THE DIABETIC FOOT

Cutting Edge Treatments for
Diabetic Foot Management
These new products allow for early detection
and care of DFUs.
By Brian D. Lepow, DPM and Akashdeep Singh, DPM
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role in tissue perfusion analysis. One such device by Kent Imaging (Figure 1) absorbs light
in the near infrared spectrum, 700-1000nm, to
make quantitative analysis of tissue perfusion
within the subcutaneous arterioles and venuoles of a given tissue.11,12 Alternatively, Hy-

Hyperspectral Imaging
(HSI) technology has
profound implications
and practical uses in the
field of medicine.

92

perMed’s HyperView (Figure 2) utilizes wavelength of visible light, between 500-660nm,
allowing measurement of the superficial capillary bed, where tissue oximetry may be different than the subcutaneous peri-wound area.13
These types of devices take diagnostic
images to detect the microcirculatory changContinued on page 93
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Figure 2: HyperMed HyperView™ https://hypermed.com/
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Figure 3: Visual Images from Hyper-spectral Images comparing the plantar surface of (left) foot with no PVD and (right) foot with PAD. J. A. Chin, 2011(16)
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es in a diabetic foot by monitoring perfusion to a particular tissue of interest, such as pre-diabetic ulceration
sites.14 This allows physicians to visualize local oxygen
delivery and viability, as well as tissue that potentially
can become ischemic. In addition to risk management
of diabetic feet, a healing index can also be derived to
correlate with an ulcerative site to determine healing
potential based on the blood flow to the particular area
of tissue.15
Lastly, these devices allow for early assessment and
diagnosis for patients who have peripheral vascular
disease PVD. The deoxyhemoglobin level has a positive
correlation to the severity of PVD.16 These devices are
compact, fast, and are non-invasive, which allows them

The Sudoscan allows one
to measure sweat gland function
at the hands and feet;
thus, sudomotor function represents
an area of interest in the early
detection of peripheral neuropathy
in at-risk diabetic patients.

neuropathy in at-risk diabetic patients.18 The Sudoscan
quantifies its assessments based on the amount of chloride ions in sweat.19 Early identification of sudomotor
dysfunction with sudoscan allows for one to discuss
blood glucose control, risk factors, and preventative
measures to prevent chronic long-term complications of
diabetic peripheral neuropathy, including lower extremity ulcerations.
Emerging “Smart” Technologies
Smart Socks and Smart Mat
New technologies have also expanded to consumer
wearable products that can assist with prevention and
early detection of lesions on the lower extremity. Embedded sensors within “smart socks” can measure skin
temperature in different areas of the feet, which has been
found to be an indicative measure of shear stress.20,21 Sensors are placed in areas of high pressure on the foot that
are known to lead to possible ulceration. Alterations in
skin temperature precede tissue breakdown and diabetic
foot ulceration development, so smart socks provides a
window of opportunity to reverse potential complications
before they begin by taking preventative measures.22,23
There are also fiber-optic sensors, which can measure not
Continued on page 94

to be used in the clinic setting as well as in the operating
room for immediate results to engage patients about their
health before complications arise (Figure 3).
Sudoscan
Diabetic peripheral neuropathy (DPN) is also an area
of concern when it comes to management of the diabetic foot, as the loss of the protective sensation (LOPS)
coupled by repetitive micro-trauma can lead to eventual
plantar ulcerations. The ten-gram monofilament test is
a quick non-invasive test used during clinical exams to
assess the protective threshold. However, the monofilament test is not an objective measurable test. It can
be subject to variability, and by the time of diagnosis,
symptoms may already be present and irreversible. Alternative methods such as the Ipswich Touch Test have
been found to perform just as well as the 10G monofilament test, but without the need of any additional testing
instrumentation.55
Sudomotor dysfunction is one of the first and earliest detectable manifestations of neuropathy. The Sweat
glands are innervated by unmyelinated sympathetic
C-nerve fibers. These distal small nerve fibers are the
first to be impacted by chronic hyperglycemia, which
leads to abnormalities in sudomotor function.17 The Sudoscan allows one to measure sweat gland function at
the hands and feet; thus, sudomotor function represents
an area of interest in the early detection of peripheral
www.podiatrym.com
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Figure 4: Multiple sensors are integrated within the length of the sock. B. Najafi, 2017(24)

94

Cutting Edge (from page 93)
only temperature but also pressure to
the lower extremity (Figure 4).24,25
These sensors are not just limited
to textiles but have also been embedded into a foot mat for routine and
ease of use. The temperature of plantar surfaces can be measured by a
telemedicine foot mat, which allows
patients to routinely check their feet
for any asymmetrical temperature differences.26 Patients with asymmetric
temperature differences can be at risk
for developing ulcerations. Research
has shown that a difference of 2.5C
is able to detect 97% of diabetic foot
ulcers before they present clinically.26
This new device is water-resistant, easy to use, and requires no

configuration to set up. It has been
developed to encourage daily monitoring, especially for the high-risk diabetic patient. These individuals are
encouraged to check their feet daily;
however, some may be non-compliant and others many underestimate

Advances in Wound Care Products
Fish Skin Grafts
Decellularized fish skin as a
dermal matrix is currently being
used to assist in healing of complex
lower extremity ulcerations. 27,28 It

Patients with asymmetric temperature differences
can be at risk for developing ulcerations
subtle changes in their feet upon examination. These technologies are
designed to engage patients with the
hope of improving compliance by
getting patients actively involved in
their care (Figure 5).

Figure 5: The Podimetrics Mat™ a thermometric mat desired for easy in-home use to monitor asymmetric skin temperature, which correlates to foot disease. R. G Frykberg, 2017(25)
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may seem out of the ordinary; however, it is a safe and effective option. There are no concerns about
transmission of disease when applying fish skin over human tissue.27 Also, fish skin has high levels of bioactive lipid mediators,
which recently have been shown
to play a key role in wound healing. High concentrations of Omega3
polyunsaturated fatty acids, such as
Eicosapentaenoic acid (EPA) and
Docosahexaenoic acid (DHA) are
harvested from North Atlantic codfish.28 Omega3 polyunsaturated fatty
acid provides anti-inflammatory
and anti-microbial properties and
structural support, and permits the
ingrowth of extracellular matrix.29,30
Fish skin grafts can be used in an
outpatient setting involving weekly
graft application until the wound
closes.
Continued on page 98
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vessel growth to improve
blood flow in areas of
ischemia.49,50 This product
is delivered intramuscularly to the affected limb,
and preliminary studies
have shown improvement
in tissue oxygenation and
reduction in neuropathic
pain with its use.51-53 HGF’s
ability to induce angiogenic
and neurotropic properties
make it an ideal agent to
treat neuropathic and ischemic pain. Patients with
critical limb ischemia, who
are poor candidates for
surgical revascularization,
may also benefit from gene
therapy. Research for this
technology is still ongoing; however,
the results are promising in the field
of regenerative medicine.

Hyaluronic Acid Based
Grafts—Hyalomatrix
Research has shown
hyaluronic acid plays an
essential role in wound
healing. Its function cannot be understated. It has a
positive modulating effect
on cell proliferation, angiogenesis stimulation, and
fibroblast migration.31-34 As
we age the body’s ability
to produce Hyaluronic acid
diminishes, thus rendering
its multifactorial function in
wound closure. 35 Biomedical engineering has made
Figure 6: Medline Corius ART™
advances to propitiate its
utilization in wound healing. Hyalocell-membrane breakdown, preventmatrix is a biosynthetic, acellular reing intracellular material from leakgenerative matrix containing HYAFF,
ing into the wound bed while allowan esterified form of hyaluronic acid,
ing these cells to repair themselves
Autologous Regeneration of Tissue
which prevents its degradation, and
and preventing apoptosis.43-45 It can
There also have been significant
thus continues to support wound
be used in burn victims or routine
advancements in medical technology
healing for up to 14-21 days.35,36 Hywound care in any clinical setting.
alomatrix is intended for deep burns
and full-thickness wounds.37 The use
of this regenerative matrix may help
Molecular therapy shows promise in the
lead to a reduction in scar formation
area of limb salvage.
and a more cosmetically acceptable
appearance due to its role in supporting wound health.
that aim to provide tissue coverage
What’s to Come?
for ulcerations in the outpatient setSurfactant Agents—PluroGel
ting. The ART™ (Autologous RegenerPluroGel is a highly concentratRegenerative Medicine—Gene
ed surfactant (surface acting agent)Therapy
ation of Tissue) Skin Harvesting Sysbased product designed to be used
Currently, therapeutic goals for
tem (Figure 6) is a novel device manin all stages of wound healing. Its
critical limb ischemia aim to re-esufactured by Medline Corius (www.
unique design is made up of micelles,
tablish blood supply, relieve pain,
medlinecorius.com). It is designed
and each micelle has a hydrophobic
heal ischemic wounds, and prevent
to harvest and transfer full-thickness
core and hydrophilic surface. This
further amputations. For diabetic peautologous skin grafts.54 The donor
results in the surfactant property
ripheral neuropathic pain, options
site is first prepped with local anesthat is attributed to cleaning appliinclude analgesic medications and
thesia using aseptic technique; the
ances.38 PluroGel is designed to be a
lifestyle modifications to prevent
ART™ System then harvests microcolprogression of the disease, and/or
multi-functional product. The hydroumns of full-thickness tissue—each
management of its symptoms. The
phobic core can trap wound debris
microcolumn containing the full epigoal of regenerative medicine is to
and in doing so provide a debridedermis, full dermis, and a small tail
halt, or even reverse, the progresment process as the wound heals.
of subcutaneous tissue. The device
sion of diseases. Molecular therapy
It can also maintain microvascular
subsequently scatters the autologous
shows promise in the area of limb
blood flow to the wound bed.39,40 Its
tissue microcolumns into the recipisalvage. VM202 is a plasmid DNA
ent (wound) site.
surfactant-based structure has been
containing two forms of Hepatocyte
Conventional skin grafting can lead
found to be able to penetrate biofilm,
Growth Factor (HGF).46 HGF is a poto pain, infection, scarring, and possiexposing pathogens to the body’s
bly immobility. With the ART™ System,
own immune cells, thus allowing
tent angiogenic, anti-apoptotic, and
47,48
wounds to progress through the difneurogenic agent.
there is potential to negate these comferent phases of wound healing.41,42
plications and provide a more effective
Animal studies have shown that
skin-graft delivery system. Multiple
gene therapy can improve neuropathResearch also indicates that
ic pain as well as induce new blood
PluroGel can “plug” itself in areas of
Continued on page 99
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clinical trials are currently underway with the ART™ System,
but there are early indicators that it has the potential to
provide easy management of chronic, tough-to-heal wounds
with fewer complications in the outpatient clinical setting.
Conclusion
Diabetes and PVD continue to be a growing epidemic in our society, which has placed an enormous economic toll on our country. With new medical technologies, there is the potential to diagnosis these medical
conditions before their detrimental complications arise.
With hyper-spectral imaging, perfusion status to any
tissue of interest can be seen, which increases the possibility of taking preventative measures before ulcerations
arise. The utilization of smart socks and mats allows
patients to be proactive in their health choices. And for
complicated wounds, we are able to take a multi-directional role in protecting and healing them. All of these
technologies allow us to establish a new standard of
care in preventative medicine in the area of diabetic foot
management. PM
References
1
Statistics about diabetes: Overall numbers, diabetes and prediabetes. (March 22, 2018). http://www.diabetes.org/diabetes-basics/
statistics/.
2
J. E. Shaw, R. A. Sicree, and P. Z. Zimmet, “Global estimates
of the prevalence of diabetes for 2010 and 2030,” Diabetes Res. Clin.
Practice 87(1), 4–14 (2010).
3
S. Wild, G. Roglic, A. Green, R. Sicree, and H. King, “Global
prevalence of diabetes,” Diabetes Care 27(5), 1047–1053 (2004).
4
International Diabetes Federation. IDF Diabetes Atlas, 7th edn.
Brussels, Belgium: International Diabetes Federation, 2015. http://
www.diabetesatlas.org.
5
Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers in
patients with diabetes. Jama. 2005 Jan 12;293(2):217-28.
6
R.G.Frykberg,T.Zgonis,D.G.Armstrong,V.R.Driver,J.M.Giurini, S. R. Kravitz, A. S. Landsman, L. A. Lavery, J. C. Moore, J. M.
Schuberth, D. K. Wukich, C. Andersen, and J. V. Vanore, “Diabetic
foot disorders: a clinical practice guideline (2006 revision),” J. Foot
Ankle Surg. 45(5S), 1–66 (2006).
7
C. Harrington, M. J. Zagari, J. Corea, and J. Klitenic, “A cost
analysis of diabetic lower-extremity ulcers,” Diabetes Care 23(9),
1333–1338 (2000).
8
Yudovsky, D., Nouvong, A., Schomacker, K., & Pilon, L.
(2011). Assessing diabetic foot ulcer development risk with hyperspectral tissue oximetry. Journal of Biomedical Optics, 16(2), 026009.
doi:10.1117/1.3535592 [doi].
9
Khaodhiar L, Dinh T, Schomacker KT, Panasyuk SV, Freeman
JE, Lew R, et al. The use of medical hyperspectral technology to evaluate microcirculatory changes in diabetic foot ulcers and to predict
clinical outcomes. Diabetes Care 2007;30:903-10.
10
J. C. Finlay and T. H. Foster, “Hemoglobin oxygen saturations
in phantoms and in vivo from measurements of steady-state diffuse
reflectance at a single, short source-detector separation,” Med. Phys.
31(7), 1949–1959 (2004).
11
Mancini DM, Bolinqer L, Li H, Kendrick K, Chance B, Wilson
JR. et al. Validation of near infrared spectroscopy in humans, Journal
of Applied Physiology. 1994; 77: 2740-2747.
12
Bowen RE, Treadwell GRN and Goodwin MRRT. Correlation
of Near Infrared Spectroscopy Measurements of Tissue Oxygen SatuContinued on page 100

www.podiatrym.com

NOVEMBER/DECEMBER 2018 | PODIATRY MANAGEMENT

THE DIABETIC FOOT
Cutting Edge (from page 99)

100

ration with Transcutaneous pO2 in Patients
with Chronic Wounds. SM Vasc Med. 2016;
1(2): 1006.
13
Khaodhiar L, Dinh T, Schomacker KT,
Panasyuk SV, Freeman JE, Lew R, et al. The
use of medical hyperspectral technology to
evaluate microcirculatory changes in diabetic
foot ulcers and to predict clinical outcomes.
Diabetes Care 2007;30:903-10.
14
A. Nouvong, B. Hoogwerf, E. Mohler,
B. Davis, A. Tajaddini, and E. Medenilla,
“Evaluation of diabetic foot ulcer healing
with hyperspectral imaging of oxyhemoglobin and deoxyhemoglobin,” Diabetes Care
32(11), 2056–2061 (2009).
15
Nouvong, A., Hoogwerf, B., Mohler,
E., Davis, B., Tajaddini, A., & Medenilla, E.
(2009). Evaluation of diabetic foot ulcer healing with hyperspectral imaging of oxyhemoglobin and deoxyhemoglobin.Diabetes Care,
32(11), 2056-2061. doi:10.2337/dc08-2246
[doi].
16
Chin, J. A., Wang, E. C., & Kibbe,
M. R. (2011). Evaluation of hyperspectral
technology for assessing the presence and
severity of peripheral artery disease. Journal of Vascular Surgery, 54(6), 1679-1688.
doi:10.1016/j.jvs.2011.06.022 [doi].
17
Gin H, Baudoin R, Raffaitin CH, Rigalleau V, Gonzalez C: Non-invasive and quantitative assessment of sudomotor function for
peripheral diabetic neuropathy evaluation.
Diabetes Metab 2011;37:527–532.
18
Kempler P, Amarenco G, Freeman R,
Frontoni S, Horowitz M, Stevens M et al. on
behalf of the Toronto Consensus Panel on
Diabetic Neuropathy. Gastrointestinal autonomic neuropathy, erectile-, bladder- and
sudomotor dysfunction in patients with diabetes mellitus: clinical impact, assessment,
diagnosis, and management. Diabetes Metab
Res Rev 2011 27: 665–677.
19
Casellini CM, Parson HK, Richardson MS, Nevoret ML, Vinik AI. Sudoscan, a
noninvasive tool for detecting diabetic small
fiber neuropathy and autonomic dysfunction.
Diabetes Technol Ther 2013 15: 948–53. doi:
10.1089/dia.2013.0129 PMID: 23889506.
20
Yavuz M, Brem RW, Glaros AG et al.
Association between plantar temperatures
and tri-axial stresses in individuals with diabetes. Diabetes Care 2015; 38(11):e178–e179.
21
El-Nahas, M., El-Shazly, S., El-Gamel,
F., Motawea, M., Kyrillos, F., & Idrees, H.
(2018). Relationship between skin temperature monitoring with smart socks and
plantar pressure distribution: A pilot study.
Journal of Wound Care, 27(8), 536-541.
doi:10.12968/jowc.2018.27.8.536 [doi].
22
Lavery LA, Higgins KR, Lanctot DR et
al. Home monitoring of foot skin temperatures to prevent ulceration. Diabetes Care
2004; 27(11):2642–2647
23
Armstrong DG, Holtz-Neiderer K,

Wendel C et al. Skin temperature monitoring reduces the risk for diabetic foot ulceration in high-risk patients. Am J Med
2007 120(12):1042–1046. https://doi.
org/10.1016/j. amjmed.2007.06.028.
24
Morten B, De Cicco G, Gandolfi A,
Tonelli C. PZT-based thick films and the development of a piezoelectric pressure sensor.
Hybrid Circ. 1992;9:25-28.
25
Najafi, B., Mohseni, H., Grewal, G.
S., Talal, T. K., Menzies, R. A., & Armstrong, D. G. (2017). An optical-fiber-based
smart textile (smart socks) to manage biomechanical risk factors associated with diabetic foot amputation. Journal of Diabetes
Science and Technology, 11(4), 668-677.
doi:10.1177/1932296817709022 [doi].
26
Frykberg, R. G., Gordon, I. L., Reyzelman, A. M., Cazzell, S. M., Fitzgerald, R.
H., Rothenberg, G. M., et al. (2017). Feasibility and efficacy of a smart mat technology
to predict development of diabetic plantar
ulcers. Diabetes Care, 40(7), 973-980. doi:
10.2337/dc16-2294 [doi].
27
Yang, C. K., Polanco, T. O., & Lantis,
J. C.,2nd. (2016). A prospective, postmarket, compassionate clinical evaluation of a
novel acellular fish-skin graft which contains
omega-3 fatty acids for the closure of hard-toheal lower extremity chronic ulcers. Wounds
: A Compendium of Clinical Research and
Practice, 28(4), 112-118.
28
Dorweiler, B., Trinh, T. T., Dunschede, F., Vahl, C. F., Debus, E. S., Storck,
M., et al. (2018). The marine Omega3 wound
matrix for treatment of complicated wounds:
A multicenter experience report. Gefasschirurgie: Zeitschrift Fur Vaskulare Und Endovaskulare Chirurgie: Organ Der Deutschen
Und Der Osterreichischen Gesellschaft Fur
Gefasschirurgie Unter Mitarbeit Der Schweizerischen Gesellschaft Fur Gefasschirurgie,
23(Suppl 2), 46-55. doi:10.1007/s00772-0180428-2 [doi].
29
Magnusson S, Baldursson BT, Kjartansson H, Thorlacius GE, Axelsson I,
Rolfsson O, Petersen PH, Sigurjonsson GF
(2015) Decellularized fish skin: characteristics that support tissue repair. Laeknabladid
101(12):567–573.
30
Magnusson S, Baldursson BT, Kjartansson H, Rolfsson O, Sigurjonsson GF
(2017) Regenerative and antibacterial properties of acellular fish skin grafts and human
amnion/ chorion membrane: implications for
tissue preservation in combat casualty care.
Mil Med 182(S1):383–388.
31
Chen WY, Abatangelo G. Functions of
hyaluronan in wound repair. Wound Repair
Regen. 1999;7(2):79-89.
32
Park D, Kim Y, Kim H, et al. Hyaluronic acid promotes angiogenesis by inducing
RHAMM-TGFbeta receptor interaction via
CD44-PKCdelta. Mol Cells. 2012;33(6):56374.
33
Vindigni V, Cortivo R, Iacobellis L,

NOVEMBER/DECEMBER 2018 | PODIATRY MANAGEMENT

Abatangelo G, Zavan B. Hyaluronan benzyl
ester as a scaffold for tissue engineering. Int J
Mol Sci. 2009;10(7):2972-85.
34
Trabachi E, Pallotta S, Morini M, Corsi
F, Franceshini R, Casiraghi A, Pravettoni A,
Foschi D, Minghetti P. Low molecular weight
hyaluronic acid prevents oxygen free radical
damage to granulation tissue during wound
healing. Int J Tissue React 2002; 24: 65-71.
35
West DC, Shaw DM, Lorenz P, et al.
Fibrotic healing of adult and late gestation
fetal wounds correlates with increased hyaluronidase activity and removal of hyaluronan.
Int J Biochem Cell Biol 1997;29:201–10.
36
Price RD, Berry MG, Navsaria HA.
Hyaluronic acid: the scientific and clinical
evidence. J Plast Reconstr Aesthet Surg 2007;
60: 1110-1119.
37
Erbatur, S., Coban, Y. K., & Aydin, E.
N. (2012). Comparision of clinical and histopathological results of hyalomatrix usage in
adult patients. International Journal of Burns
and Trauma, 2(2), 118-125.
38
Rodeheaver GT, Smith SL, Thacker
JG, Edgerton MT, Edlich RF. “Mechanical
cleansing of contaminated wounds with a
surfactant”. American Journal of Surgery,
1975;129:241–5.
39
Birchenough, SA, Peirce, SM, Rodeheaver, G, Morgan, RF, Katz, AJ,. Topical
... Improves Blood Flow Following Thermal
Injury. Peer reviewed abstract presented at
the Southeastern Society of Plastic and Reconstructive Surgery Conference (SESPRS)
June, 2007. 7.
40
Birchenough, SA, Peirce, SM, Rodeheaver, GT, Morgan, RF, Katz, AJ. “Topical
... Improves Blood Flow Following Thermal
Injury in Rat Mesenteric Microvasculature”.
(Citations: 1), Annals of Plastic Surgery, vol.
60, no. 5, pp. 584-588, 2008.
41
Lee RC, River LP, Pan FS, Ji L, Wollmann RL. “Surfactant induced sealing of
electropermeabilized skeletal muscle membranes in vivo”. Procedures of the National
Academy of Sciences, 1992;89:4524–89, 13
are out.
42
Roman M. Natoli and Kyriacos A.
Athanasiou, “... Reduces Cell Death and
IGF-I Reduces GAG Release Following Single-Impact Loading of Articular Cartilage”.
Journal of Biomechanical Engineering,
130(4), 041012, (Jun 11, 2008) (9 pages) doi:
10.1115/1.2939368.
43
Terry, M. A., Hannig, J., Carrillo, C.
S., Beckett, M. A., Weichselbaum, R. R., and
Lee, R. C. (1999). “Oxidative cell membrane
alteration. Evidence for surfactant-mediated
sealing”. Annals of the New York Academy
of Science. 888, 274–284.
44
“Multi-Center Clinical Results with
PluroGel PSSD in Chronic Wounds”. Satellite
Symposium during the European Wound
Management Association (EWMA) 2012,
Vienna, Austria, May 2012.
Continued on page 101
www.podiatrym.com

THE DIABETIC FOOT
Cutting Edge (from page 100)
“1,036 Patients Treated with a New Surfactant-based Dressing
Product”. Satellite Symposium alongside EWMA 2013, Copenhagen,
Denmark, May 2013.
46
Pyun WB, Hahn W, Kim DS, Yoo WS, Lee SD, Won JH et al.
Naked DNA expressing two isoforms of hepatocyte growth factor
induces collateral artery augmentation in a rabbit model of limb ischemia. Gene Ther 2010; 17: 1442–1452.
47
Jayasankar V, Woo YJ, Pirolli TJ, Bish LT, Berry MF, Burdick J
et al. Induction of angiogenesis and inhibition of apoptosis by hepatocyte growth factor effectively treats postischemic heart failure. J Card
Surg 2005; 20: 93–101.
48
Matsumoto K, Nakamura T. Emerging multipotent aspects of
hepatocyte growth factor. J Biochem 1996; 119: 591–600.
49
Kato N, Nemoto K, Nakanishi K, et al. Nonviral gene transfer
of human hepatocyte growth factor improves streptozotocin-induced
diabetic neuropathy in rats. Diabetes 2005;54:846–854.
50
Taniyama Y, Morishita R, Hiraoka K, et al. Therapeutic angiogenesis induced by human hepatocyte growth factor gene in rat
diabetic hind limb ischemia model: molecular mechanisms of delayed
angiogenesis in diabetes. Circulation 2001;104:2344–2350.
51
Kessler, J. A., Smith, A. G., Cha, B. S., Choi, S. H., Wymer, J.,
Shaibani, A., et al. (2015). Double-blind, placebo-controlled study
of HGF gene therapy in diabetic neuropathy. Annals of Clinical and
Translational Neurology, 2(5), 465-478. doi:10.1002/ acn3.186 [doi].
52
Kibbe, M. R., Hirsch, A. T., Mendelsohn, F. O., Davies, M.
G., Pham, H., Saucedo, J., et al. (2016). Safety and efficacy of plasmid DNA expressing two isoforms of hepatocyte growth factor in
patients with critical limb ischemia. Gene Therapy, 23(3), 306-312.
doi:10.1038/gt.2015.110 [doi].
53
Ajroud-Driss, S., Christiansen, M., Allen, J. A., & Kessler, J. A.
(2013). Phase 1/2 open-label dose-escalation study of plasmid DNA
expressing two isoforms of hepatocyte growth factor in patients with
painful diabetic peripheral neuropathy. Molecular Therapy : The
Journal of the American Society of Gene Therapy, 21(6), 1279-1286.
doi:10.1038/mt.2013.69 [doi].
54
Tissue regeneration: Autologous regeneration of tissue. (May,
2017). https://www.medline.com/pages/autologous-regeneration-of-tissue/#learnmoreart.
55
Sharma, S., Kerry, C., Atkins, H., & Rayman, G. (2014). The ipswich touch test: A simple and novel method to screen patients with
diabetes at home for increased risk of foot ulceration. Diabetic Medicine : A Journal of the British Diabetic Association, 31(9), 1100-1103.
doi:10.1111/dme.12450 [doi].
45

Dr. Lepow received his medical degree from
Barry University School of Podiatric Medicine in
Miami, FL. Dr. Lepow completed his surgical residency training at The Mount Sinai Medical Center
in NY, where he served as chief resident in podiatric medicine and surgery. Following completion
of his residency program, he served as fellow in
diabetic limb salvage and reconstructive surgery at
the University of Arizona. Presently, he is practicing
in Houston, TX. Dr. Lepow is currently practicing
at the Baylor College of Medicine in Houston as an
Assistant Professor in the Division of Vascular Surgery and Endovascular Therapy where he focuses
on research, limb salvage and reconstruction as
well as complex wound management.
Dr. Singh is a resident at the St. Joseph
Medical Center in Houston, TX. He has strong
interests in areas of diabetic limb salvage and
lower extremity amputation prevention.
www.podiatrym.com

NOVEMBER/DECEMBER 2018 | PODIATRY MANAGEMENT

