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EXTRAANATOMIC CROSSOVER AUTOVENOUS BYPASS — RECONSTRUCTION
OF THE RESERVE IN PATIENTS WITH A HIGH RISK OF AMPUTATION
AND LOW LIFE EXPECTANCY OR AN ALTERNATIVE TO TRADITIONAL TREATMENT?
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Abstract. Introducion. Critical limb threatening ischemia is worst peripheral artery disease with high percent of
morbidity and disability. Purpose of the study — to evaluate early (complications and major adverse events) and long-
term (patency, limb salvage, survival) outcomes in patients with chronical limb threatening ischemia who underwent
crossover autovenous bypass surgery. Material and method. A retrospective analysis of the early and long-term results
of observation of 28 patients who underwent cross-bypass surgery performed in 2017-2023 was carried out. 100%
of bypass operations were performed with autovenous material. High comorbidity (coronary artery disease, arterial
hypertension, dyslipidemia, history of myocardial infarction, history of acute stroke, cardiac arrhythmias, diabetes
mellitus, obstructive bronchitis, anemia, obesity). Follow-up is 12 months. Results. Early postoperative complications
were: 14.3% — wound complications, 3.6% — bleeding, 7.2% — bypass thrombosis, 3.6% — acute cerebrovascular
disturbance, 17.9% — high limb amputation (in 4 of 5 observations, revascularization was performed to reduce the
level of amputation), 3.6% — death. Results after 12 months were: bypass patency — 82.1%, limb salvage — 71.4%,
survival — 89.3%. There were no cases in which critical ischemia of the healthy lower limb developed. Conclusion.
Crossover autovenous bypass can be considered by a vascular surgeon both as a reserve option for redo-surgery
on the arteries of the lower extremities and as an alternative to traditional anatomical reconstructions. This study
demonstrates the low complication rate and good long-term patency of this reconstructions.
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MEPEKPECTHbIA AYTOBEHO3HbIW WYHT — PEKOHCTPYKLUSI PE3EPBA
Y NAUMEHTOB C BbICOKUM PUCKOM AMMYTALIUW N HEBbICOKOW
OXWOAEMOW NPOOOMKUTENBHOCTBIO XU3HU

UNN ANbTEPHATUBA TPAOULMOHHBIM OMNMEPALIUAM?
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Pe3lome. BeedeHue. Kputnyeckas NWEMMS HUKHUX KOHEYHOCTEN — KpailHe Tskenoe nposisnexve 3abonesaHuii
nepugepnyeckux apTepuit, CONpoBOXAatLLeecs BbICOKUM YPOBHEM WHBANWANU3aALMUM U neTanbHOCTU Ljenb
uccnedogaHusi — OLEHWUTb paHHUE (OCNOXHEHNS 1 HebnaronpuaTHble COBbITUSA) N OTAANEHHbIE (MPOXOAUMOCTb,
COXpaHeHne KOHEYHOCTM, BbIKMUBAEMOCTb) pe3ynbTaThl Y NALMEHTOB C KPUTUYECKON ULLEMUEN HUKHEN KOHEYHO-
CTU, KOTOPbIM BbINN BbINOMHEHbI NEPEKPECTHbIE ayTOBEHO3HbIE WYHTUPYOLW e onepauun. Mamepuanbl u me-
modbI uccnedoeaHus. [IpoBefeH peTPOCNEKTUBHbIA aHanM3 paHHWUX 1 OTAANEHHbIX pe3ynbTaToB HabnwaeHns
28 naymMeHToB, NepeHecLnX NepekpecTHble WyHTUpoBaHus, npoBedeHHbIX B 2017-2023 rr. 100% LWyHTMpYOLLNX
onepawuin BbINOSTHEHbI @y TOBEHO3HbIM MaTepuanom. MauneHTsl KoMopbuaHsl (Mwemuyeckas 6onesHb cepaua,
apTepuanbHas runepTeHsuns, AUCIMNMAEMNS, MHAPKT MUOKapaa B aHaMHEe3e, OCTPOE HapyLUEHWe MO3roBOro Kpo-
BooOpalleHnst B aHaMHe3€e, HapyLLeHUs puTMa cepaua, caxapHbln anabeTt, XpoHnyeckas o6cTpykTMBHas 60nesHb
nerkux, aHemusi, oxupeHue). Mepuog Habnwoaerns — 12 mecsues. Pe3ynbmamel. PaHHue nocneonepaLmoHHble
ocnoxHenns: 14,3% — paHeBble 0cnoxHeHus, 3,6% — kpoBoTeyeHns, 7,2% — Tpomb03 WyHTa, 3,6% — ocTpoe
HapyLLeHne Mo3roBoro kpoBoobpalyerns, 17,9% — Bbicokas amnyTauus KoHe4yHocTy (B 4 M3 5 HabnogeHnii pesac-
Kynspusauns 6bina BbINONHEHA C LIENbK CHUXEHUS YPOBHS amnyTaumm), 3,6% — netanbHblii ncxod. Pesynstatbl
yepes 12 mecsueB: NpoxoaumMocTb WyHTa — 82,1%, coxpaHeHue koHeuyHocTn — 71,4%, BbixkuBaemocts — 89,3%.
HabntogeHunin, npy KOTOPbLIX pasBunachk KpUTMYECKas Uemnst 34OPOBOMA HUXKHEN KOHEYHOCTM, He BbISIBMEHO.
3aknroyeHue. NepekpecTHOE ayTOBEHO3HOE LYHTMPOBAHWE MOXET pacCMaTpuBaTbCs COCYAUCTBIM XUPYPrOM W
kak onepaums pesepsa npy NOBTOPHbLIX PEKOHCTPYKTUBHbBIX BMELLATENIbCTBAX HA apTepUsX HUXKXHUX KOHEYHOCTEW,
W KaK anbTepHaTMBa TPagULMOHHBIM aHAaTOMUYECKUM PEKOHCTPYKUMAM. [JaHHOe nccnegoBaHue 4EMOHCTPUPYET
HU3KY0 YaCTOTY OCNOXHEHUN U XOPOLLYH OTAANEHHYI0 NPOXOAMMOCTb TakuX PEKOHCTPYKLNIA.

Knroyeenie cnoea: atepocknepos, KpUtnieckas ULeMUst HUKHEN KOHEYHOCTU, SKCTPaaHaTOMUYECKOE LYHTUPOBaHHE,

ayTOBEHO3HOE WYyHTUpOBaHNe

INTRODUCTION

Chronic limb threatening ischemia (CLTI) is an extremely
severe manifestation of peripheral arterial disease. Due
to unfavorable prognosis (according to literature data,
mortality and high amputation within a year from the disease
manifestation amounted to 22%, and in the distant period —
quite disappointing results: high limb amputation within
4 years is up to 67.3%, the risk of patients’ death within
4 years is up to 63.5%), this condition is singled out by
researchers and clinicians as a separate nosology [1]. CLTI
patients often have multilevel lesions of lower limb arteries,
including prolonged occlusion of iliac arteries [1, 2]. The

absolute majority of patients with CLTI are polymorbid and,
in addition to multifocal atherosclerosis, have concomitant
diseases of cardiovascular, respiratory, endocrine systems,
and cancer is common [1, 2, 10]. Most studies recommend
anatomical reconstructions - balloon angioplasty with/without
stenting of iliac arteries, aorto/iliac-femoral bypass [1-5,
11, 12] in case of occlusion of iliac arteries. Endovascular
option in the treatment of patients with multilevel lesions
is not always available due to pronounced calcinosis and
prolonged occlusion of the arteria. The open anatomic
revascularization is often associated with high risks of
adverse effects and long duration of intervention, especially
in patients with previous reconstructions in this area. The
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presence of extensive scarring in the area of surgery,
the presence of a possible infectious focus and synthetic
prosthesis in the area of future reconstruction, and possible
previous ligation of native arteries may also be factors that
require caution when performing anatomic reconstructions.
Due to comorbidity and high perioperative risk, even in
studies recommending anatomic reconstruction in the
aorto-iliac segment, the possibility of extraanatomic bypass
for patients in this group is preserved and recommended
[1-5, 13, 14]. There are also studies that suggest crossover
bypass surgery as primary surgery for unilateral occlusion of
the iliac arteries [6-8, 15], including intermittent claudication
[9, 16].

AIM

To evaluate early (complications and adverse events)
and long-term (patency, limb preservation, survival)
outcomes in patients with critical lower extremity ischemia
who underwent crossover bypass surgery.

MATERIALS AND METHODS

A retrospective analysis of early and long-term follow-
up results of 28 patients who underwent crossover
bypasses in 2017-2023 in the “St. Petersburg State
Budgetary Healthcare Institution “City Hospital No. 14"
was performed.

The study was performed in accordance with the
standards of good clinical practice and the principles of
the Declaration of Helsinki. Written informed consent was
obtained from all patients before inclusion in the study.

Inclusion criteria: patients who underwent extraanatomic
(crossover) bypass by autologous vein to bypass iliac artery
occlusion for the treatment of CLTI (100% of patients with
trophic defects of ischemic genesis).

Exclusion criteria: patients whose contact was lost
immediately after discharge from the hospital.

Characteristics of the group: an average age was
63.9 years. There was 3 women (10.7%) and 25 men
(89.3%).

The average period of hospitalization was 41 days,
which was due to the need to treat trophic changes in the
lower limb suffering from CLTI.

Concomitant pathology: coronary heart disease (CHD)
(100%), arterial hypertension (95.7%), dyslipidemia
(80.4%), history of myocardial infarction (28.6%), history
of acute cerebral circulatory failure (25%), cardiac
rhythm disorders (50%), diabetes mellitus (25%), chronic
obstructive pulmonary disease (COPD) (78.2%), anemia
(42.9%), obesity (42.9%).

Full perfusion of the two lower limbs in these patients
was ensured in most cases due to passable (without
hemodynamically significant stenoses) iliac arteries on
the limb-donor of the inflow artery, which at the time of the
study had no symptoms of peripheral arterial disease, or
anamnestically there were indications of a mild degree of
intermittent claudication (painless walking for a distance
of 100 meters or more). In one case (3.6%) a passable
aorto-bifemoral shunt was used, in one case (3.6%)
balloon angioplasty of the iliac arteries was preventively
performed on the healthy limb in order to perfuse two
limbs from one lumen of the iliac arteries if there was
an indication of ligation of the iliac arteries of the limb
suffering from CLTI.

The level of proximal anastomosis (inflow artery for the
shunt), N (%) — common femoral artery — 23 (82.1%),
deep femoral artery — 2 (7.1%), superficial femoral
artery — 2 (7.1%), functioning branche of the aorto-
bifemoral shunt — 1 (3.6%). Level of distal anastomosis
(outflow artery for the shunt), N (%) — contralateral
common femoral artery — 6 (21.4%), contralateral deep
femoral artery — 12 (42.8%), contralateral superficial
femoral artery — 4 (14, 3%), contralateral poplitea
artery — 3 (10.7%), contralateral posterior tibial artery —
1 (3.6%), contralateral anterior tibial artery — 1 (3.6%),
contralateral femoral-popliteal bypass — 2 (7.1%).

15 patients (53.6%) had a history of lower limb arterial
interventions for CLTI, of which 10 (35.7% of the total
group) underwent aorto-femoral bifurcation or linear
bypass with a synthetic prosthesis.

100% of the bypass surgeries were performed with
autovenous. In 8 cases (28.6%) the in situ vein technique
was used, in the remaining 20 cases (71.4%) a reversed
vein was used. Autovenous material used: 21 (75%) —
trunk of the great saphenous vein of the limb suffering
from CLTI used, 4 (14.3%) — small saphenous vein used,
2 (7.1%) — trunk of the great saphenous vein of the
contralateral lower limb used.

13 patients (46.4%) required necrectomy or small
amputations during hospitalization. The peculiarity of
this group of patients was the high frequency of “non-
preserved” feet — in 4 cases (14.3%) due to the lack
of possibility of preserving a supportable foot or high
risk of sepsis development (the decision was made by
a consilium consisting of a multidisciplinary group of
specialists) a cross bypass operation was performed
to reduce the amputation level. Thus, performing
amputation at the level of the tibia in such observations
was a success of surgical intervention (in 100% of cases,
technical success was achieved — it was possible to
heal the wounds of the stump of the tibia with primary
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tension). A clinical example of such a foot is presented
in Figure 1.

Preoperative examination: a search for autovenous
material was performed sonographically. An assessment
of steno-occlusive arterial lesions and choice of the
method of surgical intervention was performed according
to the data of direct subtractive angiography and/or
computed tomography with angiocontrast.

An example of a foot requiring amputation. Patient K.,
53 years old, admitted with wet gangrene of the distal parts
of the left foot; at the time of admission, sanitation of the
necrotic lesion was performed, the possibility of preserving
a weight-bearing foot was lost (deep and extensive tissue
necrosis, exposure of the articular surfaces of the talus and
calcaneus). 6 days after foot resection, revascularization
surgery was performed. The photo shows a foot wound
on the first day after revascularization. In the presented
clinical case, the patient managed to save his knee joint
Mpumep cTonbl, TpeOytowen amnytaumu. MMaumeHt K.,
53 ropa, NocTynun ¢ BNAXHOW FaHrPeHOW AUCTaNbHbIX
oTAenos nesoW cTonbl, NPU NOCTYNJIeHUU BbINOJNIHEHA Ca-
Hauua HEKPOTUYeCKOro ovyara, BO3MOXHOCTb COXPaHeHUA
onopocnoco6HoN cTonbl notepsiHa (rmyb6okuii n obwmp-
HbI HEKPO3 TKaHel, OrofieHe CyCTaBHbIX MOBEPXHOCTEN
TapaHHOW W nATOYHOW KocTen). Cnycta 6 cyTok nmocne
pesekumu CTOMbI BbINOMHEHA peBacKynApUsupyowas
onepauus. Ha hoTo npeacTaBneHa paHa cTonbl B NepBble
CYTKW nocne peBackynspusauuu. B npeactaBneHHom knu-
HUYECKOM CIlyyae MauueHTy YAanocb COXPaHWUTb KOMEH-
HbII CyCcTaB

Puc. 1.

Postoperative therapy: within three days — low molecular
weight heparins (enoxaparin) administered subcutaneo-
usly in a prophylactic dose, further — acetylsalicylic acid
100 mg + rivaroxaban 5 mg daily get per os during the life.

RESULTS AND DISCUSSION

Complications and undesirable effects detected in the early
postoperative period (within 30 days) are presented in Table 1.

The long-term results (evaluated after 12 months)
demonstrate that crossed shunts have good patency rates
in the long-term period. After discharge from the hospital,
only one shunt occlusion was detected during one year of
follow-up (Table 2).

Satisfactory indices of distant patency, limb preservation,
and survival rates after extraanatomic bypasses have been
shown, indicating their effectiveness. It should be noted that
during the study there were no cases of critical ischemia
or amputation of the lower limb, on the side of which the
driving anastomosis of the shunt was performed (healthy
limb, donor limb) — a factor that most often causes fear of
cross-reconstructions in vascular surgeons.

CONCLUSION

1. Cross-over autovenous bypass may be considered by
the vascular surgeon as a backup operation for repeated
reconstructive interventions on lower limb arteries or as an
alternative to traditional anatomic reconstructions.

2. This study demonstrates a low complication rate and
good long-term patency of such reconstructions.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpoB. Bce aBTOPbI BHECNM CYLLECTBEHHbIN
BKnag B pa3paboTKy KOHLENLMM, NPOBEAEHUe 1CCTeaoBaHus
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Table 1
Early postoperative complications
Tabnuuya 1
PaHHue nocneonepalyOHHbIE OCNOXHEHUSA
Yucno HabntogeHun /
OcnoxHenne/HebnaronpustHoe cobbitue / Complication/adverse event Number of %
observations
PaHeBble ocnoxHeHus (MuMgopes, HarHoeHUe paHbl, remaToma) / 4 14,3
Wound complications (lymphorrhea, wound suppuration, hematoma)
BonbLume kpooTeyeHns / Major bleeding 1 3,6
Tpombo3 wyHta / Shunt thrombosis 2 72
OcTpoe HapyLueHne Mo3roBoro kpoBoobpalleHus / Acute cerebrovascular accident 1 3,6
WHdpapkT mrokapga / Myocardial infarction 0 0
Tpomboambonus neroyHoit aptepun / Pulmonary embolism 0 0
Bbicokast amnyTaLus HUKHeN KOHEYHOCTU, CTPaAaloLLEN KPUTUYECKON ULEMUEN, U3 HUX — Clydan, 5 17,9
MpU KOTOPbIX NOKa3aHWeM K LLYHTVPYHOLLEHA OnepaLym CITyKUO CHXKEHWE YPOBHS BbICOKON amnyTauum /
High amputation of the lower limb suffering from critical ischemia, including cases in which the indication
for bypass surgery was to reduce the level of high amputation 4 14,3
Bbicokast amnyTaumst HUKHE KOHEYHOCTM, CO CTOPOHbBI KOTOPOM (hOPMUPOBANCS NPUBOAALLNA aHACTOMO3, 0 0
He cTpaparoLeit kputuieckon nwemmeit / High amputation of the lower limb, from which the adducting
anastomosis was formed, not suffering from critical ischemia
NetanbHbiit ucxop / Death 1 3,6
Table 2
Long term results after 12 months
Tabnuua 2
OtaaneHHble pe3ynbTaThl Yepes 12 MecsaueB
Yucno HabnoaeHui /
®akrop / Factor Number of %
observations
MpoxoammocTb WwyHTa / Shunt patency 22 82,1
CoxpaHeH1e KOHEYHOCTH, K KOTOpOI Obina BbIMOMHEHA LYHTMpPYIOLLas onepayus 20 71,4
OT KOHTpanateparnbHOI HIXHE KOHEYHOCTM /
Preservation of the limb to which bypass surgery was performed from the contralateral lower limb
CoxpaHeHue KoHTpanaTepasnbHOi HKHEN KOHEYHOCTY (M3 Yncra NaLmeHToB, 25 100
[OCTUTHYBLUMX Nnepuoaa Habnopexns) /
Preservation of the contralateral lower limb (among patients who reached the follow-up period)
BbixuBaemoctb / Survival 25 89,3
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