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ABSTRACT
Chronic limb-threatening ischemia (CLTI) is a severe form of peripheral arterial disease that 
portends high morbidity and mortality. Patients may undergo various endovascular or open 
procedures with the goal of limb salvage. No-option CLTI patients represent a vulnerable 
population for whom conventional options have been exhausted, or anatomy precludes 
any attempts at revascularization, often resulting in amputation. Stem cell therapy is 
under investigation for these no-option CLTI patients. Regardless of revascularization 
technique, these patients are clinically challenging and require multidisciplinary efforts 
to achieve the best outcomes. Here we present a patient with unfavorable anatomy who 
underwent stem cell therapy injection for a nonhealing right first toe wound, and we 
include points to remember when considering stem cell treatment in patients with CLTI.
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INTRODUCTION

Peripheral arterial disease (PAD) places a large burden 
on our healthcare system even though the predicted 
prevalence may be significantly underestimated.1 Patients 
presenting with chronic limb-threatening ischemia (CLTI) 
are at an advanced stage of PAD, experiencing pain at 
rest and/or tissue loss that are markers of greater overall 
cardiovascular morbidity and mortality. While limb 
revascularization is a primary goal, many patients are at 
risk of amputation due to unfavorable anatomy or medical 
comorbidities that are not amenable to conventional 
treatment.

Stem cell therapy has been proposed as an alternate 
revascularization technique in patients with no-option 
CLTI. Bone-marrow-derived stem cells secrete angiogenic 
growth factors and cytokines that may improve distal 
perfusion.2,3 In small clinical trials, stem cell therapy has 
been found to improve amputation-free survival and 
reduce overall morbidity, in large part due to the improved 
wound healing seen in patients treated with bone-marrow 
derived stem cells.4,5 Thus far, no significant difference 
in adverse events has been seen in patients treated with 
stem cell therapy compared to placebo.5 However, whereas 
early angiogenesis and cell therapy studies were promising, 
these studies lacked sufficient control groups, and larger 
randomized clinical trials have yet to achieve significant 
benefit.6

Accordingly, our institution participated in a pilot, 
multicenter, prospective trial examining the safety and 
activity of bone marrow aspirate concentrate (BMAC) in 
patients with CLTI.7 Here we present an example from 
this study. The favorable outcomes are owed to the 
multidisciplinary approach required to treat patients with 
advanced PAD.

CASE

A 62-year-old man with a past medical history of 
diabetes, hypertension, hyperlipidemia, and active smo
king was referred to our vascular surgery clinic for a 
6-month history of nonhealing right first toe wound. He 
had previously undergone right first toenail excision and 
debridement at an outside institution, with subsequent 
development of dry gangrene. He was trialed on multiple 
antibiotic regimens without improvement in wound 
healing (Figure 1). Our work-up began with noninvasive 

arterial studies that were normal to the level of the ankle, 
with decreased flow to the digits. Right lower extremity 
arteriogram confirmed these findings, with occlusion of 
the anterior and posterior tibial arteries approximately 2 
cm above the ankle and only collateral vessels supplying 
the foot.

His anatomy precluded the use of conventional 
revascularization procedures, and he was therefore 
deemed an appropriate candidate for BMAC treatment. 
The patient’s bone marrow aspirate was obtained and 
prepared using a centrifuge technique. Ultrasound-
guidance was used to inject 1 mL of bone marrow 
aspirate near the distal patent anterior and posterior 
tibial arteries and in the healthy subcutaneous tissue 
near the right first toe wound. No adverse events were 
related to the procedure and the patient was discharged 
the same day. Approximately 1 month later, he was 
found to have osteomyelitis of the distal phalanx of 
the right first toe, confirmed on magnetic resonance 
imaging. He was initiated on long-term intravenous 
antibiotics, and after multidisciplinary discussion with 
the Orthopedic Surgery and Infectious Disease teams, 
the decision was made to continue nonoperative 
management. His medical comorbidities were optimized 
along with wound care, allowing for improved wound 
healing at 1 year follow-up and avoiding the need for 
amputation (Figure 2).

Figure 1 Right first toe wound prior to stem cell therapy.
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•	 Owing to their severe form of PAD, patients with CLTI 
require a multidisciplinary team approach due to their 
increased cardiovascular morbidity and mortality.

•	 No-option CLTI patients are a vulnerable population for 
which stem cell therapy suggests promising results.

•	 Through a complex process that is not completely 
understood, bone-marrow derived stem cells promote 
angiogenesis, which may allow for limb-salvage.

•	 Stem cell therapy for CLTI is not approved by the US 
Food and Drug Administration at this time and remains 
investigational. It appears safe and feasible, with trends 
towards decreased amputation rates and improved 
morbidity.

•	 Smoking cessation, medical management of 
comorbidities, and attention to wound care remain 
paramount to success even after stem cell therapy.

•	 Further research is needed to understand the impact of 
stem cell therapy for CLTI on a larger scale.
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Figure 2 Right first toe wound 1 year after stem cell therapy.
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