AZaRBAYCAN

ATJ, 2025, Nel, 59-65 a

AZERBAIJAN MEDICAL JOURNAL

DOI: https//doi.org/10.34921/amj.2025.1.011

UROYIN VO DOS QOFOSININ IR DAMARLARININ DOYUS
XOSAROTLORI NOTICOSINDO ZoDILONMOSININ SUA DIAQNOSTIKASI

R.Y.Abdullayev', O.1.Qrecanik?, R.R.Abdullayev?, Z.N.Kot?, R.V.Gybalo?,
Ya.V.TsymbaI}/uk3, F.I.Kulikova®, A.G.Sirko?, A.G.Kiricenko®, N.V.Tomax
Xarkov Milli Tibb Universiteti, Xarkov, Ukrayna;
2“Bag Horbi Klinik Hospital”” Milli Klinik Harbi-Tibb Markazi, Kiyev, Ukrayna;
3Ukrayna Milli Tibb Elmlori Akademiyasi, Kivev, Ukrayna;
*Dnepropetrovsk vilayat klinik xastoxanasi, Dnepr, Ukrayna;
®Ukrayna Sahiyya Nazirliyinin Tibbi va Sosial olillik Problemlari tizra
Ukrayna Dévlat Tadgigat /nstitutu, Dnepr, Ukrayna

Xulasa. Maqalada ddyiis amaliyyatlar: zaman: Urayin va dos gofasinin iri damarlar:nin zadalanmasinin
sua diagnostikas: metodiar: vasitasila tadgiginin naticalari taqdim edilib. Tadgigata 38 xasta calb edilmis va
Umumilikda 46 zadalonmo (31 Urak, 13 aorta vo 2 agciyor arteriyasty) — 7 kit va 39 golpa yaras: geydo
alinmugdir. Gostorilmigdir ki, hemoperikard 27 (58,7£7,3%), psevdoanevrizma 11 (23,9+6,3%) halda
(p<0,001) geyda al:nib.

Qalpalarin diagnostikasinda rentgenografivanin hassashigr 97,2%, spesifikliyi 66,7%, daqigliyi 94,9%;
utrasonografiyan:n hassaslig: 94,3%, spesifikliyi — 75,0%, daqigliyi — 92,3%, taskil edib. Hemoperikardin
diagnostikasinda utrasonografiyan:n hassaslig: 96,0%, spesifikliyi — 50,0%, daqiqliyi — 92,6%, taskil edib.

olda edilmis molumatlara gora, dos gofasinin daxilina nifuz edon travmanin agirlasmalarinin
giymatlandirilmasinda ultrasas muayinasinin mahdud istifadasina baxmayaraq, bu metod Urayin galpa
yaralarmmin va perikard boslugunda qan toplanmasinin  diagnostikasinda kifayat Qadar hassashiga v
dagigliya malikdir. Qalpa ilo yaralanmalarin diagnostikasinda rentgenoqrafiya va ultrasas arasinda ciddi
forglar askar edilmomisdir.

Acgar sozlar: siia diagnostikasi, doyiis travmas:, dés gafasinin iri damarlar:

Knroueswle cnosa: nyuesas ouacnocmuxa, 6oegas mpasma, KpynHwle cocyobl 2pyOHOU KIemKu
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This article presents the results of a radiological diagnostic study on injuries to the heart and major
chest vessels sustained during combat operations. The study involved 38 patients, recording a total of 46
injuries (31 heart injuries, 13 aortic injuries, and 2 pulmonary artery injuries), of which 7 were blunt
injuries and 39 were shrapnel wounds. It was shown that hemopericardium was registered in 27
(58.7+7.3%) cases, pseudoaneurysm —in 11 (23.9+6.3%) cases (P<0.001).

In the diagnosis of metal fragments, the sensitivity of radiography was 97.2%, specificity — 66.7%,
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accuracy - 94.9%; the sensitivity of ultrasound was 94.3%, specificity - 75.0%, accuracy - 92.3%. The
sensitivity of ultrasound in the diagnosis of hemopericardium was 96.0%, specificity - 50.0%, accuracy -

92.6%.

According to the data obtained, despite the limited use of ultrasound in assessing complications of
penetrating chest trauma, the method has sufficient sensitivity and accuracy in diagnosing shrapnel wounds
of the heart and blood effusion in the pericardial cavity. No significant differences were found between
radiography and ultrasound in the diagnosis of metal fragments.

Penetrating gunshot wounds to the chest
always present serious problems in providing
care. According to the literature, about 90% of
patients with penetrating thoracic injuries die
before reaching the hospital. Factors that affect
survival include the presence of cardiac
tamponade, right ventricular injury, and single
versus multiple chamber injury. It should be
noted that the development of tamponade in
some cases allows one to gain time for choosing
treatment tactics for patients with gunshot
wounds of the heart. The success of
thoracotomy for all patients with penetrating
wounds to approach 15% [1, 2]. According to
M.J.Seamon et al. (2015) in cases of penetrating
chest trauma, overall survival approaches 21%
in patients with signs of life. Overall survival
was 8% in patients without signs of life on
presentation [3].

The incidence of injury to the major thoracic
vessels is unknown. In most cases, dissection of
the pulmonary artery or pulmonary vein is
rapidly fatal, which explains the limited clinical
data on these injuries. Because pulmonary
artery pressures are often low, the most
common manifestations of injury may be
hemothorax or a presumed pseudoaneurysm on
CT angiography. The most common chest CT
findings in patients with non-fatal gunshot
wounds to the chest are metal debris near or on
the wall of the heart or great vessels [4].

Cardiovascular injuries are the second most
common cause of death after central nervous
system injuries. Cardiac trauma is divided into
two broad categories: nonpenetrating or blunt
cardiac injuries and penetrating cardiac injuries.
Blunt cardiac injuries are more common and
occur due to crush. Penetrating cardiac injuries
are more common due to gunshot wounds and
carry higher mortality. In gunshot wounds to
chest a bullet can cause direct injury to the
cardiac structures and result in tamponade,
structural cardiac defects, or valve or aortic
injury [5, 6].

Penetrating cardiac injuries carry a grave
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prognosis. The most common presentation is
with hemopericardium and pericardial tampo-
nade [7]. In rare cases of gunshot wounds to the
chest, when the bullet ricochets and lodges in
the pericardium, it may not damage the adjacent
cardiac structures. In such cases, multimodality
imaging can help localize the bullet, assess the
nature of the damage. Some patients may not
have symptoms of foreign bodies in the heart.
The right ventricle is most commonly involved,
followed by the left ventricle, right atrium, and
left atrium [8].

In patients with gunshot wounds to the chest,
ricocheting bullets can cause cardiac injury. A
chest X-ray allows you to determine the
silhouette of metallic foreign bodies, in parti-
cular bullets, with a clarification of the direction
of their tip. In gunshot wounds to the chest,
where the bullet ricochets into the pericardium
without damaging other cardiac structures,
echocardiography is the best method to
determine the exact location of the foreign body
and minimal pericardial effusion. Echocar-
diography may be particularly useful when CT
scanning does not accurately visualize the
object due to projectile artifact [9].

Accurate determination of the location of the
foreign body is of paramount importance for
choosing the most rational method of treatment.
The evaluation should begin with advanced life
support protocols during trauma. If the patient
remains stable, imaging should be continued to
determine the specific location of the bullet or
fragment to determine individual treatment.
Computed tomography remains the best ima-
ging modality in hemodynamically stable pa-
tients with thoracic trauma, allowing rapid and
accurate examination of the entire chest [10-11].

The purpose of the study is a comparative
assessment of the capabilities of radiological
methods investigation in the diagnosis of
injuries to the heart and thoracic large vessels
resulting from combat trauma.

Material and methods. The analysis of the
results of ultrasonography and radiography in



diagnosis of injury to the heart, thoracic aorta and
pulmonary artery in 42 wounded during combat
operations diagnosed by CT contrast was performed.
The types of injury were established on the basis of
CT-contrast, which is currently the main method of
assessing injuries to the chest organs. The age of
patients varied within 28-46 years (average 38+4
years). Ultrasonography was performed on the
RADMIR Ultima PA Expert ultrasound device using
a convex sensor in the frequency mode of 2-5 MHz.

Statistical analysis was performed using the
nonparametric Mann-Whitney method. If the p
value <0.05, the difference between the compared
groups was considered statistically significant. The
sensitivity, specificity and accuracy of radiation
research methods in the diagnosis of various types of
damage to the heart, thoracic aorta and pulmonary
artery were determined.

Results and discussion. Among the 42
wounded, 46 injuries were recorded: of these,
isolated damage to the heart — in 27 (58.7%),
thoracic aorta — in 9 (14.0%), pulmonary artery
—in 2 (18.6%). Combined shrapnel damage to
the heart and thoracic aorta was recorded in 4
wounded (Table 1). In all 39 (84,8+5,3%) cases,
penetrating injuries to the heart, aorta, and
pulmonary artery were caused by shrapnels. As
can be seen from the table, in all cases
penetrating injuries to the heart and thoracic
aorta were registered statistically significantly
(P<0.001) more often than blunt ones. Metal
shrapnel in all types of radiological diagnostics
were defined as luminous inclusions with the
appearance of a dorsal track (Fig. 1).

Fig. 1. Two-dimensional subcostal echocardiographic
image of a metallic foreign body (metal shrapnel). The
upper and middle arrows show the shrapnel, the lower
arrow - the dorsal track.

The following types of injuries were iden-
tified: hemopericardium, intimal flap, dis-
section, pseudoaneurysm formation, rupture.
Of all 46 cases of injury, hemopericardium
was recorded in 27 (58.7+7.3%) cases; intimal
flap of the thoracic aorta — in 2 (4.3£3.0%),
pulmonary artery — in 1 (2.2£2.2%) case,
dissection —in 3 (6.5+3.6%) and 1 (2.2+2.2%)
cases, respectively. Pseudoaneurysm of the
heart was recorded in 3 (6.5£3.6%) cases, of
the thoracic aorta — in 8 (17.4+5.6%) cases,
respectively. In 1 case (2.2+2.2%), a rupture
of the interventricular septum of the heart was
recorded (table 2).

Table 1. Distribution of cases of injury to the heart, thoracic aorta,
and pulmonary artery in blunt and penetrating combat trauma

Localization Nature of injury (n = 46)
Blunt Penetrating Total
The heart 6 (13,0+5,0%) 25 (54,3£7,3%) 31
P<0,001
Thoracic 1(2,242,2%) 12 (26,1+6,5%) 13
- P<0,001
aorta
Pulmonary - 2 (4,3+3,0%) 2
artery
Total 7 (15,245,3%) 39 (84,8+5,3%) 46
P<0,001




Table 2. Types of combat injuries to the heart, thoracic aorta, pulmonary artery

The heart Thoracic Pulmonary Total
Type injuries aorta artery
1 2 3
Hemo- 27 - - 27 (58,7£7,3%)
pericardium (58,7+7,3%) P*<0,001
Intimal flap - 2 (4,3+3,0%) 1(2,242,2%) 3 (6,5+3,6%)
Dissection - 3 (6,5+3,6%) 1(2,242,2%) 4 (8,7+4,1%)
Pseudo- 3 (6,5£3,6%) 8 (17,445,6%) - 11 (23,916,3%)
aneurysm P*%0,05
Rupture 1(2,242,2%) - 1(2,2+2,2%)
Total 31 (67,4+6,9%) 13 (28,3+6,6%) 2 (4,3£3,0%) 46
P 1-2 <0,001 P 2-3 <0,001

Note:

P — comparison of heart and thoracic aorta; P * — comparison of hemopericardium and

pseudoaneurysm,; P **~ comparison of pseudoaneurysm and dissection.

As can be seen from the table, the damages
of the heart were registered significantly more
frequently (P<0.001) then, the thoracic aorta,
and damages of the thoracic aorta were more
frequent (P<0.001) then, the pulmonary artery.
The hemopericardium was registered signi-

ficantly more frequently (p <0,001) then, the
pseudoaneurysm, and the pseudoaneurysm
more frequently (p <0,05) then, the dissection.
Penetrating damage to the heart by metal
fragments in all cases was accompanied by the
development of hemopericardium (Fig. 2-4).

Fig. 2. Two-dimensional apical 4-chamber view
of pericardial effusion in a patient with a gunshot
wound. From top to bottom, arrows show
pericardial effusion, a metallic foreign body on
lateral wall of the left ventricle.

62

Fig. 3. Two-dimensional subcostal 4-chamber
view of massive pericardial effusion with
cardiac tamponade in a patient with a gunshot
wound. From top to bottom, arrows show
pericardial effusion along the anterior wall of
the right ventricle, a metallic foreign body,
reverberation from it, a significantly compres-
sed left ventricular cavity, effusion along the
posterolateral wall of the left ventricle.



Fig. 4. Oblique CT view of a metallic foreign
body (arrows) on the anterior surface of the right
ventricle

The most common anatomic site of injury
in blunt thoracic aortic injury occurs at the
aortic isthmus, on the medial aspect of the
descending thoracic aorta, distal to the origin
of the left subclavian artery. This is where the
relatively mobile aortic arch transitions to the
relatively fixed descending aorta (Fig. 5).

Table 3 presents the results of radiography
and USG in the diagnosis of shrapnel, which
was detected by CT. In 35 cases, the results of
radiography were true positive (TP), in 1 case
false negative (FN), in 2 cases true negative
(TN), in 1 case false positive (FP). The
sensitivity of radiography was 97,2%, the

Fig. 5. CT image of blunt trauma to the thoracic
aorta in a patient with a gunshot wound to the chest.
Coronal view of the aortic pseudoaneurysm

specificity was 66,7%, and the accuracy was
94,9%. In 33 cases, the results of USG were
TP, in 2 cases FN, in 3 cases TN and in 1 case
FP. The sensitivity of USG was 94,3%,
specificity — 75,0%, accuracy - 92.3%,
respectively (Table 3).

Table 4 presents the results of USG in the
diagnosis of hemopericardium, which was
detected by CT. In 34 cases, the results of
USG was true positive (TP), in 1 case false
negative (FN), in 1 case true negative (TN)
and in 1 case false positive (FP). The sensi-
tivity of USG was 97,1%, the specificity was
50,0% and the accuracy was 94,6% (Table 4).

Table 3. Results of radiography and USG in identifying of shrapnels

Shrapnels on the heart wall, thoracic aorta and pulmonary artery identifing by
contrast-enhanced CT (n=39)
X-ray USG
Yes No Yes No
36 3 35 4
TP FN TN FP TP FN TN FP
35 1 2 1 33 2 3 1
Sensitivity 97,2% Sensitivity 94,3%
Specificity 66,7% Specificity 75,0%
Accuracy 94,9% Accuracy 92,3%

Note: TP — true positive, FN — false negative, TN — true negative, FP — false positive.
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Table 4. Results of USG in identifying of hemopericardium

Hemopericardium identifing by contrast-enhanced CT (n=27)
Yes No
25 2
TP FN TN FP
24 1 1 1
Sensitivity 96,0%
Specificity 50,0%
Accuracy 92,6%

Note: TP — true positive, FN — false negative, TN — true negative, FP — false positive.

Discussion. Thoracic trauma accounts for
approximately 25% of all trauma-related deaths.
Gunshot wounds are the second most common
cause of fatal traumatic injuries. In modern
warfare, a significant proportion of large vessel
damage occurs due to shrapnel and blast
wounds [12]. Blunt thoracic aortic injury are the
second most common cause of early trauma-
related deaths following traumatic brain injuries
and this accounts for approximately 1.5% of all
thoracic trauma [13].

The location of retained projectile fragments
in the chest organs is a key factor in
determining the management plan. When
associated with direct cardiac injury, shrapnels
can be found on the heart walls, partially or
totally embedded in the myocardium, within the
pericardial cavity or lodged in proximity to the
great vessels [10]. In our studies, the sensitivity
of ultrasonography in diagnosing of metal
sharpnels reached 94.3%, and the accuracy was
92.3%.

High-velocity penetrating chest injuries with
shrapnels are accompanied by the development
of hemopericardium and hemothorax. On
multidetector computed tomography, they
appear as high values (50-90 units) of
Hounsfield. In our studies, the sensitivity of
ultrasonography in diagnosing of

hemopericardium  reached 97,1%, and the
accuracy was 94,6%.

In rare cases, when the interventricular
septum is ruptured as a result of gunshot
wounds, it is possible to deliver the patient to
the cardiac surgery department within a few
hours and perform surgical intervention. In our
studies, rupture of the interventricular septum in
gunshot wounds was recorded only in one case,
but the patient died a few hours later.

The results of our studies confirm the high
role of ultrasonography in the assessment of
complications of blunt and penetrating chest
trauma and demonstrate sufficient sensitivity
and accuracy in the diagnosis of shrapnels on
the walls of the heart, hemopericardium and
pseudoaneurysm.

Conclusion

1. Despite the limited use of ultrasound in
assessing complications of penetrating chest
trauma, the method has sufficient sensitivity,
specificity and accuracy in diagnosing shrapnel
lesions of the heart and blood effuzion in the
pericardial cavity.

2. There are no significant differences
between radiography and ultrasound in the
diagnosis of shrapnel.
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JYYEBAS TUATHOCTHKA HOBPEXJIEHUI CEPJILIA U KPYIIHBIX COCY 0B
I'PYAHOMU KJIETKHA ITPH BOEBOU TPABME

P.A1.A6aynnaes’, O.M.I'peuannk’, P.P.A6xynaes’, 3.H.Kor?, P.B.I'u6aso’, SI.B.Iuméamok’,
(I).I/I.Kynulcosa4, A.F.Cl/IpK04, A.r.Kl/Ipl/IlleHKOS, H.B.Tomax"
YXapvrosckuii nayuonansbhbiii meduyunckuii yrusepcumem, Xapokos, Vepauna,
2 HayuoHansHolil 80eHHbII MEOUYUHCKULI KIUHUYECKUl] yenmp «I nasuwviii 60eHHbI KIUHUYECKUL 20CNUMATIb Y,
Kues, Ykpauna;
SHCZL;uOHaJZbHa}Z akademust MmeOuyuHcKux Hayk Yxpaunol, Kues, Yxpauna;
* ITnenponemposckas o6racmuas kuunuveckas 6onvnuya, Jnenp, Vkpaund;
> Vkpaunckuii 20¢y0apcmeennblil Hay4HO-UCCIeO08AMENbCKULL UHCIMUNYM MEOUKO-COYUATbHBIX NPOBIeM
uneanuonocmu Munucmepcmaea 30pagooxpanenus Ykpaunsi, /[nenp, Ykpauna.

Pe3rome. B craTthe TpeNCTaBIICHBI PE3YNbTAThl JIyUEeBOW JMATHOCTHKU TPH TOBPESKICHUH KPYITHBIX
COCYIIOB cepAla W TPYIHON KIETKH B XoJie O0EBBIX JAeicTBHil. B mccinenoBanne BKITIOUEHBI 38 OOJBHBIX,
Bcero 3apeructpupoBano 46 panenuit (31 cepmare, 13 aopTel W 2 Jeroddsie apTepuu), 7 Tymbix U 39
OCKOJIOUHBIX paHeHuil. [lokazaHo, 4TO remomepukapj 3apeructpupoBan B 27 (58,7+7,3%) cnydasx,
nceBroaneBpusma — B 11 (23,9+£6,3%) ciyqasx (p<0,001).

[lpr nUarHoCTHKE METATMYECKHUX OCKOJOK YyBCTBUTEIBHOCTH peHTreHorpaduu cocraBuna 97,2%,
cneruduaHocTh — 66,7%, TouHOCTh — 94,9%; yyBcTBUTEABLHOCTS Y3U coctraBuna 94,3%, ciennuIHOCTL —
75,0%, tounocth — 92,3%. UyBcTBUTEenbHOCT, Y3M B nuarHocTwike remorepukapaa cocraswia 96,0%,
cneruduunocts — 50,0%, TouHOCTH - 92,6%0.

CornacHO TOJYYCHHBIM [IaHHBIM, HECMOTpS Ha OrpaHWdeHHoe mpuMeHeHne Y3M mpu oreHke
OCIIO)KHCHHH MPOHUKAIOIICH TPaBMBI TPYIHOU KJIETKH, METOI 00JIa/IacT JOCTATOYHON TyBCTBUTEIHFHOCTBIO M
TOYHOCTBIO TP JUArHOCTUKE OCKOJIOYHBIX PaHCHHWH CepJAlla W BBINIOTA KPOBH B TOJIOCTU IEpPHKapa.
CyIleCTBEHHBIX pa3MYuil MEXAy peHTreHorpaduell W yIbTPa3ByKOM B JIUATHOCTHKE METaTHYCCKHUX
OCKOJIOK HEe 00HapyKEHO.
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