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Introduction

Buerger disease, also known as thromboangiitis obliterans (TAO), 
is a nonatherosclerotic, inflammatory occlusive disease of small- 
and medium-sized vessels that spares the arterial media but causes 
segmental thrombosis and distal microcirculatory failure. While 
tobacco exposure is a known prerequisite, the precise immune, 
genetic, and endothelial mechanisms of its pathogenesis remain 
undefined. Chronic limb-threatening ischemia (CLTI) in patients 
without conventional revascularization options remains a major 
therapeutic challenge. Percutaneous deep vein arterialization 
(pDVA) has emerged as a novel salvage approach in this setting, 
although its use has been primarily studied in atherosclerotic 
or diabetic populations. We present a case of advanced TAO 
managed with pDVA, highlighting the procedural feasibility, 
clinical challenges, and outcome in a nonatherosclerotic patient. 
A summarized timeline of events can be seen in the Table. This 
case report was written in accordance with the CARE guidelines.1

Patient Information

A 27-year-old man from Buenos Aires, Argentina, working in 
a family-owned cleaning supplies business, presented with 
progressive lower extremity ischemia. He had no history of 
hypertension, diabetes, dyslipidemia, autoimmune disease, or 
cardiovascular disease. The patient reported a 6.5 pack-year 
smoking history, having quit in June 2022. There was no history 
of substance use or significant family medical history. He was 
independent in daily activities and psychosocially stable. 

Clinical Findings 

Initial symptoms in January 2022 included intermittent claudica-
tion at 100 meters. This progressed over months to severe rest pain, 
exacerbated in the supine position and partially relieved with leg 
dependency. By mid-2022, he developed a nonhealing blister on 
the left hallux, which progressed to dry gangrene. Key physical 
findings included bilateral absence of pedal and posterior tibial 
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pulses, distal pallor and rubor with cold extremities consistent 
with Raynaud phenomenon, positive Allen and Buerger tests, 
a necrotic ischemic ulcer over the left hallux, and no sensory 
deficits, joint inflammation, or superficial phlebitis. The right 
foot was clinically asymptomatic throughout, with no ischemic 
symptoms reported at any point during follow-up. Clinical pho-
tographs obtained at initial evaluation are shown in Figure 1. 

Diagnostic Assessment and 
Diagnosis 

Following the identification of bilateral distal ischemia with 
digital ulceration and rest pain, diagnostic evaluation focused 
on characterizing the pattern of  vascular involvement and 
excluding other etiologies. The case was initially assessed in 
a multidisciplinary setting by the rheumatology and vascular 
surgery departments, who coordinated the diagnostic workup.

Doppler ultrasound and angiographic imaging demonstrated 
bilateral infrapopliteal arterial occlusions involving all 3 tibial 
vessels—the anterior tibial, posterior tibial, and peroneal arter-
ies—bilaterally, without distal continuity. The popliteal arteries 
were patent bilaterally. On the right side, vascular assessment 
was performed by Doppler ultrasound only, as the patient was 
clinically asymptomatic on that limb and formal arteriography 
was not indicated. Preserved proximal arterial flow and absence 
of calcifications or atherosclerotic plaques were confirmed; 
there were no hemodynamically significant proximal stenoses. 
Laboratory testing, including complete blood count, renal and 
liver function tests, inflammatory markers, thrombophilia 
screening, and autoimmune serologies (antinuclear antibod-
ies, antineutrophil cytoplasmic antibodies, antiphospholipid 
antibodies), showed no abnormalities. Blood cultures were 
negative. A transoesophageal echocardiogram did not identify 
cardiac sources of emboli.

In June 2023, histopathologic examination of a distal arte-
rial segment obtained during surgery showed features of acute 
vasculitis of small vessels, including transmural inflammatory 
infiltrates and occlusive thrombosis, without evidence of ath-
erosclerosis or systemic vasculitis.

The diagnosis of TAO was established based on patient age, 
smoking history, distal nonatherosclerotic arterial involvement, 
absence of systemic disease, and confirmatory histological find-
ings as shown in Figure 2 and Figure 3. 

Therapeutic Interventions

Initial management focused on strict tobacco cessation, which 
the patient achieved and maintained from June 2022 onward. 
Despite this, the symptoms progressed. 

Pharmacologic therapy was initiated with cilostazol 100 
mg bid in November 2022; the regimen was reassessed due to 
persistent claudication, and nifedipine 10 mg tid was added to 

address Raynaud phenomenon. Bosentan 62.5 mg bid, an endo-
thelin receptor antagonist (Actelion Pharmaceuticals), was later 
introduced to manage ischemic pain but was discontinued due 
to a severe dermatologic adverse reaction. 

None of the medical treatments provided significant clinical 
improvement.  

Revascularization Attempts 

Between March and July 2023, the patient underwent multiple 
attempts at endovascular revascularization, including balloon 
angioplasties of the posterior tibial and plantar arteries, as well 
as stent placement. These interventions failed to achieve sus-
tained perfusion or symptom relief. Pre- and post-procedural 
angiographic images are shown in Figures 4, 5, and 6.  

A surgical bypass using the internal saphenous vein from the 
popliteal artery to the distal third of the anterior tibial artery was 
performed in July 2023 but did not result in meaningful revascu-
larization due to the extremely small caliber of the target vessels, 
with immediate postoperative occlusion of the graft. Figure 7 
shows an angiogram obtained during this period, demonstrating 
that the anterior tibial artery reaches the foot via pedal vessels 
of very small caliber; the bypass itself  is not identifiable on 
this image due to immediate occlusion. Following progressive 
trophic changes and critical ischemia, a hallux amputation was 
performed in May 2022 in the context of persistent rest pain 
refractory to conservative management, and a transmetatarsal 
amputation was required in August 2023 following failure of 
revascularization attempts. The clinical status of the left foot 
following transmetatarsal amputation is shown in Figure 8.  

Table. order of events in the development of the                   
patient’s disease

Date Event

January 2022 Onset of symptoms (claudication); clinical sus-
picion of thromboangiitis obliterans

May 2022 Left hallux amputation for dry gangrene and 
osteomyelitis

November 2022 Diagnosed with progressive occlusive disease; 
started cilostazol

March–July 2023 Series of failed angioplasties and a bypass

August 2023 Transmetatarsal amputation due to persistent 
ischemia

May–June 2024 Percutaneous deep vein arterialization; com-
plications due to hyperperfusion

June 2024 Below-the-knee amputation due to failure of 
percutaneous deep vein arterialization

July 2024 Discharged in good condition after recovery 
and rehabilitation
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Percutaneous Deep Vein  
Arterialization

Given the absence of  conventional surgical or endovascu-
lar options, and in the context of  no-option CLTI, a pDVA 
procedure was performed in May 2024 as a limb salvage 
attempt. The procedure was performed under fluoroscopic 
guidance using the VAST system. Percutaneous access of  the 
left posterior tibial artery at the proximal level was obtained 
and an arteriovenous fistula (AVF) was created. A Viabahn 
covered stent (W.L. Gore & Associates) was deployed from 

the popliteal artery (P3 segment) as the 
proximal landing zone to the retroma-
leolar posterior tibial vein as the distal 
landing zone, directing arterial blood 
retrograde through the posterior tibial 
vein into the plantar venous system. 
The venous loop was managed using a 
Wolverine cutting balloon (5 x 20 mm; 
Boston Scientific) followed by a Mustang 
percutaneous transluminal angioplasty 
balloon (5 x 80 mm; Boston Scientific). 
Intraoperative Doppler confirmed fis-
tulous flow measuring 1269 mL/min at 
the plantar level.

Although technically successful, the 
procedure was complicated by a high-
flow arteriovenous syndrome resulting in 
significant limb edema and pain. In the 
immediate postprocedural period, elastic 
bandage compression was applied and 
limb elevation maintained; no pharma-
cological adjustments were made at this 
stage. Given the persistence of hyperper-
fusion syndrome, embolization of plantar 
venous branches was performed 10 days 
after the procedure (May 30), followed 
by surgical ligation of the marginal vein 
on June 12. Flow-limiting banding was 
also attempted prior to the decision to 
proceed with amputation. Despite these 
efforts, perfusion remained inadequate 
and critical ischemia persisted. Figure 
7 shows the residual antegrade arterial 
flow pre-procedure, and Figure 9 the 
retrograde venous flow post-procedure. 

Follow-up and          
Outcomes 

A control angiogram performed following 
the banding procedure demonstrated oc-

clusion of the AVF. Given the persistence of critical ischemia and 
exhaustion of further endovascular options, the patient under-
went a below-the-knee (BTK; infrapatellar) amputation in June 
2024. The postoperative course was favorable, with good wound 
healing, effective pain control, and no further complications. The 
patient was discharged after a 29-day hospital stay and began a 
structured rehabilitation program.

At follow-up, the patient demonstrated excellent recovery 
and full adaptation to a lower limb prosthesis. He resumed his 
professional and social activities, including sports participation, 
and remained tobacco-free. At the most recent follow-up, the 

Figure 1. Clinical presentation at initial evaluation (April 2022, prior to any intervention). (A) 
Anterior view of both lower extremities demonstrating bilateral distal rubor, cyanosis of the digits, 
and established dry gangrene of the left hallux. The right foot shows mild trophic changes without 
active ulceration, consistent with the clinically asymptomatic contralateral involvement documented 
throughout the patient’s course. (B) Plantar view of both feet demonstrating bilateral pallor and 
trophic skin changes, with a small dark punctiform lesion on the right plantar surface. (C) Close-up 
of the left forefoot demonstrating complete dry gangrene of the hallux with perilesional erythema 
and ischemic changes of the adjacent digits. 

A

B C
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patient reported no ischemic symptoms, maintained full au-
tonomy, and exhibited stable psychosocial wellbeing. The right 
lower limb, which had demonstrated reduced flow on Doppler 
ultrasound consistent with bilateral TAO involvement but had 
remained clinically asymptomatic throughout, showed no de-
terioration and required no intervention.

Patient Perspective

The patient approached his condition with determination and 
accepted smoking cessation as essential to treatment. He viewed 
the BTK amputation not as a setback but as a necessary step 
that finally alleviated his refractory ischemic pain. At final fol-
low-up, he had completed rehabilitation, resumed his daily and 
professional activities, and expressed a positive outlook, feeling 
physically well and optimistic about his future.

Discussion

TAO, or Buerger disease, is a rare, nonatherosclerotic, segmental 
inflammatory vasculopathy that predominantly affects young male 
smokers and small- and medium-caliber arteries and veins of the 
distal extremities.2 The only intervention known to halt disease 
progression is absolute smoking cessation.3 However, in advanced 
cases presenting as CLTI, patients often progress to critical distal 
tissue loss with no revascularization options. Unlike patients with 
atherosclerotic peripheral arterial disease, where endovascular or 
surgical bypass techniques may be feasible, the distal distribution, 
lack of suitable target vessels, and segmental occlusions in TAO 
make conventional revascularization frequently unsuccessful.4-6

pDVA has emerged as a limb salvage technique for patients 
with no-option CLTI. Initially developed in animal models, this 
method establishes an arteriovenous connection to deliver arterial 
blood retrograde into the venous system, perfusing ischemic foot 
tissue via the venous plexus.7 Early trials in atherosclerotic and 
diabetic CLTI populations have demonstrated success rates above 
90%, with 6-month amputation-free survival rates around 70% to 
75% in PROMISE I and II studies, as well as ALPS registry data.8,9

Although endovascular interventions have been applied in 
TAO with variable short-term success, the role of pDVA in this 
cohort is scarcely documented. No large series or controlled 
data exist for pDVA in TAO. Unlike diabetic or atherosclerotic 
disease, TAO may compromise not only the arterial inflow but 
also the venous outflow and microcirculation, which are critical 
for pDVA efficacy. Moreover, venous fibrosis and inflammation 
may predispose to complications. A limited but informative body 
of case reports documents the use of DVA in patients with TAO, 
each offering distinct insights into the technical feasibility and 
clinical unpredictability of this approach. Ryu et al reported the 
first case of pDVA in a patient with TAO, a 38-year-old man with 
BTK triple-vessel occlusion and digital gangrene.10 Using an intra-
vascular ultrasound-guided technique with Viabahn stents and a 

Figure 2. Histologic section of the left anterior tibial artery (hematoxylin 
and eosin, high-power field; June 2023). Transmural inflammatory infiltrate 
predominantly composed of polymorphonuclear leukocytes with subintimal 
fibrosis of the vascular wall, consistent with acute phase thromboangiitis 
obliterans. Absence of atherosclerotic changes or calcification. 

Figure 3. Histologic cross-section of the left anterior tibial artery (hematox-
ylin and eosin, low-power field; June 2023). Intraluminal occlusive thrombus 
with up to 90% luminal obliteration, consistent with acute vasculitis in 
the context of thromboangiitis obliterans. The arterial media is preserved 
without evidence of atherosclerosis or systemic vasculitis.  
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balloon-mounted covered stent for the arteriovenous anastomosis 
at the tibioperoneal trunk, they achieved technically successful 
retrograde arterialization of the deep venous arch. The patient 
subsequently required transmetatarsal amputation due to fore-
foot osteomyelitis but achieved wound granulation and fistula 
patency at follow-up with successful skin grafting, constituting 
a major limb salvage outcome. Smith et al described pDVA using 
commercially available off-the-shelf devices in a 55-year-old man 
with TAO and prior contralateral BTK amputation, presenting with 
a “desert foot” pattern on angiography.11 Technically successful 
arterialization was achieved via the lateral plantar vein, with 
Viabahn stents bridging the tibioperoneal trunk into the plan-
tar venous system. Early detection of siphoning tributaries and 
timely coil embolization at 2 weeks were critical to optimizing foot 
perfusion. The patient underwent transmetatarsal amputation 
at 2.5 months with complete healing and remained ambulatory 

at 13-month follow-up, representing a successful limb salvage 
outcome. Moriarty et al reported pDVA in a 30-year-old man 
with TAO and a nonhealing hallux wound refractory to prior 
angioplasty.12 A posterior tibial artery-to-vein DVA with a 5-mm 
x 10-cm Viabahn stent resulted in initial clinical improvement, 
including wound granulation and restored Doppler signals at 1 
month. A proximal stent stenosis at 3 months required reinter-
vention with drug-coated balloon angioplasty and stent extension, 
with restoration of adequate perfusion. The patient ultimately 
required a transmetatarsal amputation, which healed completely, 
and remained ambulatory, representing successful prevention of 
major amputation. In contrast, Wu et al reported an open surgical 
DVA—a superficial femoral artery-to-superficial femoral vein 
anastomosis with distal valve disruption—in a patient with TAO 
that yielded no clinical improvement in ankle-brachial index or 
claudication distance. Ten years later, the patient developed a 

Figure 4. Digital subtraction angiography of 
the left lower extremity, pre-endovascular in-
tervention (March 2023). Leg-level view demon-
strating severe infrapopliteal occlusive disease 
with absence of the posterior tibial and peroneal 
arteries. Residual flow is identified through the 
anterior tibial artery with multiple corkscrew 
collateral vessels, a pattern characteristic of 
thromboangiitis obliterans. No atherosclerotic 
calcification is identified. 

Figure 5. Digital subtraction angiography of the 
left foot, pre-endovascular intervention (March 
2023). Foot-level view demonstrating severely 
diminished pedal perfusion with absence of a 
patent plantar arch. Sparse collateral vessels are 
visualized at the level of the ankle and forefoot, 
consistent with advanced distal microvascular 
occlusive disease. Image quality reflects the 
hemodynamic severity of distal flow limitation. 

Figure 6. Digital subtraction angiography of 
the left posterior tibial artery, post-endovas-
cular intervention (March-July 2023). Following 
balloon angioplasty of the posterior tibial artery, 
improved luminal patency is demonstrated with 
reconstitution of flow to the ankle level and 
partial filling of the pedal vasculature. Despite 
angiographic improvement, clinical perfusion 
remained insufficient and symptoms persisted. 
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ruptured venous aneurysm secondary to inflammatory destruction 
of the venous wall, requiring emergent surgical repair.13 Notably, 
ligation of the shunt produced no further deterioration in distal 
perfusion, suggesting the DVA had contributed minimally to 
tissue perfusion—an outcome the authors attributed in part to 
the overly proximal anastomotic site and the underlying venous 
wall compromise inherent to TAO.

Taken together, these reports reveal a heterogeneous landscape. 
Three cases achieved major limb salvage with distal-level pDVA, 
while 1 open surgical DVA with a proximal anastomosis yielded no 
benefit and resulted in a serious, delayed complication. The cases 
of successful limb salvage share several features: predominantly 
arterial disease with relatively preserved venous architecture, 
technically distal fistula creation, and a disease pattern that, 
though severe, did not appear to prominently involve the venous 
outflow. These distinctions are relevant to understanding the 
failure observed in our patient.

In our patient, pDVA was pursued after failure of all conven-
tional options, including multiple angioplasties and a distal bypass. 
Preprocedural criteria appeared favorable: the superficial venous 
system was patent and proximal inflow was intact. Nevertheless, 
despite technically successful fistula creation, clinical improvement 

did not ensue. The intraoperative Doppler-confirmed flow of 1269 
mL/min at the plantar level exceeded the range typically observed in 
pDVA for atherosclerotic disease and may reflect underlying venous 
noncompliance secondary to inflammatory TAO involvement. This 
high-flow state, rather than restoring tissue perfusion, translated into 
hyperperfusion syndrome with edema and congestion that could not 
be controlled despite embolization and venous ligation. In retrospect, 
the magnitude of initial flow should have prompted immediate 
intraoperative flow reduction strategies, such as flow-limiting stent 
sizing, partial embolization of outflow branches prior to completing 
the procedure, or staged intervention, before concluding the case. No 
validated flow thresholds to guide intraoperative decision-making 
in pDVA currently exist in the literature, representing an important 
area for future investigation.

A further consideration is the role of the posterior tibial 
artery in preprocedural perfusion. As demonstrated in Figure 
7, the posterior tibial artery represented the dominant vessel 
with extensive antegrade flow to the foot at the time of the pDVA. 
The placement of the covered stent to create the AVF effectively 
abolished this residual antegrade arterial supply. This may have 
significantly contributed to the acute ischemic complications ob-
served postoperatively, as the microcirculation—already rendered 

Figure 8. Clinical photograph of the left foot 
following transmetatarsal amputation (August 
2023). The amputation stump demonstrates an 
open wound with sloughing tissue and signs of 
local infection, reflecting the persistent tissue 
loss and ischemic compromise despite prior 
endovascular and surgical revascularization 
attempts. This image was obtained prior to the 
percutaneous deep vein arterialization procedure 
performed in May 2024. 

Figure 7. Digital subtraction angiography of the 
left anterior tibial artery, pre-percutaneous deep 
vein arterialization (July 2023). Residual antegrade 
arterial flow through the anterior tibial artery is 
demonstrated, reaching the foot via pedal vessels 
of markedly reduced caliber. This vessel represented 
the dominant remaining arterial supply to the foot at 
the time of the percutaneous deep vein arterialization 
procedure. The surgical bypass performed in July 2023 
is not identifiable due to immediate postoperative 
occlusion. This image is temporally distinct from the 
histopathological findings shown in Figures 2 and 3, 
which were obtained in June 2023.  

Figure 9. Digital subtraction angiography of 
the left foot, post-percutaneous deep vein ar-
terialization (May 2024). Following creation of 
an arteriovenous fistula between the proximal 
posterior tibial artery (P3 popliteal segment) 
and the posterior tibial vein, retrograde filling 
of the plantar venous system is demonstrated 
with opacification of multiple venous branch-
es. The high-flow arteriovenous connection, 
with intraoperative Doppler-confirmed flow of 
1269 mL/min at the plantar level, resulted in 
hyperperfusion syndrome rather than effective 
tissue perfusion.  
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dysfunctional by active vasculitis—was deprived of its remaining 
arterial input while simultaneously subjected to high-pressure 
retrograde venous flow. Whether a hybrid approach preserving 
some degree of antegrade flow or a flow-limiting technique might 
have altered the outcome remains speculative, but it warrants 
prospective consideration in future cases with similar anatomy.

It is also worth noting that the surgical bypass performed 
in July 2023 may have contributed to disease progression. In 
TAO, surgical trauma to already-inflamed distal tissues can act 
as a trigger for local disease exacerbation, given the underlying 
active vasculitis. The pedal incisions required for bypass access 
in a setting of microvascular inflammatory disease may have 
accelerated trophic deterioration, ultimately contributing to the 
need for transmetatarsal amputation prior to the pDVA attempt. 
While this does not alter the indication for revascularization at 
the time, it underscores the vulnerability of patients with TAO 
to procedural tissue injury and the importance of minimizing 
surgical trauma in this population.

Regarding the initial management of the left hallux gangrene, 
watchful waiting was considered and initially adopted. However, 
progressive rest pain refractory to conservative management 
ultimately prompted the decision to intervene, precluding a 
purely expectant approach. While dry gangrene in the absence of 
systemic infection may sometimes be managed expectantly with 
the goal of autoamputation, the severity of ischemic symptoms 
in this patient made continued observation untenable.

Though pDVA holds promise as a limb salvage technique in 
no-option CLTI, its application in TAO remains investigational. 
The limited published experience means that efficacy, safety, 
and long-term outcomes in TAO-specific populations remain 
unknown. Systematic investigations or prospective registries 
are needed to establish anatomical and clinical predictors of 
success, refine patient selection criteria, define intraoperative 
flow management thresholds, and evaluate complication rates 
specific to this nonatherosclerotic population.

Conclusion

pDVA may represent a potential salvage option for patients with 
Buerger disease who lack traditional revascularization opportu-
nities. However, due to the diffuse inflammatory nature of TAO, 
venous involvement, and risk of serious complications, pDVA 
should be approached cautiously and reserved for carefully 
selected patients, specifically those with patent venous outflow, 
adequate proximal arterial inflow, absence of active venous in-
flammatory involvement, and realistic expectations regarding 
limb salvage rates, within a multidisciplinary care framework. 
The high intraoperative flow rates observed in this case further 
suggest that proximal anastomotic level and the absence of intra-
operative flow titration may represent modifiable risk factors for 
hyperperfusion in this population. Further research is essential 
before broader adoption in TAO can be advocated.  
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