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OBJECTIVE — to analyze current scientific data on the role of endovascular interventions in the management
of technically challenging post-traumatic pseudoaneurysms (PTPA) and arteriovenous fistulas (AVF) of major
extremity vessels resulting from gunshot wounds; to define the indications, benefits, and limitations of minimally
invasive methods; to justify their role within hybrid strategies in comparison with conventional open reconstruc-
tions; and to present our case series of successful clinical observations.

MATERIALS AND METHODS. A systematic analysis of specialized literature dedicated to major extremity vessel
injuries and their delayed complications was conducted. The review covers the experience of armed conflicts
spanning from World War II to modern operations in Iraq and Afghanistan. We analyzed fundamental works
(DeBakey, Rich), data from the Vietnam Vascular Registry involving 558 post-traumatic lesions, as well as con-
temporary epidemiological and multicenter studies (White, Clouse, DuBose) that highlight outcomes of endo-
vascular management for vascular trauma. Special attention was paid to the comparative analysis of treatment
strategies in anatomically complex (junctional) zones, where open surgery is associated with high operative
trauma and increased risk of iatrogenic injuries.

REesuLts. It was established that PTPAs and AVFs account for approximately 7 % of all vascular injuries within the
structure of combat trauma. Open reconstruction (resection with autogenous vein grafting) remains the prior-
ity for contaminated wounds, infected PTPAs, and lesions located within flexion zones in young patients. It was
found that in proximal segments not affected by infection, covered stent-graft implantation achieves a techni-
cal success rate of over 90 %, thereby radically minimizing dissection volume in anatomically complex zones.
Embolization is positioned as an effective method for isolating branch lesions and providing adjuvant support
for stenting. The main limitations of the endovascular approach include the risk of stent fracture in highly mobile
segments and insufficient fixation zones. The feasibility of hybrid strategies in chronic high-flow AVFs with pro-
nounced venous transformation is emphasized. The presented case series confirms the efficacy of the chosen
algorithms in treating the consequences of gunshot wounds in both short- and mid-term periods.

Concrusions. Endovascular technologies are not a complete alternative to open vascular surgery, but they sig-
nificantly expand the tactical arsenal in the management of extremity PTPAs and AVFs, particularly in cases of
anatomically unfavorable lesion localization and high operative risk. The use of covered stent-grafts and selec-
tive embolization methods, with careful patient selection, ensures high technical success and stable clinical
outcomes. The implementation of hybrid strategies allows for effective individualization of treatment tactics in
the most complex cases with pronounced venous transformation. The choice of intervention (open, endovas-
cular, or hybrid) must be based on a comprehensive assessment of the lesion’s angioarchitecture, the presence
of an infectious process, the biomechanical characteristics of the affected segment, and the patient’s functional
demands, which rules out the use of simplified, one-size-fits-all algorithms.
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Injuries to major limb vessels caused by gunshot
and blast trauma continue to present significant
challenges in both military and civilian vascular
surgery. These injuries are characterized by high
mortality rates, an elevated risk of limb loss, and
substantial functional disability among survivors.
Historical analysis shows a marked evolution in
tactical approaches: whereas simple ligation of ma-
jor arteries during World War II was associated
with critically high amputation rates [8], the im-
plementation of systematic vascular reconstruction
during the Vietnam War substantially improved
treatment outcomes [6].

Nevertheless, even with timely revasculariza-
tion, a significant proportion of patients develop
delayed complications — post traumatic pseudoan-
eurysms (PTPA) and arteriovenous fistulas (AVF).
Data from the Vietnam Vascular Registry indicate
that these lesions account for approximately 7 % of
all vascular injuries [7]. Contemporary conflicts in
Iraq and Afghanistan, as well as the experience of
the full scale war in Ukraine, have demonstrated an
increase in the number of complex combined inju-
ries, particularly in proximal and junctional zones,
which considerably complicates both diagnosis and
surgical strategy [2, 3, 10].

Radical resection of the affected segment with
open reconstruction (end to end anastomosis or au-
togenous vein interposition) is still the gold stan-
dard for treating PTPAs and AVFs [1, 8]. However,
in cases of pronounced scarring, a developed col-
lateral network, and close anatomical proximity to
major nerve trunks, open surgery is associated with
high morbidity, massive blood loss, and a risk of iat-
rogenic nerve injury [5].

Advancements in endovascular technologies, no-
tably the introduction of covered stent grafts, have
expanded treatment options for selected patient
group. These methods reduce the extent of dissec-
tion and operative trauma [9]. Their use is never-
theless limited by factors such as localization in
flexion zones, infection, and lack of adequate land-
ing zones, requiring careful assessment of long term
patency, especially in young patients who engage in
high-intensity physical activity [4].

OBJECTIVE — to analyze current scientific data on
the role of endovascular interventions in the man-
agement of technically challenging post-traumatic
pseudoaneurysms and arteriovenous fistulas of ma-
jor extremity vessels resulting from gunshot wounds;
to define the indications, benefits, and limitations
of minimally invasive methods; to justify their role
within hybrid strategies in comparison with conven-
tional open reconstructions; and to present our case
series of successful clinical observations.
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Materials and methods

This systematic review examines the current lit-
erature on major limb vascular injuries, post trau-
matic pseudoaneurysms (PTPA), and arteriovenous
fistulas (AVF). Emphasis was placed on analysis of
case series from armed conflicts (World War II, the
Vietnam War, Iraq, Afghanistan) and large civil-
ian cohorts. Literature searches were performed in
PubMed, Scopus, and Google Scholar for the period
1946-2024 using the following keywords: «trau-
matic pseudoaneurysm,» <arteriovenous fistula,»
«endovascular,» «stent graft,» «embolization,» and
«limb vascular trauma.»

Inclusion criteria: original clinical studies, case
series, multicenter reports, and systematic reviews
describing diagnostic strategies and treatment out-
comes for traumatic vascular pathology of the ex-
tremities.

Exclusion criteria: experimental animal studies,
isolated case reports without follow up analysis, and
non-Englis publications lacking an English abstract
or full translation.

A total of 17 articles met the inclusion criteria
and were included in the analysis.

In addition to the theoretical analysis, this paper
presents three retrospectively selected clinical cases
managed at the National Military Medical Clinical
Center «<HVKOH.» The mechanisms of injury, di-
agnostic algorithms (physical examination, duplex
ultrasound scanning, multislice CT angiography,
selective arteriography), and the intervention tech-
nique — implantation of covered stent grafts — were
analyzed. Immediate (up to 30 days), short and mid
term follow up outcomes were evaluated. The study
adhered to bioethical principles and patient data
protection requirements in accordance with the
Declaration of Helsinki.

Results

Analysis of gunshot injuries to major limb vessels
shows that this pathology has historically represent-
ed one of the most complex challenges in combat
surgery. The classic study by DeBakey and Sime-
one, which included 2,471 cases of arterial injuries
during World War 11, provided seminal evidence of
the catastrophic consequences of major artery liga-
tion, with amputation rates for femoral and popliteal
artery injuries reaching 50 %. The doctrine shifted
toward reconstruction during the Vietnam War.
N. M. Rich et al. demonstrated that direct vascular
repair and autogenous vein grafting dramatically re-
duced limb loss in a series of 1,000 acute injuries [6].

Despite successful primary management, analy-
sis of delayed outcomes shows that late vascular
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complications may still develop. The Vietnam Vas-
cular Registry recorded 558 post traumatic pseu-
doaneurysms (PTPA) and arteriovenous fistulas
(AVF) in 509 patients. These lesions accounted for
about 7 % of all vascular injuries, with the vast ma-
jority (over 85 %) located in limb segments [7].

Experience from recent conflicts in Iraq and Af-
ghanistan, analyzed by White and Clouse, indicates
a change in injury patterns due to the widespread
use of improvised explosive devices. This has led to
an increase in complex combined injuries in which
vascular damage is accompanied by massive soft tis-
sue defects and multi fragment fractures [1, 10]. In
such patients, PTPAs and AVFs often develop in
anatomically difficult to access zones (subclavian
axillary and ilio femoral segments), where tradi-
tional open resection per Rich is technically highly
hazardous [3, 5, 7, 8].

In the setting of dense scarring and a hypertro-
phied collateral network characteristic of gunshot
wounds, endovascular technologies (covered stent
grafts and selective embolization) become a justi-
fied alternative. They reduce operative time and
blood loss, which is critical for polytrauma patients
[3]. Thus, current treatment tactics for complex
post traumatic PTPAs and AVFs are shifting to-
ward personalized selection between minimally
invasive intervention and classical reconstruction,
depending on anatomical considerations and the
presence of infection [2].

A seminal analysis of the Vietnam Vascular Reg-
istry by Rich et al. found that of more than 7,000
vascular injuries, approximately 558 (=7 %) were
post traumatic AVFs and pseudoaneurysms. The
vast majority of these lesions (> 85 %) were located
in limb vessels, particularly the superficial femoral,
popliteal, and tibial arteries. Contemporary conflict
experience described by J. M. White et al. confirm
that limb vessels remain the predominant injury site,
with explosive mechanisms most often affecting the
femoral and popliteal segments [10]. W. D. Clouse
et al. emphasize that high energy fragment wounds
are prone to delayed presentation of PTPAs and
AVFs, especially in junctional zones, where acute-
phase diagnosis is often technically limited [1].

Civilian case series (Hafez, Frykberg, and Topal)
correlate with military data, identifying PTPAs
and AVFs as major late complications of arterial
trauma to the lower extremities [4, 5, 8]. Aggre-
gated experience indicates that pseudoaneurysms
typically present as a pulsatile mass and local-
ized pain, whereas AVFs are classically associated
with a systolic—diastolic «machinery» murmur
and a palpable thrill over the vascular bundle [5].
Hemodynamic disturbances in the limb include
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progressive distal swelling, secondary varicose
changes, and trophic skin disorders resulting from
venous hypertension. Large, high flow fistulas can
lead to high output heart failure.

Lesions in junctional zones, including subclavian,
axillary, iliac, and proximal femoral arteries, repre-
sent a distinct category of complexity. Their deep
anatomical location, proximity to neural plexuses,
and propensity for pronounced scarring make these
areas particularly suitable for endovascular and hy-
brid strategies that minimize surgical trauma when
access is anatomically unfavorable.

The contemporary paradigm for treating techni-
cally challenging post traumatic pseudoaneurysms
and arteriovenous fistulas has been substantially
transformed by endovascular technologies. The use
of covered stent grafts and selective embolization
mitigates the principal drawbacks of open surgery
in scar altered tissues and difficult anatomical loca-
tions. According to multicenter studies by DuBose
and White, stent graft use for traumatic injuries of
the subclavian axillary and ilio femoral segments
shows high technical effectiveness exceeding 90 %
[3, 9]. The authors justify endovascular intervention
as a first line treatment in hemodynamically stable
patients with adequate landing zones (i 10—15 mm)
[3, 9]. The principal advantage of this approach is
the avoidance of extensive dissection in junctional
zones, which markedly reduces the risk of iatrogenic
injury to adjacent neural structures and minimizes
intraoperative blood loss [3, 9].

Alongside ligation or exclusion of major vessels,
Topal and Clouse identify embolization as an inde-
pendent definitive method for treating PTPAs of dis-
tal arterial branches and as an important adjunct in
hybrid procedures [1, 8]. In cases of high flow AVFs,
selective occlusion of feeding vessels or collaterals can
stabilize regional hemodynamics and prevent recur-
rence (endoleaks) after stent graft implantation.

Despite clear advantages, the academic commu-
nity — notably White J.M. and E.R. Frykberg —
emphasizes the limitations of this method [4, 10].
The primary concern is the biomechanical insta-
bility of stents in active flexion zones, particularly
the popliteal segment. The risk of fatigue fractures
of the metal frame (stent fractures) and subsequent
thrombosis limits the use of these devices in work-
ing age patients who engage in high-intensity phys-
ical activity. Additionally, the presence of perifocal
infection is an absolute contraindication to endo-
vascular prosthesis due to the risk of septic throm-
bosis and secondary arterial damage.

Chronic arteriovenous fistulas with pronounced
venous aneurysmal transformation present par-
ticular scientific interest. In such clinical scenarios,
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a staged hybrid approach is often most appropriate.
The initial endovascular stage involves implanta-
tion of a stent graft to eliminate the pathological
arteriovenous shunt and stabilize regional hemo-
dynamics. The subsequent open stage consists of
resecting the aneurysmally dilated veins and recon-
structing venous outflow. Performing the open pro-
cedure after arterial flow has been restored allows
dissection in a «dry» operative field, thereby sub-
stantially reducing the risk of uncontrolled hemor-
rhage and iatrogenic injury to adjacent structures.

Analysis of anatomic locations by DuBose and
White indicates that the subclavian axillary and ilio
femoral segments are the most favorable niches for
endovascular exclusion of post traumatic lesions. In
these zones, open surgery is traditionally associated
with a high risk of injury to the brachial plexus or
pelvic organs. By contrast, implantation of covered
stent grafts via transfemoral or transbrachial ac-
cess provides effective isolation of PTPAs and AVFs
with minimal operative trauma.

The high effectiveness of this strategy is support-
ed by multicenter studies. R. White et al. reported
a technical success rate of 94 % for covered stent use
in traumatic peripheral arterial injuries, with mini-
mal periprocedural mortality [9]. ].]J. DuBose et al.
reported similar results for proximal upper limb seg-
ments, supporting the use of covered stents as a first
line method in hemodynamically stable patients
with suitable vascular anatomy [3].

Successful implementation of an endovascular
strategy requires careful preoperative planning, in
which the choice of vascular access determines pre-
cise device positioning. The standard approach in-
volves retrograde access via the contralateral com-
mon femoral artery using a crossover technique. For
lesions in the subclavian axillary region, however,
an ipsilateral brachial access often provides better
device control and higher accuracy in stent deliv-
ery. Inadequate selection of the puncture site or
complex vessel tortuosity can significantly hinder
navigation, leading to inaccurate graft deployment
and unsatisfactory hemodynamic results [3].

The effectiveness of stent graft implantation di-
rectly depends on correct device sizing. The accept-
ed standard is to choose a stent diameter 10—20 %
larger than the reference arterial diameter (oversiz-
ing) to ensure secure fixation. The device length
must cover the lesion and provide sealing (landing)
zones of at least 10—15 mm proximally and distally
relative to the healthy arterial wall [9]. In the ilio
femoral and subclavian axillary segments, self ex-
panding covered stents (e.g., Viabahn type) are
generally preferred for their high flexibility [3, 9].
Although balloon expandable systems offer greater
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deployment precision, they are less resistant to ex-
ternal compression and deformation.

Analysis of common technical errors shows that
the most critical issues are inadequate coverage
of afferent or efferent flows, leading to persistent
shunts (endoleaks), and inadvertent occlusion of
functionally important branches, such as the ver-
tebral, internal mammary, or profunda femoris ar-
teries. The latter may precipitate acute ischemia
or neurological deficit. Additionally, the risk of
device migration and incomplete sealing increases
substantially when working in heavily calcified or
pathologically tortuous segments [9].

The popliteal artery represents a distinct «red
zone» for endovascular interventions. Despite
a high incidence of PTPAs and AVFs at this site, it
is highly unfavorable for stenting because of specific
biomechanics. Repeated knee flexion and extension
impose critical loads on the stent’s metal frame, in-
evitably leading to secondary deformation, fatigue
fracture, and subsequent vessel thrombosis [4].
Therefore, for working age patients who engage in
high-intensity physical activity, open autogenous
vein reconstruction remains the treatment of choice
[5]. Endovascular methods in this segment should
be reserved for palliative care or as a last resort in
patients with critically high surgical risk.

Nevertheless, the limitations associated with
stent graft use in highly mobile zones or in small
diameter vessels have increased the role of trans-
catheter embolization, which is now regarded as far
more than merely an adjunctive technique.

In modern interventions, embolization serves
both as an independent definitive method and as an
important component of combined therapy [8, 14].
Its main functions are the final isolation of pseudoa-
neurysms in second and third order arterial branch-
es, occlusion of low flow arteriovenous fistulas fed
by a limited number of feeders, and adjunctive sup-
port after stent graft implantation to eliminate re-
sidual shunting through the collateral network [8].
The effectiveness of this strategy depends directly
on precise superselective catheterization of feeding
vessels, which minimizes the risk of non target dis-
tal occlusion.

Selection of embolic material — metallic mi-
crocoils or liquid adhesive agents — must be strictly
individualized to match local hemodynamics and le-
sion architecture. Achieving complete occlusion of
the pathological focus is a critical success criterion,
since even minimal residual flow is associated with
a high rate of early recurrence. Furthermore, it is es-
sential to consider potential risks, including incom-
plete exclusion of the pathological tract due to un-
diagnosed collaterals and the risk of distal migration
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of embolic material with consequent ischemic com-
plications in the target arterial territory [1, 8].

Despite the broad capabilities of modern tech-
niques, there are certain clinical scenarios in which
isolated open surgery or purely endovascular meth-
ods cannot achieve an optimal result. These scenar-
ios include long standing high flow arteriovenous
fistulas with critical aneurysmal venous transfor-
mation, cases with marked fibrosis after multiple
prior interventions, and combined injuries with
a hypertrophied collateral network [2, 7]. In such
circumstances, a staged hybrid strategy that inte-
grates the advantages of both approaches is consid-
ered the most rational option.

The initial endovascular stage of this strategy is
aimed at implantation of a covered stent graft to ex-
clude the arterial defect and, if necessary, selective
embolization of dominant collateral branches. The
primary objective of this stage is to achieve a radical
reduction in pathological blood flow and stabilize
the lesion’s hemodynamics. The subsequent open
stage involves limited resection of aneurysmally
transformed venous segments and selective ligation
of residual collaterals.

This sequence allows surgical dissection in a
«dry» operative field, thereby markedly improv-
ing visualization of neurovascular structures and
minimizing intraoperative trauma and blood loss.
Although implementation of hybrid protocols re-
quires a highly skilled operative team and appropri-
ate technical resources, this approach provides the
most predictable outcomes in the treatment of criti-
cally complex post traumatic lesions [5].

Despite technological progress, diagnosis and
selection of treatment tactics for post traumatic
vascular complications are accompanied by sev-
eral objective difficulties. A major issue is delayed
diagnostic confirmation, as chronic AVFs are often
misinterpreted as isolated venous disease or heart
failure of unclear etiology [1, 7, 8].

Accordingly, a thorough analysis of the trauma
history and targeted auscultation to detect vascu-
lar bruit or a palpable thrill are essential [1, 7]. An-
other challenge is the presence of imaging artifacts
on multislice CT angiography caused by metallic
fragments in the wound area [2]. In such scenarios,
catheter angiography remains indispensable for ac-
curate assessment of lesion angioarchitecture and
procedural planning [1].

The absence of universal treatment algorithms
mandates an individualized approach that compre-
hensively considers infection risk, anatomical loca-
tion of the defect, and the patient’s age and physi-
cal activity level, rather than relying on simplified
schemes [2].
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A synthesis of international literature and our clin-
ical observations highlights the following key points:

1. Epidemiology: PTPAs and AVFs account for
approximately 7 % of all vascular trauma, with pre-
dominant localization in arterial segments of the ex-
tremities [7, 10].

2. Technical efficacy: The use of covered stent
grafts for selected proximal lesions achieves techni-
cal success in over 90 % of cases [3, 9]. Transcath-
eter embolization shows high effectiveness both as
a standalone method for small branch lesions and as
an adjunct in combined procedures [4].

3. Limitations and risks: The primary limitations
of endovascular methods are active flexion zones in
the limbs and infection [5]. The issue of long term
durability of metal frameworks in young patients
remains unresolved and requires further investiga-
tion with extended follow up [1, 6].

Our clinical observations

To validate the theoretical positions presented and il-
lustrate the tactical and technical aspects of treating
post traumatic vascular pathology, we analyzed out-
comes of three patients with PTPAs and AVFs of ma-
jor limb arteries. In this series, lesions of the subcla-
vian and femoral segments resulted from fragmentary
gunshot and mine blast injuries sustained in combat.

These clinical cases demonstrate the variability of
injury mechanisms and the complexity of anatomical
localization in proximal zones. Each case confirms the
appropriateness and high effectiveness of endovascular
exclusion as the method of choice in technically chal-
lenging situations where open reconstruction poses
excessive operative risk. The results indicate a stable
hemodynamic effect and preservation of limb function
in both the immediate and long term follow up.

Clinical case 1

Patient K., 48 years old. Admitted to the Vascular
Surgery Clinic of the National Military Medical
Clinical Center (NMMCC).

History and complaints: On 06/24/2024, the
patient sustained a fragmentary gunshot injury
to the right hemithorax. Primary surgical wound
management was performed during medical evacu-
ation. On day 4 post injury (06/28,/2024), progres-
sive pain and swelling of the right upper limb were
noted. On physical examination, a pulsatile mass
was found in the right supraclavicular region with
a loud systolic bruit on auscultation. Distal pulses
in the forearm arteries were preserved, and there
were no signs of acute limb ischemia.

Diagnostics: Selective direct angiography con-
firmed a pseudoaneurysm of segment II of the right
subclavian artery (Fig. 1).
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Figure 1. Direct angiography. The arrow indicates
the subclavian artery aneurysm

Figure 2. Direct angiography. The arrow indicates
the implanted stent graft in the subclavian artery
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Surgical intervention: Given the technical dif-
ficulty of open exposure and the risk of injuring
brachial plexus elements in the early post traumatic
period, an endovascular approach was chosen. On
06/30/2024, a Gore Viabahn stent graft was im-
planted in the affected subclavian segment. After
stent graft deployment, the aneurysmal sac was
completely excluded, and the lumen contour of the
parent vessel was restored (Fig. 2). No intraopera-
tive complications occurred.

Postoperative course: Uneventful. The patient
received standard antibiotic and infusion therapy.
Dual antiplatelet therapy (aspirin + clopidogrel)
was prescribed. At discharge, peripheral arterial
pulses were palpable, and limb swelling had re-
gressed. The patient was advised to undergo CT an-
giography in 3 months to assess stent graft patency
and rule out endoleak.

Clinical case 2
Patient S., 36 years. Admitted to the clinic for elective
surgical treatment of sequelae of a mine blast injury.

History and complaints: On 10/14,/2024, he sus-
tained a mine blast injury to the right thigh. Initial
wound management and staged treatment were per-
formed at the place of injury. Three months after the
trauma, the patient noted progressive swelling of the
right lower limb, a sensation of coldness in the foot,
and calf pain on walking up to 100 meters (intermit-
tent claudication, Fontaine Pokrovsky stage I11B).

Diagnostics: On 01/20/2025, the patient was
admitted to NMMCC. Selective direct angiography
revealed a large post traumatic pseudoaneurysm of
the superficial femoral artery with significant mural
thrombosis causing luminal narrowing of the parent
vessel and distal embolization (Fig. 3).

Surgical intervention: Given the pronounced
scarring in the injury zone and the risk of femoral
nerve damage with open reconstruction, an endo-
vascular approach was chosen. On 01,/22/2025,
a self expandable Gore Viabahn stent graft was
implanted in the affected segment. Complete resto-
ration of the arterial contour and exclusion of the
aneurysmal sac from the circulation were achieved
(Fig. 4). The procedure was completed without in-
traoperative complications.

Postoperative course: In the early postopera-
tive period, the patient showed favorable dynamics:
normalization of foot skin temperature, resolution
of rest pain, and marked reduction in swelling. Ped-
al pulses were palpable. The patient was discharged
in satisfactory condition on maintenance antiplate-
let therapy. Follow up duplex ultrasound and CT
angiography were recommended in 3 months to as-
sess stent patency.
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Figure 3. Direct angiography. Aneurysm of the
superficial femoral artery

Clinical case 3

Patient L., 43 years old. Admitted to the Vascular
Surgery Clinic of the NMMCC for treatment of
a chronic post traumatic arteriovenous fistula.

History and complaints: On 09/05/2018, he
sustained a severe combined mine blast injury. In-
jury pattern included multiple fragment wounds of
the lower limbs, a comminuted fracture of the right
tibia with soft tissue defect, perineal injury with
rectal damage, and a pubic bone fracture. At initial
levels of care, the patient underwent loop colosto-
my formation and application of an external fixator
to the right tibia.

Clinical status: On examination at our center,
the main vascular pathology was identified as a per-
sistent post traumatic arteriovenous fistula (AVF)
between the superficial femoral artery (SFA) and
the corresponding vein. Clinically, this presented
with marked limb swelling, dilated superficial veins,
and a characteristic palpable thrill («purring») over
the vascular bundle projection.
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Figure 4. Direct angiography. The arrow indicates
the implanted stent graft in the superficial femoral
artery

Diagnostics: Multislice CT angiography and
selective direct catheter angiography confirmed
a functioning AVF between the SFA and the femo-
ral vein with evidence of significant blood shunting
into the arterialized venous circulation (Fig. 5, 6).

Surgical intervention: Given the severity of the
combined injury, the presence of an AVFE and sub-
stantial soft tissue defects—making open reconstruc-
tion high risk for infectious complications—an en-
dovascular approach was chosen. On 01,/18/2019,
endovascular exclusion of the fistula was performed
by implanting a stent graft in the affected femoral
artery segment. Control angiography confirmed
complete cessation of the pathological shunt with
preservation of main arterial flow (Fig. 7).

Outcomes: In the postoperative period, there
was a rapid reduction in swelling and normalization
of venous pressure in the limb. The patient was dis-
charged in satisfactory condition with recommen-
dations for antiplatelet therapy and duplex ultra-
sound follow up at 1, 3, and 6 months.
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Figure 5. Multislice CT angiography. The arrow
indicates the arteriovenous fistula between the
femoral artery and vein and the post traumatic
aneurysm

Figure 6. Direct angiography in the same patient.
The arrow shows contrast jetting into the
arteriovenous fistula between the femoral artery
and vein

Figure 7. Same patient. Multiple fragments. A stent
graft was also implanted in the common femoral
artery; no visualization of the post traumatic
aneurysm or arteriovenous fistula
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effectiveness of covered stent grafts (over 90 %) in
proximal locations such as the subclavian axillary
and ilio femoral segments [3, 9]. The authors advo-
cate for an endovascular first line approach in stable
patients, emphasizing the marked reduction in op-
erative trauma. However, the success of this strat-
egy directly depends on careful planning of landing
zones for device fixation.

Complementing this arsenal, A.E. Topal et al.,
W.D. Clouse et al., and J. M. White et al. define the
role of embolization as both a definitive treatment
for small branch pseudoaneurysms and low flow
AVFs, and as an effective adjunct for eliminating
collateral flow (endoleaks) after stent graft implan-
tation [4, 8, 10].

There is consensus in the scientific community on
clear limitations of the endovascular method. These
limitations include reduced stent durability in high
mobility zones (notably the popliteal segment) due
to the risk of fractures and thrombosis, unsuitability
for infected lesions, and anatomical constraints that
preclude reliable graft fixation. Thus, the choice be-
tween open and endovascular reconstruction must
be individualized, based on lesion location and the
risk of infectious complications.

Analysis of current literature clearly delineates
two complementary strategies: classical open re-
construction [2, 4, 6, 7], which remains the prior-
ity for infected, distal, and flexion zone lesions; and
endovascular/hybrid methods [3, 9, 10], which
are appropriate for proximal, anatomically favor-
able injuries and aimed at minimizing surgical
trauma.

Based on our experience, we align with the views
of classical authors that open reconstruction is the
treatment of choice for infected lesions, extensive
segmental vessel wall damage, and injuries located
in active flexion zones in young patients [2, 4, 5].

At the same time, we support and implement
an endovascular exclusion strategy using covered
stent grafts for stable proximal lesions in the subcla-
vian axillary and ilio femoral segments [3, 9]. Our
study confirms that, in the absence of infection and
with adequate landing zones (> 10—15 mm), the
endovascular approach markedly reduces surgical
trauma and blood loss while providing high techni-
cal effectiveness.

These approaches have been successfully imple-
mented at our center for the treatment of PTPAs
and AVFs in patients with gunshot injuries. The
results confirm the high efficacy and reliability of
the chosen tactics during short and mid term fol-
low up [1].

Conclusions

Expansion of the tactical arsenal. Endovascular
interventions do not completely replace classical
vascular surgery, but they substantially expand
the tactical options for treating post traumatic an-
eurysms and arteriovenous fistulas (AVF). This is
particularly relevant for lesions located in anatomi-
cally challenging zones (notably the subclavian
segment) and for patients with high operative risk.

Technical efficacy. The use of covered stent grafts
and embolization techniques demonstrates a high
technical success rate and satisfactory clinical out-
comes. Achieving optimal results requires careful
preoperative patient selection and strict adherence
to established intraoperative control protocols.

Role of hybrid technologies. In the most complex
clinical situations where a single approach (open
or minimally invasive) is insufficient, hybrid tech-
niques ensure individualized treatment and reliable
reconstruction of the vascular conduit.

Priority of individualized approach. Selection of
the optimal strategy (open, endovascular, or hybrid)
should be based on a comprehensive assessment, in-
cluding precise anatomical verification of the injured
segment, identification of concomitant infection,
evaluation of soft tissue damage, and consideration
of the patient’s overall condition. This personalized
approach is preferable to rigid, universal algorithms.
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EHOBACKY/IAPpHI METOAU JIIKYBAHHA TEXHIYHO CKIATHUX
IIOCTTPABMATUYHHUX AHEBPHU3M T4 APTEPIOBEHO3HUX (PiCTYII
KiHIiBOK: AHAJIi3 Cepii KIIIHIYHUX BUIIA/IKiB

S1.M. Cycak !, K. B. I'ymeniok 2, 10. B. Haramok *

! Hanjonanbuuii Mequunuit yuisepeuter imeni O. O. Boromobiist, Kuis
2 VkpaiHcbKa BilicbKOBO-Mem4Ha akazeMist, Kuip

Mera — NpoaHaIi3yBaTU CYy4aCHI HAYKOBi JaHi OO POJIi €HAOBACKY/IAPHUX BTPY4YaHb Yy JHKyBAHHI TEXHIYHO
CKJIAJHUX IIOCTTPABMATUYHUX IceBnoaHeBpusM (ITTTIA) Ta aprepioBeHO3HHX icTyn (ABD) maricTpajbHHX
CYAMH KiHIIiBOK YHAC/TIZIOK BOTHENAJIbHUX MOPAHEHD, BU3HAYNTH MTOKA3aHHs, IEPEBATN T4 OOMEKEHHSA MAJIOiHBA-
3UBHUX METO[iB, OOI'DYHTYBATH IXHE MiCLI€ B CKIA/li MOPUAHUX CTPATETIN IOPIBHAHO 3 KIACUYHUMU BiITKPUTHMU
PEKOHCTPYKLIAMU, 4 TAKOXK NPEACTABUTU BJIACHY CEPIIO YCIIIMMHUX KITHIYHUX CIIOCTEPEKEHD.

Marepiagau Ta MeTOaH. [IpOBEICHO CUCTEMATUYHNM aHAIi3 TPOMIIBHOL JiTEPATYPU, IIPUCBAYCHOI TPABMaM
MATiCTPaIbHUX CYJIUH KiHIIBOK T4 iXHIM BiICTPOYEHUM YCKIaAHEHHAM. OIJIA7] OXOIUIIOE JOCBi/L 30POMHUX KOH-
ikTiB Big Jpyroi CBiTOBOI BiliHM JO Cy4aCHUX omnepariil B Ipaky Ta Adranicrani. ITpoananizoBaHo gpyHIaMEH-
TanbHi npaui (DeBakey, Rich), nani Vietnham Vascular Registry mozgo 558 oCTTpaBMaTUYHUX YPAKEHD, d TAKOXK
Cy4acCHi emiJieMionoriuni Ta MyJIBTULIEHTPOBI JocipkeHH:a (White, Clouse, DuBose), 1110 BUCBIT/IIOIOTh PE3Y/IBIATU
€HJIOBACKY/IAPHOIO JIIKYBAHHA CYJIMHHOI TPaBMHU. OCOOJIMBY yBATY MPHUJILIEHO MOPIBHAJIBHOMY aHAJI3y TAKTHK
JIKYBAHHS B AHATOMIYHO CKIAAHUX («junctional») 30HaxX, B IKMX BiIKPHTA Xipypris 4COLIIIOETbCS 3 BACOKHM PiBHEM
ONEPALIMHOI TPABMATUYHOCTI ¥ PUSUKOM ATPOTE€HHUX YIIKOKEHb.

Pe3yapTaTH. YCTAaHOBJIEHO, IO Ha 4acTKy ITTTIA 1 AB® npunagae 6;1M3bKO 7 % Bifl yCiX CYIMHHUX YIIKO/DKEHD
y CTPYKTypi 60MOBOI TPaBMU. BiIKpuTa PEKOHCTPYKIIiA (PE3EKILiA 3 ABTOBEHO3ZHOIO IUIACTUKOIO) 3aAJHIIAETHCA
NPIOPUTETHOIO IIPU KOHTAMIHOBAHUX ITOPAHEHHAX, iH(pikoBanux ITTTIA Ta ypakeHHAX 30H 3ruHy (flexion zones)
Y MOJIOJHX IMAL€HTIB. 3’COBAHO, IO B IPOKCUMAIbHUX CEI'MEHTAX 34 BiZICYTHOCTI iH(EKLil iIMIUTaHTALlis [IOKPH-
TUX CTEHT-TpadTiB 3a0€31e4ye TEXHIYHUN YCIIiX Y TOHAA 90 % BUITAJKIB, PA/IMKAIBHO MiHIMI3yI0Oun OOCAT AMCEKIIiT
B AHATOMiYHO CKI4JIHUX 30HaX. EM60IIi3a11is TO3UIIIOHYEThCS SIK €(DEKTUBHUI METOZ, IS 30/l IJIKOBUX ypa-
SKE€HB 11 Q'TOBAHTHOI HiITPUMKH CTEHTYBAHHS. OCHOBHHMMM OOMEKEHHAMU €H/IOBACKYJIIPHOTO ITi/IXO/Ty BBAKAIOTh
PH3UK MEXAHIYHOI IECTPYKLIl CTEHTY B MOOUIBHUX CETMEHTAX i 1eiluT 30H (ikcarii. HarosomeHo Ha JOLiIb-
HOCT] TMOpHUAHNUX CTPATETil IIPY XPOHIYHUX BUCOKOIIOTOKOBUX AB® i3 BUPA3HOIO BEHO3HOIO TPAHC(HOPMALIIEIO.
ITpencTaBieHi BIACHI KIHIYHI CITOCTEPEKEHHA MiATBEPHKYIOTh €(PEKTUBHICTE OOPAHUX AITOPUTMIB Y JIIKyBaHHI
HACJIIKIB BOTHENAIBHUX IIOPAHEHD Y KOPOTKOCTPOKOBOMY Ta CEPEAHBOCTPOKOBOMY IEPIOAAX.

BrCHOBKH. EHJIOBACKYJIIPHI TEXHOJIOLIT HE € IIOBHOIO AJIBIEPHATUBOIO BIIKPUTINA CYAMHHIN Xipyprii, ajle BOHU
CYTTEBO PO3LIHPIOIOTh TAKTUYHUI apCceHaI IPpU JIiKyBaHHi ITTTIA £ AB® KiHIIiBOK, OCOOGIMBO B Pa3i aHATOMIYHO
HECHPHUATINBOL JIOKAIi3ALl yPAKEHD i BUCOKOI'O OIIEPALIIHHOIO PU3UKY. BUKOPHCTAHHA IIOKPUTHUX CTEHT-IPA]TiB
T4 METO/IB CEJIEKTUBHOI €MOOIi3allil, 31 YMOBHU IIPELU3IMHOIO BilOOPY MALi€HTIB, 3a6€3I1€Uye BUCOKY TEXHIUHY
YCIIIIHICTD i CTa6UIbHI KIiHIYHI pe3yaBraTi. YIIPOBALKEHHA MOPUAHNUX CTPATETIN Jae 3MOI'y €(PEKTUBHO iHIMBI-
JYATi3yBaTH JIKYBIbHY TAKTHKY B HAMCK/IAJHIIINX BUIT4JIKAX i3 BUPA3HOIO BEHO3HOIO TpaHcopMaliiero. Bubip
BTPY4aHHS (BiIKPUTE, EHJOBACKYJLIPHE YU IIOPUIHE) MA€ I'PYHTYBATHUCS HA KOMIUIEKCHIN OLiHIIi aHTrioapXiTek-
TOHIKM YPKEHHS, HAABHOCTI iH(PEKUIMHOIO IIPOLEeCy, OiOMEXAHIYHUX OCOOIMBOCTAX YPAKEHOI'O CETMEHTA T4
(YHKLIIOHAIbHUX 3aIIUTAX MAL[IE€HTA, 110 BUKIIOYA€ 3ACTOCYBAHHA CIIPOLIECHUX YHIBEPCAIBHUX AJITOPHUTMIB.
KiIro4oBi €j0Ba: TpaBMa CYAWH KiHI[iBOK, NOCTTPABMATH4YHA IICEBJOAHEBPU3MA, APTEPIOBEHO3HA (DiCTysa,
MOKPUTHUH CTEHT-TPAPT, EMOOIi3aL1is, CHAOBACKY/IIPHE JIIKYBAHHS, TiIOPUIHI BTPYYaHHS.
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