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Background: Through acute limb ischemia from thrombosis of angioplasty is low incidence. The result may cause major limb loss,
especially in unreconstructable artery. The authors report successful deep venous arterialization bypass in a case of acute limb
ischemia from thrombosis of a severe atherosclerotic artery after angioplasty.

Case Report: A 67-year-old male suffering from acute left limb ischemia from thrombosis of anterior tibial artery after angioplasty
with stent was treated at the Division of Vascular Surgery, Department of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand. He underwent pedal bypass with deep venous arterialization bypass (DVA bypass) from left super-
ficial femoral artery to left posterior tibial artery. The primary patency was 35 days, and the secondary patency was 6 months. The
secondary intention healing of the transmetatarsal amputation wound was 11 months, and the patient was found to be in good
condition at 36 months after the operation.

Conclusion: DVA bypass in this patient with acute limb ischemia caused by calf vessel thrombosis had low patency. However, this
procedure when combined with an endovascular intervention to achieve prolonged patency was shown to be an alternative

revascularization treatment for limb salvage in patients with acute limb ischemia in an unreconstructable distal artery.
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Acute thrombosis is a serious complication of
endovascular interventions, and this complication may cause
limb loss from acute limb ischemia. The incidence of acute
thrombosis at the angioplasty site ranges from 2.9% to
3.2%"2. Deep venous arterialization (DVA) is a new concept
to apply the disease-free venous bed as an alternative conduit
for perfusion of peripheral tissue with arterial blood. Many
studies reported that deep venous arterialization (DVA)
bypass can enhance healing in patients with critical limb
ischemia and unreconstructable distal artery®'?. The authors
herein report the use of DVA bypass in a patient with acute
thrombosis after angioplasty stent placement for a severe
diffuse lesion of the crural artery.

Case Report
A 67-year-old Thai man had a 3-month history of
dry gangrene in all of his left toes. His comorbidities were
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diabetes mellitus, hypertension, current smoker,
cerebrovascular disease, and a right above the knee amputation
due to an unhealed ulcer 7 years previously. He had a full
pulse in his left popliteal artery and absent pulses at his left
ankle. His ankle-brachial index was 0.32. The patient’s
definitive diagnosis was left tibioperoneal occlusion with
dry gangrene of the forefoot. Preoperative magnetic resonance
angiography (MRA) demonstrated diffuse long occlusions
of all arteries below the knee (Figure 1). He underwent
angioplasty along the anterior tibial artery using a 2.5 mm x
60 mm balloon angioplasty catheter. However, acute
thrombosis of the left anterior tibial artery occurred
immediately after stent deployment for treatment of vessel
recoil after angioplasty (available stents were 4 mm x 80 mm
and 4 mm x 200 mm self-expandable stents). The patient had
pain and numbness of the left foot. Physical examination
revealed no pulse in the left dorsalis pedis artery and the
posterior tibial artery, and poikilothermia of the left foot.
Catheter-directed thrombolysis of the thrombosed anterior
tibial artery could not be performed because the patient
refused the procedure. Exploration of the left dorsalis pedis
artery and posterior tibial artery at the ankle level revealed
long total occlusion and severe calcification of both vessels.
However, the left posterior tibial vein at the ankle level was
patent and had a diameter of 3 mm. Therefore, the authors
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performed a bypass from the left distal superficial femoral
artery to the left posterior tibial vein. The authors used a
composite graft comprising a PTFE ring graft of 7 mm x 70
cm and 10 to 15 cm of contralateral great saphenous vein
from the right thigh as a long tube conduit due to the lack of
an adequately long vein graft. The ipsilateral greater
saphenous vein was preserved for distal runoff for the bypass.
Eradication of the posterior tibial vein valve distal to the
anastomosis was performed using a vascular dilator via
longitudinal venotomy incision, after which distal anastomosis
was performed between the venous end of the composite
graft and the longitudinal venotomy incision of the posterior
tibial vein in an end-to-side fashion. Upon completion of the
distal anastomosis, intraoperative angiography was performed
to ensure that the bypass circulation was adequate for distal
tissue perfusion. After the operation, a continuous thrill was
palpable in the natural vein graft and the distal vein below the
paramalleolar area. Doppler ultrasonography of the left ankle

Figure 1. Preoperative magnetic resonance
angiogram (A). Postoperative computed
tomography angiogram (B). The direction
of blood supply is from bypass graft to
posterior tibial vein, and the left anterior

tibial artery had thrombosed stent.
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changed from a monophasic waveform to a biphasic waveform
with diastolic velocity. Postoperatively, aspirin and systemic
heparinization were continuously administered.

During the early postoperative period, the entire
left leg swelled to the same degree as in DVA bypass for
critical limb ischemia, and the area of gangrene in the left foot
extended from the toes to the forefoot. Transcutaneous oxygen
manometry of the left foot 10 days postoperatively revealed
a pressure of 53 mmHg. Transmetatarsal amputation was
performed when the line of demarcation was clear. The blood
supply to the foot at the transmetatarsal amputation stump
was good (Figure 2). The primary graft patency was 35
days. The patient then developed pain of the left foot.
Physical examination revealed poikilothermia of the left foot,
no pulse along the bypass graft, and no palpable thrill at the

Figure 2. Sequences of left foot gangrene treatment.
The level of forefoot gangrene at 1 week
after pedal bypass with deep venous
arterialization (A). The gangrene extended
to nearly midfoot level by 1 month after
bypass (B). Improved blood supply at
forefoot stump (C). Images of the healing
process at the forefoot stump after
transmetatarsal amputation (D, E, and F).
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distal vein below the left ankle. Open thrombectomy of the
bypass graft with focal intraoperative thrombolysis was
performed. Intraoperative angiography demonstrated short-
segment stenosis at the posterior tibial vein. After balloon
angioplasty of the posterior tibial vein, intraoperative
angiography showed good bypass circulation (Figure 3). The
secondary graft patency was 6 months. Although the bypass
graft thrombosed, the patient had no clinical signs of acute
limb ischemia, and the open transmetatarsal amputation
wound bed filled with granulation tissue. With appropriate
wound care, second-intention healing of the open
transmetatarsal amputation wound bed was complete in 11
months. The patient was able to walk again in 12 months.
Transcutaneous oxygen manometry of the left foot 2 years

Figure 3. Summaries of angiograms. Angiogram after
angioplasty of anterior tibial artery (A).
Thrombosis of anterior tibial artery after
deployment of stent (B). Intraoperative
angiogram at distal anastomosis of venous
arterialization bypass after thrombectomy
of bypass graft demonstrated stenosis of
posterior tibial vein (C). Angioplasty of
posterior tibial vein (D and E). Angiogram
after angioplasty of posterior tibial vein (F).
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postoperatively revealed a pressure of 40 mmHg. The patient
was found to be clinically well at the 3-year follow-up.

Discussion

In addition to the use of DVA bypass as an
alternative treatment for critical limb ischemia with
nonreconstructable distal arteries, this case report describes
the successful use of DVA bypass in a patient with acute
limb ischemia. This patient had previously lost his right leg
secondary to peripheral arterial occlusion. A review by
Taylor, et al'V reported that bilateral amputation and an age
of >60 years were both significant risk factors for
postamputation ambulatory failure and postoperative death.
Moreover, Inderbitzi, et al'® reported the average survival
time to be only 2 years in diabetic patients who had undergone
bilateral amputation. The operative findings in the present
case revealed the dorsalis pedis artery and the posterior tibial
artery at the ankle level to be calcified and diffusely occluded,
making pedal arterial bypass as an unsuitable procedure. In
emergency cases of limb loss, DVA bypass can be performed
as an alternative revascularization treatment. During the
postoperative period, the circulation from the DVA bypass
to the disease-free venous bed of the foot provided a blood
supply that relieved our patient’s acute ischemic limb
symptoms and promoted wound healing.

Review of the literature revealed that all published
studies in DVA bypass in critical limb ischemic patients used
any appropriate arterial inflow from the ipsilateral leg.
Outflows to disease-free venous system of the ischemic foot
can be categorized as direct anastomosis to deep vein®,
indirect perfusion from in situ great saphenous vein conduit
to dorsal superficial venous arch®, or both by adding an
anastomosis between a large tributary of the great saphenous
vein to deep vein”*1?. The endovascular intervention uses
the proximal posterior tibial vein as outflow of DVA
revascularization®'?. The 1-year primary patency of DVA
bypass ranges from 59 to 71%°'2. A 2006 review by Lu
XW, et al reported a secondary patency of DVA bypass rate
of 46%. The 1-year limb salvage rate after DVA bypass
ranges from 53 to 73%¢'2.

Primary graft patency in the present case was 35
days, which is identical to the duration reported by Schreve,
et al® who also found a 15% rate of early DVA bypass
occlusion. The endovascular intervention was an important
procedure to prolong the patency of the bypass graft. The
post-thrombectomy angiogram revealed stenosis of the
posterior tibial vein near the anastomosis site. The circulation
of the distal runoff improved after balloon angioplasty of the
posterior tibial vein both proximal and distal to the
anastomosis site.

Another issue is the relationship between clinical
signs of limb ischemia and the duration of bypass patency.
After the 6-month period of secondary graft patency, the
patient had no clinical signs of limb ischemia, and the open
transmetatarsal amputation wound bed still contained healthy
granulation tissue. Similarly, Mutirangura, et al® reported a
76.02% rate of stable limb salvage at 6 months; however, the
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primary graft patency rate decreased to 49.17% at 24 months.
Alexandrescu, et al® reported a 73% rate of stable limb
salvage at 1 year. The 6-month patency of the DVA bypass
in this case might suggest that the developed collateral
circulation was able to adequately perfuse the distal tissue.

Conclusion

Pedal bypass with DVA in our patient with acute
limb ischemia caused by calf vessel thrombosis had low
patency. However, this procedure combined with an
endovascular intervention to achieve prolonged patency was
shown to be an alternative revascularization treatment for
limb salvage in patients with acute limb ischemia and an
unreconstructable distal artery.

What is already known on this topic?

DVA bypass is the new concept of bypass to
disease free distal vascular bed. The DVA bypass is well
known as the last option for the unreconstructable distal
arteries of critical limb ischemia patient.

What this study adds?

The article presents three information about
DVA bypass. The first issue is the confirmation that DVA
bypass may be an effective (of) revascularization procedure
with long term limb salvage for all types of ischemic limb,
not only in critical limb ischemia patients. Second is that the
endovascular intervention of distal venous vascular bed may
improve the secondary patency of DVA bypass. Finally, the
duration of 6-month patency of the DVA bypass may suggest
that the developed collateral circulation was able to adequately
perfuse the distal tissue.

Acknowledgements

The authors gratefully acknowledge the patient
profiled in the report for granting us permission to disclose
details relating to his case.

Funding disclosure
This was an unfunded study.

Potential conflicts of interest
The authors declare no conflicts of interest.

References

1. Weibull H, Bergqvist D, Jonsson K, Karlsson S,
Takolander R. Complications after percutaneous
transluminal angioplasty in the iliac, femoral, and
popliteal arteries. J Vasc Surg 1987;5:681-6.

2. Pentecost MJ, Criqui MH, Dorros G, Goldstone J,
Johnston KW, Martin EC, et al. Guidelines for peripheral
percutaneous transluminal angioplasty of the abdominal
aorta and lower extremity vessels. J Vasc Interv Radiol
2003;14(9 Pt 2):3495-515.

3. Mutirangura P, Ruangsetakit C, Wongwanit C,
Sermsathanasawadi N, Chinsakchai K. Pedal bypass

108

10.

11.

12.

13.

14.

with deep venous arterialization: the therapeutic option
in critical limb ischemia and unreconstructable distal
arteries. Vascular 2011;19:313-9.

Alexandrescu V, Ngongang C, Vincent G, Ledent G,
Hubermont G. Deep calf veins arterialization for inferior
limb preservation in diabetic patients with extended
ischaemic wounds, unfit for direct arterial
reconstruction: preliminary results according to an
angiosome model of perfusion. Cardiovasc Revasc Med
2011;12:10-9.

Schreve MA, Minnee RC, Bosma J, Leijdekkers VI,
Idu MM, Vahl AC. Comparative study of venous
arterialization and pedal bypass in a patient cohort with
critical limb ischemia. Ann Vasc Surg 2014;28:1123-7.
Engelke C, Morgan RA, Quarmby JW, Taylor RS, Belli
AM. Distal venous arterialization for lower limb salvage:
angiographic appearances and interventional procedures.
Radiographics 2001;21:1239-48.

Houlind K, Christensen J, Hallenberg C, Jepsen JM.
Early results from an angiosome-directed open surgical
technique for venous arterialization in patients with
critical lower limb ischemia. Diabet Foot Ankle
2013;4:22713.

Lu XW, Idu MM, Ubbink DT, Legemate DA. Meta-
analysis of the clinical effectiveness of venous
arterialization for salvage of critically ischaemic limbs.
Eur J Vasc Endovasc Surg 2006;31:493-9.

Kum S, Tan YK, Schreve MA, Ferraresi R, Varcoe RL,
Schmidt A, et al. Midterm outcomes from a pilot study
of percutaneous deep vein arterialization for the
treatment of no-option critical limb ischemia. J Endovasc
Ther 2017;24:619-26.

Kum S, Huizing E, Schreve MA, Unlu C, Ferraresi R,
Samarakoon LB, et al. Percutaneous deep venous
arterialization in patients with critical limb ischemia. J
Cardiovasc Surg (Torino) 2018;59:665-9.

Del Giudice C, Van Den HD, Wille J, Mirault T, Messas
E, Ferraresi R, et al. Percutaneous deep venous
arterialization for severe critical limb ischemia in patients
with no option of revascularization: Early experience
from two European Centers. Cardiovasc Intervent Radiol
2018;41:1474-80.

Ferraresi R, Casini A, Losurdo F, Caminiti M, Ucci A,
Longhi M, et al. Hybrid foot vein arterialization in no-
option patients with critical limb ischemia: A preliminary
report. J Endovasc Ther 2019;26:7-17.

Taylor SM, Kalbaugh CA, Blackhurst DW, Hamontree
SE, Cull DL, Messich HS, et al. Preoperative clinical
factors predict postoperative functional outcomes after
major lower limb amputation: an analysis of 553
consecutive patients. J Vasc Surg 2005;42:227-35.
Inderbitzi R, Buettiker M, Enzler M. The long-term
mobility and mortality of patients with peripheral arterial
disease following bilateral amputation. Eur J Vasc
Endovasc Surg 2003;26:59-64.

] Med Assoc Thai|Vol.103|Suppl2|February 2020



v

o G ! [V . . ye . c}d A a [
anudusealumsmandnm pedal bypass with deep venous arterialization "luqﬂwwumwwummamtwmwwau

- '
o o

dondia viawsasn, o gy, newa Yszials, ResAdna e, milu Suddade, vma seamily, wileu Souaugi, Uiz wiings

a v 'y v . 4 o ! ad v dd | aa o Y1 da A
g}ﬁm\i.' MIKNANINET pedal bypass with deep venous arterialization lﬂuﬂUﬂuiﬂiuﬂﬂ?ﬂuﬂlﬂu’lﬁﬂ]ﬁﬂﬂwmﬂi5ﬁ7|ﬁmw(hlmﬁﬂ‘mViﬂlﬂﬂﬂﬂnmn‘]nﬂLﬁﬂﬂ

{ oy v ' . v o4 A A A 4V 4y '
wwisesanluannsasnulagmsman pedal arterial bypass T ioanningdanmiemasaideauastimi umnzanlumsinaa

1Yy

s v a 4 A o ad Yy v v 4 4 4y X 43
57[/47?!5!1]9[1: ﬂimul’dﬂi]ﬂ‘MU‘llWJ 1919 019 67 1 iamznadieaiundi natumdnnlasumsinm momsveeviaeaideamimifissinazilemeniaum
A & o v Yo 47 v ! o o . 'a ¥ o4,
NNANZNNALADALVULIBN mnmmmwmmwunmutaammmmwaaqﬂw”l,umm:ﬁmﬁlumimmm pedal arterial bypass UANLAULABAM
4 by Y &%y "y . e o e 'y
nmnzanlumsmdn viﬂwmu"lﬂiumﬁwma pedal bypass with deep venous arterialization ¥a3WAANUN primary patency ¥83 bypass imay 35
o 'y A 47 Y an’s ¥ A ! A4 A !
U Uae secondary patency 984 bypass imnL 6 LAdY LLNﬁVILWWENQ‘]J'JiJmULENLlﬁmmﬁﬂLﬂuvlﬂﬂﬂﬂiﬂunm 11 1hou uazlmuamsnnaiensnlumanm

3 dvdsnnmda

v Lq 7 o = 'y . ad 'y A A 4 da
ﬁgl/: ﬂmmqﬂwﬁmuLﬂummﬂaauuaqumnﬁmm pedal bypass with deep venous arterialization hidimsmdaiuideadmiuamznnaideni

A H 4 &, A4 A v Y1 o da A A 4 Yy 'y .
ﬂizﬁﬂﬁmWWﬂuﬂn:ﬁmmﬂLﬂﬂﬂliﬂﬂLmzm‘lﬂﬂLﬁﬂﬂlﬂUUWﬂlﬂuﬂﬂ’wﬂﬂwmﬁﬂmwmmﬂﬁaﬂLﬁﬂﬂllmﬂm]ﬂvlmﬁm:mﬂumﬁmﬂﬂ pedal arterial bypass

] Med Assoc Thai|Vol.103|Suppl.2|February 2020



