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Road safety goals

Primary: Minimizing the number of fatalities and "IQ EI ‘:“0 o)

serious injuries in accidents Keiner kommt um. Alle kommen an.

= Optimizations in vehicle safety focus mainly on seriously injured persons

= Germany 2021: 323.129 injured persons, thereof 2.562 killed and 55.137 seriously injured
(DESTATIS)

= To achieve further improvements, all fields of traffic safety must be optimized

= Primary safety (high potential - currently area with most progress)
= Secondary safety (already at a high level)

= Tertiary safety (optimizations underway, even greater interdisciplinarity desirable)

Motivation and approach:

Improvement of diagnostics in rescue services through software-
based injury probability estimation

: WFO
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Phases of rescue in traffic accidents

First aid
measures

+ Emergency call

« eCall
* First-aider
measures

Control center

Receipt of an
emergency call
Receipt of an
eCall

Qualified
emergency call
(manufacturer)
Disposition of the
measures

"‘”(: (deployed forces)

Emergency

medical service

Preclinical triage

Decision of rescue
mode

Coordination with
technical rescue

Clinic selection
Selection of

m,(; rescue equipment

Potential of a diagnostic tool:
Improve the quality of information & interlocking of disciplines = Save valuable time

Clinic
* |Information from

the accident site

« If applicable,
transmission of
vital data

* Preparatory
measures

Definitive

diagnostics and

n"() care

Rescue system thrives on
interdisciplinarity
The earlier qualified

information is available, the
better the care/transport can
be coordinated
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Introduction to traffic accident research at VUFO
Accident investigation on the spot — the GIDAS project

Information Database

GIDAS=

GERMAN IN-DEPTH ACCIDENT STUDY

> =~ 2.000 traffic accidents

~ \ per year /
Reconstruction of the accident ' :

ith PC Srash Since 1999
> @ 3.500 individual
E information per accideg

Techmca detalls and . Ne—"
%-" accident site '

. . ' Investigation Investigation
- al‘tICI hic e —— E_a_ch G_IDAS ac0|dent_|s recon_s_tructed from the area Dresden area Hannover
p. P =7 , critical situation to the final position of the parties g
— L involved ) \'U"'O Mq'H
N I
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Procedure & Methodology
4 GIDAS=" [ A

Nt — Statisltica_lf_ModeIs for Development of a prototype user
classitication i
relevant? - _ - | interface
_ L Create injury risk functions with influencing Based on the predictions, an exemplary
Focus to serious Injuries parameters of traffic accidents in GIDAS to s (6] B e Ty (e st
R predict probable injuries centre, rescue service and clinic in order

emergency doctor to improve the rescue chain

Wahrscheinlichkeit fiir Hirnverletzungen (AIS 3+) in Abhangigkeit der EES

Vor Ort: | yer RTW R |Feusr  |Fewsrz  |ma w Weiteres Reftungsmittel anfordem (NEF v

What affects the S an A B
severity of an injury? - ——— — i |
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Identify influencing e Frontalanprall angeschnallt = == = Frontalanprall nicht angeschnallt
variables for the prediction
of injuries Presence of the _ '
injury? o o e v e e V0

AU ) (U /
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Creation of Masterdataset

GIDAS-Dataset(12/2020) passenger car occupants with collision:
n = 78.844 persons

Known information on injury severity (AIS15) and location of the injury

n = 76.136 persons

thereof 40.751 uninjured, 35.385 injured with 86.764 single injuries

Only front row of seats of passenger cars, known information on DV and EES in the collision process of the most severe collision in the
accident. Underride and incapacity are excluded. Front airbag installed. Burns are excluded.

{ n = 27.142 persons J

Only passenger cars with year of market introduction from 2000 upwards

[ n = 13.944 persons J

Independent variables used must not have unknowns

L
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Model development

Elaboration of arevised categorisation

Which injuries are e o
system for the classification of injuries

relevant?

T i e P resulting from a passenger car accident: = Main categories
with an indication for an = Focus to at least serious injuries (AIS15 3-6) = Subcategories
Selencydectal = QOrientation guide: = |ntubation

= Medical dissertation of Heinz Brehme * » |SS15> 15

= German trauma registry :> = Entrapment in the

= Emergency doctor indication catalogue vehicle

= S3-Guideline Polytrauma = Child

= Aim: Subdividing injuries from a tactical point = Geriatric patient

of view according to:

= criteria that are relevant for prehospital
patient care

= dispositional issues (target hospital)

* Brehme, H: Schwere (AIS 3+) Verletzungen von PKW-Frontinsassen (Medizinische Dissertationsschrift)
. Yuro



Model development

\ Main categories _ _
Which injuries are according to body " Main categories
relevant? region * Subcategories
Focus to serious injuries 4 ’\ ” * Intubation
with an indication for an 4 () i = 1SS15> 15

emergency doctor y (i . ':
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"“'\.‘ I .“"f "-‘,\l | ‘J.“" vehicle
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Model development

What affects the Influencing variables for the prediction of injuries:
severity of an injury?

Identify influencing _ _ . _ _
variables for the prediction = immediately acquirable at the accident site

of injuries

= few, clear parameters

= proven influence on accident outcome

= only basics of the technical investigation

4 GIDAS=)

Statistical Models for

Direction of impact and seating position:

EES or DV - Value |:> classification
" Fro nt I a Create injury risk functions with
E . _influen_cing parameters gf traffic
- FaI‘SIde m ; Age of patlent |:> accidents in GI[?nAjﬁritgspredlct probable
. ] | AIS 3+) in Abhéngigkeit der EES
= Nearside sl Seat belt usage o
< —> —
= Rear a Al Vehicle class > Vo4
) : =S
= Rollover -l Passenger compartment i > T
= ‘
Impact side and seating position result in different 0 © [ ififeq sefvatien >

injury kinematics = Creation of an injury risk

Presence of the
‘ E injury?
function for each of the groups \_

>/
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Exemplary Analysis
For the main category of thorax injuries for frontal impact

Energy Equivalent Speed (EES) as independent variable

front ™ = lower extr.
B upper extr.

farside e =8 pelvis

P Thorax injuries for front impacts
P 2 face/n: ee::t;(domen
concussive inj./head

nearside R
rear : | | |

rollover

Persons with
specific injury

Persons
without — © . .

Front _ specific injury

EES in km/h
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Model development

4 GIDAS=)

Statistical Models for
classification

Creation of injury risk functions based on the master data set

Create injury risk functions with
influencing parameters of traffic
accidents in GIDAS to predict probable

- Used for classification of a serious injury in a specific body region for a given accident

injuries

[ Logistic Regression ]

Presence of the
injury?

[ RUSboost

]

/

5-Fold Cross-Validation

Analysis of classification results and statistical
values

\

Injury Risk - Qutput

J - Model selection 2 Log. Regression
\9 Selection of suitable classification thresholdj
Creation of a final model on the entire master dataset
[ External Validation with EUSKA data J
N I
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Exemplary classification results

Probabilities from the model separated
according to actual occurrence of the injury

Thorax injuries for front impacts

Classification of Thorax injuries for front impacts
for standard classification threshold of 0,5

Pers_o_ns_ v_vith | % 77777777777777 { .
True Predicted Class specific injury
Class 0 1
0 8 >
1 73 9

Persons
Wlthout - O CHAMWOOOD o000 O
specific injury

0 01 02 03 04 05 06 07 08 09
the class of interest accounts for Probability to have an injury in specific body region
only 1.5% of the dataset

1,3% 47,1 %

Highly unbalanced dataset:
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Exemplary classification results

Classification method for user interface

Thorax injuries for front impacts

Classification of Thorax injuries for front impacts wahrscheinlich - Sensitivity=0.732, Specifity=0.9
o . ) sehr wahrscheinlich - Sensitivity=0.317, Specifity=0.993
for optimized classification threshold S
Persons with | Select reasonable classification
True Predicted Class specific injury thresholds to predict, if:
Class 0 1 Injury in body

548
60

10 % < region is likely

26,8 %

Persons
without

specific injury

Probability to have an injury in specific body region
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Development of a prototype user interface
Creation of a diagnostic tool and integration of the predictions from the injury risk functions

Ecall
» Control center » Emergency » Clinic
or phone call medical service

Diagnesetool Eingabe T Rettungudinst
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Perspectives and further activities

Goal: Development of a viable diagnostic aid for further optimization of the rescue chain

= Coming soon: Trial period on rescue helicopters in Dresden with operation of the prototype user interface on
tablets

= The prototype user interface is no approved medical device
- Desireable after end of project: award to a medical device company and conversion to an approved medical device

= Further development of solutions and trial implementation in pilot regions
- Involvement of rescue control centres, fire brigade schools, rescue associations, fire brigades

- Integration of the trauma network DGU

- Involvement of suppliers and OEMSs, industry partners
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