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Abstract
Objective—The purpose of this phase I open label non-randomized trial was to assess the safety
and efficacy of autologous bone marrow mononuclear cell (ABMNC) therapy in promoting
amputation free survival (AFS) in patients with critical limb ischemia (CLI).

Methods—Between September 2005 and March 2009 twenty-nine patients (30 limbs), with a
median age of 66 (range 23–84) (14 male,15 female) with CLI were enrolled . Twentyone limbs
presented with rest pain (RP), six with RP and ulceration, and three with ulcer only. All patients
were not candidates for surgical bypass due to absence of a patent artery below the knee and/or
endovascular approaches to improving perfusion was not possible as determined by an
independent vascular surgeon. Patients were treated with an average dose of 1.7 ± 0.7 × 109

ABMNC injected intramuscularly in the index limb distal to the anterior tibial tuberosity. The
primary safety endpoint was accumulation of serious adverse events and the primary efficacy
endpoint was AFS at one year. Secondary endpoints at 12 weeks post-treatment were changes in
first toe pressure (FTP), toe-brachial index (TBI), ankle-brachial index (ABI), and transcutaneous
oxygen measurements (TcPO2). Perfusion of the index limb was measured with PET-CT with
intra-arterial infusion of H2O15. Rest pain (RP), using a 10-cm visual analog scale, quality of life
using the VascuQuol questionnaire, and ulcer healing were assessed at each follow-up interval.
Subpopulations of endothelial progenitor cells were quantified prior to ABMNC administration
using immunocytochemistry and fluorescent activated cell sorting.
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Results—There were two serious adverse events however there no procedure related deaths.
Amputation-free survival at one-year was 86.3%. There was a significant increase in FTP (10.2+
6.2 mmHg, P=.02) and TBI (0.10± 0.05, P=.02) and a trend in improvement in ABI (0.08±0.04,
P=.73). Perfusion Index by PET-CT H2O15 increased by 19.3 ± 3.1 and RP decreased significantly
by 2.2 ± 0.6 cm. (P=.02). The VascuQol questionnaire demonstrated significant improvement in
QOL and three of 9 ulcers (33%) healed completely. KDR+ but not CD34+ or CD133+

subpopulations of ABMNC were associated with improvement in limb perfusion.

Conclusion—This phase I study has demonstrated safety and the AFS rates suggest efficacy of
ABMNC in promoting limb salvage in “no option” CLI. Based on these results we plan to test the
concept that ABMNCs improve AFS at one year in a phase III randomized, double-blinded
multicenter trial.

Critical Limb Ischemia (CLI) is defined as insufficient arterial blood flow to maintain tissue
viability of the lower extremities due to advanced peripheral arterial disease (PAD)1,2. The
clinical manifestations consist of rest pain and/or tissue necrosis with ulceration and
gangrene, all of which herald eventual limb loss. The incidence of CLI in Western societies
is approximately 220 new cases per million per year , and with an aging population,
persistent rates of tobacco abuse, and an increase in diabetes a steady growth of the
population at risk is expected2. Revascularization of the ischemic leg with surgical bypass
has provided a combination of low mortality and exceptional amputation-free survival in the
treatment of CLI3,4, and more recently endovascular approaches have demonstrated
equivalent limb salvage efficacy in this challenging patient population5–9. Despite these
advances in surgical and endovascular techniques approximately 20–40% of patients with
CLI will not be candidates for either of these approaches due to a lack of autogenous vein or
extensive atherosclerotic disease in the tibial and peroneal arteries10–12. For these patients
the only remaining alternative for relief of rest pain and infection is amputation of the
affected extremity. It is estimated that between 120 to 500 amputations are performed each
year per million population and one fourth of all patients who undergo below knee
amputation will fail rehabilitation and require chronic institutional care or professional
assistance at home2,13. Consequently the median cost of managing a patient after amputation
is estimated to be almost twice that of successful limb salvage14. Beyond the physical
disability and financial cost, there is a significant emotional toll as well; psychological
testing of patients with CLI shows quality of life indices similar to patients with terminal
malignancy15,16. Thus there is a critical need to develop novel strategies to promote limb
salvage in patients with CLI with no options for conventional revascularization.

Cell mediated angiogenesis was born a decade ago from the observation that CD34+ cells
isolated from peripheral blood had the capacity to differentiate into fully differentiated and
functional endothelial cells in culture17. These putative stem cells, termed endothelial
progenitor cells (EPC), can also be isolated from bone marrow (BM) and express the surface
markers CD34, CD133, and kinase insert domain receptor (KDR)17–19. Most importantly
BM derived EPCs have been shown to participate in blood vessel development in preclinical
models of hindlimb ischemia, providing evidence that EPCs may possess therapeutic utility
in treating ischemic tissue19–21. The Therapeutic Angiogenesis using Cell Transplantation
(TACT) study demonstrated that intramuscular (IM) injection of the mononuclear fraction of
autologous BM (ABMNCs) into critically ischemic legs increased perfusion with significant
improvement in ankle-brachial indices, transcutaneous oxygen pressures , and rest pain22.
Subsequent to this vanguard study there have been multiple phase I clinical reports on the
efficacy of ABMNCs in improving limb salvage in patients with CLI23–27, however
currently there is no pivotal proof of this concept. The primary objective of this phase I/II
clinical trial was to assess the safety and efficacy of ABMNC transplantation in promoting
amputation free survival (AFS) in patients with CLI. We further provide a novel measure of
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cell mediated changes in perfusión and an analysis of the impact of ABMNC subpopulations
on clinical outcome.

Methods
A detailed description is available in the supplemental Methods section.

Patient Selection
Based on the adverse events reported in the TACT trial22 and communication with the
authors we determined that a sample size of twenty patients completing the one year follow-
up interval (anticipating a 10–15% drop out rate) would provide sufficient data to assess
safety of ABMNC treatment. Recruits were between the ages of 21 and 85 with CLI defined
as symptoms of rest pain and/or ulceration with an ankle brachial index (ABI) ≤ 0.55 and/or
toe brachial index (TBI) ≤ 0.40 (Table I). Enrolled patients had “no options” for reperfusion
of the index limb defined as absence of a patent artery below the knee that was continuous to
the foot and thus excluding bypass and/or endovascular approaches to improving perfusion
were not possible as determined by an independent vascular surgeon. All patients had to
have been offered amputation as an eventual treatment option pior to enrollment. The TBI
was used to include the subset of CLI patients with lower extremity vasculitic syndromes
that have profound ischemia of the foot despite patency of the tibial arteries proximal to the
malleoli. Patients were instructed to continue current medical regimens and activity levels
(including exercise regimens) throughout the course of the study. Any changes in
medications and activity levels were noted. Patients with wounds were instructed to continue
with the regimen used at the time of enrollment or therapies considered the standard of care
for ischemic ulceration. The trial protocol and informed consents were approved by the
Institutional Review Boards of the institutions and all patients gave written informed
consent to participate in the study.

Study Design
This was an open-label, single dose prospective study that consisted of two sequential parts:
(1) injection of ABMNCs isolated using conventional Ficoll density centrifugation (FC) (14
patients) and (2) injection of ABMNCs using the MarrowStim™ (MS) closed centrifugation
system (Biomet Biologics, Warsaw, IN) (15 patients, 16 limbs).

Safety Analysis
Medical records, concomitant medication use, electrocardiogram (EKG) results, blood
chemistry and hematology results, vital signs, and physical examination findings were
tabulated and reviewed for evidence of adverse and serious adverse events at each follow up
visit at post-procedure day 1, weeks 4, 8, and 12, and at 6 and 12 months. The safety of
ABMNC administration was determined by estimating the risks of the procedure for major
complications including death by review of serious adverse events (SAE) accumulated
during the study.

Amputation Free Survival
The primary efficacy outcome was time to above-ankle amputation of the index leg or death
from any cause, whichever occurred first. Viability of the index limb was determined at each
follow-up visit at weeks 4, 8, 12 and at 6 and 12 months. All cause mortality was accrued
through hospital records and communication with referring health care providers.

Murphy et al. Page 3

J Vasc Surg. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Measures of Perfusion
First toe pressure (FTP), TBI, ABI, and transcutaneous oxygen pressures (TcPO2) were
measured bilaterally at baseline and at weeks 4, 8, and 12. Patients were evaluated for
response to therapy by the parameter (ABI or TBI) by which they were enrolled. For
patients that met both ABI and TBI inclusion criteria, response to therapy was measured by
ABI. Contrast arteriography (CA) and magnetic resonance arteriography (MRA) were
performed at baseline and at 12 weeks in four patients to score neovascularization in the
index limb. Both of these procedures were abandoned due to a lack of interpretable data and
associated risks. An experimental Positron Emission Tomography (PET) based protocol
with computed tomography (CT) was developed to directly quantify perfusion of the limb
using radiolabeled water (H2O15)28. PET-CT perfusion images were generated by intra-
arterial injection of H2O15 and then quantifying the peak tracer uptake level of H2O15 in
both lower extremities for a period of 120 seconds. A Blood Perfusion Index (BPI) was
calculated as the ratio of H2O15 peak tracer uptake level of the untreated:treated leg. The
BPI was measured at baseline and at 12 weeks in four patients.

Additional Efficacy Assessments
Rest pain (RP) was measured with a 10-cm visual analog scale (VAS) at baseline and each
follow-up visit. Patients were instructed to place a mark on a line from 0 (no pain) to 10-cm
(worst pain previously experienced) that would best describe the level of pain in the index
limb during the previous twenty four hours prior to examination. The distance from the 0-
cm mark was then measured and recorded. The Vascular Quality of Life Questionnaire
(VascuQol) was used to assess quality of life at baseline, and each follow up visit. The
questionnaire focuses on the domains of pain, symptoms, emotional well-being, social
function, and activity. The responses were then scored 1 to 7 (all the item scores divided by
25) for each evaluation. Ulcer status was assessed at each follow up interval and compared
to baseline. Complete healing of the index ulcer with re-epithelialization was considered a
successful response to therapy.

Flow Cytometric Characterization of Endothelial Progenitor Cell Subpopulations
Fluorescent activated cell sorting (FACS) analysis was used to quantify subpopulations of
EPCs in the mononuclear fraction of the BM aspirate of eight patients. Antibodies for CD34
(a hematopoietic progenitor marker), CD133 (a nonspecific stem cell marker), and KDR (an
endothelial and monocyte surface marker) were used with techniques described in the
supplemental methods section18.

Statistical Analysis
The primary efficacy outcome of AFS at one year was assessed using the product-limit
estimate. The four measures of perfusion (FTP, TBI, ABI, and TcPO2) were analyzed by a
repeated measures model that accounts for possible heterogeneous variances among
observations obtained on the same patient. Correlations between measures of perfusion and
cell counts were analyzed by the Pearson product moment correlation coefficient.
Differences in EPC subpopulations between groups and changes in the 10-cm VAS and in
the domains of the VascuQol were evaluated using the paired t-test.

Results
Patient Baseline Characteristics

Between September 2005 and March 2009 we enrolled and treated 29 patients (30 limbs, 14
men/15 women) with CLI with a median age of 66 (range, 23–84) (Table II). Twenty-two
patients (76%) had a previous surgical bypass or endovascular procedure in the index limb.
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The mean baseline TBI was 0.15 ± 0.037 for those limbs enrolled on TBI criteria (n=14) and
mean baseline ABI was 0.32 ± 0.042 for those limbs enrolled on ABI criteria (n=16). Seven
patients (24%) did not complete the one year assessment of limb viability due to amputation
(2), dropped out of the study for alternative therapies (3), or death (2).

ABMNC Preparation and Injection
The average number of ABMNCs obtained after FC isolation was 1.3± 0.7 × 109 and for the
MS isolation was 2.0 ± 1.6 × 109, respectively. Cell viability was greater than 97% for both
FC and MS. The ABMNC suspension was concentrated to a volume of 30-mL and 0.75-mL
aliqouts were delivered via 40 IM injections (mean ±SE=37 ± 6) at 2-cm intervals, 1.5-cm
deep into the gastrocnemius muscle, along the medial and lateral aspect of the index limb. In
those patients with distal occlusive disease extending below the malleoli (based on imaging
studies prior to enrollment) injections were extended onto the dorsal and medial foot, in the
distribution of the dorsalis pedal and posterior tibial arteries and terminal arcades (Fig.1A–
D).

Safety Analysis
There were two procedure-related SAEs. A 71 year-old patient with CAD experienced
angina with ST segment depression on an electrocardiogram (EKG) on post-procedure day
1. The patient’s hemoglobin had dropped from 11.0-gm/dL pre- to 8.8-gm/dL post-BM
aspiration. The patient was transfused two units of packed red blood cells and the anginal
symptoms and EKG changes resolved without elevation of cardiac enzymes. The protocol
was subsequently modified to decrease the volume of BM aspirated from 500 to 360-mL to
reduce precipitous shifts in hemoglobin levels in this high cardiac risk population. A
procedure-related SAE occurred in one patient during CA of the index limb with entrapment
of a guidewire in the wall of the common femoral artery requiring open exploration and
extraction. There were no wound complications at the BM aspiration site or ABMNC
injection sites in the index limb. Additionally there were no adverse events associated with
administration of general anesthesia. There were no serum chemistry or hematologic
abnormalities other than anemia. There were two non-treatment related deaths in the one
year follow-up interval, at 8 weeks and at 8 months.

Amputation Free Survival
AFS at one year was 86.3%. There were three amputations during the one-year follow up
period: day 2, week 5, and week 25 post-treatment. A below knee amputation (BKA) was
performed for severe ischemic rest pain in a 25 year old-male who had a guillotine
transmetatarsal amputation for gangrene secondary to Buerger’s disease and IM ABMNC
two days later. A BKA was performed 2 days post-ABMNC treatment for intractable rest
pain. A BKA was performed at 5 weeks after ABMNC injection in a 60 year-old diabetic
male who was found to have osteomyelitis in the first metatarsal bone of the index limb that
was not discovered on plain x-rays at the time of screening. An above-knee amputation
(AKA) was performed in an 80 year-old woman with aortoiliac, femoral, and tibial artery
occlusive disease. The baseline ABI of the index limb was 0.38 and decreased to 0.22 by
week 12. There were two deaths during the study , at 7 and 26 weeks post-treatment. The
first death occurred in a 55 year old male with ulcerative colitis, rheumatoid arthritis, and
insulin dependent diabetes mellitus with severe bilateral lower extremity ischemia with
gangrene (FTP recordings were absent in both feet). Despondent over his prognosis the
patient committed suicide at 7 weeks post-treatment. The second death occurred at 26 weeks
post-treatment from complications ten days after an AKA for gangrene of the index limb, as
previously described.
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Changes in Measures of Perfusion
There was a significant increase from baseline in FTP by 10.2± 6.2 mmHg (P=.02) (Fig.2A)
and in TBI by 0.10 + 0.05 (P=.02) (Fig. 2B) at week 12. There was a trend in improvement
in ABI at week 12 by 0.08 + 0.04 (P=.73) (Fig.2C). Applying recognized clinical thresholds
in these hemodynamic indices we found that 5 of 10 limbs (50%) enrolled on TBI criteria
and 5 of 15 limbs (33%) enrolled on ABI criteria “responded” to ABMNC treatment by a
margin of ≥ 0.15 from baseline. There were no significant differences between the
“responder” and “non-responder” groups in age however most responders were female
(70%). All four of the diabetic patients enrolled that completed the 12 week assessment of
perfusion had an increase ≥ 0.15 in TBI (3) or ABI (1) (Table III). Only one patient had a
decrease in ABI by ≥ 0.15 at week 12 and eventually had an AKA for gangrene, as detailed
previously. There was an insignificant increase in TcPO2 at week 12 by 4.1 ± 6.8 mmHg
(P=.63) . The BPI in the treated limb, as quantified by H2O15 PET-CT perfusion data (Fig.3)
increased by 19.3 ± 3.1 from baseline (n=4).

Correlation of Cell Counts and Changes in Perfusion
We found that there was no correlation between total MNC count and changes in ABI (Fig.
4A). There was a significant difference in counts of KDR+ cells between the treatment
responders and non-responders; however there were no differences in counts of CD34+ or
CD133+ cells between these two groups (Fig. 4B) . It should be noted that these
subpopulations isolated based on CD34, CD133, and KDR expression represented a small
portion of the total MNC population as compared to cells expressing the hematopoietic and
monocyte marker CD45 (mean 89.46 ± 3.2%). There was no difference in the relative
composition of CD45+ cells between responders and non-responders (data not shown).

Additional Efficacy Assessments
Rest pain decreased significantly at 12 weeks from baseline with 8 of 15 (53%) patients
enrolled on ABI criteria and 8 of 10 (80%) patients enrolled on TBI criteria reporting
improvement in symptoms (Fig. 5A). RP decreased from baseline to a greater degree in
treatment responders than non-responders (Table III). Within the ABI group 4 patients
(27%) reported an increase in RP and within the TBI group 2 patients (20%) reported an
increase in RP. Interestingly both of these patients in the TBI group improved by ≥ 0.15.
The VascuQol total score increased in all categories, especially in the domains of emotion
(2.5 ± 0.3 to 4.3 ± 0.5) and pain (2.5 ± 0.4 to 4.0 ± 0.7). (Fig.5B). Three of 9 ulcers (33 %)
healed completely by week 12 (Fig.6).

Discussion
The report by the TACT investigators was the first clinical assessment of ABMNCs in
treating CLI, demonstrating that IM injection of ABMNCs significantly improved ABI,
TcPO2, rest pain, and pain free walking time at 24 weeks after treatment22. Intrigued by
these results and motivated by a need in our own clinic population, we used the TACT
report as a template for an open label, non-randomized phaseI/II clinical trial that was the
first FDA approved cell-based trial for PAD in the United States. In the current study there
were no deaths within thirty days of treatment. There were two procedure-related SAEs -
anemia related myocardial ischemia and entrapment of a guidewire during CA. Similar CLI
studies have also reported anemia in patients after large volume BM aspiration with various
adverse events26,31 and modification of the study protocol prevented further anemia related
SAEs. There were no adverse events associated with administration of general anesthesia,
which was a major concern in this high cardiac risk patient population. There were two
deaths during the 12 month follow-up period neither of which was procedure related. The
thirty-day perioperative morbidity rate of ABMNC therapy in this trial, with two serious
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adverse events (no deaths) in thirty limbs treated, was 7%. The perioperative morbidity and
mortality of lower extremity amputation ranges from 7 – 17% 1,2,13. Based on a review of
SAEs by an independent data and safety monitoring board we conclude that IM
administration of ABMNCs is safe and presents less of a risk to the CLI patient than
amputation.

The second objective of this phase I/II trial was to assess the ability of IM injection of
ABMNCs to promote AFS, a composite of limb salvage and all cause mortality, in patients
with no option CLI. There were three amputations during the twelve month follow–up, and
including the two deaths that occurred, the one year AFS rate for this study is 86.3%.
Similar studies have reported AFS rates of 59–66.7%29,30. Our enthusiasm for the results we
report is tempered by the fact this was a non-randomized open-label trial and we excluded
patients with a hemoglobin A1c > 8.5% and renal failure. Thus the patient population of this
trial was not representative of the more morbid CLI population at large. When we consider
the fate of the contralateral limb of those patients with bilateral CLI by inclusion criteria
(n=12), although less symptomatic with regards to rest pain or tissue loss, none of the
contralateral limbs required amputation during the twelve month follow up. In a larger trial
assessing the effect of iloprost in patients with CLI, patients randomized to the placebo arm
had a one year limb salvage rate of 87%31. Thus any conclusions regarding efficacy of
ABMNC in promoting AFS in CLI will await a larger randomized trial with broader
inclusion criteria.

In the present study we measured FTP, TBI, ABI, and TcPO2 to assess changes in perfusion
of the index limb to provide an objective measure of hemodynamic improvement. We also
incorporated ABI and TBI values, in addition to the clinical findings of rest pain and
ulceration, to more succinctly define CLI for our inclusion criteria as compared to the
broader Fontaine and Rutherford classifications. Our objective was to provide a more
defined metric by which to quantify response to therapy, consistent with the recent
recommendations of Conte for assessing responses to intervention in CLI32. In this study we
found that 76% of patients had some degree of improvement in ABI or TBI and over one
third increased by a clinically significant margin of ≥ 0.15. These results support the concept
that ABMNC improves perfusion in ischemic tissue, however the exact mechanism by
which this occurs remains to be defined in more elaborate preclinical and clinical studies.
We did find an association between content of KDR+ cells in the ABMNC fraction and
improvement in hemodynamic parameters in a small sample population. This finding will be
borne out by current investigations in our laboratory focusing on BM and peripheral blood
derived EPCs from PAD patients in in vitro and in vivo experiments.

There was a significant improvement in RP with 64% of patients reporting some degree of
improvement from baseline, findings that are consistent with other trials focusing on cell
therapy in the context of CLI22–25. The patients enrolled in this open label trial had severe
symptoms, were highly motivated, and consequently had expectations for clinical benefit
from an unproven therapeutic agent, a scenario associated with a 30–40% placebo effect
with a subjective endpoint such as RP33–35. Intractable pain is a major indication for lower
extremity amputation and consequently it will be imperative to blind patients to treatment in
the design of a phase III efficacy trial that includes major amputation as a component of the
endpoint.

The conduct of this study was modified several times in response to pitfalls that we
encountered. Inclusion of the sterile centrifugation MS system significantly reduced
operative time as the ABMNCs were isolated in the operating room immediately after BM
aspiration. The average procedure time for aspiration, ABMNC separation, and cell injection
using FC was 527±38.9 minutes and for the MS was 114±18.8 minutes. The closed MS
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system did not require gram stains, endotoxin assays, and bacterial and fungal cultures
necessary to ensure sterility as with FC. CA was initially incorporated in the study however
required exclusion of patients with renal insufficiency and provided highly subjective data at
considerable expense and risk. We also included MRA for the same purpose as CA.
Unfortunately imaging of vessels of the calf was frequently obscured by venous
contamination and restricted inclusion of patients with implanted devices, notably
pacemakers and defibrillators, which constituted 20% of our study population. Therefore we
eliminated both of these tests and we developed a novel PET-CT protocol to directly
measure blood volume and perfusion in the treated limb. This protocol was not standardized
at the time of this report however measurements of perfusion correlated with improvements
in ABI. The results for TcPO2 in this study were widely disparate despite rigorous control of
elements involved in this test, a problem noted by other investigators as well36–38, and we
will not use this parameter as a measure of efficacy in future studies.

In conclusion this phase I/II trial has demonstrated that ABMNC therapy for CLI is safe. In
addition our results provide compelling evidence suggesting that IM ABMNC
administration promotes AFS survival. Based on these results we have moved forward with
a pivotal multicenter randomized, double blinded, phase III trial which will ultimately test
the concept that IM ABMNC improves AFS at one year in patients with no option CLI .

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Bone marrow aspirate is loaded into a closed sterile 60-mL MarrowStim™ centrifugation
tube in the operating room (A) and placed into the centrifuge device where the buffy coat is
separated at 1500 rpm for 15 min (B). The ABMNC rich buffy coat is aspirated from the
tube (C) and and 0.75 ml. aliquots are delivered via IM injections at 2-cm intervals, 1.5-cm
deep into the gastrocnemius muscle, along the medial and lateral aspect of the index limb
(D).
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Figure 2. Change in FTP, TBI, and ABI from baseline (mean ± SE)
FTP increased by 10.2±6.2 mmHg (P=.02) (A) and TBI increased by 0.10 ± 0.05 (P=.02)
(B) at week 12 from baseline. The ABI increased by 0.08 ± 0.04 at week 12 but was not
significant (P=.73) (C).
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Figure 3. Radiolabeled H2O15 Positron Emission Tomogaphy-CT Scan
A representative image of blood perfusion (BP) quantified with intra-arterial injection of
H2O15 before ABMC treatment (A) in the left leg and after (B). A Blood Perfusion Index
(BPI) was calculated by comparing the ratio of H2O15 peak tracer uptake level of the
untreated:treated in the segment of the leg denoted by the dashed line. In this patient the BPI
increased from 0.38 at baseline to 0.54 (42%) at 12 weeks , concurrent with an increase in
the ABI from 0 to 0.32 in the same period.
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Figure 4. Correlation of bone marrow subpopulations and changes in perfusion
There was no correlation between total MNC count and changes in ABI (R2 = 0.028) (A).
Using FACS analysis of EPC surface markers in ABMNCs we found a significant difference
in KDR+ cells between responders to treatment as compared to non-responders (1.02 ±
0.39% vs. 0.36 ± 0.12 %, P = .008), respectively. There were no differences in CD34+

(4.21± 0.80% vs. 3.97 ± 0.40%, P = .14) or CD133+ (0.59 ± 0.12% vs. 0.68 ± 0.17%, P= .9)
subpopulations between responders and nonresponders, respectively.

Murphy et al. Page 15

J Vasc Surg. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Changes in Rest Pain and Quality of Life
Using a 10-cm visual analog scale RP significantly decreased at 12 weeks by 2.2 ± 0.6 cm.
(P=.02) (A). The VascuQol total score increased from 2.62 to 4.07 at 12 weeks (P= .008)
(B).
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Figure 6. Ulcer healing
Nine patients with ulceration of the index limb were enrolled. Complete healing of the ulcer
with re-epithelialization was achieved in three patients (33%) at 12 weeks. Representative
photographs are shown of a 46 year old woman with Buerger’s disease and an ulcer on the
right first toe at baseline (A1) and at 12 weeks (A2). FTP concurrently increased from 2 to
25 mmHg in this period. A 73 year old male with ulceration of the right heel with exposed
calcaneus bone at baseline (B1) and at 12 weeks (B2). There was sufficient growth of
granulation tissue to cover the calcaneus and support a split thickness skin graft (STSG).
Although not considered a success of trial therapy alone, as a STSG was required for re-
epithelialization, - this case is presented to illustrate the potential of ABMNC in promoting
wound healing, including via enablement of other procedures such as STSG.
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Table I

Inclusion and Exclusion Criteria.

Inclusion Criteria Exclusion Criteria

21–85 years of age History or evidence of malignancyc

Rest pain and /or ulcerationa HbA1C > 8.5%

ABI ≤ 0.55, TBI ≤ 0.40 Infected wound on the index limbd

Unreconstructable arterial diseaseb Renal insufficiency or failuree

Non-pregnant women Left ventricular failuref

Competent to give consent Proliferative retinopathy on retinal exam

Myeloproliferative disorder

a
For those patients with equivalent arterial insufficiency in both legs, the most symptomatic with regards to rest pain and tissue loss was designated

as the index limb.

b
Enrolled patients were not candidates for surgical bypass or endovascular revascularization as determined by an independent vascular surgeon.

c
History other than squamous or basal cell carcinoma of the skin. Evidence based on screening studies established by the American Cancer Society

(chest x-ray, mammography, Papanicolaou smear, prostate specific antigen).

d
Evidence of fever, purulence and/or cellulitis of the index limb with an elevated white blood count.

e
Insufficiency defined as a creatinine ≥ 2.0 , failure as requiring hemodialysis.

f
Ejection fraction on echocardiography ≤ 30%
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Table II

Characteristics of the Study Population at Baseline

Variable n (29) %

Age, mean ± SE (range) 61.3± 12.6 (23–84)

Gender

    Male 14 48

    Female 15 52

Body Mass Indexa (mean ± SE) 25±4

Diabetes 6 21

    HbA1C (mean, range) 6.6 (5.8–7.6)

Tobacco use

    Active 2 7

    Former 17 59

Hypertension 15 52

Hyperlipidemia 18 62

Hypercoagulable disorder 1 3

Coronary artery disease 11 38

Cardiac arrhythmia 5 17

COPD 5 17

Renal Insufficiencyb 3 10

Buerger’s disease 6 21

Autoimmune disorder 7 24

Previous bypass 16 55

Previous PTA/stent 6 21

Ulceration 9 31

Medications

    ACE inhibitor 11 38

    Statin 17 59

    ASA 17

    Clopidogrel 15 52

    Warfarin 10 35

    Calcium channel blocker 8 26

    Insulin 3 10

    Oral AHG agent 3 10

Abbreviations: SE, standard error of the mean, COPD, chronic obstructive pulmonary disease, Cr, creatinine, PTA, percutaneous transluminal
angioplasty, ACE, angiotensin converting enzyme, ASA, acetylsalicylicacid, AHG, antihypergylycemic, ABI, ankle brachial index, TBI, toe-
brachial index

a
Body mass index calculated as weight in kilograms divided by height in meters squared.

b
Renal insufficiency defined as (Cr ≥1.5 mg./dL)
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Table III

Characteristics of Responders.

Responders: ABI or TBI ≥ 0.15
(n=10)

Non-Responders: ABI or TBI < 0.15
(n=20)

Age (years, ±SE) 61.7 ± 17.7 67.5 ± 17.2 years

Gender (n/%) Female  7/70 Male 3/30 Female 8/57 Male 6/43

Baseline ABI (± SE)a 0.18 ± 0.05 0.38 ± 0.04

Baseline TBI (± SE)b 0.09 ± 0.04a   P=.01 0.27 ± 0.05

Diabetes (n/%) 4/40 0

Decrease in RPc 4.2 ±1.3 cm 2.5 ± 0.8 cm

a
P = .008 ,

b
P = .01 , and

c
P =.02.
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