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In the course of Russia’s military invasion of Ukraine, gunshot shrapnel wounds of the lower extremities that
result in damage to major blood vessels have become a common phenomenon. Their incidence is consistent
with the general data on combat-related vascular injuries. Vascular gunshot injuries can cause significant changes
to the normal anatomy and hemodynamics of the extremity as a result of the bullet or shrapnel travelling
through the wound channel. Combat trauma of the vascular bundle, either as a primary factor or in combination
with other lesions, often causes a serious condition in the wounded that requires urgent surgical intervention].
Injury to the major blood vessels of the lower limbs carries the risk of critical ischemia, which can lead to higher
mortality rates, poor limb recovery, and disability. This clinical case demonstrates the endovascular management
of a disabling combat-related vascular injury. The treatment involves the use of modern imaging techniques
and minimally invasive surgical procedures. This case highlights the progression of the pathological process
after a gunshot shrapnel wound to the soft tissues and major blood vessels. It also shows a change in the normal
anatomy of the major blood vessels and the subsequent development of regional hemodynamic disorders of the
lower limb after injury.

In January 2023, a 51-year-old male received a gunshot wound to the soft tissues of the pelvis and right lower
limb, as well as a gunshot fracture of the right femur. Immediate post-evacuation therapy included the man-
agement of life-threatening bleeding by ligating the deep femoral artery and providing external fixation of the
gunshot femur fracture. Following the healing of the wounds and the removal of the external fixation device, the
injured individual experienced a progressive and notable swelling of the lower limb over a period of 3 months.
Subsequently, trophic ulcers appeared on the lower leg. In September 2023, the patient was admitted to the
National Military Medical Clinical Centre in Kyiv after developing clinical signs of the post-thrombotic syndrome.
However, further examination revealed the presence of an AV fistula. Consequently, a simultaneous endovascular
reconstructive intervention was performed on the arteries and veins of the patient’s lower extremity.

ConcrLusions. A gunshot wound to the major blood vessels can contribute to pathological changes in the nor-
mal anatomical structure, resulting in arterial collateral blood circulation or narrowing of blood vessels that can
lead to regional hemodynamic disorders. The clinical case exemplifies the importance of using modern imaging
techniques for a comprehensive examination of the vascular system and the possibility of minimally invasive
treatment for patients with gunshot injuries to the major blood vessels.
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gunshot wound, AV fistulae, venous stenting, arterial embolization, combat trauma, endovascular intervention,
post-thrombotic syndrome.
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This case demonstrates the endovascular management — process after a gunshot shrapnel wound to the soft tis-
of a disabling combat-related vascular injury [4,9]. The  sues and major blood vessels. It also shows a change
treatment involves the use of modern imaging tech- in the normal anatomy of the major blood vessels and
niques and minimally invasive surgical procedures. the subsequent development of regional hemodynamic
This case highlights the progression of the pathological ~ disorders of the lower limb after injury.
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Patient information

A 51-year-old male presented with severe edema
and trophic changes in the right lower limb (Fig. 1).

At the time of the patient’s visit, the circumfer-
ence of the diseased limb in the upper third of the
thigh was 100 cm, and the healthy limb was 68 cm.

Primary concerns and symptoms of the patient.
Initially, the patient reported an enlargement of the
right lower limb, a feeling of heaviness, and cramps
in the limb. Later, he began to notice a change in the
skin colour of the lower leg, trophic changes, and
the appearance of ulcers. Trophic ulcers did not heal
for a long time, and lymphorrhea was pronounced
at the time of admission. The dimensions of the dis-
eased limb hindered the patient’s mobility and re-
duced his ability to self-care.

Medical, family, and psychosocial history, in-
cluding relevant genetic information. The patient
has a concomitant diagnosis of type 2 diabetes, of
moderate severity, and is medically subcompensat-
ed. He is also overweight, with a body mass index of
30.9. Smokes.

Relevant past interventions and their out-
comes. In January 2023, during the invasion of
Russian troops into Ukraine, the patient received
a combat injury to the soft tissues of the pelvis and
right lower limb, as well as a fracture of the right
femur. During evacuation, it was found that the pa-
tient had multiple gunshot shrapnel wounds to the
pelvis and the right lower limb, as well as a gunshot
shrapnel fracture of the right femur that resulted
in damage to the major blood vessels of the lower
limb. Immediate post-evacuation therapy included
the management of life-threatening bleeding by li-
gating the deep femoral artery and providing exter-
nal fixation of the gunshot femur fracture. After the
stabilization, the patient was immediately taken to
one of the nearest forward military hospitals, where
revision of the wounds was performed, metal frag-
ments were removed, the proximal parts of the deep
femoral artery were ligated, and an external fixation
device was applied to the femur. Since May 2023,
the patient has observed a progressive worsening
of symptoms, including an enlargement of the right
lower limb, a change in the skin colour of the lower
leg, and a feeling of heaviness and cramps in the calf
muscles. In September 2023, he sought medical at-
tention after the appearance of trophic ulcers and
lymphorrhea.

Diagnostic Assessment. The examination re-
vealed the signs of marked venous hypertension
and lymphostasis. The patient was admitted to the
National Military Medical Clinical Centre. A diag-
nosis was made based on general clinical blood tests,
ultrasound of blood vessels in the pelvis and lower
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extremities (Fig. 2), multispiral computed tomogra-
phy (CT) with a contrast of organs in the pelvis and
lower extremities (Fig. 3), and angiography of the
right limb and pelvis.

The ultrasound examination revealed an arterio-
venous discharge of blood into the femoral vein,
a mixed type of blood flow in the common femoral
vein (CFA), a collateral type of blood flow in the
basin of the previously (January 2023) proximally
ligated deep femoral artery (DFA), and the conse-
quences of previous deep vein thrombosis.

A functional arteriovenous (AV) fistula and criti-
cal stenosis of the right common iliac vein, as well
as varicosity of the suprapubic venous collaterals,
were confirmed on CT with contrast.

We collected and analysed data on combined ar-
teriovenous (AV) pathology. To accurately identify

Figure 1. On admission, patient S. had edema and
trophic ulcers on the right lower limb. The scars
were visualized on the thigh after placement of the
external fixation device and in the groin area after
revision of the blood vessels during the
management of life-threatening bleeding
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Figure 2. Ultrasound imaging of mixed blood flow in
the arteriovenous fistula
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Figure 3. 3D vascular reconstruction and MSCT
verification. A — Previously ligated deep femoral
artery. B — Stenosis of the common iliac vein. The
presence of arterio-venous discharge was indicated
by contrasting the venous system in the arterial
phase of the study
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the source of AV discharge and assess the narrowing
of the right common iliac vein, we conducted angi-
ography and phlebography using digital subtraction
and «Pseudo perfusion» techniques.

During the selective angiography procedure, we
observed the retrograde filling of the basin of the
previously ligated DFA. This occurred due to the
compensatory development of a collateral network
of blood vessels from the inlet of the superficial fem-
oral artery (SFA), the AV fistula between the DFA,
and the common femoral vein. A critical stenosis
(90 %) of the common iliac vein on the right side
was also confirmed (Fig. 4).

Diagnostic challenges. The primary challenge
in establishing the cause of venous hypertension
was to determine how the AV fistula between the
deep femoral artery and the femoral vein began to
function if it was known that the deep femoral ar-
tery had been ligated. Additionally, it was crucial to
reveal the extent of damage to the venous system of
the right lower limb, as precise knowledge of vascu-
lar dimensions is essential for successful endovas-
cular intervention.

Diagnosis. A functioning arteriovenous fistula
between the deep femoral artery and the common
femoral vein, critical stenosis (90 %) of the common
iliac vein. CEAP (C6, S, Ese, Ad, Po CIV, LIII).

Intervention. Taking into account the anatomical
changes and intense cicatricial deformation caused

ligated DFA

Figure 4. From left to right: angiography with visualization of the arteriovenous (AV) fistula and the
network of collateral circulation with SFA-DFA. «Pseudo perfusion» mode with visualization of time
intervals of blood circulation. A schematic drawing of pathological blood circulation in the functioning
of the AV fistula. The abbreviations are used according to the Foundational Model of Anatomy Ontology
(FMA): DFA — deep femoral artery, SFA — superficial femoral artery, FV — femoral vein, GSV — great
saphenous vein, CFV — common femoral vein, EIV — external iliac vein
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Figure 5. Combined arterial 4Fr, 5Fr, and 11Fr
venous accesses

by the gunshot wound and surgical intervention,
we decided to perform an endovascular interven-
tion consisting of embolization of the AV fistula
and stenting of the stenosed iliac vein. We chose
a combined femoral approach, which included the

Figure 6. Stages of intervention: Procedure of
balloon occlusion and spiral embolization (A;
arrows indicate embolization spirals and balloon
occlusion of AV fistula); Critical stenosis of the
common iliac vein (B); Balloon dilatation of

a critical narrowing of the common iliac vein (C);
Common iliac venous stenting (D)
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installation of an antegrade 4 Fr introducer into the
common femoral artery to monitor the functioning
of the AV fistula through developed SFA-DFA col-
laterals, a retrograde 5 Fr introducer into the distal
parts of the deep femoral artery for spiral emboli-
zation, and also a retrogradely installed 11 Fr in-
troducer into femoral vein tributaries for iliac vein
stenting. The retrograde introducers were placed
under both ultrasound and X-ray control (Fig. 5).

After establishing access to the arteries and veins,
the initial procedure included using a balloon to oc-
clude the functioning AV fistula. This was done to
prevent the migration of embolization coils, given
the large diameter of the AV fistula. During the sub-
sequent phase, we used spirals with Teflon villi to
embolize the AV fistula until the cessation of blood
flow through it. After occlusion of the pathological
discharge of blood, dilatation and stenting of the
iliac vein were performed under intubation anaes-
thesia (Fig. 6, 7).

After venous stenting, the patient was prescribed
clopidogrel 75 mg once a day for 6 months and riva-
roxaban 15 mg twice a day for 1 month, then 20 mg
for 12 months, and painkillers.

Follow-up and Outcomes. During the first 5 days
after the intervention, in the conditions of inpatient
treatment, elastic bandages were used for compres-
sion. A discharge-compression jersey of the third
compression class was worn during the day, while
a second-class compression jersey was worn at
night. Local treatment of trophic ulcers using laser
therapy (exposure of trophic ulcers to laser radia-
tion) was also administered. After 5 days of inpa-
tient treatment, complete epithelialization of tro-
phic ulcers took place (Fig. 8).

On the 7th day after hospitalization, the patient
was discharged from the hospital in a satisfactory

@ Figure 7. Final

~ angiographic result

 after intervention
- (performed through
antegrade 4Fr access)
a — common iliac
venous stent;
b — embolization spirals
in the deep femoral
artery (DFA). When
contrast is injected
into the superficial
o femoral artery, there
| is no contrast of the
femoral vein through
] DFA collaterals,
and the fistula does
not function
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the background of laser therapy at the beginning
of treatment after venous stenting (A; the moment
of laser exposure), after 5 days (B), and after 30
days (C)

Figure 8. Epithelialization of trophic ulcers against
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medical condition. The swelling of the lower limb
decreased from 96 cm to 76 cm in the upper third
of the thigh (Fig. 9). After 1 month, the diameter of
the limb was 66 ¢cm, which was equal to the diam-
eter of the opposite limb.

Adverse and unanticipated events. The treat-
ment at the inpatient facility and a 3-month follow-
up were uneventful.

Clinical discussion. A gunshot wound to the
major blood vessels can contribute to pathologi-
cal changes in the normal anatomical structure,
resulting in arterial collateral blood circulation or
narrowing of blood vessels that can lead to regional
hemodynamic disorders [7].

In cases like this, performing an endovascular in-
tervention requires a series of coordinated actions
[3]. Venous stenting is not feasible due to the ex-
isting abnormal blood supply, and embolization of
the collateral network of the deep femoral artery
requires preliminary balloon occlusion of the VA
fistula to prevent pulmonary embolism. The ap-
plication of low-traumatic surgical techniques can
significantly reduce the duration of hospital stays
for patients in such cases. We believe that endo-
vascular interventions should be the preferred ap-
proach for diagnosis and possible further treatment
in patients with injuries to the major blood vessels
and after surgical operations. However, this type
of operation requires complex imaging diagnostics,
including ultrasound and computed tomography,
as well as invasive angiographic techniques. The

Figure 9. From left to right: the dynamics of changes in swelling of the lower limb before the start of
treatment, on the third day, and 1 month after the surgical treatment
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experience of specialists and equipment for endo-
vascular treatment of patients with combat trauma
is also important [1]. These requirements somewhat
limit the prevalence of endovascular interventions
in patients with combat trauma.

Patients with gunshot wounds to the major blood
vessels may exhibit clinical signs of arterial or venous
insufficiency [6, 8]. It is crucial to conduct a thor-
ough assessment during the later stages of therapy or
recovery in medical care centres, even after success-
ful emergency surgical interventions [2, 5].

Conclusions

This case demonstrates the variability of compensa-
tory anatomical changes in the major blood vessels
in patients after gunshot wounds, which can cause a
«pathological circle». The combined gunshot injury
to the major blood vessels and bone fractures of the
lower extremities dramatically increase the risk of
developing deep vein thrombosis and intensifying
hemodynamic disturbances.

After urgent surgical interventions for gunshot
wounds to the major blood vessels and critical
bleeding, in all subsequent stages of recovery, pa-
tients are recommended to undergo additional ex-
aminations — an ultrasound examination of blood
vessels — and, if pathological signs are suspected,
a CT-scan with contrast. Taking into account the
anatomical changes and significant scar deforma-
tion because of a gunshot wound and as a result of
surgical treatment, we consider endovascular inter-
vention a good alternative to repeated surgical in-
terventions to correct hemodynamic disorders.

We suppose that endovascular methods have an
advantage over open surgical methods in this cat-
egory of patients, given the distance of access and
the possibility of performing percutaneous inter-
ventions in several sessions.

In our opinion, patients who suffer combat trau-
ma or injuries are more likely to successfully under-
go percutaneous interventions. However, it requires
further research.

Take-away message. In patients with gunshot
wounds of the major blood vessels, if they show any
signs of arterial or venous insufficiency, it is impor-
tant to conduct a detailed examination during the
later stages of therapy or recovery in medical care
centres. This examination should be carried out even
after successful emergency surgical interventions.

Patient Perspective. After being discharged
from the hospital, the patient fully restored his
physical activity level and showed no clinical mani-
festations or signs of post-thrombotic syndrome.
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EHIOBACKY/ISAPHE JIIKYyBAHHSA IIOCTTPOMOOTHYHOTO
3aXBOPIOBAHHSA HIDKHIX KiHITiBOK BHACTiZTOK O0MOBOI TPABMH.
KiiaiyHHM BUITIaJOK

SI. M. Cycak !, K. K. Kapnenko 2

! Hartionanbuuit meguunuii yaisepeurer imeni O. O. Boromosbiis, Kuis

2 HauioHa/IbHUI BIICbKOBO-MeMYHUIA KIHIYHNUI HeHTp «[010BHMH BifichkoBUI KIiHIYHMIT rocmiTaiby, Kuis

ITiy 9ac pOCIMCHKOIO BiMICBKOBOI'O BTOPIHEHHA B YKPAiHy KiJIbKiCTh BOTHENAJIBHUX OCKOJIKOBUX IOPAHEHb
HIKHIX KiHIiBOK 3 YPOKEHHAM MATiCTPAIbHUX CYAUH ITOPiBHAHHA i3 3araJIbLHUMH JAHUMU MO0 6OMOBUX ypa-
JKE€Hb CyIUH. [CHYIOTh Pi3Hi IULIXU IIPOXO/PKEHHA KPi3h PAHOBUI KAHAJI KyJIi 400 OCKOJIKA IIPY BOI'HEIIAJIBHUX
YIIKO/DKEHHAX KPOBOHOCHUX CY/IUH. TaKi YIIKO/PKEHHA 3MiHIOIOTh aHATOMIIO Td FEMOANHAMIKY KiHIIiBKH. Boro-
B4 TPABM4 CYJUHHOT'O ITy4Ka K OCHOBHA IIPUYMHA 460 B IIOETHAHHI 3 iHITMMU YPAKEHHAMU YACTO PU3BOJUTD
JIO TSDKKOT'O CTAHY ITOPAHEHOIO, IO NOTPEOYE TEPMIHOBOIO XipypridyHOIro BTPy4YdHHA. ITOIMIKOKEHHA Mari-
CTPAJIBHUX CYIMH HIDKHIX KiHIIIBOK dCOIIOETHCA 3 PU3UKOM KPUTHUYHOI illleMil, IO CYIIPOBOLKYETHC ITiBU-
IIEHHAM PHU3UKY ITIOI'AHOI'O BiZJHOBJIEHH KiHIiBKY, iHBAIIIHOCTI, 4 TAKOX JIETAJIbBHOI'O HACJIAKY. Y HABEACHOMY
KJIIHIYHOMY BHUIQ/IKy OIIMCAHO METOJUKY €HJOBACKYJIAPHOIO JIIKYBAHHA XBOPOI'O 3 OOMOBHUM YPAKEHHAM CY/IUH,
IO {HBAIAN3YE, 3ACTOCYBAHHA CY4ACHUX Bi3yali3alliiHUX Ta MAJIOIHBA3UBHUX XipYPriYHUX METO/IB, PO3BU-
TOK ITATOJIOTT9HOI'O MPOLIECY IiC/IA BOTHENIAILHOI'O OCKOJIKOBOI'O IIOPAHEHHA M'AKUX TKAHUH i MATiCTPAIbHUX
CYJVIH, 3MiHY HOPMaJIbHOI aHATOMII MariCTpaIbHUX CyJJUH, PO3BUTOK PEriOHAIbHUX I'eMOJAMHAMIYHIX PO3/Ia/IiB
HIDKHBOI KiHIIiBKH ITiCJIL TPABMU.

V ciuni 2023 p. 51-piyHMNA YOIOBIK OTPUMAB BOI'HEMAILHE MOPAHEHHA M'AKUX TKAHMH TA34d, IIPABOI HUKHBOT
KiHIIiBKH T4 BOI'HEIIAJILHUI [IEPEJIOM IIPABOIL CTEIHOBOI KiCTKU. [T0UaTKOBE JIiIKyBAHHS ITiC/IA €BAKYyaLlii epesoa-
4aJI0 3yMMHKY HEOE3NEYHO] /IS JKUTTSI KPOBOTEY] IIJIIXOM MEPEB A3KU INIMOOKOI CTETHOBOI apTepii, Ta 30BHIIII-
HIO (PIKCALIO BOIHENAILHOI'O IEPEJIOMY CTETHOBOI KIiCTKU. ITiciiA 3aro€HHA paH i 3HATTA anapary 30BHIlIHbOI
(pikcanii IPOTArOM HACTYITHUX 3 MiCAIiB Y TOTEPIIOTO BUHUK 3HAYHUI HAOPSAK HIKHBOI KiHIIiBKH, 3TOIOM —
TPOdiyHi BUPA3KU HA TOMiIL. XBOPOro rOCHIiTANI3yBaIM y BepecHi 2023 p. 10 HallioHaIbHOIO BiICHbKOBO-
MEJUYHOTO KJIHIYHOIO LEHTPY «[0/IOBHMIT BiiCBKOBUH KIiHIYHMIT TOCHITAIb> 3 KIiHIKOIO TOCTTPOMOOTHYHOL
XBOPOOH, OIJHAK JIiarHOCTOBAHO APTEPiO-BEHO3HY (PiCTy y. IIpOBEIEHO OJHOYACHE €HIOBACKY/ISIPHE PEKOH-
CTPYKTHBHE BTPYYaHHs HA APTEPifgX i BEHAX HUXKHbOI KiHITiBKU.

ITic/11 BOTHENAIBHOTO MOPAHEHHS MATiCTPAIBHUX CYAUH BifIOYBAIOTHCS MATOJIONYHI 3MiHM B IXHIil aHATOMI,
4acTo (POPMYIOTBCS APTEPIAIBHUN KOIATEPATIBHUI KPOBOOOIT 460 CTEHO3YBAJIbHI 3MiHM CY[JUH, 11O IIPU3BO-
JUTD 10 PEriOHAIbHUX PO3JIAJiB reMOAUHAMIKU. HaBejeHNI KIiHIYHUI BUITAJOK JEMOHCTPYE BAXJIUBY POJIb
BUKOPUCTAHHA Cy4dCHUX METO/IB Bi3yasli3allii /11 TIOBHOLIIHHOI IiarHOCTUKU CYAUHHOI CUCTEMU T4 MOMXIINBOC-
Ti MAJIOIHBA3UBHOI'O JIIKYBAHHSA B ITAL[I€HTIB I1iC/I1 BOTHENIAJIbHUX ITIOPAHEHD MATiCTPAIbHUX CYAMH.

KiIro4oBi €jI0Ba: BOTHENAIBHE MOPAHEHHSA, APTEPIOBEHO3HA (DICTYNA, BEHO3HE CTEHTYBAHHSA, apTEPiaIbHA
eM60J1i3a1lisg, 60MOBA TPABM4, EHIOBACKYIIPHE BTPYYAHHS, IOCTTPOMOOTHYHA XBOPOOA.
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