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Possible Predictors of Poor Angiogenesis after Hematopoietic
Stem Cell Autograft for Lower Limb Ischemia

Rafael A. Gémez MD, Julio D. Fernandez MD, Maritza Cabrera MD, lvén Marrero MD, Nancy Ramirez MD, Ivet Alvarez MD

ABSTRACT

INTRODUCTION The therapeutic potential of adult stem cells in coro-
nary and peripheral arterial diseases has been proposed in recent
years. However, factors possibly predictive of unfavorable angiogenic
results have not been clearly identified as yet.

OBJECTIVES Identify candidate predictors of poor angiogenesis,
as indicated by need for amputation, after autologous hematopoietic
stem cell transplantation for chronic lower limb ischemia.

METHODS A retrospective analytical case-series study was carried
out to detect factors possibly associated with hematopoietic stem cell
autograft failure due to low angiogenic potential. The study universe
was composed of 47 patients (19 women, 28 men) with critical lower
limb ischemia in Fontaine stages llIb, Il and IV, who received autolo-
gous stem cell transplantation at the Dr Gustavo Aldereguia Lima
University General Hospital in Cienfuegos, Cuba, from January 2007
through December 2010. Variables studied were sex, age, medical his-
tory (high blood pressure, ischemic cardiomyopathy, diabetes mellitus
and chronic renal insufficiency), Fontaine ischemia stage, intermittent
claudication, pain score on a 1-10 scale, ankle-brachial pressure index
in the affected extremity, presence of ulcers, and smoking. Laboratory
variables included: blood concentrations of hemoglobin, glucose, cre-
atinine, liver enzymes, cholesterol, triglycerides and LDH; as well as

INTRODUCTION

In recent years, basic and clinical research on the therapeutic
potential of stem cells, particularly adult stem cells, has virtually
revolutionized medicine. Some types of adult stem cells have
been found to have an ability greater than previously thought to
differentiate into cells of different lineages, under certain condi-
tions.[1] Regenerative cell therapy, the new modality employing
these hematopoietic stem cells (HSC) for regenerative purposes,
is of great interest to the scientific community—as once were its
predecessors, blood transfusion and bone marrow transplanta-
tion, now routine procedures of recognized value.[1]

Bone marrow contains not only HSCs, but also other types of cells,
including endothelial progenitor cells (EPC) from the embryonic
hemangioblast and mesenchymal stem cells—the latter gaining
clinical significance in recent years due to their therapeutic poten-
tial. Lately, cells with pluripotent capacity, called very small embry-
onic-like cells, have also been described. Mononuclear cells (MNC)
derived from bone marrow constitute a sort of “cocktail” of different
adult stem cells, among them endothelial cells, which has facilitat-
ed their extensive use in diseases with an ischemic component.[1]

One such condition is chronic lower limb ischemia, which results
from a slow, progressive decrease in blood flow that reduces oxy-
gen supply to the leg muscles during exercise.[2] Development of
collateral circulation allows tissue ischemia to remain silent until
vessel lumen obstruction exceeds 70%, at which time the cardinal
symptom appears: intermittent claudication, muscle pain on walk-
ing that disappears at rest.[3] Disease progression is slow; after
5 to 10 years of followup, more than 70% of the patients show no

leukocyte and platelet counts, stem cell viability, prothrombin time and
erythrocyte sedimentation rate. The main response variable was ampu-
tation, an indicator of poor angiogenesis. Using logistic regression, a
prognostic score of 1 to 4 was developed for each risk factor and scores
added to create a risk prediction scale. Predicted risk for amputation
and observed amputation rates were compared for patients in three risk
groups: low, 0—4; medium, 5-8; and high, 9-12.

RESULTS Factors identified as possibly predictive of poor angiogen-
esis were: final leukocyte count <20 x 10°%L after mobilization with
granulocyte colony stimulating factor; age 260 years; pain scale
score of 10; glycemia of >6 mmol/L; and triglycerides of >1.8 mmol/L.
Patients who scored low on predicted amputation risk scale were
spared amputation in 90.9% (10/11) of cases, versus 16.7% (2/12) in
patients scoring high.

CONCLUSIONS Five possible prognostic factors for low angiogenic
potential in stem cell autotransplantation were identified and a prelimi-
nary scale established to predict in which patients autotransplantation
would be more likely to be successful.

KEYWORDS Adult stem cells, autologous transplantation, autograft-
ing, peripheral occlusive disease, peripheral artery disease, ischemia,
prognosis, amputation, risk factor, Cuba

changes in symptoms, while 20 to 30% have worsening symp-
toms requiring intervention.[4,5]

Prevalence of chronic lower limb ischemia based on physical
examination ranges between 5 and 10% in the population aged
55-65 years and between 10 and 15% in those aged >65 years.
When hemodynamic tests are performed, prevalence rises to
20-25% in patients aged 55-65 years and over 30% in those
aged >65 years.[6] Prevalence at necropsy data is 30—40% in
those aged 55-65 years and over 60% in those aged >65 years.
[7] Incidence of the most severe form, critical ischemia, has been
estimated at 500 cases per million population per year worldwide,
[8] which would correspond to 6000 new cases annually in Cuba’s
population of approximately 12 million.

Recent technological developments and use of advanced experi-
mental animal models have led to new strategies to treat isch-
emia, especially in the legs. Some have already shown promising
results in clinical trials.[9,10]

The body’s ability to spontaneously develop collateral circulation
is an important positive factor in response to occlusive vascular
disease and decisively affects severity of residual tissue ischemia.
Neoangiogenesis (new vessel formation) and vasculogenesis (for-
mation of new vessels from pre-existing ones) may be sufficient to
preserve muscle tissue integrity and function, and so have been the
basis for developing new treatment approaches.[11,12]

Angiogenesis is a dynamic process of endothelial cell prolifera-
tion and differentiation in which new functional vascularization
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results from the coordinated activity of endothelial cells, extra-
cellular matrix and surrounding cells. Vascular growth factors are
among the major physiological stimuli of angiogenesis; these
include the prototype vascular endothelial growth factor and oth-
ers, such as angiopoietins 1 and 2 (Ang-1, Ang-2), transform-
ing growth factor-R and basic fibroblastic growth factor. Some
of these angiogenic factors, mainly vascular endothelial growth
factor and fibroblastic growth factor, have already been used in
human clinical trials for ischemic cardiomyopathy and lower limb
ischemia.[13]

These trials have generally used only one growth factor, a limi-
tation when studying a process that requires interaction among
several elements, EPCs among them—hence, the suggestion
that future trials employ combinations of different angiogenesis
growth factors. However, such procedures are more complex and
expensive, requiring highly specialized laboratories.[14]

One alternative is to provide cells that can influence growth factor
release or EPCs that can directly affect angiogenesis.[15] It has
recently been shown that adult bone marrow is a rich reservoir
of several types of EPCs and HSCs that can contribute to vas-
cularization, both during the physiological embryonic period and
postnatally.[16] Due to its potential angiogenic effect, autologous
implantation of bone marrow-derived mononuclear stem cells is
being implemented to good effect in patients with severe isch-
emic complications, in what has been described as “a revolution
in regenerative medicine.”[17,18]

The advantage of cell therapy to induce angiogenesis is that it
could promote endothelial regeneration and release of several
angiogenic growth factors. Furthermore, the existence has been
established of cell subpopulations in bone marrow that can dif-
ferentiate into myogenic and vascular cells (angiomyogenesis).
[17] Autologous bone marrow MNC transplantation has been
proposed as a safe and effective angiogenic therapy, because of
these cells' natural property of yielding EPCs and several angio-
genic factors and cytokines.[19]

To date, there is scant literature on prognostic factors for autolo-
gous HSC transplantation for ischemic conditions; nor is there
much on associated adverse effects. There are conflicting
results regarding its true benefit, and it has been observed that
individual patient characteristics decisively influence outcomes.
A REPAIR-AMI study analysis subgroup found larger infarcted
area and left ventricular dysfunction to be associated with great-
er autotransplantation success rates.[20] The BOOST study
concluded that transplant success did not depend on patient
age, nor degree of dysfunction, nor therapy timing but rather
was influenced by presence of diabetes and other chronic condi-
tions;[21,22] experimental studies have also demonstrated that
diabetes and other systemic diseases significantly reduce HSC
angiogenic potential.[23]

The conclusion from all this? Stem cell therapy can be benefi-
cial, but not for all patients. Hence the importance of identifying
patients who are most likely to benefit. Identification of prognos-
tic factors could help determine the most appropriate candidates,
avoiding raising false expectations in those patients who would
not benefit. This would also be a contribution to health systems’
rational use of human and financial resources, both substantially
implicated in this form of treatment.

There have been no Cuban studies of possible factors associ-
ated with poor angiogenic response after autologous HSC trans-
plantation, an indisputably important question for deciding which
patients are best candidates for this therapy. Our objective, then,
was to identify clinical and laboratory factors that could suggest
poor prognosis for angiogenesis after HSC autograft in patients
with chronic lower limb ischemia and to establish a preliminary
scale to stratify patients by risk.

METHODS

Study type and population A retrospective analytical study was
carried out of a case series of 47 adult patients with lower limb isch-
emia who underwent autologous HSC transplantation in the Dr Gus-
tavo Aldereguia Lima University General Hospital in Cienfuegos,
Cuba, between January 2007 and December 2010. Patients with
incomplete clinical or laboratory records were excluded.

Data source Data on variables selected were taken entirely from
clinical records of patient care from prior to autotransplantation
through follow up.

Study variables Independent clinical and laboratory variables
assessed are summarized in Table 1. The dependent variable,
successful angiogenesis, was defined by avoidance of amputa-
tion for one year post-transplantation.

Table 1: Study variables

260
Age (years) <60
Sex Male, female
Di ) Arteriosclerosis obliterans
iagnosis

Ischemic diabetic foot (according to 10" ICD)[24]
Bronchial asthma, chronic renal insufficiency,
diabetes mellitus, hypertension, ischemic heart
disease, smoking

Fontaine scale grades I, lla and IIb, Ill, IV[25]
Distance in meters until claudication appears
<50 m

250 m

Perceived pain: 0 = no pain, 10 = maximum

Medical history

Fontaine stage

Claudication distance

(m)

Pain scale (0—10)

Ankle/brachial pres-
sure index

Ulcers
Hemoglobin (g/dL)

Total leukocyte count
(x 10°/L)

Glycemia (mmol/L)
Creatinine (mmol/L)

SGPT (IU/L)
Cholesterol (mmol/L)

Triglycerides (mmol/L)

LDH (IU/L)
Leukocyte viability
Platelet count
Prothrombin time
ESR

Amputation

ESR: erythrocyte sedimentation rate

pain

Lower limb blood pressure/upper limb blood
pressure

Normal: 1.0

Lower limb skin integrity: Yes/No

Normal range: Men 13—-17.5 Women 12-16.5[26]
Normal: 4.0-12.0[26]

(measured pre- and postmobilization with
granulocyte colony stimulating factor)
Normal: 3.8-5.88[26]

Normal: Men 62—106 mmol/L

Women 44-80 mmol/L[26]

Normal: Men <41 Women <31[26]

Normal: 3.87-6.71 mmol/L[26]

Normal: Men 0.68—1.80 mmol/L

Women 0.46 —1.60 mmol/L[26]

Normal: 200— 400[26]

Optimal: >90%

Normal: 150-350 x 10%L[26]

Normal: 11.2—-13. 2 sec[26]

Normal: Men 1-10 mm/h Women 1-20 mm/h[26]
Supracondylar lower limb amputation: Yes/No

LDH: Lactic dehydrogenase

SGPT: serum glutamic piruvic transaminase
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Measurement of ankle/brachial pressure Blood pressure was
measured prior to HSC implantation and 4, 8 and 16 weeks
postimplantation. The ankle-brachial pressure index was calcu-
lated by dividing lower limb systolic pressure (attained by Dop-
pler ultrasonic flow meter) by systolic arm pressure (measured
by conventional auscultation) with the patient lying supine.[27]
Posterior tibial and lower dorsal pedal artery pressures lower
than brachial pressures indicated important arterial obstruction.
In borderline cases, measurements were taken before and after
exercise.

MNC separation method The procedure used by Hernandez[1]
was followed to mobilize peripheral blood MNCs: patients were
given 10 pg/kg of domestically-manufactured recombinant human
granulocyte colony stimulating factor (LeukoCIM, CIMAB SA,
Cuba) subcutaneously every 12 hours for a total of 4 doses. Three
hours after the last injection, 800—1000 mL of whole blood were
extracted, amount depending on the patient’s clinical condition.
MNCs were then concentrated by sedimentation after adding 1
mL of 6% hydroxyethyl starch per 6 mL whole blood.

MNC and HSC count and assessment of leukocyte viabil-
ity To evaluate viability and cell count, Hernandez’s method[1]
was used, with slight modifications dictated by resource limita-
tions in our institution: a small fraction of cell suspension was
used for cell count, viability testing by trypan blue exclusion
and microbiology. Cell count pre- and postmobilization was
performed in a Neubauer chamber, since an automatic cell
counter was not available. All readings were done by the same
observer to avoid interobserver error, the main limitation of this
method. To reduce intraobserver error, duplicate readings of
each sample were performed and averaged. Differential cell
count was carried out by optical microscopy of cell concentrate
stained with May-Grinwald Giemsa. Lymphocytes, monocytes,
lymphocytoid and monocytoid cells, immature myeloid cells,
proerythroblasts and erythroblasts were considered MNCs.
MNC concentration was not available in all patient records so
not used in prognostic analysis. Mean MNC concentration for
34 patients was 2.5 x 10°/L.

MNC implantation MNC were injected intramuscularly in the gas-
trocnemius and quadriceps muscles, per Hernandez.[1]

Data processing Percentages were calculated for general variables:
sex, medical history and Fontaine stages;[25] mean and standard
deviation were calculated for age. Results were presented in fre-
quency distribution tables. Logistic regression analysis was used to
study categorical variables representing possible prognostic factors
for deficient angiogenesis. In univariate logistic regression, variables
showing a coefficient of <0.1 (p <0.10) were considered prognos-
tic factors, due to small sample size. Values from one to four were
assigned to variables when their p values corresponded to 0.10, 0.05,
0.025, and 0.01 respectively; these values were cumulated to create
a preliminary scale, modeled on the approach for MNC autograft in
the heart,[28] the only one found in the literature for similar purposes.
The significance level was set at p <0.05. Data were processed using
SPSS 15.0 Windows statistics.

Ethical considerations The study relied exclusively upon admin-
istrative data, taking measures to ensure patient anonymity. It was
approved by the ethics committee of Dr Gustavo Aldereguia Lima
University General Hospital.

RESULTS

Mean patient age was 64 years; male sex predominated (59.6
%). Hypertension (HT) and diabetes were concurrent in 23.4%
(11); a further 17% (8) had both these conditions plus ischemia
cardiomyopathy; and 17% reported smoking. Fontaine stage IV
predominated, with 53.2% (25) (Table 2).

Regression analysis of clinical parameters revealed age 260
years and a pain scale score of 10 to be significant, resulting in
prognostic scores of 3 and 2 points, respectively (Table 3).

Regression analysis of laboratory values found final leukocyte count
of <20 x 10%L and glycemia of >6 mmol/L to be significant, for prog-
nostic scores of 4 and 2, respectively. The final variable to enter the
scale was triglyceride level, with a prognostic score of 1 (Table 4).

Thus, five variables were identified as potential predictors of poor
prognosis for angiogenesis in autotransplanted patients: post-

Table 2: Patient characteristics (n=47)

Age | Mean | Range
Age (years) 64 29—84
___

Male 59.6
Female 19 40.4
HT + DM 11 234
HT + IHD + DM 8 17.0
Smoking 8 17.0
HT 6 12.8
HT + IHD 4 8.5
NA 4 8.5
DM 2 4.3
CRI 1 2.1
HT + IHD + DM+ CRI 1 2.1
DM + Smoking 1 2.1
Bronchial asthma 1 21
Fontaine stage

\Y, 25 53.1
1 14 29.7
IIb 8 17.2

IHD: Ischemic heart disease DM: Diabetes mellitus
HT: Hypertension CRI: Chronic renal insufficiency
NA: Nonsmoker with none of listed diseases

Table 3: Regression analysis and risk scores of clinical variables

T
coefficient

MEDICC Review, July 2012, Vol 14, No 3

Age 260 years 0.330 0.024
Pain scale = 10 0.650 0.034
Chronic renal insufficiency 0.264 0.711
Fontaine IV 0.249 0.091 -
Ulcers 0.243 0.100 -
Fontaine Ill 0.234 0.628 -
Hypertension 0.220 0.355 -
Fontaine llb 0.203 0.401 -
Ankle-brachial index 0.151 0.388 -
Smoking 0.127 0.721 -
Claudication distance <50 m 0.033 0.827 -
Female sex 0.045 0.766 -
Male sex 0.045 0.766 -
Diabetes mellitus 0.026 0.895 —
Ischemic heart disease 0.025 0.873 -
Peer Reviewed 33
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Table 4: Regression analysis and risk scores, laboratory variables

. Regression
e v s

Postmobilization leukocyte

count <20 x 10°/L LT L &
Glycemia >6 mmol/L 0.291 0.047 2
Triglycerides >0.8 mmol/L 0.321 0.071 1
Cholesterol >5.0 mmol/L 0.225 0.128 -
ESR >10 mm/h, men; >20 0135 0.366 _
mm/h, women

LDH >400 IU/L 0.132 0.377 -
Premobilization leukocyte

count <20 x 10°/L L2y e B
Platelet count <100 x 10°/L 0.115 0.440 -
Prothrombin time >13.2 s 0.070 0.642 -
Leukocyte viability <90% 0.056 0.710 -
SGPT 241 IU/L men; 231 0.026 0.862 _

IU/L women

ESR: erythrocyte sedimentation rate
SGPT: serum glutamic piruvic transaminase

LDH: lactic dehydrogenase

Table 5: Observed angiogenic potential by predicted (n = 47)

Observed angiogenic potential

Not Amputations
' Amp:tated amPUtated
n %

Total prognostic
score (predicted

angiogenic
potential)
0-4 (High) 11 23.4 1 10 90.9
5-8 (Intermediate) 24 51.1 10 14 58.3
9-12 (Low) 2] i2515 10 2 16.7

mobilization leukocyte count of <20 x 10%L, age 260 years, pain
scale score 10, glycemia of 26 mmol/L and triglyceride level of
>1.8 mmol. Assigned risk scores were 4, 3, 2, 2 and 1, respective-
ly, creating a potential scale of 0—12 for predicting risk of amputa-
tion because of poor angiogenesis.

Overall, 55.3% (26/47) of patients were able to avoid amputa-
tion. Of patients with scores between 0 and 4 (high predicted
angiogenic potential), 90.9% (10/11) were spared amputation.
Of patients with scores between 9 and 12 (low predicted angio-
genic potential), 16.7%, (2/12) were spared amputation and
58.3% (14/24) of those in the mid range of predicted angiogenic
potential (Table 5).

DISCUSSION

Clinical application of hematopoietic stem cells in diseases with
an ischemic component, rapidly extending in medical practice,
has two essential advantages: immunologic, because rejection
is not a problem; and ethical, because the patient’s own tissue is
used, hence there is no risk from introduction of foreign matter.
However, clinical and laboratory factors predictive of angiogenic
potential and successful outcomes in individual patients have
not been fully described.[29] There is no Cuban or international
research on prognostic factors for autotransplantation in lower
limb ischemia with which to compare our results, but clinical tri-
als of HSC for cardiac and brain ischemia[30,31] and relevant
experimental animal models do provide some context for com-
parison.

Aging has been implicated as an adverse prognostic factor in
myocardial ischemic tissue autotransplantation, as reported by
Li.[31] This is consistent with our finding that age 260 years con-
stituted a prognostic factor (risk score of 3).

Peripheral arterial ischemia is the result of different diseases
affecting lower limb vascularization, generating pain, incapac-
ity and impaired quality of life. Critical ischemia produces great
morbidity, mortality and chronic pain. The maximum score of 10
on the pain scale represents the most intense pain perceived by
the patient, corresponding to greater vascular damage.[32—-34]
Since HSCs need a minimum of circulation for nourishment to be
able to initiate neoangiogenesis, it stands to reason that great-
er pain intensity, an indirect indication of scant vascularization,
would predict low angiogenic potential, as we found. Consistent
with our results, O’Neill found neovascularization capacity poten-
tially reduced in patients with ischemic cardiomyopathy producing
pain,[35] and Fernandez found reduced in vitro capacity for migra-
tion and colony formation in HSCs from patients with critical lower
limb ischemia and pain.[36] In our study, pain was a moderately
important predictor, with a score of 2, consistent with these and
other lines of evidence.[36,37]

Adult bone marrow stem cells have many different subpopulations
capable of transdifferentiation into several cell types, depending
on their membrane expression markers.[38] According to their
capacity for neovascularization, they can be divided into two types:
CD34 positive and CD34 negative.[39] Recent experimental stud-
ies have demonstrated that CD34-positive EPCs can be mobilized
into systemic circulation and can contribute to neovascularization
and re-endothelialization after birth.[40,41] A decisive role in neo-
angiogenesis has been demonstrated for stem cell number and/or
concentration.[12,42] Experimental studies in animals have shown
that ischemia per se can induce stem cell mobilization to peripheral
blood; particularly in mouse models, administration of granulocyte
colony stimulating factor after ischemia has resulted in decreased
mortality, reduced infarcted area and increased regeneration of
myocytes and vascular structures.[41] However, this has not been
convincingly demonstrated in clinical trials.

A larger number of MNCs mobilized to peripheral blood increases
the probability that there is also a larger number of HSCs, which
would improve prospects for successful neovascularization.[42] We
defined this by postmobilization leukocyte count, and it resulted in
the most powerful predictor of autotransplantation success, with a
low count contributing four points to the scale. We therefore believe
this prognostic factor to be essential for assessing likely autograft
success. In fact, in the group with the best prognosis (scores 0—4),
the only failure was in the single patient whose postmobilization
MNC count was <20 x 10%L. Hernandez found that most patients
with postmobilization leukocyte counts of <20 x 10%/L had low auto-
graft success rates, and so in subsequent studies continued mobili-
zation every 12 hours until adequate values were attained.[11] Our
results reinforce the importance of continuing cell mobilization until
the values are >20 x 10%L, to ensure greatest likelihood of angio-
genic success in the presence of other poor prognostic factors.

One of our study limitations was that incomplete patient informa-
tion meant our logistic regression did not include MNC count in
peripheral blood, precisely where most HSC are found. It will be
critical to include this variable in any future development of a prog-
nostic scale.

Another limitation was the use of manual methods rather than
automatic counters for absolute leukocyte count. Observer error
is inherent in manual counting, although we minimized interob-
server error by using only one observer and intraobserver error
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by averaging repeated observations on each sample. Manual and
automated counting have been found to have similar equivalence
coefficients (0.950 vs. 0.920).[43,44] Several authors have shown
that automatic hemocytometers optimize time and laboratory
resources but tend to count approximately 10 cells less than man-
ual counters and do not discriminate cell types as well as manual
counters, especially in the granulocytic and erythroid lines.[43—46]
This is particularly important to keep in mind in this type of study
because patients receiving granulocyte colony stimulating factor
mobilize large numbers of these cells into peripheral circulation
and automated counting could substantially underestimate final
postmobilization counts.

Diabetes mellitus is associated with increased risk of atherosclero-
sis and poor prognosis following vascular occlusion,[47] as well as
with disturbances in endothelial cell and monocyte maturation.[48]
Neovascularization does not consist only of angiogenesis but also
involves bone marrow-derived EPCs, which participate in vasculo-
genesis, contributing 25% of blood vessel formation.[49] The number
of EPCs in circulation is relatively low but increases in response to
trauma or ischemia, mobilizing from bone marrow to periphery.[50]

Some studies have shown patients at risk for coronary disease
and diabetes to have reduced numbers of circulating EPCs.[51]
Animal research suggests diminished vasculogenesis in diabetes,
since EPC proliferation and differentiation are less in diabetic than
in nondiabetic animals.[52,53] Thus, we can infer that hyperglyce-
mia should negatively influence neovascularization, exactly what
we observed in this study, where diabetes was a moderately strong
prognostic factor, contributing two points to the predictive scale.

Alterations in plasma lipoproteins and lipid metabolic disorders are
among the most firmly established and atherosclerosis risk factors.
[54] After a usually prolonged asymptomatic phase, atherosclero-
sis can become manifest; one clinical expression is chronic lower
limb ischemia with intermittent claudication.[55] Thus, increased
blood lipids, especially triglycerides, represent a direct prognostic
factor, notably increasing atherosclerosis and consequently vas-

cular occlusion throughout the body. This reduces nourishment
availability for implanted stem cells, limiting their ability to differen-
tiate into vessel-forming endothelial cells.[56] Increased triglycer-
ides were a minor prognostic factor for failed angiogenesis in our
study, contributing one point to the predictive scale.

The main limitations of this study that may have affected its find-
ings are those inherent in its small sample size, its local nature
and lack of randomization, possibly explaining the absence of an
effect of such recognized risk factors as hypercholesterolemia,
chronic renal insufficiency and advanced Fontaine stage.

The literature reviewed did not identify a predictive scale specific
to HSC autotransplantation for lower limb ischemia, which led us
to extrapolate ours from one used for cardiac ischemia. The scale
thus developed is therefore preliminary by definition, subject to all
the limitations inherent in this type of study, and requires further
research and modification. Nonetheless, we have provisionally
identified factors that should be taken into account when decid-
ing which patients are most likely to benefit from HSC autograft.
Our study’s ultimate contribution will depend on future research to
corroborate the predictive value of the possible prognostic factors
found and the clinical usefulness of the risk scale developed.

CONCLUSIONS

Five clinical and laboratory variables were identified as possible
predictors of poor prognosis after HSC autograft for chronic lower
limb ischemia. The scale thus created has potential for classifying
patients according to their high, intermediate or low angiogenic
potential. Generalization of these results is subject to corrobora-
tion and refinement by further research.
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