OBIUAS M YACTHAA XHUPYPTHUA

doi: 10.18484,/2305-0047.2018.5.535
O.F. SOVTUS, R.V. SABADOSH @

Croaablak

USE OF ENDOVASCULAR AND COMBINED INTERVENTIONS
IN OBLITERATING OCCLUSIVE-STENOTIC ARTERIAL DISEASES
OF THE LOWER LIMBS

Ivano-Frankivsk National Medical University, Ivano-Frankivsk,

Ukraine

Henb. YayummTh pe3yabTaThl JIeYEHUS MALIMEHTOB ¢ OKKIIO3MOHHO-CTEHOTUYECKUMU TOPAXEHUSIMM ap-
TepUil HUXKHUX KOHEYHOCTEH, MPU KOTOPBIX OTKPBITHIE ONEpali HEBO3MOXHBI MM COMPSIKEHBI C BBICOKUM
PUICKOM, TIyTeM TPUMEHEHUs SHIOBACKYJISIPHBIX BMEILIATEJIbCTB.

Marepuan n Metoabl. [IposieyeHsl 53 manueHTa, KOTOPBIM 3HIOBACKYJSIPHO PEBACKY/ISIPU3NPOBAHBI  pa3-
HbIE CErMEHTBI apTepuil HUXKHUX KoHeuHocTel (I rpynmna — aopTo-moAB3IOIIHbII ¢/6e3 6eApeHHO-TTONKOJIeHHOTO;
IIA — GenpenHo-nonkoneHHbl; 1Ib — GeapeHHO-TIOAKOAEHHBIH M MHpanomiuTeanbHblii; 111 — nHdpanoniu-
TeaJbHBI) ¢/0€3 TOMOJHUTEbHBIX OTKPHITHIX OIepalnii Ha MHBIX cerMeHTax. B TeueHue roma olieHWBaIU TEXHU-
YECKUH ycIiex Mpoleayp; MEPBUYHYIO M BTOPUYHYIO TTPOXOAMMOCTb 30H BMEIIATEJIbCTBA, YACTOTY COXPAHEHUS U
CTeTeHb MIIEMUHM KOHEYHOCTE.

Pesyabratel. TeXHUUECKUI yeIieX JOCTUTHYT Y 94,3% malMeHTOB, OMHOJIETHSISI BTOPUYHAS TPOXOAUMOCTh —
v 92,5%, coxpaHeHHe KoHeuHOCTe — y 96,2%. B I rpymme, rme 60% maimeHTaM MpoBeIeHBI TUOPUIHBIE OTepaIlii
(3HOOBACKYJISIPHBIN 3Tall — Ha aOPTO-TTOB3/IOIITHOM CETMEHTE), TTO3UTUBHBIN TEXHUYECKUN Pe3ysIbTaT MOoJyYeH y
BCeX TMAallMEHTOB; B TeUeHMe | roma TpoMOO30B CTEHTOB, HEKPOTHUECKUX TIPOIIECCOB, MIlIeMUH Bhile [IA crermeHu
(Fontaine) He HaOmomanock. MneHTuuHble pe3yabTaThl mojaydeHsl Bo IIA rpynmne. B 111 rpynme, ocHoBy KoTopoii
COCTaBWJIM OOJIbHbIE C TOTAIbHON OKKJIIO3MEH MarucCTpajJibHbIX apTepuil TOJIEHU W CTOMbl MM TOTAIbHBIM LIMP-
KYJISIPHBIM KaJbLIMHO30M MX IOCTOKKJIIO3MOHHBIX CErMEHTOB, TEXHMUYECKUIA ycreX cocTaBuil 84,6%, OMHONETHSS
MepBUYHAs MTPOXOIUMOCTh — 76,9%, a coxpaHeHue KoHeuHocT — 100%. Bo IIb rpymme aTu mokasaTenu cocta-
B 91,7, 75,0 u 83,3%, cCOOTBETCTBEHHO.

3akmoyenne. B3pelieHHOE MPUMEHEHUE SHAOBACKY/SIPHBIX BMELIATEIbCTB MPU CTEHO3aX M OKKIIO3MSIX ap-
TEPUl HUXKHUX KOHEYHOCTEH MO3BOJISIET JOCTUYb TEXHUYECKOTO ycrexa, MepBUYHON M BTOPUYHON TTPOXOAMMOCTHU
30HBI MHTEpeCa W OMHOJIETHETO COXpaHEHUsT KOHEUHOCTH Y 88,7-96,2% malMeHTOB. DHIOBACKYJISIPHOE JIeUeHME
MOXET OBITh PEKOMEHIOBAH KaK METOJ BbIOOpA TIPU MOJHON OKKJIIO3UM MarucCTpasibHbIX apTepUil TOJIEHU U CTOIIBI,
TOTJIBHOM LUPKYISIPHOM KaJbIIMHO3€ MX MOCTOKKIIO3MOHHBIX CETMEHTOB U Ul PeBACKYISIpPU3AIIMU a0PTO-TTO/ -
B3JIOLITHOTO CErMEHTa TMpPHU €ro COYETAHHBIX MOpakeHUsIX ¢ OeIpEeHHO-TIONKOJEHHBIM CETMEHTOM MPU TMOPUIHBIX
oneparusix.

Karouesvle crosa: nepugepuyeckue 3a60ie6anus apmepuil, KpUmu4eckas umemus KoHeyHocmetl, 6AA10HHAS AH-
CUONAACIUKA HUJICHUX KOHeUHOCmel, cmenmuposanue, 2uopudnsle npoyeoypol

Objective. To improve the results of treatment in patients with lower limb artery occlusive-stenotic diseases,
where open operations are impossible or involve a high risk, by using endovascular interventions.

Methods. 53 patients have been treated, they underwent endovascular revascularization of lower limb
artery different segments (I group — aortoiliac with or without femoropopliteal; IIA — femoropopliteal; I1IB —
femoropopliteal and infrapopliteal; III — infrapopliteal) with/without of the additional open operations on other
segments. During the year a technical success of the procedures, the primary and secondary patency of intervention
zones, the frequency of conservation and the degree of limb ischemia were assessed.

Results. The technical success was achieved in 94.3% of patients, 1-year secondary patency was achieved in
92.5%, the preservation of the lower limbs was achieved in 96.2%. In group I, where 60% of patients underwent
hybrid operations (endovascular stage - on aortoiliac segment), a positive technical result was obtained in all the
patients; stent thrombosis, necrotic processes, ischemia above grade IIA (Fontaine) were not observed during one
year. Identical results were obtained in the IIA group. In the III group, which was based on patients with total
occlusion of the lower leg and foot main arteries or total circular calcification of their post-occlusal segments, the
technical success was 84.6%, the one-year primary patency was 76.9%, and limb salvage was 100%. In Group IIB
these indicators were 91.7, 75.0 and 83.3%, respectively.

Conclusions. The careful application of endovascular interventions in stenosis and occlusions of the lower
limbs arteries allows achieving technical success, primary and secondary patency of the revascularization zone and
one-year limb salvage in 88.7-96.2% of patients. Endovascular treatment can be recommended as the method of
choice in complete occlusion of the lower leg and foot main arteries, total circular calcification of their post-occlusal
segments and for revascularization of aortoiliac segment in case of its combined lesions with the femoropopliteal
segment at hybrid operations.

Keywords: peripheral arterial disease, critical limb ischemia, lower limb balloon angioplasty, stenting, hybrid
procedures
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[Tony4yeHbl HOBbIE NAaHHbIE, MOATBEPXKAAIONINE, YTO IHAOBACKYJISIPHOE JIeUeHUE TaKUX MOpaxkeHUil MHGpanonim-
TeaJIbHOTO apTepUabHOrO CETrMEHTA, KaK TOTaJbHAsl OKKITIO3US BCEX MArMCTPATBbHBIX apTEepHii TOJEHU M CTOITBI
WJIV TOTAJIBHBIN IIUPKYJISAPHBIN KAJIBLIMHO3 UX TTOCTOKKIIIO3MOHHBIX CETMEHTOB, MOXKET OBITh TIPU3HAHO TaKTUKOM
BbIOOpa. [IpoaeMOHCTPUPOBAHO, YTO B3BEIIEHHOE MTPUMEHEHNE SHIOBACKYISIPHBIX ONepaivii Ipu OKKITFO3MOHHBIX
MOPAXEHUSIX Pa3HbIX CETMEHTOB apTePHil HUXKHUX KOHEYHOCTEH IMO3BOJISICT HOCTHYh TEXHUYECKOTO yerexa y 94,3 %
MaIMEeHTOB, BTOPIMYHOMI IIPOXOAMMOCTH B TeUeHHe roma — y 92,5 % u coxpaHeHUs] HIDKHUX KOHeYHocTeit —y 96,2 %.

What this paper adds

New data have been obtained confirming that endovascular treatment of such lesions of the infrapopliteal arterial
segment, such as total occlusion of all major arteries of the shin and foot, or total circular calcification of their
post-occlusal segments, can be recognized as a tactic of choice. It has been shown that weighted application of
endovascular operations with occlusive lesions of different segments of the arteries of the lower limbs allows achieving
technical success in 94.3% of patients, secondary permeability during the year — in 92.5% and preservation of the

lower limbs — in 96.2%.

Introduction

Ensuring the qualitative and timely treatment
of patients with critical ischemia of the lower limbs
is one of the most important challenges of modern
vascular surgery. Shunt reconstructive interventions
in this pathology remain the gold standard of the
lower limb revascularization. Significant progress in
the development of endovascular methods of res-
toration of the main blood flow caused their more
frequent use, especially in older patients with high
surgical risk. In addition, it became possible to carry
out combined two-stage or hybrid interventions in
multi-storey atherosclerotic lesions [1].

In the transatlantic consensus document
TASC-II (2007), the choice of intervention (endo-
vascular or open surgical) was based on the TASC
classification of occlusal-stenotic lesions of lower
limb arteries [2]. Endovascular revascularization is
recognized as a method of choice in patients with
type A lesion, the preferred method in patients with
type B and a possible (but not optimal) method
for type C lesions. For Type D lesions, based on
evidence available at the time, only surgical revas-
cularization was recommended.

The rapid development of endovascular tech-
nologies has led to the endovascular strategy rec-
ommended in 2011 by the European Society of
Cardiology as a method of choice already in the case
of lesions of A-C types and as a possible treatment
method — for lesions of type D [3]. But in 2017,
the recommendations of the European Society of
Cardiology together with the European Society for
Vascular Surgery were more restrained, and the pri-
mary endovascular strategy in the absence of severe
concomitant diseases was recommended only in
patients with short occlusive-stenotic lesions (<5 cm
for aortoiliac lesions and <25 cm for femoropopliteal
ones) [4], corresponding mainly to types A and B for
the aortoiliac segment and A-C for femoropopliteal
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segment. It was in this document that the place of
hybrid (combined) interventions was first determined.
In patients with combined pathology of the aortoiliac
and femoropopliteal segment, the use of such pro-
cedures (endovascular revascularization of the upper
floor and surgical reconstruction of the lower one)
permits to avoid complex aortofemoral reconstruc-
tions, reducing the risk for the patient.

But despite all mentioned above, a number of
problems remain unsolved. First, all recommenda-
tions on the use of endovascular revascularization
methods have a level of evidence not exceeding
C and therefore the issue of selecting patients for
endovascular interventions remains unresolved. Sec-
ondly, there are many questions on the management
of patients with various infrapopliteal lesions of the
arteries. Thirdly, indications on the use of endo-
vascular and open surgical interventions in hybrid
procedures are not clearly defined. Solving these
issues can significantly optimize the therapeutic
strategy in patients with peripheral arterial diseases,
improving, ultimately, the results of their treatment.

Objective. To improve the results of treatment
in patients with lower limb artery occlusive-stenotic
diseases, where open operations are impossible or in-
volve a high risk, by using endovascular interventions.

Methods

During 2013-2017 in Ivano-Frankivsk Central
City Clinical Hospital endovascular interventions
were performed in 53 patients with chronic oblit-
erating diseases of the lower limbs arteries. The age
of patients ranged from 46 to 87 years. The average
age was 65.4%£10.4 years (M=*oc). There were 41
men (77.4%), women — 12 (22.6%). There were
22 diabetic patients (41.5%).

In the initial physical examination of patients,
the following parameters were assessed: severity of
chronic lower limb ischemia (according to Fontaine
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classification, 1954), recommended by the latest
consensus documents [5]; the type of purulent
necrotic lesion of the feet and/or shins, as well
as the W and I criteria of the Wifl classification
(2014) [6]. After that, they were subject to standard
general clinical studies, as well as lipidogram, deter-
mination of the level of glycosylated hemoglobin,
echocardioscopy, ultrasonic triplex scanning of
arteries of the lower limbs with calculation of the
ankle-brachial index and criterion I of the above
classification Wifl, with the definition of the risk
of amputation and the need for revascularization,;
extra-and intracranial, and renal arteries (LOGIQ
e (GE Healthcare, UK) and TOSHIBA ffa-580a/
f7 (TOSHIBA, Japan), lower limb CT-aortoar-
teriography (Aquilion PRIME, Toshiba, Japan);
radiopaque arteriography of the lower limbs (Infinix
CC, Toshiba, Japan), if necessary — radiography
of the foot.

Based on these studies, the affected arterial
segments and types of lesions of each segment were
determined in all patients: aortoiliac and femoro-
popliteal - by the mentioned above TASC classifica-
tion (2007), and infrapopliteal by its complement for
the infraropliteal segment [7]. Later, the segments
that are subject to reconstruction and the method
of reconstruction for each of them were identified.
As evidence for the use of endovascular procedures,
the above-mentioned recommendations of the
European Society of Cardiology together with the
European Society for Vascular Surgery of 2017 were
applied. Depending on which arterial segment the
endovascular revascularization method was planned,
all patients were divided into four groups: group —
endovascular intervention exclusively on the aor-
toiliac segment or on the aortoiliac and femoro-
popliteal segments; II A group — exclusively on the
femoropopliteal; IT B group — on the femoropop-
liteal and infrapopliteal; I1I group — exclusively on
the infraplanar arterial segment. In some patients,
endovascular interventions on one or another arte-
rial segment were supplemented by open operations
on another segment, that is, one-stage hybrid or
two-stage combined interventions were performed.

Clinical characteristics of patients of different
groups are given in Table 1.

In all 15 patients of group 1 (93.3%), together
with the aortoiliac, the femoropopliteal segment
was affected (Table 2). As the result in 9 patients
(60.0%) open bypass surgery was carried out on
the femoropopliteal segment: in one case (6.7%)
simultaneously with endovascular intervention and
in 8 cases (53.3%) — as the second stage (all 9 pa-
tients with lesion of the femoropopliteal segment
of type D). Another 3 patients (20.0%) with the
lesion of the femoral-popliteal segment of type A
(2 cases) and B (1 case) underwent stenting of the

femoral artery: in one patient (6.7%) — simultane-
ously with aortoiliac segment intervention, and in
the rest (13.3%) — as the second stage.

When performing endovascular intervention in
Group I patients, in 12 cases (80.0%) the femoral
access was used (in 5 patients — from the side of
lesion, in 7 — with contralateral) and in 3 cases
(20.0%) — radial one. A special feature of the
transradial strategy of revascularization was the
bilateral puncture of the radial arteries with the set-
ting of short radial introducers 6F. For visualization
through the right radial access to the abdominal
aorta bifurcation zone, an angiographic catheter
S5F was used, which was attached to the contrast
injector (Fig. A). Through the left radial access, the
main stage of the intervention was carried out. The
conductor 0.035” 0.89 mm 300 cm was introduced
to the affected vessel (Fig. 1B), after which the
balloon plastic was performed in the areas of nar-
rowing of the iliac segment under the pressure of
12 atm and a stent was implanted with subsequent
post-dilation with the same balloon (Fig. C, D).

Among 15 patients of Group I, in 12 (80.0%),
the peripheral self-expanding stents were implanted,
and in the remaining 3 (20.0%) — stents on
cylinders.

Types of lesions of the femoropopliteal and
infrapopliteal segments and characteristics of
endovascular interventions performed in patients
with ITA and IIB groups are presented in Table 3.

When performing interventions in patients
assigned to the IIB group, operations in distal
femoral artery occlusion in combination with pop-
liteal artery occlusion, proximal segments of the
tibioperoneal trunk and anterior tibial artery were
technically more complicated. In such patients,
coronary techniques and coronary instruments
were used for revascularization. Antegrade passage
of occlusion was performed with a microcatheter
using 0.014” coronary conductors. After passage
of the occluded site, through the microcatheter,
angiographic control of the distal segments of the
open vessel was made. The coronary conductor
was changed to a conductor of 0.014” 300.0 cm,
on which balloon angioplasty of the femoral and/
or popliteal artery was carried out, followed by
stenting of this segment and post-dilation. Balloon
plastic of the tibial arteries was performed in two
stages. First, it was retrograde (from the foot in the
proximal direction) throughout the occluded site
with a low-profile coronary Rx balloon catheter,
size 1,5-2.0 mm, pressure 8 atmospheres and short
exposure (1-2 seconds). Secondary angioplasty was
performed by OTW balloon catheter, length 120-150
mm and working diameter 2.0-3.0 mm, pressure 8
atmospheres and exposure 2 minutes.

As mentioned above, in the group of patients,
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Table 1
Basic and clinical characteristics of patients
Characteristics of patients All patients I Group A Group  IIB Group  1II Group
(n=53) (n=15) (n=13) (n=12) (n=13)
Average age, years () 65.4 (10.4) 65.5(10.8) 64.8 (13.4) 67.5(10.6) 64.1 (7.0)
Sex, number (%): male 41 (77.4) 13 (86.7) 11 (84.6) 6 (50.0) 11 (84.6)
female 12 (22.6) 2 (13.3) 2 (15.4) 6 (50.0) 2 (15.4)
diabetes mellitus 22 (41.5) 6 (40.0) 5(38.5) 3(25.0) 8 (61.5)
_ smoking 44 (83.0) 13 (86.7) 11 (84.6) 10 (83.3) 10 (76.9)
gg arterial hypertension 43 (81.1) 13 (86.7) 11 (84.6) 11 (91.7) 8 (61.5)
I3} 5 cardiac ischemia 37 (69.8) 11 (73.3) 8 (61.5) 9 (75.0) 9 (69.2)
:4; ‘ED cerebral circulatory disorders in the 6 (11.3) 2 (13.3) 2 (15.4) 1(8.3) 1(7.7)
& Z anamnesis
chronic renal failure 2 (3.8) - 1(7.7) 1 (8.3) -
hyperlipidemia 27 8 6 6 7
The degree of ischemia - 1IB 509.4) 3(20.0) 2 (15.4) - -
Fontaine, number (%): | 14 (26.4)  3(20.0) 5(38.5) 1(8.3) 5(8.9)
-1V 34 (64.2) 9 (60.0) 6 (46.1) 11 (81.7) 8 (78.6)
0 19 (35.8) 6 (40.0) 7 (53.8) 1(8.3) 5(38.5)
.. 1 12 (22.6) 4 (26.7) 4 (30.8) 2 (16.7) 2 (15.4)
= 2 18 (34.0) 5(33.3) 2 (15.4) 7 (58.3) 4 (30.8)
3 4(7.5) 2 (16.7) 2 (15.4)
- 2 504 3(20.0) 2 (15.4)
g" - 3 48 (90.6) 12 (80.0) 11 (84.6) 12 (100) 13 (100)
":;3 0 19 (35.8) 6 (40.0) 7 (53.8) 1(8.3) 5(38.5)
g = .. 1 23434 9 (60.0) 5(38.5) 2 (16.7) 7 (53.8)
2 R = 2 7(13.2) 7 (58.3)
= E 3 4(7.5) 1(7.7) 2 (16.7) 1(7.7)
E % o g - high 23 (43.4) 6 (40.0) 2 (15.4) 9 (75.0) 6 (46.2)
; ; § - medium 11 (20.8) 3(20.0) 4 (30.8) 2 (16.7) 2 (15.4)
‘050 ~ % - low 19 (35.8) 6 (40.0) 7 (53.8) 1(8.3) 5(35.5)
o) < - very low — — — — —
50 - high 34 (64.2) 9 (60.0) 6 (46.2) 11 91.7) 8 (61.5)
:‘g = - medium 14 (26.4) 3(20.0) 5(38.5) 1(8.3) 5(38.5)
§ % % - low 509.4) 3(20.0) 2 (15.4) — —
N
5 é - very low
Table 2

Types of lesions of the aortoiliac and femoropopliteal segments
in patients of group I (n=15), number of patients (%)

Type of lesions of the aortoiliac segment by TASC Type of lesions of the femoropopliteal segment by TASC

A B C D Total
A 2 (13.3) 1(6.7) - 5(33.3) 8 (53.3)
B 1(6.7) - - 1(6.7) 2 (13.3)
C - 1(6.7) - - 1(6.7)
D - - - 4 (26.7) 4 (26.7)
Total 3(2000 2133 00 10 (66.7) 15 (100)

endovascular interventions were performed exclu-  (23.1%), femoropopliteal segment was affected (type
sively on the infrapopliteal arterial segment. In 1 D), but at the time of endovascular intervention they
patient (7.7%), the lesion of this segment was of had adequately functioning femoropopliteal shunts
type A, 1 more was of type B, 2 (15.4%) had type C,  with a distinct pulsation on the popliteal artery. 9 of
and 9 (69.2%) had type D. In three of these patients 13 patients (69.2%) had angioplasty of one tibia (the
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Fig. Stages of implantation of a self-expanding stent to the common and external iliac artery: A — conductors and
angiographic catheter in the descending aorta; B — visualization of the affected right common and external iliac arteries;
C — stent after implantation into the common and external iliac artery; D — angiographic control after stenting.

posterior tibial artery only in 1 case and the anterior
one — in 8 cases), and 3 of the remaining (23.1%) —
of two arteries (anterior and posterior tibial arteries).
Angioplasty of the peroneal artery was not performed.

For all interventions in this group of patients,
transfemoral access through the common femoral
artery was used: 9 patients (69.2%) had ipsilateral
antegrade, and 4 (30.8%) had a contralateral ret-
rograde. In 3 cases (21.4%), tibial revascularization
was performed through a functioning femoropop-
liteal shunt. To avoid the shunt puncture, contra-
lateral access was used. After the puncture, the
conductor with the help of an angiographic catheter
was guided through an abdominal aorta bifurcation
to the ipsilateral side with a 90 cm introducer in-
stallation. In stenotic tibial vessels, a single balloon
angioplasty tactic was used with a long catheter all
along. For the detection of total tibial occlusions,
coronary technique of passage with a two-stage bal-
loon plastic, the same as for group I1B, was used.

After the intervention, patients of all groups
were treated with antiplatelet and lipid-lowering
therapy, as well as correction of all detected risk

factors and treatment of lesions of arteries of other
basins (coronary, extra- and intracranial, renal)
according to the recommendations of the above
international consensus documents [2, 3, 4].

34 of 53 patients (64.2%) in the lower limbs
had necrotic and purulent-necrotic complications
(Table 4), their treatment tactics was identical in
all groups of patients and met the international
standards mentioned above.

In 8 of 34 patients (23.5%), purulent necrotic
complications did not require surgical intervention
under anesthesia and were conservative (according
to the phases of the wound process): trophic ulcers
- in 7 patients and dry necrosis of the toe skin - in
1. In the remaining 26 patients (76.5%), the sana-
tion of these foci required surgical interventions
under anesthesia. If the focus according to Wifl
classification by fI criterion was identified as “fI3”,
or if there was a possibility of a marked progression
of the process prior to the planned endovascular
intervention, the focus was sanitized immediately,
before the endovascular operation. This tactic was
used in 7 out of 26 (27.0%) patients. In all other

Table 3

Types of lesions of the femoropopliteal and infrapopliteal segments and characteristics of endovascular
interventions performed in patients with IIA and IIB groups, number of patients (%)

Indicator ITA Group (n=13) 1IB Group (n=12)
Femoropopliteal segment Femoropopliteal segment  Infrapopliteal segment
Type of A 5(38.5) 541.7) -
lesionby B 6 (46.2) 1 (8.3) -
TASC: ¢ 1(7.7) - 8 (66.7)
D 1(7.7) 6 (50.0) 4 (33.3)
Character stenosis 5(38.5) 4 (33.3) -
of lesion:  gcclusion 8 (61.5) 8 (66.7) 12 (100)
Access: femoral ipsilateral 12 (92.3) 11 (91.7)
femoral contralateral 1(7.7) 1(8.3)
balloon angioplasty 1(7.7) - 12 (100)
.. with self-expanding 6 (46.2) 11 (91.7) -
§ i stents
§ é with stents on balloons 6 (46.2) 1(8.3) -
S # Total stentings 12 (92.3) 12 (100) -
Total operations 13 (100) 12 (100) 12 (100)
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Table 4

Types of purulent necrotic processes in the feet of patients of different groups, number (%)

Purulent necrotic complications

Groups of patients

I1Group IIA Group 1IBGroup III Group All patients

(n=15) (n=13) (n=12) (n=13) (n=53)
Trophic ulcers 3(20.0) 4 (30.8) 3(25.0) 2 (15.4) 12 (22.6)
Dry skin necrosis - 1(7.7) 1(8.3) - 2 (3.8)
Phlegmon of the foot - - - 1(7.7) 1 (1.9)
Dry gangrene of toe/s 5(33.3) 1(7.7) 1(8.3) 1(7.7) 8 (15.1)
Wet gangrene of toe/s 1(6.7) - 4 (33.3) 3(23,1) 8 (15.1)
Dry gangrene of the distal part of the foot - - - 1(7.7) 1(1.9)
Wet gangrene of the distal part of the foot - - 2 (16.7) - 2 (3.8)
Total 9 (60.0) 6 (46.1) 11 (91.7) 8 (61.5) 34 (64.2)

cases, in order to avoid the progression of necrosis,
the focus sanation was carried out during (1 pa-
tient — 3.9%) or after the endovascular procedure
(18 patients — 69.2%). In 14 of 18 cases (77.8%),
the intervention on a purulent necrotic lesion was
performed from 1 to 7 days after the endovascular
procedure, and in the remaining 4 patients (22.2%)
later (after a clear demarcation of viable and ne-
crotic tissues). The spectrum of operations: necrec-
tomy with or without abscess disclosure — 7 of 26
cases (27.0%), toe or toes amputation — 16 cases
(61.5%) and transverse amputation of the foot — 3
cases (12.5%). In 5 cases (19.2%), from 5 to 74 days
after the endovascular procedure, autodermoplasty
of the granulating wounds was performed after the
primary intervention on the purulent necrotic focus
by a free, split perforated skin flap.

The results of patients’ treatment were assessed:
at the time of finishing the operation; at the time of
discharge from the hospital; 1 year after the opera-
tion (during the year, patients were examined after
3, 6, 9 and 12 months).

At the end of the operation, the technical suc-
cess of the endovascular procedure was evaluated.
Intervention was considered technically successful
if, in control post-procedure angiography, the ste-
nosis or occlusion of the arteries that caused the
intervention were eliminated with the renewal of
the main blood flow in this section.

At the time of discharge from the hospital and
one year after the endovascular procedure, patients
were examined and ultrasonography of the arteries
of the lower limbs was performed. The presence of
complaints of intermittent claudication or rest pains
was studied as well as the presence of necrotic foci
on the feet and legs, patency and the absence of
stenosis at the site of stenting or angioplasty. We also
studied the frequency of large amputations of the
lower limbs (above the ankles) and lethal outcomes.

Statistics

Statistical processing of data was carried out
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using the software “Microsoft Excel 2016 MSO”
(Microsoft, USA) and “R” (R Development Core
Team, Austria).

Qualitative indicators were presented in abso-
lute (n) and relative (%) frequencies. When analyz-
ing the quantitative data (the age of patients), the
character of distribution of the indicator values was
determined using the Shapiro-Wilk W test. The age
distribution of the patients turned out to be normal
(Gaussian), and therefore parametric statistical
indicators were used for its characterization and
the results were presented in the form “M(c)” (
where M is the mean value and ¢ — the standard
deviation).

Statistical processing of data was carried out
using the software “Microsoft Excel 2016 MSO”
(Microsoft, USA) and “R” (R Development Core
Team, Austria).

Qualitative indicators were presented in abso-
lute (n) and relative (%) frequencies. When analyz-
ing the quantitative data (the age of patients), the
character of distribution of the indicator values was
determined using the Shapiro-Wilk W test. The age
distribution of the patients turned out to be normal
(Gaussian), and therefore parametric statistical
indicators were used for its characterization and
the results were presented in the form “M(c)” (
where M is the mean value and ¢ — the standard
deviation).

Results

In Group I, the technical success of endovas-
cular intervention in the aortoiliac arterial segment
was 100%, considering one patient who underwent
a simultaneous open reconstruction of the femo-
ropopliteal segment. In this and another 3 patients
(26.7%) the primary intervention was enough to
eliminate their complaints: intermittent claudica-
tion — in 1 patient, rest pain in the foot — also
in one and rest pain in the place of the necrotic
focus — in 2. Among the latter 2 patients, in one
trophic ulcer healed in 3 months of follow-up,



© Novosti Khirurgii Vol. 26 * No 5* 2018

while in the second patient, after the amputation of
the toe, healing occurred by primary tension. The
remaining 11 patients (73.3%) did not significantly
improve symptomatology due to the remaining
occlusive process in the femoropopliteal segment.
As mentioned above, they underwent a second
stage of reconstruction (shunting or endovascular
surgery on the femoropopliteal segment). This al-
lowed eliminating intermittent claudication in 2
patients, rest pain in the foot — also in 2 and pain
in the place of necrotic process — in the remaining
7. Among the latter 7 operated patients, trophic
ulcers healed after local conservative treatment in 2
patients, while the remaining 5 patients underwent
amputation of the toe or toes with healing in 3
patients by primary tension, and in 2 patients after
the subsequent autodermoplasty. Within 1 year of
observation, stent thrombosis was not observed in
this group of patients. Starting with the examination
after 3 months, unhealed or new necrotic processes
on the lower limbs were not observed. One year
after the endovascular operation, all the patients
retained their lower limbs, all patients were alive,
and no patient had lower limb ischemia above the
grade ITA by Fontaine.

In the A group of patients the technical suc-
cess was also 100%. In 2 patients with intermittent
claudication and 5 with rest pain without necrotic
lesions, these symptoms were eliminated. Among
6 patients with necrotic complications in 5, they
healed conservatively before the 3-month observa-
tion (in one of them after additional necrectomy),
and 1 patient underwent the amputation of the
finger with primary-tension healing. As in Group
I, 1 year after the endovascular operation, all the
patients retained their lower limbs, all patients were
alive, no patient had lower limb ischemia above
grade ITA by Fontaine.

In the B group, only in one patient the com-
plete revascularization failed. She had wet gangrene
of the distal part of the foot against the background
of multiple critical stenosis of the femoral and all 3
tibial arteries, as well as severe concomitant cardiac
pathology and multiple organ failure. She underwent
transmetatarsal foot amputation, stenting of the
femoral artery and unsuccessful attempts to perform
balloon plastic of the tibial arteries. One-story re-
vascularization did not give clinical improvement.
Later, she underwent the amputation of the lower
limb at the level of the upper third of the thigh ac-
cording to vital indications. After 6 days, the patient
died from the progression of multiple organ failure.

Within 1 year of the study, in this group of
patients, stent thrombosis occurred in 2 (15.4%)
patients with the technical success of the procedure.
One of them showed pronounced calcification of
the femoral artery, occlusion of the popliteal artery,

tibioperoneal trunk and proximal segments of all
3 tibial arteries. After the stenting of the popliteal
artery and the balloon plastic of the tibial arteries,
an early thrombosis of the stent occurred (<24 h).
It was caused by the use of the device to close the
puncture hole, which anchored its anchor to the
calcified plaque on the opposite wall of the common
femoral artery, covering most of the lumen of the
vessel and causing stent thrombosis. As a conse-
quence, it was not possible to restore the blood sup-
ply endovascularly. Urgent total femoral-posterior
tibial autovenous shunting was performed. After 12
days, the patient had acute thrombosis of the shunt,
reshunting was performed, replacing the suprapop-
liteal part of the shunt with the alloprosthesis. After
3 months, there was a repeated thrombosis of the
shunt. The conditions for the re-reconstruction were
considered unsatisfactory. The limb was amputated
at the level of the upper third of the thigh.

In the second patient, after stenting of the
femoral artery (critical stenosis), balloon plastic
surgery of the tibial arteries (proximal occlusion)
and amputation of two toes with wound healing
by primary tension, thrombosis of the stent took
place 7 months after the intervention. The patient
underwent thrombectomy and a careful analysis
revealed that the cause of thrombosis was the dis-
section of the popliteal artery distally to the stent.
After that, the second stent in the popliteal artery
was implanted in more distal location than the
previous one (with partial overlap) with complete
restoration of the blood flow.

Among the remaining 9 patients of the IIB
group the results were as follows: 1) disappearance
of rest pain in the absence of necrotic complica-
tions — 1 patient; 2) healing of the trophic ulcer —
3 patients (one patient — under the influence of
conservative treatment, the other — after surgical
necrectomy, in the third — after additional auto-
dermoplasty); 3) wound healing by primary tension
after toes amputation (3 patients) or transmetatarsal
foot amputation (1 patient); 4) wound healing after
toes amputation and subsequent autodermoplasty —
1 patient. Three months after revascularization, the
necrotic processes on the limbs in these patients
were not identified.

As a result, 91.7% of patients managed to
achieve technical success in this group, to save lower
limbs on the background of the functioning of the
reconstruction zones and the absence of chronic
ischemia above the ITA degree during a year — in
10 of 12 patients (83.3%). 11 of 12 patients (91.7%)
survived.

Technical success in the last III group was 84.6%
(11 of 13 patients). Two patients failed to restore the
main blood supply. One of these patients was treated
with a sluggish wound after amputation of the first
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toe of the left foot due to his wet gangrene without
a tendency to heal. The patient underwent arteriog-
raphy and the occlusion of both tibial arteries in the
distal segments with pronounced calcification of their
walls was found (mediacalcinosis of Menkeberg). An
attempt was made to restore blood flow. However,
it was not possible to pass through the calcified
closed sections of the artery using microcatheters and
conductors of different sizes, rigidity and patency.
In spite of this, the limb was saved, although even
one year after the endovascular procedure, complete
wound healing was not achieved

The next patient was hospitalized with throm-
bosis of the femoropopliteal shunt. Surgically, he
underwent thrombectomy from the shunt with resto-
ration of blood flow and postoperative arteriography.
The cause of thrombosis of the shunt is the failure of
the peripheral arterial channel (extended occlusions
of the posterior and anterior tibial arteries). From
the contralateral access through the functioning
femoropopliteal shunt, the balloon plastic of these
arteries with thromboaspiration was performed.
Despite multiple attempts, the angiographic result
was unsatisfactory, by the time of the end of the
procedure; there was no distal blood flow. How-
ever, due to the functioning of the shunt, acute
arterial insufficiency in the patient was eliminated.
During the year, the patient had another 2 shunt
thrombosis (after 6 and 8 months), but both times
the thrombectomy from the shunt was successful.
There were no symptoms of ischemia a year after
the endovascular procedure.

Among 11 patients in whom the blood flow
was restored successfully, in one 3 months after,
there was a reocclusion of the anterior tibial artery
with the phenomena of critical ischemia, which
was eliminated by repeated ballooning. After 4
months, repeated reocclusion was eliminated by
balloon plastic and stenting of the middle third of
the anterior tibial artery with two coronary stents
(bare-metal stent). Three months after the last op-
eration, the patient was repeatedly hospitalized with
the phenomena of critical ischemia. On examina-

tion, the appearance of a new critical stenosis of
the anterior tibial artery and restenosis in the stent
were discovered. They were eliminated by the next
balloon plasty of the anterior tibial artery but with a
larger catheter 3.0 (150 mm) and stenting of its ori-
fice with a single coronary stent (bare-metal stent).
After 1 year of observation, the signs of ischemia
were not detected.

Among the remaining 10 patients of the III
groups of results were as follows: 1) the disappearance
of rest pain in the absence of necrotic complications
— 4 patients; 2) healing of the trophic ulcer — 2
patients (one patient — as a result of conservative
treatment, the other — after surgical necrectomy);
3) wound healing after opening the phlegmon of the
foot — 1 patient; 4) wound healing by primary tension
after toe amputation — 4 cases; 5) wound healing
after transmetatarsal foot amputation and subsequent
autodermoplasty — 1 patient. Three months after
revascularization, the necrotic processes on the limbs
in these patients were not identified.

As a result, throughout a year, one managed to
achieve the reconstruction zones functioning and
absence of chronic ischemia above ITA degree in 11
out of 13 patients (91.7%) of the 111 group, to save
the lower limbs — in 100% of patients.

As a result, out of 53 patients in 4 groups, tech-
nical success was achieved in 50 patients (94.3%)
(Table 5), the primary patency of the revascularized
segments of the arteries during the year was recorded
in 88.7% of patients, their secondary passability
for this time — in 92.5%, the preservation of the
lower limbs was achieved in 96.2% of cases, and the
absence of lethal outcomes — in 98.1% (Table 6).

Within a year after the operation, there were
no indications for repeated procedures in connec-
tion with restenosis of the reconstruction zone.
The only serious complication associated with the
endovascular procedure was the above-analyzed
stent thrombosis in the superficial femoral artery,
due to the use of the device to close the puncture
hole. Death, myocardial infarction, strokes, acute
kidney failure, life-threatening bleeding and hema-

Table 5

Results of treatment in patients of different groups
1 year after endovascular intervention, (abs.number /%)

Indicator

Groups of patients

1Group IA Group I1IB Group III Group All patients
(n=15) (n=13) (n=12) (n=13) (n=53)
Technical success of the endovascular operation 15/100% 13/100% 11/91.7% 11/84.6% 50/94.3%
Thrombosis or reocclusion of the angioplasty or stent 0/0% 0/0% 1/8.3% 1/7.7% 2/3.8%
zone with a repeated successful endovascular operation
Thrombosis or reocclusion of the angioplasty or 0/0% 0/0% 1/8.3% 0/0% 1/1.9%
stent zone without repeated endovascular surgery
Primary passability of the stent or angioplasty zone  15/100% 13/100% 9/75%  10/76.9% 47/88.7%
Secondary passability of the stent or angioplasty - - 10/83.3% 11/84.6% 49/92.5%

Zone
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Table 6

Clinical results of treatment of patients of different groups
1 year after endovascular intervention (abs. number/%)

Indicator Groups of patients

Group IIA Group IIB Group III Group All patients

(n=15) (n=13) (n=12) (n=13) (n=53)
Absence of chronic limb ischemia above IIA degree 15/100% 13/100% 10/83.3% 12/92.3% 50/94.3%
Chronic limb ischemia IIB-IV degree 0/0% 0/0% 0/0% 1/7.7% 1/1.9%
Large amputation of the limb (above the ankles) 0/0% 0/0% 2/16% 0/0% 2/3.8%
Preservation of the lower limb 15/100% 13/100% 10/83.3% 13/100% 51/96.2%
Lethality 0/0% 0/0% 1/8.3% 0/0% 1/1.9%
Survival rate 15/100% 13/100% 11/91.7% 13/100%  52/98.1%

tomas were not observed.
Discussions

Endovascular surgery has changed so dramati-
cally over the past 5 years that it is difficult for the
leading consensus documents to keep pace with
these changes today [8]. Therefore, any detailed
publication of new results in this area is doubly rel-
evant. Our study concerned endovascular operations
on all 3 arterial segments of the lower limb, and
therefore permits us to draw a number of interest-
ing conclusions.

According to the above-mentioned document,
which regulated the choice of our operating tactics,
indications for the primary use of endovascular
procedures for revascularization of the aortoiliac
segment are: 1) short occlusive-stenotic lesions (<5
cm); 2) any other lesions in the patient’s severe
general state; 3) planning of a hybrid procedure in
case the demand for revascularization and aortoiliac,
and femoropopliteal segment. The third indication
has a rather low degree of evidence — aC. Since in
our study the majority of patients (9 out of 15) were
performed the procedure for this indication, the re-
sults obtained by us again confirm its validity: 100%
of technical success, 100% of the initial passability
during the year and 100% of the absence of chronic
limb ischemia above IIA degree. These results are
comparable with the generalized literature data on
the endovascular procedures on the aortoiliac seg-
ment: 82-98% of technical success [9]. Thus, the
results of treatment for patients who underwent
endovascular revascularization in hybrid operations
on the aortoiliac and femoropopliteal segments are
comparable to the results of endovascular elimina-
tion of isolated lesions of the aortoiliac segment. All
this is an additional argument for the justification
of such tactics.

In endovascular interventions on the femoro-
popliteal segment, stenoses or occlusions <25 cm
in length, which approximately correspond to A-C
types of TASC lesions, were the main indication
for the primary use of endovascular procedures,
except for the general condition of the patient in-

compatible with surgery. A recent systematic review
demonstrated the primary passability of this segment
during the year following endoscopy in 58.3% of
patients [10], although in some single-center studies
it reached 74.7% for type D lesions [11] for which
endovascular interventions are not a strategy of
choice. Our study showed a clear trend of the depen-
dence of the results on the presence or absence of
concomitant infrapopliteal lesions. In the I1A group,
the primary passability of the reconstruction zone
for 1 year was 100%, which is significantly higher
than in the mentioned above systematic review. In
contrast, in the IIB group it was only 75%, which
is comparable to the above studies. In our opinion,
it was this (IIB) group that was the most difficult
in terms of achieving positive results.

In infrapopliteal occlusive-stenotic lesions, ac-
cording to the above-mentioned document, which
governed the choice of our operational tactics, a
large saphenous vein shunting has the highest class
of recommendations and the level of evidence (IA).
And thus, the only indication for the endovascular
treatment of this segment is the patient’s severe
general condition, incompatible with large revas-
cularizing open operations, which is competent to
treat the lesions of any arterial segment. Neverthe-
less, some experts consider the endovascular strategy
for infrapopliteal lesions to be the current standard,
which provides technical success in 77-100% of
cases [12] and preservation of the limb for 3 years
in 82.4% of patients [13]. Among our patients of
the third group, the indications to the endovas-
cular operation were not only the patient’s severe
condition, but also the variant of the infrapopliteal
segment lesion, in which an open operation is im-
possible or its success is doubtful: total occlusion
of all the major arteries of the lower leg and foot
or total circular calcification of the post-occlusal
segments of the arteries of the shin and feet with
a low probability of imposing a distal anastomosis.
Such patients accounted for an absolute majority
of the III group (9 of 13 cases). The results of their
treatment: technical success in 84.6% of cases, pri-
mary passability of the angioplasty zone during the
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year — in 76.9% and limb preservation in 100%, —
give grounds to recommend continuing study of
endovascular angioplasty as the main method of
treatment of such patients.

It should be separately said about the endo-
vascular treatment of patients with lesions of type
D of the arterial segment according to the TASC
classification. Such patients with a positive result of
treatment were in all the groups that we identified.
We believe that the type D lesions of any segment
of the arteries of the lower limbs is quite heteroge-
neous and the selection of those of its variants, for
which endovascular treatment is optimal, may be
a promising direction for future studies.

Conclusions

1. The weighted application of endovascular
and combined revascularization methods in patients
with occlusive-stenotic lesions of different segments
of the arteries of the lower limbs made it possible to
achieve technical success of intervention in 94.3% of
patients, the primary patency of revascularized seg-
ments of arteries during the year — in 88.7%, their
secondary passability during this time — in 92.5%,
the preservation of the lower limbs — in 96.2% and
the absence of lethal outcomes — in 98.1%.

2. The technical impossibility or the low prob-
ability of the success of an open surgical operation
on the infrapopliteal arterial segment can be consid-
ered as an indication to the endovascular procedure.
Identically, the simultaneous lesion of the aortoiliac
and femoropopliteal arterial segments can serve as
an indication for hybrid procedures in which the
top floor needs to be revascularized endovascularly.

3. The use of devices to close the puncture hole
should be weighed in cases of atherosclerotic lesion
of the common femoral artery and should not be
used with the available calcination of this vessel.
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