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Abstract

Background. In all cases of critical lower limb ischemia revascularization should be performed. However, the
overlay of diabetic angiopathy significantly worsens the prognosis of the surgery, and the conservative therapy also
frequently turns out to be ineffective even in the nearest future. Therapeutic stimulation of angiogenesis in this
group of patients is an additional application point for the possible improvement of treatment results.

Aim. Evaluating treatment results of patients with critical ischemia and underlying diabetes after 5 years from the
beginning of supervising, as well as assessing the benefits of additional angiogenesis as a part of treatment.
Material and methods. The study included data from 140 patients with critical ischemia and diabetes mellitus,
divided into 4 groups, who received surgical [groups IA (n=45) and IB (n=30)] or therapeutic [groups IIA (n=40)
and IIB (n=25)] treatment. Additional angiogenic therapy was also carried out in two groups (groups IB and IIB).
Treatment outcomes were assessed over a 5-year period. Efficacy criteria were evaluated in the form of limb
preservation and patient survival. The results were studied using descriptive statistics methods. Qualitative data
were analyzed by constructing 2x2 contingency tables and using the xi-square method.

Results. The best indices of limb preservation and the lowest mortality of patients were obtained in the group after
revascularization with additional angiogenic therapy. Gene therapy induction significantly improved the course
of disease in limb preservation for periods from 6 months to 2 years (30% amputations by 2 years of follow-up,
p=0.045). Angiogenic induction of angiogenesis also made it possible to improve the treatment results in the groups
of conservative therapy but reliably better indicators of limb preservation were obtained in two groups with surgical
interventions.

Conclusion. The optimal management tactic for patients with critical lower limb ischemia and underlying diabetes
mellitus is direct revascularizing intervention on the lower limb arteries with additional angiogenic therapy in the
postoperative period. Additional gene therapy induction of angiogenesis makes it possible to reduce the number of
amputations both as part of combined surgical or therapeutic treatment , but it cannot be an alternative to surgery.
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Background

Critical lower-limb ischemia (CLLI) in the vast
majority of cases (80%—90%) is caused by athero-
sclerosis [1]. Diabetes mellitus increases the inci-
dence of atherosclerosis in lower-limb arteries by
53 times compared with patients without diabetes
[2]. Atherosclerosis and diabetes mellitus are two
independent diseases that potentiate their negative
effects on peripheral arteries through several main
mechanisms. Systemic hyperglycemia causes endo-

thelial dysfunction in the body due to the inhibition
of the synthesis of nitric oxide (NO) [3]. In the he-
mostasis system, there is a shift toward hypercoa-
gulability, due to the activation of protein kinase C,
manifestations of a systemic inflammatory reaction
occur, and oxidative stress due to an increase in the
amount of free radicals [4, 5].

With the chronic course of diabetes mellitus and
inadequate correction of glycemia, the “diabetic
paradox” is especially noteworthy, which consists
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in the manifestation of diabetic retinopathy due to
hyperangiogenesis of highly permeable vessels in
the retina, on the one hand, and insufficient arte-
riogenesis in lower-limb and heart muscles, on the
other hand. Thus, severe ischemia and trophic ul-
cers occur, which ultimately leads to lower-limb
amputations [6, 7].

To date, undoubtedly, all patients with critical
ischemia should be considered candidates for di-
rect revascularization surgery (i.e., open, endovas-
cular, and hybrid) in the near future due to the high
risk of the limb loss. Thus, according to the Natio-
nal Guidelines, angiogenic therapy is not indica-
ted in these patients due to the lack of time and the
first signs of revascularization emerged 3—4 weeks
later [8].

Unfortunately, in this group of patients, limb re-
vascularization is performed in approximately 50%
of cases, whereas 25% undergo conservative the-
rapy, and the remaining 25% are doomed to pri-
mary amputation because of frequent concomitant
damage to the tibial arteries due to diabetic mac-
ro- and microangiopathy [9]. The number of ampu-
tations that are performed within 3 years after the
establishment of a clinical diagnosis of diabetes-
associated CLLI reaches 62.5% among patients
who received conservative therapy and 42% in pa-
tients who underwent revascularization surgeries
[10], the 5-year mortality of patients with diabe-
tes-associated CLLI reaches 13%-43%, and 10-
year mortality rate is 30%—70% [11].

Even if it is technically possible to perform re-
constructive interventions, their results are not sa-
tisfactory. Thus, direct revascularization surgeries
are feasible in 41.8% of patients, whereas in 41%
of cases, thrombosis of the reconstruction zone oc-
curs within 1 year [12]. Perioperative mortality in
patients with critical ischemia reaches 14%. Consi-
dering the above data, the amputation rate of 20.4%
within 6 months appears consistent [12, 13].

When using endovascular techniques, 1 year af-
ter surgery, 71% of patients did not undergo am-
putation, and limb preservation rate after 3 years
was 52%-57% [13]. Moreover, although technically
successful result is achieved in 85%—-100% of cases
and the clinical effect varies within 65%-91%, the
3-year primary patency in the infrainguinal seg-
ment was 52% [14].

The treatment results of patients with CLLI and
diabetes mellitus are poor because of several main
mechanisms:

— Unsatisfactory outflow paths and, as a result,
a small proportion of initially feasible reconstruc-
tions;

— Frequent postoperative complications;

— Disease progression;
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— Thrombosis of the reconstruction zone;

— Purulent-septic complications, endothelial
dysfunction.

An additional method that can improve treat-
ment results of patients is the stimulation of en-
dogenous angiogenesis processes [15,16]. The
induction of angiogenesis is one of the techniques
that can improve treatment results. According to
the literature, exogenous stimulation of angiogene-
sis (plasmid p-VEGF-165) has no side and adverse
effects and provided good treatment results in pa-
tients with intermittent claudication [17]. The ad-
ministration of vascular endothelial growth factor
result in the relief of ischemia after 6 months of fol-
low-up, and the effect of the therapy was retained
for up to 2 years [18]. Moreover, the long-term
S-year results of treatment of patients with diabe-
tes-associated CLLI using angiogenic technologies
have not been previously evaluated.

Aim

This study aimed to analyze the treatment of pa-
tients with diabetes-associated CLLI for 5 years,
compare conservative and surgical approaches, and
evaluate the benefits of additional angiogenesis as
part of combined with surgical intervention and
complex treatment (as part of conventional therapy).

Materials and methods of research

A prospective randomized controlled trial was con-
ducted in 2015-2021 at the clinical sites of the De-
partment of Cardiovascular, X-ray Endovascular
Surgery, and Radiation Diagnostics of the I.P. Pav-
lov Ryazan State Medical University of the Mi-
nistry of Health of Russia (Department of Vascular
Surgery, Regional Clinical Cardiology Dispensary,
Regional Clinical Hospital, Ryazan,” and Emergen-
cy Care Hospital).

The study was approved by the local ethics
committee of the I.P. Pavlov Ryazan State Medical
University of the Ministry of Health of Russia (Pro-
tocol No. 10 dated October 6, 2015).

Treatment outcomes were evaluated in 140 pa-
tients diabetes-associated CLLI. The study in-
cluded patients who were first admitted to the
department of vascular surgery for treatment, dia-
gnosed with critical ischemia, and had diabetes
mellitus as concomitant disease.

Patients were distributed into two main treat-
ment approaches, namely, surgical (I) and conser-
vative (II). The conservative therapy group had
a peripheral vascular bed unsuitable for recon-
struction and did not have urgent indications for
limb amputation (including a minor one) or refused
surgical intervention independently. Non-recon-
structability of the vascular bed was indicated for
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Fig. 1. Study design. PWD, painless walking distance; LBFV, linear blood flow velocity;
ABI, ankle-brachial index; TCOT, transcutaneous oxygen tension.

lesions distal to the tibial arteries with the absence
of satisfactory outflow tracts (>7 points according
to the Rutherford classification) and widespread
multifocal lesions of lower-limb arteries, in which
a major reconstructive surgery is impossible be-
cause of a high intraoperative risk and general so-
matic background of the patient.

The inclusion criteria were as follows:

— Age >40 years, regardless of gender

— CLLI of atherosclerotic genesis (including the
presence of dry necrosis with an area of no more
than 3 cm?; Wagner stages 0-2)

— Type 2 diabetes mellitus

— Lack of urgent indications for amputation

— Possibility of daily monitoring by patients of
the level of glycemia

— Patients consented to comply with the require-
ments for examination and treatment

In addition, if distributed into the surgical or
therapeutic group, the inclusion criteria were as fol-
lows: successful revascularization intervention on
lower-limb arteries within the last 7 days or the im-
possibility of performing a revascularization sur-
gery due to distal damage to the peripheral arteries
of the leg (refusal from surgery).

The exclusion criteria were as follows:

— Age <40 years;

— Limb ischemia of non-atherosclerotic genesis
(thromboangiitis, arteritis, trauma, and anomalies
in the development of blood vessels);

— Lack of patient adherence to treatment;

— History of myocardial infarction and stroke in
the last 6 months;

— Decompensation of the cardiovascular system,
kidney, or liver function;

— Decompensated type 2 and type 1 diabetes
mellitus;

— Severe comorbidities with a life expectancy
of <3 years;

— Malignant neoplasms (active or in history);

— Infectious conditions or sepsis;

— Pregnancy or lactation.

Group IA (n = 45) included patients who un-
derwent direct revascularization surgeries using
open, hybrid, or X-ray endovascular techniques. In
group ITA (n = 40), patients who were recognized
unsuitable for reconstructive interventions received
a course of conservative therapy. The study groups
(n = 55 total), including the surgical intervention
(group IB, n = 30) and conservative treatment
(group IIB, n = 25), received additionally a drug
for therapeutic angiogenesis (plasmid superhelical
deoxyribonucleic acid pCM V-VEGF-165).

Angiogenesis was induced by injection. In to-
tal, two series of injections (2—3 injections each)
were performed into the ischemic zone of the an-
terolateral and posterior muscle groups in the mid-
dle lower third of the lower leg. Angiogenesis was
induced, taking into account the angiosomal prin-
ciple, in the projection lines of the anterior tibial ar-
tery and branches of the tibioperoneal trunk. The
drug was administered at a dose of 1.2 pg twice,
with an interval of 14 days.

Subsequently, this ischemic limb was monitored
by a cardiovascular surgeon at the specialized de-
partment for 5 years through in-person (mandatory
for 6 months) and off-site visits. Control visits were
made every 6 months, 1 year, and then annually up
to 5 years. During the first 6 months of follow-up,
patients underwent ultrasound duplex scan of low-
er-limb arteries, measurement of transcutaneous
oxygen tension, determination of the ankle-brachial
index, and treadmill test. Subsequently, post-clini-
cal follow-up was performed to determine the pri-
mary points of efficiency in the form of saving the
patient’s life and freedom from amputation (Fig. 1).

We analyzed the results of treatment of 140 pa-
tients (87 men and 53 women) who underwent in-
patient treatment in the department of vascular
surgery in 2015-2016. The mean age of the patients
was 67.2 = 7.7 years. Between the groups, there
was a comparable distribution by gender and age,
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Table 1. Distribution of patients according to the level of lesion within groups.

Lesion level Group IA (n =45) Group IB (n =30) Group IIA (n =40) Group 1IB (n = 25)
Iliac segment 6 (13.3%) - 4 (10%) 2 (8%)
Femoropopliteal segment 25 (57.8%) 23 (76.7%) 24 (60%) 13 (52%)
Distal segment 4 (8.9%) 4 (13.3%) 8 (20%) 8 (32%)
Multifocal 10 (20%) 3 (10%) 4 (10%) 2 (8%)

Table 2. Summary data on comorbidities at inclusion in the study.

Comorbidity Group 1A (n=45) Group IB (2 =30) | Group IIA (n =40) | Group IIB (n = 25)
Hypertension 35(77.8%) 24 (80%) 24 (60%) 18 (72%)
Ischemic heart disease 32 (71.1%) 19 (63.3%) 14 (35%) 16 (64%)
Postinfarction cardiosclerosis 5(11.1%) 12 (40%) 11 (27.5%) 5 (20%)
Cerebrovascular disease 9 (20%) 2 (6.7%) 3 (7.5%) 6 (24%)
Acute cerebrovascular accident 8 (17.8%) 1(3.3%) 2 (5%) 4 (16%)
Chronic nonspecific lung diseases 3 (6.7%) 1(3.3%) 4 (10%) 2 (8%)
Peptic wlcer of the stomach 2 (4.4%) 2 (6.7%) 2 (5%) 1 (4%)

disease stage (35 men and 10 women in group [A,
67.5 £ 7.9 years; 20 men and 10 women in group
IB, 63.3 + 7.8 years; 18 men and 22 women in
group IIA, 69.6 = 7 years; 14 men and 11 women in
group IIB, 67.8 & 6.8 years).

The distribution of patients within groups de-
pending on the disease stage is as follows. In group
IA, 15 patients had stage III and 30 had stage IV.
Group IB included 9 patients with stage I1I chronic
ischemia and 21 with stage I'V. In group IIA, 12 pa-
tients had stage III and 28 had stage I'V. Group IIB
included 7 patients with stage 111 chronic ischemia
and 18 with stage ['V.

Stage III chronic lower-limb ischemia accor-
ding to the classification of A.\V. Pokrovsky-Fontein
was established in 43 patients, and stage [V was re-
vealed in 97 patients.

According to the degree of pathology of the vas-
cular bed, the predominant lesion of the arteries
of the aortoiliac segment was registered in 12 pa-
tients. The most common was the femoral—poplite-
al level of occlusion (n = 85). Distal occlusion was
detected in 24 patients, multifocal lesion was noted
in 19 patients, except for the iliac segment, and pa-
tients had similar characteristics for other levels of
the lesion (Table 1).

Concomitant type 2 diabetes mellitus was dia-
gnosed in 100% of the patients, whereas tablet cor-
rection was used for 43.6% of them, and 56.4% of
the patients received combination therapy with sub-
cutaneous insulin (short or long-acting). The mean
duration of diabetes mellitus was 3.9 + 1.5 years
in group 1A, 4.1 + 1.9 years in group IB, 4.2 £ 2.2
years in group IIA, and 4.4 + 2.7 years in group
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IIB. The distribution according to the method of
hyperglycemia correction in all groups was com-
parable.

The most common comorbidities for all four
groups were cardiac diseases, namely, ischemic
heart disease (57.9%) and hypertensive disease
(72.1%) (Table 2). This, of course, can be attribu-
ted to prognostically unfavorable signs in relation
to the risk of infarction and other vascular events;
however, the influence of concomitant diseases on
the prognosis of the course of the atherosclerotic
process was not evaluated in this study.

During the initial hospitalization, patients in
groups 1A and IB underwent open or endovascular
surgery on lower-limb arteries, depending on the
treatment approach accepted. The scope of open
surgical interventions (r = 25) included bypass
surgeries (15 autovenous bypasses and 5 bypas-
ses using a synthetic prosthesis) and endarterecto-
my with angioplasty (5 surgeries). Hybrid surgical
interventions were performed in 20 cases (6 sten-
tings of the iliac arteries, followed by bypassing of
the femoropopliteal segment, and 14 bypassing sur-
geries followed by balloon angioplasty of the distal
sections). Another 35 patients were treated endo-
vascularly, and they underwent balloon angioplasty
of the arteries of the femoral—popliteal—tibial seg-
ment. Bare metal stents and balloons without drug
coating were used in all cases. Groups with sur-
gical approach were comparable in terms of the
method of surgical treatment.

In the postoperative period, group IB under-
went injection induction of angiogenesis on days
7 and 21 after surgery. After making a decision
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Table 3. Summary data on painless walking distance in all patients.

Group Baseline After 6 months Intra-group value p

Number of cases 45 29

IA Do 6 mon = 0-001
Mean value 4.6 m 151.7m
Number of cases 30 29

IB Do 6 mon = 0-001
Mean value 8.2m 132.1m

Intra-group value p,, . 0.625 0.240 -
Number of cases 40 20

ITA Do 6 mon = 0-001
Mean value 0m 48.5m
Number of cases 25 19

IIB Do 6 mon = 0-001
Mean value 0Om 72.9 m

Intra-group valuep , . 1.000 0.032 —

about the non-reconstructability of the vascular
bed, groups IIA and IIB (conservative approach)
underwent a course of conservative therapy, which
included lipid-lowering drugs and an individual-
ly selected dosage, antiplatelet therapy (acetylsa-
licylic acid 100 mg/day), angioprotective therapy
(sulodexide at a dose of 600 lipophilic units per
day, followed by a transition to 250 lipophilic units
2 times a day; deproteinized hemoderivate 2000
mg/day), metabolic drugs (a-lipoic acid prepara-
tions 600 mg/day), and prostaglandin group drugs
(prostaglandin El and prostacyclin 12 at a dose of
50-200 pg once a day). Moreover, injection stimu-
lation of angiogenesis was performed in group IIB.

All patients included in the study underwent
modification of risk factors within 5 years of fol-
low-up, namely, smoking cessation, selection of
a lipid-lowering diet, correction of carbohydrate in-
take, lifestyle modification (physical activity), and
diet No. 9.

Patients were randomly distributed to the sur-
gical or therapeutic group (using a random se-
quence), whereas patients were comparable
in terms of disease stage, nature of the lesion,
and method of revascularization. Subsequent-
ly, patients were followed up for 5 years; re-
ceived continuous maintenance vascular therapy,
correction of risk factors, and repeated cours-
es of infusion therapy every 6 months; and made
annual follow-up visits. The active follow-up
period with the assessment of instrumental pa-
rameters was 6 months, followed by an assess-
ment of the primary points of efficiency (Fig. 1).

Mortality rates and number of amputations per-
formed on the side of the ischemic limb were taken
as the primary efficacy criteria. Secondary efficacy
factors were instrumental indicators of the degree of
circulatory compensation, which were assessed in
detail during the first 6 months of patient follow-up.

Data obtained were evaluated using descrip-
tive statistics. Parametric and nonparametric crite-
ria were used. For each group, the correspondence
to normal distribution using the Shapiro—Wilk test
was analyzed. Analysis of quantitative data during
the follow-up period with a normal distribution was
performed by comparing paired Wilcoxon cases.
For intergroup comparison, the nonparametric
Mann—Whitney U test was used. Qualitative data
were analyzed by constructing 2 X 2 contingency
tables and using the ¥* method with Yates correc-
tion and Fisher’s test.

Results

During the 5-year evaluation of the treatment re-
sults of the patients, no serious adverse reactions
were observed after angiogenic therapy, as well as
local complications immediately after the drug ad-
ministration. Injections into ischemic tissues were
performed without anesthesia. They caused mi-
nor pain during the procedure itself, which stopped
immediately after the injection. Laboratory me-
thods were used to all patients over time for study-
ing blood parameters, whereas were no significant
fluctuations were noted in the general clinical para-
meters. When patients underwent repeated annual
examinations, no findings of neoplasms were noted.

The painless walking distance was assessed
during the first 6 months of follow-up for all pa-
tients (Table 3).

The data analysis revealed that the painless
walking distance increased significantly in all pa-
tients, with limb preservation for 6 months (pa-
tients with amputation were excluded from the
assessment of this criterion).

The largest increase occurred in groups after
surgery, whereas additional angiogenesis in group
IB did not affect this indicator, which was due to
the satisfactory results of revascularizations and,
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Table 4. Summary results of treatment of patients in terms of limb preservation and survival during 5 years of follow-up.

Indicator Lethal outcomes Number of amputations

]l:;):il(())(\iﬂl-up 6 months | 1year | 2years | 3 years | 4 years | 5years | 6 months | 1year | 2 years | 3 years | 4 years | 5 years
Slrro‘;p 1A, 5 8 13 16 20 2 13 17 23 26 27 28

(n 54121) (11.1%) | (17.7%) | (28.9%) | (35.6%) | (44.4%) | (48.9%) | (28.8%) | (37.8%) | (51.1%) | (57.8%) | (60%) |(62.2%)
Group 1B,

surgery + 1 4 7 9 12 14 3 5 9 12 15 16
angiogenesis | (3.3%) |[(13.3%) | (23.3%) | (30%) | (40%) |[(46.7%)| (10%) |(16.7%)| (30%) | (40%) | (50%) |(53.3%)
(n=130)

Piass 0.223 0.430 | 0.510 | 0.610 | 0.703 | 0.850 | 0.032* | 0.041* | 0.045* | 0.058 | 0.393 | 0.443
Group 1IA,

conservative 6 10 19 27 30 32 17 24 30 35 35 35
therapy (15%) | (25%) |(47.5%) [(67.5%) | (75%) | (80%) | (42.5%) | (60%) | (75%) |(87.5%) |(87.5%) | (87.5%)
(n=40)

Group IIB,

tclf;ier"af"e 2 4 8 10 13 16 5 9 14 16 18 18
angiopg};ne- (8%) (16%) | (32%) | (40%) | (52%) | (64%) | (20%) | (36%) | (56%) | (64%) | (72%) | (72%)
sis (n = 25)

Pua s 0.165 0.296 | 0.358 | 0.420 | 0.057 | 0.153 | 0.041* |0.0496* | 0.050 | 0.061 | 0.117 | 0.117
Note: *Significant difference.

TcpO
ABI ’
*p <0,05
0,5 0,47 05 41,2 39_5*44’1
0,4 0,4 33,7 33,3 368
0,36 ‘ -
H o Group 1A
m Group 1B
Baseline 3 months 6 months Baseline 3 months 6 months

Fig. 2. Dynamics of the ankle-brachial index (ABI) and transcutaneous oxygen tension (TcpO2).

as a result, a rapid increase in painless walking dis-
tance in both groups by more than 10 times.

However, in the conservative groups, after 6
months of follow-up with additional angiogenic
induction, a significantly better painless walking
distance (72.9 m versus 48.5 m, p = 0.032) was re-
gistered, which indicates a better development of
the microvasculature in patients in the absence of
restoration of blood flow along the main artery.

We also analyzed the ankle-brachial index
(ABI), transcutaneous oxygen tension, and linear
blood flow velocity during ultrasound duplex scan-
ning. These instrumental parameters after revas-
cularization, while maintaining the patency of the
reconstruction area for the next 6 months, for ob-
vious reasons, were significantly better than those
upon inclusion in the study; therefore, their sepa-
rate analysis is not of interest.

Moreover, in the conservative group, we ana-
lyzed separately the parameters of the ABI and
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transcutaneous oxygen tension for 6 months. The
change in the ABI over time for groups IIA and [IB
was comparable at baseline (group 1A, 0.36; group
IIB, 0.4), after 3 and 6 months (0.36—0.4—-0.47 by
month 6 for group IIA, and 0.4—-0.5-0.5 for group
IIB), and the increase was 0.1-0.11 for both groups.
Moreover, no significant differences were found be-
tween them (0.47 in group IIA and 0.5 in group
IIB, p = 0.569 by month 6 of follow-up), which in-
dicates the absence of changes in pressure in the
main arteries in the lower limbs (Fig. 2).

In the analysis of transcutaneous oxygen tension
in group IIA, the value was 33.7-36.8-39.5 mm Hg
over time by month 6 of follow-up with a total in-
crease of 17.2%. For group IIB, this indicator was
33.3—41.2-44.1 mm Hg with an increase of 32.4%
by 6 months of follow-up. In an intergroup compa-
rison from initially comparable groups, by month 6
of follow-up, a significant difference was obtained
in favor of group IIB (p = 0.028), which indicates
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better oxygen saturation of tissues with additional
angiogenic induction of angiogenesis (Fig. 2).

The increase in transcutaneous oxygen tension
and ABI in these groups was attributed to the poor
treatment results in both groups with progression
of ischemia underwent amputation of the limb, and
they were ipso facto excluded from this analysis.
Thus, the graphs analyzed the data of those pa-
tients who showed improvement during conserva-
tive treatment.

The 5-year survival rates of patients with this
pathology, regardless of the chosen treatment ap-
proach, were comparable with the outcomes of the
course of various malignant neoplasms (46.7-80%
of lethal outcomes) (Table 4) [7].

The best results in terms of primary efficacy
points were obtained in group IB of direct revas-
cularization with angiogenesis (46.7% mortality,
53.3% amputations), and the intended tendency ap-
peared starting from month 6 of follow-up and per-
sisted throughout the study period (5 years). The
worst results of survival and limb preservation
were obtained in group IIA of standard conserva-
tive therapy (80% of lethal outcomes, 87.5% of am-
putations by year 5 of follow-up; Table 4).

Stimulation of angiogenesis within a complex
therapeutic approach by year 5 of follow-up also
reduced the frequency of amputations (87.5% in
group IIA vs. 72% in group 1IB), which led to fe-
wer lethal outcomes in this group (64% in group
IIB vs. 80% in group IIA). In general, revascula-
rization surgery (groups IA and IB) showed better
results than conservative therapy in terms of pri-
mary points of efficiency (limb preservation, sur-
vival, and circulatory compensation), regardless of
the presence or absence of additional angiogenic
stimulations (Table 4).

Additional gene therapy induction in the post-
operative period reduced the frequency of ampu-
tations in the long-term period (62.2% in group 1A
and 53.3% in group IB by year 5 of follow-up), but
had almost no effect on the mortality rate (48.9%
in group IA and 46.7% in group IB after 5 years).
As a result of the study, significantly better results
were obtained in an intergroup comparison in both
surgical (51.1% vs. 30%, p = 0.045) and conserva-
tive (75% vs. 56%, p = 0.050) groups at terms from
6 months to 2 years with additional induction of an-
giogenesis according to the limb preservation pa-
rameter. Moreover, no significant difference was
found between the mortality of patients (28.9% vs.
23.3%, p = 0.510 in surgery groups, 47.5% vs. 32%,
p = 0.358 in the conservative group).

In the intergroup comparison of surgical and
conservative approaches at all follow-up periods,
the best treatment results were obtained in the sur-

gical intervention groups; however, we did not
separate this statistical sample because of the im-
practicality of comparing the surgical and conser-
vative approaches separately.

Discussion

In view of the results, at the present stage, despite
the multitudes of treatment approaches to patients
with critical ischemia and diabetic angiopathy of
the lower limbs, none of them is optimal and does
not allow achieving satisfactory treatment results;
therefore, the additional use of angiogenic tech-
nologies as a postoperative induction or as part of
complex therapy can become an additional lever
that enables further improvement of results. The
administration of therapeutic agents that improve
peripheral microcirculation appears promising in
the absence of urgent indications for amputation in
the patient, possibility of pain control, care of tro-
phic altered tissues, and correction of risk factors.

Patients with diabetes-associated diabetes melli-
tus are the most difficult group to manage in terms
of prognosis. The treatment outcomes of such pa-
tients in the long-term period (up to 5 years) are
comparable with those of patients with malignant
neoplasms and can be poor [7].

Undoubtedly, methods for limb revasculariza-
tion should be revealed for all patients, as it is the
most effective treatment method and helps stop
ischemia quickly [7]; however, in the long-term,
due to the disease progression and systemic vascu-
lar damage by the atherosclerotic process, the fre-
quency of the limb preservation and saving lives
are desirable.

Considering the obtained data, the absence of
an adequate peripheral channel is a prognostically
unfavorable indicator, which may indicate a more
severe degree of damage not only to lower-limb
arteries, but also to other vascular systems, and
a specific painless clinical presentation of disease
course due to diabetic neuropathy leads to patients
seeking help later and, as a result, worse treatment
outcomes.

Conclusions

1. The optimal approach for managing patients
with diabetes-associated CLL is direct revascula-
rization intervention on lower-limb arteries with
additional angiogenic therapy in the postoperative
period (46.7% limb preservation by year 5 of fol-
low-up).

2. The best parameters of limb preservation and
the lowest mortality of patients were obtained in
the group with additional angiogenic therapy af-
ter revascularization. Moreover, gene therapy in-
duction improved significantly the disease course
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in terms of limb preservation from 6 months to 2
years (30% of amputations by year 2 of follow-up,
p =0.045).

3. Angiogenic induction of angiogenesis also
improved the treatment results in the conservative
therapy groups; however, for both surgical groups,
the best parameters of limb preservation were ob-
tained.
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