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DOYUS ZAMANI ALINAN DOS QOFOSi XOSAROTLORININ DIAQNOSTIKASINDA
RENTGENOQRAFi_yA VO ULTRASOS MUAYINOSININ NOTiCOLORININ
MUQAYIiSOLi QiYMOTLONDIRILMOSI
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Xiilasa. Maqalado déyiis zamam alinan dos qafasi xasaratlorinin diagnostikasinda rentgenoqrafiya va
ultrasas miiayinasinin naticalarinin miiqayisali qiymatlandirilmasi maqsadila apariimis tadgiqat isi haqqinda
malumat verilmigdir. Tadqiqata 94 xasta calb edilmigdir. Gostarilmigdir ki, pnevmotoraks 45 (47,9%), plevra
efiizyonu 36 (38,3%), qabirga simg1 34 (36,2%), perikardial efiizyon 11 (11,7%) xastada qeyda alinib.
Ultrasonografiyamin hassasligt pnevmotoraksin diagnostikasinda 89,7%, spesifikliyi — 83,3%, daqiqliyi —
88,9%, gabirga siniginda miivafiq olaraq — 90,3%, 66,7% va 88,2% taskil edib.

Olds edilmis malumatlara géra, pnevmotoraksin va gabirga simgimin diagnostikasinda ultrasonoqgrafiya
yiiksok hassasliga, spesifikliya va daqiqliya malikdir. Ultrasas miiayinasi travma naticasinda yaranan
istanilan hacmdbs plevral va perikardial ekssudatin diagnostikast iiciin daqiq va alverisli iisuldur.

Acar sozlar: rentgenoqrafiya, ultrasonoqrafiya, dos qafasinin daéyiisla alaqali zadalanmasi

Knioueswie cnosa: penmeenocpaghus, ynompaconozpagus, boesas mpasma spyOHoU KiemKu

Key words: radiography, ultrasonography, combat chest injuries

COMPARATIVE ASSESSMENT OF THE RESULTS OF RADIOGRAPHY AND
ULTRASONOGRAPHY IN THE DIAGNOSIS OF COMBAT CHEST INJURIES

R.R.Abdullaiev’, E.I.Grechanik?, R.Ya.Abdullaiev', M.M.Khaustov’,
N.F.Posoxov®, T.A.Dudnik®, A.G.Kirichenko®, N.V.Tomakh’
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Problems of the Ministry of Health of Ukraine

Summary. The article presents the results of a comparative assessment of X-ray and ultrasound
examinations in the diagnosis of chest wounds received during combat operations in 94 patients. It was
shown that pneumothorax was registered in 45 (47.9%), pleural effusion — in 36 (38.3%), rib fracture — in 34
(36.2%), pericardial effusion — in 11 (11.7%) patients. The sensitivity of ultrasound in diagnosing
pneumothorax was 89.7%, specificity — 83.3%, specificity — 88.9%, and for rib fractures — 90.3%, 66.7% and
88.2%, respectively.

According to the results, ultrasound has high sensitivity, specificity and accuracy in the diagnosis of
pneumothorax and rib fractures. Ultrasound is an accurate and useful method for diagnosing pleural and
pericardial effusions of any size caused by trauma.

In terms of frequency of occurrence, chest 16.0% [1, 2]. The consequences of thoracic
injuries during combat occupy a leading injuries are fractures of the chest bones, the
place. According to a number of authors, appearance of pleural and pericardial effusion,
mortality from general chest trauma is 8.6— and pneumothorax [3]. Thanks to improve-
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ments in modern body armor, blunt chest
injuries are much more common during com-
bat than penetrating injuries [4, 5]. Modern
body armor is capable of protecting the body
from high-speed (>300 m/s) shots [6 — 8].

As you know, radiography is the most
commonly used method for diagnosing
pathologies of the chest organs. However,
according to some authors, the sensitivity of
the method in diagnosing damage to the
pleura, pulmonary parenchyma, heart and
large vessels is not high [9]. In recent years,
computed tomography (CT) has become the
main method (gold standard) for diagnosing
pathologies of the chest organs of various
types [10]. Compared with conventional
radiography, CT is better at detecting pulmo-
nary contusions, pneumothorax, rib fractures
and injuries to large vessels [11]. The pre-
sence of high radiation exposure to the patient
and the high cost of the study are considered
relative disadvantages of the method [12].

Ultrasound examination differs from x-ray
methods in accessibility, low cost, and the
absence of ionizing radiation. Ultrasound can
also provide information about the presence of
rib fractures, pleural and pericardial effusions,
thereby reducing the number of chest x-rays
performed in intensive care units. However,
there is still a pessimistic attitude among
doctors regarding the possibility of ultrasound
for assessing chest pathologies [13, 14].

The purpose of the study is a comparative
assessment of the capabilities of radiography
and ultrasonography in the diagnosis of
injuries to the chest organs resulting from
combat trauma.

Material and methods. A comparative
analysis of the results of radiography and
ultrasonography of the chest organs was carried
out in 94 patients with blunt trauma received
during combat operations. The types of injuries
were determined using computed tomography
(CT), which is considered the gold standard for
assessing chest pathologies. The age of the
patients ranged from 28-46 years (mean 38+4
years). X-rays were performed in anterior and
lateral projections, with patients in a vertical or
horizontal =~ position.  Ultrasonography  was
performed on a Philips HD 11 ultrasound machine
using various sensors in the frequency mode 5-10
and 2-5 MHz.

Statistical analysis was performed using the
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nonparametric Mann-Whitney method. The sensi-
tivity, specificity, and accuracy of radiography
and ultrasonography in diagnosing various types
of chest injuries were determined.

Results and discussion. In 36 (38,3%)
cases the injury was right-sided, in 32
(34,0%) — left-sided, in 26 (27,7%) — bilateral.
Pneumothorax was recorded in 45 (47,9%)
cases, pleural effusion — in 36 (38,3%), rib
fracture — in 34 (36,2%), pericardial effusion
—in 11 (11,7%) cases. In 32 cases there was a
combined injury. In 27 cases, pneumothorax,
and in 5 cases, pericardial effusion was
combined with rib fracture (Table 1). Effusion
in the pericardium was not determined
radiologically, but in all cases was confirmed
by USG.

Fig. 1. 4-chamber apical view of the heart. Arrows
show pericardial effusion in a patient due to blast
combat trauma.

Table 1 presents the results of radiography
and USG in the diagnosis of pneumothorax,
which was detected by CT. In 23 cases, the
results of radiography were true positive (TP),
in 9 cases false negative (FN), in 11 cases true
negative (TN), in 2 cases false positive (FP).
The sensitivity of radiography was 71.9%, the
specificity was 84.6%, and the accuracy was
75.6%. In 35 cases, the results of USG were
TP, in 4 cases FN, in 5 cases TN and in 1 case
FP. The sensitivity of USG was 89.7%,
specificity — 83.3%, accuracy — 88.9%,
respectively (Table 1).



Table 1. Results of radiography and USG in the diagnosis of pneumothorax

Pneumothorax, diagnosed by CT (n=45)

X-ray USG
Yes No Yes No
32 13 39 6
TP FN TN FP TP FN TN FP
23 9 11 2 35 4 5 1
Sensitivity 71,9% Sensitivity 89,7%
Specificity 84,6% Specificity 83,3%
Accuracy 75,6% Accuracy 88,9%

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

Fig. 2. The arrow shows a local absence of the vascular pattern and
separation of the pleural layers, which indicates a small pneumothorax

The radiological sign of pneumothorax is
the loss of the pulmonary pattern between
the collapsed lung or its lobe and the parietal
layer of the pleura. A large pneumothorax is
characterized by a wide separation of the
parietal and visceral layers of the pleura in
the form of a wide vertical zone with the
complete disappearance of the X-ray
vascular pattern (Fig. 2).

Ultrasound diagnosis of pneumothorax was
carried out using linear or convex sensors in
M and B modes. In the absence of
pneumothorax during inspiration, the visceral
pleura shifts (slides) in the caudal direction
and a small dotted image is formed on the
screen, called the “sea shore” sign. Diagnosis
of pneumothorax is based on identifying the
“barcode” symptom, which is formed by the
absence of sliding of the visceral pleura
during the patient’s inhalation. The
appearance of this symptom is based on the
reverberation effect (Fig. 3).
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Fig. 3. Ultrasound diagnosis of pneumothorax in M-
mode. On the left side of the echogram, the “sea shore”
symptom is recorded in the form of granular inclusions,
on the right side — the “bar code” symptom in the form
of horizontally located linear inclusions, which is
formed during inspiration due to the lack of sliding of
the visceral pleura in the zone of pneumothorax




Table 2. Results of radiography and USG in the diagnesis of pleural effusion

Pleural effusion, diagnosed by CT (n=36)

X-ray USG
Yes No Yes No
32 4 35 1
TP FN TN FP TP FN TN FP
29 3 3 1 34 1 1 0
Sensitivity 90,6% Sensitivity 97,1%
Specificity 75,0% Specificity 100,0%
Accuracy 88,9% Accuracy 97,2%
Note: TP — true positive, FN — false negative, TN — true negative, FP — false positive
Table 3. Results of radiography and USG in the diagnosis of fractured ribs
Fractured ribs, diagnosed by CT (n=34)
X-ray UsG
Yes No Yes No
33 1 31 3
TP FN TN FP TP FN TN FP
32 1 1 0 28 3 2 1
Sensitivity 97,0% Sensitivity 90,3%
Specificity 100,0% Specificity 66,7%
Accuracy 97,1% Accuracy 88,2%

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

Table 2 presents the results of radiography
and USG in the diagnosis of pleural effusion.
In 29 cases, the X-ray results were true
positive, in 3 cases false-negative, in 3 cases
true-negative, in 1 case false-positive. The
sensitivity of radiography was 90.6%, the
specificity was 75.0%, and the accuracy was
88.9%. In 34 cases, the results of USG were
TP, in 1 case FN, in 1 case TN. The sensiti-
vity of USG was 97.1%, specificity — 100.0%,
accuracy — 97.2%, respectively (Table 2).

Ultrasound examination allows to detect a
minimal amount of effusion in the pleural
sinus, which is not determined radiogra-
phically, especially in the supine position of
the patient. Hemothorax differs from
hydrothorax by the presence of hyperechoic
inclusions (Fig. 4).

Table 3 presents the results of radiography
and USG in diagnosing of rib fractures. In 32
cases, the X-ray results were true positive, in 1
case false-negative, in 1 case true-negative. The
sensitivity of the method was 97.0%, specificity
- 100.0%, accuracy - 97.1%. In 28 cases, the
results of USG were true positive, in 3 cases
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false-negative, in 2 cases true-negative and in 1
case false-positive. The sensitivity of USG was
90.3%, specificity — 66.7%, accuracy — 88.2%,
respectively (Table 3).

Fig. 4. A right-side hemothorax (arrow) in the pleural
sinus is caused by blunt chest trauma



Fig. 5. Ultrasound visualization of a rib fracture in the
form of interruption of its image and divergence of
fragments (arrow)

Discussion. Considering that CT is
currently the gold standard for diagnosing
chest injuries, the results of radiography and
ultrasonography =~ are  compared  with
tomography data [15]. Pneumothorax is
recognized as the second leading cause of
preventable death on the battlefield after
blood loss [16]. According to Tran J. et al.
(2021) thoracic trauma accounts for
approximately 25% of all trauma-related
mortality, and of these cases, almost 50% of
patients experience pneumothorax [17].

A study by Y M. ousefifard et al (2016)
showed that the sensitivity of ultrasound in
diagnosing pneumothorax was 94%, and the
specificity was 98% [18]. In our study,
pneumothorax was diagnosed in 45 patients
using CT. According to our data, the
sensitivity of ultrasound in diagnosing
pneumothorax was 89.7%, specificity 83.3%.

Ultrasound accurately detects minimal

Conflict of interest

volumes of pleural effusion and fluid volumes
up to 5 ml can be visualized, but a minimal
volume of 20 ml is more reliably detected,
and ultrasound is 100% sensitive for effusions
>100 ml [19]. In our study, 36 patients had
pleural effusions. In the diagnosis of pleural
effusion, the sensitivity of ultrasound was
97.1% and the specificity was 100.0%.

Sabri Y.Y., et al. (2018) analyzed the
results of ultrasound in 9 patients in whom
CT was diagnosed with rib fractures.
According to the authors, the accuracy of
ultrasound was 88.9% [20]. We studied the
results of ultrasound in 34 patients with rib
fractures, and the accuracy of the method was
88.2%.

Ultrasound visualization of pericardial
effusion in all 11 cases coincided with the
results of computed tomography. The results
of our studies once again confirm the high
role of ultrasonography in assessing compli-
cations of blunt chest trauma and demonstrate
sufficient sensitivity, specificity and accuracy
in the diagnosis of pneumothorax and rib
fractures. In addition, in identifying minimal
pleural and pericardial effusions, the method
is the most acceptable for both primary and
final diagnosis.

Conclusions

1. Despite the limited use of ultrasono-
graphy in assessing complications of blunt
chest trauma, the method has sufficient
sensitivity, specificity and accuracy in the
diagnosis of pneumothorax and rib fractures.

2. Ultrasonography is an accurate method
for diagnosing pleural and pericardial effusion
of any volume resulting from trauma.
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CPABHUTEJIbHASI OHEHKA PE3YJIbTATOB PEHTTEHOT'PA®UHA N
YJIBTPACOHOI'PA®UU B JIUAT'HOCTUKE BOEBBIX TPABM I'PYJITHOU KJIETKHN

P.P.A6aynnaes’, E.M.I'peuannxk’, P.SL.A6ayanaes', M.M.XaycTos',
H.®.IMocoxos’, T.A. JAyaunx’, A.I Kupnuenko’, H.B.Tomax’

! Xapvrosckuii nayuonanvuviii meduyunckuii ynusepcumem, Xapokos, Yepauna;
2Hauu0uaﬂbnblﬁ B0EHHbIU MEOUYUHCKUL KIUHUYeCKUll yenmp «l nasHulil 60eHHbLIL KIUHUYECKUL 20CRUMATbY,
Kues, Ykpauna,
3Omoenenue netipoxupypeuu «HMucmumyma nesponoauu, ncuxuampuu u naprkono2uu Hayuonanonoii
akademuu MeOUYUHCKUX HAYK YKpauHvly.

*Honmasckuii 2ocydapcmeennwiii meduyurckuil ynusepcumem, Ilonmasa, Ykpauna
® VKpaunckuii 20cy0apcmeenblii HayuHO-UCCIeO08aMenbCKUll UHCMUMYn MeOUKO-COYUATbHBIX NPOBIeM
uneanuonocmu Munucmepcmaa 30pagooxpanenuss Ykpauri

Pe3iome. B cratbe mpencTaBIEHBl PE3YNbTaThl CPaBHUTEIBHOW OLIGHKHM PEHTTEHOJIOTHYECKOro M
YIIBTPa3BYKOBOTO HCCIIEIOBAaHMUSA TPU JUATHOCTHKE pPaHEHUH TpyIHOW KJIETKH, TOJYYEHHBIX BO BpeMs
OoeBbix aelictBuid y 94 OonpHbIX. [lokazaHOo, 4YTO HHEBMOTOpPAakC 3aperucTpupoBan y 45 (47,9%),
ieBpanbHbIi BeIOT — y 36 (38,3%), nepenom pedep — y 34 (36,2%), nepukapauaibHblil BBIIOT — y 11
(11,7%) OonbHBIX. UyBCTBUTENBFHOCTh YNBTPa3BYKOBOTO HCCICAOBAaHUS B JWATHOCTHUKE ITHEBMOTOpaKCa
cocraBuia - 89,7%, cneruduanocts — 83,3%, TouHocts — 88,9%, npu nepenome pedep — 90,3%, 66,7% u
88,2%, COOTBETCTBEHHO.

[To MHeHHMIO aBTOPOB, B JIMArHOCTHKE IMHEBMOTOpakca M mepenoMoB pebdep Y3U obnamaer BBICOKOH
YYBCTBHTEJIBHOCTBIO, CIIEHU(PUYHOCTHIO U TOYHOCTBIO. YIJIBTPa3BYKOBOE HCCIEIOBAHUE SIBISCTCS TOYHBIM
METOAOM IMarHOCTHKH IUIEBPAJIbHOTO U MEPUKAPAUAILHOIO BBIIIOTA JII0O0T0 00BbEMa, BBI3BAHHOTO TPABMOH.
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