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MUASIR MUHARIBO SORAITINDO DOYUS TRAVMALARININ DIAQNOSTIKASINDA
GORUNTULOMO METODLARININ ROLU

E.i.Qrecanik’, R.R.Abdullayev?, I.M.Dikan®, R.Ya.Abdullayev?, A.Q.Sirko? O.V.Vasilyeva?,
M.1.Qrecanik’, A.Q.Kiri¢enko’, Q.V.Dovgal®
l“Baﬁv Harbi Klinik Hospital ” Milli Klinik Harbi-Tibb Markazi, Kiyev, Ukrayna;
Xarkov Milli Tibb Universiteti, Xarkov, Ukrayna;
*Dobrobut Akademiyas:, Kiyev, Ukrayna;
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Xiilasa. Ukraynadak: hibrid méharibada tibbi toxliya zaman: miasir doyiis travmas: ilo yaralanan 965
Xastoda radioloji miayina ssullarinin  retrospektiv tohlili apariimisdir. Bunlardan 198-i (20,5%) doyiis
zonasindak: mobil xastoxanada (1-ci qrup), 73-ii (7,6%) cabha xattindaki tibb miiassisalarinda (2-ci qrup) va
964-1ii (71,9%) Kiyev Markazi Harbi Klinik Xastaxanasinda (3-cii qrup) radioloji diagnostikadan ke¢migdir.

Tadgiqgat gostarmigdir Ki, yarallara tibbi yardim:n har ii¢ marhalasinda ultrasas miiayinasi iisulundan
daha ¢ox yaralimn miiayinasinda istifada edilmisdir (p<0,001). Il Qrupda rentgenoloji miiayino MRT
miiayinasina nisbaton daha cox istifada edilmisdir (p<0,001). Taxliya edilon yaral:lara ixtisasl: tibbi yard:m
gastarmoak ziczin rentgen angioqrafiyas: yalniz 111 Saviyyada (markazi xastaxana) aparzimzsdar.

Acar sozlar: siia diagnostikasi, doyiis travmas:, hibrid méhariba
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THE ROLE OF IMAGING METHODS IN THE DIAGNOSIS
OF COMBAT TRAUMA IN MODERN WARFARE

E.I.Grechanyk’, R.R.Abdullaiev?, .M.Dikan?, R.Ya.Abdullaiev, A.G.Sirko?*,
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A retrospective analysis of radiological examination data was conducted on 965 patients wounded with
modern combat trauma during medical evacuation in the hybrid war in Ukraine. Of these, 198 (20.5%)
underwent radiological diagnostics at a mobile hospital in the combat zone (Group 1), 73 (7.6%) at frontline
medical facilities (Group 2), and 964 (71.9%) at the Kyiv Central Military Clinical Hospital (Group 3).

It can be concluded that ultrasound was significantly (P<0.001) the most commonly used imaging method
at all three stages of medical care for the wounded. In Group Il, X-rays were used significantly (P<0.001)
more frequently than MRI. X-ray angiography was performed only at Level 11l (the central hospital) for
providing qualified medical care to the evacuated wounded.

The nature and characteristics of any war are generation weapons possess high kinetic energy
determined not so much by the methods as by projectiles, which lead to multifactorial impacts
the means of waging it. Modern, next- and serious complications [1]. In modern
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warfare, where FPV drones are used, cluster
munition drops and anti-personnel mine explo-
sions cause combined and multiple injuries.
Currently, the proportion of shrapnel wounds
involving multiple anatomical locations is
approximately 81% [2].

The increase in the structure of combat
trauma of multiple and combined wounds has
led to significant difficulties in providing
surgical care to the wounded and carrying out
medical evacuation measures [3]. In this regard,
in the organization of medical care in modern
warfare, there is a shift from the “golden hour”
doctrine to the doctrine of prolonged support
and observation in combat trauma treatment
tactics [4, 5].

Thus, surgical care is moving closer to the
combat zone, where visualization techniques for
the wounded play a crucial role in modern
warfare. The effectiveness of medical support
for armed forces is determined, to a certain
extent, by the ratio of battlefield deaths to
survivors in medical facilities. Consequently,
the more sophisticated the technical equipment
at all levels of medical care, from the battlefield
to central hospitals, the greater the number of
wounded, especially those in critical condition,
who can be fully examined [6].

The experience of NATO and Ukrainian
combat operations has led to the development
of a doctrine for distinct levels of medical care
with clearly defined scopes. With the full use of
air power, any level can be organized where
tactical requirements dictate, reinforced by
mobile forward groups. Thus, surgical care can
be brought closer to the combat zone to meet
the three modern requirements of military
medicine: preserving life, sight, and limbs [7].

Despite differences in the definition of forces
and resources, the level of care (emergency,
primary, specialized) in the Ukrainian and
American armed forces depends on the tactical
situation. Therefore, to effectively diagnose,
limit the necessary imaging equipment during
medical triage, reduce the diagnostic period,
and ensure timely treatment of combat-injured
patients, we used the recommendations of the
Joint Trauma System clinical protocols (JTS
CPG-1D: 01) [8].

Objective: to study was to examine the role
of imaging studies at different levels of medical
care for the wounded in modern warfare.
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Materials and methods. An analysis of the use
of visualization methods for diagnosing combat
trauma at different levels of medical care was
conducted for 965 wounded: 198 of them underwent
visualization research in the region where military
operations were conducted (Group 1), 73 wounded
were treated in medical institutions in front-line
zones (Group II), and 694 evacuated wounded
received care at the Main Military Clinical Hospital
of Kyiv (Group I1). The age of the wounded ranged
from 18 to 61 years and averaged 35+8 years.

To assess differences between quantitative
indicators in the compared groups, the Student's t-
test and the y* test were used. Differences were
considered statistically significant at p < 0.05.

Results and discussion. To ensure the
fastest and most effective communication
between clinicians and radiologists, we used the
international injury mechanism algorithm based
on NATO experience [9, 10]. When preparing a
full report, the following were taken into
account: the injury mechanism (explosion of
ammunition, bullet wound, fall, burn); a
complete description of the injury (location,
nature of damage, use of protective equipment,
gear); assessment of vital signs and the types of
imaging methods used (X-ray, ultrasound,
computed tomography, magnetic resonance
imaging, and X-ray angiography).

During the study, we conducted a retrospec-
tive analysis of the volume, nature, location,
mechanism of injury, characteristics of combat
trauma, and the sequence of surgical care for
965 wounded at various levels of medical care.
All wounded were divided into three groups
based on imaging studies, type of surgical care,
and technical equipment at each level, from
brigade stabilization centers to the Main
Military Clinical Hospital.

The table, the proportion of visualization
methods in group I was 20.5+1.3%, in group II
— 7.6£0.9%, and in group III — 71.9+1.4%,
respectively. The total number of visualization
methods performed in group Il was signifi-
cantly higher than in groups | and 1l (p<0.001),
and in group | it was higher than in group I
(p<0.001).

Table presents the frequency of using
different imaging modalities depending on the
level of medical care provided to the wounded
due to combat trauma. In Group 1 (mobile hos-
pital in the combat region), digital radiography
was used in 72 cases (4.1+0.7%), ultrasound in



Table. Results of the analysis of data on the distribution of visualization methods by groups

Groups of
wounded
taking into Digital Ultrasound Multidetector Magnetic X-ray
account the radiography computed resonance angiography
level of tomography imaging Total
medical
care
provided ! 2 4 >
| group 72 236 0 0 314
4,1+0,7% 13,4+0,8% 0,3+0,1% 17,8%
P 2-1 <0,001
P 2-3 <0,001
11 group 49 113 7 0 231
2,8+0,4% 6,4+0,6% 3,5+0,4% 0,4+0,2% 13,1%
P1-4<0,001 P 2-1<0,001 P 3-4 <0,001
P 2-3<0,001P
2-4 <0,001
111 group 208 683 190 105 32 1218
11,8+0,8% 38,7+1,2% 10,8+0,7% 6,0+0,6% 1,8+0,1% 69,1%
P2-4<0,001 P 2-1 <0,001 P3-4<0,001 P4-5<0,001
P2-5<0,001 P 2-3<0,001P P3-5<0,001
2-4 <0,001 P 2-
5<0,001
Total 329 1032 258 112 32 1763
18,7% 58,5% 14,6% 6,4% 1,8%
236 cases (13.4+0.8%), and multidetector graphy in 190 (10.8+0.7%), magnetic

computed tomography in 6 cases (0.3£0.1%).
Magnetic resonance imaging and X-ray angio-
graphy were not available at the first level of
medical care. In this group, ultrasound was used
with a high degree of reliability (p<0.001) more
often than digital radiography and multidetector
computed tomography.

In Group Il (in frontline medical institu-
tions), digital radiography was used in 49
(2.840.4%) cases, ultrasound in 113
(6.4+0.6%), multidetector computed tomo-
graphy in 62 (3.5+0.4%), and magnetic reso-
nance imaging in 7 (0.44+0.2%) cases, respec-
tively. At the second level of medical care,
ultrasound was also used more frequently than
other methods (p<0.001). In this group, X-ray
methods were used more frequently than

magnetic resonance imaging with high
reliability (p<0.001).
In Group I (Main Military Clinical

Hospital), digital radiography was used in 208
(11.8+0.8%) cases, ultrasound in 683
(38.7£1.2%), multidetector computed tomo-
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resonance imaging in 105 (6.0+£0.6%), and X-
ray angiography in 32 (1.8+0.1%) cases,
respectively. In this group, ultrasound was
used with high reliability (p<0.001) more often
than all other imaging methods, and digital
radiography and CT more often (P<0.001) than

magnetic resonance imaging and X-ray
angiography.
Figure presents the percentage of each

imaging method used at various levels of
medical care. The overall share of digital
radiography was 18.7%, ultrasound 58.7%,
multidetector computed tomography 14.6%,
magnetic resonance imaging 6.4%, and X-ray
angiography 1.8%, respectively. As Figure 1
shows, ultrasound was significantly more
commonly used at all levels of medical care
for triaging and supporting the diagnostic
workup of the wounded. X-ray and computed
tomography were second in the diagnostic
workup for combat trauma. Magnetic
resonance imaging and X-ray angiography
were used less frequently.
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The overall distribution of imaging methods
for combat trauma diagnostics (n 1763):
digital radiography (18.7%); ultrasound diag-
nostics (58.7%); multidetector computed tomo-
graphy (14.6%); magnetic resonance imaging
(6.4%); X-ray angiography (1.8%)

Discussion

The study of the extent, nature of the injury,
and the specifics of the organization of radiation
diagnostics in victims of modern combat trauma
using a systems approach and statistical analysis
methods is a significant scientific problem,
since it facilitates the accumulation, systemati-
zation, and analysis of data on the clinical
diagnostic parameters of the course of the
wound process in this category of patients.
Important characteristics for the diagnosis of
modern combat trauma in hybrid warfare
victims include those influencing the course of
the post-traumatic period: age, gender, circum-
stances of injury, ballistic parameters of injury
and diagnostic capability, appropriateness,
consistency of use of radiodiagnostic methods,
and continuity in the diagnosis and treatment of
the wounded and injured during medical
evacuation [11].

In the context of hybrid warfare, it is
important to obtain data useful for predicting
the need for modern radiological care: an
integrated coefficient for the need for medical
imaging methods and specific coefficients for
individual methods, which can be calculated for
one as well as for one hundred wounded/injured
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during combat operations [12].

Hybrid warfare creates conditions in which
the number of wounded requiring full
radiological diagnostic support, and conse-
quently the technological capabilities of the
various levels of medical care, significantly
exceeds their capacity. Therefore, it becomes
necessary to group specialized surgical and
radiological care according to the urgency of
their implementation. The increasing need for
radiation diagnostics per wounded patient at
Level 111 medical care is explained by the
increased volume of qualified surgical care,
technical equipment, and training of medical
personnel [13].

Our proposed parameters for the need for
radiological diagnostic methods for modern
combat injuries allow us to predict the required
number of their applications for casualties in
hybrid warfare and the massive influx of
wounded due to modern combat injuries. They
thus facilitate the coordination of the capa-
bilities of each level of medical care with the
identified needs during medical evacuation. Our
research revealed that modern combat injuries
are most often diagnosed using ultrasound,
which was used in 58.7% of wounded patients
during medical evacuation, where qualified,
specialized, and highly specialized surgical care
was provided.

Conclusions
At all stages of medical care for the
wounded in hybrid warfare, ultrasound remains



the most commonly used imaging method Level 11l do evacuated wounded have access to
(P<0.001). Digital radiography ranks second, qualified medical care using all imaging
and CT is third in frequency of use. Only at methods, including X-ray angiography.
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POJIb BU3YAJIM3UPYIOIUX METOJ0B B JMAI'HOCTUKE BOEBOI TPABMbI
B YCJIOBUSX COBPEMEHHOM BOMHBI

O.I/I.Fpellaﬂmcl, P.P.AﬁnynﬂaeBz, U.M./Iuxan®, P.S1.A6ayanaes?, A.I.Cupko?*, O.B.Bacuianepa,
M.A.I'peuanux’, A.I. Kupuuenko®, I'.B,Josrain®
Y Hayuonanvhuiii 6oenmwiii meduyunckuti Kiunuueckui yenmp «I 1aemnwlii 60eHHBIN KIUHUYECKUL
eocnumanvy, Kues, Yrpauna;
2Xapuvrosckuil HayuoHanbHblii MeOuyuncKuil yrueepcumem, Xapbkos, Ypauna;
8 Axaoemus llobpooym, Kues, Yxpauna;
*Tnenponemposckas obnacmuas knunuveckas 6onvhuya, Juenp, Ykpauna;
> Vkpaunckuii 20¢y0apcmeennblil HayYHO-UCCIe08AMENbCKULL UHCIMUNTYI MEOUKO-COYUATbHBIX NPOGTeM
uneanuonocmu Munucmepcmaa 30pagooxpanenus Yxkpaunol, /[nenp, Ykpauna;
SKHII T opoockas knunuveckas boronuya Nel6 J[I'C, /uenp, Yrpauna

Pe3rome. IIpoBeneH peTpOCEKTUBHBIA aHAIHU3 JAHHBIX O BBIIIOJHEHHBIX JTyYEBBIX HCCIENOBAHUAX y 965
paHEeHBIX B pe3ylbTaTe COBPEMEHHOH OO0€BOH TpaBMBbl B THOpPHIHOW BOWHE B YKpaWHE Ha JTamax
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MeIUITMHCKOM dBakyarun. 198 (20,5%) u3 HUX HPOLUTH JYYEBYIO THATHOCTHKY B MOOHIBHOM TOCITHTAjE B
peruone Benenus 6oeBbix aeiicTuii (I rpymma), 73 (7,6%) paHeHHBIX — B MEIUIMHCKHX YUPEKIECHHUIX
npudponToBoii 30ubl (II rpymma), 964 (71,9%) paHeHHBIX — B LEHTPAJIHHOM BOCHHOM KIMHHYECKOM
rocrutasie Kuesa (111 rpynma).

PesynbpTaThl MCCleOBaHMS TOKA3alM, YTO HA BCEX TPEX OTalaxX OKa3aHWs MEIUIIMHCKOW MOMOIIH
paHeHHbIe, KOTOpBIe ObLTH 00cIenoBaHbl MeTo oM Br3yannzanuu Y 3U nocrosepHo (P<0,001) mpeobnanana.
Bo Il rpynme peHTreHOBCKHE METOIBI HCIONb30BAIUCH jgocToBepHO (p<0,001) wame, yem MPT.
PentrenoBckas anrunorpadus BeIMONHsUIACh TOJAbKO Ha |l ypoBHE (B mEHTpambHOM TOCHUTANE) OKa3aHUS
KBaTM(PHUIUPOBAHHOW METUIIMHCKOW TOMOIIHA SBAKYUPOBAHHBIM PAHCHHBIM.
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