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Summary

Aim. To improve the results of repeated reconstruction of the great vessels in case of relapse of
chronic arterial insufficiency by differentiated use of popliteal tibial autovenous bypass grafting
and endovascular angioplasty for revascularization of the arteries of the leg.

Materials and methods. The long-term results of surgical treatment of 522 patients were examined,
including 353 patients with bilateral atherosclerotic occlusion of the aortic-femoral zone and 159
patients with unilateral occlusion of the ileo-femoral segment. At the primary surgical intervention,
98 patients were diagnosed with chronic arterial insufficiency (CAI) of stage II B, in 228 — CAI
of stage III, in 196 — chronic critical ischemia of the lower extremities, stage III-IV. In the long-
term postoperative period, 146 (27.97 %) late complications were diagnosed, of which 78 (56.1 %)
had a relapse of chronic arterial insufficiency. In 36 patients, CAI stage II B was established,
and in 42 — CAI stage III. Patients were re-operated in the period of 5.4 + 1.9 years after primary
revascularization. All men were 64.4 + 3.1 years old.

Results. The multilevel atherosclerotic lesions of the reconstructed arterial bed, cicatricial changes
after the initial surgical intervention, progressive atherosclerotic lesions of the outflow tract
required multi-story shunting operations. The success of shunting surgery depends on sufficient
revascularization of the outflow paths — the arterial bed of the ankle segment. Revascularization of
the distal arterial bed was achieved using popliteal-tibial autovenous bypass grafting (19 cases) and
endovascular angioplasty (30 observations). To reduce peripheral vascular resistance and increase
the volume of the peripheral vascular bed in 19 (63.3 %) cases, endovascular balloon angioplasty of
two tibial arteries was performed simultaneously. The postoperative period in 10 (12.8 %) patients
was complicated by the development of thrombosis of the reconstruction segment. In 7 cases,
thrombosis of the reconstruction segment was eliminated. The using of popliteal-tibial autogenous
bypass grafting and endovascular angioplasty during revascularization of the ankle segment
provided satisfactory results in repeated reconstructive operations in 87.2 % of cases.
Conclusions. For the revascularization of the lower leg arteries, the use of popliteal autovenous
shunting and endovascular angioplasty provides 87.2% satisfactory results in repeated
reconstructive operations for chronic arterial insufficiency relapse.
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INTRODUCTION

Impairment of the patency on reconstructed
arteries in the long-term postoperative period remains
at a high level [1]. The main reason for the development
of this complication is the progression of non-coronary
atherosclerotic process [8].
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Multi-level atherosclerotic lesions of the reconstructed
arterial bed, the presence of a scar and its changes after
primary surgery, progressive atherosclerotic damage to
the outflow tract (tibial arterial segment) create technical
difficulties during repeated revascularization [4]. Thus, bypass
surgical interventions for occlusion of the femoral segment
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and stenotic-occlusive lesions of the popliteal tibial arteries
do not bring a positive result in a number of observations
[7, 8]. Perhaps popliteal-tibial autovenous shunting as part
of multi-level shunting operations is a provoking factor for
thrombosis of the reconstruction zone, or such shunting,
for some reason, cannot provide adequate blood flow in
the reconstruction zone [2, 3]. The use of endovascular
angioplasty of the tibial segment in case of multilevel
reconstruction of the arterial bed will make it possible to
prevent the development of a number of complications [5].

AIM

To improve the results of repeated reconstruction
of the major vessels in case of relapse of chronic arterial
insufficiency with the help of differentiated use of popliteal-
tibial autovenous bypass and endovascular angioplasty for
revascularization of the arteries of the lower limbs.

MATERIALS AND METHODS

Long-term results of surgical treatment of 522
patients with obliterating atherosclerosis of the aorta
and major arteries of the lower limbs were monitored
in period from 2006 to 2019. The sample included 353
operated patients with bilateral atherosclerotic occlusion
of the aorto-femoral zone and 159 operated patients with
unilateral atherosclerotic occlusion of the iliofemoral
segment. In 354 (67.8 %) of them, there was blood flow
disturbance in the distal zone of the femoral artery.

During primary surgery, 98 patients were diagnosed
with stage I B of chronic arterial insufficiency (CAI).
(According to the classification of Fontaine R. taking
into account the criteria of the European Working Group
(1992), in 228 — CAI of 111 A stage, and in 196 cases — CAI
of III B-1V stage. In the long-term postoperative period,
146 (27.97 %) late complications were diagnosed, of which
78 (56.1 %) had a relapse of chronic arterial insufficiency.
Stage 11 B of CAI was established in 36 patients, and stage
11T A of CAl in 42 patients. All patients were men in 100 %
with an average age of 64.4 + 3.1 years, were re-operated
in 5.4 = 1.9 years after the initial surgery.

Three groups of patients were identified. The
distribution was based on the prevalence of atherosclerotic
lesions of the arterial bed and the volume of its primary
reconstruction. Group I (22 patients under observation)
whose primary surgery was reconstruction of the aorto\
iliofemoral zone in the absence of hemodynamically
significant atherosclerotic lesions of the infrainguinal
arterial bed. Group II included 43 patients whose primary
operation was reconstruction of the aorto\iliofemoral zone
in conditions of stenotic-occlusive lesions of the femoral-
distal segment. Group III (13 cases) and reconstruction of
the aorto\ilio-femoral zone supplemented with autovenous
femoral-distal bypass as primary operation.
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The timing of the formation of CAI relapse is
influenced by the initial state of the major bed and the
volume of reconstructive intervention. Thus, the period of
CAI recurrence in patients with multilevel reconstruction
of the arterial bed is 2.8 years shorter than in patients
without disruption of blood flow along the distal zone of
the femoral artery and revascularization of only the aorto\
ilio-femoral zone.

Operated patients with progression of the
atherosclerotic process are characterized by the
identification of targets with more intense development of
atherosclerotic lesions of the arterial bed. These include
of the trauma of segments of arterial bed (anastomoses
and endarterectomy areas) and the tibial arterial zone.
In connection with the above results, we can say that the
progression of the atherosclerotic process more often
affected the area of the distal anastomosis of the aorto\
ilio-femoral shunt — in 36 (46.2 %) cases, the femoral-
popliteal segment —in 49 (62.8 %) cases, segment of the
femoral-distal autovenous shunt —in 13 (15.8 %) patients,
tibial arterial bed —in 51 (65.4 %) cases. The combination
of segments of intense damage by the atherosclerotic
process contributed to the accelerated development of
chronic arterial insufficiency relapse and required multi-
level revascularization of the arterial bed. To ensure
the functioning of femoral-distal bypass operations,
we used surgical interventions for revascularization of
arterial segments of lower limb including popliteal-tibial
autovenous bypass and endovascular angioplasty.

RESULTS

78 patients underwent repeated revascularization,
of which the relapse of chronic arterial insufficiency in 36
patients was stage II B, and in 42 — stage I1I A. Repeated
reconstruction of the main bed was carried out with taking
into account the characteristics of the primary surgical
intervention, the localization of the stenotic-occlusive
process, its prevalence and its combination with other
segments of the arterial bed.

In case of critical stenosis of the distal part of aorto\
iliofemoral shunt anastomosis that combined with stenosis
of the entry of the deep femoral artery (DFA) (55-70 %)
(36 cases), widespread occlusion of the superficial femoral
artery (SFA) and popliteal artery (PA) (18 observations),
occlusion of the distal part of femoral autovenous shunt
(4 observations) and the stenotic-occlusive process of the
tibial arteries (25 observations) we carried out complete
resection of the distal anastomosis in 7 cases, and in 29
they limited themselves to its exclusion without complete
isolation, followed by distal zone of femoral aloshuntation.
During allobypass surgery, the proximal anastomosis was
formed in the area of the distal anastomosis of the aorto/
ilio-femoral allograft, and the distal part was formed with
the popliteal artery. In 21 cases, the distal 1/4 segment of
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the femoral-distal shunt was replaced with an autovenous
vein. In all cases, we formed an anastomosis of the DFA
orifice with a distal part of femoral aloshunt. In 9 cases,
we performed popliteal-posterior tibial (PPT) autovenous
shunting and in one case, popliteal-anterior tibial (PAT)
autovenous bypass surgery. In 14 cases, endovascular
balloon angioplasty of the tibial arteries was performed
(in 9 cases — 2 arteries of the leg, in 3 cases — endovascular
balloon angioplasty of the PAT, in 2 cases — endovascular
balloon angioplasty of the tibioperineal trunk).

In a patient with a false aneurysm of the distal
anastomosis of the aorto/iliofemoral graft and occlusion
of the femoral-distal autovenous shunt, we performed
a complete resection of the aorto/iliofemoral distal
anastomosis graft aneurysm and the orifice of the DFA
was also cut off. During alloprotesis bypass, we formed
the proximal an end-to-end anastomosis with the distal
segment of the aorto/iliofemoral alloprosthesis, and
the distal anastomosis was sutured to the end of the PA
alloprosthesis. The distal 1/4 segment of the realoshunt
was replaced with an autovein. Restoration of blood
circulation through the deep femoral artery was carried
out by suturing its orifice into a realoshunt.

In case of widespread occlusion of the SFA and
occlusion of the PA (28 cases) in combination with
an occlusive-stenotic process of the tibial arteries (23
observations), femoral-distal shunting (23 cases) and
autovenous shunting (5 observations) were performed.
In these surgical interventions, we formed a proximal
anastomosis with a distal anastomosis of the aorto/ilio-
femoral aloprosthesis and a distal anastomosis at the
level of the PA. In all cases, before the formation of the
distal anastomosis of the distal femoral shunt, its distal
segment was replaced with an autovenous vein and then
we performed endarterectomy of the PA. In 5 cases we
performed PPT autovenous shunting, in one case we
performed PAT) autovenous bypass surgery. In 13 cases,
endovascular balloon angioplasty of the tibial arteries was
performed, of which in 8 cases 2 arteries of the shin were
operated on, in 2 cases — the tibioperineal trunk, in 2
cases — the PTA and in 1 case — the PAT.

In case of occlusion of the femoral-distal autovenous
shunt and stenotic-occlusive process of the tibial arteries
(8 cases), we performed femoral-distal reautovenous
shunting (2 cases), realoshunting (3 cases), thrombectomy
from the autovenous shunt and restoration of anastomotic
function (3 observations). The above surgical interventions
were supplemented: in 1 case, PPT with autovenous
shunting, in 2 cases, PAT autovenous shunting, in 3 cases,
endovascular balloon angioplasty of the tibial arteries (in 2
cases, endovascular balloon angioplasty of two arteries of
the shin, in one case, the tibioperineal trunk). In 2 cases, it
was not possible to perform revascularization surgery of the
tibial arteries, so therefore we performed revascularizing
osteotrepanation of the tibia.
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DISCUSSION

The aggressiveness of the atherosclerotic process is
the main reason for the formation of relapse of chronic
arterial insufficiency in patients. The targets of intense
damage by the atherosclerotic process include places of
trauma to the arterial bed (anastomoses, endarterectomy
zone) (5) and the tibial arterial bed (6). In connection
with the above, a significant prevalence of atherosclerotic
lesions of arterial segments was observed in patients who
had previously undergone multilevel revascularization of
the main arterial bed. Such patients were characterized
by a shortening of the period of formation the relapse of
chronic arterial insufficiency by almost 2.8 years.

Multilevel atherosclerotic lesions of the reconstructed
arterial bed of the lower limbs, scar changes after primary
surgery, and progressive atherosclerotic lesions of the outflow
tract (tibial arterial segment) create technical difficulties
during repeated revascularization. The most common surgical
interventions of these conditions are bypass surgery, which can
involve multiple arterial segments, and revascularization of
the tibial arterial bed. At the same time, the success of bypass
surgical interventions is directly dependent on sufficient
revascularization of the outflow tract — the arterial bed of
the shin. The last one was achieved by using popliteal-tibial
autovenous shunting and endovascular balloon angioplasty.
We performed 19 popliteal-tibial autovenous bypasses,
of which 15 were PPT autovenous bypasses and 4 PAT
autovenous bypasses. In 8 of 19 popliteal-tibial autovenous
bypass graftings, the distal anastomosis was formed with the
posterior tibial artery at the level of the medial malleolus.
To create optimal conditions for the functioning of the
distal anastomosis, to prevent its stenosis in 3 cases during
the formation of the distal anastomosis, the distal segment
of the autovenous shunt was sutured with the formation of
the orifice of the PTA and the same vein behind the medial
malleolus. In 5 cases, the formation of a distal anastomosis
was performed by anastomosing the distal segment of an
autovenous shunt with a fistula which was formed from the
PTA and the same vein behind the medial malleolus.

During revascularization of the ankle arterial
bed, 30 endovascular angioplasties were performed,
which amounted to 58.8 % of the total number of
revascularization surgical interventions for stenotic-
occlusive process of the tibial arteries. In order to
reduce peripheral vascular resistance and increase the
volume of the peripheral vascular bed, endovascular
balloon angioplasty of two tibial arteries was performed
simultaneously in 19 (63.3 %) cases.

The postoperative period of 8 (10.3 %) patients was
complicated by the development of thrombosis of the
reconstruction segment. Of these, in 6 cases we diagnosed
thrombosis of the reconstruction segment, in 5 patients
with popliteus-tibial autovenous bypass, and in one patient
with endovascular angioplasty.
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Out of 8 observations, in 7 cases of the reconstruction
segment thrombosis the restoration of blood flow in the
arteries of the shin was achieved.

We obtained satisfactory results of surgical treatment
with repeated revascularization of the great arteries in
conditions of relapse of chronic arterial insufficiency in
87.2 % of cases. In 2 (2.6 %) cases in which distal femoral
bypass grafting was supplemented with revascularizing
osteotrepanation of the tibia, a reduction in the manifestation
of chronic arterial insufficiency could not be achieved.

CONCLUSIONS

The use of popliteal-tibial autovenous bypass and
endovascular angioplasty for revascularization of the
arteries of the leg provides 87.2 % satisfactory results of
repeated reconstructive operations for relapse of chronic
arterial insufficiency.

Prospects for further research. The issue of early
diagnosis of postoperative complications is quite relevant
for patients after reconstructive vascular operations, since
due to the large number of comorbid conditions, it can
lead to a significant deterioration in the quality of life.
Therefore, this topic requires further research in order to
reduce the number of complications.
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Pestome

EHAOBACKY/IIPHA AHTIONJIACTUKA MPU NOBTOPHIA PEBACKYNIIPU3ALLIT APTEPIAJIbHOIO PYCJIA
Y XBOPUX 3 PELLUANBOM XPOHIYHOI APTEPIAJIbHOI HEQOCTATHOCTI
Irop K. Benrep', Ceatocnas 9. Koctie', Onekcanap b. Konotuno?, Muxaiino O. l'ycak', AuToH B. IBaHiubkuit?
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M. TepHoninb, YkpaiHa
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Mera. [ToxpaimuTy pe3yAbTaTi IOBTOPHOI peKOHCTPYKIIil MaricrpaAbHUX CYAUH ITPU PeLIVAMBI XpOHiYHOI ap-
TepiaAbHOI HEAOCTATHOCT] IIASIXOM AMepeHITiI0BaHOTO 3aCTOCYBaHHS AAS PeBaCKYASIpM3allii apTepiit roMiA-
KI TTIAKOAIHHO-TOMIAKOBOTO ayTOBEHO3HOTO IITyHTYBaHH Ta €HAOBACKYASIPHOI aHTiOIIAACTUKIA.

Marepiaau Ta MeToamn. Obcrexeni mporsarom 2006-2019 poxis. BiaaareHi pesyAbTaTH XipypridHOIro Aiky-
BaHH:A 522 mallieHTiB, 3 Hux 353 Malli€eHTiB 3 ABOCTOPOHHBOIO aTEPOCKACPOTUIHOIO OKAIO31€I0 a0OPTO-CTETHOBOL
30HM Ta 159 XBOpYX 3 OAHOCTOPOHHIM OKAIO3iIIHIM IIPOIIecOM KAy60oBoro cermeHTa. [1py mepsuHHOMY Xipyp-
rivHoMy BTpy4aHHi y 98 nanienTiB aAlarnocrobano XAH II b cr. (3a kaacudikamiero Fontaine R. 3 ypaxysaHHsIM
KpuTepiiB E€ppornerichkol poboydoi rpym (1992)), y 228 — XAH Il cT., y 196 — xpoHiuHa KpUTHUYHA iIeMist HVX-
Hix KiHmisok III-IV ct. XBopi mosTOpHO onepoBaHi yepes 5,4+1,9 poxiB MicAs IEPBUHHOI peBacKyAsipu3ariii. Yci
YOAOBiKM BikoM 64,4+3,1 poxis.

PesyAabTaTu A0CAiAXKeHHS Ta 06roBopeHHs1. baraTopiBHeBiCTh aT€POCKAEPOTUYHOIO YPasKeHHs PEKOHCTPY-
JI0BAaHOTO apTepiaABHOIO pycAa, PyOIeBi 3MiHM IiCASI IIEPBUHHOIO OLIEPATMBHOIO BTPY4YaHHs, IIpOrpecyrode
aTepOCKAepOTUYHEe YpaXkeHHs IIASIXiB BIATOKY BUMaraAl IPOBeA€HHs 6araToIIOBEPXOBMX IIYHTYIOUMX OIle-
paliit. YCIinmHicTh Opy TaKuX OIlepaTMBHUX yTPYYaHHIX, sK IIYHTYBaHH:, 3HAXOAUTLCS B IPSIMiii 3aA€KHO-
CTi BiA AOCTaTHBOI peBaCcKyAsSpuM3allii IIASXiB BIATOKY — apTepiaAbHOIO pycAa I'OMiAKOBOCTOIIHOIO CeTMeHTa.
OctaHHSA AOCsITaAacs 3aCTOCYBaHHIM IIAKOAIHHO-TOMIAKOBOTO ayTOBEHO3HOTO IIyHTyBaHH:I (19 BumaaKis) Ta
eHAOBacKyAsipHOI aHTiomracTuky (30 ciocrepexeHb). AAs 3HVKEHH:I IIepr(epUIHOro CyAMHHOTO OIIOPY Ta
30iABIIEHHS 00CATY IeprdepUIHOTrO CyAMHHOTO pycaa y 19 (63,3 %) crocrepekeHb IPOBOAVAN OAHOYACHO
€HAOBACKYASPHY 6aAOHHY aHTiOIIAACTMKY ABOX FoMiAKoBux apTepiii. ITicasionepamniiiamii mepioa y 8 (10,3 %)
TAIli€HTiB yCKAAQAHMBCS PO3BUTKOM TPOMOO3Y CErMEHTY PEKOHCTPYKIIL. Y 5 criocTepeXeHHsIX yAAAOCST AiKBIAY-
BaTV TPOMOO3 cerMeHTa PeKOHCTPYKIIil. BuKopucTaHHS Ipy peBaKyAspusaliil apTepiii TOMIAKY TIAKOAIHHO-
TOMIAKOBOT'O ayTOBEHO3HOI'O IITYHTYBAHHS Td €HAOBACKYASPHOI aHTiOIIAaCTUKY 3abesnieunro y 87,2 % crocre-
PpeXeHb 3aA0BiAbHI pe3yAbTaTV IOBTOPHMX PEKOHCTPYKTMBHIIX OIIepalliii.

BucHoBKHU. AAsl peBacKyAsIpM3aliii apTepili TOMiAKM BUKOPMCTaHHS IIAKOATHHO-TOMIAKOBOTO ayTOBEHO3HOTO
IIYHTYBaHHS Ta €HAOBACKYASPHOI aHTiOIIAACTUKI 3a6e311eUyIoTh OTpUMaHH: 87,2 % 3aAOBIABHMX Pe3yAbTaTiB
NP IOBTOPHMX PEKOHCTPYKTMUBHIX OIlepallisiX IIIOAO PeIIAMBY XPOHIUHOI apTepiaAbHOI HEAOCTaTHOCTI.

Knwouoei cnosa: eBp0BacKyAsipHa aHTi0OIIAACTHKA, XPOHiYHa apTepiaAbHa HEAOCTATHICTh, peBacCKyAsIpu3aliis
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