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Introducti on
The local method of a utologo us bone 
marrow stem cells transplantati on 
consists of harvesting bone marrow 
from the ili ac crest, its separati on using 
cell separator to generate ABMSCs 
(CD 34+) and their subsequent multi-
ple injecti ons into a limb suffering from 
chronic and critical ischemi a. The aim 

of this therapy is to induce angi oge-
nesis and vasculogenesis which wo uld 
correct ischemi a and hypoxi a, improve 
tissue perfusi on and metabolism, and 
thus prevent limb amputati on. In ge-
neral, such reparative process co uld 
be divided into the initi al phase cha-
racterized by the rele ase of infl amma-
tory medi ators and ne urotransmitters 

followed by phase of formati on of pri-
mitive vascular tubes composed of the 
endotheli al cell precursors which are 
later on adhered to and stabilized by 
pericyte cells. Process of angi ogenesis 
(by spro uting as well as nonspro uting) 
takes usu ally between 4– 8 weeks de-
pending on degree of the initi al tissue 
ischemi a and hypoxi a. 
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Summary: A total 37 pati ents suffering from end stage- IV Fontaine (CLI and di abetic fo ot) with an ulcerated limb in whom all previ o us thera-
pe utic strategi es failed (e. g. surgical revascularizati on and endovascular repair) were selected and underwent local transplantati on of Autolo-
go us Bone Marrow Stem Cells (ABMSCs). The effi cacy/ safety of this therapy was assessed by using several endpo ints such as (a) preventi on of 
amputati on, (b) wo und he aling and (c) degree of angi ogenesis. In order to assess the limb ischemi a and hypoxi a the several tests and me asure-
ments were performed pre- and post transplantati on at a vari ety of time intervals. The me asurements include: TP- toe pressure me asurements 
(by Perifl ux 5000 Laser Doppler and Oxymetry system), SPP- skin perfusi on pressure, ABI- ankle brachi al index, LDP- Laser Doppler baseline 
and he at perfusi on assessment, TcpO2 witho ut and with O2 provocati on inhalati on test. In additi on, a battery of bi ochemical and hemato-
logical tests of peripheral veno us blo od samples and bone marrow analysis were performed. Limb salvage was 81% in 30 pati ents, 7 pati ents 
(19%) were amputated for terminal severe ischemi a and gangrene progressi on. In the gro up of limb salvage pati ents initi al Toe pressure 
23.119 (std. error 5.358) incre ased in 90 days follow-up into 29.888 (std. error 5.99), Toe brachi al index incre ased from 0.1469 (std. 0.0326) 
to 0.1991(std. 0.401). In LASER doppler and TcpO2, TcpCO2 tissue perfusi on examinati on TcpO2% Incre ase after O2 provocati on inhalati on 
test was elevated from 162.95 ( %) to 229.86% which confi rmed a very go od tissue vasore activity after BMSC transplantati on. 
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Transplantace a utologních kmenových buněk kostní dřeně u paci entů s chronicko u kriticko u končetinovo u ischemi í a di abeticko u noho u

So uhrn: So ubor 37 paci entů v konečném stadi u chronické kritické končetinové ischemi e st. IV dle Fonataina/ CLI, s di abeticko u noho u 
a defektem s vyčerpano u předchozí revaskularizační léčbo u (e. g. chirurgicko u revaskularizací a intervenční léčbo u), byl po předchozím 
kompletním vyšetření léčen transplantací a utologních kmenových buněk kostní dřeně. Efektivita a bezpečnost této léčby byla sledována 
a) prevencí amputace, b) zhojením defektu, c) stupněm angi ogeneze a zlepšením tkáňové perfuze.Ke stanovení stupně ischemi e a hypoxi e 
byly provedeny tyto testy před a po provedení transplantace a utologních kmenových buněk kostní dřeně. K vyšetření tkáňové perfuze byla 
provedena měření TP- prstového tlaku, SPP- kožního perfuzního tlaku (přístrojem Perifl ux 5000 Laser Doppler and Oxymetry System). 
Byly měřeny ABI-  kotníkové tlaky a index, LDP- Laser dopplerometrické vyšetření v bazálním měření a po kožním zahřátí, TcpO2 –  tran-
skutánní oxymetri e s inhalačními provokačními testy inhalací O2. Zároveň byla zpracována kompletní bateri e bi ochemických a labora-
torních vyšetření periferní krve a kostní dřeně. Záchrana končetiny byla pozorována u 81 % paci entů (n = 30), končetina byla amputována 
u 7 paci entů (19 %) pro terminální těžko u ischemii, infekci a progresi gangrény. Ve skupině paci entů se záchrano u končetiny inici ální 
prstový tlak (Toe pressure) 23,119 (std. error 5,358) zvýšil po 90 dnech sledování na 29,888 (std. error 5,99), (Toe brachi al index) se 
zvýšil z 0,1469 (std. 0,0326) na 0,1991 (std. 0,401). V laser- dopplerometrickém vyšetření a TcpO2, TcpCO2 měření tkáňové perfuze došlo 
k nárůstu TcpO2% z 162,95% na 229,86%, což potvrzuje velmi dobro u vasore aktivitu po BMSC a utologní transplantaci.

Klíčová slova: kritická končetinová ischemi e –  di abetická noha –  kmenové buňky kostní dřeně –  transplantace
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Methodology and techniques 
A total of 37 pati ents was recruited over 
the peri od of 8 month for this study.

Pati ent inclusi on criteri a: (a) Pati ents 
suffering from chronic and critical limb 
ischemi a according to the TASC classi-
fi cati on Rutherford 4– 6, Fontaine IV, 
(b) with failed basic conservative and 
revascularizati on tre atment (surgi-
cal or endovascular), (c) with age over 
18 ye ars, (d) with signed informed con-
sent, (e) witho ut acute CLI that wo uld 
require e arly limb amputati on.

Pati ent exclusi on criteri a: (a) Pa-
ti ents with estimated survival less than 
6 months, (b) with known bone mar-
row dise ases (e. g. lymphoma, le uke-
mi a, myelodysplastic syndrome, me-
tastasis in the bone marrow), (c) with 
the f inal stage of renal failure and 
di alysed, (d) with acute stage of se-
vere limb ischemi a with severe infl am-
matory process affecting pati ent’s 
life which require limb amputati on to 
avert deteri orati on in clinical condi-
ti on and de ath. 

Separati on of ABMSCs and their ap-
plicati on: Concentrate of a utologo us 
stem cells (CD 34 positive) was sepa-
rated from the bone marrow aspirate 
using the cell separator from Harvest 
Technologi es. Bone marrow is collec-
ted from both ili ac bone crests accor-
ding to standard Yamshidi puncture 
aspirati on methodology. During this 
procedure the pati ent is under analgo-
sedati on using propophol iv bolus and 
physi ological signs including blo od 
pressure (BP), pulse, ECG, pO2 satura-
ti on are continuo usly monitored and 
adjusted according to needs. In bri ef, 
240 ml of the bone marrow is aspira-
ted into an aspirati on set pre fi led with 
ACD- A antico agulant (30 ml) by he-
matologist and processed using the 
cell separator from Harvest Techno-
logi es. This equipment is e asy to ope-
rate and has several advantages com-
pared to other cell separators on the 
market. The methodology is (a) sim-
ple, e asy, fast, and safe using gradi ent 
density centrifugati on to separate all 
blo od elements including white cells, 

Fig. 1. CD34+ concentration in correlation with age. BMA –  Bone Marrow Aspi-
rate, BMC –  Bone Marrow Concentrate.

CD-34+(BMA) × Age

Nonparametric Correlati ons (CD34+, Platelets, Age)
Correlati ons

    CD34+ CD34+ 
   Age BMA (10.9/ l) BMC (10.9/ l)

Spe arman’s rho
 Age Correlati on Coeffi ci ent  – ,363* – ,262
  Sig. (2- tailed)  ,027 ,118
  N  37 37
 CD34+ BMA (10.9/ l) Correlati on Coeffi ci ent – ,363*  ,829**
  Sig. (2- tailed) ,027  ,000
  N 37  37
 CD34+ BMC (10.9/ l) Correlati on Coeffi ci ent – ,262 ,829** 
  Sig. (2- tailed) ,118 ,000 
  N 37 37 
 Concentration CD34+ Correlati on Coeffi ci ent ,071 – ,301 ,181
  Sig. (2- tailed) ,682 ,074 ,290
  N 36 36 36
 Platelets BMA Correlati on Coeffi ci ent – ,120 – ,101 – ,040
  Sig. (2- tailed) ,485 ,557 ,816
  N 36 36 36
 Platelets BMC Correlati on Coeffi ci ent – ,135 ,042 ,151
  Sig. (2- tailed) ,433 ,809 ,378
  N 36 36 36
 Concentration Plateles Correlati on Coeffi ci ent – ,072 ,383* ,449**
  Sig. (2- tailed) ,677 ,021 ,006
  N 36 36 36



Vnitř Lék 2009; 55(3): 173– 178 175

Autologo us Bone Marrow Stem Cell Transplantati on

platelets, red cells from collected bone 
marrow in centrifuge containers into 
a sample with 5% hematocrit (conta-
ining ABMSCs and platelets) within 
15 min. There after 40 ml of sample 
is aspirated into a syringe and imme-
di ately appli ed by multiple injecti ons 
in the ischemic limb. Whole procedure 
sho uld take less than one ho ur.

Monitoring qu ality of life and clini-
cal effects of ABMSCs transplantati on: 
Bone marrow was examined before and 
after separati on of ABMSCs to assess 
number of CD 34+ progenitors as well 
as number of other cellular components 
including platelets. Pri or-  (0 days- base-
line) and post transplantati on (1, 7, 
14, 30, 60, and 120, 180 days) all pa-
ti ents underwent following examina-
ti ons: Laser Doppler Flowmetry –  asses-
sment of blo od flow; me asurements 
of transcutane o us oxygen (TcpO2) 
and CO2 (TcpCO2) levels with and wi-
tho ut provocati on test (with O2 inha-
lati on). Complete battery of tests such 
as CBC and differenti al, f ibrinogen 
and CPR was established. In additi on, 
ABI- Ankle- Brachi al Index, TP- Toe Pres-
sure, SPP- Skin Perfusi on Pressure, Ru-
therford and Fontaine Cathegory, anal-
getics consumpti on (requirements), 
cla udicati on interval in non-amputated 
pati ents was monitored. These values 
were collected and then correlated with 
the degree of initi al ischemi a/ hypoxi a as 
well as with changes in ischemi a/ hypo-
xi a developed within 90/ 120/ 180 po-
stoperative days.

Results
A)  After failed or impossible surgical 

and/ or interventi onal revasculari-
sati on and after unsuccessful maxi-
mum conservative therapy, 37 pa-
ti ents me an age 66.32 (Min = 27 y; 
Max = 83 y) with impending major 
amputati on due to severe criti-
cal limb ischemi a had a utologo us 
BMSC transplanted into ischemic 
leg. Signifi cant (0.027 before and 
0.000 after concentrati on) correla-
ti on between Age and CD34+ co unts 

Fig. 2. Bone marrow lymphopenia and neutrophilia in Lympho/Neu ratio in 
amputation group of patients. BMC – Bone Marrow Concentrate.

Ratio Lympho/Neutrophiles BMC

Test Statisticsb,c

    Ratio Lympho/Neu BMC
Chi-Square   9,739
df   3
Asymp. Sig.     ,021
Monte Carlo Sig.  ,013a
Sig. 99% Confi dence 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 
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was observed, that corresponds to 
the stem cells aging (Fig. 1).

Me an concentrati on of CD34+ 
(5.17 × times) and Platelets (3.9 × times) 
after Harvest technologi es separati on 
show strong impact of gradi ent densit 
centrifugati on for stem cells harvesting 
and concentrate prepare. 

B)  Limb salvage was 81% in 30 pa-
ti ents, 7 pati ents (19%) were am-
putated for terminal severe ische-
mi a and gangrene progressi on. In 
the gro up of limb salvage pati ents 
initi al Toe pressure 23.119 (std. 
error 5.358) incre ased in 90 days 
follow-up into 29.888 (std. error 
5.99), Toe brachi al index incre ased 
from 0.1469 (std. 0.0326) to 
0.1991 (std. 0.401). In LASER dopp-
ler and TcpO2, TcpCO2 tissue perfu-
si on examinati on with Perifl ux sys-
tem (Perimed, Sweeden) TcpO2% 
Incre ase after O2 provocati on in-
halati on test was elevated from 
162.95 ( %) to 229.86% which con-
fi rmed a very go od tissue vasore ac-
tivity after BMSC transplantati on.

TcpCO2% of Decre ase in catabolism 
confi rms the level of diminishing tissue 
catabolic status after O2 inhalati on 
provocati on test. In the limb salvage 
gro up the initi al level of 0.022% was 
diminished to – 3.50% which confi rmes 
better tissue metabolism after cell the-
rapy and better vasore activity.

C) In the bone marrow signifi cant 
elevati on of Ne utrophiles and Platelets 
with sever lymphopeni a was confi rmed 
by bone marrow cytofl owmetry analy-
sis (Fig.  2).

Signifi cant elevati on of Ne utrophi-
les and Platelets in bone marrow in the 
gro up of amputated pati ents may sig-
nalised VEGF, SDF- 1 growth factor col-
lecti on in ne utrophiles and PDGF- BB 
in platelets, that might be re ason of 
unstabile angi ogenesis with unstabile 
primary endotheli al progenitor cell tu-
bules and worse pericytes cell stabilisa-
ti on of primitive capilary network. 

Fig. 3. Signifi cant higher levels of Plateles/CD34+ ratio in amputation group. 
BMA – Bone Marrow Aspirate.

Ratio: Platelets/CD+34+ (BMA)

    Ratio Platelets/CD34+ BMA
N   35
Median   50777,77776
Chi-Square   8,200a

df   3
Asymp. Sig.   ,042
Monte Carlo Sig.  ,032b

Sig. 99% Confi dence Lower Bound ,027
  Interval Upper Bound ,036

a.  5 cells (62,5%) have expected frequencies less than 5. The minimum expected cell 
frequency is 1,0

b.  Bassed on 10000 sampled tables with starting seed 92208573.
c. Grouping Variable: Healing

Npar Tests

Kruskal-Wallis Test

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 
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D)  In the amputated gro up of pati ents 
signifi cant higher levels of fi brino-
gen and platelets in the peripheral 
blo od co unt, might correlate with 
peripheral vascular trombophili a 
and e arly thrombosis in unstable 
ne ovascularised capillari es, that in 
combinati on with bone marrow 
lymphopeni a which correspondes 
with T- cell imunodefi ci ency and in-
fecti on in the di abetic fo ot ulcers, 
le ades into po or leg prognosis and 
fi naly amputati on (Fig.  4).

Conclusi ons
Local a utologo us BMAC administra-
ti on for CLI pati ents with di abetic fo ot 
seems to be very promising technique 
for end-stage limb salvage. In o ur gro up 
of pati ents we were able to safe 80% of 
legs with signifi cant improvement in 
the toe pressure, tissue perfusi on and 
better metabolism of criticaly ill legs. 
Severe infecti on of di abetic fo ot ulcers 
might be in correlati on with bone mar-
row lymphopeni a. Nonhe aling di abe-
tic fo ots might be also in conjuncti on 
with growth factors diminishing, which 
are necessary for angi ogenesis and are 
po olled in bone marrow ne utrophiles 
and platelets, with consequent unsta-
bility of capillary angi ogenesis. 
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