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Abstract
Background  Russo-Ukrainian war is associated with severe traumas, including injuries to the major vessels. 
Penetrating aortic injury remains one of the most difficult injuries; the mortality rate is 90–100% in case of gunshot 
wounds, associated with frequent lethal outcomes due to uncontrolled bleeding. Of the three main abdominal 
veins, the inferior vena cava (IVC) is the most frequently damaged, which is required quick and appropriate surgical 
decisions to be made. Little is known about the management of gunshot injuries to such major vessels as the aorta 
and IVC. It is also worth mentioning about the importance to share our practical experience from the ongoing war 
for better understanding and future considerations by war surgeons of the vascular trauma management. The aim 
of the study was to demonstrate the specific features of the diagnosis and management of a gunshot shrapnel blind 
penetrating wound to the abdomen with injury to the aortic bifurcation level and the infrarenal section of the inferior 
vena cava.

Case presentation  A 44-year-old male soldier of the Armed Forces of Ukraine received a gunshot injury to the 
abdomen from a mortars’ explosive shelling. The patient was evacuated to the Forward Surgical Team (Role 1) and 
received primary surgical treatment within one hour after the injury according to the “golden hour” principle. Then, 
evacuated was performed to the Role 3 hospital in Kharkiv. At the Role 3 hospital, the patient underwent second-
look surgery as well as damage control surgery. At revision, no active bleeding was observed, and the surgical pads 
(packed previously by the Forward Surgical Team) were removed. Further revision showed a metal projectile within 
the aortic wall at the level of aortic bifurcation and wall defects were also detected for inferior vena cava. This metal 
projectile was removed by using the multifunctional surgical magnetic tool followed by suturing of the aortic wall 
defect as well as defects of the inferior vena cava.

Conclusions  Application of Damage Control Surgery is a useful approach in the management of severe vascular 
injury as well as useful to stop abdominal contamination by intestinal contents. The application of a surgical magnetic 
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Introduction
Vascular injuries are common in warfare, demonstrat-
ing five times more frequent incidence in modern wars 
because of the application of high-energy weapons, caus-
ing severe damage to tissues [1–6]. Also, one out of five 
(20%) combat wounds are diagnosed with bleeding from 
unspecified sources, associated with significant blood 
loss. Vascular injury is considered one of the most severe 
injuries. It is associated with significant damage of soft 
tissues, thoracoabdominal gunshot injuries, limb ampu-
tations, or lethal outcomes [1, 3, 7]. The high-energy 
weapon is associated with severe damage to military 
personnel, including vascular injury, as shown in clinical 
and experimental studies [4, 5, 7–10]. Vascular trauma is 
frequent in combat casualties, constituting up to 12% in 
Operation Iraqi Freedom and Operation Enduring Free-
dom, which is higher by 1–3% as compared to WWII, 
the Vietnam War, and the war in Korea. The frequency 
of gunshot injuries to the major abdominal vessels is 1.7–
7.8% during the ATO/OOC (i.e. hybrid period of Russo-
Ukrainian war 2014–2022) [11].

Penetrating aortic injury remains one of the most dif-
ficult injuries; the mortality rate is 90–100% in the case 
of gunshot wounds, associated with frequent lethal out-
comes due to uncontrolled bleeding [12, 13]. The possible 
clinical outcomes in patients after the gunshot injury to 
the aorta are aortocaval fistula or aortic pseudoaneurysm 
formation, which should be considered in the patients’ 
follow up. There are different options for the manage-
ment of aortic gunshot injuries such as open surgery or 
peripheral balloon embolization. In almost all cases, 
urgent surgical treatment is indicated to prevent imme-
diate death. Patients wounded by small-caliber, low-
velocity bullets with hemorrhage in the aortic wall almost 
always survive.

Of the three main abdominal veins, the inferior vena 
cava (IVC) is the most frequently damaged, which is 
required quick and appropriate surgical decisions to be 
made. The overall incidence of IVC injuries ranges from 
0.5 to 5% of penetrating injuries and 0.6–1% of blunt inju-
ries. Approximately 30–50% of patients will die before 
reaching the hospital due to exsanguination or associated 
injuries. Of those who survived at admission, 20–57% 
patients die during operations due to severe blood loss 
or during postoperative period due to shock [14]. In pre-
vious publications, we have reported features of a vas-
cular gunshot injury, however, little is known about the 
management of gunshot injuries to such major vessels as 
the aorta and IVC. It is also worth mentioning about the 
importance to share our practical experience from the 

ongoing war for better understanding and future consid-
erations by war surgeons of the vascular trauma manage-
ment [3, 4, 15]. The aim of the study was to demonstrate 
the specific features of the diagnosis and management of 
a gunshot shrapnel blind penetrating wound to the abdo-
men with injury to the aortic bifurcation level and the 
infrarenal section of the inferior vena cava.

Case presentation
A 44-year-old male soldier of the Armed Forces of 
Ukraine received a gunshot injury to the abdomen from 
a mortars’ explosive shelling. The patient got first medi-
cal aid at the place of injury within 10 min (according to 
the principle “platinum minute”) and within one hour 
(principle “golden hour”) was transported to the Forward 
Surgical Team, which is in line with the Military Medi-
cal Doctrine of Ukraine [16]. At the Forward Surgical 
Team, the patient’s condition was extreme, he had under-
gone laparotomy and revision of abdominal and retro-
peritoneal cavities, followed by right hemicolectomy, 
suturing of defects of the small intestine, obstructive 
resection of jejunum, retroperitoneal hematoma evacua-
tion (300 ml), lavage and drainage of the abdominal cav-
ity. Intra-abdominal packing with laparotomy pads was 
performed for the right abdominal flank to temporarily 
control hemorrhage. The patient was also undergone for 
primary surgical debridement for wounds of the upper 
and lower limbs as well as fasciotomy of the right femo-
ral area. The time of operation was 90  min at the stage 
of management by the Forward Surgical Team. Consider-
ing the severity, the patient was transported to the higher 
level of medical care, which is the Military Medical Clini-
cal Center of Northern Region (i.e. Role 3 hospital) of 
Command of Medical Forces of Armed Forces of Ukraine 
located in Kharkiv city within 4  h. At admission, the 
patient’s severity status was judged as moderate. At Role 
3 hospital, the patient was evaluated by ultrasonography 
using FAST-protocol for the abdomen and chest (Son-
osite Micromaxx, 2017) showing an absence of free fluid 
in both the abdomen and chest. The blood test included 
routine clinical chemistry, biochemical analyses, coagu-
lation analyses, and blood typing. A whole-body multi-
spiral computed tomography (CT) scan was used with a 
0.5 mm slice image (Toshiba Activion 16 machine, Japan). 
The arterial phase of the CT scan showed a foreign body 
of metal density (i.e. metal projectile), located in the aor-
tic wall at the level of aortic bifurcation, but without signs 
of blood extravasation (Fig. 1).

24  h after the admission to the Role 3 hospital, the 
patient underwent second-look surgery. At revision, 

tool for the searching and removal of ferromagnetic foreign bodies reduces operative trauma and reduces the time 
for identification of foreign bodies.
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no active bleeding was observed, and the surgical pads 
were removed. Further revision showed a metal projec-
tile within the aorta wall at the level of aortic bifurcation 
and wall defects were also detected for inferior vena cava. 
This metal projectile was removed by using the multi-
functional surgical magnetic tool followed by suturing of 
the aortic wall defect as well as defects of the IVC. The 
operation ended with an ileostomy and drains to the 
abdomen were placed.

48  h after the injury, the patients underwent third-
look surgery in order to revise the abdominal cavity, the 
right parts of the extraperitoneal space, to remove sur-
gical pads. At third look revision, liver, spleen, stomach, 
and duodenum were identified in normal state. Resected 
parts of the jejunum and transverse colon were without 
pathological changes. The revision of the area of aortic 
bifurcation showed hematoma without sign of tension. 

The possible presence of the metal shell was suspected 
and revision of that hematoma was performed by using 
a multifunctional surgical magnetic tool using previously 
described protocols. In brief, the metal fragment is usu-
ally identified by X-ray or CT-scan. During the opera-
tion, if available, we use C-arc and insert magnetic tool 
to the area of the metal fragment location. The choice 
for the specific magnetic tool shape depends on the 
metal fragment contours and locations. Frequently, the 
metal fragment is fixed and rotated by the endoscopic 
forceps for reliable catching by the magnetic tool and its 
subsequent removal from the body [17, 18]. At the revi-
sion of the hematoma, the metal fragment was identi-
fied and removed. After the removal of small metal shell, 
the active aortic bleeding started and we stopped it by 
proximal and distal application of surgical clamps. We 

Fig. 1  CT scan image at admission to the Role 3 hospital illustrating metal fragment in the retroperitoneal space in area of aortic bifurcation, free air in the 
abdomen, abdominal packing with laparotomy pads in right abdomen, two drainage tubes, closes laparostomy: in axial projection (A), coronal projection 
(B), 3D modeling of arterial phase of a CT scan (C), 3D modeling of venous phase of a CT scan
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hypothesize that hematoma caused compression to the 
defect in the aorta, which prevented the bleeding in first 
place.

Further revision showed perforations of both the aorta 
and IVC in the area proximal to the aortic bifurcation. 
These defects were sutured. The blood loss was 300 ml. 
The time of operation was 90 min and stages of operation 
are illustrated in Fig. 2.

In 2 days after the restoring of aorta wall integrity, the 
fourth look revision was performed for the abdomen, 
right retroperitoneal space, removal of gauze packings, 
application of ileotransverse anastomosis. Sanitation and 
redraining of the abdominal cavity. At revision of the 
aorta and IVC defect areas we observed no pathological 
changes (Fig. 3).

In the postoperative period, intestinal motility was 
restored on the 4th day after the operation. The draining 
tubes from the abdominal cavity were removed on the 
5th day and sutures on the 14th day. During the treat-
ment at Role 3 hospital, the patient was administered 
antibiotic therapy, infusion therapy, anticoagulants, and 
painkillers. The patient was discharged from the in-
patient department on the 21st day after the surgery and 
continued rehabilitation at Role 5 hospital.

Discussion
Abdominal gunshot wounds with simultaneous damage 
to both the aorta and IVC are very uncommon in wars, 
whereas separate injuries to those vessels are more com-
mon with frequent lethal outcomes [11, 19–21]. This 
case report is consistent with our previous publications 
and another example of possibilities to apply highly-spe-
cialized surgical care nearby to the battlefield line (Role 
3 hospital) in Kharkiv city, which is close to the border 
with Russia. In this case report we also emphasized the 
importance of damage control surgery and application 
of surgical magnets to treat our patient with severe gun-
shot injury as we also showed in our previous reports [3, 
17, 22]. It is also another example of what kind of trauma 
Ukraine’s war surgeons deal with and how we can achieve 
excellent outcomes in the management of severe gun-
shot injuries at the high risk of artillery strikes on medi-
cal facilities by the russian army. It is also important to 
inform global surgical community about the achievement 
in combat trauma, which might help to other military 
doctors and may as well be included in possible investiga-
tions by artificial intelligence [23].

MEDEVAC is the suggested standard for medical evac-
uation worldwide [24]. However, there is a high risk for 
medical evacuation in the Roles 1–2 hospital in Ukraine 
due to the high activity of Russian air forces, attempting 
to shut down any vehicles, including sanitary transport 
with attacks on both combat and civil medical facilities 
[3, 4, 9, 15, 22, 25–30].

Pocivavsek et al. demonstrated a case of a thoracoab-
dominal gunshot wound with trans-diaphragmatic tra-
jectory features of the projectile. The authors also applied 
the FAST protocol and simultaneous laparotomy and 
thoracotomy were also performed. Similar to our situ-
ation, manual bleeding control was applied followed by 
clamp application and suturing of aortic defect [31].

Baldwin et al. presented the case of intubated patient 
who was admitted to the tertiary center 6  h after the 
injury. The authors also applied drainage to the chest 
followed by the application of endovascular repair sur-
gery [12]. Branco et al. showed an investigation of early 
trauma deaths among 25,428 cases, which was associated 
with a high rate at the trauma care civil hospitals. How-
ever, a decreased mortality rate was associated with the 
application of endo-vascular procedures, which might be 
considered in gunshot injury to the aorta in civil condi-
tions [21]. The authors discussed the advantages and dis-
advantages of using open surgery vs. endovascular repair 
of gunshot aortic injuries [21]. To our best knowledge, 
endovascular repair has not been yet introduced in com-
bat conditions. However, other advanced technologies 
such as minimally invasive surgery or hemodialysis might 
likely be also considered at a hospital of Role 3 or even 
Role 2 in the Russo-Ukrainian war, considering that this 
warfare is associated with unexpected challenges such 
as complicated evaluation of the patients to the appro-
priate level of medical care. However possible costs for 
such an equipment should be considered in Ukraine 
which is a country with limited medical resources as well 
as bad planning for medical provision [4, 15, 22, 23, 26, 
32]. Another possible alternative for the management of 
gunshot injury to the aorta is resuscitative endovascular 
balloon occlusion of the aorta (REBOA), which was pre-
sented by Northern et al. in the study of combat injury 
[33]. The authors showed the high utility of REBOA, 
which is improved damage control resuscitation (DCR) 
[33]. In contrast to our study, but in line with Northern et 
al., Campbell et al. presented a study of vascular injuries 
with the application of resuscitative thoracotomy, resus-
citative endovascular REBOA, and whole blood emer-
gency donor panels [34].

In line with other authors, DCR plays an important 
role in saving patients in the Russo-Ukrainian war [34]. 
The application of REBOA seems appropriate for our 
patients, and it might be introduced at Role 3 hospitals 
in Ukraine. Similar to others and based on our experi-
ence, we have applied damage control surgery and dam-
age control resuscitation to also manage severe vascular 
trauma. Damage control surgery allows to achieve better 
results of the management at Role 2 hospital as well as 
to prepare the patient for the management at the higher 
level of medical care (Role 3 and 4 hospitals) [16, 20, 30, 
35–38]. As we have shown previously, the application of 
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Fig. 2  Illustration of the surgical stages: A – removal of the metal fragment from aortic wall with application of surgical magnetic tool followed by 
pressure of the aortic defect by digit; B – photgraph of the removed metal projectile; C – application of the Satinsky clamp to inferior vena cava (IVC); 
D – photgraph illustrating preformation in the IVC; E – photgraph illustrating suturing of the IVC; F – view of the operation filed of the sutured aorta and 
IVC without signs of bleeding
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the surgical magnetic tool (designed and manufactured 
in Ukraine) is associated with the distinct removal of 
metal fragments in patients with gunshot injuries [17, 18, 
22, 26]. Similar to others and based on our experience, we 
have applied surgical magnets to treat the patient due to 
their high effectiveness in removing ferromagnetic shells 
[18, 22]. In line with Jaha et al., we also conducted a revi-
sions (second, third, fourth looks) surgery and observed 
hematoma in the area of aorta injury [39]. However, in 
contrast to that study, we used a surgical magnetic tool 
to remove the projectile. Our results show the utility of 
surgical magnetic tool application to significantly mini-
mize surgical trauma and shorten the time of surgical 
intervention.

Conclusions
Application of Damage Control Surgery is a useful 
approach in the management of severe vascular injury as 
well as useful to stop abdominal contamination by intes-
tinal contents. The application of a surgical magnetic 
tool for the searching and removal of ferromagnetic for-
eign bodies allows for minimized operative trauma and 
reduces the time of identification of the foreign body.
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