
and accurately extract information from medical records. 
Notably, a simple and available ISS coding tool could 
facilitate the inclusion of LMICs in international trauma 
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Fig. 1 Calibration plot for the external validation dataset (uncorrected and corrected)



Page 9 of 11Eidenbenz et al. Scand J Trauma Resusc Emerg Med           (2025) 33:13  

Fig. 2 Bland‑Altmann plot for the external validation dataset
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research collaborations. One of the criticisms of clinical 
trials of LMICs is the lack of data on patient severity, par-
ticularly ISS data [26]. While most severe trauma cases 
occur in LMICs, the majority of trauma trials were con-
ducted in HICs [27]. Nevertheless, many trials conducted 
in HICs were underpowered and experienced difficulties 
in patient recruitment [28, 29]. Inclusion of patients from 
LMICs could help to conduct large trials, such as the 
CRASH trials [30].

Strengths and limitations
A key strength of the study is that we used data collected 
by robust and established trauma registries. In addition, 
AIS and ISS coding were performed by AAAM-trained 
nurses. Despite this, our study has some limitations. As 
Swiss regulations require written consent for non-inter-
ventional studies, we included exclusively patients with 
written informed consent. This pre-selection of cases 
may have led to a selection bias in the external valida-
tion dataset. However, randomization and stratification 
on the ISS ensured sufficient representativeness for the 
purpose of this diagnostic accuracy and validation study, 
including the use of appropriate statistical methods at the 
population and individual levels. Of note, an imperfect 
gold standard bias may have reduced the performance of 
the sAIS method or simply reproduced the weakness of 
the reference method. We performed a robust external 
validation using different study participants and trauma 
cases and not just a temporal validation like many vali-
dation studies [31]. Nevertheless, external validation 
was based on data collected from a similar population 
in terms of case-mix as the data used for the sAIS devel-
opment and internal validation. The time periods for 
the collection of the two datasets were also different. A 
study exploring inter-rater reliability will be necessary, 
as well as an external validation study in settings with a 
different socio-demographic index and including larger 
populations.

Conclusions
This study assessed the accuracy and precision of a new 
simplified method to quantify the severity of injury using 
a sAIS classification to calculate the ISS. The tool is accu-
rate, but slightly imprecise in calculating the ISS. On a 
population level, the accuracy of the ISS difference makes 
it acceptable for conducting audits of trauma centres 
and systems. The development of this scale increases the 
possibilities to use a scoring system for severely injured 
patients in settings where there is a limited availability of 
specifically trained and accredited staff.
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