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Abstract This study is aimed at improving the results of amputations at the level of the lower leg, taking into account the
affected part of the foot (angiosomes) and the appearance of the primary pathological focus. This paper presents an analysis
of the results of examination and treatment of 73 patients with gangrene of the lower extremities on the background of
diabetes mellitus. The patients were hospitalized in 2018-2021. in the center of the department of purulent surgery at the
multidisciplinary clinic of the Tashkent Medical Academy. The main instrumental research method was multislice computed
tomography of the arteries of the lower extremities (MSCT) and duplex scanning of the arteries of the lower extremities,
which provided final information about the state of the peripheral arterial bed. All patients underwent amputation of the lower
leg at the level of the upper third by a new differentiated method.
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1. Introduction

Diabetes mellitus (DM) is by far the most common
endocrine disease. According to the IDF Diabetes Atlas,
there will be 537 million patients with diabetes in the world
by 2021, and according to preliminary forecasts, 1 billion
people will suffer from diabetes by 2045 [1]. According to
statistics, by 2018, 2,982,865 patients with DM were
registered in our country [6].

Diabetic foot syndrome (DFS), which manifests itself as
the development of purulent-necrotic lesions in the lower
extremities, is considered one of the most severe
complications of DM, leading to surgical manipulations.
Diabetic foot syndrome develops on average in 35-60% of
diabetic patients [3]. In foreign epidemiological studies, the
number of DFS occurs from 30% to 80% of the total number
of patients with type 2 Diabetes Mellitus [4]. Late admission
of patients with purulent-necrotic lesions of the feet against
the background of DFS in most cases is associated with an
asymptomatic course of DM, therefore, approximately 30%
of patients upon admission to the hospital already have
widespread purulent-necrotic lesions of the foot, up to total
gangrene[2,5].

The prevalence and appearance of clinical signs of critical
ischemia of the lower extremities on the background of
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diabetes mellitus increases with age: among patients aged 40
years it is about 3%, among patients aged 60 years — 9%. Of
interest is the fact that 10 to 50% of patients with diabetic
foot syndrome never see a doctor about symptoms, as most
develop severe neuropathy. Untimely treatment of patients
and treatment of purulent-necrotic lesions of the foot leads to
limb loss [6].

A comparative analysis of the frequency of surgical
interventions showed that high amputations of the lower
extremities in patients with DM are performed 17-45 times
more often than in people without DM [7]. To select the
optimal level of amputation, it is necessary to determine the
severity of lower limb ischemia at the expected level of
surgical intervention, since a poorly supplied stump becomes
necrotic, which is the cause of severe purulent-septic
complications [8]. Determining the level at which the blood
supply to the stump can provide wound healing and nutrition
to the remaining part of the limb is the main difficulty in
deciding the level of amputation [9].

It is widely believed that an increase in the ratio of
below-the-knee amputation to above-the-knee amputation
should inevitably lead to a higher failure rate. However, this
opinion is not confirmed by a comparative analysis of the
results [11]. According to published studies on the rate of
late healing and revision after amputation below the knee,
the rate of primary healing ranged from 30 to 92% (mean
70-75%), and the frequency of re-amputation - from 4 to
30% (mean 15%). Approximately another 15% of cases had
delayed or secondary healing, which in some cases required
debridement and further operations, such as wedge excision,
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in order to preserve the length of the lower limb. Of the
30% of below-the-knee amputees whose wounds do not
heal initially, approximately half require re-amputation at
a higher level. More blood flow is needed to heal a
postoperative wound than to maintain the viability of the
skin without surgery. After wound healing with a high
amputation below the knee, only 4% of patients
subsequently require a higher amputation [12,14].

In general, the more often an attempt is made to save the
knee, the more often it succeeds. Thus, the use of an
aggressive team approach to amputations led to an increase
in the ratio of below-the-knee amputation to above-the-knee
amputation from an unusually low rate of 0.14 to 2.1 [13].
According to modern standards, amputation at the level of
the femur should be performed in cases where the patient has
contraindications for performing amputation of the lower
leg.

The purpose of this study— to improve the results of leg
amputations in patients with critical lower limb ischemia
(CLLI) on the background of DM.

2. Material and Methods

This study analyzed the results of surgical treatment of
73 patients with gangrene of the lower extremities due to
diabetes mellitus, who received inpatient treatment with
amputation of the lower leg at the level of the upper third,
in the department of purulent surgery and surgical
complications of diabetes mellitus at the multidisciplinary
clinic of the Tashkent Medical Academy from 2018 to 2021
year.

The average duration of diabetes mellitus in patients was
12.5+3.9 years. The age of the patients ranged from 27 to 79
years (average 50.6+5.7 years). The patients included 49
(67.1%) men and 24 (32.9%) women. The neuroischemic
form of the diabetic foot syndrome was diagnosed in 52
(71.2%) patients, the ischemic form in 21 (28.8%) patients.
The duration of inpatient treatment of patients averaged 4-7
days.

15 (20.5%) patients had signs of Ischemic Heart Disease,
6 (8.2%) patients had a past Myocardial Infarction.
In 9 (12.3%) patients, Transient Cerebrovascular
Accidents occurred, 5 (6.8%) patients suffered an Acute
Cerebrovascular Accident in the past. 21 (28.8%) patients
had Arterial Hypertension.

The instrumental method was ultrasound duplex scanning
and the multislice CT of the arteries of the lower extremities.
After receiving information about the state of the peripheral
arterial bed and the impossibility of restoring blood flow, all
patients underwent leg amputation at the level of the upper
third. Statistical data processing was carried out using the
application software for statistical processing of the database
DBASE and STAT4. Statistical methods for estimating
differences in mean values using Student's t-test were used
for calculations.
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Figure 1. Angiosomal structure of the foot and blood supply to the arteries

Today, the angiosomal theory of tissues of the human
body is of particular interest to specialists. The term
"angiosome™ was proposed by Taylor and Palmer in 1987 to
refer to vessels that feed certain areas of the human body.
Angiosome is an anatomical unit of tissue supplied by a
single artery. The essence of the theory is that each
anatomical unit of tissues (skin, subcutaneous tissue, fascia,
muscles and bones), or angiosome, is supplied with blood
within one artery.

In total, there are 40 angiosomes in the human body. On
the lower leg and foot, 7 angiosomes were identified, while
neighboring angiosomes are connected by a collateral
network (Fig. 1). Zones were identified for the foot, which
are fed by the anterior tibial artery (ATI), posterior tibial
artery (PTA), and peroneal artery (PA).
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Figure 2. Muscular sheaths of the lower leg.

The muscle sheaths of the lower leg are directly related to
the angiosomal structures of the foot, and the defeat of the
nutrient artery in these areas plays an important role in the
appearance of a purulent-necrotic process on the foot.

All patients underwent amputation of the lower leg
according to the differentiated method developed by us,
depending on the location of the purulent-necrotic lesion on
the foot and the affected arterial pool on the lower leg. At the
same time, we took into account the affected angiosome of
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the foot in the removal of the muscle sheath of the lower leg.

The technique of this method begins with the formation of
anterior and posterior fasciocutaneous flaps, including skin,
subcutaneous tissue and fascia propria. After a muscle
incision and resection of the bones of the lower leg,
characterized in that the resection of the bones of the lower
leg is performed 12-15 cm below the knee fissure with the
preservation of the nutrient artery (a.nutricium) of the tibia,
leaving a short anterior (4-5 cm) and posterior, long flap
(15-17 cm).

When performing the amputation of the lower leg, we
strictly adhered to the angiosomal principle of blood supply

Table 1.
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to the foot and lower leg, on which the removal of the
muscles or muscle sheath depended.

Anterior and posterior skin-fascial flaps are formed, while
the posterior flap is almost three times larger than the
anterior one and includes the gastrocnemius muscle to
prevent tension on the stump. The level of amputation was
determined according to the clinical picture of ischemia and
the state of the peripheral arterial bed of the limb. Research
methods were used that characterize the main and collateral
circulation in the extremities, microcirculation and tissue
tropism.

Relationship between leg muscles and angiosomes of the foot depending on the feeding artery

Ne Angiosome Feeding artery

Muscle sheath related to specific angiosomes

1 Rear of the foot - a.dorsalis pedis

anterior section
(m.tibialis anterior)

Calcaneal region

(medial surface)

2 r.calcaneus a.fibularis rear section (m.soleus + m.fibularus longus)
(lateral surface)
Calcaneal region r.calcaneus a.tibialis . - .
3 . . rear section (m.soleus + m.tibialis posterior)
(medial surface) posterior
Plantar region - . . lateral section (m.peroneus longus et brevis +
4 a.plantaris lateralis .
(lateral surface) m.externor hallicus longus)
Plantar region - . - rear and anterior (m.soleus + m.flexor hallicus
5 a.plantaris medialis

longus )

6 outer ankle region a.fibularis r.perforans

lateral section (m.fibularus longus + m.soleus)

a.dorsalis pedis

! | finger a.a.plantaris (lat et med)

anterior and lateral section (m.digitorum hallicus
longus + m.externor hallicus longus)

Foot putrefaction in DM

Two-stage leg amputation

Critical foot ischemia
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Figure 3. Algorithm for performing leg amputation
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3. Results and Discussion

When analyzing the results of treatment of patients, the
primary healing of the postoperative wound of the stump was
considered a favorable immediate outcome of amputation.
Suppuration, secondary healing, re-amputation, as well as
death, we attributed to the unfavorable results of amputation.
The use of an adequate algorithm for performing leg
amputation, taking into account the affected angiosome of
the foot, will allow achieving favorable results even in those
patients who have a high risk of developing postoperative
complications (Fig.3).

Thus, on the basis of the above, we have improved the
technique of lower leg amputation. In this case, the
localization of the primary focus of the pathological focus
on the foot is strictly taken into account. Patients with a
pronounced purulent process on the foot (wet gangrene)
underwent a two-stage amputation of the lower leg: the first
stage is guillotine amputation of the lower leg above the
ankle joint, the second stage is planned and is performed at
the level of 1/3 of the lower leg with the formation of a
stump.

At the same time, the period of the 2" stage was
determined individually and averaged 7-10 days. In the case
of critical ischemia, we adhered to a one-stage tibial
amputation. Further, in both cases, the angiosomal principle
with damage to the arterial segment of the leg was taken

into account. The isolated anterior section was affected
when purulent-necrotic process on the foot was located on 1
angisome. In case of damage to the calcaneal region, both
groups of muscles of the posterior part of the lower leg
were removed. The muscles of the lateral section were
excised in case of damage to the 4™ and 6™angiosomes.
Combined ischemia of the muscle sheaths was observed in
the localization of purulent-necrotic process on the foot on
the 5™ and 7™angiosomes (Fig.3).

CLINICAL OBSERVATION. Patient B.S., born in
1962, case file No. 79125/1296. Admitted on September 10,
2020 with complaints of pain, redness, purulent-necrotic
wound and blackening of the left foot, fever and loss of
appetite. From the anamnesis: she has been suffering
from diabetes mellitus for 16 years, she constantly takes
hypoglycemic drugs (Insulin). 8 days have passed since the
onset of the disease; he connects his disease with the injury.
The patient within a few days received inpatient treatment at
the place of residence, where they were opened phlegmon
and necrectomy of the left foot. In dynamics, the patient's
condition worsened, and she was taken to our clinic by
ambulance for inpatient treatment. On admission, the
patient's condition was stable. The skin and visible mucous
membranes are pale in color. BP 110/70 mm. Hg.Art., Pulse
- 94 beats. Vesicular breathing in the lungs. The abdomen is
soft and painless. The liver and spleen are not enlarged.
Stools and urination are regular.
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Figure 4. The state of the limb at admission (there is a necrotic process and critical ischemia of the left foot), MSCT of the vessels of the n/limbs (there are
signs of occlusion of the right femoral artery and the popliteal artery on the left, the right femoral artery on the right and the posterior tibial artery on both

sides)

Figure 5. View of the shin stump on the 2" day after amputation (there is a through drainage tube through the soleus muscle bed under the resected tibia)
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Table 2. Immediate results of lower leg amputations in patients depending on the form of diabetic foot syndrome, abs%
F f DFS
ormo Ischemic Neuro-ischemic N_umberi)f % P
Result treatment patients (n=73)
Primary healing of the stump of the leg 6 (8,5) 65 (91,5) 71 97,3 >0,05
Suppuration of the postoperative stump 1(100) 1 13 50,05
of the lower leg
Ischemia of the stump of the leg 1 (100) 1 1,3 >0,05
Total 8 (11,0) 65 (89,0) 73 100 <0,001

Blood tests: Hb - 107 g / |, RBC- 2.8x109, WBC -
25x109, ESR - 32, blood sugar - 10.9 mmol / I. Urea - 8.9
pumol/l, creatinine - 93.6 pmol/l. Fibrinogen - 488. Blood
clotting time: beginning 5*°: ending 6.

Locally: the lower limbs are asymmetric due to edema of
the left foot and lower leg. The foot is warm and painful to
the touch. In the region of the plantar surface of the left foot,
there is a purulent-necrotic wound 15 x 5.0 cm in size, as
well as blackening and a pronounced necrotic process (Fig.
4). Regional lymph nodes in the inguinal region on the left
are enlarged, painful. Pulsation on the foot arteries is not
determined. On ultrasound, the artery of the left lower limb
below the femoral artery is not determined. MSCT shows
occlusion of the right femoral artery and popliteal artery on
the left (Fig. 4). The patient has gangrene of the left foot
with the transition to the lower leg.

i |
Figure 6. The patient's condition after 3 months (limb prosthetics)

On September 12, 2020, the patient underwent amputation
of the left leg at the level of 1/3 according to the developed
method. In the postoperative period, the patient's condition
was stable, the shin stump was in primary tension (Fig. 5).
The drainage tube was removed on the 3™ day after the
operation, the sutures were removed on the 14" day. The
patient actively uses a vacuum prosthesis and after 3 months
returned to her previous work (Fig. 6.).

Amputation of the lower leg using a differentiated
approach, taking into account the damage to a certain
arterial basin, will allow maintaining a supportable
knee joint with a minimum incidence of postoperative
complications.

As a result of the analysis, it was revealed that 71 (97.3%)
patients out of 73 had favorable postoperative results, i.e.
observed primary healing of the stump of the leg. Only 2
patients (2.7%) showed signs of suppuration and ischemia
of the shin stump. With the help of an adequate complex of
therapeutic measures, it was not possible to stop the
infectious process and ischemia of the stump by preserving
the knee joint of the lower limb (Table 2.). It should be
noted that postoperative complications in the area of the
shin stump were observed in patients with the ischemic
form of the diabetic foot syndrome.

4. Discussion

Summing up the information, it should be noted that the
developed differentiated new method for performing
amputation of the lower leg in diabetic gangrene of the lower
extremities with the removal of the muscle sheath,
depending on the affected arterial basin (i.e., angiosomal
structures) while maintaining the integrity of the nutrient
artery of the tibia, made it possible to significantly improve
the results of treatment in terms of preservation of the knee
joint by 12.3%. The main effect of this developed method
was achieved by reducing the degree of postoperative
complications in the stump area and the complete absence of
patients who required reamputation at the level of the thigh,
which ensured the preservation of the relative support
function of the lower extremities. Removal of the leg
muscles, taking into account the prevention of ischemia,
depending on the affected arteries, and anatomically justified
resection of the leg bones contributed to the smooth course of
the postoperative period, which made it possible to achieve
favorable treatment results.

5. Findings

1. When the necrotic process of the focus is located on
the dorsum of the foot and in the region of the outer
ankle, ischemia of the muscles of the anterior section
is noted, with damage to the plantar surface, there is a
violation of the arterial blood flow of the muscles of
the lateral section and the superficial case of the hind
leg. With gangrene of the heel region of the foot, there
is ischemia of the superficial and deep muscle case of
the posterior leg.

2. Performing tibial amputation with a differentiated
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method in patients with diabetic gangrene of the lower
extremities, depending on the localization of the
pathological process on the foot, can reduce the
incidence of postoperative complications of the tibia
stump to 2.7% and increase the frequency of knee joint
preservation to 100%.
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