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Summary: A total 37 patients suffering from end stage-1V Fontaine (CLI and diabetic foot) with an ulcerated limb in whom all previous thera-
peutic strategies failed (e.g. surgical revascularization and endovascular repair) were selected and underwent local transplantation of Autolo-
gous Bone Marrow Stem Cells (ABMSCs). The efficacy/safety of this therapy was assessed by using several endpoints such as (a) prevention of
amputation, (b) wound healing and (c) degree of angiogenesis. In order to assess the limb ischemia and hypoxia the several tests and measure-
ments were performed pre- and post transplantation at a variety of time intervals. The measurements include: TP-toe pressure measurements
(by Periflux 5000 Laser Doppler and Oxymetry system), SPP-skin perfusion pressure, ABl-ankle brachial index, LDP-Laser Doppler baseline
and heat perfusion assessment, TcpO, without and with O, provocation inhalation test. In addition, a battery of biochemical and hemato-
logical tests of peripheral venous blood samples and bone marrow analysis were performed. Limb salvage was 81% in 30 patients, 7 patients
(19%) were amputated for terminal severe ischemia and gangrene progression. In the group of limb salvage patients initial Toe pressure
23.119 (std. error 5.358) increased in 90 days follow-up into 29.888 (std. error 5.99), Toe brachial index increased from 0.1469 (std. 0.0326)
to 0.1991(std. 0.401). In LASER doppler and TcpO,, TcpCO, tissue perfusion examination TcpO,% Increase after O, provocation inhalation
test was elevated from 162.95 (%) to 229.86% which confirmed a very good tissue vasoreactivity after BMSC transplantation.
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Transplantace autolognich kmenovych bunék kostni dfené u pacientt s chronickou kritickou konéetinovou ischemii a diabetickou nohou

Souhrn: Soubor 37 pacientt v kone¢ném stadiu chronické kritické koncetinové ischemie st. IV dle Fonataina/CLI, s diabetickou nohou
a defektem s vycerpanou predchozi revaskulariza¢ni lé¢bou (e. g. chirurgickou revaskularizaci a intervenéni 1é¢bou), byl po pfedchozim
kompletnim vySetfeni [écen transplantaci autolognich kmenovych bunék kostni d¥ené. Efektivita a bezpe¢nost této lé¢by byla sledovéna
a) prevenci amputace, b) zhojenim defektu, c) stupném angiogeneze a zlepSenim tkariové perfuze.Ke stanoveni stupné ischemie a hypoxie
byly provedeny tyto testy pfed a po provedeni transplantace autolognich kmenovych bunék kostni dfené. K vySetfeni tkafiové perfuze byla
provedena mé¥eni TP-prstového tlaku, SPP-kozniho perfuzniho tlaku (ptistrojem Periflux 5000 Laser Doppler and Oxymetry System).
Byly méreny ABI- kotnikové tlaky a index, LDP-Laser dopplerometrické vySetieni v bazdlnim méfeni a po koznim zah¥éti, TcpO, - tran-
skutdnni oxymetrie s inhalacnimi provokaénimi testy inhalacf O,. Zaroven byla zpracovdna kompletni baterie biochemickych a labora-
tornich vy3ettenf periferni krve a kostni dfené. Zachrana koncetiny byla pozorovana u 81 % pacientt (n = 30), koncetina byla amputovédna
u 7 pacientd (19%) pro termindlni tézkou ischemii, infekci a progresi gangrény. Ve skupiné pacienttl se zdchranou koncetiny inicidlni
prstovy tlak (Toe pressure) 23,119 (std. error 5,358) zvysil po 90 dnech sledovani na 29,888 (std. error 5,99), (Toe brachial index) se
zvysil 20,1469 (std. 0,0326) na 0,1991 (std. 0,401). V laser-dopplerometrickém vy3etteni a TcpO,, TcpCO, méFeni tkariové perfuze doslo
k nartstu TcpO,% z 162,95% na 229,86%, coz potvrzuje velmi dobrou vasoreaktivitu po BMSC autologni transplantaci.
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Introduction

The local method of autologous bone
marrow stem cells transplantation
consists of harvesting bone marrow
from the iliac crest, its separation using
cell separator to generate ABMSCs
(CD 34+) and their subsequent multi-
ple injections into a limb suffering from
chronic and critical ischemia. The aim

of this therapy is to induce angioge-
nesis and vasculogenesis which would
correct ischemia and hypoxia, improve
tissue perfusion and metabolism, and
thus prevent limb amputation. In ge-
neral, such reparative process could
be divided into the initial phase cha-
racterized by the release of inflamma-
tory mediators and neurotransmitters

followed by phase of formation of pri-
mitive vascular tubes composed of the
endothelial cell precursors which are
later on adhered to and stabilized by
pericyte cells. Process of angiogenesis
(by sprouting as well as nonsprouting)
takes usually between 4-8 weeks de-
pending on degree of the initial tissue
ischemia and hypoxia.
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Methodology and techniques
A total of 37 patients was recruited over
the period of 8 month for this study.

Patientinclusion criteria: (a) Patients
suffering from chronic and critical limb
ischemia according to the TASC classi-
fication Rutherford 4-6, Fontaine 1V,
(b) with failed basic conservative and
revascularization treatment (surgi-
cal or endovascular), (c) with age over
18 years, (d) with signed informed con-
sent, (e) without acute CLI that would
require early limb amputation.

Patient exclusion criteria: (a) Pa-
tients with estimated survival less than
6 months, (b) with known bone mar-
row diseases (e.g. lymphoma, leuke-
mia, myelodysplastic syndrome, me-
tastasis in the bone marrow), (c) with
the final stage of renal failure and
dialysed, (d) with acute stage of se-
vere limb ischemia with severe inflam-
matory process affecting patient’s
life which require limb amputation to
avert deterioration in clinical condi-
tion and death.

Separation of ABMSCs and their ap-
plication: Concentrate of autologous
stem cells (CD 34 positive) was sepa-
rated from the bone marrow aspirate
using the cell separator from Harvest
Technologies. Bone marrow is collec-
ted from both iliac bone crests accor-
ding to standard Yamshidi puncture
aspiration methodology. During this
procedure the patient is under analgo-
sedation using propophol iv bolus and
physiological signs including blood
pressure (BP), pulse, ECG, pO, satura-
tion are continuously monitored and
adjusted according to needs. In brief,
240 ml of the bone marrow is aspira-
ted into an aspiration set pre filed with
ACD-A anticoagulant (30 ml) by he-
matologist and processed using the
cell separator from Harvest Techno-
logies. This equipment is easy to ope-
rate and has several advantages com-
pared to other cell separators on the
market. The methodology is (a) sim-
ple, easy, fast, and safe using gradient
density centrifugation to separate all
blood elements including white cells,
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CD-34+(BMA) x Age

Nonparametric Correlations (CD34+, Platelets, Age)

Correlations

CD34+

CD34+

Age BMA (10.9/1) BMC (10.9/1)

Spearman’s rho
p

Age Correlation Coefficient -,363* -,262
Sig. (2-tailed) ,027 118
N 37 37
CD34+ BMA (10.9/1) Correlation Coefficient -,363* ,829%*
Sig. (2-tailed) ,027 ,000
N 37 37
CD34+ BMC (10.9/1) Correlation Coefficient  -,262 ,829%*
Sig. (2-tailed) 118 ,000
N 37 37
Concentration CD34+ Correlation Coefficient 071 -,301 ,181
Sig. (2-tailed) ,682 ,074 ,290
N 36 36 36
Platelets BMA Correlation Coefficient  -,120 -,101 -,040
Sig. (2-tailed) 485 557 816
N 36 36 36
Platelets BMC Correlation Coefficient  -,135 ,042 151
Sig. (2-tailed) 433 ,809 ,378
N 36 36 36
Concentration Plateles Correlation Coefficient  -,072 ,383*% ,449%*
Sig. (2-tailed) ,677 ,021 ,006
N 36 36 36
Scatter plot (Age, CD34+ BMA)
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Fig. 1. CD34+ concentration in correlation with age. BMA - Bone Marrow Aspi-

rate, BMC - Bone Marrow Concentrate.
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Ratio Lympho/Neutrophiles BMC

Test Statistics™

Healing

Ratio Lympho/Neu BMC
Chi-Square 9,739
df 3
Asymp. Sig. ,021
Monte Carlo Sig. ,013a
Sig. 99% Confidence Lower Bound ,010
Interval Upper Bound ,016
a. Bassed on 10000 sampled tables with starting seed 743671174.
b. Kruskal Wallis Test
c. Grouping Variable: Healing
Npar Tests
Kruskal-Wallis Test
Ranks
Healing N Mean Rank
Ratio Lympho/ healed 10 24,60
/Neu BMC healing 16 16,38
non healing 2 25,50
amputation 7 10,14
total 35
Ratio Lympho/Neutrophiles BMC
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Fig. 2. Bone marrow lymphopenia and neutrophilia in Lympho/Neu ratio in
amputation group of patients. BMC - Bone Marrow Concentrate.
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platelets, red cells from collected bone
marrow in centrifuge containers into
a sample with 5% hematocrit (conta-
ining ABMSCs and platelets) within
15 min. Thereafter 40 ml of sample
is aspirated into a syringe and imme-
diately applied by multiple injections
in the ischemic limb. Whole procedure
should take less than one hour.

Monitoring quality of life and clini-
cal effects of ABMSCs transplantation:
Bone marrow was examined before and
after separation of ABMSCs to assess
number of CD 34+ progenitors as well
as number of other cellular components
including platelets. Prior- (0 days-base-
line) and post transplantation (1, 7,
14, 30, 60, and 120, 180 days) all pa-
tients underwent following examina-
tions: Laser Doppler Flowmetry - asses-
sment of blood flow; measurements
of transcutaneous oxygen (TcpO,)
and CO, (TcpCO,) levels with and wi-
thout provocation test (with O, inha-
lation). Complete battery of tests such
as CBC and differential, fibrinogen
and CPR was established. In addition,
ABI-Ankle-Brachial Index, TP-Toe Pres-
sure, SPP-Skin Perfusion Pressure, Ru-
therford and Fontaine Cathegory, anal-
getics consumption (requirements),
claudication interval in non-amputated
patients was monitored. These values
were collected and then correlated with
the degree of initial ischemia/hypoxia as
well as with changes in ischemia/hypo-
xia developed within 90/120/180 po-
stoperative days.

Results

A) After failed or impossible surgical
and/or interventional revasculari-
sation and after unsuccessful maxi-
mum conservative therapy, 37 pa-
tients mean age 66.32 (Min = 27 y;
Max = 83 y) with impending major
amputation due to severe criti-
cal limb ischemia had autologous
BMSC transplanted into ischemic
leg. Significant (0.027 before and
0.000 after concentration) correla-
tion between Age and CD34+ counts
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N

Median

Chi-Square

df

Asymp. Sig.

Monte Carlo Sig.

Sig. 99% Confidence

Interval

frequency is 1,0
c. Grouping Variable: Healing

Npar Tests
Kruskal-Wallis Test

Ratio: Platelets/CD+34+ (BMA)

Ratio Platelets/CD34+ BMA
35
50777,77776
8,200
3
,042
,032°
,027
,036

Lower Bound
Upper Bound

a. 5 cells (62,5%) have expected frequencies less than 5. The minimum expected cell

b. Bassed on 10000 sampled tables with starting seed 92208573.

Ranks
Healing N Mean Rank
Ratio Platelets/ healed 10 18,60
/CD34+ BMA healing 16 14,81
non healing 2 12,50
amputation 7 26,00
total 35
Ratio Platelets/CD34+ BMA
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Fig. 3. Significant higher levels of Plateles/CD34+ ratio in amputation group.

BMA - Bone Marrow Aspirate.
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was observed, that corresponds to
the stem cells aging (Fig. 1).

Mean concentration of CD34+
(5.17 xtimes) and Platelets (3.9 x times)
after Harvest technologies separation
show strong impact of gradient densit
centrifugation for stem cells harvesting
and concentrate prepare.

B) Limb salvage was 81% in 30 pa-
tients, 7 patients (19%) were am-
putated for terminal severe ische-
mia and gangrene progression. In
the group of limb salvage patients
initial Toe pressure 23.119 (std.
error 5.358) increased in 90 days
follow-up into 29.888 (std. error
5.99), Toe brachial index increased
from 0.1469 (std. 0.0326) to
0.1991 (std. 0.401). In LASER dopp-
ler and TcpO,, TcpCO, tissue perfu-
sion examination with Periflux sys-
tem (Perimed, Sweeden) TcpO,%
Increase after O, provocation in-
halation test was elevated from
162.95 (%) to 229.86% which con-
firmed a very good tissue vasoreac-
tivity after BMSC transplantation.

TcpCO,% of Decrease in catabolism
confirms the level of diminishing tissue
catabolic status after O, inhalation
provocation test. In the limb salvage
group the initial level of 0.022% was
diminished to -3.50% which confirmes
better tissue metabolism after cell the-
rapy and better vasoreactivity.

C) In the bone marrow significant
elevation of Neutrophiles and Platelets
with sever lymphopenia was confirmed
by bone marrow cytoflowmetry analy-
sis (Fig. 2).

Significant elevation of Neutrophi-
les and Platelets in bone marrow in the
group of amputated patients may sig-
nalised VEGF, SDF-1 growth factor col-
lection in neutrophiles and PDGF-BB
in platelets, that might be reason of
unstabile angiogenesis with unstabile
primary endothelial progenitor cell tu-
bules and worse pericytes cell stabilisa-
tion of primitive capilary network.
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Test Statistics™®

Platelets (1) Day O Peripheral Blood

Platelets 1
Chi-Square 6,379
df 3
Asymp. Sig. ,095
Monte Carlo Sig. ,079a
Sig. 99% Confidence Lower Bound ,072
Interval Upper Bound ,086
a. Bassed on 10000 sampled tables with starting seed 1993510611.
b. Kruskal Wallis Test
c. Grouping Variable: Healing
Npar Tests
Kruskal-Wallis Test
Ranks
Healing N Mean Rank
Platelets 1 healed 10 15,65
healing 17 16,29
non healing 2 21,00
amputation 7 27,21
total 36
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Fig. 4. High levels of peripheral blood plateles count in amputation group.
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D) In the amputated group of patients
significant higher levels of fibrino-
gen and platelets in the peripheral
blood count, might correlate with
peripheral vascular trombophilia
and early thrombosis in unstable
neovascularised capillaries, that in
combination with bone marrow
lymphopenia which correspondes
with T-cell imunodeficiency and in-
fection in the diabetic foot ulcers,
leades into poor leg prognosis and
finaly amputation (Fig. 4).

Conclusions

Local autologous BMAC administra-
tion for CLI patients with diabetic foot
seems to be very promising technique
forend-stage limb salvage. In ourgroup
of patients we were able to safe 80% of
legs with significant improvement in
the toe pressure, tissue perfusion and
better metabolism of criticaly ill legs.
Severe infection of diabetic foot ulcers
might be in correlation with bone mar-
row lymphopenia. Nonhealing diabe-
tic foots might be also in conjunction
with growth factors diminishing, which
are necessary for angiogenesis and are
poolled in bone marrow neutrophiles
and platelets, with consequent unsta-
bility of capillary angiogenesis.
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