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ABSTRACT

BACKGROUND: This article explores the anatomical structure of the chest wall, with a particular focus on the extrapleural
space, its radiologic visualization, and its role in the development of certain pathological processes following thoracic injuries
and trauma. Among the pathological mechanisms involved in severe combined injuries that lead to life-threatening complica-
tions, the entry of air into internal body cavities is particularl y significant. One such complication is tension pneumothorax.
According to the clinical guidelines issued by the Main Military Medical Directorate, pleural drainage is recommended as a ther-
apeutic measure at the stage of qualified or specialized medical care upon diagnosis of pneumothorax, regardless of its type.
AIM: To assess the diagnostic capabilities of imaging modalities for identifying extrapleural emphysema in chest injuries and
trauma.

MATERIALS AND METHODS: The primary imaging techniques for diagnosing pneumothorax are chest radiography and ultra-
sound. According to both domestic and international literature, these methods demonstrate high specificity, approaching 100%.
RESULTS: In our study, systematic use of computed tomography revealed distinctive radiologic signs of air in the extrapleural
space in the absence of parietal pleura damage. On radiographs, these conditions appear as a radiolucent stripe along the inner
surface of the chest wall. On ultrasound, they are visualized as a “sandy beach” sign with absent visceral pleural sliding, which
is often mistakenly interpreted as pneumothorax. In such cases, attempts to drain the pleural cavity increase the likelihood of
chest tube misplacement into the extrapleural space due to disrupted anatomical relationships within the chest wall layers.
In cases of inadequate medical management during patient transport, subcutaneous emphysema tends to progress.
CONCLUSION: Thus, identifying air in the extrapleural space helps avoid unnecessary invasive procedures and additional iat-
rogenic injuries. Our study identified key radiographic features that distinguish extrapleural emphysema from pneumothorax:
predominant localization in the basal regions, well-defined borders, and the presence of concurrent subcutaneous emphysema
and pneumomediastinum.

Keywords: chest wall anatomy; hemothorax; hydrothorax; computed tomography; pneumomediastinum; pneumothorax;
emphysema.
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OcobeHHOCTU Ny4yeBOU CEMUOTUKU IMPU3EMDI
3KCTpanaeBpasibHOro NPoCTPaHCTBA NPU paHEHUAX
U TpaBMax rpyau

A.A. EMenbsaHues, U.C. Xene3snsk, ['.['. PomaHos, J1.B. BopoHkos

BoeHHo-MeauunHcKas akapemus, CaHkT-lMetepbypr, Poccus

AHHOTALIMSA

AkTyanbHocTb. B faHHOI cTaTbe paccMaTpuUBaloTCs 0CODEHHOCTM aHAaTOMMYECKOT0 CTPOEHMS TPYAHON CTEHKM, U B YaCTHOCTM
3KCTpaneBpasnbHOro NPOCTPAHCTBA, BO3MOXKHOCTY €ro BU3yanu3aLmm B JIy4eBON AWUArHOCTUKE, @ TAKIKe ero posib B pasBUTAM
HEKOTOPbIX MaToNOrMYECKUX NPOLLECCOB MPY PaHEHUAX U TpaBMax rpyau. Cpeay NaTonoruyeckmx MexaHu3MoB NMpu TSKESbIX
COYETaHHbIX MOBPEXAEHUSX, NPUBOASALUMX K IKU3HEYrPOXKAIOLLMM OCNOKHEHUSAM, BbIAENSAIOT NONafaHue Bo3ayxa BO BHY-
TPEHHWe NoNoCTM opraHn3Ma. OAHUM U3 TaKUX OCTOKHEHWI ABNISIETCA HAaNPSXKEHHbIA NHeBMoTopaKc. [1pu 3ToM cornacHo Me-
TOAMYECKUM peKoMeHAauMaM [NaBHOro BOEHHO-MeAULMHCKOrO yNpaB/ieHNs Npy AUarHoCTMPOBaHUM NHEBMOTOPaKCa Ha 3Ta-
ne KBaNMGULMPOBAHHOW M CMeLuann3vMpoBaHHON MeAULMHCKOM MOMOLLM He3aBUCUMO OT ero BMAA B KayecTe neyebHbIX
MepOonpUATUIA PEKOMEHAYETCS NpoBeJeHNe APEHNPOBaHUS NIeBPasbHbIX NONOCTEN.

Lienb uccnepoBaHus — OLEHKA BO3MOXKHOCTEN Jly4eBblX METOAO0B B AMArHOCTUKE 3MQU3EMbI IKCTpanseBpanbHoro npo-
CTPaHCTBA MpY paHeHUAX 1 TpaBMax rpyam.

Marepuanbi u MeToabl. OCHOBHLIMM METOAAMU JTYYEBOM AMArHOCTUKM NMHEBMOTOPaKCa ABSKOTCA PpeHTreHorpadus v ynbTpa-
3BYKOBOE McCneaoBaHue. [pn 3T0M B 0TEHECTBEHHOI 1 3apybeXKHOI ITepaType YKa3blBaloTCs BbICOKME MOKa3aTenm cneuu-
GuyHoCTM 3TUX MeToaoB, brinskme K 100%.

PesynbTathl. B HaleM uccnesoBaHWM MpU CUCTEMHOM UCMOMb30BaHWM METOAA KOMMbHOTEPHON ToMorpaduu bbinu BbisiB-
NeHbl 0COBEHHOCTH Jly4eBOr0 M300paXeHUs OpraHoB rpyau Npu MonajaHuyM Bo3ayxa B 3KCTPaneBpasbHoe MpOCTPaHCTBO
6e3 noBpexaeHUs napueTanbHoi nnespbl. [laHHble COCTOSHUA Ha pPeHTreHorpaMMax BU3Yanu3upYKTCS Kak NpoCBeT/IeHWe
BAOSb BHYTPEHHE! NOBEPXHOCTU MPYAHOIA CTEHKM, NPU yNbTPa3BYKOBOM MCCEA0BaHMM — KaK KapTuHa «mnecyaHoro bepe-
ra» C OTCYTCTBMEM CKOJIbXEHWS BUCLIEPaNbHOM MEBpbI, Y4TO OLUIMOOYHO OLIEHMBAETCA Kak NHEBMOTOPAKC. TakUM naumeHTam
MbITAlOTCA [PEHNPOBaTb MeBpabHble MOMOCTU, HO U3-3a HAPYLUEHWs HOPMasbHOrO COOTHOLLEHWS COEB rPYAHON CTEHKM
MOBbILLIAETCS BEPOATHOCTb MOCTAHOBKM pEeHaa B 3KCTPaneBpaibHoe NpocTpaHcTeo. Mpn 3ToM B criyyasx HeapheKTUBHOM
MeAMLMHCKOI NOMOLLM NpU TPAHCMOPTUPOBKE 0TMEYAeTCA HapacTaHWUe NOAKOXHOW IMPU3EMbI.

3akntoueHue. TakuM 0bpa3oM, iMarHOCTMKA NoMafaHusa Bo3ayxa B IKCTPaneBpaibHoe NPOCTPaHCTBO NO3BONSET U30eXaTb
W3NULLHMX MHBA3WBHbIX BMELLIATENLCTB W AOMOJHUTENbHLIX ATPOrEHHbLIX MOBPEXAEHUNA. B HalleM uccnenoBaHum bbiin onpe-
[ieneHbl OCHOBHbIE peHTreHorpaduyeckue NpU3HaKM OTAMYMA IMPU3EMbI IKCTPANNeBpasbHOr0 MPOCTPAHCTBA OT MHEBMO-
TOpaKca: JIOKaU3aumus NpemMMyLLecTBEHHO B 6asanbHblX OTAenax, 0TrpaHUYEHHOCTb, COYETaHNe C MOLAKOXHOW IMPu3eMon
W NHEBMOMEANACTUHYMOM.

KntoueBble cnoBa: aHaTomus pr,U,HOVI CTEeHKU; reMoTopaKc; rmapoTopaKC; KOMMbTEPHaA TOMOFpa(bVIFI; NnHeBMOMeua-
CTUHYM; MHEBMOTOPAKC; IMpu3eMa.
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BACKGROUND

The extrapleural space (EPS; spatium extrapleuralis)
is located between the inner surface of the ribs and the
parietal pleura. Tissue dissection within this space is
employed in thoracic surgery in the form of extrapleural
pneumolysis for advanced-stage diseases of the lungs
and pleura [1-3]. However, visualization of the EPS is
challenging; its radiologic semiotics remain underdeve-
loped, and its anatomical features are often overlooked
during chest computed tomography (CT) scan interpreta-
tion. Nevertheless, the EPS is crucial in diagnostic and
therapeutic standpoints. Understanding the structure of
this space, the pathological processes occurring within it,
and its CT semiotics regarding injury facilitates optimal
treatment planning. This article reviews the anatomy of
EPS, the possibilities for its imaging under normal and
certain pathological conditions, and the influence of ra-
diologic findings on treatment strategy.

EPS refers to the anatomical structures located be-
tween the outer surface of the parietal pleura and inner
thoracic surfaces of the ribs and diaphragm. It contains
adipose tissue, loose connective tissue, lymph nodes,
vessels, the endothoracic fascia (fascia endothoracica),
and the deep muscular layer of the chest (Fig. 1). In 1974,
cadaveric studies described the macroscopic features
and distribution of adipose tissue (the main component
of the EPS) [4]. The adipose tissue within the EPS is thick,
averaging approximately 250 pym, and is most promi-
nent in the posterior regions. It separates the endotho-
racic fascia and parietal pleura (pleura parietalis) [5-8].
The endothoracic fascia is a layer of loose connective

Thoracic cavity

Extrapleural space Pleural cavity

Fig. 1. Anatomy of the extrapleural space.
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tissue approximately 250 pm thick that adheres to the
surfaces of the intervertebral discs, ribs, costal carti-
lages, and sternum. Posteriorly, it merges with the pre-
vertebral fascia (fascia prevertebralis), forming a fibro-
elastic layer that delineates the thoracic cavity (cavum
thoracis) [5, 6].

The muscular layer delimiting the EPS is composed
of muscle groups. In the anterior regions, it is formed
by the transversus thoracis muscle (musculus transver-
sus thoracis), which originates bilaterally from the lower
third of the posterior surface of the sternum body, pos-
terior surface of the xiphoid process, and sternal ends of
the costal cartilages of the lower three or four true ribs.
Its fibers run upward and laterally, attaching to the inter-
nal surface of the costal cartilages of the second to sixth
ribs. The lowest fibers of this muscle are a continuation
of the transversus abdominis muscle fibers. In the inter-
costal spaces, the EPS is bordered by the internal inter-
costal muscles, which lie external to the endothoracic
fascia and attach to the inner margins of the adjacent
ribs. In the posterior regions, the EPS is delimited by the
subcostal muscles (mm. subcostales), which have origin
and insertion points similar to the internal intercostals;
however, their fascicles span across one rib [5, 7, 8].
The neurovascular bundle running along the inferior in-
ternal surface of the ribs lies outside the EPS.

Understanding the layered structure of the chest wall
is crucial in interpreting certain pathological processes,
particularly those associated with thoracic trauma, and
for manipulations to manage them. A critical life-threat-
ening complication requiring urgent intervention in chest
injuries and trauma is tension pneumothorax, which is

Skin

Subcutaneous fat
Extrinsic thoracic muscles
Intrinsic thoracic muscles
Rib

Neurovascular bundle
Internal intercostal muscles
Endothoracic fascia
Extrapleural fat

Parietal pleura

Pleural cavity

Visceral pleura

Lung

Puc. 1. AHaToMMA 3KCTpanseBpasbHOTO NPOCTPaHCTBA.
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the accumulation of air between the parietal and visceral
pleura with a pressure gradient into the pleural cavity.
According to the clinical guidelines of the Main Military
Medical Directorate, in specialized medical care, pleural
drainage is required for tension and nontension pneu-
mothorax to prevent complications during evacuation to
subsequent levels of care [9, 10].

Given the minimal amount of adipose tissue in the
EPS and close adherence between the endothoracic fascia
and parietal pleura, chest wall perforation in penetrating
trauma typically results in damage to these layers, lead-
ing to loss of airtight integrity and the entry of air into the
pleural cavity. However, in some cases, isolated injury to
the endothoracic fascia may occur, followed by the entry
of air into the EPS, which results in separation of the
parietal pleura and endothoracic fascia [7, 8].

The primary imaging modalities for diagnosing pneu-
mothorax are chest radiography and ultrasound (US). Vari-
ous studies reported differing data on the effectiveness
of these modalities: for radiographic diagnosis, sensiti-
vity ranged from 40% to 75% and specificity from 85% to
100%, and for ultrasound diagnosis, sensitivity ranged from
68% to 98% and specificity from 94% to 100% [11-14].
Moreover, most studies showed that both modalities ex-
hibit high specificity, and the occurrence of false-positive
results was attributed to examination technique errors and
imaging artifacts [14]. However, some diagnostic errors in
pneumothorax are related to the radiologic features of EPS
emphysema. On radiographs, this condition manifests as a
radiolucent area in the subpleural zones of the lungs and
is characterized by the absence of visceral pleural sliding
on US, both of which can mimic pneumothorax.

In describing surgical techniques involving manipula-
tion in the EPS, some studies used the terms extrapleural
pneumothorax and extrapleural pneumolysis to describe
the artificial separation of the endothoracic fascia and
parietal pleura by insufflation of air [2, 3]. To avoid ter-
minological overlap, the present study adopts the term
“extrapleural emphysema” to refer to the presence of
air in the EPS in chest trauma. This condition is scarcely
covered in the scientific literature, virtually absent from
Russian sources, and rarely mentioned in international
publications. However, it significantly differs from pneu-
mothorax regarding pathophysiological mechanisms and
therapeutic requirements.

This aspect is particularly crucial when planning cer-
tain surgical procedures, primarily pleural drainage dur-
ing medical evacuation as part of qualified and special-
ized medical care [15]. If air is present in the EPS, the tip
of the drainage tube may be positioned within it. On ra-
diographs, the tube may then appear beneath the inner
surface of the ribs, mimicking pleural cavity placement.

Thus, EPS emphysema is a condition with radiologic
features resembling a pneumothorax; however, it does
not require pleural drainage.

Tom 44,Ne 1, 2025
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This study aimed to assess the diagnostic capabilities
of imaging modalities for identifying EPS emphysema in
cases of chest injuries and trauma.

The objectives of the study were to clarify the normal
and radiological anatomy of the EPS, compare the capa-
bilities of different imaging modalities in diagnosing EPS
emphysema, and define the radiographic and computed
tomographic features of EPS emphysema.

METHODS

A retrospective analysis of chest radiography and CT
data was conducted using a continuous sampling method
of 659 patients admitted with chest injuries and trau-
ma to the emergency department of City Hospital No. 1
(Belgorod), which had been repurposed as an evacua-
tion hospital in 2023-2024. The inclusion criteria were
the availability of chest radiography and CT performed at
the time of admission and chest radiograph obtained at a
prior stage of medical evacuation. Conversely, the exclu-
sion criteria were radiographs with pronounced artifacts
that rendered image interpretation impossible and cases
demonstrating significant radiologic changes (either posi-
tive or negative) between chest radiographs obtained at
the prior and current stages of evacuation.

The radiographs were acquired using the APA5 mobile
X-ray system (SANA LLC, Russia) equipped with a digital
flat-panel detector. Imaging was performed immediately
after patient registration in the radiology room. In 75%
of cases, radiographs were obtained solely in the supine
anteroposterior projection owing to the severity of the
patients’ condition. In the remaining cases, radiographs
were taken in the standing posteroanterior projection
and, when necessary, in the lateral projection. Chest ra-
diographs from prior evacuation stages were provided as
A6-format thermal prints of diagnostic quality.

The patients with chest trauma underwent CT within
6 hours of admission. Examinations were performed
using a 64-slice cardiothoracic ratio X-ray CT scanner
(Electron, Russia). Table 1 presents the technical scan-
ning parameters.

Imaging analysis was conducted in two stages: at the
first stage, chest radiographs obtained at the previous
stage of evacuation were compared with those taken at
admission to assess changes in pathological findings. At
the second stage, a comparative analysis was performed
between the radiograph and CT findings.

The imaging findings were evaluated for the presence
of pneumothorax (at the previous and current stages),
EPS emphysema, subcutaneous and intermuscular em-
physema, and pneumomediastinum and the presence and
correct placement of pleural drainage tubes.

Clinical data were statistically analyzed using MedCalc
software (version 18.2.1). A four-field contingency table
method was utilized to calculate sensitivity, specificity,
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Table 1. Characteristics of the CT scan protocol
Ta6nuua 1. XapakTtepuctukm npotokona KT-ckaHpoBaHus
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Parameter

Value

Scout view
Voltage

Slice thickness
Slice interval
Tube rotation time
Pitch

Data acquisition
Matrix size
Gantry tilt

Scan direction
Scan duration

Anteroposterior and lateral projection of the chest

120 kV
1 mm
0.5mm
05s
0.9
64*0.625
768*768
No
Craniocaudal
5-7s

and accuracy. The effectiveness of radiographic imag-
ing in visualizing pneumothorax and EPS emphysema
was assessed in comparison with CT, and the radiologic
features in all cases with false-positive pneumothorax
diagnoses were examined.

RESULTS

Visualization of the EPS, similar to that of the pleural
cavity, is challenging on CT because the normal thick-
ness of these anatomical structures is <1 mm. However,
some patients had an increased volume of extrapleural
fat. This fat may be localized along the costal pleura and
in the interlobar fissures, making it visible on imaging.
On lung window CT images, this pattern may mimic fluid
accumulation in the pleural cavity. Differential diagno-
sis involves measuring the radiodensity of the observed
changes: values range from -100 to —60 HU for adipose
tissue and from +5 to +60 HU for fluid (Fig. 2).

Analysis of radiographs revealed that 238 patients
had pneumothorax. CT confirmed 230 of these cases. In

eight cases, the radiographic diagnosis of pneumothorax
was false-positive. In 75 patients with negative radio-
graphic findings, CT detected the presence of air in the
pleural cavity (Table 2).

In all eight false-positive cases of pneumothorax,
specific CT features were identified. A thin collection of
air was noted between the inner surface of the thoracic
cage and lungs, predominantly in the mid- and basal
zones, with a heterogeneous structure caused by multiple
septations of varying thickness and morphology and ar-
eas of fat density (-100 to —80 HU). These findings were
consistent with subcutaneous emphysema but with an
atypical location, within the thoracic cavity projection.
On radiograph, the patients exhibited a well-defined ra-
diolucent band between the chest wall and lung margin
(Fig. 3).

In all cases, false-positive interpretation of the radio-
graphic findings led to overdiagnosis of pneumothorax
and resulted in placement of a pleural drainage tube. In
five patients, the tube was positioned in the pleural cavity
(Fig. 4) and in the EPS in three patients (Fig. 5).

Fig. 2. Chest CT in the axial plane (left: soft tissue window, right: lung window). Prolapse of extrapleural fat into the interlobar fissure

(arrows).

Puc. 2. KT opraHoB rpyau B aKcuanbHOW MIOCKOCTW (CrieBa — MSATKOTKAHHOE OKHO, CrpaBa — JIEr04YHoe OKHo). [ponabupoBaHue

3KCTpanneBpaan017| KJeT4aTKN B MEX0J1eBYH0 LLeJIb (CTpeﬂKM).
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Table 2. Diagnostic efficiency of chest X-ray in detecting pneumothorax in chest injuries and trauma
Tabnuua 2. [Inardoctnyeckas 3G eKTUBHOCTb peHTreHorpadum B BbISIBIEHUN MHEBMOTOPAKCa NPY PaHEHUSIX 1 TpaBMax rpyam

Parameter Value Confidence interval (Cl)
Sensitivity (Se) 75.4% 70.2-80.1
Specificity (Sp) 97.7% 95.6-99.0
Accuracy (Ac) 87.4% 85.2-88.7
AucC 0.87 0.84-0.89
Positive likelihood ratio 33.37 16.77-66.40
Negative likelihood ratio 0.252 0.207-0.306

Furthermore, unilateral coexistence of pneumothorax
and EPS emphysema was observed in five patients (Fig. 6).
In three of these patients, the drainage tube was positioned
in the EPS, which resulted in failure to drain the pleural
cavity, progressive clinical deterioration, and the develop-
ment of subcutaneous emphysema (Fig. 7). In one case,
severe EPS emphysema was associated with respiratory
failure (Fig. 8). US revealed findings characteristic of pneu-
mothorax, including the absence of pleural sliding (Fig. 9).

Despite the nonspecific nature of its radiographic fea-
tures, analysis of all cases of EPS emphysema enabled
detection of various indirect radiographic signs that indi-
cate this condition on plain chest radiographs (Table 3):

EPS emphysema is typically localized at the site of
chest wall injury and is frequently observed in the basal
and middle zones, whereas pneumothorax is more com-
monly visualized in the lung apices regardless of injury
location.

c

EPS emphysema usually appears as a well-demarcat-
ed, limited area with tendency to taper margins on both
sides. EPS emphysema is similar in shape to loculated
hydrothorax; however, it is visualized as a radiolucent
area, because its content is air.

In most cases, EPS emphysema is accompanied by
subcutaneous and intermuscular emphysema and/or
pneumomediastinum.

CT imaging allows for reliable differentiation between
pneumothorax and EPS emphysema based on the follow-
ing features:

The structure of EPS emphysema is heterogeneous
due to multiple strands of varying thickness and caliber
extending from the chest wall to the lung margin, forming
numerous air-filled compartments.

In cases of extensive EPS dissection, the lung margin
in the affected area appears markedly thickened, as it rep-
resents the apposition of the parietal and visceral pleura.

d

Fig. 3. Patient M. g, chest X-ray in the anteroposterior view. Chest CT: b, coronal plane; c, d, axial plane at different levels. Pneumome-

diastinum. Extrapleural emphysema on the right (arrows).

Puc. 3. MauneHT M. @ — peHTreHorpaMma opraHoB rpyau B npsMoii npoexkumn. KT opraHoB rpyau: b — dpoHTanbHas naocKocTb;
¢, d — aKcmanbHas MIoCKOCTb Ha pasHbix YpoBHsX. MHeBMoMeauacTuHyM. 3mMdusema 3NN cnpasa (cTpenku).
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a b
c d

Fig. 4. Patient M. g, c, chest X-ray in anteroposterior and left lateral views. Chest CT: b, axial plane; d, sagittal plane, right hemithorax.
Minimal extrapleural emphysema on the left (arrows). Drainage tube in the left pleural cavity.

Puc. 4. lMauneHT M. a, c — peHTreHorpaMMa opraHoB rpyay B npsiMoi 1 ieBon 6oKoBoi npoekumsix. KT opraHoB rpyau: b — akcuanb-
Has NNOCKOCTb; d — caruTTanbHas MI0CKOCTb, NpaBblil reMuTopakc. MuHuManbHas amdusema 3NN cnesa (cTpenku). [lpeHaxHas Tpybka
B JIEBOI NeBpasbHON MOOCTY.

c d

Fig. 5. Patient M. g, chest X-ray in the anteroposterior view. Chest CT: b, coronal plane; c, axial plane; d, oblique plane through the drain-
age tube. Extrapleural emphysema on the left side (arrows). Drainage tube in the left extrapleural space.

Puc. 5. MauneHT M. @ — peHTreHorpamMMa opraHoB rpyay B npsmoi npoekuun. KT opraHoB rpyan: b — ¢poHTanbHas ninocKocTb;
€ — aKcuanbHas NocKocTb; d — Kocas MAOCKOCTb Yepe3 ApeHaxHylo Tpybky. 3mMdusema MM cnesa (cTpenkw). [peHaxHas Tpyoka
B nesom I

DOl https://doiorg/ 10.17816/ rmmarb34662
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f

Fig. 6. Patient M. g, chest X-ray in the anteroposterior view. Chest CT: b, coronal plane; c, d, axial plane at different levels; e, sagittal plane
through the right hemithorax; f, sagittal plane through the left hemithorax. Right-sided pneumothorax (black arrows). Pneumomediastinum.

Bilateral extrapleural emphysema (white arrows).

Puc. 6. MMaumneHT M. @ — peHTreHorpamMMa opraHoB rpyay B npsamoi npoekuun. KT opraHoB rpyan: b — ¢poHTanbHas niaocKocTb;
¢, d — aKcumanbHas NIoCKOCTb Ha pasHbIX YPOBHSX; € — caruTTasibHas MIoCKOCTb Yepes NpaBblil FeMUTOPaKC; f — caruTTanbHas nio-
CKOCTb Yepe3 NieBblii reMuUTopaKc. [paBoCTOPOHHUI MHEBMOTOpaKC (YepHble cTpesku). [THeBMoMeamacTuHyM. IMdusemMa 3NN ¢ obeux

CTOPOH (6enble CTPenKm).

In severe EPS emphysema, the lung is decreased in
volume and deformed due to traction exerted by con-
nective tissue strands between the parietal pleura and
endothoracic fascia.

DISCUSSION

The EPS contains numerous fibrous septa between the
endothoracic fascia and parietal pleura, which makes ac-
cumulation of large volumes of air difficult [7]. In EPS em-
physema, the pleural cavity pressure remains unchanged;
therefore, the act of breathing is unaffected, and the
underlying pathophysiological mechanism more closely
resembles that of hydrothorax. In cases of severe EPS
emphysema, which may develop when a drainage tube is
incorrectly placed in the EPS, respiratory failure may oc-
cur due to lung compression and decreased vital capacity.

DOl https://doiorg/ 10.17816/ rmmarb34662

In scientific studies, the misdiagnosis of pneumotho-
rax based on radiographic data is often attributed to tech-
nical errors during imaging, such as clothing artifacts,
medical equipment, and body parts (e.g., skin folds or
limbs) being included in the scan field [11, 13, 14]. When
imaging protocols are strictly followed, the specificity of
chest radiography reaches 100% [12].

In the present study, all cases of extensive and well-
defined radiolucent areas identified on radiographs and
located peripherally relative to the lung tissue border
were interpreted as pneumothorax, and no case was
determined as EPS emphysema, owing to the absence
of pathognomonic radiologic signs within the sensitiv-
ity limits of the method. Moreover, US imaging does
not allow differentiation between pneumothorax and
EPS emphysema, as in both cases, air reflects the ma-
jority of ultrasound waves, showing the characteristic
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Fig. 7. Patient T. Chest CT: a—c, axial plane at different levels in the craniocaudal direction; d, sagittal plane through the right hemithorax.
Right-sided pneumothorax (black arrows). Pneumomediastinum. Extrapleural emphysema on the right side (white arrows) with a chest drain

tube (dashed arrows).

Puc. 7. Nauvent T. KT opraHoB rpyan: a—c — aKcuanbHas MAOCKOCTb Ha pasHbIX YPOBHAX B KPaHWOKAyLaNbHOM HampaBieHuu;
d — caruTTanbHas niocKoCTb, MpaBblil reMUTopaKc. [paBoCTOPOHHMIA NHEBMOTOPAKC (HepHble cTpesku). [THeBMoMeaMacTMHyM. IMpu3eMa
3NN cnpaBa (benble CTPESKM) C APEHAKHO TPYOKON (MYHKTUPHBIE CTPESKM).

Table 3. Diagnostic features of indirect radiographic signs of extrapleural emphysema on X-ray images
Tabnuua 3. [InarHoctnyeckie XxapaKTepUCTUKM KOCBEHHBIX PeHTreHorpatdmyeckux npusHakoB aMeusembl MM Ha peHTreHorpaMMax

Radiographic sign

Cases, n

Sp/
Se /
Ac

95% Cl

min

max

Localization in the mid and lower lung zones

Well-defined margins with tapering edges

Subcutaneous and intermuscular emphysema

Pneumomediastinum

Combination of localization and well-defined
margins

Combination of all signs

75.0/
783/
78.2

75.0/
82.6 /
82.4

875/
55.6 /
56.4

50.0/
59.0/
58.0

62.5/
91.3/
90.3

315/
93.4/
92.4

36.2/76.9/755

36.3/81.3/79.7

47.3/50/54.4

15.7/53.5/571.3

26.7/90.1/87.9

8.5/90.5/91.1

95.5/79.0/79.5

95.5/83.3/83.7

99.7/61.2/57

84.3/64.5/60.4

89.5/92.2/92.2

75.5/96.1/94.1
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a b
c d
e f g h

Fig. 8. Patient U. g, chest X-ray, anteroposterior view; Chest CT: b, coronal reconstruction with 5-mm slice thickness in “Average” mode;
¢, d, axial plane; e—h, coronal plane through the left hemithorax. Massive extrapleural emphysema on the left side. Chest drain placed in the
left extrapleural space compressing the lung. Subcutaneous emphysema left side.

Puc. 8. MaumeHT Y. a — peHTreHorpaMMa opraHoB rpyau B npsMoii npoekuun. KT opraHoB rpyau: b — peKoHCTPYKLMS BO GpoHTanbHOM
MAOCKOCTYU C TONLLMHOM Cpe3a 5 cM B pexMe «Averager; ¢, d — aKcuanbHas NN0CKOCTb; e—h — dpoHTanbHas NIoCcKoCTb JIEBbIA reMu-
Topakc. MaccuBHas amgusema MM cnesa. dpeHax B MM cnesa, KoMnpummupytoLmin ierkoe. MoakoxHas amuseMa cnesa.

a b

Fig. 9. Patient A. Ultrasound of the pleural cavity (BLUE protocol): a, B-mode; b, M-mode. Extrapleural emphysema in the left hemithorax.
Puc. 9. Maument A. Y3U nnespanbHoi nosocti npotokon «Blue»: @ — B-pexum; b — M-pexxum. Imdusema MM nesoro reMuropakca.

DOl https://doiorg/ 10.17816/ rmmarb34662
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“sandy beach” sign and absence of visible pleural
sliding.

Therapeutic interventions for EPS emphysema sub-
stantially differ from those for pneumothorax. Although
pleural drainage is recommended for minimal pneu-
mothorax during transport between stages of medical
evacuation, mild EPS emphysema does not require air
evacuation [9, 10]. In cases of EPS emphysema, pleural
drainage is not therapeutically effective because there is
no pathological content within the pleural cavity, and the
risk of incorrect drainage placement and additional injury
is increased.

In cases where EPS emphysema is present, two
types of errors may occur during drainage tube insertion:
placement into the pleural cavity in the absence of pneu-
mothorax and misplacement into the EPS. The first type is
more favorable, as the sequence of actions corresponds
to normal anatomy and entails negative consequences
due to performing an unnecessary invasive procedure. In
the second type, after gaining access to the intercostal
muscles using blunt dissection or a trocar, the surgeon
manipulates the endothoracic fascia until a sudden loss
of resistance is felt. However, because of the separation
of the fascia from the parietal pleura, the drainage tube
is incorrectly inserted into the EPS, which may lead to
severe EPS emphysema with respiratory failure [7, 8]. In
some cases, drainage tube placement into the EPS is de-
termined by the absence of air evacuation. The procedure
is considered unsuccessful and is repeated (sometimes
repeatedly), resulting in additional injury to the chest wall
and, in some cases, to the lung.

This highlights the importance of accurate radiologic
diagnosis of EPS emphysema. Individual radiographic
signs and their combinations demonstrate low diagnostic
sensitivity and specificity. However, during the evacua-
tion stages, when only radiographic equipment is avail-
able, the localization of these findings should be carefully
considered to avoid repeated pleural drainage attempts.
When CT is available, the presence of indirect signs of
EPS emphysema should be considered an indication for
performing tomographic imaging.

CONCLUSION

EPS emphysema in chest injuries and trauma is rela-
tively rare. However, in the event of mass patient admis-
sions, the specific features of diagnosing and managing
this condition should not be neglected to prevent iatro-
genic injuries.
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The EPS is an anatomical layer of the chest wall that
is not normally visualized using radiologic methods. In
cases of chest injuries and trauma, air may enter the
space, which manifests as nonspecific radiographic find-
ings in the form of peripheral radiolucency that can be
incorrectly interpreted as pneumothorax.

The diagnostic capabilities of conventional radiogra-
phy are insufficient to confirm EPS emphysema. When
indirect radiographic signs are present, such as localiza-
tion in the mid- and lower zones, well-defined margins
with tapering edges, and subcutaneous emphysema and
pneumomediastinum, CT is required.

CT allows for the accurate diagnosis of EPS emphyse-
ma by revealing multiple fibrous strands and septa within
the air collection, visualizing both pleural layers, and in
cases of severe emphysema demonstrating lung defor-
mation caused by connective tissue traction between the
parietal pleura and endothoracic fascia.
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