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Abstract

Pharmacist plays an important role in patients theate. Pharmacist is now becoming more
patient oriented than product oriented and havediomany changes in life of patients. There
are considerable evidence that patients counsehhgnces patient compliance and improve the
quality of life outcomes in diabetic foot ulcers.iaDetic foot ulceris one of the major
complications of Diabetes mellitus. It occurs irtdof all patients with diabetes and precedes
84% of all lower leg amputations. Sharp debridenam management of underlying infection
and ischemia are also critical in the care of foloers. Prompt and aggressive treatment of
diabetic foot ulcers can often prevent exacerbatfaihe problem and eliminate the potential for
amputation. The aim of therapy should be earlyrustetion to allow prompt healing of the
lesion and prevent recurrence once it is healedtidikciplinary management programs that
focus on prevention, education, regular foot exatnms, aggressive intervention, and optimal
use of therapeutic footwear have demonstratedfgignt reductions in the incidence of lower-
extremity amputations. Community Pharmacist plaglviole Patient education regarding foot
hygiene, nail care and proper footwear is crudakducing the risk of an injury that can lead to
ulcer formation. Diabetes currently affects moranthl94 million people worldwide and is
expected to reach 333 million by 2025,with the maxin burdens falling upon developing
countries. India considered as “Diabetic capitathed world”, alone currently counts over 35
million peopleharbouring diabetes. This is estimdate touch 73.5million by 2025 as a
consequence of longer life expectancy, sedenti@styie and changing dietary patterns.
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Introduction

A diabetic foot ulcer is an open sore or wound lenfoot of a person with diabetes. Because of
loss of pain sensation, it is usually not painfi#oot ulcers are a significant complication of
diabetes mellitus and often precede lower-extremimputation. Among persons with diabetes,
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15% develop diabetic foot ulcers (DFUs) during thiéetimes. Currently, 3-4% of individuals
with diabetes have deep infections or DFUs.The nfostuent underlying etiologies are
neuropathy, trauma, deformity, high plantar pressuand peripheral arterial disease. Thorough
and systematic evaluation and categorization oft fabcers help guide appropriate
treatment.Diabetic ulcers are the most common fogiries leading to lower extremity
amputation. Family physicians have a pivotal raléhie prevention or early diagnosis of diabetic
foot complications. Management of the diabetic fi@ojuires a thorough knowledge of the major
risk factors for amputation, frequent routine ewadilon and meticulous preventive maintenance.
The most common risk factors for ulcer formatioolile diabetic neuropathy, structural foot
deformity and peripheral arterial occlusive diseaseareful physical examination, buttressed
by monofilament testing for neuropathy and nonimnegesting for arterial insufficiency, can
identify patients at risk for foot ulcers and apgmiately classify patients who already have ulcers
or other diabetic foot complications. Patient ediocaregarding foot hygiene, nail care and
proper footwear is crucial to reducing the riskaof injury that can lead to ulcer formation.
Adherence to a systematic regimen of diagnosiscémssification can improve communication
between family physicians and diabetes subspetsiadisd facilitate appropriate treatment of
complications. This team approach may ultimatelgdleéo a reduction in lower extremity
amputations related to diabetes. Nerve damageaddialbetes causes altered or complete loss of
feeling in the foot and/or leg. This is known asipieeral neuropathy. Pressure from shoes, cuts,
bruises, or any injury to the foot may go unnoticéte loss of protective sensation stops the
patient from being warned that the skin is beirjgred and may result in skin loss, blisters and
ulcers.Vascular disease is also a major problerdiabetes and especially affects very small
blood vessels feeding the skin (microangiopathy)this situation a doctor may find normal
pulses in the feet because the arteries are utedfeklowever other diabetic patients may also
have narrowed arteries so that no pulse can balfouthe feet (ischaemia). The lack of healthy
blood flow may lead to ulceration. Wound healin@lso impaired. Diabetic foot ulcers are sores
on the feet that occur in 15% of diabetic patiesame time during their lifetime. The risk of
lower-extremity amputation is increased 8-foldhege patients once an ulcer develops. Standard
therapy involves the use of dressings to proteetwound bed from trauma and to absorb
exsudate, offloading of high pressure on the wooed e.g. by prescribing protective footwear,
and wound bed preparation to accelerate endogédrealisig and to facilitate the effectiveness of
topically applied substances. But these measueften deficient to heal all diabetic ulcers
when the patient’'s own intrinsic wound healing systis insufficient. In this group of patients
skin replacement therapies are second line tredatopions. When treating diabetic foot ulcers
it is important to be aware of the natural histofythe diabetic foot, which can be divided into
five stages: stage 1, a normal foot; stage 2, la &l foot; stage 3, an ulcerated foot; stagen4, a
infected foot; and stage 5, a necrotic foot. Tlogers the entire spectrum of foot disease but
emphasises the development of the foot ulcer asogapevent in stage 3, which demands urgent
and aggressive management. Diabetic foot card stagjes needs multidisciplinary management
to control mechanical, wound, microbiological, walac, metabolic and educational aspects.
Achieving good metabolic control of blood gluco$ipids and blood pressure is important in
each stage, as is education to teach proper faet ajgpropriate for each stage. Ideally, it is
important to prevent the development of ulcergagas 1 and 2. In stage 1, the normal foot, it is
important to encourage the use of suitable footweaad to educate the patient to promote
healthy foot care and footwear habits. In stagéh@,foot has developed one or more of the
following risk factors for ulceration: neuropathgchaemia, deformity, swelling and callus. The
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majority of deformities can be accommodated in gpdootwear and as callus is an important
precursor of ulceration it should be treated aggve$y, especially in the neuropathic foot. In
stage 3, ulcers can be divided into two distinditiess: those in the neuropathic foot and those in
the neuroischaemic foot. In the neuropathic folmgns commonly develop on the plantar surface
of the foot and the toes, and are associated vetfeoted callus and high plantar pressures. In
the neuroischaemic foot, ulcers are commonly seeand the edges of the foot, including the
apices of the toes and back of the heel, and aeciased with trauma or wearing unsuitable
shoes. Ulcers in stage 3 need relief of pressueciianical control), sharp debridement and
dressings (wound control), and neuroischaemic fdoers may need vascular intervention
(vascular control). In stage 4, microbiological wohis crucial and severe infections need
intravenous antibacterial therapy, and urgent assest of the need for surgical drainage and
debridement. Without urgent treatment, severe tides will progress to necrosis. In stage 5,
necrosis can be divided into wet and dry necrodist necrosis in neuropathic feet requires
intravenous antibacterials and surgical debridejramd wet necrosis in neuroischaemic feet also
needs vascular reconstruction. Aggressive manageshdiabetic foot ulceration will reduce the
number of feet proceeding to infection and necroaigd thus reduce the number of major
amputations in diabetic patients. Adherence to atesyatic regimen of diagnosis and
classification can improve communication betweemifia physicians and diabetes sub
specialists and facilitate appropriate treatmentcomplications. This team approach may
ultimately lead to a reduction in lower extremitgngutations related to diabetes. Foot-care
education combined with increased surveillancerednce the incidence of serious foot lesion.

Causes of diabetic foot ulcer
The chain of events leading to the development iabetic foot ulcers has been well-
characterized and involves a variety of factorsgéneral, the most common precipitating event
is trauma to the foot of a person with diabetesarfgxes of foot trauma that can predispose a
person to develop a diabetic foot ulcer include:

« Irritation to the foot caused by poorly-fitting s

« Calluses that are left untreated

« Burn injury to the foot

+ Cut (laceration) of the foot

« Penetrating injury to the foot from a sharp object

+ Insect bite to the foot

In addition to trauma, there are two other condgithat predispose diabetic patients to develop
diabetic foot ulcers:

- Peripheral neuropathy - Damage to the peripheralesefrom diabetes that leads to
sensory, motor, or autonomic nerve dysfunction lesn estimated to be a causative
factor in about 90% of diabetic foot ulcers.

- Peripheral vascular disease - Many people withelegbsuffer from peripheral vascular
disease which reduces the blood flow to the lowetreenities resulting in
tissueschemia (inadequate blood flow to an area of the body)ciwhs a recognized risk
factor development of diabetic foot ulcers. Peripheascular disease has been estimated
to be a major causative factor in about 35% of elialdoot ulcers.

« Infection - Once an area of the skin protecting fit@t has been broken, usually as a
result of some type of trauma, bacteria enter tbend triggering a complex chain of
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events that can lead to infection. There are twrelerecognized patterns of infection in
diabetic foot ulcers:
o Superficial - infection that is localized or limitdo the superficial layers of the
skin
o Cellulitis - infection that has spread to the dedpgers of the skin (subcutaneous
or connective tissue)
o Osteomyelitis - infection that has spread to theéeulying osseous tissue (bone).

Because normal wound healing is impaired in pe@pth diabetes, without prompt diagnosis
and treatment, a superficial (localized) skin itifat can quickly spread to the deeper layers of
the soft-tissue (cellulitis) and then further spréa the underlying bone (osteomyelitis). The risk
for amputation of the infected limb increases digantly once the infection has reached the
underlying bone.

Phar maceutical care of diabetic foot ulcer patients

Community pharmacist play important role in Prei@nis the best way to avoid dealing with
diabetic foot ulcers. Proper foot care and attenttocuts, abrasions and blisters as they arise can
prevent serious wounds from forming. If you suffem peripheral neuropathy, it is particularly
important to take care of your feet.

Foot wulcers in diabetes require multidisciplinaryssessment, usually by diabetes
specialistsand surgeons.consistsofappropriatebasdagtibiotics (against staphylococcus,
streptococcus and anaerobe strains), debridemdrdargarial revascularisation.It is often 500 mg
to 1000 mg of flucloxacillin, 1 g of amoxicillin @nalso metronidazole to tackle the putrid
smelling bacteria. Specialists are investigating tlole of nitric oxide in diabetic wound
healing. Nitric oxide is a powerful vasodilator, i helps to bring nutrients to the oxygen
deficient wound beds. In 2004, The Cochrane revpamel concluded that for people with
diabetic foot ulcers, hyperbaric oxygen therapyosdl the risk of amputation and may improve
the healingat 1 year. They also suggest that th#adlity of hyperbaric facilities and economic
evaluations should be interpreted. Diabetic fooerdtion represents a major medical, social and
economic problem all over the world. While morertl&#6 of diabetic patients have a history of
foot ulceration, the cumulative lifetime incidenegy be as high as 15%. Foot infections are
among the most serious complications of diabetad, & leading cause of diabetes-related
hospitalizations. The infections typically occur evhpathogens-usually gram-positive bacteria-
infect foot ulcers. These sores develop becausdiadietes-related nerve damage and loss of
feeling in the feet. Amputation may be needed wihéttions fail to respond to therapy. Once a
diabetic foot ulcer has been treated and has hgaledenting recurrence of a subsequent ulcer is
of utmost importance. The rate of recurrence obelia foot ulcers has been estimated to range
from 28% at 1-year to nearly 100% at 3 years ogéonThe risk of amputation also increases
with each recurrence of the ulcer and, therefareygnting recurrence is a major objective in the
management of patients with a history of diabedat Ulcers.

Treat Foot Injury with First Aid Procedure
« Wash the area that shows injury with a mild antieaal soap and warm water.
- Put on a mild antiseptic like hydrogen peroxideoivthe use of iodine. Instead, apply
an antibacterial ointment.
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« If needed, cover the injured area with band-aidterilized gauze. This should keep the
wound free from dirt.

- Allow the wound to heal properly by getting thetfessted. If the affected area becomes
painful, red and swollen, do not waste time. Gadl doctor right away.

A diabetic foot ulcer may be treated with bed résiot supports can also help. If infected,
antibiotics can be used but this should be clos®yitored by you and your doctor. We do not
want it to get out of control as the consequenceldsastating. Diabetic Foot Ulcer and
Prevention Diabetic foot ulcer can be preventedphying close attention to foot care and
managing foot injuries properly. Inspect the fealydby yourself or a caretaker. Clean gently
with soap and water and then apply topical mois&urio keep skin healthy and able to resist
injury and breakdown. Get the doctor to inspectghees for proper fit and support. Many can
use athletic shoes and thick absorbent socks bmeé spay need custom shoes which are now
covered by Medicare Part B when the doctor cestifltee need. Minor foot problems can be
made worse by home remedies so avoid heating patisoaks, and harsh agents like iodine,
astringents and hydrogen peroxitféhen sugar levels fall for prolonged duration iabetics it
leads to damage of nerves in their feet. This ndamage leads to loss of sensation in the feet
and also several other feet deformities. This nedeenage is also called as peripheral
neuropathy.

Foot problems like calluses and hammertoes leakligh pressures on the soles of the feet.
Sometimes diabetics hurt their feet wither by aleimrmajor trauma or repetitive minor trauma.
Single major trauma includes situations like sargghe skin, stepping on some danger objects,
placing feet in really hot water, or cutting todaanappropriately. Repetitive minor trauma
includes situations like walking for long.In cadepeople with diabetes, the blood flow will be
poor. This poor blood flow delays the wound healprgcess. It also increases the risk of
infection and foot amputation.

Wear Support Socks
Healthcare professionals sometimes recommend #hefusupport socks in individuals with the
following health conditions:

« Varicose veins

- Spider veins

« Phlebitis

- Deep vein thrombosis

« Post surgical edema

« Pregnancy
Support socks also may be recommended to healthyidoals who travel long distances and
must sit for hours at a time. During long airplanps, for example, due to reduced mobility,
blood flow can pool in the legs, resulting in sweollankles and feet and achy, sore legs. Support
socks can help promote blood flow and reduce Isgasinfort.

Etiology
Peripheral neuropathy

Peripheral neuropathy affects sensory, motor, ahohamic pathways. Sensory neuropathy
deprives the patient of early warning signs of gaipressure from footwear, from inadequate
soft-tissue padding, or from infection. This nelathyy appears in a stocking-glove distribution,
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with many patients complaining of burning or segnain.Optimal control of blood glucose
levels decreases the incidence of most diabetesiassd organ system morbidity. The primary
risk factor for the development of diabetic footers (DFUS) is loss of protective sensation, best
measured by insensitivity to the Semmes-Weinstd€lid BL0 g) monofilament . Abnormal white
blood cell (WBC) function and the presence of peeiial vascular disease allow wounds to
become contaminated and infected by organismsitiratally are nonpathogenic. This explains
the identification of unusual bacteria from the wds of patients with diabetes.

Figure- 1. Typical diabetic foot ulcercaused byhhjgantar pressures at thesecond metatarsal
head.

Autonomic neuropathy produces chronic venous smglliMotor peripheral neuropathy or
Charcot arthropathy can produce bony deformity,civhcombined with the loss of protective
sensation, can result in skin ulceration from pues®r from shear forces. Associated factors are
a history of foot infection or ulceration and pr@ws partial or whole-foot amputation. Motor
neuropathy leads to muscle weakness and intringgcla atrophy in the hands and feet. Patients
with motor neuropathy can develop bunion, claw taed hammertoe deformities as a result
of muscle imbalance. They lose normal vascular tame thermal regulation, often developing
severe venous swelling that can be managed onlyaeinpression hose. Severe tissue swelling
can lead to ulceration and infection. The patieleteelop dry, cracked skin as a result of
autonomic dysfunction, with the cracks allowing thatry of bacteria. Nail deformity or
pathologic proliferation may make the areas adjaterthe nails foci for skin breaks or for
infection.

Vasculardisease

Ischemic peripheral vascular disease is the sedekdactor for developing diabetic foot ulcer
and infection. This disorder used to be consideresnall vessel disease, but current research
links the vascular pathology to the basement menabo& the arterial wall. The characteristics of
the disease are similar in persons who are dialsetet those who are not, except that its
distribution is somewhat more scattered and gedgrajm persons who are not diabetic, as
opposed to being progressive in a distal diredtigmersons who are diabetic.
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I mmunodeficiency

The third major risk factor is related to the imreudeficiency seen in persons with diabetes.
Glycosylated immune proteins lose efficiency, amednglocytes do not perform adequately,
leaving these patients prone to infection with argans that would not affect a healthy host.Each
of these potential abnormalities make the diab&imt susceptible to abnormal mechanical
stresses that can lead to a break in the normétissfie envelope. This can initiate a foot
infection that cannot be resolved easily.

Pathophysiology

Pressure over a bony prominence has often beahastthe cause for skin breakdown in patients
with diabetes. Skin breakdown occurs at far letsamis when the pressure is applied by shear
forces. The accompanying loss of protective semsgirevents the patient from being warned
that intolerable loads have been applied. Thisddaadblister formation and full-thickness skin
loss. The process is heightened in the presensewefre venous swelling, which further lowers
the injury threshold. Shoes become tight due tdlswe thus increasing the direct pressure and
shear forces applied to skin overlying the bonynpr@nce. Thickened, hypertrophic nails
increase pressure on the soft tissues surroundmaadils. The common result is tissue failure
and ulcer formation.Once the skin barrier is brokamund healing can be impaired by
abnormally functioning WBCs. Moreover, patients eaftare malnourished. Many have a
marginal vascular supply, with less ability to asta resolution of infection and wound healing.
Tissue around the ulcer may become black due téattkeof healthy blood flow to the foot. In
severe cases partial or complete gangrene may.occur

Skin complications of diabetes

u b L

Diabetic foot ulcer " Diabetic with athlete's foot

Figure-2 Diabetics are also very prone to secontdegtion of the ulcer (wound infection) and
surrounding skin (cellulitis).

Classification of diabetic foot ulcers

Most experts use some variant of the classificasgstem developed by Wagner and most
currently modified by Brodsky.
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Table-1 Depth-1schemia Classification of Diabetic Foot L esions

Deptr_\ L Definition Treatment
Classification
. . Patient education, accommodative footwear, regular
0 At-risk foot, no ulceration o S
clinical examination
1 Superficial  ulceration, ncu Offloading with total contact cast (TCC), walkingabe,
infected or special footwear
> Deep ulceration exposinpSurgical debridement, wound care, offloading, aeh
tendons or joints specific antibiotics
3 Extensive ulceration or absces ;Debr!(jement_or partial amputation, offloading, ardt
specific antibiotics
Ischemia
Classification
A Not ischemic
L Noninvasive vascular testing, vascular consultatib
B Ischemia without gangrene .
symptomatic
C Partial (forefoot) gangrene Vascular consultation
D Complete foot gangrene Major extremity amputagti@scular consultation

It is estimated that about 15% of people with diebevill develop a foot ulcer sometime during
their lifetime. Fortunately, up to 86% of foot utsewill heal when treated properly. A foot ulcer
is defined as a break in the skin or deep sorg; dhe most often located on the ball of the foot,
an area of repeated stress.

If you develop any kind of sore or wound on youwstfehat doesn't heal in a day or two, it's very
important that you see your doctor or foot careciist right away. Untreated lesions or ulcers
can become infected quickly; even when treated;, @itmers may not heal well in people with
diabetes.

Recent developmentsin diabetic foot ulcer therapy
Doctor may x-ray your feet to make sure the borreotanvolved. If the results are not clear, you
may have an MRI scan to help your doctor deterrttireextent of the lesion.
Treatment must address all of the factors invoimedound healing:
« Infection - which stops or delays the normal wouegkir process.
« Repeated trauma during the wound healing procegkich continually destroys new
tissue.

Available online at www.jocpr.com 45



M R Chandiraet al Journal of Chemical and Pharmaceutical Research2009, 1 (1): 38-53

« Decreased blood flow - which reduces the amoumtxgfien and nutrients getting to the
tissues.

Treat theinfection

The doctor will thoroughly clean the wound to rema@ll infected tissue; in severe cases, this
may be done in the operating room. Early, aggressiwund cleaning (called "debridement") has
been shown to heal these wounds more rapidlyetktis an infection, your doctor will prescribe
antibiotics. If the infection is serious, you mag fospitalized to receive intravenous antibiotics.
Dressings are used to prevent further trauma, tonmie the risk of infection, to relieve local
pain, and to optimize the environment for healiagnoist wound environment is important for
wound healing to occur.

You can help by keeping the area clean and moiatl &tmes and using the medications your
doctor has prescribed for you. It's important ty@t only use the medications your doctor has
suggested. People used to use cleansers or amsspth as hydrogen peroxide on these types
of wounds, but it is now known that they actualglay wound healing. They also dry out the
tissue, and it is now believed that a moist envirent stimulates more rapid wound healing.

Off-load pressure

Depending on the location of your foot ulcer, yoaynmeed to keep pressure off the area. This is
called "off-loading" and means avoiding all mecltahstress on the wound so that it can heal. If
there is no infection, a total contact cast mayubed to relieve pressure. Or your doctor may
recommend using "non-weight-bearing" devices swschrthopedic shoes, a walker, crutches, or
even a wheelchair or bed rest - these can helpnigday relieving pressure on the injured part of
your foot. If your doctor has suggested keepinggeoff of your foot, it's important to do so.
Keep your foot elevated as much as possible.

Improve blood flow

If there is evidence of impaired blood flow to ydeet, then your doctor may consider a surgical
procedure called "revascularization.” This invohoypassing or implanting a graft past lesions
in the arteries that are obstructing blood flow.e3é procedures have been as successful in
restoring blood flow for people with diabetes athers and have been shown to help achieve
rapid and durable healing of diabetic foot ulcérsey have also been shown to decrease the
need for amputation.

Promote healing

New treatments such as recombinant growth factods kaoengineered skin patches are now
available to help improve healing of foot ulcerso@th factor gels contain a protein that helps
the ulcer fill in with healthy tissue, so it heddster and better than it would otherwise. Human
skin cells are processed and grown in the laboraimrproduce bioengineered skin, or skin
equivalents, which are applied to the foot ulceemtance the process of wound healing. Foot
care experts are encouraged by the early resutteesé treatments, which they say "are healing
diabetic foot wounds faster and preventing ampanatl' Used with traditional approaches such
as removing pressure, the new high-tech treatmertiuce healing time, infection,
hospitalization, and amputation while improving theality of life. They've been called "a
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winning combination to reduce the needless numlbdower extremity amputations in this
country."

Other treatments are sometimes used but, accotditige American Diabetes Association, they
have not been adequately tested in clinical tti@lprove their worth. These include hyperbaric
oxygen, electrical stimulation, cold laser, andthiesatments.

Treatment of diabetic foot ulcers
As soon as a foot ulcer is discovered, medicalrreat, whether by your family physician or a
podiatrist, should begin. Treatment of diabetictfotcers reduces the risk for infection and
amputation.
Treatment of diabetic foot ulcers includes:

- Taking the pressure off the area. This can be demle special footgear, braces, a

wheelchair or crutches.

- Removing dead skin and tissue in the area, cadeddement.

«  Applying medication or dressings to the ulcer.

« Managing blood glucose levels.

Preventing infection during treatment of diabetic foot ulcers
With treatment of the diabetic foot ulcer underwpgfients can do the following to keep the
ulcer from becoming infected:

« Continue to control blood glucose levels. This eres healing and reduces the risk for
complications.

« Keep the ulcer clean and properly bandaged. Rdssarcontinue to investigate the use
of growth factors, ulcer dressings and skin suloet®, which have been shown to be
highly effective in the treatment of diabetic fadters.

« Clean the wound daily, as per physician directions.

« Keep the feet covered. Research has shown thatdsoaimd ulcers heal faster, with a
lower risk for infection, if they are kept covered.

Healing time of foot ulcers ranges from weeks tonthe. A variety of factors impact healing
time, including wound size and location, pressumetile wound, swelling, circulation, blood
glucose levels, wound care, and medication and dieeapies used.

Surgical treatment of diabetic foot ulcers

Most noninfected foot ulcers do not require footgeuy. However, when standard treatments
fail, surgical treatment of diabetic foot ulcersyntze necessary. Surgical treatment of diabetic
foot ulcers may include procedures to remove pressm the ulcerated area through bone
shaving as well as the correction of foot deforesitthat may be contributing to the creation of
the ulcer, including hammertoes and bunions.

diabetics when blood sugar levels are abnormadjly tt is a common phenomenon that they get
sore or wounds. These sores and wounds are commaligg as diabetic foot ulcers. Sometimes
these ulcers lead to worst situations where irfdbeamputation becomes compulsory.

Diabetics can prevent foot ulcers

1. Following two basic health care formulas — carefutrol of diabetes and foot care-, can
easily control diabetic foot ulcers.
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2. Keep blood sugar levels in check. This helps preyamipheral neuropathy and also
avoids it from worsening.

3. Diabetics should regularly check their feet, esplécthe areas between toes. They have
to see whether the feet have any sores and cutiseyffind any problem, they should
consult the doctor immediately for treatment. Yan cse a long-handled mirror to check
your feet, to find out even the little problems.

4. Always keep your feet dry and clean, especiallyateas between the toes, to avoid foot
ulcers.

5. Before going for bath check the temperature ofviager. Don’t bath with hot water. It
will worsen the foot ulcers.

6. People with peripheral neuropathy are not advieemit their own nails.

7. Diabetics should consult a podiatrist, doctor spersd in foot care, for a regular
checkup.

8. Diabetics should wear footwear that can fit propéslthem. This helps avoid friction or
pressure.

9. Diabetics suffering from peripheral neuropathy dtlostop walking barefoot. Before
putting on the footwear make sure there are nadgorebjects in them.

10.1f the ulcers are in a very serious condition listter to remove the dead tissue of the
surface and apply synthetic wound dressings. Thlpshcreate a moist environment.
Consult experts to get the advice on the dressmde used. After studying the type of
foot ulcer and at what stage it is the doctor adlVice the best dressing.

11.1f there us a significant infection that can leact¢llulites use antibiotics.

Prevent I nfection

The goal of teatinga diabetic footvlcer is to preent infection. Once an infection sets ihet
wound can progrado the pint of requiring amputatin. To keemn ulcer free from infection, it
is vital to ke blood glucose less in control. High blood sugatan impairyour immone
response and makié more difficult to heal your ulcer. Clean the woundilglaand keep it
bandaged atall times. Do mt go barefoot whenyou have an ulcer on your foot.

AvoidPressure

Relieve pessure on the ulcer by wearing spédootwear or usg crutches s you do not put
pressure and irritation ondfulcer untilit has healed. You nyaneed tovsea wheelchat so you
can still ot around without walking on your affted foot.

Medication

Regranex isa gel medication ugl to treat diabetic ulcers. The ulcer slibbe smeeed with
Regrane on® daily using a cotin swab. After pplying the medicabn, yor ulcer shuld be
covered witha clean saline dressing. In 12uns revove the dressing, rinse the ulcavith saline

or wabr and coveroith a new sline dressing fo 12 more hours. At #t time, reapply the
Regunex and repeat the proagd. Diabett ulces need air circulationotheal but @cording b
the American Podiatric Mechl Association, ulcers heal muchstier if they are kept covered and
moist as witha saline bandage. Saline a salt water solution that cd®e purchaed ata
drugstore omedical supply ste. Simply sak the bandage in thealsme solution befoe
applying it to your ulcer ) it Keeps yor ulcer moist.

Available online at www.jocpr.com 48



M R Chandiraet al Journal of Chemical and Pharmaceutical Research2009, 1 (1): 38-53

Surgery

If the ulcer becomes infected, surgenay » required. Your dctor may performa sin graft.
This involws wmoving healthy skin from another area ofvyobody, from a donor or a
bioengineered swoce, and transplanting it over your ulcer so itl Wweal faster. You may also
need a debridement, wdh is the surgical removal ofé ded tis®e surrounding your ulcer.
Your doctor may try bypass surgery, which impes the flow of blood through your leg and foot
to help speed healing. If alller methods fail, a surgicalrputationmay be required ¢ prevent
the infection fom spreading througho your body.

Hyperbaric Oxygen Therapy

Hyperbaric therapis often used to trat wounds that otherwise willoh heal. To receiw this
type of treatment,gu entera small chaiber that § pumped with oxygemwhile the atmospheric
pressure is lowered iite. This increases the amousftoxygen in your blood, whik helgs the
ulcer to heal.

Futuretrendsin diabetic foot ulcerstherapy

Though, diabetic foot ulcer develops secondaryiab&tes mellitus, it is usually considered as a
separate entity in the medicinal realm from theattreent perspective. With frequent and
common incidences of Diabetes mellitus all overwioeld, diabetic foot care study is becoming
a priority especially in the field of podiatry. Tingh, treatment approaches such as topical
formulations of growth factors, cellular and ackdtumatrix applications show very promising
results, these formulations are expensive and emnerglly either dermal or epidermal analogs;
mostly being dermal analogs. Use of human cadawémoter animal skin sometimes faces the
problem of tissue rejection or failure of revascuzkion. Among all other causes of delayed
wound healing, except the metabolic cause i.e. sxgycation cannot be treated with either
topical formulation or matrix application at wousde. Therefore, pharmaceutical companies
should focus their research on development of dthgscan inhibit AGE formation and their
potential formulations for diabetic patients. Taior systemic administration of ECNOS can be
one more potential treatment that needs to be deresd in diabetic ulcers as well. Thus, while
treating diabetic ulcers, generalized treatment@ggh does not seem to be appropriate instead,
selection of a particular treatment should be edrout on case-by-case evaluation considering
severity of the wound and by using combination dpgrif necessaryChronic ulcerations are
often colonized or contaminated with bacterial pgns that can prevent ulcers from healing.
Many such wounds become clinically infected andumegtreatment with antibiotics. However,
early diagnosis of diabetic foot infections is miclal challenge as typical signs and symptoms of
infection, such as pain, redness, or elevated laitiog inflammatory markers, can be absent in
individuals with neuropathic or neuroischaemic tdceFailure to diagnose and treat such
infections can lead rapidly to the infection spiagd with the possibility of tissue necrosis,
gangrene, osteomyelitis, and ultimately the prospé@ lower leg amputation.Currently there
are no antibiotics on the market specifically iradéd for the prevention of diabetic foot
infections. There is also reluctance by practittesnéo use existing, systemically-acting
antibiotics prophylactically because of concernghwsystemic side effects and fear of
propagating bacterial resistance with widespreagl &sirthermore, diabetic ulcers are often
associated with vascular disease and restrictegpheal blood flow, which may render
systemically acting antibiotics less effective. &hieving very high localized concentrations of
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antibiotic, Collatamp G is designed to overcomes¢heoncern®ressing a wound helps protect
it and acts as a barrier to prevent contaminatfdvances in tissue engineering, factors and
antimicrobials have paved the way for more advartceatments. Whatever the cause of the
ulcer, any dead tissue of the surface should beidizb (removed) and synthetic wound
dressings applied to ensure a moist environmeneliairessings may also be useful. Expert
advice should be obtained, as the best dressidgdeflend on the type of ulcer and stage of
healing

Stem cells help in healing diabetic foot ulcer

There is some good news for the diabetic patiemteur country. There are about 4.5 crore
diabetic patients our country where 40,000 lowertregity amputations occur per
year.Treatment of chronic diabetic wounds is aioaoirig clinical problem and socioeconomic
burden with diabetic foot ulcer alone costing sdmeadred million rupees a year. Studies done
in Bristol University have found that human foestdm cell can effectively be used to treat back
leg ischaemic ulcers in a model of type 1 diabBiebetic patients with ischaemic foot ulcers
i.e. ulcers due to reduced blood supply to a tiskage the worst prognosis of all chronic skin
wound patients. The wounds also have higher ampaotahd mortality rate than the wounds of
non-ischaemic ulcers.Topical gels with single gtoféctors have recently been used with some
success in non-ischaemic ulcers but have faildgealing ischemic wounds. Ischaemic wounds
are very resistant to other conventional treatnmaotalities.There is some good news for
“ischaemic diabetic foot ulcers patients”. A newatment involving stem cell therapy is round
the corner. Podiatrist at the Diabetic Foot Catiei€has treated some patients successfully with
stem cells. They will soon start using stem cedrdipy routinely to repair damaged tissues and
for foot ulcers in diabetic patients at their atinAt Fortis Hospital (Delhi & Noida) doctors are
readying stem cell therapy for patients sufferimgnf the disease as well.Stem cells are
recognized for their ability to separate into vasa@omponent cells of injured tissues, as well as
to discharge growth factors that may encouragédimeation of new blood vessels in the patient
and thereby considerably speed up healing. Thi®desy provides a new perspective in the use
of stem cells. It is known that wounds heal so wefbetuses that no scar can be visible at birth.
It is therefore possible that, when foetal steniscate transplanted onto diabetic ulcers, they
reactivate a foetal program in the recipient towlthose adult ulcers to repair as efficiently as
foetal wounds do.

Medical care diabetic foot ulcer

Write down the patient's symptoms and be prepavethlk about them on the phone with a
doctor. Following is a list of common reasons ttl eadoctor if a person with diabetes has a
diabetic foot or leg problem. For most of thesebpgms, a doctor visit within about 72 hours is
appropriate. Any significant trauma to the feetleys, no matter how minor, needs medical
attention. Even minor injuries can result in sesimfections. Persistent mild-to-moderate pain in
the feet or legs is a signal that something is @rdbonstant pain is never normal. Any new
blister, wound, or ulcer less than 1 inch acrosslieEcome a more serious problem. The patient
will need to develop a plan with a doctor on howtrteat these wounds. Any new areas of
warmth, redness, or swelling on the feet or legs faequently early signs of infection or
inflammation. Addressing them early may prevent enserious problems. Pain, redness, or
swelling around a toenail could mean the patierst @ ingrown toenail - a leading cause of
diabetic foot infections and amputations. Promptl @arly treatment is essential. New or
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constant numbness in the feet or legs can be ao$igrabetic nerve damage (neuropathy) or of
impaired circulation in the legs. Both conditiong ghe patient at risk for serious problems such
as infections and amputations. Difficulty walkingncresult from diabetic arthritis (Charcot's
joints), often a sign of abnormal strain or pressoin the foot or of poorly fitting shoes. Early
intervention is key to preventing more serious fgois including falls as well as lower
extremity skin breakdown and infections. Constaciting in the feet can be a sign of fungal
infection or dry skin, both of which can lead tdection. Calluses or corns developing on the
feet should be professionally removed. Home rem@vabt recommended. Fever, defined as a
temperature over 98.6°F (37°C), in association \aitly other symptoms or even fever alone
should prompt a call to a doctor's office. The eéegof fever does not always correlate with the
seriousness of infection. The patient could havdewer or a very low fever and still have a
serious infection. People with diabetes need tedecially cautious of fever. Following are
some common reasons to seek immediate medicatiatigfor diabetic foot and leg problems.
Severe pain in the feet or legs is often a sigraafte loss of circulation to the leg, serious
infection, or may be due to severe nerve damagerdpathy). Any cut to the feet or legs that
bleeds significantly and goes all the way througgh gkin needs proper cleaning and repair to aid
healing. Any significant puncture wounds to thet ffer example, stepping on a nail or being
bitten by a dog or cat) carry a high risk of beasgninfected. Wounds or ulcers that are more
than about 1 inch across on the feet or legs @aguéntly associated with limb-threatening
infections. Redness or red streaks spreading argay & wound or ulcer on the feet or legs are a
sign of infection spreading through the tissueseFaigher than 101.5°F (38.6°C) in association
with redness, swelling, warmth, or any wound oreulon the legs may be a sign of a limb-
threatening or life-threatening infection. If yorea person with diabetes and you simply have a
fever more than 101.5°F (38.6°C), and no other $gmp, seek immediate care to determine the
source of the fever and to initiate a plan of c&ecause the degree of fever does not always
correlate with the seriousness of the illness, [geopth diabetes should take even low-grade
fevers [less than101.5°F (38.6°C)] very seriousigt aeek medical attention. The patient's doctor
may or may not prescribe antibiotics, since fevars often due to viral infections, which
typically do not require antibiotics. Alteration mental status (confusion) may be a sign of life-
threatening infection that could lead to loss té@or foot, when associated with a leg wound or
foot ulcer. Confusion may also be a sign of eitrey high or very low blood sugars, which are
more common when infection is present.

Conclusion

Diabetic foot ulcers can, for many patients, seem@apear out of nowhere. Diabetics tend to lose
sensation in the feet; therefore, they are morgyaagired and they may not even notice that the
injury has occurred. This can leave these ulcetseated for a period of time and leave them
susceptible to serious infection. Once a patieasqmts with a diabetic foot ulcer, a physician
will need to determine if the ulcer is ischemicysad by narrowing of the arteries), neuropathic
(actual injury to the nerve) or a combination oftbolraditional treatment involves bandaging,
using an anti-bacterial topical product and anairthto keep the pressure off the ulcer. This
traditional method does not have an impressive esgcagate when used alone, but when
combined with hyperbaric chamber treatment, thiessitzs show a significant rise. For instance,
diabetics suffering with foot ulcers who undergaditional treatment avoid amputation 61% of
the time. However, with added hyperbaric oxygenapg, the number rises to 89%.Hyperbaric
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oxygen therapy involves little participation frofmet patient. The patient simply lies inside the
hyperbaric chamber and breathes normally. Whikkénchamber, the patient is exposed to 100%
oxygen and 2 to 3 times the normal atmosphericspres This pressure is equivalent to a diver
reaching 50 feet underwater. This method of therapgoses the infected tissues to high
concentrations of oxygen. The atmospheric pressgreases the level of dissolved gases in the
patient’s blood by 2 to 3 times its normal amountother words, the oxygen dissolved in the
blood increases from 0.32% to 6.8%.Base your treatrprotocol on the etiology of the ulcer.
Assuming that there is adequate perfusion to hgdhiatar ulcer, one should have appropriate
shoe modifications made to disperse weight awam ftiee ulcerative area. Absorb any excess
discharge and maintain a moist wound environmetit appropriate product selection. Keep the
wound edges dry. Make sure no sinus tracking ocaetch for infection. Debride necrotic
debris and the hyperkeratosis rim as they are eglo€for infection.

Reference

1. Lavery LA, Ashry HR, van Houtum W, Pugh JA, HarlddsB, Basu S.Diabetes Care
1996;19:48-52.

2. Armstrong DG, Lavery LA, Quebedeaux TL, Walker S0uth Med J 1997; 90: 384-9.

3. Gibbons G, Eliopoulos GM. Infection of the diabetoot. In: Kozak GP, et al., eds.
Management of diabetic foot problems. PhiladelpSainders]984:97-102.

4. Pecoraro RE, Reiber GE, Burgess EM. Diabetes C38@& 13:513-21.

5. Reiber GE, Pecoraro RE, Koepsell TAhn Intern Med 1992; 117:97-105.

6. United States National Diabetes Advisory Board. magonal long-range plan to combat
diabetes. Bethesda, Md.: U.S. Department of HealthHuman Services, Public Health
Service, National Institutes of Healtt887; NIH publication number 88-1587.

7. Edmonds ME. Experience in a multidisciplinary diabedoot clinic. In: Connor H,
Boulton AJ, Ward JD, eds. The foot in diabetes:cpedlings of the 1st National
Conference on the Diabetic Foot, Malvern, May 19&hichester, N.Y.. Wiley,
1987:121-31.

8. Wylie-Rosset J, Walker EA, Shamoon H, Engel S, Bas¢ Zybert PArch Fam Med
1995;4:46-50.

9. Bailey TS, Yu HM, Rayfield EJAm J Med 1985; 78:371-4.

10.Edelson GW, Armstrong DG, Lavery LA, Caicco G. Hwitely infected diabetic foot is
not adequately evaluated in an inpatient settimghAntern Med 1996;156:2373-8.

11.Kannel WB, McGee DLDiabetes Care 1979;2:120-6.

12.LoGerfo FW, Coffman JDN Engl J Med 1984;311:1615-9.

13.Lee JS, Lu M, Lee VS, Russell D, Bahr C, Lee Bilabetes 1993;42:876-82.

14.Kannel WB, McGee DLJ Am Geriatr Soc 1985;33:13-8.

15.Bacharach JM, Rooke TW, Osmundson PJ, GloviczBi\Rasc Surg 1992;15:558-63.

16. Apelqvist J, Castenfors J, Larsson J, StrenstronAdggrdh CD.Diabetes Care 1989;
12:373-8.

17.0Orchard TJ, Strandness DE JAm Podiatr Med Assoc 1993; 83:685-95.

18.Caputo GM, Cavanagh PR, Ulbrecht JS, Gibbons GWc¢hfaer AW.N Engl J Med
1994; 331:854-60.

19.Harati Y. Diabetic peripheral neuropathy. In: Koskg SJ, ed. Medical and surgical
management of the diabetic foot. St. Louis: Mosi9@4.:73-85.

Available online at www.jocpr.com 52



M R Chandiraet al Journal of Chemical and Pharmaceutical Research2009, 1 (1): 38-53

20.Brand PW. The insensitive foot (including leprosy). Jahss MH, ed. Disorders of the
foot & ankle: medical and surgical management. 2d PBhiladelphia: Saunders,
1991:2173-5.

21.Armstrong DG, Todd WF, Lavery LA, Harkless LB, Busén TR. Diabet Med
1997;14:357-63.

22.Edmonds ME, Clarke MB, Newton S, Barrett J, WatkdsQ J Med 1985; 57: 843-55.

23.Brower AC, Allman RMRadiol Clin North Am 1981; 19:571-80.

24.Birke JA, Sims DSLepr Rev 1986; 57:261-7.

25.Armstrong DG, Lavery LA, Vela SA, Quebedeaux TLegiBthli JG Arch Intern Med (In
press).

26.Fernando DJ, Masson EA, Veves A, Boulton Bilbetes Care 1991;14:8-11.

27.Rosenbloom AL, Silverstein JH, Lezotte DC, Richard&, McCallum M.N Engl J Med
1981; 305:191-4.

28.Bild DE, Selby JV, Sinnock P, Browner WS, BravenigrShowstack JADiabetes Care
1989; 12:24-31.

29.Lavery LA, Armstrong DG, Quebedeaux TL, Walker $6hJ Med 1996; 101:521-5.

30.Grayson ML, Gibbons GW, Balogh K, Levin E, Karchrdél/. JAMA 1995; 273:721-3.

31. Sutter CW, Shelton DKAm Fam Physician 1996; 54:1639-47.

32.Lavery LA, Armstrong DG, Harkless LB.Foot Ankle Surg 1996; 35:528-31.

Available online at www.jocpr.com 53



