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Summary.

Road traffic injuries represent a leading cause of disability and mortality among the active, working-age population and
constitute the primary cause of violent death in children worldwide.

The aim of the study. To determine and evaluate the clinical consequential risks of fatal outcomes in children injured in
road traffic accidents, as a basis for developing and implementing clinical protocols and patient care pathways in the provision
of medical assistance to victims.

Research materials and methods. This retrospective study analyzed 259 cases of road traffic injury (RTI) in children,
forming the primary study cohort. The cohort was selected by irreversible randomization from a larger array of 1671 victims
injured in road traffic accidents in rural and urban areas during 2022-2023, stratified by age. The study was conducted in
accordance with evidence-based medicine principles and the requirements of the Declaration of Helsinki. The protocol was
approved by the Bioethics Commission of the State Institution « Ukrainian Scientific and Practical Center of Emergency Medical
Care and Disaster Mediciney of the Ministry of Health of Ukraine. To ensure the clinical relevance of the study, the influence of
epidemiological and nosological characteristics on the risk of adverse outcomes in the course of the traumatic process in injured
patients was examined. Parametric methods were employed for analysis; fractal analysis and the laws of formal logic served
as statistical analytical methods. The analysis was performed using computer-based technologies within the Statistica software
system. The study was conducted as part of the research projects «Development of Clinical and Organisational Principles of
Functioning, Structure, and Human and Material Resources of the Emergency Medical Care System for Road Traffic Accidents»
(applied research, state registration No. 0113U002107, January 2013 — December 2015) and «Development of Contemporary
Evidence-Based Principles and Measures of Medical Rehabilitation of Patients Injured in Road Traffic Accidents» (applied
research, state registration No. 0116U003044, January 2016 — December 2018).

Research results. The study demonstrated that the clinical consequential risk of an adverse outcome in the traumatic process
is influenced by both clinical-epidemiological and clinical-nosological risk factors, albeit with varying degrees of impact. The
most substantial effects were observed for the factors «severity of injury,» «damaged anatomical-functional area,» and «mode
of participation in traffic.» The least influential factors included «number of damaged anatomical-functional areas,» «gender, »
and «age of the victim.» Boys exhibited the highest risk of an adverse outcome (significant risk). Among modes of participation
in traffic, pedestrians were at significant risk. Damage to two, three, or five anatomical-functional areas (AFA) was associated
with insignificant risk. Among mode «damaged AFA damage to the pelvis and abdomen carried significant risk. On the New
Injury Severity Score (NISS), values exceeding 35 points indicated significant risk, while values exceeding 45 points indicated
catastrophic risk.

Conclusions. 1. The clinical consequential risk of an adverse outcome in the traumatic process among children with road
traffic injuries is multifactorial, resulting from the combined influence of multiple risk factors, with an overall risk level that
is generally low (0.15), although ranging from theoretically absent (0) to catastrophic (0.81). 2. Both clinical-epidemiological
and clinical-nosological risk factors contribute to the formation of this risk, but with differing intensities. 3. Among clinical-
epidemiological factors, mode of participation in traffic exerts the greatest influence; among clinical-nosological factors, injury
severity is predominant. 4. The highest risk of an adverse outcome is observed in boys (significant risk), school-aged (insignificant
risk) and pedestrians (significant risk).
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Introduction

Road traffic injuries are associated with high rates
of disability and represent one of the leading causes of
mortality among the active, working-age population [1-5].
In children, they constitute the primary cause of violent
death worldwide [6-10]. The occurrence of an adverse
outcome in the traumatic process among children injured
in road traffic accidents is determined by both clinical-
epidemiological and clinical-nosological risk factors.
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Contemporary research in this field is predominantly based
on a risk-stratified approach, with particular attention
given to the assessment of clinical consequential risks.
The most severe clinical outcome in injured individuals is
fatal outcome [11-18]. Considerable attention is devoted
worldwide to pediatric mortality and to the identification
of factors influencing the occurrence of adverse outcomes
in the traumatic process. A primary focus is placed on
mechanisms for reducing mortality in children. One such
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mechanism is the risk-based approach, which aligns with
the principles of clinical risk management [19-26].

These considerations determine the relevance, scope,
and direction of the present study.

Purpose and objectives of the study. To determine
and evaluate the clinical consequential risks of fatal
outcomes in children injured in road traffic accidents,
thereby providing a foundation for the development and
implementation of clinical protocols and patient care
pathways during the provision of medical care to victims.

Materials and research methods

The study is based on a retrospective analysis of
259 cases of road traffic injury (RTI) in children, forming
the primary study cohort. The cohort was selected
by irreversible randomization from a larger array of
1671 victims injured in road traffic accidents in rural
and urban areas during 2022-2023, stratified by age.
Randomization was performed across the age range of
0-18 years, resulting in children comprising 15.50% of the
total array of road traffic accident victims. The sample size
exceeds the minimum required threshold as determined by
the law of large numbers.

The analysis included the main clinical-epidemiological
risk factors (gender, age, mode of participation in traffic)
and clinical-nosological risk factors (number of damaged
anatomical-functional areas [AFA], injury severity, and
specific damaged AFA) that contribute to the formation of
clinical outcome risk.

Age was categorized as follows: 0-3 years (early preschool
period), 3-6 years (preschool period), and 6-18 years (school
period). This classification corresponds to social developmental
stages and was selected as optimal for the purposes of the study.

Injury severity was assessed using the standardized
New Injury Severity Score (NISS).

To ensure the clinical relevance of the study, the
influence of epidemiological and nosological characteristics
on the risk of adverse outcomes in the course of the
traumatic process in injured patients was examined.

Parametric methods were employed for analysis; fractal
analysis and the laws of formal logic served as statistical
analytical methods. The analysis was performed using
computer-based technologies within the Statistica software
system.

The study was conducted as part of the research
projects «Development of Clinical and Organisational
Principles of Functioning, Structure, and Human and
Material Resources of the Emergency Medical Care
System for Road Traffic Accidents» (applied research, state
registration No. 01130002107, January 2013 — December
2015) and «Development of Contemporary Evidence-
Based Principles and Measures of Medical Rehabilitation
of Patients Injured in Road Traffic Accidents» (applied
research, state registration No. 0116U003044, January
2016 — December 2018).

Research results and their discussion

The most severe consequence of road traffic injury is
the risk of an adverse outcome in the traumatic process,
namely fatal outcome in the victim.

In the overall study cohort, the clinical consequential
risk of death among children injured in road traffic
accidents was 0.15 in quantitative terms, corresponding
qualitatively to an insignificant risk.

The outcome of the traumatic process is determined
by a combination of risk factors, primarily clinical-
epidemiological and clinical-nosological.

One of the key clinical-epidemiological risk factors
influencing fatal outcome in children after road traffic
accidents is gender. The results of the analysis according
to the risk factor «gender» are presented in Table 1.

Table 1
Analysis of clinical consequential risks of fatal according to the risk factor «gender»
Risk factor «gender» Quantitative characterization of risk | Qualitative characterization of risk Rank
Boys 0.25 significant 1
Girls 0.05 minimal 2

Analysis of the data in Table 1 revealed that the clinical
consequential risk of fatal outcome in the traumatic process
is five times higher in boys than in girls. Furthermore,
the risks differ in both quantitative and qualitative
characteristics between boys and girls. This distribution
is primarily attributable to physiological and behavioral

differences, with boys tending to engage in more active
lifestyles.

Another important risk factor influencing both the
occurrence of road traffic injury and the outcome of the
traumatic process is the age of the injured child. The results
of this analysis are presented in Table 2

Table 2
Analysis of clinical consequential risks of fatal outcome according to the risk factor «age»
Risk factor «age» Quantitative characterization of risk | Qualitative characterization of risk Rank
0-3 (early preschool) 0 theoretically impossible 3
3-6 (preschool) 0.14 insignificant 2
6-18 (school age) 0.15 insignificant 1
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Analysis of the data in Table 2 demonstrated that
in children of preschool and school age, the risk of an
adverse outcome in the traumatic process is insignificant
in qualitative terms, with quantitative values being
closely comparable. In children aged 0-3 years, the risk is
theoretically absent. The ratio of maximum to minimum
risk is 1.07, indicating low variability in distribution. This

suggests that the occurrence of an adverse outcome is
predominantly influenced by other risk factors, primarily
the level and quality of medical care. As demonstrated
in previous publications [6,7], the factor «mode of
participation in traffic» exerts a significant influence on
the outcome of the traumatic process in road traffic accident
victims. The results of this analysis are presented in Table 3

Table 3
Analysis of clinical consequential risks of fatal outcome according to the risk factor «Participation in traffic»
Risk factor «Participation in traffic» | Quantitative characterization of risk | Qualitative characterization of risk| Rank
Drivers and passengers of 0.08 minimal 3
two-wheeled vehicles
Passengers of four-wheeled vehicles 0.11 insignificant 2
Pedestrians 0.23 significant

The data in Table 3 indicate that pedestrians have
the highest risk of fatal outcome following road traffic
injury, ranking first and qualifying as significant risk,
consistent with patterns observed in adults. Passengers of
four-wheeled vehicles rank second (0.11), corresponding
to insignificant risk in qualitative terms. The ratio of
maximum to minimum risk is 2.88, indicating moderate
variability in distribution and suggesting that the risk
factor «mode of participation in traffic» exerts a notable
influence on the occurrence of an adverse outcome in the
traumatic process.

Clinical-nosological risk factors, including extent of
injury and specific damaged anatomical-functional areas,
also exert substantial influence on the occurrence of an
adverse outcome in the traumatic process, with injury
severity playing a decisive role.

The results of the analysis of the risk factor «number of
damaged anatomical-functional areas (extent of damage)»
are presented in Table 4.

Analysis of the data in Table 4 revealed the following: no
clear linear increase in the clinical consequential risk of an
adverse outcome occurs with increasing number of damaged
areas, indicating the influence of additional risk factors,
primarily the quality and level of medical care. In qualitative
terms, the risks are minimal or insignificant; in quantitative
terms, they range from 0.08 to 0.18. The highest risk (rank 1)
is associated with damage to 3 anatomical-functional areas.
The lowest risks are associated with damage to 1 and 4 areas
(0.08 and 0.09, respectively). The ratio of maximum to
minimum risk is 2.25, indicating moderate variability in
distribution and confirming the influence of other risk factors
on clinical outcome risk.

Table 4

Analysis of clinical consequential risks of fatal outcome according to the risk factor «<Number of damaged
anatomical and functional areas (extent of damage)»

Risk factor «Extent of lesion» | Quantitative characterization of risk | Qualitative characterization of risk Rank
1 0.08 minimal
2 0.17 insignificant 2
3 0.18 insignificant 1
4 0.09 minimal 4
5 0.15 insignificant 3

One of the clinical-nosological risk factors exerting
a pronounced influence on the clinical consequential risk
of an adverse outcome in the traumatic process among

road traffic accident victims is the risk factor «damaged
anatomical-functional area» (AFA). The data are presented
in Table 5.

Table 5
Analysis of clinical consequential risks of fatal outcome according to the risk factor «<damaged AFA»
Risk factor «kDamaged AFA» | Quantitative characterization of risk | Qualitative characterization of risk Rank
Head and neck 0.20 significant 3
Spine 0.08 minimal 4
Chest 0.24 insignificant 2
Abdomen 0.33 significant 1
Pelvis 0.33 significant 1
Limbs 0.04 minimal 5
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Analysis of the data in Table 5 revealed that the clinical
consequential risk of an adverse outcome in the traumatic
process ranges from minimal to significant in qualitative
terms. Damage to the pelvis and abdomen is associated with
the highest quantitative risk (0.33, rank 1) and qualifies as
significant risk. This elevated risk is primarily attributable
to uncontrolled bleeding and the quality and timeliness of
medical care rather than the injury itself. Insignificant risk
is observed with damage to the chest (0.24) and head and
neck (0.20), likely due to respiratory failure in chest trauma
and impairment of vital functions in head injury. The lowest
(minimal) risk is recorded for spinal and limb injuries (0.08
and 0.04, respectively). The ratio of minimum to maximum

risk is 8.25, indicating high variability in distribution and
confirming the substantial influence of the risk factor
«damaged AFA» on the formation of clinical consequential
risk of an adverse outcome in children injured in road traffic
accidents.

An equally important risk-creating factor that has
a decisive influence on the formation of the clinical effective
risk of a negative outcome of the traumatic process is «severity
of injury». The results of such an analysis are given in Table 6.

An equally important risk factor with decisive influence
on the formation of clinical consequential risk of an
adverse outcome is severity of injury. The results of this
analysis are presented in Table 6.

Table 6
Analysis of clinical consequential risks of fatal outcome according to the risk factor «severity of injury»
Risk factor <<§everity of injury» Quantitative characterization of risk | Qualitative characterization of risk | Rank
(according to NISS)
Up to 16 points 0 theoretically impossible 5
16-24 points 0.01 minimal 4
25-34 points 0.19 insignificant 3
35-44 points 0.37 significant 2
45-75 points 0.81 disastrous 1

Analysis of the data in Table 6 revealed a clear
linear trend: the quantitative indicator of the clinical
consequential risk of an adverse outcome in the traumatic
process increases with increasing injury severity as
assessed by the standardized New Injury Severity
Score (NISS). In qualitative terms, the risk ranges
from theoretically impossible (NISS < 16 points) to
catastrophic (NISS 45-75 points). The ratio of maximum
to minimum risk is 81, indicating very high variability
in distribution and confirming the strong dependence
of clinical consequential risk of an adverse outcome on
injury severity.

The data demonstrate that clinical-epidemiological
and clinical-nosological risk factors exert varying degrees
of influence on the formation of clinical consequential
risk of an adverse outcome in the traumatic process
among children injured in road traffic accidents. The most
substantial effects are observed for severity of the injury,
specific damaged anatomical-functional areas, and mode
of participation in traffic.

Conclusions

1. The clinical consequential risk of an adverse
outcome in the traumatic process among children with
road traffic injuries is multifactorial, resulting from the
combined influence of multiple risk factors, with an overall
risk level that is generally low (0.15), although ranging
from theoretically absent (0) to catastrophic (0.81).
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TpaBMyBaHHS HaceJIEHHs BHACIITOK JTOPOXKHBO-TPAHCIIOPTHHUX IIPUTOZ IIPU3BOASTH JI0 BUCOKOT iHBaJIiI3aLli] Ta € OJHIEIO 3 OCHOB-
HHUX OPUYUH CMEPTHOCTI cepesl HaiO1IbI aKTHBHOTO, PAIe3IaTHOTO HACENICHHS, a Y JiTel — MPOBIAHOI0 NPUYNHOI0 HACWIILHULIBKOT
CMEpTIi B yCHOMY CBITI.

Meta npocaigkenHsi. BU3HauuTH Ta OLIHUTH KITiHIYHI pe3yJIbTaTUBHI PHU3UKKM BUHUKHEHHS JICTAJBHOTO PE3yNbTaTy B JiTei, sKi
OTPHMAJH TOMIKOKEHHS B PE3yIIbTaTi TOPOKHBO-TPAHCIIOPTHOI IPUTOAH, SIK (yHIAMEHTAIBHOI MiICTaBU PO3poOKU Ta HopMyBaHHS
KJIHIYHUX ITPOTOKOJIIB Ta KJIIHIYHIX MapIIPyTiB MalieHTa B IPOLEC] HaJaHHI MEIUIHOI JTOITOMOTH MOCTPasKAAINM.

Martepiaau i meToam nociinkeHns. JlocaimkeHHs IPyHTYETHCS Ha PETPOCIEKTUBHOMY BHBUEHHI Ta aHali3i 259 Bumankis
JIOpOoXXHBO-TpaHcopTHOI Tpasmu (JITT) y niteif, mo chopMyBaio 3araabHUi MacuB BUBYEHHs. MacuB BUBYEHHS (hOpMyBaBCs
MeTo/10M 0e33BOpOoTHOI paHaoMi3anii 3 MacuBy 1671 moctpaxkaanux, aki orpuMainu TpaBmu yHachigok JTII B cinbebkiii Ta MicbKii
MicreBocTi y 2022-2023 pokax, 3a 03HaKO BiKy. JlaHe qOCITiIKeHHS MPOBEICHO BiIMOBIHO IO BUMOT Ta KPUTEPIiB JOKa30BOi Me-
JUIMHH 3 JOTPUMaHHSIM BUMOT [ €IbCIHCHKOI JieKJiapanii, cxBajieHo KoMicieto 3 OioeTuku 13 «YkpalHChKUI HayKOBO-TIPaKTHYHUI
LIEHTP €KCTPEHOI MEANYHOI JOMOMOTH Ta MeIHIHHHU KatacTpod» MO3 Ykpainu. J{nsg 3a0e3nedeHHs KIIHIYHOI CIPSIMOBAHOCTI
JOCIiKeHHS OyJI0 BUBYEHO BILIUB €MiJIEMIOJIOTIYHUX Ta HO30JOTIYHNX O3HAK HA PU3MK BUHUKHEHHS HETATHBHOTO PE3yIbTaTy
nepebiry TpaBMaTUYHOTO MPOLECY B MOCTpaXxaAainx. MeToaaMu aHaizy OyJu mapaMeTpudHi, METOAaMU CTATUCTHYHOTO aHalli-
3y — bpakTanpHUl aHaII3, 3aKOHU (POPMAIIEHOI JIOTiKH. AHAIIi3 IPOBOAMBCS 32 TOMOMOTOK0 KOMII FOTEPHUX TEXHOJIOT1H y cHucTeMi
Statistica. JlociiyKkeHHs IPOBEISHO Y MeXaX BUKOHAHHSI HayKOBO-I0CIiTHOT poboTH «Po3poOuTH KITiHIKO-OpraHi3aliifHi MpUHIUIN
(GyHKIIOHYBaHHS, CTPYKTYPY Ta KaJApOBO-MaTepiaJbHUH Pecypc CHCTEMH HalaHHS eKCTPEHOT MEANYHOI JOTIOMOTH IIPH IOPOXKHBO-
TPaHCIIOPTHUX MpUToAax» (mpukiaaane gociimkerns, Ne JIP: 0113U002107, repmin BukonauHs cideHb 2013 pik — rpyzaens 2015 pix)
Ta HayKOBO-JOCHTiTHOI poboTH «Po3pobuTH cydacHi HayKOBO-0OT pyHTOBaHI MPHHIMIY Ta 3aX0H MeIUYHOI peadiniTanii mocrpa-
JKJAJTMX BHACITIIOK JOPOKHBO-TPAHCIOPTHHUX MPHUTO» (IpuKiIaaue gociimkerns, Ne JIP: 0116U003044, TepMiH BUKOHAHHS CiueHb
2016 pik — rpynens 2018 pik).

Pe3yabraTi. B pe3ynbrati 1aHOr0 HOCIiKEHHS BCTAaHOBIICHO, 110 Ha KJIIHIYHUII pe3yJIbTaTUBHUIT pU3UK BUHUKHEHHS Hera-
THBHOTO pe3yJbTaTy nepediry TpaBMaTUYHOTO IIPOIecy MAaloTh BIUIMB SIK KJIIHIKO-€IiJeMI0JIOTiYHi, TaK 1 KJIiHIKO-HO30JIOTi9HI
PHU3HKCTBOPIOIOYi (paKTOPH, ajie JaHWH BILUIMB Ma€ pi3Hy iHTeHCHBHICTh. Haiibinbl1 BUpaXkeHU i BILTUB MAIOTh TaKi PU3UKCTBOPIOIOY]
(akTopu, SIK «TAKKICTH MOMIKOIKCHHSY, «IOMIKOIKEHAa aHATOMO-(yHKIIOHAIbHA JIISHKa», «03HAaKa y4acTi B pyci». MeHII Bupa-
JKCHHI BIUJIUB MAalOTh TaKi pU3UKCTBOPIOIOYi (PaKTOPH, IK «KUIBKICTh MOMIKOMIKECHUX aHATOMO-(YHKI[IOHATBHUX TiTSTHOKY, «CTaTh
MOCTPak1AJIOro», «BiK MOCTpaxkaanoro». HaiOimpmuii pu3nk BUHUKHEHHS] HETATHBHOTO PE3yJIETaTy Hepediry TpaBMaTHIHOTO
MpoIiecy MalOTh XJIOMYUKHU (PU3UK CYTTEBHUI). 32 03HAKOIO yUacTi B pyCi «IiIIOXOAM» — PU3HK CYTTEBHUH; 32 PU3HKCTBOPIOIOUYNM
($hakTOPOM «KIBKICTh MOUIKOMKEHUX aHATOMO-()YHKI[IOHATBHHUX AIJITHOK» TPH MOMIKOIKEHHI 1BOX, TphoxX Ta m’siTH AD]] (pusuk
HECYTTEBUH); 32 03HAKOIO «TTOMKOKeHOT AD/[» Ta3 Ta )KUBIT (PU3HK CYyTTEBUH); 3a mikaoro NISS Ginbme 35 6aliB pu3uK CyTTEBHH,
a ripu Oinbmie 45 GaniB katacTpodiuHAH.

BucnoBkmn: 1. KiniHiuHMI pe3yasTaTUBHIN PU3UK BUHUKHEHHSI HEraTHBHOTO Pe3yJbTaTy Nepediry TpaBMaTHYHOTO MIPOLECY B IO-
CTPOXAAIUX JiTel 3 JOPOXKHBO-TPAHCIIOPTHOIO TPABMOIO € 6araTOKOMIIOHEHTHUM, 110 BUHUKAE I1iJ{ BIUIMBOM HU3KH PU3HUKCTBOPIOIOYHX
(axTopiB Ta B niziomy € HecyTTeBuM 0,15, X04a KOTHBAETHCS Big TeopeTnaHO HeMoxJBoro (0) no katactpodiunoro (0,81). 2. Ha dop-
MYBaHHS KJIIHIYHOTO Pe3y/IbTaTHBHOTO PH3UKY BHHUKHEHHS HETaTHBHOTO PE3yIIBTaTy Mepediry TpaBMaTHIHOTO IIPOLECY B MOCTPAKTAINX
JiTel YHaCIiIOK TOPOKHBO-TPAHCIIOPTHOI TPABMHU MAFOTh BIUTHB SIK KJIIHIKO-€IiIeMiOJIOTi4HI, TaK i KITiHIKO-HO30JIOTiYHI PU3HKCTBOPIOIOU]
(axropu, aje B pisHOMY cryneHi. 3. Cepea KIIiHIKO-eMiJeMiONOTiYHUX PU3UKCTBOPIOIOUNX (aKTOPiB HaHOIIBIINIA BIUTHB Mae O3HaKa
y4acTi B pyci, a cepell KIIiHIKO-HO30JIOT1YHIX — TSDKKICTh NOMIKOKeHHS. 4. HaitOinpmmii pu3K BUHUKHEHHS] HETaTUBHOTO PE3yNbTaTy
repebiry TpaBMaTHYHOTO MPOIECY 32 TEHAESPHOI0 03HAKOIO MAIOTh XJIOIMYHUKH (PH3HK CYTTEBHUIN), 32 03HAKOIO BiKYy — Y IIKIJTBHOMY Billi
(pM3MK HECYTTEBHIA), a 32 03HAKOIO YYaCTh Y pycCi MIMIOXiT» (PH3HK CyTTEBUH).

Ki11040Bi €J10BA: 10poxHRO-TpaHCIOPTHA IPHUIOAA; AOPOKHEO-TPAHCIIOPTHA TPABMA; MiTH; KJIiHIYHI pe3yNbTaTHBHI PUSHKIL
JIETAJIBHICTb.
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