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LEVEL SELECTION OF NON-TRAUMATIC LOWER
EXTREMITY AMPUTATIONS IN PATIENTS
WITH CRITICAL ISCHEMIA

Bu6ip piBHA HETPABMATHYHOI aMITyTal1l HUSKHBOI KIHIJIBKH
y MalJi€HTIB 3 KPUTUYIHOIO 11LIEMIEFO

Abstract

Purpose of the study. To evaluate the
informativeness of ultrasound scanning of the
lower limb arteries and angiography in patients
with critical ischemia for choosing the optimal level
of extremity amputation.

Materials and methods. Treatment of 289
patients with obliterative diseases of the arteries
of the lower extremities of various genesis with the
indications for amputation of the damaged lower
extremity was analyzed.

Results. Ultrasound scanning of arteries could
not always characterize the severity of collateral
circulation, but indicated only the level of occlusion.
However, the severity of chronic ischemia of the
lower limb is determined not only by the level of
occlusion, but also by the severity of collateral blood
flow at the same level of damage. That is why, in our
opinion, the results of an ultrasound examination
of the lower limb arteries cannot be decisive when
choosing the level of amputation. Angiography
made it possible to characterize not only the level of
occlusion or stenosis, but also the state of collateral
circulation, which had a decisive influence on the
choice of the method of limb amputation.

Conclusion. Ultrasound examination of the
lower extremity vessels allows to establish the level
of occlusion,butisuninformative forthe assessment
of collateral anastomoses, which is an important
factor in choosing the level of non-traumatic
amputation of the lower extremity. In patients with
criticalischemia, transtibial amputations should be
avoided, as they show worse results. The operation
of choice should be a transfemoral amputation or
non-traumatic through-knee amputation.

Pegepam

Mema po6omu. Ouyinumu iHpopmamuericmos
YAbmpa3eyKo6020 CKAHYBAHHA apmepill HUNICHIX
KiHUYi60K ma aHziozpa@ii Yy nayienmié 3 Kpumuu-
HOI0 iuemiero 018 6u6OPY ONMUMATLLHOZO0 PiBHA AM-
nymauii KiHyieKu.

Mamepianu ma memodu. Mu npogeau ananris
Aikysanns 289 nauienmise 3 00aimepys8aivbHUMU
34X60PIOBAHHAMU APMEPLU HUMCHIX KIHUIB0K PiI3HO-
20 T'ene3y, AKi nompedysaniu amnymauyii ypaiceroi
HUMCHBLOL KIHUIBKU.

Pesynvmamu. Yavmpassykoge CKAHYEAHHA
apmepiil He 3a6x#0U MO2J10 CXAPAKMEPUIYEAMU EU-
pascernicmyv KOLAMepaibH020 Kpogoobizy, a 6Ka3y-
68aJ10 MiNbKU HA Di6eHb 0K103il. O0HaK, majxcKicmbs
XPOHIUHOL iweMil HUNCHBOL KIHUI6KU 6U3HAYAEMbCA
He MIiAbKU pi6HeM OKAI03iL, a Il 6UPANHCEHICMI0 KOLA-
mepabH020 KPOBOMOKY npu 00HAK080MY Pi6HI ypa-
scenns. Came momy, Ha Haury OYMKY, pe3yivmamu
YLbmpa3eyKo6020 00Cmexcennsa apmepiil HUMHbOL
KiHUi6KU He MOodymb Oymu GU3HAYAJLbHUMU NPU
eubopi piens amnymauii. Anziozpagis 00380na1a
cxapakmepu3yeamu He MIilbKU pi6eHb OKJLI03IL
4wy cmeHo3y, a il CmaH KoaamepaibHo20 Kposoobizy,
U0 BU3HAYALLHO 6NIUBALO HA 8UOLp Memody amny-
mauii KiHUyi8KU.

Bucnoséku. Yavmpasgykoge o6cmexnceHHs CYOun
HUMCHIX KIHUIB0K 00360J14€ 6CMAHOBUMU DPiBeHD
OKJ103il, 00HAK € HeiHpOpMAMUBHUM O OUIHKU
KOLAmepaaibHUX AHACMOMO3i8, W0 € BANHIUSUM
YUHHUKOM 6UO0pPY pPi6HSA HempaemMamuiHol amny-
mauyii HUXHbOL KiHyiéKu. Y nayienmise 3 kpumuu-
HOI0 iweMmi€ero cai0 yHukamu npoéedeHns mpaHcmi-
oianvHux amnymauiil, sxki demoncmpyromos 2ipuli
pe3yavmamu. Onepayicio 8u6opy nosurHHa Oymu
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mparncpemoparvha amnymauyisa abo Hempasma-
MmuiHa HACKPI3HA AaMNYymayisi KoJiHa.

Kntwouwoei cnoea: yavmpasseyx, anziozpadis,
mpaun@emopanvHa amnymauis, mpancmibianbHa
amnymauisi, HACKPi3HA aMnymayis KoaiHa.

INTRODUCTION

One of the most difficultissues in lower extremity
surgery is the selection of the level of amputation in
patients with critical ischemia due to diabetes or
obliterative atherosclerosis. It should be mentioned
that in case of injuries of the lower limb the level
of primary amputation is determined individually,
with an assessment of tissue damage, the probability
of the patient’s survival and the possibility of his
subsequent prosthetics. However, when determining
thelevel of non-traumatic amputation, itisnecessary
to take into account many more indicators (the
clinical picture of ischemia, the results of various
special research methods, regional vascular
reserve, trunk and collateral blood circulation in
the limbs, microcirculation and tissue trophic).
The final level of amputation in these patients is
often established only intraoperatively, after a
visual assessment of the degree of blood supply to
the crossed muscles[1, 2].

It should be noted that a significant proportion
of patients with critical ischemia treated in surgical
hospitals are people with widespread gangrene or
intermuscular phlegmons of the distal parts of
the lower limbs, which often makes it impossible
to perform operations ideal for healing the
postoperative wound and subsequent prosthetics.

Hence, the importance of developing methods
allowsforobjectifying thechoice of theoptimallevel
of amputation with the aim of maximally reducing
this level without increasing the risk of early
purulent-necrotic postoperative complications
is understood [3, 4]. These complications are the
result of excessively «economical» amputation,
when the line of excision of the limb falls on tissues
with impaired tissue metabolism and insufficient
oxygenation, therefore, it is important to develop
diagnostic methods which would help determine
the «ideal» level of amputation [5, 6].

PURPOSE OF THE STUDY

To assess the informativeness of ultrasound
scanning of thelower limb arteries and angiography
in patients with critical ischemia for choosing the
optimal level of limb amputation.

MATERIALS AND METHODS

We analyzed the treatment of 289 patients
with obliterative diseases of the arteries of the
lower extremities of various genesis with the
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indications for amputation of the damaged lower
extremity (Table 1). The criteria for the inclusion
of patients in the study were: informed consent of
the patients, age 18 years and over, clinical and
instrumental signs of tissue necrosis of the lower
extremity, consultation of a vascular surgeon
stating the impossibility of performing open or
endovascular revascularization, the expected
level of limb amputation above the foot. Exclusion
criteria were: malignant neoplasms, breastfeeding
or pregnancy, acute complications of diabetes,
severe chronic renal dysfunction, neurasthenia,
inappropriate behavior. Patients underwent
the following necessary examinations: general
blood test, biochemical analysis, coagulogram,
electrocardiogram with the consultation of a
therapist, ultrasound and X-ray examination of the
arterial bed of the lower extremities, consultation
of a vascular surgeon.

RESULTS

The preoperative choice of the level of amputation
was based on the data of the ultrasound research
method. This made it possible to determine the level
of segmental occlusion, severity of stenosis of main
vessels and regional blood flow disorders. In most
patients, multifocal and polysegmental lesions of
the arteries of the lower extremities with a probable
(< 0,001) predominance of the tibial segment were
noted (Table 2). Single plaque (< 25% ) probably
(p = 0,003) occurred more often in aa. profunda
femoral (B5) and superficial femoral (B6). Multiple
stenosis (£ 50%) was not probably diagnosed more
often, multiple stenosis (> 50%) more often (p = 0,026)
and occlusion was diagnosed more often from level
a. popliteal (B7) and below. All examined patients
probably (p < 0,001) had blood flow disorders in aa.
popliteal, anterior tibial, peroneal and posterior
tibial (B7-10).

It is known that chronic arterial ischemia of
various segments of the arterial system of the
lower extremities always leads to the formation
of compensatory collateral intrasystemic
anastomoses (between the branches of one large
artery) and intersystemic anastomoses (between
the branches of several large arteries). Ultrasound
scanning of arteries could not always characterize
the severity of collateral circulation, but indicated
only the level of occlusion. However, the severity
of chronic ischemia of the lower limb is determined
not only by the level of occlusion, but also by the
severity of collateral blood flow at the same level
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of damage. That is why, in our opinion, the results
of an ultrasound examination of the arteries of the
lower limb cannot be decisive when choosing the
level of amputation.

In order to determine preoperatively the likely
level of amputation, a computed tomography
study of the arterial bed of the lower limb was
additionally performed. This examination, unlike
ultrasound angioscanning, made it possible to
characterize not only the level of occlusion or
stenosis, but also the state of collateral circulation,
which fundamentally influenced the choice of the
method of limb amputation.

Discussion. Based on the clinical examination
and analysis of ultrasound and angiographic
examination results, the following tactical
approaches were proposed.

With occlusion or hemodynamically significant
stenosis of the abdominal aorta and aa. common
iliac, external iliac, internal iliac (B1, B2, B3, B4),
collateral blood flow in patients was provided
through intersystemic anastomoses between the
branches of these arteries and the arteries that
departed from a. internal iliac. Transfemoral
(above-knee) amputation was performed in patients
with such blood flow changes.

With occlusion of a. profunda femoral (B5),
below the level of its bifurcation, branches of
a. profunda femoral were anastomosed with the
branches of aa. popliteal, anterior tibial, peroneal
and posterior tibial, which made it possible to fully
compensate for blood flow at the level of the thigh,
and choose through-knee amputation, achieving
good wound healing, even if a. popliteal pulsation
is absent.

Withocclusionofa.popliteal (B7),intersystemic
anastomoses were formed between the vessels of
the knee joint and a. anterior tibial. The posterior
tibial muscle group in these patients retained a
blood supply from the collateral network between

the knee joint arteries and the branches of a.
profunda femoral. In these patients, the operation
of choice should be through-knee amputation.

With occlusion of all arteries of the distal part
of the tibial segment (B8, B9, B10), blood flow in
the arteries of the foot was also not noted. Given
the peculiarities of the collateral blood flow in the
lower leg, the operation of choice in these patients
remained a through-knee amputation.

Our experience of performing amputations in
conditions of impaired blood flow in the lower limb
allows us to assert the impracticality of performing
below-knee amputation in patients with critical
ischemia. Anastomoses in the middle and lower
third of the lower leg in case of damage to the tibial
vessels (B8, B9, B10) in the upper third were much
weaker than anastomoses in the middle and lower
third of the thigh in case of damage to the femoral
artery (B5, B6). Analysis of angiograms showed
that with occlusive lesions of the tibial segment,
ischemia of the distal parts of the leg and foot is
severe, and collateral blood flow does not allow
adequate perfusion. Regardless of the method of
below-knee amputation (Ertl techniquel, Burgess-
Romano, Roehampton, guillotine, etc.), the
ischemic skin flap in these patients does not allow
wound healing by primary tension. There is a high
risk of suture failure in below-knee amputation in
case of impaired blood flow in the arteries below
the knee, which causes the appearance of chronic
wounds of the amputation stump, prolongs the
terms of inpatient and outpatient treatment,
requires re-amputations and makes prosthetics
of the patient impossible for a long time. In these
conditions, through-knee amputation is a more
optimal operation than below-knee amputation.
However, Spittler, Albino or Mazet methods
are quite traumatic and we are inclined to VPA
procedure, which does not involve removing the
knee cap and the articular surface of the femur.

Table 1
Characteristics of patients included in the study (n = 289)
Demographic and clinical markers Indicator (n = 289)

Men/Women 54/235
BMI > 30 36 (12,5%)
Diabetes 173 (59,9%)
HIER 181 (62,6%)
CHD 209 (72,3%)
AH 231 (79,9 %)
CE 147 (50,8%)
ASA-I 35(12,1%)
ASA-II 144 (49,8%)
ASA-III 101 (34,9%)
ASA-IV 9(3,1%)

Note: BMI — body mass index; HIER — history of ineffective revascularization: CHD — coronary heart disease;
AH - arterial hypertension; CE — circulatory encephalopathy; ASA — classification for assessing the physical status
of a patient by the American Society of Anesthesiologists (ASA), 2020
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Table 2
Characteristic of damage to the lower extremity arteries according
to ultrasound examination (n = 289) and computer angiography (n=175)
(according to the Bollinger classification)
B1-4 B5-6 B7-10 2 (p)
SP (US) 12(19,1%) 17 (14,5%) 10 (5,6%) 11,25 (0,003)
SP (CT) 22(12,5%) 21(12,0%) 18 (10,3%) 0,48 (0,785)
% (p) 10,17 (0,001) 4,64 (0,031) 7,79 (0,005)
MS £50% (US) 18 (28,6%) 25(21,4%) 46 (25,6%) 1,28 (0,528)
MS <50% (CT) 13 (7,4%) 11 (6,3%) 18 (10,3%) 2,02 (0,364)
12 (p) 0,10 (0,756) 0,55 (0,456) 2,45 (0,117)
MS > 50% (US) 11 (17,5%) 43 (36,7%) 56 (31,1%) 7,23 (0,026)
MS > 50% (CT) 25 (14,3%) 57(32,6%) 68 (38,8%) 27,94 (< 0,001)
x* (p) 15,29 (< 0,001) 19,15 (< 0,001) 20,14 (< 0,001)
0 (US) 21(33,3%) 32(27,3%) 68 (37,7%) 3,46 (0,177)
O (CT) 40 (22,9%) 43 (24,6%) 71 (40,6%) 16,12 (< 0,001)
x’ (p) 21,86 (< 0,001) 13,68 (< 0,001) 14,29 (< 0,001)

Note: SP - singleplaque (<25% ); M'S — multiple stenosis; O —occlusions; US —ultrasound; CT — computertomography:

x?— Pearson’s chi-squared test; p — p-level (significant level ); B1-10 — Bollinger level

CONCLUSION

1. Ultrasound examination of the lower
extremity vessels allows to establish the level of
occlusion; however, it is uninformative for the
assessment of collateral anastomoses, which is
an important factor in choosing the level of non-

traumatic amputation of the lower extremity.

2. In patients with critical ischemia caused by
impaired blood flow in the arteries below the knee,
below-knee amputation should be avoided due to
poorly defined collateral blood flow system. The
operation of choice should be transfemoral (above-
knee) amputation or through-knee amputation.
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