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ABSTRACT

BACKGROUND: The success of treating the patients with chronic ischemia of the lower limbs consists of
a number of components, such as the full-scale diagnostics; the re-vascularisation volume, the therapeutic
means (including the use of modern developments in angiogenesis); the engagement of specialists
from the adjacent fields. AIM: the improvement of treatment results in patients with chronic ischemia in
the lower limbs and developing an optimal treatment and diagnostic algorithm for this group of patients.
METHODS: The analysis included the treatment results of 218 patients with chronic ischemia of the lower
limbs (136 males, 82 females; the mean age was 67+6 years), of which 144 patients were operated, 74 were
treated conservatively. Diagnostics and examination methods: ultrasound angioscanning, single-photon
emission computed tomography combined with three-phase scintigraphy and computed tomography,
consulting by a neurologist and a cardiologist, electroneuromyography by prescription from the neurologist
and additional examinations by prescription from the cardiologist. The follow-up was implemented as the
control out-patient examinations or upon the repeated hospitalization. The follow-up period was 6 months.
RESULTS: The distribution of patients by the degree of ischemia as per the classification by A.V. Pokrovsky
was the following: IA — 57 (26.1%), IIB— 31 (14.2%), lll — 42 (19.2%), IV — 88 (40.5%) patients. The number
of open-access surgeries conducted was 56 (25.7%), with 64 endovascular (29.4%) and 24 hybrid ones
(11.0%); conservative therapy was administered to 40 patients (18.3%), conservative therapy accompanied by
additional administrations of plasma-free auto-platelet lysate — 34 (15.6%). In the group of operated patients,
there were no significant differences depending on the method of surgical treatment at the early post-
surgery period and after 6 months of follow-up (p >0.05). Among the patients receiving conservative therapy,
the best results at the follow-up of 6 months were reported in patients, in which the standard therapy was
accompanied by stimulation of angiogenesis with auto-platelet factors (p <0.05). The presence of ischemic
neuropathy was investigated in 98 patients. Neuropathy was detected in 69 cases using the method of
electroneuromyography. After prescribing the neurotropic therapy, resolving of neuropathic pain was reported
in 52 (75.4%) patients. CONCLUSION: The multi-disciplinary approach developed by us for the diagnostics
and treatment of patients with chronic ischemia of the lower limbs, allows for improving the treatment results,
while the extended spectrum of diagnostic methods allows for evaluating the risk factors, for determining the
optimal treatment tactics and for objectively evaluating the dynamic changes of the patient status.
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BACKGROUND

Chronic ischemia of the lower limbs is a socially
significant disease of the XXI century. According to the
data from the World Health Organization, the impairments
of the arteries in the lower limbs take the third place
within the structure of atherosclerotic diseases, which
is 3% of the whole population worldwide [1]. Upon the
progression of chronic ischemia in the lower limbs,
critical ischemia in the lower limbs develops, which,
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in turn, in the absence of providing medical aid at the
period of 6 months, can lead to amputations in 40% of
cases and shows 20% mortality [2].

In the absence of indications for surgical
re-vascularisation or the absence of the possibilities
of its conduction, the actual issue is developing
new methods of therapeutic means, primarily the
use of therapeutic angiogenesis. The methods of
angiogenesis were a subject of multiple research
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

AnarHocTuka n neyeHve NaLMeHToOB C XPOHNUYECKON uwemMmmen
HWKHNX KOHeYHOoCTen (OnbIT OAHOro LeHTpa)

.M. Muxannos, H.B. BopoBkoBa, 5.B. Koanosckuin, U.H. MoHomapés, IP. Pama3aHos,
H.E. KygpsiwwoBa, B.A. ApyctamsiH, E.B. LLleB4eHko, J1.C. Kokos, J1.T. XamupoBa

Hay4Ho-uccnepoBatenbCKuini MHCTUTYT CKopoii nomoLuy umenn H.B. Cknudocosckoro, Mockea, Poccusi

AHHOTALNA

O60ocHOBaHume. Ycriex 1e4eHusi 60JIbHbIX C XPOHUYECKOU ULLIEMUNEN HUXHUX KOHEYHOCTEN CK/1ablBaeTCsl
U3 psifa COCTaBJISOLMX, TaKuX Kak roJIHOLUeHHas AnarHoCcTuka; OObEM peBacKy/ispusaLmy, TepanesTv-
4YeCcKux Mep (B TOM 4ucrie NMpyUMeHEHNEe COBPEMEHHbIX Pa3paboTok B 06/1aCTv aHrMoreHes3a); npusieye-
HuMe CMeXHbIX crneymaanctos. Ljenb nccnegoBaHnsi — yrydileHVe pesysibTaTtoB JIeHYeHUs MauneHToB
C XPOHUYECKON MLLIEMUNEN HVDKHUX KOHEYHOCTEN U paspaboTka OnTvMasibHOro ae4ebHo-auarHoOCTu4ec-
KOro anroputma 4/ AaHHOU rpynnbl nauymeHToB. Metogsbl. [poaHan3npoBaHbl pe3ybTaTbl JIeHEHNS
218 nauyneHToB C XPOHUYECKOU ULLIEMUNEN HVXKHUX KOHEYHOCTeN (136 My>XX4uH, 82 XEeHLUWHbI; CPERHU
Bo3pacT 67+6 neT), n3 Hux 144 naymeHTa rnpoonepupoBaHbl, 74 — rnposiedeHbl KOHcepBaTuBHO. MeTo-
bl AnarHOCTUKN 1 06CIe[0BaHnS: yYIbTPa3ByKOBOE aHIMOCKaHUPOBaHWe, OHOMOTOHHAs SMUCCUOHHAs
KOMIbIOTEpHAasT TOMOorpacgusi, coBMeLEHHasi ¢ TPEXEasHoO CUMHTUrpagpuen u KOMIboTepHOW TOMO-
rpacgpuesi, KOHCY/IbTUPOBaHNe HEBPOJIOrOM U KapAWoJI0roM, 3/1EKTPOHENPOMUOrpapus no HasHa4eHo
HeBpoJsiora v [OMNOSIHUTE/IbHbIE 00C/e[0BaHNs 0 Ha3Ha4dYeHWo Kapavosaora. [vuHamuky oueHVBam
Ha KOHTPOJIbHbIX aMby1aToOpHbIX OCMOTPax smbo fpy MOBTOPHOW rocrintann3aumun. Cpok HabofeHns —
6 mecsyeB. Pe3ynbrarbl. PacripefeneHve nayneHToB ro cterneHsm viuemum rno A.B. [NokpoBCcKomy bbi1o
cnegyrowyum: lIA — 57 (26,1%), II6 — 31 (14,2%), Il — 42 (19,2%), IV — 88 (40,5%). OTKpbITbIX XUPYP-
rM4eckux orepaymii BbINoHEHO 56 (25,7%), aH[oBacKynsipHbIx — 64 (29,4%), rnbpuvaHbix — 24 (11,0%);
KOHcepBaTuBHoe seqeHne nosayyanan 40 (18,3%), KoHcepBaTUBHOE sieHeHue, [OMOTHEHHOE BBEAEHNEM
becriasMeHHOro nsara ayTorpomoounTos, — 34 (15,6%). B rpynne npoonepupoBaHHbIX 60/bHbIX 3Ha-
YUMbIX Pas/iNymii B 3aBUCUMOCTU OT METOAA XPYPrnYEeCKOro Je4eHUs1 B paHHEM r10oc/eonepayoHHOM
rniepuoge v cryctsi 6 mecsiueB HabogeHns1 He 6bi1o (p >0,05). Cpeau 60/bHbIX, MOTy4YaBLUMX KOHCEPBa-
TUBHYIO TEparuio, Jy4dLune pesybtaTtbl YHepes 6 mecsayeB HabmogeHnss OTMEYEHbI Y NaLneHToB, KOTOPbIM
cTaHgapTHas Tepanus Oblaa 4OoroIHeHa CTUMYISLMEN aHrMoreHe3a ayToTPOMOOLNTapHbIMY (hakTopamm
(p <0,05). Ha npegmeTt nwemmnydeckon Heviponatum obcnegoBaHo 98 naumeHToB. Heviponatus MeTogom
37IEKTPOHEpOoMuorpagum BoisisrieHa B 69 ciyyasx. [locne Ha3Ha4YeHVs1 HerpOTPOMNHOW Tepanuv Kynvpo-
BaHWe HerpornaTn4eckux bonen otmedeHo y 52 (75,4%) naymeHToB. 3aknrodeHne. Pa3paboTaHHbI Hamu
MYNBTUAUCLNMMHAPHBIV MOAX0A K ANAarHOCTUKE U JIEHEHMIO NaUNeHTOB C XPOHUYECKOM ULLIEMUEH HUXKHUX
KOHEYHOCTEW O3BOJISIET Yy HLLNTb PE3Y/IbTaThl JIEHEHWS, & PACLUMPEHHbIV CMEKTP ANarHOCTUYECKUX Me-
TOAMK TOMOraeT OrNpe[enTs (hakTopbl PUCKA, BbIOpaTs ONTUMAJIbHYH JIeHYEOHY TaKTUKY M OO LEKTHUBHO
OLEHUTb AUHaMVIKYy COCTOSIHUS MaLMeHTOB.

KnroueBbie CJ10Ba: XPOHNYECKAS VLLIEMUST HYXKHUX KOHEYHOCTEe; 6ecriasMeHHbI n3aT ayTonornyHbIX
TPOMOOUMTOB; TPéXGhasHast CUMHTUIPAUS; NLLIEMUYECKasl HerpornaTsi; PeBacKyIspusaLms.
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works, with proving its efficiency in the patients with
intermittent claudication and in groups of patients with
minor trophic lesions [3-5]. But, even when saving the
limb or when decreasing the degree of ischemia, the
quality of life in a patient can be significantly decreased
due to peripheral neuropathy. In case of chronic
ischemia in the lower limbs, the peripheral nerves
experience certain morphological reorganizations.
Upon performing the reconstruction and morphological

remodeling of soft tissues, the process may affect
the peripheral nerve with the development of
compression-ischemic neuropathy [6, 7].

Upon the modern view on the problem, it becomes
evident that the success of treating patients with
chronic ischemia of the lower limbs includes several
components: a complex set of modern diagnostic
methods; re-vascularisation of the limb, the extent
of which is evaluated by a group of specialists; the
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extension of therapeutic means (including the use
of developments in angiogenesis); the involvement
of specialists from adjacent fields.

The research work presents an experience of
treating the patients with chronic ischemia of the
lower limbs according to the developed algorithm.

Research aim — improvement of treatment results
in the patients with chronic ischemia of the lower limbs
and developing an optimal treatment and diagnostic
algorithm for this group of patients.

METHODS
Research design
Retrospective single-center observational.

Conformity Criteria

Inclusion criteria: chronic ischemia of the lower
limbs; atherosclerotic origin of the disease; age from
45 to 90 years old.

Exclusion criteria: severe heart failure; acute
myocardial infarction dated less than one month
without the re-vascularisation of the myocardium;
acute impairment of cerebral circulation dated less
than one month; thromboangiitis; oncology diseases
with low survival prognosis.

Research facilities

The research included patients treated at the
Vascular Surgery Department of the State Budgetary
Healthcare Institution “Sklifosovsky Institute for
Emergency Medicine of the Healthcare Department of
Moscow City” (SBHI Sklifosovsky IEM, HDM) during
the period from 2022 until 2024.

Medical Procedure Description
The diagnostic algorithm included the following
diagnostics methods:

® ultrasound angioscanning with measuring the ankle-
brachial index: the “first line” examination method,
allowing for visualizing the arterial circulation
system of the lower limbs, for evaluating the blood
circulation parameters and the type of plaques;

e the hybrid method (three-phase scintigraphy —
single-photon emission computed tomography,
combined with computed angiography, or SPECT/
CT-angiography): the method allows for visualizing
the arterial circulation system in the lower limbs
and shows the objective data on the status of
microcirculation. The three-phase scintigraphy with
osteotropic radiopharmaceutical Tc®°-Pirfotech,
unlike the transcutaneous oxymetry, provides

a possibility of localizing the zones of depleted

microcirculation and its extent. Upon the dynamic

examination, one can observe the changes in the
distribution of the radiopharmaceutical, which
objectively reflects the improvement/aggravation

of blood supply in the tissues [8];
® general methods of examination, such as

electrocardiography, echocardiography, chest
cavity X-ray, as well as ultrasound angioscanning of
the brachiocephalic arteries, coronary angiography
according to indications from the cardiologist —
for the evaluation of risk factors in patients;

® electroneuromyography of peripheral nerves was
used according to the prescription by the neurologist
for the purpose of verifying the lesions of peripheral
nerves with a background of impaired blood supply
in the lower limbs;

e consulting by the specialists: the patients were
obligatory assessed by the cardiologist and by the
neurologist (the cardiologist detects and corrects
the cardiac risk factors; the examination and
medical supervision by the neurologist is necessary
for detecting the neuropathies and prescribing
medicines for their correction).

On an aggregate basis of the examinations
conducted during the combined assessment with
the radio-endovascular surgery specialists, a tactics
of in-patient treatment was defined. It is worth
noting that all the patients with chronic grade IIA
ischemia in the lower limbs, as well as with chronic
grade 1IB ischemia of the lower limbs, in which, with
a background of therapy, the degree of ischemia was
decreasing, according to the recommendations [9],
were not considered as candidates for surgery, also,
the patients with higher degree of ischemia were
considered inoperable in case of unsatisfactory status
of the distal arterial circulation system or in cases of
severe concomitant diseases. As for the other patients,
a decision was drawn up on the extent and the type
of surgical intervention: open-access reconstruction,
endovascular intervention or hybrid surgery.

For the purpose of therapeutic angiogenesis,
a medicinal product based on the autoplatelet
pro-angiogenic  factors was  developed —
a plasma-free lysate of autologous platelets. The
application of this medicine in inoperable patients has
shown satisfactory results [9, 10].

Research findings
Main research outcomes: decreased degree of
ischemia, preserving the limb.
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Additional criterion for operated patients: passability
of the reconstructed area after a certain follow-up
period; healing of wounds in cases of open-access
interventions; local wound-related complications.

Additional criterion for all the patients: improvement
in the distribution of the radiopharmaceutical according
to the data from three-phase scintigraphy; decreased
intensity of neuropathic pain.

Methods of registration of outcomes

The control procedures were arranged during the
control out-patient examinations or upon the repeated
hospitalization in 3 and in 6 months after treatment
with implementing the whole diagnostic algorithm.

Statistical analysis

The statistical analysis of data was carried out
using the STATISTICA software version 10.0. The
following nonparametric methods were used: x?-test,
Mann-Whitney test and McNemar’s test. The
statistically significant differences were considered the
ones with p <0.05.

RESULTS

Research sample (participants)

A total of 218 patients with chronic ischemia of the
lower limbs were treated, of which 136 were males and
82 were females, the mean age of which was 67+6 years
(Table 1). Surgical interventions were performed in
144 patients, conservative therapy was used in 74. The
research included patients with chronic ischemia of the
lower limbs of atherosclerotic origin with grades 1IB-1V
according to the classification by A.V. Pokrovsky.

Main research outcomes

In general, based on the results of combined
examination and discussions on the treatment concept
for the patients, three groups of surgical interventions
can be isolated: open-access reconstruction,
endovascular interventions and hybrid surgeries. The
extent and the type of interventions were determined
by the type and the level of lesions in the arteries along
with the spreading of the impairment. The types of
surgical interventions and the methods for therapeutic
correction are provided in Fig. 1 and in Tables 2
and 3 — the results of surgical and conservative
therapy used in patients, respectively.

Upon the paired comparison of the surgical groups,
we did not reveal any significant differences (p >0.05,
Mann-Whitney U-test). Taking into consideration
the small rate of amputations and mortality, these

ORIGINAL STUDY ARTICLE

Table 1
Clinical-demographic characterization of patients
Parameter Patients,
n (%)

Gender:
e males 136 (62.4)
e females 82 (37.6)
Age, years 67+6
Ischemic heart disease 180 (82.6)
Hypertensive disease 192 (88.1)
Chronic kidney disease, compensation 58 (26.6)
Obesity 126 (57.8)
Chronic cardiac failure, compensation 92 (42.2)
Smoking 126 (57.8)
Degree of ischemia acc.
to the Fountain—Pokrovsky:
e IIA 57 (26.1)
* IIB 31 (14.2)
o 1l 42 (19.3)
o IV 88 (40.4)

[ Open-access surgical reconstructions
Endovascular interventions
B Hybrid surgeries

Conservative treatment with plasma-free
auto-platelet lysate

Conservative treatment

Fig. 1. The methods of treating patients with chronic
ischemia of the lower limbs, %.

parameters were not statistically evaluated. Thus,
a conclusion can be made that it is justified to choose
the surgical tactics depending on the type, the location
and the spreading degree of the atherosclerotic lesions
in the arteries of the lower limbs.
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Results of surgical treatment arranged for the patients, n=144

Parameter

Improvement at the early time period

Passability of re-constructed areas
at the 6 months’ time point

Re-thromboses
Repeated surgeries
Amputations
Mortality

Table 2
Surgical interventions, n (%)
Open-access surgery Endovascular Hybrid
n=56 n=64 n=24
52 (92.8) 60 (93.8) 23 (95.8)
48 (85.7) 53 (82.8) 20 (83.3)
8 (14.3) 11 (17.2) 4 (16.7)
5(8.9) 7 (10.9) 2 (8.3
1(1.8) 1(1.6) -
1(1.8) 1(1.6) -
Table 3

Results of conservative therapy arranged for the patients, n=74

Parameter

Decreased ischemia degree within 6 months

Surgeries within 6 months due to developing
indications

Amputations
Mortality

Note. PFAPL — plasma-free auto-platelet lysate.

When evaluating the results of conservative therapy,
after 3 and 6 months of follow-up, we have observed
better results for all the parameters in a group of
patients, in which standard therapy was accompanied
by stimulation of angiogenesis with autoplatelet
factors (p <0.05, Mann-Whitney U-test).

The examination purposed to reveal the presence
of  post-ischemic and  compression-ischemic
neuropathies was carried out in 98 patients: signs
of impaired conductivity were reported in 69 (70.4%)
patients, of which 40 were operated and 29 were
receiving conservative therapy, including the one with
using the auto-platelet lysate. Ischemic peripheral
neuropathy was diagnosed in 50 patients, mixed-type
form — in 19. All the patients had received prescriptions
of neurotropics from the neurologist at the out-patient
phase. According to the questionnaires, the pain
syndrome regressed in 52 (75.4%) patients.

Based on the satisfactory treatment results, we have
developed a treatment-diagnostic algorithm for patients
with chronic ischemia of the lower limbs (Fig. 2).

DISCUSSION

This article demonstrates the experience of
treating the patients with chronic ischemia of the lower
limbs with an extension of the range of diagnostic

Conservative Conservative + PFAPL

n=40 n=34
28 (70.0) 28 (82.4)
12 (30.0) 6 (17.7)

2 (5) 1(2.9

12.5) -

procedures and with the multidisciplinary approach.
A wide spectrum of patients is presented in terms of
the degrees of ischemia, but it is worth noting that
40.5% were the patients with chronic ischemia of the
lower limbs stage IV according to the classification by
AV. Pokrovsky. This segment was the exact source
of lethal outcomes and amputations, nevertheless,
even in patients with critical ischemia we managed to
achieve the general relatively low rates of unfavorable
outcomes.

For achieving better results, for timely detection of
risk factors and for improving the quality of life for the
patients, we actively involve the specialists from the
adjacent fields — cardiologists and neurologists.

Three-phase scintigraphy has proven itself as an
irreplaceable objective method showing the status
of the ischemic tissues and the dynamic changes of
their status with a background of therapy [8], while
performing this examinations using the hybrid-mode
equipment (SPECT/CT-AG) allows for shortening the
duration of the examination.

The principally new method of treating the inoperable
patients or patients with intermittent claudication is
the type of therapeutic angiogenesis — the use of
plasma-free lysate of autologous platelets, allowing for
improving the results of conservative therapy.
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¢ Ultrasound angioscanning of arteries in the lower limbs
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¢ Single-photon emission computed tomography, combined with computed angiography

Coronary angiography

Consulting by a cardiologist,
by a neurologist

Ultrasound angioscanning
of the brachiocephalic
arteries

Staging of ischemia, assessment by radio-endovascular surgery specialists

A
Inoperable patients

Conservative therapy +
plasma-free auto-platelet lysate

1B-IV

Surgical treatment:
e open-access surgical reconstruction
e endovascular intervention
e hybrid surgery

Diagnostics of peripheral neuropathy (electroneuromyography); prescriptions from an angiosurgery specialist,
a neurologist, a cardiologist (vasotropic, anticoagulant, desaggregation therapy, neurotropics, cardiotropic therapy)

Control (out-patient or repeated hospitalization)

Fig. 2. Treatment-diagnostic algorithm for patients with chronic ischemia of the lower limbs.

The research included the patients with chronic
ischemia of the lower limbs, meeting the inclusion
criteria. Of course, the operated patients and the
patients, receiving conservative therapy, represent the
groups of patients that are inhomogeneous in terms
of outcomes and possible complications. We did not
arrange the comparison of these groups of patients
between each other, for the research aim was the
improvement of treatment results both in the operated
and non-operated patients by selecting the optimal
method for the therapy and prevention of possible
complications, the most frequent of which were the
early thromboses, leading to amputations, as well as
the peripheral neuropathy [10].

Research limitations

The limitations of the research were the absence
of separation of patients into groups by the degree of
ischemia or by the level of impairment, as well as the
relatively short follow-up period. The pending issue
remaining is the periodicity of using the therapeutic
angiogenesis, the duration of neurotropic therapy
in patients with post-ischemic neuropathy and the

treatment methods for operated patients with longer
(over 6 months) durations, for in this case a significant
increase is expected in the rates of re-thromboses
and repeated surgeries.

CONCLUSION

The multi-disciplinary approach developed by
us for the diagnostics and treatment of patients
with chronic ischemia of the lower limbs allows
for improving the treatment results. The extended
spectrum of diagnostic methods allows for evaluating
the risk factors and for determining the optimal
treatment tactics in patients with chronic ischemia of
the lower limbs, as well as for objectively evaluating
the dynamic changes of their status.
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