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o substantiate the presence of isolated air collection in the anterior pericardial ligaments as

a sign of rupture and pericardial contusion.

Materials and methods. A retrospective analysis of CT scans was performed in 97 wound-

ed patients with diagnosed pericardial contusion and 117 wounded patients without contu-
sion. Inclusion criteria included the presence of penetrating mine-explosive wounds of the chest cavi-
ty and a CT scan performed no later than five days after injury. Exclusion criteria included ab-
dominal surgery performed during previous stages of medical evacuation. In all selected cases, CT
scans were performed on the day of admission and were performed in the standard "chest cavity"
mode. The image reconstruction thickness was 1.5 mm. A repeat analysis of the electronic CT scan
records examined the distribution and quantity of air in the mediastinal regions. To quantify the air
collection, the concepts of minimal, small, and large volume were introduced.

Results and discussion. It was established that air was present in the mediastinum in 69 cas-
es with pericardial contusions, and in 30 cases without contusion (P = 0.042). In cases without con-
tusion, on the contrary, there was a significant excess of absence of air — 88 versus 27 (P = 0.037). In
cases of isolated air accumulation only in the anterior mediastinum and pericardial ligaments, the
ratio of the number of observations with air accumulations in pericardial contusion exceeded obser-
vations without contusion by more than five times, as 33:6 (P = 0.014). Moreover, large-volume ac-
cumulations corresponded to contusion in 14 observations, and in the absence of contusion, cases of
large air accumulation were not detected (P < 0.05). Minimal and small air accumulations in contu-
sions were detected in 11 cases versus 2 without contusion (P = 0.019). When air accumulated in the
middle and posterior mediastinum, no air was detected in the anterior mediastinal space; the ratio of
cases with and without contusion was virtually identical, 5:6. Air accumulation in the pericardial
ligaments and in all sections of the mediastinum, both in presence and volume, also showed no sig-
nificant difference between cases with and without contusion. Thus, a significant predominance of
air localization in cases of contusion was observed only with the first distribution pattern, indicating
air migration along the following pathway: pleural cavity, anterior pericardial ligaments, indicating
their rupture, and the anterior mediastinal space.

Conclusion. Comparison of the presence and volume of air in the pericardial ligaments con-
firms that direct air entry from the pleural cavity is a consequence of the ligament rupture. There-
fore, air within the anterior mediastinum area and pericardial ligaments, in the absence of air in oth-
er areas of the mediastinum, indirectly indicates on pericardial contusion.

Keywords: pericardial contusion, rupture of the anterior pericardial ligaments, pneumomedias-
tinum, mediastinal wounds.

Corresponding author: Akhiyev M.I., e-mail: akhiev@yandex.com
For citation: Akhiyev M.L, Kitayev V.M., Abnizov A.S., Badurov B.SH., Komogorova A.A. The di-

agnostic value of air in the anterior pericardial ligaments in penetrating mine-explosive wounds of the
chest cavity. REJR 2026; 16(1):42-51. DOI: 10.21569/2222-7415-2026-16-1-42-51.

Received: 31.03.26 Accepted: 06.05.26

www.rejr.ru | REJR. 2026; 16(1):42-51 DOI: 10.21569/2222-7415-2026-16-1-42-51 42


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

ANATHOCTUYECKOE 3HAYEHUE BO3AYXA B NEPEAHUX CBA3KAX MEPUKAPAA TPU
NMPOHUKAIOLLLUX MUHHO-B3PbIBHbIX PAHEHUAX TPYAHOU NOAOCTH

Axmes M.MN.12, Kutaes B.M.13, ABGHm3oB A.C.!, baaypos bB.LLLY, Komoroposa A A

1 — ®I'BY «HalmioHaABHBIN MEIUITHHCKIH HCCAEIOBATEABCKUM IIEHTP BHICOKHMX MEIUITMHCKIUX TEXHOAOTHH UM. A.A. BuritHeBckoro» MutHo60-
ponsb! Poccum. r. KpacHoropck, Poccus.
2 — duanan BoenHo-menunmHcKoH akanemuu uM. C.M. Kupoa MO Pd. r. Mocksa, Poccus.
3 - ®I'BY AI10 «II'MA» YripaBaeHus aeaamu ripesuaenta Pd. Kadenpa peHTTeHOAOTHN M YABTPa3BYKOBOM JUATHOCTHKH.
T. MockBa, Poccus.

enp ucciaegoBanusa. O60CHOBATE HAaAHMYNE M30AUPOBAHHOIO CKOIAEGHHS BO3AyXa B IEpPEm-

HUX CB3KaXx IIepUKapAa KaK IIpHU3HaKa UX paspbhIBa U yIIuba mepukapaa.

Marepuasnbsr u meronsl. [IpoBeneH perpocnekTuBHBIH aHaau3 KT-uccaemoBanuit 97 paue-

HBIX C AUATHOCTHPOBAHHBIM yIIuboM nepukapaa u 117 paneHsix 6e3 ymrnba. Kpurepuamu
BKAIOYEHHS CAYKHUAO HAAWYME ITPOHHUKAIOIIETO0 MHUHHO-B3pbIBHOrO paHeHusa (MBP) rpynHoi moaocT u
BeimoAHeHUe KT He mo3gHee IEATH CYTOK OT MOMEHTA pPaHEHUs, KPUTEPHUEM HCKAIOYEHHd — HaAWdHe
IPOBEAEHHBIX HA MIPEABIAYIINX 3TAallaX MEAHUIIMHCKON 5BaKyallul MOAOCTHBIX XUPYPTHYECKUX OIepa-
uii. Bo Bcex oTobpanubix HabaoneHuax KT BLIIOAHSAAACH B [€HL IOCTYIIACHHUS B CTAHAAPTHOM pe-
KUMe «TPYAHAd IMOAOCTE». TOAIIIMHA PEKOHCTPYKIIMK n3obpaxkenuit — 1,5 mM. [Ipu moBTOpHOM aHaAU-
3€e DAEKTPOHHBIX 3alIMCEY TOMOTPAMM H3y4aAU paclpefeAcHHEe M KOAHMYECTBO BO3AyXa IIO0 OTAEeAAM
cpemocTeHus. [IA KOAMYECTBEHHOM XapaKTEPHCTUKU CKOIIACHHUS BO34yXa OBIAM BBEAEHBI ITOHSITHSI
MHUHHUMAaABHOTO, MAAOTO U OOABIIIOTO 0OBeMA.

PesysbraTer u 06cy:kaeHne. YCTaHOBACHO, UTO IIPU yIIHOaxX IepUKapaa BO34yX IPUCYTCTBOBAA
B cpemocTeHMH B 69 HabaomeHuax, a 6e3 ymwuba — B 30 (P=0,042). B Habaomenusax 6e3 yuba,
Ha000pPOT, UMEAOCH CYILIECTBEHHOE IIPEBLINIEHIE OTCYTCTBUE Bo3ayxa — 88 mpotus 27 (P = 0,037). B
CAyYasIX M30ANPOBAHHOTO CKOIIA€HUS BO3QyXa TOABKO B mepenHeM otaese cpenocteHuda ([I0C) u cBas-
Kax ImepUKapia COOTHOIIIEHHE KOAWYECTBA HAOAIOAEHU CO CKOIACHUAMH BO3QyXa IIPH yINHOE HepH-
Kapaa IpeBbIlIaAu HabamomeHud 6e3 yirmba 6osee yeM B IATh pas, kKak 33:6 (P = 0,014). ITpu sTom
CKOIIA€HUSA OOABIIIOr0 o6BbeMa 14 HaAOAIOAEHUSIX COOTBETCTBOBAAU YIIHOY, a IPU OTCYTCTBHH yIIuba
cAydaeB GOABIIIOTO CKOIIAEHUS Bo3ayxXa He obHapyzxkeHo (P <0,05). MuHuMaAbLHBIE U MaAble CKOIIACHUS
BO3ayXa IpHU yurnbax obHapykeHBI B 11 caydasx mpotuB 2 6e3 ymmba (P = 0,019). Ilpu ckomaeHUH
BO3AyX B CpedHEM H 3aIHEM OTAeAaxX cpemocTeHud Bo3ayX B [IOC He oOHapy:KUBAACS, COOTHOIIEHME
HabArOeHUM ¢ ymmmboM U 6e3 yimuba ImodYTH He OTAMYAAOCh, KakK 5:6. CKOIAEHUS BO3AyXa B CBA3KAX
mepuKapaa U BO BCEX OTAEAAX CPENOCTEHHd, KaK II0 IIPUCYTCTBHIO, TaK U IO 00BEMY, Tak Ke He II0-
Ka3aAu JOCTOBEPHOIO OTAMYHA B HaAOAIOAEHUAX C ymiuboMm u 6e3 ymmba. Takum oOpa3oM, HOCTOBEp-
HOE IIPEeBOCXOZCTBO AOKAAM3AIIMH BO3AyXa IIPU yIIHOax HAaOAIOIaAOCH TOABKO IIPH IEPBOM BapHaHTE
pacrpeneAeHUs, YTO yKa3blBaeT Ha MHUTPAIUIO BO3AyXa II0 IIyTH: IIAEBPaAbHAS IIOAOCTH — IIEpPEIHIeE
CBSI3KHU II€pHKapa, YTO YKa3bIBaao Ha ux paspbiB U [1OC.
3arkmouyenue. ComocTaBAeHIE IPUCYTCTBUSA BO3AyXa U €ro o0beMa B IEpeqHEM CPEIOCTEHUH U

CBI3KaX MepUKapAa IMOATBEPKIAET €r0 IIPSMOe IIOCTYIACHUE U3 IIAEBPAABHOM ITOAOCTH U SBASETCS
CAEICTBHEM pas3pbIBa CBA3KU. 13 9TOTO cAedyeT, YTO BO3AYX B IEPEOHEM OTIAEAE CPEOOCTEHUS U CB3-
Kax Iepukapza, IIpHU ero OTCYTCTBUU B APYTUX OTAEAAX CPEOOCTEHHS, KOCBEHHO YKa3bIBAET Ha YIIIHO
nepuKapma.

KaroueBble caoBa: YHII/I6 IIEpUuKapaa, pa3psiB IIEPEAHHUX CBA30K II€EpHUKapaa, IIHEBMOMEOHUACTH-
HYM, PaAHEHHUA CPENOCTECHHULA.
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isualization of gas accumulation in

the mediastinum is a common and

easily recognizable sign, the sensitivi-

ty of which in the examination of

wounded patients by CT approaches
100% [1-4]. Air penetration into tissue occurs
quite frequently in penetrating gunshot
wounds, and is observed with greater con-
sistency in wounds to the mediastinum, neck,
or abdomen [5-10]. The cause of pneumomedi-
astinum is the entry of air from the pleural cav-
ity, in penetrating wounds with damage to the
mediastinal pleura or through connective tis-
sue layers along the vessels and bronchi from
the damaged lung parenchyma, direct, reverse
mechanism, and Macklin C.C. effect [11-14].
Air may enter the mediastinum from the ab-
dominal cavity through the connective tissue
running along the natural openings of the dia-
phragm [15-18]. This is sometimes observed
after operations on abdominal organs or the
retroperitoneal space, as well as as a result of
penetrating wounds: of the esophagus, ab-
dominal cavity and diaphragm [4,10, 16-18].
Air entry into the mediastinum is facilitated by
the pressure gradient between the anatomical
spaces and the suction action of respiratory
movements and cardiac contractions. Air dis-
tribution within the mediastinum largely de-
pends on the patient's static position [14]. As a
result, air accumulates predominantly in the
upper and anterior mediastinum (AMS).

While studying the symptoms of peri-
cardial contusion in penetrating blast wounds
(PBL) of the lung, observations were made of air
accumulation in the anterior pericardial liga-
ments (APL) without the presence of air in oth-
er parts of the mediastinum [19,20]. This sug-
gested a rupture of the APL and air penetration
through the resulting defect. Thus, the hypoth-
esis of "air accumulation in the pericardial lig-
aments" as an indicator of rupture emerged.

Purpose.

Substantiating the presence of an iso-
lated accumulation of air in the anterior peri-
cardial ligaments as a sign of rupture and con-
tusion of the pericardium.

Material and methods.

To achieve this goal, a repeat retrospec-
tive analysis of 214 cases previously selected to

| www.rejr.ru | REJR. 2026; 16(1):42-51

determine the ability of chest CT to detect car-
diac contusions during thoracic mine-explosive
wounds was conducted. Inclusion criteria in-
cluded the presence of penetrating thoracic
mine-explosive wounds and a CT scan per-
formed no later than five days after injury. Ex-
clusion criteria included abdominal surgery
performed during previous stages of medical
evacuation. The average age was 35t11 years.
In all selected cases, CT scans were performed
on the day of admission; the examination was
performed in the standard "chest cavity" mode.
The vast majority (209 wounded) had mine-
explosive wounds; the remaining 5 had gun-
shot wounds. Chest injuries were characterized
by combined damage to the head (32), abdo-
men (69), and extremities (94). The choice of
this group was due to the peculiarities of mine-
explosive wounds, in which the shock wave has
a strong damaging effect on the lung and peri-
cardium, therefore the risk of ligament damage
is maximized. According to the selection condi-
tions, all wounds were penetrating, and the
time for the initial CT scan ranged from 2 to 5
days, with an average of 3.6 days. During a re-
peat analysis of the electronic CT scan records,
the distribution and amount of air in the medi-
astinal sections was studied. To quantify air
accumulation, the concepts of minimal, small,
and large volume were introduced. With regard
to the PSP, the minimal amount of air corre-
sponded to the presence of single bubbles
(symbol +). A small accumulation denoted con-
ditions when air was present between the liga-
ment fibers; the superior or inferior ligament
was filled with linear accumulations located
along the connective tissue layers, while the
volume of the PSP did not increase (symbol ++).
A large accumulation corresponded to air dis-
tribution throughout the entire ligament(s), an
increase in their volume, and air spread to the
fibrous layer of the pericardium (symbol +++).
With regard to the upper mediastinal floor
(UMF) and the lower mediastinal floor (LMF),
minimal air accumulation corresponded to the
presence of single bubbles only in the UMF
(symbol x); small air accumulation correspond-
ed to the spread of single air bubbles in the
UMF and LMF (symbol xx). Large - air spread
over two floors in the form of linear clusters
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along the connective tissue layers (designation
xxx). The volume of air in the pleural cavity and
subcutaneous fat was not taken into account.

Statistical analysis of the data was per-
formed using quantitative distributions and
simple percentage ratios. The Shapiro-Wilk Z-
test (P value) was used to assess the normality
of the distribution of the quantitative variable.
The statistical significance of the results was
determined based on the P value. Differences
were considered statistically significant at a P
value of <0.05. To correct for potential error in
the analysis of multiple comparisons of contu-
sion detection in groups with different air local-
izations, the Holm-Bonferroni correction was
used. Statistica 10.0 and Medcalc v20.104
software were used for data processing and sta-
tistical analysis.

Results and discussion.

As a result of the previously conducted
analysis, pericardial contusion in the selected
group was diagnosed by CT in 97 (45.2%) of the

wounded. Contusion was not detected in 117
(54.8%). Signs of an established contusion in-
cluded pericardial thickening up to 2-3 mm
due to edema and accumulation of blood in the
pericardium, indicated by an increase in peri-
cardial thickness of more than 3 mm. Large
pneumothorax was detected on CT in 65
(30.4%) of the wounded. In the remaining 149
(69.6%), air in the pleural cavities was localized
subpleurally as a thin layer or was not detected
at all, which we explained by the presence of
pleural drains in all admitted patients and the
time interval between the injury and the CT
examination. Given the fact of the presence of a
penetrating wound, the presence of air in the
pleural cavity was assumed to be 100% in all
selected observations. Under these conditions,
there were theoretically several pathways for
air to spread from the pleural cavity to the
pulmonary artery:

Pathway 1: lung wound - perivascular
connective tissue — mediastinum - pericardial

Table Nel. Comparative statistics of air distribution and volume in the mediastinum
with and without pericardial contusion (n=214).
Locallzatlop of I Contusion: there Alr dlStr.lbut.lon by Air distribution by volume
accumulations in is (n=96) localization
the mediastinal S B Number of . Number of
. no (n=118) . P Air volume . P
regions observations observations
. 0,014 + 11 ~_
Option 1 Air Thereisa | /34 (15,4%) T+ g 0,019
only in the peri- bruise T 14 _A
cardial sac and n 7 P~
pericardial liga- | There is no ~\
ments (n=39) bruise 6 (2,8%) A 4 <0,05
I 0---
>0,05 X 5
Option 2: Airin | There is a 5(2,3%) XX 3
the middle and bruise XXX 0
posterior ~ 1
mediastinum There is no
(m=11) bruise 6 (2,8%) XX 4
XXX 1
t(x) | 10N
Option 3 Airin | Lpereisa . 00744 || () (%) ~ 15 = 0,05
the pericardial bruise 31 (14.5%) () (xx) i 4 =,
ligaments and in (1) (xxx) Mo 2K/
all parts of the () (xx) /N T~ -\
mediastinum | There is no e | N9/
= . 18 (8,4% =
(n=49) bruise (8,4%) (1) (xxx) ;T4 S ~0,05
() (o) | No2_7
In total with air in | There is a bruise 69 (32.2%) 0,042
the mediastinum
(n=99) There is no bruise 30 (14.0%)
Total without air | There is a bruise 27 (12,6%) 0,037
in the mediasti-
num (n=115) | There is no bruise 88 (41,1%)
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ligaments and pericardial ligaments;

Pathway 2: pleural cavity — mediasti-
num - pericardial ligaments and pericardial
ligaments;

Pathway 3: pleural cavity — pericardial
ligaments and pericardial ligaments.

It was possible that air could migrate in
several directions, but this scenario was not
considered due to its unprovability. Therefore,
air distribution in the mediastinum was ana-
lyzed using the three proposed approaches. The
goal of the analysis was to identify reliable dif-
ferences between patterns of air accumulation
in various mediastinal regions with and with-
out pericardial contusion. It was also assumed
that air accumulation in the pericardial septum
should be an indicator of its rupture. The re-
sults of comparative statistics for air distribu-
tion and its volume in various mediastinal re-
gions with and without contusion are shown in
Table 1. For ease of presentation, air accumu-
lation in the anatomical regions of the medias-
tinum is conventionally divided into patterns,

sion. These findings further support a third
route for air entry, as a large air volume in the
cerebrospinal fluid (CSF), formed via the first or
second pathways, inevitably predetermines a
similar accumulation in the mediastinum,
which should leave at least a minimal trace
along its migration. Equally, this trace could
not completely disappear through diffusion, as
the average time to perform a CT scan after in-
jury was 3.6 = 1 day. Air accumulations in the
mediastinum do not disappear within this time
period. Minimal and small air accumulations in
the first pattern were detected in 11 cases with
contusions versus 2 without contusions (P =
0.019). In the third distribution variant, large
air accumulations in the pericardial ligament
with contusions were detected in only four out
of 31 observations. It should be noted that in
these four observations, the mediastinal air ac-
cumulations corresponded to small volumes,
which is more indicative of retrograde air mi-
gration from the ligament. However, overall, the
third volume distribution variant also did not

Table No2. Association of the "Air Accumulation in the Mediastinum" Symptom
with Pericardial Contusion.
Localization of air in the .
mediastinal compartments Presence of a bruise Test result Ch S R
All departments There is a bruise (n = 96) TP =69 FP =30
(3rd option) No bruise (n = 118) FN =27 TN=383 | »/2 | 074 | 045
PSP only There is a bruise n = 33 TP =33 FP=6
(Option 1) No bruise (n = 6) FN=0 T™N=0 ) )

designated by numbers.

The table shows that with pericardial
contusions, air penetrated into the mediasti-
num in 69 observations, and without contusion
in 30 (P = 0.042). In the absence of contusion,
on the contrary, there was a significant excess
of the absence of air over its presence — 88 ver-
sus 27 (P = 0.037). In the first variant of distri-
bution, the ratio of the number of observations
with air accumulations in pericardial contusion
exceeded observations without contusion by
more than five times, as 33:6 (P = 0.014). In the
second variant of distribution, in which air was
not detected in the POS, a similar ratio differed
little, as 5:6. In the third variant of distribu-
tion, the differences in the localization of air in
pericardial contusions and without this did not
show a significant difference (P = 0.74). Thus, a
statistically significant advantage in air locali-
zation in bruises was observed only with the
first distribution option, which indicates in fa-
vor of the third route of air migration. A com-
parison of the volume of incoming air in the
first distribution pattern revealed that a large
volume of air in 14 cases corresponded to a
contusion, while no significant air accumula-
tions were detected in the absence of a contu-

www.rejr.ru | REJR. 2026; 16(1):42-51

reveal a significant difference between observa-
tions with and without contusions (P>0.05). A
comparison of the association between medias-
tinal air localization and pericardial contusion
is shown in Table No2.

The table's data confirm that in cases of
mediastinal air distribution according to the
third scenario, the probability of a rupture of
the posterior ventricle is extremely low (O =
0.72). In the absence of air in the mediastinum,
the probability of a lack of rupture is also in-
conclusive (C = 0.74). Therefore, air accumula-
tion according to the third scenario has no di-
agnostic value. When air is distributed accord-
ing to the first scenario, it is impossible to cor-
rectly calculate sensitivity and specificity, since
the conditions for selecting the LO and LP re-
sult in zero cases. Nevertheless, a 100% PI rate
of air accumulation observations according to
the first scenario indicates a high probability of
a rupture of the posterior ventricle.

Various variants of air accumulation
due to rupture of the ligament along the third
air migration path are shown in Fig. 1-4; along
the first path — in Fig. 5.

Thus, comparing the presence and vol-
ume of air in the pericardial ligament confirms
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Fig. 1 a (Puc. 1 a) Fig. 1 b (Puc. 1 6)

Fig. 1. CT scan of the chest, axial plane, native examination.

a - mine-explosive blind shrapnel thoracoabdominal wound. CT scan reveals contusion of the lower lobes of
the lungs and pericardium, rupture of the superior anterior pericardial ligament with air penetration forming
an upper horizontal border with blood (black arrow), and a hematoma along the right edge of the ligament
(white arrow). Air is present in the lumen of the esophagus (circled).

b - no air accumulations are present in other areas of the mediastinum.
Puc. 1. KT opraHoB rpyAHOM MOAOCTH, AKCUAAbHAS MAOCKOCTb, HOTUBHOE UCCAEAOBAHUE.

a — MHHHO-B3PBIBHOE CAEIIOE OCKOAOYHOE TOPaK0aOAOMHHAABLHOE paHeHHe. OmnpenesseTcs YIINO HUXKHUX HO-
A€l AeTKUX, IIEPUKap/a, Pa3phblB BepXHEH IepeHel CBA3KH MepHuKapaa ¢ IPOHUKHOBEHHEM BO3AyXa, (hOpMHU-
PYIOIIMM BEPXHIOI FOPHU30HTAABHYIO TPAHUILY C KPOBBIO (YepHAasl CTPEAKA), TeMaToMa II0 IIPABOMY KpAarlo CBsI3-
KU (beaad cTpeaka). Bosmyx B mpocBeTe HMHIEeBOAA (0003HAYEH KPYTOM).

0 - OTCYTCTBHE CKOIIACHUSA BO3AyXa B APYTUX OTAECAAX CPEAOCTEHUI.

Fig. 2 a (Puc. 2 a) Fig. 2 b (Puc. 2 6)

Fig. 2. CT scan of the chest, axial plane, native examination.
a - level of tracheal bifurcation.
b - upper chest.

Second day after penetrating pulmonary injury to the right lung. Right-sided pneumothorax, bilateral pulmo-
nary contusion, tracheal contusion, mucosal detachment in the left main bronchus (arrow), air penetration
into the superior pericardial ligament. Air is present in the esophageal lumen (dashed arrow). No air is pre-
sent in other parts of the mediastinum.

Puc.2. KT opraHoB rpyAHOM MOAOCTH, AKCUAAbHAS MAOCKOCTb, HOTUBHOE UCCAEAOBAHUE.
a — YPOBEHb OH(YPKALIUY TPAXEH.
0 — BEPXHHUE OT/IEABIL.

BTOpBIE CYTKH IIOCA€ MHHHO-B3PBIBHOTO IPOHUKAIOLIETO PAHEHHS IIPABOTO AETKOTO. IIpaBOCTOPOHHUI ITHEB-
MOTOPAKC, ABYCTOPOHHHUM YIITHO AETKHX, TPAaxXeW, OTCAOMKA CAM3HCTOM B A€BOM TAABHOM OpOHXE (CTPEAKA),
IIPOHUKHOBEHHNE BO3QyXa B BEPXHIOIO CBA3KYy IIepHKapza. Bo3myx B IpocBeTe MUIIEBOAA (IIyHKTHPHAS CTPEA-
Ka). OTCcyTCcTBHE BO3QyXa B APYTHX OTAEAAX CPEIOCTEHU.
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Fig. 3 a (Puc. 3 a) Fig. 3 b (Puc. 3 6)

Fig. 3. CT scan of the chest, axial plane, native examination.

a - mine-explosive penetrating shrapnel wound of the left lung, blind shrapnel wound of the heart, pulmo-
nary and pericardial contusion, rupture of the inferior anterior pericardial ligament. CT scan performed on
the fourth day.

b - air is determined in the anterior pericardial ligaments, which spreads to the fibrous layers of the pericar-
dium, the volume of the inferior anterior ligament is enlarged, the ligament is deformed, there is a large vol-
ume of air in the ligament.

Legend: air accumulations in the pericardium (black arrows); pneumothorax (white arrows); air in the peri-
cardial folds (dashed arrows).

Puc.3. KT opraHoB rpyAHOM MOAOCTH, AKCUAABHAS MAOCKOCTb, HATUBHOE UCCAEAOBAHMUE.

a — MHHHO-B3PBLIBHOE CKBO3HOE€ OCKOAOYHOE PAaHEHHE AEBOTO AETKOTO, CAEIIOE OCKOAOYHOE paHEeHHEe CepAla,
yIIub AETKUX W IEepHKapAa, pa3pblB HUKHEH IepenHeid cBa3KU nepukapaa. KT BeIIOAHEHa Ha YeTBepPThIE
CYTKH.

6 — B IIepeaHUX CBA3KAaX IIEPUKAapa OIPEAEAdeTCs BO3AyX, KOTOPBIM pacIpocTpaHsaeTcs Ha (PUOPO3HBIE AUCT-
KU IIepUKapaa, 00beM HIDKHEH NepenHel CBA3KHU YBEAHYEH, CBA3KA AepopMHpPOBaHa, OOABIION 00HEM BO3IY-
xa B cBa3ke. OO0O3HAYUEHHd: CKOMACHHUS BO3AyxXa B IEPUKApAE — UepHble CTPEAKH; ITHEBMOTOPAKC — Oeable
CTPEAKH; BO3AYyX B 3aBOPOTAX MEPUKAPAA — IIyHKTUPHBIE CTPEAKH.

Puc. 4. KT opraHoB rpyAHOM MOAOCTH, AKCUCAbHAS MAOC-
KOCTb, HATUBHOE UCCAEAOBAHMUE.

Penetrating mine-explosive wound to the left side of the chest.
Contusion of the lower lobes of the lungs, bilateral pneumotho-
rax, cardiac contusion, and rupture of the anterior pericardial
ligament. CT scan shows a rupture of the inferior anterior peri-
cardial ligament. The ligament is deformed and filled with air,
with large amounts of air penetrating the fibrous layer of the
pericardium (arrow), and blood collections are visible (dashed
arrow). Minimal air collections are visible in the posterior vis-
ceral ligaments of the mediastinum (indicated by the oval).

Fig. 4. CT scan of the chest, axial plane, native examina-
tion.

/ MuHHO-B3PBIBHOE IIPOHHKAIOIIEE pPAHEHHE AE€BOH IIOAOBHHBI
— ‘ TPYAHOM IIOAOCTH. YIINO HIZKHUX HOA€H AETKUX, ABYCTOPOHHUH
Fig. 4 (Puc. 4) IIHEBMOTOPAKC, YIIUO Cepalia, pa3phiB vnepe;LHeﬁ SBHSKI/I epu-
Kapza. OnpeneaseTcss paspblB HHUKHEH IIepeqHEH CBA3KH IIe-
pukapna. Cega3ka mehopMHpPOBaHa, 3alI0AHEHA BO34yXOM, BO3-
OyX B OOABIIIOM KOAMYECTBE IIPOHHKAET B (PHOPO3HBIM AKCTOK
nepuKapaa (CTpeAka), BUAHBI CKOIIA€HUS KPOBHU (IIyHKTHpPHAs
cTpeska). MUHNMaABHBIE CKOIAEHHS BO3yXa BUAHBI B 33IHUX
BHUCIIEPAABHBIX CBI3KaX CPENOCTeHUsI (0003HAUYEHO 0BAAOM).

/
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Fig. 5 a (Puc. 5 a)

Fig. 5 b (Puc. 5 6)

a - the upper chest.

b - the lower chest.

Fig. 5. CT scan of the chest, axial plane, native examination.

Mine-explosive injury. Penetrating shrapnel wound to the right lung, pulmonary contusion, and pericardial
contusion. Air accumulates in the deformed pericardial septum (dashed arrow), in the visceral ligaments of
the posterior mediastinum (circled), and in other parts of the mediastinum, and also spreads through the
fibrous layer of the pericardium (white arrows). The shrapnel (black arrow) and contusions of the right and
left lungs are clearly visible.

Puc. 5. KT opraHoB rpyAHOM MOAOCTH, AKCUAAbHAS MAOCKOCTb, HOTUBHOE UCCAEAOBAHUE.

a — BEPXHUE OTMEABI.
0 — HMIXHHE OTOEABI.

MuHHO-B3pPbIBHOE paHEHHMe, IPOHUKAIOIIEe OCKOAOYHOE PAaHEHUE IIPABOTO AETKOTO, VIO ACTKHUX, IIepHUKapaA.
Bo3myx ckamamBaeTrcss B neddOpMHPOBAHHOHN NepenHed CBs3Ke IIepuKapAa (IIyHKTHPHAas CTPeAKa), B BHCLE-
PAABHBIX CBA3KaxX 3aQHETO OTAEAA CPEOOCTEeHUs (OOBEZEHBI OBaAaMH) W B APYTHX OTHAEAAX CPENOCTEHHS, a
TaKIKE PACIPOCTPAHIETCH IO (PUOPO3HOMY AUCTKY IlepuKapaa (6eable cTpeakw). XOpOIlIo BUAEH OCKOAOK (Yep-

Hasl CTPEAKa), YIIIHOBI IIPABOTO B A€BOTO AETKOTO.

its direct entry from the pleural cavity due to a
ligament rupture. Therefore, air in the pericar-
dial ligament and pericardial ligaments, in the
absence of air in other areas of the mediasti-
num, is a sign of a pericardial ligament rupture
and indirectly indicates a pericardial contu-
sion.

Conclusions.
1. The sign of “Isolated air accumulation in the
anterior pericardial ligaments” on CT scans
performed no later than 5 days after mine-
explosive injury, with a high probability indi-
cates their rupture and should be considered a
marker of pericardial contusion.
2. Low prevalence of the symptom — 46.3%; in
its absence, pericardial contusion does not ex
clude.

www.rejr.ru | REJR. 2026; 16(1):42-51

3. Air accumulations in the pericardial liga-
ments and in other parts of the mediastinum
did not confirm the diagnostic value of a liga-
ment rupture, since they could equally be a
consequence of tissue diffusion or direct air
entry through the wound channel.
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