Kainiuna xipypris

Klinichna khirurhiia

Klinichna khirurhiia. 2018 December;85(12):30-34.
DOI: 10.26779/2522-1396.2018.12.30

TpaHCIUIaHTAIliA AyTOJOTiYHHUX CTOBOYPOBHUX KIiTHUH, BUILICHUX
i3 JKMPOBO1 TKAHUHH, B KOMIUIEKCHOMY JIIKyBaHHi XpOHiYHO1
imeMii HUKHIX KiHITiBOK

B. I. Mimmanos!, H. ¥O. JIitBinosa', O. I. Kederxi — AHoBCchKA!, B. A. YepHak!, /1. €. [[y0eHKO',
€. A. Izxaniiosa?, O. I. Azaposl!, P. ®. KamiHChKHIT!

'HanjonanpHuit meanuaui yaisepcuret imeni O. O. boromosnblig, M. Kuis,
2JIbBiBCbKUI HALIIOHAIBHUNI MEIUYHUIT yHiBepcUTeT iMeHi JJanuia TamuibKoro

Ttansplantation of autologous stem cells, obtained from adipose
tissue, in complex treatment of chronic ischemia of the lower
extremities

V. G. Mishalov!, N. Yu. Litvinova!, O. I. Kefeli-Yanovska', V. A. Chernyak!, D. E. Dubenko!,
E. A. Dzhalilova?, O. 1. Azarov’, R. F. Kaminsky’
"Bogomolets National Medical University, Kyiv,
*Danylo Galytsky Lviv National Medical University

Pedepar
Mera. [locnignTi e(pEKTUBHICTb BUKOPHUCTAHHS AyTOJIOT{YHUX CTOBOYPOBHUX KJIITUH Y JIIKYBAHHI XBOPUX 3 KPUTHYHOIO
XPOHIYHOIO iMeMi€0 HMKHIX KiHIiBOK (XIHK).
Marepiamum i meTogu. 3 2012 1o 2015 p. mposeeHo nikyBaHHA 41 xBoporo 3 XIHK. Yosnosikis 6y1o 22 (53,7%), KiHOK — 19
(46,3%).V 111 rpymi (oCHOBHII) 21 (51,2%) mariieHT OTPUMYBAB CTAHAAPTHHUI KYPC JIIKYBAHHS 3 BUKOPHUCTAHHIM dyTOIOTId-
HUX ME3EHXIMaIbHUX CTOBOYPOBUX KIIITHUH. Y 2—1 rpymi (KOHTPObHIN) 20 (49,8%) nmaLienTiB OTPUMYBAIM CTAHJADTHUI KypC
KOHCEPBATUBHOIO JIIKYyBAHHA pocTarnananaamu rpynu E1 (TITE1). PesynsraTy 1OCIiKyBaIN, BUMiPIOIOYM KiCTOYKOBO—TLIE-
YOBHH iH/IEKC, TOKA3HUKU JIA3EPHOI AYIUIEKCHOI (PJIOYMETPIi Ta AUCTALIT XOABOH.
Pe3ynbraTi. BOpOJOBK OJHOPIYHOI'O CIIOCTEPEKEHHS 3a(DiKCYBAIN JJOCTOBIPHE 30UIBIIEHHS TOKA3HUKA MIKPOLIMPKYJIALLI y
XBOPUX, AKX JIIKYBAJIU, BAKOPHUCTOBYIOUH ayTOJIOTiYHI ME3EHXIMaIbHI CTOBOYPOBi KIIITUHU, B ITIOPiBHAHHI 3 XBOPUMHU, SIKi OT-
puManu Kypc Teparii ITTE1 (p=0,037). [1I03UTHUBHY JUHAMIKY IIOKA3HHMKA MiKDOLIMPKYJIALi y pasi Bukopucranus IN'E1 crio-
crepiranu npotarom (1,8 +0,3) mic, a y pasi BAKOPHUCTAHHS ayTOJOTYHUX ME3EHXIMAJIBHUX CTOBOYPOBUX KIITHH ITOKA3HUK Mi-
KPOLMPKYJIALLT JOCTOBIPHO 301IbIIyBaBCa yepes (2,7 £ 0,4) Mic Ta 3a/IMIIaBCA TAKUM YIIPOJOBK OJJHOPIYHOI'O CIIOCTEPEKEHHS.
BHCHOBKH. PO3BHUTOK TEPANIEBTUYHOIO E(PEKTY y I'PYIAX MALIEHTIB, AIKHX JIKYBaIH AyTOJOTTYHUMU ME3EHXIMaIIbHUMU CTOBOY-
poBumu kiituHamu Ta IN'E1, He 36iraBcs 3a 4acoM, OTKE, PALiOHAIBHUM MOKHA BBAXKATH KOMIUIEKCHE JIIKYBAHHS 3 OJTHOYAC-
HHUM BUKOPHCTAHHAM 060X METO/IB T4 IIPOBEAEHHAM JO30BAHOIO (Di3UYHOI'O TPEHYBAHHS.

KI¥090Bi cJI0Ba: ME3EHXIMAIbHI CTOBOYPOBI KJIITHHH; KDUTUYHA XPOHIYHA {IeMist HIDKHIX KiHIIiBOK; JIA3€PHA IYIUIEKCHA (PIIoy-
METPist; eJIEKTPO3BAPIOBAHHS JKUBUX TKAHNH.

Abstract
Objective. To investigate the efficacy of application of autologous mesenchymal stem cells (AMSC) in treatment of patients
with chronic critical lower limb ischemia (CCLLI).
Materials and methods. In 2012 — 2015 yrs there was conducted the treatment of 41 patients, with CCLLL 22 (53.7%) — men,
and 19 (46.3%) — women. In the Group I (the main) 21 (51.2%) patients have had obtained a standard course of treatment, us-
ing AMSC. In the Group II (the control one) 20 (49.8%) patients have obtained a standard course of conservative treatment, us-
ing prostaglandins of group E1 (PgE1). The results were investigated, measuring ankle—brachial pressure index, and the indices
of a laser duplex flowmetry and a walking distance.
Results. During a one—year follow—up a trustworthy enhancement of microcirculation index was registered in the patients, who
were treated, using AMSC, comparing with the patients, who obtained a course of therapy of PgE1 (p=0.037). Positive dynam-
ics of the microcirculation index while a PgElapplication was observed during (1.8 + 0.3) mo, and while application of AMSC
the microcirculation index have been enhanced trustworthily in (2.7 = 0.4) mo and persisted during one—year of follow—up.
Conclusion. Development of therapeutic effect in groups of patients, who were treated with AMSC and PGE1, did not occur
simultaneously, thus, a complex treatment with simultaneous application of both methods and conduction of a dosed physical
training may be considered a rational option.

Keywords: mesenchymal stem cells; critical chronic ischemia of the lower extremities; laser duplex flowmetry; electro—welding
of living tissues.

Introduction than 250 million people all over the world are suffering from
Peripheral artery disease (PAD) is a significant medical and ~ PAD, the majority of whom represent the developing coun-
social challenge for both patients from low—income and de-  tries. The global PAD prevalence has increased by 24% during
veloped countries. According to recent statistical reports, more ~ 2000—2010 from 164 million to 202 million cases. Approxi-

Klinichna khirurhiia. 2018 December; 85(12) http: //hirurgiya.com.ua



mately 70% of all patients, namely 140.8 million people, live
in regions with low or middle income per capita, with PAD
incidence increased among them by 29% over the past dec-
ade. However, even high—income regions show an increase
in PAD incidence by 13% over the same period of time. [1,2].

One of the advanced PAD stages such as chronic crit-
ical lower limb ischemia (CCLLI) still remains an impor-
tant medical and economic problem since it leads to early
disability and increases the mortality rate for working—age
people. The high prevalence of the disease and ineffective
treatments (surgical interventions aimed to restore the pa-
tency of arterial vessels and make bypass shunts) cause the
need for further research and development of fundamen-
tally new approaches to PAD therapy [3]

Therapeutic approaches based on regenerative potential
of stem cells have been recently becoming more common
in treatment of a wide range of autoimmune, cardiovascu-
lar, respiratory, renal diseases as well as diabetes mellitus
and diseases of the musculoskeletal. The long—term results
of CCLLI treatment by stem cells and its modified use are a
promising prospect in the fight against lower limb vascu-
lar pathology [4-8].

Experimental treatment model by adipose tissue derived
stem cell cultures for chronic critical limb ischemia in rabbits.
The research team has previously carried out a pilot study
on animals to investigate the morpho functional state of the
rabbit lower limb under the condition of CCLLI model and
application of syngeneic stem cell cultures derived from the
rabbit adipose tissue (ADSCs). For this reason, 18 rabbits (fe-
male) were selected and then divided into 3 groups: pseu-
do—operated (I), operated with 0.9% NaCl solution adminis-
tration but without ADSCs introduction (II), with ADSCs in-
troduction (II). The CCLLI was modelled in animals utilizing
the technology of electric welding of living tissue (femoral ar-
tery ablation was performed by appropriate tools). The elec-
tric welding technology was designed in Ukraine with sev-
eral advantages over commonly known approaches, name-
ly relatively low temperatures at the sites of application. The
morpho functional state of the lower limbs was assessed by
duplex flowmetry, functional tests and pathomorphological
study. As a result, a partial restoration of pelvic limb function
and histological improvement of muscle tissue were found
in Group IIL. The Group II did not show any function recov-
ery or histological improvements. The partial epithelization
of trophic ulcers may have suggested lower rates of necrotic
processes in the Group III. The study concluded that the use
of ADSCs, in terms of CCLLI modelling in rabbits, affected the
restoration of the lower limb function, which was tested by
qualitative and quantitative changes in morphological and
functional parameters 5 weeks after the cell introduction.

Material and methods

During the period from 2012 to 2015, 41 patients with CCL-
LI were included in the study: 22 (53.7%) males and 19 (46.3%)
females. The patient average age in the main group was equal
to 64.2 = 4.1 years, control 65.1 = 3.9 years. The symptoms last-
ed from 3 weeks to 2 years.

The study included patients with non—reconstructive oc-
clusive and obliterating diseases of the lower limb arterial ves-

sels with confirmed CCLLI stage II-IV according to the Fon-
taine classification.

Patient exclusion criteria:

— Clinically significant laboratory test results beyond the
normal range.

— Surgical or other invasive intervention of the affected
limb during

the last 3 months before the treatment.

— Myocardial infarction during the last 6 months before
the treatment.

— Any kind of patients mental or psychological state, which
could enable to understand the written and spoken instruc-
tions, in particular related to information covering the risk or
inconvenience due to participation in the study.

— Reconstructable diseases of the lower limb arteries.

— Septic gangrene found in patient.

— Heart failure (stage II and IV according to NYHA).

— Malignant neoplasms.

All patients were divided into two groups. The first group
(the main group) included 21 patients (51.2%) that received a
standard course of treatment with autologous mesenchymal
stem cells (AMSC). The second group (the control group) in-
cluded 20 (49.8%) patients that underwent standard course of
conservative treatment with prostaglandin E1 (PgE1). At the
same time, both groups received a standard course of thera-
py which included: low molecular weight heparins, statins,
solutions for improving blood rheological properties. With
respect to the age distribution, CCLLI stages, incidence of ad-
jacent pathology, no significant difference was found between
the main and control groups.

The control group patients received conservative therapy
with prostaglandins E1 (alprostadil, “Vazoprostan”). Alprostadil
was administered intravenously once a day using a venflon
type catheter: 60 ug of alprostadil were diluted with 200 ml
of a physiological saline administered as a 2—hour infusion.
A single course of treatment lasted for 30 days. Along with
introduction of alprostadil therapy, patients followed dosed
physical exercises according to the procedure described below.

The microcirculation rate was determined in both patient
groups by laser doppler flowmetry, the ankle—brachial pressure
index (ABPI) and treadmill test. Studies were carried out after
hemodynamic stabilization and patient acclimatization to
the room conditions at a temperature of 22—23 °C according
to the methods described below. All the patients were re—
examined on the last day of the therapy course, 30 days, 90
days and 1 year after the treatment start.

The autologous mesenchymal stem cell therapy was given
to 21 patients. Based on a number of studies and clinical
analysis, cell-based therapeutics could be administered via two
common ways or its combination. The first technique involves
a cell introduction directly into the ischemic muscle along the
obliterated vessels. In such technique the administered cells
immediately come into a contact with ischemic mediators
which stimulate neo—angiogenesis and could lead to blood
vessel formation. The second technique exploits both
intravenous and intramuscular routes of administration to
increase the therapeutic effect of AMSC.

The nature of a medical intervention in the study was
divided into two stages. The first stage aimed to collect the cell
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material and transfer it to a specialized laboratory for the stem
cell cultivation. The second stage intended to administrate
the AMSC to a patient.

The cellular material was collected by lipoaspiration from
the subcutaneous tissue of the abdominal region or a single
skin flap removal. The technique was performed under sterile
conditions and local anaesthesia of the patient.

The obtained biomaterial was transferred to the laboratory
under sterile conditions for the following stem cell cultivation.

Three doses of cellular material were cultivated in the
range of 12—15 days. The average dose of stem cells in the
resulting material was 10—13 x 10° cells. Afterwards, the
material was sealed in a sterile plastic tube with a 15 ml
volume. The contents of the test tube included living patient's
mesenchymal stem cells and the physiological saline. The
liquid phase did not contain any preservatives and other
auxiliary substances. The material was transported together
with a quality certificate. We have recalculated the number
of cells in the material that appeared to correspond with the
quality certificate.

During the second stage, the cultured AMSC were
administered to the patient three times with a 2—3—week
interval according to the standard scheme. At this stage
manipulations were performed without anaesthesia that did
not cause any unpleasant sensations or discomfort and were
well tolerated by patients. The first cell administration was
carried out by an intramuscular injection (0.3—0.5 million cells)
in the shin of the affected limb. The second cell administration
combined both intramuscular and intravenous routes. 5 ml
of cell suspension (2 million cells) was slowly introduced via
the intravenous injection previously diluting this dose at 34—
36 °Cin the physiological saline. The third cell administration
was performed using the method of intravenous injections
alone. The total amount of cultured cells administered to the
patient for the entire course was equal to 31-38 x 10° cells.
The stem cell administration was accompanied by patient’s
physical exercises according to the procedure described below.

Results

No significant differences were found between the con-
trol and main groups. According to the plan, the following
check—ups were carried out on the last day of the treatment
and 1 year after the treatment start.

Laser doppler flowmetry study results. Laser doppler flow-
metry (LDF) provides an integral assessment of skin capil-
lary blood flow. Data measured before the treatment start in-
dicates a decrease in the LDF-signal as the arterial ischemia
progresses as well as a change in 100% of cases in its rhythmic
structure. There were no statistically significant differences

between the control and main groups based on LDF param-
eters before the treatment (p = 0.854), the two patient groups
were comparable in terms of microcirculation.

The study has also found a violation of low (characteriz-
es the active microcirculation mechanism) and high (char-
acterizes an increase of parasympathetic effects) frequency
rhythm relationship in patients with CCLLI In such case so—
called "spectral constriction" was observed in LDF—grams. Un-
der normal conditions, the amplitude of vasomotions (ALF)
is equal to 20-25% of the LDF signal level, whereas under
CCLLI conditions ALF decreases down to 6 — 10% at a frequen-
cy of 6 — 8 oscillations per minute. The power of the blood
flow LF—oscillation spectrum was evaluated by its contribu-
tion to the general spectrum of flaxomotions that was pro-
gressively decreasing as the severity of the disease was increas-
ing. However, the most significant changes were observed in
the range of HF— and CF—-oscillations. Thus, the contribution
of HF—oscillations to the general spectrum in patients with
CCLLI has increased up to 15%, while in the normal range is
about 5%; in the cardio rhythm range it also increases up to 6
— 7% (under normal conditions 1,1 — 1,3%). The relationship
between the degree of severity caused by changes in flaxo-
motions) amplitude and CCLLI stage defined by the degree
of arterial circulation damage was concluded to be in a di-
rect relationship.

The obtained results suggest a close correlation between
the systolic segmental pressure, ABPI and LDF—gram indexes,
macro— and microhemodynamics indices which supports the
data from a series of other studies. In the same way, the flax-
omotions characteristics of the skin blood flow can be used
to differentiate CCLLI stages, especially in case of critical and
severe stages. The research confirms the following conclu-
sions, since normalization of LDF—grams was observed after
revascularization of the ischaemic limb.

Table 1 shows the results obtained from the preliminary
analysis of AMSC and PgE1 therapy on the last day of the treat-
ment. No significant differences were found between the main
group and subgroups (p = 0.56). The results also demonstrate
an improvement in LDF results among the control group pa-
tients that evidences the early therapeutic effect of PgE1.

Tables 2—4 provide the experimental data of LDF in pa-
tients following 30 days, 90 days and 1 year after AMSC or
PgE1 treatment course.

The control group patients showed the therapeutic ef-
fect of alprostadil immediately 15—25 days after the treat-
ment. As a consequence, a slight increase in the microcir-
culation was found for the following 1.6 to 2.6 months. The
therapeutic effect caused by PgE1 use had a tendency to re-
duce and so demonstrating microcirculation rates compara-

Statistical difference p=0,56

Table 1.  LDF parameters on the last day of the treatment
CCLLI stage according to the Fontaine classification
Parameters Main Control
1 1 \% 1 1 \%
Baseline perfusion rate (P.U) 1.52+£0.15 0.89+0.18 0.42+0.11 1.62+0.16 0.98+0.18 0.52+0.14
Maximal perfusion rate (P.U) 6.20+1.20 3.31+0.36 0.83 £0.07 6.35+1.12 3.42 +0.35 0.86 + 0.06
o (P.U) 0.93+0.34 0.48 £0.12 0.16 £ 0.09 0.94+£0.39 0.49 £0.11 0.15 +0.08
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Table 2.  LDF parameters 30 days after the treatment
CCLLI stage according to the Fontaine classification
Parameters Main Control
1l 1] [\ 1l 1] v
Baseline perfusion rate (P.U) 1.60+0.13 0.96 £ 0.20 0.50+0.10 1.59+0.14 0.95+0.20 0.48+0.14
Maximal perfusion rate (P.U) 6.22+1.20 3.31+0.36 0.83+0.07 6.16 +1.12 3.23+0.35 0.76 £ 0.06
o (P.U) 0.93+0.34 0.49+0.12 0.16 £ 0.09 0.90 £ 0.39 0.45+0.11 0.14 £ 0.08
Statistical difference p=0,42
Table 3.  LDF parameters 90 days after the treatment
CCLLI stage according to the Fontaine classification
Parameters Main Control
1l 1] [\ 1l 1] [\
Baseline perfusion rate (P.U) 1.79+0.17 1.18+0.16 0.73 £0.09 1.57+0.16 0.92+0.18 0.45+0.11
Maximal perfusion rate (P.U) 6.91 £1.06 3.82+0.31 0.96 £0.9 6.14 +£1.01 3.20+0.28 0.72 £0.08
o (P.U) 0.98 £0.31 0.57+£0.13 0.24+£0.1 0.94 +£0.28 0.51 £0.08 0.18 £ 0.09
Statistical difference p=0,067
Table 4. LDF parameters 1 year after the treatment
CCLLI stage according to the Fontaine classification
Parameters Main Control
1l 1] \ 1l 1] [\
Baseline perfusion rate (P.U) 2.12+0.31 1.39+£0.16 0.94£0.11 1.45+£0.22 0.92 £0.16 0.42 £0.13
Maximal perfusion rate (P.U) 7.21+1.11 4.19+0.29 1.29+0.13 5.99 + 1.05 3.12+0.26 0.73+0.11
o (P.U) 1.19+0.30 0.66+0.17 0.31£0.09 0.99 £ 0.27 0.59 £0.13 0.25+0.10
Statistical difference p=0,037

ble to the original ones a year after the treatment. In contrast,
the microcirculation rates were increased by 48.2% and my-
ogenic vasomotor activity decreased by 24.3% one year after
the AMSC treatment. The amplification of microcirculation
could be explained due to a deeper modulation of the micro-
circulation vessels since it was increased by 2.1 times.

The LDF results indicate the active mechanism of tissue
blood flow modulation compared to the passive mechanism
of tissue blood flow modulation in the control group one year
after carried out experiments.

The patient subgroups of the main group showed improved
microcirculation parameters in case of following dosed phys-
ical exercises compared to patients who received AMSC ther-
apy alone (significant difference p = 0.043). No other signif-
icant differences in microcirculation parameters between
the patient subgroups of the main and control groups were
found. Besides, there also was a significant increase in the per-
fusion rate among the patients who received AMSC therapy
and followed dosed physical exercises compared to patients
undergoing PgE1 treatment with dosed physical exercises in
regard to the CCLLI stage (p =0.04, p=0.044, p=0.048). The
patients with the stage IV CCLLI, who received PgE1 treatment
course following dosed physical exercises demonstrated a re-
duce in microcirculation parameters one year after as com-
pared to the PgE1 treatment on its own because of patient’s
inability to continue the exercises without symptoms of pain.

Distance walking study results. Based on the obtained data,
we concluded that the average walking distance increased in

patients who received AMSC treatment during one—year ob-
servation. On the contrary, patients who were given alpros-
tadil showed a short period increase in the average walking
distance. No significant difference in the average walking dis-
tance was found between the two patient groups. (p = 0.076).

Discussion

In spite of the positive results of the AMSC therapy in our
study, the correlation of the results of the study with other
groups of researchers, the important issues remain: the
duration of the positive therapeutic effect after the start of
treatment, the combination of this type of therapy with others,
for example, stimulants of angiogenesis, and the possibility of
reusing AMSC . Extremely important is providing of studies
with a larger sample of patients and longer follow—up time
after AMSC therapy. While stem cell therapy in patients with
critical limb ischemia has been proven to be safe, feasible,
and effective in smaller clinical trials, it is yet to reach its full
potential as very few randomized and/or controlled trials
have been completed using cell therapy. As such, larger and
randomized clinical trials with more standardized methods of
stem cell selection, delivery, and in vitro tracking are needed
to establish cell therapy as a standard therapy for vascular
regeneration. [9-12].

Conclusion
1. The results of this study found a significant difference in
microcirculation improvement between patients receiving
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AMSC and PgE1 treatment during the one—year observation
period (p=0.037).

2. A positive dynamic change of the microcirculation rate in
case of PgE1 treatment is shown for 1.8 + 0.3 months, whereas
AMSC treatment demonstrates a significant increase in the
microcirculation rate for 2.7 £ 0.4 months that was observed
during the one—year period.

3. The combined AMSC therapy and dosed physical
exercises have significantly increased the rates of micro-
circulation compared to the AMSC treatment alone (p =0.043).
Equally important, the combined PgE1 therapy and dosed
physical exercises have insignificantly increased the rate of
microcirculation in patients with the stage II, ITII CCLLI by 7%
and 6.9%, respectively, however in patients with the stage IV
CCLLI the microcirculation rate declined.

4. As far as the therapeutic effects of AMSC and PgE1 do not
coincide with the time, both approaches should be considered
as a complex treatment of CCLLI following dosed physical
exercises.
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