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Two cases of open and video-assisted thoracoscopic approaches
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Aim: to analyze the clinical features and surgical outcomes of combat-related superior vena cava injuries and to
determine the optimal operative strategy considering the mechanism of injury, severity of the patient’s condition,
and associated thoracic damage.

Materials and methods. The article presents two clinical cases of combat trauma involving injury to the superior
vena cava treated in Zaporizhzhia Military Hospital, Ukraine. Both patients sustained penetrating thoracic injuries
caused by explosive fragments during hostilities. Clinical data, imaging findings, intraoperative observations,
surgical techniques, and postoperative outcomes were analyzed. Two different surgical approaches were used
depending on the patient’s clinical condition, injury characteristics, and anatomical localization of the vascular
damage: open surgical repair and video-assisted thoracoscopic surgery. Particular attention was paid to the
mechanism of injury, associated thoracic damage, hemodynamic stability, and the feasibility of minimally invasive
intervention in combat trauma settings.

Results. In the first case, the patient underwent open surgical repair of the superior vena cava due to the severity
of injury and associated thoracic damage. In the second case, a video-assisted thoracoscopic approach was
successfully used for removal of the foreign body and repair of the vascular wall. Both patients survived and
demonstrated favorable postoperative outcomes without major complications. These cases illustrate that modern
combat injuries caused by low-velocity fragments may allow delayed surgical management due to temporary
sealing of the vascular defect by the fragment itself. This phenomenon may facilitate planned surgical intervention
after evacuation to a specialized medical facility.

Conclusions. Injuries of the superior vena cava in combat trauma are rare but potentially life-threatening conditions
that require prompt diagnosis and individualized surgical management. Both open surgery and video-assisted
thoracoscopic techniques can be effective treatment options. The choice of surgical approach should depend
on the patient's physiological status, the mechanism of injury, the extent of associated thoracic damage, and
the overall survivabhility potential.
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ABa BUNaAKM 3aCTOCYBaHHA BiAKPUTOro Ta BiA€OTOPAKOCKONIYHOrO AOCTYNIB
AO BepXHbOi NOPOXXHUCTOI BEHU Npu 60i0oBIH TpaBMi B YKpaiHi

1. B. Teaywwko, K. B. [ymeHtok, 0. 0. Mixees, C. Lllakendopa C. I. CaBueHko

Merta po60oTH - NpoaHani3yBaTu KniHi4YHi 0COBNMBOCTI Ta pe3ynbTaTyt XipypriYHOro NikyBaHHs GOMOBMX YLIKOMKEHb
BEPXHbOI MOPOKHWCTOI BEHW, @ TAKOX BU3HAYUTH ONTUMArbHY TaKTVKy OMepaTUBHOTO BTPYYaHHS, BPaxoByo4M
MeXaHi3aM TpaBMU, TSHKKICTb CTaHy nauieHTa Ta CynyTHi NOLUKOMKEHHS OpraHiB rpyaHOI KNiTKu.

Martepianu i meToau. HaBegeHo ABa KNiHiYHi BUnagku 6010BOT TpaBMY 3 YLLIKOIKEHHSM BEPXHBOI MOPOXHUCTOI
BEHW; NaLlieHTn nepebyBanu Ha nikyBaHHi B 3anopisbkomy BilickkoBoMy rocnitani (Ykpaina). Obuaea naieHTu
OTPMUMany BOrHenasbHi OCKONKOBI NPOHUKHI MOPaHEHHs TPYAHOI KNiTKM nig yac 6orosux Ain. MNpoaHanizoaHo
KMiHIYHI AaHi, pesynbTaTi iHCTPYMeHTamnbHWUX AOCTIMKeHb, iHTpaonepauiiHi 3Haxigku, 0CobnmBoCTi onepaTus-
HOro BTPYYaHHs! Ta nicrnsionepadiiiHui nepedir. 3anexHo Bia kNiHIYHOrO CTaHy nawieHTa, XapakTepy NopaHeHHS
Ta nokanisauii yLKOIXeHHs CyAWHM 3aCTOCOBAHO [Ba Pi3Hi XipyprivHi Migxoau — BUKOHAHO BIAKpUTY onepaito
Ta BigeoTopakockoniyHe BTpyyaHHs. Ocobnusy yBary NpuaineHo MexaHiamy TpaBMu, CynyTHIM YLIKOMKEHHSM
OpraHiB rpyaHoi KniTk1, reMoaMHaMiuHil CTabinbHOCTI NawuieHTiB i MOXMMBOCTI 3aCTOCYBaHHS ManoiHBa3NBHNX
TexHonorii npu 60MOBIN TpaBMi.

Pe3yabraTu. Y NepLUIOMY KIiHIYHOMY BUMafKy BUKOHAHO BiZKPUTE ONepaTvBHE BTPYYaHHS 3 YLUMBAHHSAM YLLIKOMKEH-
HS BEPXHbOI MOPOXHUCTOI BEHM Yepes TSKKICTb TPaBMU Ta HAasiBHICTb CYNYTHIX YLIKOMKeHb. Y ApyroMy BUNagKy
YCHILLHO 3aCTOCOBAHO BiA€0TOPAKOCKOMIYHUI AOCTYN ANS BUAANEHHS CTOPOHHBOIO Tifla Ta BiHOBIEHHS CTIHKM
cyauHn. ObuaBa naLieHTV BIKWNK, nicnsionepaLiiiHui nepioa Mas cnpusTinemii nepebir, MuHys 6e3 ycknaaHeHs.
HaBepaeHi cnocTepexeHHs nokasanu, LWo Npy Cy4acHnx 6ONOBUX MOPAHEHHSIX, CIPUYMHEHNX HU3bKOLLIBUAKICHUMM
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ynamkamu, iHKOn1 MOXMMBE TUMYacoBe «repMETU3yBaHH» AedeKTy CyanHU CaMuM YNamKoM, Lo Aae 3Mory
BWKOHATU BiACTPOUYEHE OnepaTuBHE BTPyYaHHs nicrns eBakyauii 4o cneuiani3oBaHoro nikyBanbHOro 3aknagy.

BHCHOBKH. YLLKO)KEHHSI BEPXHBOI MOPOXHMCTOI BEHM Npy BOI0BIN TpaBMi — piaKiCHi, ane NOTEHLINHO XMTTEBO
Hebe3neyHi cTaHw, Lo noTpebyoTb CBOEYACHOI 4iarHOCTWKM 1 iHAMBIAYyani3oBaHoro XipypriyHoro nigxogy. Bia-
KpuTi onepaLii, SiK i BiieoTopakoCKONiYHi BTpyYaHHs, MOXyTb 6yTv eChekTUBHIMI METoAaMM nikyBaHHS. Bubip
OnepaTuBHOI TaKTUKM Mae 3anexaty Bif, 3arafbHOrO CTaHy nauieHTa, MexaHiamy TpaBmu, obcsry cynyTHiX

YLWKO4XXEHb Ta NPOrHO3Y BUXXUBAHHA.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 149-154

Penetrating injuries to the superior vena cava (SVC) are
rare and often fatal. Existing literature primarily describes stab
wounds and gunshot injuries to the SVC, with few reports on com-
bat-related trauma involving this vessel. The injury mechanisms
observed in the Ukrainian conflict significantly differ from those
reported in previous wars. Unlike prior armed conflicts, where
gunshot wounds predominated, most combat-related vascular
injuries in Ukraine result from blast fragments, including those
from drone-detonated explosives. Notably, small, low-velocity
fragments may, in some cases, embed within the vascular wall,
effectively sealing the defect and preventing immediate exsan-
guination. This phenomenon allows for prolonged casualty evac-
uation and facilitates delayed but planned surgical interventions.
However, in the current operational environment, prolonged evac-
uation times — due to tactical constraints and deliberate targeting
of medical assets — often exceed the conventional “golden hour”,
impacting patient outcomes.

The majority of reported vena cava injuries involve the
inferior vena cava [1,2]. Literature predominantly focuses on
case reports, diagnostic evaluations, and management strat-
egies that address both arterial and venous trauma, as well
as contemporary approaches to reconstructive aortic surgery
in complex pathologies [1,3,4]. Vascular injuries are classified
into blunt, penetrating, and iatrogenic etiologies [1,2]. The
largest published series of combat-related vena cava injuries,
consisting of 82 cases, was reported during the Vietnam War;
however, all involved the inferior vena cava [3]. Successful
surgical repair of SVC injuries remains infrequent, with only a
limited number of cases documented [3,5,6]. Although tempo-
rary hemostasis may be achieved through soft clot formation
in certain injuries, a high index of suspicion for major vascular
trauma is required [1,2,7].

The management of SVC injuries remains complex and
context dependent. Permissive hypotension resuscitation strat-
egies may be beneficial in preventing excessive hemorrhage in
critically injured patients [8]. In select cases, vascular ligation
has been employed as a life-saving measure [9], while in others,
endovascular stenting has demonstrated efficacy in achieving
hemostasis [10]. However, existing literature largely omits tech-
nical considerations for the surgical repair of SVC injuries in the
setting of combat trauma, particularly those resulting from blast
fragmentation. Additionally, no reported cases describe the use of
video-assisted thoracoscopic (VATS) surgery for combat-related
mediastinal vascular trauma.

Atour Role 3 institution, we managed two cases of SVC frag-
ment injuries, in which the retained metallic fragment functioned
as a temporary vascular seal. Given that SVC injuries are both

rare and highly lethal [11], these cases contribute valuable insight
into the evolving understanding of combat vascular trauma and
its management as part of future investigations.

Aim

To analyze the clinical features and surgical outcomes of
combat-related superior vena cava injuries and to determine
the optimal operative strategy considering the mechanism of
injury, severity of the patient’s condition, and associated thoracic
damage.

Materials and methods

This study reports our experience in managing two cases of
SVC injury. The study was conducted in accordance with bio-
ethical standards and was approved by the Bioethics Committee
of Zaporizhzhia State Medical and Pharmaceutical University
(Protocol No. 4, dated March 12, 2026). Written informed consent
was obtained from all eligible patients.

Results

Clinical case 1. Our first patient was a 45-year-old male who
was injured during mortar shelling, 20 hours prior to admission.
Initial medical care provided by the forward surgical team 18
hours after the injury included: occlusive dressing of the wound
without drainage of the pleural cavity. During evacuation by
ground assets, the patient was in stable condition without signs
of blood loss or respiratory compromise.

His past medical history was notable for a 27 pack-year history
of smoking, otherwise unremarkable.

On hospital admission, the patient had the following findings
on physical exam: normal vital signs; coarse breath sounds,
diminished on the right. On the right side of his chest, he was
noted to have an entry wound in the deltopectoral groove near
the shoulder joint with a 1 x 2 cm skin defect and abrasions of
the wound margins, without active bleeding and no evidence for
air movement.

Chest computed tomography (CT) without intravenous
contrast per local protocol showed a small right-sided apical
pneumothorax, 11-mm right hemothorax, intramuscular emphy-
sema of the right chest wall, an area of focal consolidation with
pneumatocele and surrounding “ground glass” opacity in the 5"
segment of the right lung; 15 mm metallic foreign body at the
level of the right auricle adjacent to the vena cava; and 5-mm
hemopericardium (Fig. 1).
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Fig. 1. Case 1, CT scan of the chest showing a metallic foreign body in the anterior mediastinum projecting over the SVC and associated
with a small right-sided hemothorax and hemopericardium; double contour of the foreign body is caused by motion artefact and confirms

contact with a moving structure.

With a metallic fragment localized in the anterior mediastinum
near the great vessels, a high index of suspicion for vascular injury
was maintained. In our surgical planning, we needed to account
for control of the great vessels in the mediastinum, removal of
metallic foreign body, and potential repair of presumed SVC injury.

During the surgical intervention, the patient was positioned
supine with 30 degrees elevation of the right side. Following ante-
rior thoracotomy in the 5™ intercostal space, 300 mL of blood and
clots were removed from the pleural cavity. On the pericardium
at the confluence with the SVC, we noted a 1-cm tissue defect
with the edge of a metallic foreign body protruding in the center.
Any manipulations near the foreign body resulted in leakage of
dark blood. Packing with surgical sponges was performed to
facilitate evaluation for other injuries; the lung was freed from
the inferior pulmonary ligament and tidal volume was reduced
on the ventilator. A pericardiotomy was then performed anterior
to the phrenic nerve. As a result, 80 mL of serosanguinous fluid
was removed from the pericardial sac. A metallic fragment was
localized in the walll of the intrapericardial SVC. Prior to fragment
removal, the lateral wall of the SVC was elevated and clamped
longitudinally without interrupting blood flow. The fragment was
safely removed, and the SVC wall defect was repaired. The post-
operative course was uneventful. The chest tube was removed
on postoperative day 4. On postoperative day 7, the patient was
evacuated to the next Role of care.

Clinical case 2. Our second patient was a 52-year-old male
who was injured 9 hours prior to hospital arrival as a result of

a drone strike. Five hours after the injury, he was evacuated to
Role 2. Injuries included: severe penetrating head injury, pene-
trating right chest injury and right upper extremity trauma with
vascular injury and humeral fracture. The forward surgical team at
Role 2, which does not have CT or neurosurgical capability, placed
aright-sided chest tube, ligated the right brachial vein, and placed
an external fixator for the complex right upper extremity injury.
Damage control resuscitation with 2 units of red blood cells and
2 units of plasma was performed. The patient was mechanically
ventilated and further evacuated by ground to Role 3.

His past medical history was notable for 36 pack-year history
of smoking, otherwise unremarkable. The patient arrived at Role
3 on mechanical ventilation with normal vital signs. Exam findings
included penetrating ballistic head trauma to the right parietal
region with leakage of cerebrospinal fluid through an open skull
fracture; Glasgow coma score 11T, multiple fragment wounds of
the posterior and lateral torso; chest tube in the right pleural cavity
drained about 100 mL of blood without air leak; and right upper
arm external fixator with penetrating injury of the right shoulder
with soft tissue defects and ballistic fracture of the right humerus.

Initial work-up included CT of head, chest, abdomen and
pelvis without contrast (per local protocol), X-rays of the right
upper extremity and laboratory analysis. CT showed the following
findings: penetrating fragment injury of the right parietal region
of the skull and brain with pneumocephalus, ballistic penetrating
injury of the right chest with a fragment at the lung base, right
pneumothorax, right pulmonary contusion, pneumomediastinum,
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Fig. 2. Case 2, a series of CT slices of the chest showing a fragment in the SVC, also penetrating injury of the lung parenchyma, and
right-sided hemopneumothorax; vascular catheter is noted in the lumen of the vessel.

3

Fig. 3. Case 2, intraoperative picture of the SVC injury site, a fragment is lodged in the vessel wall; bleeding control is achieved before
suturing the injury site.

Fig. 4. Case 2, postoperative 1-view X-ray of the chest in anteroposterior projection.
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and multiple fragments within the soft tissues of the back and
abdominal wall. The surgical team performed an independent
evaluation of the CT images and raised suspicion for a fragment
injury of the SVC (Fig. 2). X-ray of the right shoulder: comminuted
displaced fracture of the middle third of the humerus; multiple
metallic foreign bodies in the soft tissues of the neck, shoulder,
and the right chest.

Pre-operative diagnosis: Blast injury. Penetrating fragment
injury of the head with an entry wound in the right parietal re-
gion, metallic and bone fragments within the brain parenchyma,
depressed open parietal bone fracture, cerebrospinal fluid leak-
age, pneumocephalus; fragments within the soft tissues of the
supraorbital and parieto-occipital regions of the scalp; penetrating
fragment injury of the right chest, right lung laceration, fragment
injury of the SVC, right hemopneumothorax; multiple fragments
within the soft tissues of the trunk; fragment injury of the right
shoulder, ballistic comminuted and displaced fracture of middle
third of the right humerus; right brachial vein injury and right
brachial artery contusion, with multiple retained foreign bodies
within the soft tissues of the right upper extremity.

Emergency neurosurgical intervention was a priority in this
patient, and he was taken to the operating room for craniectomy.
Wound debridement and parietal bone resection were performed;
metallic and bone fragments were removed. The dural defect
was closed with periosteum. Concurrently with the neurosurgical
team, a second team debrided the right shoulder and repaired the
neurovascular bundle of the right upper extremity. A second chest
drain was placed. The patient required ongoing damage control
resuscitation during the surgery due to recurrent episodes of
hemodynamic instability with hypotension. During postoperative
observation, his lung mostly expanded but atelectasis of the right
lower lobe persisted. He did not have any further blood loss from
the right pleural space, but an air leak persisted. It was known
that a metallic foreign body was retained in the anterior-superior
mediastinum, adjacent to the great vessels, which could po-
tentially erode through the vessels and lead to life-threatening
hemorrhage. Therefore 12 hours after the hospital admission,
the decision was made to perform a right-sided VATS which
revealed that the lung laceration was hemostatic and there was
no air leak; a fragment was found to be lodged in the wall of the
SVC above the confluence with the azygos vein. The lateral wall
of the SVC was clamped longitudinally in order to isolate both the
vascular defect and the foreign body (Fig. 3). The fragment was
removed with a magnet, and the vessel wall was closed with a
lateral vascular suture. Total blood loss of 50 mL was recorded.

Arepeat chest X-ray showed re-expanded lungs, post-trau-
matic contusion of the right upper lobe, chest wall emphysema,
chest tube presentin the right pleural cavity, and retained metallic
fragments in the right chest (Fig. 4).

On the 2™ day, the patient was transferred to the next Role
of care in critical but hemodynamically stable condition, pharma-
cologically sedated and mechanically ventilated.

Discussion

Combat injuries in the Ukraine conflict are caused primarily
by fragments due to weaponization of drones, artillery, or various

ballistic missiles. Alower energy fragment, rather than lacerating
a major vessel and causing fatal hemorrhage, may “breach and
lodge” into the vessel wall. This phenomenon facilitates casualty
survival in the setting of prolonged evacuation and delayed access
to surgical care. Under such circumstances, the clinical picture
alone may be misleading, and further diagnostic delays may
occur. Ballistic injuries caused by fragments have very diverse
intracorporeal trajectories. CT is the diagnostic modality of choice
for blast injury. It allows diagnosis of injuries with localization of
fragments and their trajectories. However, metallic foreign bodies
also cause significant artifacts during CT scanning, which may
degrade the quality of imaging and may obscure significant find-
ings in the surrounding tissues. Furthermore, it may be difficult
to determine the exact location of the fragments near moving
structures such as the heart, central vessels or the diaphragm,
due to the motion artifact.

Our standard protocol, used in 95 % of studies, does not
include intravenous contrast during CT imaging for trauma due
to limited availability of contrast agents.

Surgical planning is influenced by several factors such as
mechanism of injury, duration of evacuation and the overall
patient’s condition. Foreign body migration from another site
should be considered [9]. Anesthesia should be administered
with double-lumen endotracheal tube which allows for single-lung
ventilation. This facilitates surgical access to the mediastinum
and visualization during VATS. To prevent blood loss during for-
eign body removal and surgical repair of the SVC wall, we place
vascular clamps in the longitudinal orientation on the lateral wall,
along the long axis of the vessels.

Our two cases show that taking an individualized approach
to surgical decision-making in case of penetrating injuries to
the great vessels of the chest with foreign bodies lodged in the
vessel wall, leads to best outcomes. VATS may be safely used
in well-selected casualties. For best results it is also mandatory
to consider the level of staff preparedness, current workload, and
completeness of patient workup along with the patient's overall
condition and injury complex. Appropriate imaging modalities
must be available.

Conclusions

1. In Ukraine, combat injury patterns differ significantly from
what was observed in other recent conflicts. Penetrating fragment
injuries predominate among the combat casualties. Furthermore,
tactical conditions and deliberate targeting of medical assets lead
to prolonged evacuation delays.

2. Penetrating injuries of the superior vena cava with low
velocity projectiles may lead to a “breach and lodge effect”. Frag-
ments get lodged in the vessel wall and temporarily function as a
“vascular patch”. In such settings, when vascular intervention is
neither necessary nor feasible immediately following the injury,
surgeons may have time to optimize operative planning.

3.In carefully selected patients, video-assisted thoracoscopy
is a viable option for surgical repair of the penetrating injuries to
the great vessels of the chest.
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