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ABSTRACT

Grechanyk OIl. Radiation diagnostics of combat surgical traunia
Quialification Scientific Work as a Manuscript.

Dissertation for the Doctor of Medical Sciences degree isfibeialtyl4.01.23
cRadiotherapy and Radiodiagnoséic224 i Medical Diagnostic and Treatment
Technologies)i National Military and Medical Clinical Cent&VKG, Kyiv, 2024.

The dissertation is devoted $olving an urgent problem of military medicine
increasing the efficiency of radiation diagnostics of combat injuries using modern
imaging methods to improve the effectiveness of treatment of victims. To achieve this
goal, a series of experimental studie=re conducted; a system of medical imaging of
combat trauma (MIT) at different levels of medical care was developed; the
diagnostic and prognostic effectiveness of modern radiation diagnostic methods in th
initial assessment of combat trauma; dynamionitoring of the clinical course,
prediction of complications and risks of death was determined. The results of clinical
and epidemiological and complex radiation examinations (radiograpimgy X
multidetector computed tomographDCT; X-ray angiography RAG), ultrasound
US andmagnetic resonance imagiingViRI) of 1014 victims ofCT who underwent
surgical treatment at the National Mi |
¢GVKHe), military and civilian medical institutions in the areas of the Arrtiest
Operation, the Joint Forces Operation, the Revolution of Dignity and thecalé
RussiarUkrainian war in 20182023.

The study was divided into two treatment and diagnostic groups. The main (II)
group consisted of 653 victims of CT (583 B%) survived, 70 (1F %) died); the
comparative (I) group consisted of 361 victims (326,390) survived, 35 (¥ %)
died). The average age of the surviving victims was 34 years, and the average age
the deceased was 36 years. In the examination of the main (ll) group, all methods ¢
MDCT were used, including: MDCT with contrast;($ubgroup) and without contrast
(Il1 subgroup).Patients in the comparative (I) group underwent MDCT without

contrast.
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In order to experimentally substantiate thasibility of using certain methods
of radiation imaging in combat injuries and to study the nature of gunshot wounds fromn
small arms, various damaging factors (armor trauma, closed combat trauma an
shrapnel wounds), a series of model ballistic experisn@are performed on biological
and nonrbiological objects.

In experimental conditions using a combined badi biological simulator
(CBBYS) in a series of shots from firearms (A# and SVD) with bulletball (BB)
caliber 545x39 mm cartridges 7N10, and B2 mm (B32) into open anatomical
functional zones (AFZ)the destructive property of B®ith through and prevailing
gunshot wounds (GSW) with blind wound channels (WC) cpoeding to gunshot
injurieswas established. Additionally, the use of a level 4 class protection body armor
simulated injuries without W (explosive lung injury (ELI), closed abdomirtieauma
(CAT), craniatbrain injurieg. Simulating clusteexplosive blasts using largealiber
BB 12,7 mm repesented explosive injuries and explosive traumthe AFZ of the
CBBS. Gelatin blocks were used in a series of shots from the enemy's assault automa
weapons (AK12) with modified BBcaliber 545x39 mm cartridge 7N39 (tungsten
carbide composition) to determine the WC characteristics at different shooting
distances. At distances of 10 and 100 met&/€ were characterized by a muilti
fragmentary tracland fragmentation due to the BBown fragments (core, density
3071 HU unitsgjackeg, density 30503070 HU units) and fragments of taemor
plate (density 140700 HU units). At distances of 250 and 300 meters, WC differed
in a minimal numbeof fragments, the absence of BBell fragments, and the presence
of a large leading fragment of the core (density 3071 HU umhitghe experimental
conditions, visuaballistic signof combat injuriesvere determined ithe CBBS using
medical imaging methods (ltrasonography (US), Xay, MDCT). Visualballistic
signsincluded gas in the WCubcutaneous emphysema (dens#§2 N 28 HU units),
orbital hematoma (density +@&N15HU units), hematosinus (density 3019 HU
units), bone fractures, pneumocephalus (der88$ N30 HU units), brain hematoma
(density +7686 N5.5 HU units), subarachnoid hemorrhage (SAH, density
+555N8,0HU units), pneumomediastinum (density973N20 HU units),
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hemopericardium (density +8N4,2 HU units), pneumothorax (densit$80 N 15,0
HU units), hemothorax (density +#a\17.6 HU units), lung contusion (density
110N12 HU unity, pneumoperitoneum (density-943N333 HU units),
hemoperitoneum (+5K12,4 HU units, liver contusion (derity +25,2N8,2 HU
units), foreign boeks of gunshot origin (FBGO® BB core, density 3071 HU units;
jacket fragments, density 3048067 HU units)foreignbodies of norgunshot origin
(FBNGO, bone fragments, density 10820 HU units). Experimentally determined
visual indicators became the standard for assessing the extent and nature of comk
trauma

During the firing impact on 2&o of gelatin blocks with the modernized Russian
trophy AK-12 and battle ball 7N39, the volume formula was applied and the prognostic
indexj (%)of soft tissue and bone % davdrablel c t |
prognosis; | > 406 1 unfavorable prognosisHistological examination of biopsies
from GSW and sites of combat injuries areas of the AFZ of both n a model experimen
series revealed extensive or localized hemorrhages, swelling, complete or partial ce
destruction, organ congestion, plasmorrhagia, protein ordwiystrophy, and in the
area of contact with FBGO (fragment), necrosis of spinal cord cells.

Studying the impact of the type of injuries (Agunshot/gunshot wounds),
gender of the affected individuals, combat experience, the use of personal protectiv
equipment (PPE, protective helmet, body armor, etc.), and sanitary losses on the ris
of fatal auitcomes in individuals with negunshot injuries, gunshot wounds, explosive
injuries, and explosive trauma revealed the followihgthe groups did not differ in
terms of gender, combat experience, or prediction of negative treatment outcome
(p=0,780, pH,265, and p=B67, respectively); 2) a significant difference (jB{)
was found between groups based on the type of injuries; the umgmoup showed a
shift in the distribution towards explosive injuries (2&0) and explosive trauma
(36,9 %) compared to theigroupi explosive injuries (18 %) and explosive trauma
(22,4 %); 3) the use of personal protective equipment (PPE) was more common in the
main, guoup (847 %) compared to theugroup (701 %) (statistically significant
difference, p<(®O01) 4) a correlation was found (p=5036) between the risk of fatal
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outcomes and the type of injuries in tgroupi nongunshot injuries (19 %),
explosive injuries (18 %), explosive trauma (& %), and gunshot wounds,&%); in
the main  guoup, no correlation was found (pz06), and the risk was equally
associated with gunshot injuries (gunshot wounds%@, explosive injuries (1,1 %),
explosive trauma (1,& %), and norgunshot injuries (1,6 %). In the comparison
groups (main 1WB2u(126 %) andwi 34 (94 %), no significant difference between
eye injuries was found (p=049).

In the distribution of individuals with injuries by the use ofdital imaging
methodsat the medical support level, the preference for ultras@usil (584 N1,6 %)
over Xray (186N1,2%), multidetector computed tomography (MDCT)
(14,7 N1,1 %), magnetic resonance imaging (MRI) ,580,8%), ard X-ray
angiography(1,8 N0,4 %) was determined for the diagnosis of injuri®iCT and
visual controlat the medical support level allowed the determination of a coefficient,
the conditional indicator Kp for predicting the need for urgent MV metfadsjuries,
namely: 3 US, 1 Xay, and 2 MDCT (per individual) for the diagnosis of injuries.
At the IV medical support level, MDCT became the leading radiological diagnostic
method for injuries and its complications in (@813,7) % of affected individuals
when poviding diagnostic and surgical care (p3@L).Under the areander the curve
(AUC=0,62, 95% PI 0,59i 0,65) with a sensitivity of 5@ % and specificity of 6.2 %,
it was established that the number of surgical interventions > 5 increased the risk o
fatal outcomes in individuals with injuries in the postoperative pefibd.severity of
injuries in Group Il victims was higher than in Group | victims (j©6Q), which is
associated with the use of highergy weapons and combat drones in addition to small
armsThe severity of injuries and the condition of individuals with explosive injuries
were higher than in individuals with nagunshot injuries, gunshot wounds, and
explosive trauma (p<05) for all comparison group# individuals in the main~ ww
group, combined and multiple injuries statistically prevailed, while in utlygoup
isolated and multiple injuries were significantly more frequent (80). The severity
of injuries and the condition in individuals with a lyadass index (BMI) < 18 kg/n¥,
underweight, were higher (p<0.05) than in individualshwa normal BMI (1&i
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249 kg/n¥), associated with the development of complications and traumatic
exhaustionln the medicaktatistical assessment of the relationship between the level
of creatinine in the blood plasma of the injured individuals and the severity of
trauma/condition, it was found that the severity of the condition significantly increased
(p<0,001) with an increase in creatinine levels, and the difference between the
distribution groups from mild to extremely severe conditions was statistically
significant (p<Q05). Also, the median value of the creatinine level in individuals in
extremely severe conditions slightly exceeded the threshold value for men, justifying
the diagnostic necessity and conditional satdtusing contrasenhanced MDCTo
achieve the diagnostic goal based on life indications.

According to ballistic volumetry results, the calculated prognostic survival index
] (%) in affected individuals, regardless of the tygfeinjuries, determined severity
scores for trauma and condition: 10 and 11 points7(§®for nongunshot injuries;
] 10,7 % for gunshot wounds; j,95 % for explosive injuries; j B5 % for explosive
trauma, p=098), which were considered in the dim-visuatballistic scale (M\B)
based on the Guryev, Kravtsov, and Ordatiy (GKO) scale for the objective assessmel
of the severity of injuries, the condition of the injured individual, and the clinical
prognosis of survival in modern warfalé.has been mven that the M8 is more
adapted to the ISS scale, which takes into account anatomical polysystemic an
polystructural injuries. According to the operational characteristics curve with a
sensitivity of the tes95,8 % (95 % PI 88,31 99,1 %), specifcity of 57,7 % (95% Pl
54,3 %i 61,1 %) at the stage of ho#pl care and treatment, the Mvincreased the
accuracy of predicting the risk of trauma severity and the condition of the injured
individual. Severe and extremely severe conditions in affaatdigiduals, as indicated
by the median value, did not affect the average duration of treatmentNVIti€C
¢GVKGe, and the average duration of hospitalization for surviving individuals
(11days) statistically prevailed over those who died (8 days),0d6). Individuals in
the main group statistically prevailed upon admission to the Military Medical Clinical
Center for surgical and neurosurgical patients oveutireup (p<Q001), associated

with a severe condition and severity of injuries due to exyasiuries and trauma.
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In postoperative individuals, a connection was established between the
mechanisms of death and complications: cerebral edema with cerebral complication
(cerebral edema, acutserebrovascular accidenmeningitis, meningoencephalitis,
etc.) (p<Q001); renal failure with infectious complications (peritonitis, sepsis, gas
gangrene, etc.), acute kidney injury (AKIl), phantom limb pain, etc. Q040;
respiratory, cardiovascular, cardiorespiratory, and multiorgan failure with infectious,
nonrinfectious complicaons, pneumonia, cerebral, hemostatic complications, AKI,
postreanimation syndrome (PRS), bedsores, cachexig@x)) as well as acubaric
trauma in the mechanism of cardiorespiratory failure (3D).For predicting the risk
of complications and their association with lethal outcomes in surgical interventions,
anesthesia, in preoperative preparatiomgisMDCT, ballistic volumetry Wound
channelsand areas of injuries to anatomifahctional zones) was studied. It was
found that blindVC (59,3 %), mutiple WC (51,7 %) were significantly more common
than throughWC and injuries withoutWC in injuries from explosive, fragment
grenade, engineering ammunition, projeclike elements (flashes), guided avoak
missiles, and bompgp<0,001). Also, in 434 % of cases, gas was observeaviound
channe| FBGO(battle ball core (density 3071 HU), fragments, shaishirte of battle
ball (density 30463067 HU, or other metal, metplastic fragments, of varying
density), andFBNGO (bone fragments, mediadensity value 1023 HU)medical
purposes, gauze tampons, textile material, median density valy& H02 without
signs of contrast accumulation). Using the experimental formula of ballistic volumetry
with the calculation of the volume wfound channel areas of injuries to anatomieal
functional zones, the prognostic indei®o), statistical assessment of the relative risk
of a lethal outcome (RR), the indicator of the etiological fraction of the relative risk
(EF) was determed, and it was established that th@o) index influenced the
treat ment 0 u t ,0000%,e withp &J étrBrg xassckatibn between these
indicators /ra/=®8, and RR=18 [8,0; 338], EF=[81; 100P4. Therefore, if 040 %,
with a probability of more than 8, a positive outcome of surgical treatment and
anesthesia was predicted, and only in head injuries under the same conditions was t

outcome fatal.
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The protracted military conflict in eastern Ukraine, which escalated into-a full
scale warforced surgeons, traumatologists, and anesthesiologists to reconsider th
role, place, and importance of visualizing radiation diagnostic methods in the algorithrr
for providing care to victims of combat trauma. Therefore, the current scheme of
medical evagation support includes an organizational and diagnostic scheme of
medical imaging of combat trauma at the breast cancer, with the definition of mobile
forces and means for providing medical care during evacuation (radiological,
ultrasound methods, in somases MDCT without contrast) and stationary forces and
means (ultrasound, -Kay, MDCT with and without contrast, MRI, RAG, other
radiological methods) depending on the severity ofthghe condition of the victim,
according to the clinical diagnosis for strictly defined indications. According to the
results of multivariate analysis, it was found that the severity of the injury and the
condition of the victims of group Il was higher thargroup | (p<Q001). In the valid
distribution of the dominant I@tization, the first place was occupied by combat
injuries of the chest and abdomen in13% of cases, the second by head and eye
injuries in 313 % of cases, the third by limbs and pelvis in®% of cases, neck
injuries accounted for,B% of cases, spiné 3,6 % of cases, which prompted the
combination of adjacent AFIs in MDCT: scanning of the head, chest, abdomen, pelvis
in the Full Body Scanprogram. The clinical significance of other localization of
injuries was determined WyT of the extremitiesni 54,0 % of cases, the spine in B%%
of cases, and the neck in,2%6 of cases. The severity of BT in victims with a dominant
combat injury to the head was heavier than in other locationsO@X0 The clinical
condition of victims with dominant chest and abdom{@&lwas more severe than that
of the extremities (p<05). The risk of death in the dominant head El was higher than
in the dominant limb EI (p=045). When comparing the proportions of detection of
EB markers (fluid and gas) mltrasound, a statistical advantage of visualization of
fluid over gas in body cavities in patients with all breast cancers was foun@@fx0
For primary visualization of injuries and control, ultrasound and RG were effectively

used from hospital care to hospital treatment and vice versa.
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Echo, elastographic, sono, and steatometric indicators of internal organs showe
no differences in the examined groups and significant deviations from average
statistical values. The clinical significance of cavities in cases of application of sheal
wave dastography was established:1@ kPai transudate; 120 kPai exudate; 2P
28 kPai blood; >30 kPa a mixture of pus, bile, fibrin, etc. pathological fluids. In limb
injuries, compartment syndrome, and tourniquet syndrome, the echogenicity of sof
tissues increased (16@®10 kPa), collateral blood flow or thromboses,
pseudoaneurysms, arteriovenous fistulas, complete or partial interruption of periphere
nerves, changes in their echostucture, or lack of visualization were determined
In injuries to vessels of the head and neck9 42 of individuals had complex intima
media thickness of,1i 1,5 mm, and in 93 % of individuals, stenoses of carotid
arteries up to 3% were observed due to heterogeneous plaques. In individuals with
acubaric trauma in combinatievith altered blood flow parameters of carotid arteries,

a significant decrease in velocity indicators through vertebral arteries (VA) was
determined, with a median value for the right VA a628n/s and for the left VA at
27,5 cm/s (p<@O01).It was determined that the median value of the aortocaval index
(0,854) in operated individuals in severe and extremely severe conditions did not hav
clinical significance. Noftontrast radiographic method, with artificial contrast,
provided medical visualization dnmedical control of the musculoskeletal system,
chest, and complications of postoperative conditions of abdominal organs, pelvis
chest, bone tissue defects, and reconstrucéistorative interventions on extremities.
The median value of the total numlodrradiographic studies during the study period
was 2 investigations, and the total radiation doshe examined population was1l
mSv.

At the NMMCC ¢cGVKGe MDCT was used in thEull Body Scarprogram for
scanning individuals at various contrast phases: angiography of the neck and limi
vessels in the arterial phase of scanning, angiography of the organs of the chest al
abdominal cavities, pelvis in arterial and venous phases of the study, venous phase f
the organs of the chest, abdominal cavities, pelvis, excretory phase for the organs

the retroperitoneal space and small pelvis, and all organs and systems without contra
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and directly native MDCT of the brain. In the total examined populationcootrast
MDCT was performed in 68 %, with contrast in 38 % of individuals with TBIs,
and in 1% of cases, the study was not conducted. During the study period, the total
number of conducted MDCTs had a median value ofvéstigation, and the total
radiation dose was 16 mSv.

We evaluated the results of both radiation andnaalation methods of medical
visualization for traumatic brain injuries in comparison with the results of multidetector
computed tomography (MDCT), which was recognized asctjsdd standaré for
diagnosing injuries to the body of the injured pers¥rray was used to identify
injuries to visceral and peripheral vessels. The comparisotrafy and ultrasound
(US) imaging (compared by AUC)of soft tissue projectilgbullets, fragments,
projectile parts)Soft tissue projectilaot visualized by -ray, bone fragments, medical
material, textile material, in various locations, including orbits, paranasal sinuses, neck
extremities (p=@58), spine injuries, and pelvic bone injuries showtatistically
significantly higher informativeness of -day compared to US (p5@R0). No
differences in informativeness were found betweera)and US visualizations of
fractures of long tubular bones, thoracic rib cage @DThere was a high positive
prognostic significance of the radiographic method for diagnosing lung injuries
(84,6 %), pleura (84 %), diaphragm (88 %), and complications such as pneumonia
(85,4 %), intestinal obstruction (92%); specificity: for lungsi 85,0 %, pleurai
64,2 %, diaphragni 84,2 %, pneumonid 83,5 %, intestinal obstructioin 94,3 %.

There was a high positive prognostic significance of the radiographic method for
diagnosing lung injuries (84%), pleura (84 %), diaphragm (83 %), and
complications such as pneumonia,®8%), intestinal obstruction (92 %); specificity:
for lungs1 85,0 %, pleurai 64,2 %, diaphragmi 84,2 %, pneumoniai 83,5 %,
intestinal obstructiori 94,3 %. High specificity of Xray (962 %) for visualizing
markers of injuryi fluids (free and contrast in body cavities idgr fistulography,
sensitivity 8,0 %, +PV 935%, 1 P,A%%) 4n@ pleural effusion (sensitivity f6%,
specificity 832 %, +PV 829 %, 1 6B,%%), diagnosis of bon&actures(sensitivity
70,8 %, specificity 68,6 %, +PV 739 %, T P \8%)5ir8 individuals in the
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postoperative period, allowing the radiographic method for diagnosing injuries and
complications to be classified asdacriminatory methodUS, Doppler ultrasound
shear wave elastography (SWE) igghly informativemethod for diagnosing injuries
to sdt tissues of the bodypleural effusia in individuals during acute trauma and in
the postoperative periag<0,05) US, supplemented by USG and SWE, is a highly
informative nomrradiation method for diagnosing injuries to parenchymal organs
(sensitivity 885 %, specificity 840 %, +PV method 938 %, TPV m@g¢%hod
hollow organs (sensitivity 78 %, specificity 832 %, +PV method 8% %, T PV
method 753 %); interstice, celiac organs (sensitivity,8%, specificity 800 %, +PV
method 95 %, T PV  medt%y ovesseld 8f the head, neck, extremities
(sensitivity 808 %, specificity 739 %, +PV method 8% %, TPV m@wthod
abdominal aorta and its branches (sensiti8ity. %, specificity 843 %, +PV method
73,4 %, T PV 67 %haodperipheral nerves (sensitivity,B4o, specificity
62,3 %, +PV method 64 %, T PV meéooh High infodnativeness of US
visualization of pericardial, abdominal, retroperitoneal, pelvic effusions (sensitivity
89,1 %, specificity 8,9 %, +PV920%, 1 7B,8%0) was revealed. No differences in
informativeness were determined betweeimay and US visualization of free gas in
the pleural and peritoneal cavities (pneumothorax &21), pneumoperitoneum
(p=0,948). Medicalimaging and medical controlusing both radiation methods in
individuals at the poinodf injury, regardless aiedicaltechnical equipment, provided
diagnostic assistance quickly without the risk of delaying surgical and
anesthesiological care, or parallel effective diagnostics of injuries. Therefore, the
"golden variation of radiological diagnostics of combat rmmali is recognized as
medicalimagingi 3 (US): 1 (Xray): 1(0) MDCT; for visual controli 3 (4) (US)

2 (X-ray, 1,6 mSv) 1 (MDCT, 16 mSv).

The absence of a difference in overall mortality in the comparison groi@ (9
in the comparison group | and,Z8% in the main group Il) indicated a reduction in the
diagnostic period in victims in severe and extremely severe condition by using MDCT
with contrast for vital signdDue to the use of visual signs of combat injuries of the

acute experiment, the developed schemes, algorithms for diagnosis, detection of visu
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signs of combat injuries and complications of combat trauma, determination of risk
factors for death and the relationship of complications with mechanisms of death whel
using radiation imaging methods in victims, the number of complications dasee
from 41,6 % (95% Pl 3651 46,7) to 248 % (95% PI 21,6 i 282) (p<Q01). The
hazad ratio was (b (95% PI 0,50i 0,72), which reflected a decrease in the risk of
death inthe main group, where a system of staged treatment of combat trauma victim:
was create.

Keywords: radiation diagnosticanedical imaging, visual control, ultrasound
diagnostics, radiography, multidetector computed tomography, magesboance
imaging, Xray angiography, combatirgicaltrauma, combat injuries, visual ballistic
features, risk of death, safeeffective variation of radiation diagnostics of combat

trauma .
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