Journal of Embryology & Stem Cell Research

ISSN: 2640-2637
MEDWIN PUBLISHERS

Committed to Create Value for Researchers

Long Term Results of Stem Cell Therapy in Patients with Peripheral
Arterial Disease (PAD)

Kereena Chukka'*, Prem Chand Gupta', Vamsikrishna Yerramsetty?,
Research Article

Sudheer Volluri? and Gnaneswar Atturu?!
Volume 5 Issue 1

!Department of Vascular and Endovascular Surgery, CARE Hospitals, India Received Date: February 25, 2021
2Department of Cardio Thoracic Surgery, CARE Hospitals, India Published Date: March 16, 2021

DOI: 10.23880/jes-16000149

*Corresponding author: Dr Kereena Chukka, Department of Vascular and Endovascular
Surgery, CARE Hospitals, Telangana, India; Email: chukkakereena@gmail.com

Abstract

Peripheral Arterial Disease (PAD) is still a challenging condition affecting millions of people and leading to amputation or
death. In patients with non reconstructable disease or failed revascularization, stem cell therapy (SCT) could help in promoting
angiogenesis and limb salvage. However, there is limited data about the long-term benefits of SCT in such patients. Aim of this
study is to evaluate the long-term survival and clinical outcomes in PAD patients who underwent stem cell therapy. All patients
who underwent stem cell therapy using intramuscular injections of autologous bone-marrow mononuclear cells (BM-MNCs)
for the treatment of PAD between January 2011 and November 2020 were include in the study. Electronic medical records
(EMRs) and Telephonic phone follow up was used to get baseline clinical characteristics and follow up data. Out of 3627 PAD
patient, 41 patients underwent stem cell therapy procedure between January 2011 to November 2020. Mean age was 48 years
(range, 21 to 75 years) and 37 patients (90.24%) were males. The median follow-up period was 4.66 years (range, 6 months
- 9.9 years). Indication for SCT was rest pain, gangrene or non-healing ulcer due to either non reconstructable disease or
failed revascularization. All patients were given antiplatelets and statin therapy. Out of 41 PAD patients, 7 patients were lost
to follow up. In the remaining, 34 patients, 29 (70.73%) patients were alive, and 5 patients were dead. Overall, 10 (24.39%)
patients underwent ipsilateral amputation and 4 patients had persistent claudication pain. In the remaining patients’ ulcers
healed and has no residual pain. Amputation free survival was 75.61%. The benefits of Autologous BM-MNCs stem cell therapy
are sustained even in the long term with overall survival rate was 85.29% and the amputation free survival was 75.61% and
should be considered for all CLI patients irrespective of age.
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cells; EMRs: Electronic medical records; CLI: Critical limb condition affecting millions of people worldwide, leading
ischemia. to amputation or death. The number of PAD patients

has increased by nearly a quarter in the past decade. It's
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become a major public health challenge associated with
immobility, decline functionally, cardiovascular, and adverse
limb events [1,2]. Most of the PAD cases are asymptomatic;
about a quarter of PAD patients present with intermittent
claudication (IC), progress to critical limb ischemia (CLI)
with rest pain and gangrene leading to amputation. Due to
the advancement of PAD disruption of blood supply occurs
from several weeks to months [3]. For PAD patients, Risk
factor control, antiplatelet and statin drugs and excersie
training [4-7] are the common conventional treatments at an
early stage. But the Reconstruction of the blood circulation
using endovascular or open surgical approaches will be
required in more advanced stages of PAD [8,9]. Prognosis of
the disease is very poor at 5-year survival rate; it’s about less
than 50%. Amputation is the last choice when both surgery
and interventional therapy is not possible. Amputation
has about 25~50% of mortality rate of which 5~20% in
perioperational period, and the re-amputation rate is up to
30% [10].

In spite of all the treatments certain group of patients
will not have any further viable options requiring limb
amputation (No option PAD/CLI). Novel and more effective
methods including stem cell therapy (SCT) have emerged as
a promising alternative for treatment of disorders related to
limb ischemia Schiavetta A, et al. [11], Wang ZX, et al. [12]
Stem cell therapy (SCT) could help in promoting angiogenesis
and limb salvage. However, there is limited data about the
long-term benefits of SCT in such patients. Therefore, this
study was conducted to evaluate the long-term survival and
clinical outcomes in PAD patients who underwent stem cell
therapy.

Methods

Study Population and Data Collection

Prospectively collected clinical data was retrospectively

analyzed. All patients who underwent stem cell therapy
using intramuscular injections of autologous BM-MNCs for
the treatment of PAD between January 2011 and November
2020 were included in the study. Electronic medical records
(EMRs) and Telephonic phone follow up was used to get
baseline demographic, clinical characteristics and follow
up features of the treated limb were reviewed. The clinical
outcome measures including the rate of freedom from major
amputations of the treated limb, major adverse events,
all-cause mortality, and the ulcer healing rate were also
reviewed. Major amputation was defined as amputations
proximal to ankle.
Inclusion criteria: CLI patients with rest pain, gangrene or
non-healing ulcer due to either non reconstructable disease
or failed revascularization who had received BM-MNCs SCT
were included in the study.
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Exclusion criteria: Estimated survival less than 6 weeks,
known bone marrow disease patients, CKD patients on
dialysis were excluded in the study:.

BM MNC Harvesting and Implantation

BM-MNCs were harvesting and implanted in PAD patients
using a standard protocol. In brief, 300 to 300ml of bone
marrow was aspirated from the right iliac bone of the patient
under general anesthesia and BM-MNCs were immediately
isolated using a CS3000-Plus blood-cell separator (Baxter,
Deerfeld, IL) to obtain a final volume of 50 mL approximately.
One mL of BM-MNCs was implanted intramuscularly into
each of a total of 40 sites with a 3x3-cm grid using a 22-gauge
needle at a depth of 1.5 cm into the Calf of the ischemic leg.

Statistical Analysis

The data was collected using a standard proforma in
excel sheet for analysis. Statistical analysis using descriptive
statistics was performed with SPSS software version 24.0
for Windows (SPSS Inc., CR). Categorical variables were
reported as percentages and/or frequencies, and continuous
variables as ranges.

Results

Baseline Characteristics

Table 1 shows the baseline characteristics of patients
who underwent BM-MNCs SCT. Out of 3627 PAD patient,
41 patients underwent BM-MNCs SCT procedure between
January 2011 to November 2020. Mean age was 48 years
(range, 21 to 75 years), 37 patients (90.24%) were males,
39.02% patients were former smokers and 17.07% of the
cases were active smokers. Average BMI was 25.58 (range
between 15.57 to 40.45). The median follow-up period was
4.66 years (range, 6 months - 9.9 years). Indication for SCT in
all patients was critical limb ischemia (Rest pain, gangrene or
non-healing ulcer) with either non reconstructable disease
or failed revascularization. 10 (24.39%) patients were on
antiplatelet therapy alone, 20 (48.78%) patients were on both
antiplatelet and anticoagulation, and 11 (26.82%) patients
were on antiplatelet and statins. 29 out of 41 patients had
one or more revascularization procedures before SCT. Out
of 41 PAD patients, 7 patients were lost to follow up. In the
remaining, 34 patients, 29 (70.73) patients were alive, and
5 patients were dead due to myocardial infraction, stroke
and other cardiac related issues. 10 (24.39%) patients
underwent ipsilateral amputation resulting in an amputation
free survival rate of 75.61%. 4 patients had residual pain
requiring regular analgesia. In the remaining patients’ ulcers
have healed and has no significant pain. The follow up results
with timelines was shown in Figure 1.
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Characteristics Total number (percentage)
Mean Age in years 48 years (range, 21 to 75 years)
Male 37 (90.24)
Average BMI (kg/m2) 25.58
Comorbidities
Smoking
Active smokers 7 (17.07)
Former smokers 16 (39.02)
Non-smokers 16 (39.02)
Habit of chewing Paan/Gutka 2 (4.87)
Hypertension (HTN) 2 (4.87)
Type Il diabetes mellitus (T2 DM) 2 (4.87)
Coronary artery disease (CAD) 1(2.43)
Multiple _comor.bidities (combination of two or more diseases 17 (41.46)
including HTN/CAD/DM/DVT/CKD/COPD)
Nil 18 (43.90)
Treated Limb
Right 18 (43.90)
Left 22 (53.65)
Bilateral 1(2.43)
Number of major Amputations to the involved limb after SCT 10 (24.39)
Medical history
On antiplatelet therapy alone 10 (24.39)
On both antiplatelet and anticoagulation 20 (48.78)
On antiplatelet and statins 11 (26.82)
Surgical History
Bypass 6 (14.63)
Stenting 1(2.43)
Sympathectomy 1(2.43)
Surgical thrombectomy 4 (9.75)
Total available patients for follow-up 34 (82.92)
Lost to Follow-up 7 (17.07)
Alive 29 (70.73)
Death 5(12.19)

Table 1: Baseline Characteristics of SCT patients (n=41).
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| Total PAD patients (n=3627) |

| SCT patients (n=41) |

| One month follow-up ‘

T patients underwent for major amputation, 2

[ 6 months follow-up |

| 1 year follow-up |

| 3 vears follow-up |

patients lost to follow-up and 1 patient dead

2 patients underwent for major amputation and
2 patients lost to follow-up and 4 patients dead

[ 3 vears follow-up |

2 patients lost to follow-up

1 patient underwent for major amputation after 7 and half years
and 1 patient lost to follow-up after 5™ year of SCT treatment

| 10 vears follow-up |

o

Figurel: Flow-Chart of Patients Follow-up Information.
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Discussion

The results of this study with follow up extending up to
10 years, confirms the beneficial role of SCT in patients with
failed or non reconstructable peripheral arterial disease.
Currently, SCT is being used to improve clinical symptoms
and preserve the limb viability of PAD patients who have no
option other than amputation [13]. Stem cell therapy for limb
ischemia was introduced in early 2000. Tateishi-Yuyama E, et
al [14] reported the efficacy of intramuscular implantation of
autologous BM-MNCs in patients with critical limb ischemia
(CLI) in 2002. They found that SCT increased collateral vessel
formation leading to improvement in ischemic symptoms.
Since then, many studies reported the benefits of harvesting
stem cells from different sources and administering locally
using different regimens for no-option PAD patients.

Several studies have clearly shown that the SCT of
autologous BM-MNCs implantation improves clinical
symptoms and major amputation-free survival rate in
PAD patients [14-16]. The Therapeutic Angiogenesis by
Cell Transplantation (TACT) trial showed that SCT of BM-
MNCs leads to extension of the amputation-free period,
improvement in pain while walking and ulcer size Tateishi-
Yuyama E, et al. [14], Matoba S, et al. [15] studied the clinical
characteristics of PAD patients who underwent BM-MNCs
implantation and reported that at 3 year follow up survival
rate was 80% and amputation free rate was 60%. Yusoff, et
al. [16] found that, in 10 years follow up amputation free rate
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was 70.4%, and survival rate was 50.2% respectively. In our
study the major amputation-free survival rate is 75.61% and
higher compared to other studies.

In contrast to the above studies, Rigato M & Kondo K, et
al.[17,18] studies reported that SCT using BM-MNCs does not
alter the mortality rate of patients with PAD. This difference
in outcomes between studies could be due to variations in
protocols for harvesting and implanting SCTs in trials [19-
24]. Some of the limitations of this study include being a
retrospective observational study, single center experience
and relatively small number of patients (n=41). Also, it was
not possible to gather information regarding the quantity
and quality of BM-MNCs implantation (cells per ml).

Conclusion

PAD patients who underwent SCT had a 75.61%
amputation free survival and an overall survival rate of
85.92%. The present study has shown that SCT using
autologous BM-MNC has the potential to modify the natural
history of intractable PAD and should be considered in all
patients irrespective of age.
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