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Key Points

o AIS, ISS, and NISS are anatomic scor-
ing systems describing the injury
distribution

» Pathophysiologic-based scoring sys-
tems increase prediction of mortality at
the cost of feasibility

* Clinical scoring systems are intuitive at
the cost of predictive capability

e Polytrauma is more than the summary
of injuries

» Several different pathophysiological
pathways should be taken into consider-
ation during the initial assessment of
polytrauma patient

13.1 Introduction

Treatment of polytrauma patients is complex and
requires multidisciplinary approach [1-4].
Numerous studies investigate the treatment of
polytrauma patient with the main goal to improve
outcome and to minimize mortality rate.
However, the main challenge that had to be over-
come was the heterogeneity of polytrauma
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patients: injury distribution, pathophysiologic
responses, and trauma systems. The Association
for the Advancement of Automotive Medicine
(AAAM) aimed to standardize the heterogeneity
of anatomic injuries in polytrauma patients.
Evaluating motor vehicle accidents, the AAAM
established the Abbreviated Injury Scale (AIS).
The AIS categorizes injury severity of each body
region scaling from “0” (none) to “6” (not surviv-
able). In 1974, Baker utilized the AUS to further
calculate the Injury Severity Score (ISS) [5].
Osler presented a modification of the ISS, the
new ISS (NISS) with slight modification of the
ISS formula [6]. In the 1980s Advanced Trauma
Life Support principles were developed aiming to
minimize resources of trauma centers while stan-
dardizing the treatment of the severely injured
patient [7-9]. Another 10 years later, in the 1990,
Tscherne focused that the pathophysiologic
response to trauma has a pivotal role and deter-
mines the outcome and mortality [10, 11]. These
three concepts of defining and scoring a poly-
trauma patient define the treatment strategy and
depend on individual situation:

1. The anatomic injury distribution and injury
severity

2. The pathophysiologic response to trauma

3. Logistics of trauma center

This chapter presents these most commonly
used scoring systems, discusses advantages and

135

H.-C. Pape et al. (eds.), Textbook of Polytrauma Management,

https://doi.org/10.1007/978-3-030-95906-7_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-95906-7_13&domain=pdf
https://doi.org/10.1007/978-3-030-95906-7_13#DOI
mailto:hans-christoph.pape@usz.ch

136

S. Halvachizadeh and H.-C. Pape

Table 13.1 Abbreviated injury scale

AIS Code  Degree of severity ~ Body region

0 Not injured

1 Minor Head

2 Moderate Face

3 Serious Neck

4 Severe Thorax

5 Critical Abdomen

6 Un-survivable Spine

7 Upper extremity
8 Lower extremity
9 Unknown Unspecified

disadvantages, and aims to summarize important
key points in the initial assessment of polytrauma
patients.

13.2 Anatomically Based Scoring
Systems

13.2.1 Abbreviated Injury Scale (AIS)

The AIS is an anatomically based, consensus
derived, scoring system that classifies individual
injuries by body region. Each injury is grading
according to severity and according to body
region (Table 13.1). The AIS is not suitable for a
prognostic evaluation of injuries but rather build
the basis of calculating the ISS. Since the first
publication the AIS is subject to constant
improvements and updates [12—14]. After stratifi-
cation according to the AIS, injuries are catego-
rized as discrete variable: Injuries stratified as
AIS 1 are not lethal, whereas stratification as AIS
6 is not survivable [13]. While categorizing sin-
gle injuries according to the AIS body regions,
the following points need to be taken into
consideration:

e AlS region “head” describes anatomic injuries
of the neuro-cranium and the organs

e AIS region “face” includes injuries to the
viscero-cranium (facial bone)

e Fractures of the orbita account to AIS region
“head”

e Injuries to the cervical spine account to AIS
region “head”

e Injuries to the thoracic spine account to AIS
region “thorax”

e Injuries to the lumbar spine account to AIS
region “abdomen”

The categorization of isolated injuries is one
initial assessment step of polytrauma patients.
The AIS does not reflect the global injury sever-
ity nor has the AIS predictive capabilities, since
the correlation of AIS scoring and mortality is not
linear [15]. Following the suggestions of AIS
1980, a description of injury severity with the use
of maximum AIS (MAIS) is possible [13]. The
overall AIS is a remnant that should not be used
based on missing objectivity and misinterpreta-
tion since the revision of 1980 [13].

13.2.2 Injury Severity Score (ISS)

Baker proposed a calculation to describe the ana-
tomic injury severity that is based on the AIS
[16]. This calculation aims to describe the total
injury severity. The highest AIS of each of the six
body regions is eligible for inclusion for calculat-
ing the ISS. The ISS is the sum of the square of
the three most severely injured body regions:

ISS = AIS 4, gegion A +AIS B’
+AIS c?

Body Region
Body Region

It is important to recognize that the calculation
of the ISS only includes one AIS per body region
and a total of maximal three body regions. The
ISS ranges from 1 point to 75 points. Of note, if
any body region reaches 6 points on the AIS, the
ISS is per definition 75.

The fact that only one AIS per body region,
and maximum three body regions are taken into
consideration, is one major drawback of the
ISS. This might lead to underestimation of the
injury severity [17]. This fact led to development
of the NISS.
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13.2.3 New Injury Severity Score
(NISS)

Osler proposed the NISS in 1997 to address
issues of underrepresentation of multiple extrem-
ity injury [6]. The calculation of the NISS is com-
parable to the ISS. The main difference is the
inclusion of the three highest AIS independent of
body region. This allows a multiple injured body
region to contribute to the NISS. This might lead
to an increase of total injury severity [12]. As a
result, the NISS presents with higher sensitivity
and specificity for predicting mortality compared
with the ISS [18].

The ISS as well as the NISS is based on the
classification of injuries according to AIS. This,
however, lacks subjectivity and reproducibility
[19, 20]. As a result, this leads to a wide observer
variation that highlights a potential fallibility
[21]. These mere anatomic based scoring systems
represent an observation of acute injuries that
miss individual pathophysiological reactions that
base amongst others on age [22].

13.3 Pre-Hospital Scoring
Systems

13.3.1 Revised Trauma Score (RTS)

Based on data from the Major Trauma Outcome
Study (MOTS), Champion proposed the RTS that is
one widely used pathophysiologic-based trauma
score [23, 24]. The RTS includes three physiologic
parameter including the vigilance, measured by the
Glasgow coma scale (GSC) [25], the systolic blood
pressure (RRyy,), and the respiratory rate. Initially
“capillary reperfusion” and “respiratory working
load” were included in the RTS, measures that were
omitted due to impracticability [26]. To calculate
the RTS the following two steps are necessary:

1. Coding each variable according the RTS value
(Table 13.2)

2. Weighing each RTS value with the following
coefficient:
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Table 13.2 Revised trauma score RTS

GCS Systolic blood Respiratory RTS
point  pressure mmHg rate/min value
13-15 >89 1029 4

9-12  76-89 >29 3

6-8 50-75 6-9 2

4-5 1-49 1-5 1

3 0 0 0

RTS =0.9638x GCS —value +0.7326 x RR
—value + 0.2908 x respiratory rate — value

It is eminent that the RTS weighs the GCS
highest, followed by the systolic blood pressure
and the respiratory rate. According to the RTS the
vigilance has the highest predictive value for
mortality. The RTS ranges from 0 (death) to
78,408 (healthy). Further, a value of less than 4
points recommends a triage to a Level 1 trauma
center [15]. The inclusion of the RTS into a logis-
tic function calculates the direct survival proba-
bility [18]:

1

Survival Probability = (1+¢

—RTS+3.5718 )’

Despite its potential for triage recommenda-
tions the RTS is not well established in preclini-
cal situation based on impracticability [15].
Further, the score calculation is based on values
only in spontaneous breathing patient, not with
values of patients under analog-sedation and
intubation. Despite these limitations, the RTS’s
capability of predicting mortality made it an
essential part of the TRISS.

Evidence for use of the RTS is discussed in
the literature, but there still is a lack of defini-
tive evidence supporting its use as a primary tri-
age tool and as a predictor of outcomes other
than mortality [27]. Further, advancements of
treatment strategies and polytrauma manage-
ment led to a substantial decrease of mortality
[4, 28, 29]. The calculated mortality rate based
on the RTS is static and not adjustable to
advancements of medical treatment. The RTS
might therefore lead to an overestimation of
mortality.
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Table 13.3 TRISS

Blunt trauma Penetrating trauma

RTS 0.9544 1.143

1SS —0.0768 —0.1516
Age >55a —1.9052 —2.6676
Constant —1.127 —0.6029

13.3.2 Trauma and Injury Severity
Score (TRISS)

TRISS is one example of scoring system that
combine the anatomic injury severity with patho-
physiologic reactions. Boyd utilized the databank
of Major Trauma Outcome Study (MTOS) to
develop the TRISS [30]. In the TRISS, ISS repre-
sents injury severity and RTS the pathophysio-
logic changes. Further, TRISS differentiates
blunt from penetrating trauma. TRISS calcula-
tions include coefficients that for RTS, ISS, age
(>55a), and a constant variable; the coefficients
depend on the trauma mechanism (blunt versus
penetrating) (Table 13.3).

TRISS = (1+¢7)

X

blunt trauma

=0.9544xRTS - 0.0768 x ISS
—1.9052 % (age > 55a) -1.270

=1.143xRTS - 0.1516 X ISS
~2.6676% (age > 55a) - 0.6029

In pediatric trauma, TRISS does not differen-
tiate between blunt and penetrating trauma; the
calculation of blunt trauma is used. If patients are
under the age of 55 years, the age coefficient is
set 0. TRISS values range from O to 1 and indi-
cate the survival probability after trauma. Despite
the incorporation of ISS and RTS, with the previ-
ously described limitations, the validated TRISS
still presents limitations in case of multiple inju-
ries of one body region or in cases of severe trau-
matic brain injury (TBI) [31].

penetrating trauma

13.3.3 Revised Injury Severity
Classification RISC

RISC is a calculation based on the German
Trauma registry [32]. The anatomic injury sever-

Table 13.4 RISC

Parameter Value Coefficient
Age <55 0
55-64 1
65-74 2
>75 3
NISS Score value Score value x 0.03
AIS head <3 0
4 0.5
>5 1.8
AIS extremity <4 0
>5 1
GCS 3-5 0.9
>6 0
PTT <40 0
40-49 0.8
50-79 1
>80 1.2
BE -9t0—-199 0.8
<-20 2.7
CPR Yes 2.5
pRBCs 1 0.4
2 0.8
3 1.6

ity is based on NISS, AIS head, AIS extremity,
and GCS. Physiologic parameters include partial
thromboplastin time (PTT, sec.), base deficit
(BE, mmol/L), RR,, below 90 mmHg, hemoglo-
bin below 9 mg/dL, requirement of more than 9
packed red blood cells (pRBCs), as well as car-
diopulmonary resuscitation (CPR) (Table 13.4).
The coefficients are summarized and subtracted
form 5. The resulting value Y is used for the cal-
culation of the survival probability:

Survival Probability RISC = (1+¢” )

Comparing to the area under the curve (AUC)
under the receiver operating curve (ROC) of
TRISS (0.874), NISS (0.793), or ISS (0.777), the
RISC presents with the highest AUC of 0.912 in
the dataset of the German trauma registry.
However, the RISC was developed based and
validated on the dataset and needs validation in
an external dataset or a prospective study. RISC
based on calculation of data that were collected
between 1993 and 2000 [33] leading to an over-
estimation of mortality rate. The update of RISC
is based on calculations of data of the German
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trauma registry between 2010 and 2011 and led
to the development of RISC II [33]; the internal
validation is based on data collected in 2012. The
following points were updated:

* NISS was replaced by the highest two AIS

e Gender is included in calculations

e American Society of Anesthesiologists Score
(ASA) is included

e Injury mechanism is included

e Pupil status is included

An external validation or a clinical study
assessing predictive capability of the RISC II
score would proof the value of RISC II and show
potential limitations others than the included
measures provide.

13.3.4 The AdHOC Score

The AdHOC score includes age, severity of
head injury, oxygenation with acid-base param-
eter, and parameters of circulation [34]. It was
developed on the data provided by the German
trauma registry (TraumaRegistzerDGU®) and
included patients ages 16 years and older, ISS of
9 points and higher that were admitted between
2012 and 2015 (development set). A dataset
from patients admitted in 2016 served as an
internal validation set. The AdHOC score pro-
vides a flow chart that assess whether any patho-
logic finding of the respected field (age, head
injury, oxygenation, circulation) is present.
Pathologic finding was defined as exceeding a
predefined threshold. Thus, the patient might
receive one point per field and a maximum of 4
points. The area under the receiver operating
curve (AUROC) of the AAHOC score was 0.86
(95%CI 0.85-0.87) for the endpoint mortality.
The thresholds and parameter are summarized
in Table 13.5.

Table 13.5 AdHOC score

Threshold

65 year or older

GCS <12 points

ECS pupil size not normal

ECS pupil reactivity not brisk
Motor function non-specific or none
Hemothorax present

Base excess below -6 mmol/L
Horowitz index in intubated patients
below 200

Systolic blood pressure below 90 mmHg
Requirement of pRBCs

INR >1.4

Hemoglobin below 7 g/L.

Parameter
Age
Head injury

Oxygenation

Circulation

13.4 In-Hospital Scoring Systems
13.4.1 Early Appropriate Care (EAC)
Protocol

The EAC protocol stratifies patients into low and
high risk [35]. EAC recommends definitive sur-
gery in patients stratified as low risk. THE EAC
protocol is based on three measurements, all of
which represent values of acid-base pathway: pH,
BE, lactate. Patients with a pH of 7.25 or higher,
BE of 5.5 and higher or lactate values below 4.0
are stratified as low risk. An external validation of
this protocol revealed that patients stratified as
high risk have significantly higher rate of early
death and hemorrhagic shock, but the rate of
patients who developed late in-hospital complica-
tions (e.g., pneumonia, sepsis, or multiple organ
failure) did not differ among these groups [36].

13.4.2 Clinical Grading Scale (CGS)

The clinical grading system represents a summary
of multiple publications and lists parameters indic-
ative of four different pathophysiologic pathways
[37]. Its level of evidence is based on expert knowl-
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edge (level IV) and has not been validated in a data-
base. All recommendations rely on studies prior to
2005. The CGS aims to grade the polytrauma
patients according to the condition into “stable,”
“borderline,” “unstable,” and “in extremis.” This
categorization based on the following pathophysi-
ologic pathways: shock, coagulation, temperature,
and soft tissue injuries. Based on the categorization
of the polytrauma patient, a treatment recommen-
dation is provided: early total care (ETC) in stable,
or stable borderline patients, damage control ortho-
pedic (DCO) in unstable or in extremis cases. Each
pathophysiologic pathway is graded according to
the highest grade per measure; the mean of all
grades defines the patient’s condition.

13.4.3 Polytrauma Grading Score
(PTGS)

The PTGS is based on calculation of the nation-
wide German trauma registry [38]. It is based on

18

16

4
2
0

CGS (2005)

_ —_ _
oo o \S] IS

Number of measurements and
pathophysioloigcal pathway
(o))

EAC (2013)

mShock = Coagulopathy
Fig. 13.1 Comparing different scoring systems;
Substantial difference of focus of pathophysiological
pathways amongst the scoring systems. Further, the num-

Admission Temperature

in-hospital mortality rate. The score is based on
blood pressure, BE, INR, NISS, pRBCs, and
platelets. According to the measured value each
measurement receives a score (Table 13.5). The
sum of these scores defines the PTGS. Based on
mortality rate, PTGS 0-5 indicate a stable condi-
tion, 611 a borderline condition, 12-20 and
unstable condition, and 20 and higher points an
“in extremis” condition.

CGS, EAC, and PTGS have not been validated
in a high quality prospective clinical study. The
limitations and strengths have been presented
based on validation on an external polytrauma
dataset from one Level 1 trauma center [36].
Halvachizadeh demonstrated that the predictive
capability of scoring systems (including mortal-
ity and in-hospital complications) increases when
measures of several different pathophysiological
pathways are included: shock, acid-base, coagu-
lopathy, soft tissue injury, and anatomic injury
severity. Figure 13.1 summarizes and compares
scoring systems.

mCGS (2014)

PTGS (2014)
m Soft Tissue Injury  ®Injury Severiy

ber of measurement per pathophysiological pathway dif-
fers amongst each scoring system
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13.5 Summary of Scoring Systems
13.5.1 Pre-Hospital Scoring Systems

The Revised Trauma Score (RTS) is based on the
degree of traumatic brain injury, as defined by the
Glasgow Coma Scale (GCS) [25], blood pres-
sure, and respiratory rate. Following the Major
Trauma Outcome Study (MOTS), Boyed pub-
lished the Trauma and Injury Severity Score
(TRISS) aiming to combine anatomic injuries
and physiologic responses after polytrauma [30].
The revised injury severity classification (RISC)
[32] and the RISC II [39] are based on statistical
analysis of a nation-wide trauma database. The
AdHOC score aims to facilitate classification of
trauma patients by summarizing pathologic find-
ing of four pathophysiologic systems [34].
Further several scoring systems have been pro-
posed that aim to provide treatment guideline.

13.5.2 In-Hospital Scoring Systems

The clinical grading score (CGS) aims to guide
treatment strategies (damage control orthopedics,
DCO versus safe definitive surgery, SDS) [37].
The early appropriate care (EAC) protocol bases
definitive operability on lactate values [35].
Finally, the polytrauma grading score (PTGS)
stratifies the stability of polytrauma patients
based on mortality risk [38]. Roberts defined
indications for damage control based on a scop-
ing review and expert opinions [40]. These scor-
ing systems are summarized in Table13.6.

13.6 Conclusion

The use of a combination of anatomic variables
and variables from several pathophysiologic
pathways is more precise in both defining the
current state of polytrauma patients and in pre-
dicting the probability of developing complica-
tions. The assessment of polytrauma patients
should be based on various factors rather than on
one isolated aspect. Initial management of poly-
trauma patients ranges from damage control

strategies to safe definitive surgery [2]. Several
factors influence the decision-making including
patient specific factors (age, comorbidities, phys-
iologic status), and multiple disciplines (general
surgeon, anesthesiologists, intensivists, orthope-
dic surgeon) [41, 42]. Based on several attempts
to quantify injury severity and pathophysiologic
responses it becomes eminent that scoring and
defining polytrauma while giving treatment rec-
ommendations are challenging. The inclusion of
several pathophysiologic pathways increases pre-
dictability for mortality and complication [36]
that, however, increases complexity and decreases
applicability in routine clinical practice.
Observational injury descriptions are subject to
high inter-, and intraobserver variability [16].
Statistical based calculations lead to complex and
impractical scoring systems that include
un-intuitive calculations [32, 39]. Clinical based
scoring system is intuitive at the cost of decreased
predictability of complications [36]. These limi-
tations lead to an increasing number of literature
investigating expert opinions on treatment strate-
gies. Roberts summarized clinical and patho-
physiological measured that lead to the
recommendation of damage control surgery in
polytrauma [43]. These measures include:

e Injury patterns

* Bleeding control

*  Amount of resuscitation provided

e Degree of physiologic insult

e Need for staged abdominal or thoracic wall
reconstruction

The comprehensive list of measures indicative
for damage control surgery is based on an expert
panel and is peer reviewed. Yet, the indications
represent extreme situations that are comparable
to unstable or in extremis situations [36]. There
still is a lack of high quality research providing
measures indicative for safe definitive surgery in
polytrauma patients. The outcome of polytrauma
patients depends on comprehensive but precise
diagnostic [44, 45] and on medical and surgical
expertise. The clinical approach towards a poly-
trauma patient is based on the assessment of the
severity of the polytrauma patient. The treating
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Fig. 13.2 Summarizing the number and quality of pathophysiologic systems that are used per score

trauma team recognizes patient as a “polytrauma
patient” and defines the next appropriate steps
based on the clinical stability of the patient [2,
46-48]. In research, the precise definition of a
polytrauma is essential to improve comparability
and medical progress in this very heterogenic
study-population (Fig. 13.2).
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