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ABSTRACT

“‘PROSPECTIVE OBSERVATIONAL STUDY TO ASSESS RISK FACTORS
LEADING TO AMPUTATION IN DIABETIC FOOT PATIENTS-A TA
TERTIARY HEALTH CARE CENTRE IN BELAGAVI”

Background: Diabetic foot ulcers (DFUSs) represent a significeause of morbidity
among individuals with diabetes, frequently leaditogy hospitalization and non-
traumatic lower extremity amputation (LEA). Thesamplications are primarily due
to compromised blood supply and neuropathy, whigldigpose patients to infections
and ischemia. To identify and assess risk fact@so@ated with lower limb

amputation in diabetic foot patients.

Objective of the study: To predict lower limb amputation occurrence and to

determine risk factors leading to amputation irbdi&c foot patients

Material and Methods: This prospective observational study included Gibetic

foot patients admitted to a tertiary healthcaraeeim Belagavi from January 1, 2023,
to December 31, 2023. Patient demographics, couwtitids, history of trauma, and
smoking, along with clinical assessments includthg Wagner grading system,
peripheral neuropathy, and Ankle-Brachial Pressodex (ABPI), were evaluated.
Baseline investigations encompassed “hemoglobinycoglylated hemoglobin
(HbAlc), serum creatinine, total leucocyte coumtd dasting blood sugar levels.”

Outcomes were measured through the incidence ofittiqn.

Results: The study included 60 patients with a mean adgedafi2.3 years; 75% were
male. Of these, 88.3% had diabetes mellitus alvhde 11.7% had both diabetes and

hypertension. Trauma history was present in 68.8%d 38.3% had a history of
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cigarette smoking. According to Wagner’s classtfwa, the majority were in grade 2,
followed by grades 3 and 4. Peripheral neuropatlas wlentified in 71.7% of

patients, while ABPI was <0.9 in 41.7% and >0.%&13%. X-rays of foot showed
normal findings in 88.3%, with osteomyelitis in @3 Amputation was performed in
43.3% of patients. Significant correlations withgler amputation rates included
smoking history (61.5%), higher Wagner grades, ghenial neuropathy, and ABPI

<0.9 (p<0.05).

Conclusion: The study highlights peripheral neuropathy, smgkinigher Wagner
grade, and ABPI <0.9 as significant risk factors &mputation in diabetic foot
patients. These findings underscore the necessitgdrly detection and management
of these risk factors to prevent progression to watwn, thereby improving patient

outcomes and quality of life.

Keywords: Diabetic foot ulcer, Amputation, Peripheral newathyy, Wagner grade,

Ankle-Brachial Pressure Index, Risk factors
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I ntroduction

INTRODUCTION

Diabetes is the most prevalent underlying causesaifemia, infection, and
foot ulcers—three of the most dangerous conseqgeuicthe disease that frequently
result in hospitalization and non-traumatic lowand amputation. People with
diabetes mellitus are more susceptible to footctnd@s due to the compromise of
blood flow caused by microvascular illness, whichfiequently combined with

neuropathy-induced loss of feelihg.

One of the most frequent diabetes complicationslézal to hospitalization is
diabetic foot ulcers (DFU). Lower extremity ampidat (LEA) is defined by the
worldwide lower extremity study group as the tdteis of any lower limb component,
regardless of the etiologyPeople with diabetes have a 10-30 times highkrafis
LEA (2.8%) than healthy people (0.29%PDiabetes is a common cause of non-
traumatic lower extremity amputations, with 15%dddbetics developing foot ulcers
and 12-24% of them needing to have their feet aatpdt Although there are
established risk factors for the development obelier foot ulcers, little information
is known about the variables that might predictaamputation during an episode of
the condition. The research has identified sewgsklfactors for amputations among

diabetes. Nonetheless, disparities exist amongegesarch findings.

Assessing the risk factors leading to amputatiodiabetic foot patients holds
significant scientific importance due to severahsens. First of all, diabetic foot

problems are a leading global source of morbidity death for people with diabetes.

Lower extremity amputations (LEAS) significantly pact the quality of life of
affected individuals, leading to disability, reddomobility, and increased healthcare

costs. By identifying and understanding the risktdes associated with amputation in
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diabetic foot patients, healthcare professionais @evelop targeted interventions to
prevent or mitigate these complications. Secondigpetic foot ulcers are often
complicated by infections, peripheral neuropathyd aeripheral arterial disease, all
of which contribute to the progression of tissuendge and increase the risk of
amputation. Assessing risk factors allows clinisian stratify patients based on their
likelihood of developing severe complications, dmap personalized treatment

approaches and early intervention stratedies.

While several categorization systems exist for jotedy the fate of diabetic
foot ulcers, few research have assessed the ekteahdity or reliability of these
systems. These systems of classification are a rgsource for treating patients,
making treatment decisions, and enhancing profeasicommunication. Making
decisions would therefore be facilitated by a @ngl streamlined categorization

system that incorporates the most accurate pradictiteria for amputation.

Assessing risk factors leading to amputation ifbeliec foot patients is crucial
for improving clinical outcomes, reducing healtheasurden, and enhancing the
overall quality of life for individuals living withldiabetes. “Therefore, to predict lower
limb amputation occurrence and to determine théofacassociated with the risk of

amputation in diabetic foot patients, we conduchesl study.”
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Aims & Objectives

AIMS AND OBJECTIVES

Objective of the study

To predict lower limb amputation occurrence anddetermine risk factors

leading to amputation in diabetic foot patients

Page 3



Review of literature

REVIEW OF LITERATURE

Diabetes Mellitus’

Diabetes mellitus comes from the Greek "diabetad)ich means "to pass
through,"” and the Latin "mellitus,” which transkt® "sweet." This term was first
introduced by Apollonius of Memphis between 250 &0 BC, influenced by the
sweet taste of urine noted by ancient Greek, Indawa Egyptian cultures. Mering
and Minkowski identified the role of the pancreasdiabetes in 1889. Even with
substantial advancements in treatment, diabeteainsna widespread chronic illness

worldwide?
Epidemiology:

Diabetes has surged into a worldwide epidemic, Witha taking the lead as
the global hub for the disease, accommodating appedely 41 million diagnosed
individuals. Projections indicate that the occuceenf diabetes across all age brackets
was expected to climb from 2.8% in 2000 to 4.4%208$0°’ As per the International
Diabetes Federation (2017), the anticipated precaleof diabetes is projected to
increase from 8.8% in 2017 to 11.4% in 2045. Comily, the incidence of diabetic
eye disease is on the rféccording to the most recent epidemiological diaten
2019, India presently counts around 77 million wndlials grappling with diabetes, a
figure expected to surge to nearly 134 million B42. India stands as the second-
largest contributor to the global diabetes crisigiling only behind China. Among
these statistics, 12.1 million individuals are agédor older, and this demographic is
projected to expand to 27.5 million by 2045. Adufitally, an estimated 57% of

diabetes cases in India, approximately 43.9 milfienple, remain undiagnos&d.
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Classification of diabetes mellitus

The four types of diabetes mellitus as per newsifiaation identifies™’

Type 1, Type 2, “Other specific types” and gestadiaiabetes.
“Type 1: autoimmuneB-cell destruction leading to absolute insulin deficy.

Type 2 (NIDDM / Adult onset) is presents with insulinsistance in peripheral

tissues and an insulin secretary defect ofitbells.

Other Specific Types ap-cell dysfunction (MODY or Maturity onset Diabetes
Mellitus) or with defects of insulin action. Personith diseases of exocrine pancreas,

dysfunction associated with endocrinopathies.”

Gestational diabetes refers to diabetes that dpselduring pregnancy.
Although its exact cause remains uncertain, soropgse a potential involvement of
HLA antigens, particularly HLA DR2, 3, and 4. Thsresuspicion that excess
proinsulin could contribute to gestational diabetesssibly inducing stress on beta
cells. Alternatively, elevated levels of hormonie Iprogesterone, cortisol, prolactin,
human placental lactogen, and estrogen are belieyedome to disrupt beta-cell

function and peripheral insulin sensitivity.
SECONDARY

+ Pancreatic disease
* Genetic diseases
+ Hormonal abnormalities

* Ingestion of certain drugs or chemical compounds.
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Acromegaly, hyperaldosteronism, hyperthyroidismucglgonoma, Cushing
syndrome, and somatostatinomas have all been lineglucose intolerance and
diabetes mellitus, owing to the inherent glucogenation of the endogenous

hormones secreted excessively in these conditions.

Criteria for the diagnosis of Diabetes Mellitus?

1) Oral glucose tolerance test200 mg/dl at 2 hours plasma glucose
2) >126 mg/dl Fasting plasma glucose.

3) Symptoms associated with > 200 mg/dl plasma glucaseentration

Complications of diabetes mellitus

Diabetes is linked to a range of complications,luding acute metabolic
problems like hypoglycemia (low blood glucose) iegdo loss of consciousness, and
diabetic ketoacidosis caused by excessively higlhoodl glucose levels
(hyperglycemia). However, the main focus of thiscdission will be on the chronic
vascular complications of diabetes, which are seeits most harmful effects. These

issues arise, at least in part, from consistendyated blood glucose levels that harm

blood vessels.
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Figure 1: Major pathway showing the complications ddiabetes mellitus

Diabetes complications are divided into microvaacuhnd macrovascular
diseases. Microvascular problems include eye cimdgitlike retinopathy, kidney
diseases termed nephropathy, and nerve damage kaswmeuropathy. Significant
macrovascular complications involve heightened icaes$cular diseases, resulting in
events such as heart attacks (myocardial infarcteomd stroke (cerebrovascular
incidents). Furthermore, myocardial dysfunctionkéd to diabetes mellitus may

develop, partly unrelated to atherosclerosis.

Other chronic complications comprise depressioxuale dysfunction, and

dementia.
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Diabetic foot ulcers

15% of people with diabetes will develop diabetiotfulcers at some time in
their lives. It is known that amputation may bees=ary for 15 to 20% of people with
severe foot ulcers. More than 85% of all amputatiane due to these ulcéfs?
Numerous risk factors contribute significantly ke tdevelopment of foot ulcers, with
peripheral sensory neuropathy being the primarytofacclosely followed by
peripheral vascular disease. Among individuals wdthbetes, the breakdown of
neuropathic, neuroischemic, and purely ischemiotesis approximately 54%, 34%,
and 10%, respectively. India experiences an estidhannual total of 40,000 leg
amputations, with 75% attributed to neuropathicerdcthat lead to subsequent
infections, which could potentially be preventedrius factors, including walking
barefoot, low literacy rates, socioeconomic statdslayed patient presentation,
misconceptions about diabetic foot care among psimare physicians, and reliance
on alternative medical systems, collectively cdniteé to this heightened

prevalencé>™*®
History:

Diabetes, an age-old affliction affecting approxieia one percent of the
global populace, affects both genders equally. Ded®ring recognized as a distinct
medical condition for over 3500 years, its orighesnained obscure until the early
20th century. In the 1920s, researchers began clirspehat diabetes stemmed from
malfunctions in the digestive system associatedh whe pancreas gland. Clinical
features of the disease were documented by arfEgymtians around 3000 years ago.
The term "diabetes" was coined by Araetus of Cappiad(18-133 AD), with the
addition of "mellitus" (honey sweet) by Thomas \igilbf Britain in 1675, inspired by

the sweetness of patients' urine and blood, itytiabserved by ancient Indians. It
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wasn't until 1776 that Dobson, also from Britaiopfirmed the presence of excessive

sugar in urine and blood as the cause of their swweg'®

The understanding of diabetes dates back to andaailizations, with
significant contributions from various cultures. limdia, the Charaka Sambhita and
writings by Sushruta described symptoms includingeet urine and excessive
urination around 500 AD. Avicenna, an Arab physicigprovided insights into
diabetic gangrene in the 10th century. Ancient HEgyp medical texts like the
"Papyrus Ebers" from 1500 BC documented symptom&eafuent urination. The
term "diabetes" likely originated around 250 BCApollonius of Memphis, with the
earliest recorded use of "diabetic" in English agpe in a medical text from around
1425. Thomas Willis added "mellitus” to "diabet@s"1675 due to the sweet taste of
urine. Aretaeus of Cappadocia described the disaadbe dissolution of flesh and

limbs into urine in the 1st century AD.

The history of diabetic foot ulcers (DFUSs) is inténed with the history of
diabetes itself, reflecting advances in medicalensthnding and treatment of both

conditions.

Ancient Civilizations: References to diabetes-like conditions date backnicient

Egypt, India, and Greece, but there is little nemif foot complications specifically

related to diabetes.

19th Century: The term "diabetic foot" began to emerge as plssnoticed the
association between diabetes and chronic foot silcdowever, treatments were

rudimentary, focusing mainly on wound care and aaimn when necessary.

Early 20th Century: Insulin Discovery (1921): The discovery of insullyy

Frederick Banting and Charles Best was a significamlestone in diabetes
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management, reducing the severity and frequencgoaiplications like DFUs by

better controlling blood sugar levels

Basic Foot Care: Early diabetic foot care incluthedic wound cleaning and
bandaging. Podiatry began to establish itself dst@nct medical field, emphasizing

the importance of foot care in diabetic patients.

Mid to Late 20th Century: Understanding Neuropathy and Circulation Issugs: B

the mid-20th century, the role of peripheral neatbyg and poor circulation in DFU
development became clearer. Studies highlightedntred for comprehensive foot

care, including regular examinations and patientaton

Antibiotics_and Surgical Advances: The advent of antibiotics improved infection

management in DFUs. Surgical techniques also a@dhraffering more options for

debridement and other interventions.

Late 20th Century to Early 21st Century: Multidisciplinary Approach: The

importance of a multidisciplinary approach involyirndocrinologists, podiatrists,
vascular surgeons, and infectious disease spésialigas recognized. This

comprehensive care model improved patient outcaigesficantly

Recent Advances: Technological Innovations: Recent years have séen

development of advanced wound care technologiesh ss bioengineered skin
substitutes, negative pressure wound therapy, gpdrbaric oxygen therapy. These

innovations have improved healing rates and redaoetplications?

Research and Clinical Trials: Ongoing research continues to explore new treatmen

modalities, including gene therapy, growth factarsid novel surgical techniques like

tibial cortex transverse transport to enhance wdwealing and vascularization
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Current Challenges and Future Directions

- Rising Diabetes Prevalence: With the global inceeis diabetes cases, the
incidence of DFUs is also rising, presenting ongoichallenges in
management and prevention

- Focus on Prevention: Current strategies emphaseeeption through patient
education, regular foot examinations, and earlgri@ntion to manage risk

factors such as high blood sugar and poor cir@anati

Overall, the history of the diabetic foot reflestignificant advancements in
understanding, prevention, and treatment, drivebrbnder developments in diabetes

care and medical science

Etiology

The development of diabetic foot ulcers is influethcby several factors,
including poor blood sugar control, calluses, fdeformities, inadequate foot care,
ill-fitting footwear, peripheral neuropathy, impedt circulation, and dry skin.
Neuropathy, which affects about 60% of diabetegeptt, substantially increases the
likelihood of foot ulcers. Additionally, individualwith flat feet face an increased risk
due to uneven pressure distribution, leading teugsinflammation in susceptible

areas-’

Epidemiology

The global annual incidence of diabetic foot ulceasies from 9.1 to 26.1
million cases, affecting approximately 15 to 2 5% individuals with diabetes
mellitus during their lifetime. As the number ofwédiabetes cases increases annually,

the prevalence of diabetic foot ulcers is antiapgatio rise. Although these ulcers can
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occur at any age, they are most prevalent amonugidgiugls aged 45 and older with
diabetes. In the United States, Latinos, Africaneticans, and Native Americans

have the highest rates of foot ulc&rs®
Pathophysiology

The progression of a diabetic ulcer typically udfin three stages. Initially, a
callus forms, often due to neuropathy, which camseafoot deformities and
diminished sensation, leading to ongoing injury. tdxtomic neuropathy may
contribute to skin dryness, exacerbating the prabl€ontinued trauma to the callus
can lead to subcutaneous bleeding, eventually treguin ulceration. Moreover,
individuals with diabetes mellitus commonly expade severe atherosclerosis in the
small blood vessels of the lower limbs, reducingpbl flow and predisposing them to
foot infections. Impaired circulation delays wouhéaling, ultimately leading to

tissue necrosis and gangréefie.

Diabetes
,—l A Y
Neuropathy Vascular insufficiency Secondary infection
Sensory loss S Inﬂammation -
Motor neuron dysfunction Sy - Y Imparied wognd hea!mg
Autonomic dysfunction ‘ P 9 Reduced angiogenesis

> Diabetic foot ulceration |«

Figure 2 : Diabetic foot ulcer pathogenesfg
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The pathogenesis of diabetic foot ulcers encomgas®®mplex interaction of factors

involving the vascular, neural, and metabolic systaffected by diabetes.

Peripheral Neuropathy: Diabetic neuropathy, especially peripheral neutiopa

reduces protective sensation in the feet, incrgasusceptibility to injuries and
ulceration. Studies indicate that oxidative strasd microvascular damage induced
by hyperglycemia contribute to nerve fibre degefienaand dysfunctio’ Diabetic
neuropathy presents various symptoms in the dali@dt due to its involvement of
sensory, motor, and autonomic nerve fibres. Pergdheeuropathy affects around 66%
of diabetic patients, predominantly in the lowenldis. Distal sensory neuropathy, the
most common type, poses a significant risk for foloers in diabetes, displaying a
wide spectrum of severity from intense pain to clatg insensitivity, leading to
ulceration. The distribution of diabetic peripherauropathy typically follows a
stocking-glove pattern, primarily affecting the lemlegs and feet. This condition may
also lead to the loss of the Achilles reflex, ofem early indicator of neuropathic
changes. Structural deformities of the foot, suzlha atrophy of certain muscles and
increased tension in extensor tendons, can resaltclaw-like deformity of the toes.
Additionally, sensory neuropathy onset can man#astibratory perception, pressure

sensitivity, diminished proprioception, and altegait patternd—2®

Ulceration and infection may result from repetititruma, while reduced
sensation and proprioception can further increlseisk of injury to skin by causing
the atrophy and displacement fat pads in the plasmtpect of foot. Additionally,
diabetic autonomic neuropathy can lead to sudomdysfunction, contributing to
foot ulceration through lack of swaeting, drynessl atchig of skin. Numerous
methods have been devised to evaluate sudomototidanincluding as the use of

indicator plaster, quantitative direct and indireefiex tests, quantitative sudomotor
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axon reflex, and thermoregulatory sweat testing.oAgthem, indicator plaster,
which depends on a color shift in the plantar fa@a from blue to pink, provides a

quick and simple techniqué&:%®

Figure 3: Monofilament test to find out sensory netppathy 2’

One of the first signs of peripheral diabetic ngathy is often impairment of
vibration perception, or deep sensory impairmemtclinical practice, tuning forks
(128 Hz) are frequently used to measure vibratems#ivity on the medial malleolus
and other prominences over distal bones, such editateral great toe. However,
compared to the monofilament test, tuning forksehavsensitivity of only around

53%, making them less accurate in predicting theld@ment of ulcers in diabetié¥.
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Peripheral Arterial Disease (PAD): Diabetes-related PAD compromises blood flow

to the lower extremities, impairing oxygen and rautt delivery to tissues, which is
crucial for wound healing. Chronic hyperglycemiaiiced endothelial dysfunction
and inflammation contribute to vascular complicasiin diabete&’ During follow-up
examinations, pulse palpation on various arterigssterior tibial, distal pedis,
femoral and popliteal) should be done for all diabepatients. “This clinical
examination is simple, cost-effective, and comfiolda Peripheral artery disease may
now be diagnosed mostly non-invasively with the o$dhe ankle-brachial index
(ABI).%° ABI levels between 1.0 to 1.4 are considered sipiwith readings less than
0.9 being unmistakably pathological. An artery dadation and stiffness is indicated
by an ABI more than 1.4, which is likewise regardesl abnormal. Non-invasive
diagnostic methods like computed tomography angiggy and Doppler
ultrasonography are often employed. Intra-artetigital subtraction angiography is
useful for identifying the smaller arteries in tfat and ankle and has the added
benefit of potentially allowing endovascular treatthto be performed concurrently

with the surgery. Renal failure patients howevesuld not benefit from it 32

Microvascular Damage: Microangiopathy in diabetes leads to capillary basement

membrane thickening, endothelial dysfunction, ang@dired tissue perfusion. These
microvascular changes hinder wound healing by reduautrient and oxygen

delivery to the wound sit&:>
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Ischemia with tibial/peroneal artery
occlusive disease

Toes in claw
position

N
\

Cavus deformity with Diminished sensation
increased pressure
metatarsal heads

DOI: 10.4239/wjd.v13.i12.1106 Copyright © The Author(s) 2022.

Figure 4: Etiopathogenesis of developing vasculaomplications in diabetic foot®’

Foot Deformities and Pressure Points: Structuraoahalities in the foot,
such as Charcot arthropathy or hammer toes, inergasssure and friction,
predisposing individuals to callus formation andseguent ulceration. Research
highlights the importance of offloading pressureing to prevent ulcer

development®

Impaired Immune Response: Diabetes-associated immysfunction impairs
the body's ability to combat infections, leading delayed wound healing and
increased risk of infection in foot ulcers. Hypsa#mia-induced immune cell
dysfunction and impaired cytokine production cdnite to impaired host defense

mechanisms.

Hyperglycemia: Persistent hyperglycemia disruptsous cellular processes

involved in wound healing, including impaired cgién synthesis, reduced

Page 16



Review of literature

angiogenesis, and dysfunctional inflammatory respen prolonging the healing

process in diabetic foot ulcers.

Poor Foot Care Practices: Neglecting proper foake,cauch as wearing
improper footwear or failing to inspect the feegukarly, increases the risk of foot
trauma and ulceration in individuals with diabetéducation on foot care and regular

foot examinations are essential for ulcer preventio

Ulcer classification

The first step in “addressing diabetic foot ulcemnglves assessing, grading,
and categorizing the ulcer. Treatment decisions k@®ed on clinical evaluation,
considering factors such as the size, depth, peceseh infection or ischemia. It is
recommended that all individuals with diabetic fadters undergo measurement of

their ankle-brachial index and toe pressure tossske ischemia®®’

W [

WOUND ISCHEMIA
0: No ulcer and no gangrene Toe Pressure/TcPO,
1: Small ulcer and no gangrene 0: 60 mmHg
2: Deep ulcer or gangrene limited to toes 1: 40-59 mmHg
3: Extensive ulcer or extensive gangrene 2:30-39 mmHg
3:<30 mmHg

fl
FOOT INFECTION

0: Uninfected
1: Mild (s2 cm cellulitis)
2: Moderate (>2 cm cellulitis/purulence)
3: Severe (systemic response/sepsis)

Figure 5: SVS WIfI classification system for risk d foot ulcer
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“The University of Texas (UT, San Antonio) in theitéd States developed a
clinical classification system for diabetic foot wals that considers wound depth,
infection, and peripheral artery occlusive disedse each category of wound

assessment® 4

Texas ulcer grading

Grade 0: pre or postulcerative

Grade 1: full thickness ulcer not involving theden, bone or capsule

Grade 2: tendon or capsular involvement withoutittwee palpable

Grade 3: probes to bone

Figure 6: showing the grades of ulcer, a) grade ®) grade 1, c) grade 2 and d) grade 3.
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Texas ulcer staging:
A. Noninfected
B. Infected
C. Ischemic

D. Infected and ischemic

Wagner, PEDIS and other organizations

Wagnef!' created an early and still widely used classificatsystem at
hyperbaric wound healing centres. This classifacativas only based on clinical
evaluation (the depth of the ulcer and the presehcecrosis) and did not take into

account diversity in the vascular state of the.fébie ulcers are classified as follows:

Grade 0 : No lesion

» Grade 1: Superficial ulcer

» Grade 2: Deep ulcer - involves tendon, musclef jcapsule, or bone
» Grade 3: Deep ulcer - abscess, osteomyelitis,noliridis

» Grade 4: Partial foot gangrene

» Grade 5: Whole foot gangrene

STAGF 0 STAGE 1 STAGE 2 STAGE 3 STAGE ¢ STHGE 5

Figure 7: Stage wise evolution of diabetic foot uér
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Healing of wound

“The response to the injury in healthy individusilimbuilt and is sequentially
arranged process that result in the healing of woumith complete re-
epithelialization, drainage of resolution and amaent of function to the affected

tissue.”
Factors effecting the wound healingf*?
Local factors

* Hypoxia

Infection

Foreign body

Venous insufficiency

Systemic factors

Diabetes mellitus

Obesity

Disease: jaundice, uremia, anemia, hereditary ingalisorders

Ischemia

Alcoholism and smoking

Poor nutrition

Cancer

AIDS

Smoking

Radiation therapy
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Wound healing

The three overlapping stages of wound healing emeodeling, proliferation,

and inflammatiorf?

Inflammatory phase: This phase involves hemostasisinflammation. Upon
skin injury, clotting cascades are immediately\adgd, forming a temporary fibrin
blood clot plug at the wound site. Simultaneousigsoconstriction occurs in the
wounded area for 5 to 10 minutes, stopping furtheeding and protecting the wound.
“The fibrin plug acts as a provisional matrix, aiglithe migration of various cells like
leukocytes, keratinocytes, fibroblasts, and endiatheells, and serves as a reservoir
for growth factors. Subsequently, vasodilation dal the initial vasoconstriction

response, leading to local hyperemia and edema.”

Damage that exposes collagen, tissue factor, abeewsdothelium causes
platelets to aggregate and degranulate, releasiogitly factors and chemotactic

factors that finish hemostasis and start inflameomei =’

Within the first twenty-four hours after the injunyeutrophils are drawn to the
site and remain there for two to five days. Theyrtsthe “process of phagocytosis,
which macrophages subsequently carry out. Readiygen species (ROS) and
proteases are released by these phagocytic cellsrder to eradicate nearby
microorganisms and cleanse necrotic tissues. Nehitsorelease pro-inflammatory
cytokines that enhance the inflammatory responskefanction as chemoattractants

for other cells.”

After three days of damage, macrophages usualleapprhey release a

variety of growth factors, chemokines, and cytokileat promote cell division and

the production of extracellular matrix (ECM) compaois?’*3

Page 21



Review of literature

Hemostasis Inflammation
’ scab
Blood
clot Cytokines o
av \‘é / Tl » _,_,/-’/.'37'.“ ' “/’;‘ O

g W o, 4 2 -
7 - ‘. \ f Fibroblast

\ \ ‘ _ J &, -

rabroblas ‘ - Macrophage 7 F’S Neutrophil

" . - S Mastocyte
k Ay .. "

Freshly healed
epidermis
~ e -
— ’ o~ Fibroblast™ -— Freshly healed .~
J proliferating R ¥ 2 / dermis ’
Collagen ® - /Q
R P~

Angioémosis

Figure 8: Phases of the wound healing proceSs

Proliferation

The proliferative phase, occurring around 3 to &@sdpost-injury, is marked
by granulation tissue formation and vascular neftwestoration. This phase, lasting
from days to weeks, relies on various cytokines amowth factors, including
members of the TGF-beta family, interleukins, andiagenesis factors. Fibroblasts

and endothelial cells are the key proliferatindscduring this stage.

Adequate blood supply is crucial during cell praidtion, prompting an
angiogenic response initiated by local hypoxia, VE@DGF, bFGF, and thrombin.
Angiogenesis involves the sprouting of new vesé@m adjacent mature vessels,

while vasculogenesis is a de novo process wheretlkelial progenitor cells (EPCs)
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form new vessels without sprouting. EPC recruitmsnhitiated by factors like NO,
VEGF, and MMPs, especially MMP-9, with SDF1-alphaiding their homing to
ischemic areas. This process ultimately establishesiew vascular network,
facilitating nutrient and gas exchange. Howeverti-amgiogenic drugs like

bevacizumab may disrupt this phase, contributinghtonic wound formatiof®>°

Granulation tissue forms as fibroblasts go to tle&imd and multiply there in
the latter stages of the proliferation phase. “Th&art forming a temporary matrix
made of fibronectin, glycosaminoglycans, and typecollagen. This tissue has a
distinctive red appearance because to the loosalyibdited collagen bundles,
granulocytes, macrophages, capillaries, and filasibl” The reason for its great

vascularity is continuous angiogenesis.
Remodelling

The remodelling phase, which marks the final stafjewound healing,
typically begins around day 21 and can persistuprto a yeaf>*® During the
remodelling phase, a delicate balance betweenetisgathesis and degradation is
crucial, as any disruption can lead to chronic vasunAs this phase progresses,
granulation tissue formation ceases, and the woemigrs a maturation phase.
Components of the extracellular matrix (ECM) unaergpecific modifications to
form a stronger and more organized structure. Getiaype I, initially prevalent in
the granulation tissue, is gradually replaced bg #tronger collagen type |,
contributing to increased wound tensile strengtr.@&minimum of four to five weeks,
collagen synthesis persists; nevertheless, theeibjuegion never reaches the same
degree of organization as healthy skin. Specificdliypoxia and a vitamin C deficit
can impair wound strength since oxygen and vita@inare necessary for the

production of collagen. Enzymes that modify the nwatin particular matrix

Page 23



Review of literature

metalloproteinases (MMPs), play a crucial role iramging the local matrix milieu
and promoting angiogenesis, migration, and praitien of cells. Apoptosis occurs in

the surviving cells from previous phases as theodtling process goes ot:>

After all, the reduction of angiogenic responsekoth flow, and acute
metabolic activity in the wound allows the woundctose completely and regain its
mechanical strength. Scar formation, which is iafiely associated with
inflammation, marks the end of wound healing. Hogrevscar tissue typically
exhibits certain deficiencies; for example, healeninds never reach the strength of
normal skin, with wound strength at three months lagyond reaching only about 80%
of normal skin. Additionally, sub epidermal appeges like hair follicles or sweat
glands do not regenerate after severe injuries,sand tissue lacks rete pegs, which

are vital for firm epidermal-dermal connectit®

Diabetes-related impaired wound healing is a sicgift problem that can be

caused by a number of factors acting independently.

Mechanisms of Diabetes-Related Impairment in Wadadling:
1. Hyperglycemia: Persistently high blood sugar lewea harm blood vessels,
which lowers oxygen and blood flow to the area ofmding.
- Increased blood sugar levels can also affect wihited cell function, which is
crucial for preventing infection and removing dskfrom wounds.
2. Diabetic neuropathy: a condition that affects sBasadistally, causing
injuries unnoticeable.
- Wounds can become worse with repeated impact ass$yre on the feet.
3. Peripheral Artery Disease (PAD): Diabetes incredakesrisk of PAD, which
damages blood vessels and decreases blood fldve textremities, making it

more difficult for wound healing agents to suppkygen and nutrients.
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4. Dysfunction of the Immune System: Diabetes imp@msiunity, which makes
it more difficult for the body to fight infections.
- Hyperglycemia impairs neutrophils’ capacity to gaout phagocytosis and
eliminate bacteria.
5. Inflammation: Patients with diabetes frequently emgnce chronic
inflammation, which can impede the natural heapingcess of wounds.
- The passage from second to third phase of heatingpe slowed down by an
excessively vigorous inflammatory response.
6. Collagen Synthesis: Diabetes can affect the praoluaif collagen and the
process of cross-linking it, which weakens the ingabf wounds.
- The strength and structural integrity of the repaitissue depend on collagen.
7. Oxidative Stress: - High blood sugar levels indumere reactive oxygen
species (ROS) to be produced, which causes oxa&latiress, which harms
tissues and cells. The healing process may be efurtindered by this
oxidative damage.
8. Advanced Glycation End Products (AGEs): AGEs amdpced when blood
glucose levels are raised and have the potentiadtitten and lessen the

flexibility of blood vessels.

AGEs can also obstruct signaling pathways atidlae processes that are essential

to the healing of wounds

Management

1. Glycemic Control:
- Maintaining blood glucose levels within a targehge is fundamental to

improving wound healing.
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2. Wound Care:
- Regular debridement to remove dead tissue.
- Appropriate dressings to maintain a moist woundirenment and protect
from infection.
3. Infection Control:
- Prompt treatment of infections with appropriatelziotics.
- Monitoring for signs of infection and managing piatiy.
4. Enhancing Blood Flow:
- Use of medications or procedures to improve bldod,fsuch as angioplasty
or bypass surgery.
- Use of vasodilators to improve circulation.
5. Advanced Therapies:
- Hyperbaric oxygen therapy (HBOT) to increase oxydelivery to the wound.
- Growth factors and skin substitutes to promoteihgal
- Negative pressure wound therapy (NPWT) to removeesx fluid and
promote tissue growth.
6. Patient Education and Self-Care:
- Educating patients on proper foot care, includinglyd inspection and
moisturizing.
- Encouraging lifestyle changes to manage diabefestefely, such as diet and
exercise.
7. Multidisciplinary Approach:
- Collaboration between endocrinologists, podiatristascular surgeons to

provide comprehensive care.
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Local care

» Dressing

* Debridement
Adjunctive local therapies

* Negative pressure wound therapy

Hyperbaric oxygen therapy
» Skin graft and substitutes

* Shock wave therapy

» Growth factors

» Topical oxygen therapy

Preventive care: Because diabetes increases thefrisnderlying peripheral
vascular disease, diabetic foot ulcers (DFUs) offerunnoticed until they reach an
advanced stage, displaying more severe signs angtsgns. Diagnosing DFUs can
be challenging due to neuropathy masking ischeamd, vice versa. Therefore, the
main preventive measure involves regular screenfndiabetic feet to detect DFUs
early, allowing for prompt treatment initiation wheneeded. Early detection and
intervention aim to prevent complications like geerge which prevents amputation.
Screening usually includes daily self-checks fauina or ulceration by the patient

and routine examinations during healthcare viéits.

The removal of necrotic tissue is critical for uldealing. The frequency of
examination and correct care may be more impottart the type of debridement in
wound healing. A study on surgical debridement bfooic wound care among
veterans found that when debridement was condwtt&0 percent of visits, the risk
of diabetic ulcer healing rose 2.5-fold and doubhdten ischemia was measured at

the initial visit>*>®
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Dressings:Following debridement, maintaining cleanliness apgropriate moisture
levels in ulcers is crucial, ensuring they are axgrly fluid-filled. Dressing selection
should be customized based on ulcer characterigtiesexudate levels, dryness, or
presence of necrotic tissue. Some dressings piym@nvide protection, while others
promote wound hydration or prevent excessive miastirequently utilized wet-to-
dry saline dressings eliminates both viable andviadnte tissue, leaving the wound
bed dry. As an alternative, many dressings incladkmicrobial ingredients to ward
against infection and promote ulcer healing. Howewehen comparing different
dressing types for the treatment of diabetic fooers, there is not enough high-

quality data to demonstrate meaningful changesomna healing results®>’

By containing exudate, preventing infection, kegpthe wound moist, and

safeguarding it, dressings are essential to theagenent of DFUs.

The features of the ulcer, such as the quantitgxefdate, the existence of

infection, and the requirement for debridementirdllence the dressing choice.
Types of Dressings

1. Hydrocolloid Dressings:

o Composition: Made from materials like gelatin, pectin, and
carboxymethylcellulose that form a gel when in eshtwith wound
exudate.

o Indications: Suitable for low to moderate exudate wounds.

o Advantages:

= Provide a moist environment that promotes autolytic

debridement.
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= Can be left in place for several days, reducing ribed for
frequent changes.
= Offer a cushioning effect, protecting the wound niro
mechanical trauma.
o Disadvantages:
= Not suitable for heavily exudating or infected wdan

= If not properly managed it can lead to skin macemnat

2. Foam Dressings:
o Composition: Polyurethane foam that absorbs and retains exudate
o Indications: Used for moderate to heavily exudating wounds.
o Advantages:
= Highly absorbent, reducing the risk of maceration.
= Provide thermal insulation and cushioning.
= Help maintain a moist wound environment conduciee t
healing.
o Disadvantages:
= May require frequent changing if exudate levelsvangy high.

= Can be expensive compared to other types of digsssin

3. Alginate Dressings:
o Composition: Made from seaweed-derived alginic acid, formingea
upon contact with wound exudate.
o Indications: Ideal for heavily exudating wounds and wounds with
minor bleeding.
o Advantages:

= Highly absorbent, suitable for heavily exudatingmds.
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= Promote hemostasis in bleeding wounds.
= Form a gel that maintains a moist wound environmemd
supports autolytic debridement.
o Disadvantages:
= Require a secondary dressing to hold them in place.

= Not suitable for dry wounds as they need moistoractivate.

4. Hydrogel Dressings:
o Composition: Water-based gels that provide moisture to dry or
necrotic wounds.
o Indications: Suitable for dry, necrotic, or eschar-covered wisun
o Advantages:
= Rehydrate and soften necrotic tissue, facilitat@gtolytic
debridement.
= Provide a cooling and soothing effect, reducing mebpain.
= Promote granulation and epithelialization in dryunds.
o Disadvantages:
= May cause maceration if overused.

= Require frequent changes as they can dry out quickl

5. Antimicrobial Dressings:
o Composition: Contain antimicrobial agents like silver, iodinef
honey.
o Indications: Used for infected or high-risk wounds.
o Advantages:
= Reduce bacterial load and infection risk.

= Help manage wound bioburden and prevent biofilrmition.
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= Some types, like honey dressings, also promote lyaigto
debridement.
o Disadvantages:
= Can be expensive.
= Potential for allergic reactions or sensitivitie® tthe
antimicrobial agents.

Debridement

Debridement is a critical step in the managemenDB{s, involving the
removal of necrotic, infected, or non-viable tisseepromote wound healing and
reduce the risk of infection. Several methods diriflement can be employed, each

with its specific indications and considerations.

Methods of Debridement

1. Surgical Debridement:
o Method: Performed by a healthcare professional using ecalgi
instruments such as scalpels, scissors, and curette
o Advantages:
= Quick and effective at removing large amounts oratc
tissue.
= Can be precisely targeted to remove only non-vidtdsue
while preserving healthy tissue.
= Often necessary for heavily infected or extensiceinds.
o Disadvantages:
= Can be painful, requiring local or general anesthes
= Risk of bleeding and damage to healthy tissue.

= Requires skilled personnel and may need a stamiiganment.

Page 31



Review of literature

2. Autolytic Debridement:

o Method: Utilizes the body’'s own enzymes and moisture-réten
dressings (like hydrocolloids or hydrogels) to lbredown necrotic
tissue.

o Advantages:
= Non-invasive and less painful compared to surgical
debridement.
= Selective, targeting only necrotic tissue while sem@ing
healthy tissue.
= Can be performed at home under medical supervision.
o Disadvantages:
= Slower process, taking days to weeks for effeafigleridement.
= Cannot be used for infected wounds as it requiresneact
immune response.
3. Enzymatic Debridement:
o Method: Application of topical enzymatic agents (e.g.,l@agénase)
that selectively digest necrotic tissue.

o Advantages:
= Effective and selective, targeting necrotic tissudhout
harming healthy tissue.
= Can be combined with other types of dressings toaece
debridement.
o Disadvantages:
= Expensive, requiring prescription products.
= May need frequent application and careful moniwrifor

adverse reactions.
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4. Mechanical Debridement:

o Method: Involves physical removal of tissue using methiokis wet-

to-dry dressings, hydrotherapy (whirlpool baths)ultrasonic devices.

o Advantages:

Can be effective for removing loose, non-adherestraotic
tissue.

Wet-to-dry dressings are simple and inexpensive.
Ultrasonic devices can enhance the debridementepsoand

are less painful.

o Disadvantages:

Wet-to-dry dressings can be painful and may alsooxe
healthy tissue.

High risk of nfection and maceration.

Requires specialized equipment and expertise ftraadnic

devices.

5. Biological Debridement:

o Method: Uses sterile maggots (larvae of the green bottfe tb

consume necrotic tissue.

o Advantages:

Highly selective, removing only necrotic tissue aledving
healthy tissue intact.

Maggots secrete enzymes that break down necrssadiand
promote healing.

Can be effective for wounds with extensive necrosis

infection.

Page 33



Review of literature

o Disadvantages:

May be uncomfortable or unacceptable to some fatien
Requires a controlled environment and careful memsmt.

Less commonly available and may be more expensive.

Adjunct Local Therapy

Adjunct local therapies are extra therapies that speed up the recovery

process of DFUs. These therapies can be used juraion with dressings and

debridement to optimize wound healing.

Types of Adjunct Local Therapy

1. Negative Pressure Wound Therapy (NPWT):

o Method: Applies controlled negative pressure to the wowial a

sealed dressing connected to a vacuum pump.

o Advantages:

Promotes granulation tissue formation and woundraotion.
Reduces edema and removes excess exudate andoimect
material.

Enhances perfusion and oxygenation to the woued sit

o Disadvantages:

Can be costly and requires specialized equipmehtraming.

Risk of wound desiccation and damage to surroundkig if

not properly managed.

Not suitable for all wound types, such as untreated

osteomyelitis or exposed organs.
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2. Hyperbaric Oxygen Therapy (HBOT):
o Method: Involves breathing pure oxygen in a pressurizedmdfer,
increasing oxygen delivery to tissues.
o Advantages:
= Promotes wound healing by enhancing oxygenation and
angiogenesis.
= Helps fight infection by increasing the efficacy leftikocytes
and antibiotics.
= Can be beneficial for chronic, non-healing wounds.
o Disadvantages:
= Expensive and time-consuming, requiring multiplessens.
= Limited availability, often requiring referral topscialized
centers.
= Potential side effects, including barotrauma andyger

toxicity.

3. Topical Oxygen Therapy (TOT)

Delivery systems for topical oxygen treatment THoe@ad categories of TOT
delivery systems exist, all of which provide honsséd or ambulatory treatment:one
that produces continuous oxygen delivery (CDO)xaeenely low pressures; two that
produce low constant pressure delivery in a codficleamber; and three that produce
greater cyclically pressured and humidified delveén a contained extremity

chamber?3
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CONTINUOUS
DELIVERY

» Generally enhanced
healing in three
formal RCTs

» Several case studies

» Cohort studies

*» Tissue studies for
cytokine levels

TABLE 2 Types of Topical Oxygen Devices

LOW CONSTANT
PRESSURE

(22 mmHg)

Retrospective
database studies
Case series, animal
study

CYCLICAL
PRESSURE

(10-50 mbar)

Robust sham controlled
RCT showing improved
healing at both 12 weeks
and 12 months

Multiple prospective studies
Real-world evidence
showing reduced
hospitalizations and
amputations at 360 days

» Low continuous flow
of oxygen (3-15 mL/
hour)

» Sealed, disposable

Aracecinn rhannad
GIES5iy, Wianigcy

weekly; low PO,
diffusion gradient

» No compression or
humidification, but
moisture-retentive
dressing

Low oxygen flow
and low constant
pressure (22 mmHg)
Extremity chamber

Minimal ramnracein
WHIHIIG WIS 2010

No humidification

"
i

High oxygen flow rate and
pressure provides deeper
oxygen penetration into
wound bed

Hinhar difficinn nradiant
THYHCT GInusivn giauicin

Cyclical pressure reduces
edema and stimulates
angiogenesis, enhances
oxygen-dependent enzymes
Cyclical compression
Humidification as needed

CDO devices apply topical continuous diffusion ahrpressurized oxygen

through small cannulas to semi-occlusive or praane wound dressings. Small,

portable, battery-powered electrochemical oxygeneggors supply a continuous

flow of pure oxygen over the wounds 24 hours per a@ta flow rate of up to 15

mL/hour. The low-constant-pressure (22- mmHg) devises an oxygen concentrator

to deliver oxygen in a simple plastic boot thapliaced over the extremity with the

ulcer. The third system differs from the other degi in being a multimodality

approach that applies cyclically pressurized (10sb@r) oxygen within a disposable

extremity chamber connected to a controller unit arygen concentrator. Humidity

can be added to this system if required. The hidglez produced especially by the

latter devices results in a larger pressure gradiesmt promotes the diffusion of
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oxygen molecules into the hypoxic wound tissue,regbg enhancing multiple

molecular and enzymatic functions (32, 34).

4. Topical Growth Factors:
o Method: Application of growth factors like platelet-dertvegrowth
factor (PDGF) to the wound.
o Advantages:
= Stimulates cellular proliferation, angiogenesis,d awound
healing.
= Can be particularly useful for chronic, non-healngunds.
= Some products are available as gels or dressingisingthem
easy to apply.
o Disadvantages:
= High cost and limited availability.
= Potential for adverse reactions or allergic respsns

= Requires careful selection and monitoring for eiftiz.

5. Antimicrobial Agents:
o Method: Use of topical antibiotics or antiseptics to reslumacterial
load.
o Advantages:
= Effective in managing and preventing infection ioumds.
= Some agents, like silver, have broad-spectrum acrinbial
activity.
= Can be incorporated into various types of dressiaggase of

use.
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o Disadvantages:
= Risk of developing antibiotic resistance with prujed use.
= Potential for allergic reactions or sensitivities.

= Requires careful selection to avoid cytotoxic efean healing

tissues.

6. Electrical Stimulation:
o Method: Application of electrical currents to the wound gmmote
healing.
o Advantages:
= Enhances cell proliferation, blood flow, and colagsynthesis.
= Can reduce pain and inflammation associated wittorgh
wounds.
= Non-invasive and can be combined with other theapi
o Disadvantages:
= Requires specialized equipment and expertise.
= Limited availability and might not be appropriater fevery
patient

= Needs regular sessions for optimal results.

7. Bioengineered Skin Substitutes:
o Method: Use of synthetic or biological skin equivalentsctwver the
wound.

o Advantages:

= Provide a temporary or permanent barrier that ptstehe

wound and promotes healing.
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= Can stimulate the body’s own healing processes raddce
healing time.
= Useful for large or complex wounds that are diffido heal
with conventional methods.
o Disadvantages:
= Can be expensive and require multiple applications.
= Risk of rejection or adverse reactions.

= Need for specialized training and handling.

Amputation in diabetic foot ulcer (DFU) patients is a significant concern due to the
complications associated with advanced diabeticplications such as neuropathy,
peripheral vascular disease, and impaired woundingeadHere are some scientific

details about amputation in DFU patients:

Prevalence and Risk Factors: The prevalence of tatipn in DFU patients
varies depending on factors such as the severityiadfetes, duration of ulceration,
presence of neuropathy, and adequacy of vascygiysto the affected limb. Patients
with poorly controlled diabetes, long-standing uéceand peripheral neuropathy are at
higher risk of requiring amputation. Risk facto famputation in DFU patients
include advanced age, long duration of diabetesy pgbycemic control, smoking,

hypertension, renal insufficiency and previous faloers or amputations.

Indications for Amputation: Amputation may be iralied in DFU patients
when conservative measures fail to control infectipromote wound healing, or
salvage the affected limb. Common indications idelltextensive tissue necrosis,
uncontrollable infection, gangrene, and severeeisth. The decision for amputation
should be made in collaboration with the patierd arvolve consideration of factors

such as overall health status, functional statud,cuality of life.
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Levels of Amputation: The level of amputation regedi depends on the extent
and severity of tissue involvement. It may rangefrtoe or forefoot amputation to
midfoot, hindfoot, or even below-the-knee or abtive-knee amputation in severe
cases. The choice of the level of amputation dep@mdfactors such as the extent of
tissue involvement, severity of infection, adequatyblood supply, and functional
goals. Partial foot amputations, such as toe oraraputations, are often considered

first-line options to preserve as much foot funetés possible.

Surgical Techniques: Various surgical techniqueg beemployed depending
on the extent of tissue involvement and the goanoputation. These techniques may
include guillotine amputation, where the affectedtps removed in a single stage, or
staged amputation, where multiple procedures aréompeed to achieve optimal

wound healing and functional outcomes.

Post-Amputation Care: Post-amputation care is afudor optimizing
outcomes and preventing complications such as wmnfadtion, delayed healing, and
secondary amputations. It involves wound care, psnagement, rehabilitation, and
patient education on proper stump care and prosthse. Pain management is crucial
in the post-amputation period to alleviate phantamb pain and promote patient
comfort. Rehabilitation programs focusing on phgkiberapy, occupational therapy,
and prosthetic training are essential to optimizecfional outcomes and facilitate

adaptation to life with limb loss.

Prognosis and Complications: The prognosis follgvamputation in DFU
patients is variable and depends on factors suckheaspatient's overall health,
comorbidities, and adequacy of post-operative c&@emplications may include

wound dehiscence, infection, phantom limb pain, psythological distress.
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Preventive Strategies: Given the significant mdthidnd mortality associated
with amputation in DFU patients, preventive strégegare essential. These may
include regular foot examinations, patient educatmn foot care and diabetes
management, early detection and treatment of ylogpsimization of glycemic
control, and multidisciplinary diabetic foot careams comprising podiatrists,

vascular surgeons, endocrinologists, and woundsyaeialists.

Overall, amputation in DFU patients is a compleiichl decision that
requires careful consideration of various factarsathieve optimal outcomes and
preserve limb function and quality of life. Earlyetdction, aggressive wound
management, and comprehensive multidisciplinarye care key components in
reducing the need for amputation and improving {@rgn prognosis in diabetic foot

ulcer patients.
Various studies discussing the risk factors for amputation in diabetic foot:

In a study conducted by Sun JH et al., (2012) sess the risk factors for
lower extremity amputation in diabetic foot diseastassified by Wagner
classification. Out of 789 participants in the $tud9.9% underwent major lower
extremity amputation (LEA) and 22.9% underwent mihdA. Reduced ankle-
brachial index (ABI), elevated Wagner grade, sealioumin, hemoglobin levels, and
elevated white blood cell (WBC) count were foundb® substantially linked to an
increased risk of lower limb amputation (LEA). Acdimg to Wagner classification
stratification, these risk variables were more ptent in grade 3 instances associated
with estimated glomerular filtration rate (eGFRprFgrades 2 and 4, on the other
hand, WBC count was the main predictor. The risikdis for LEA are therefore
greatly influenced by the Wagner classificationtrwiow ABI, albumin, and eGFR

being the most important conventional predictorgiagner grade 3 patients.
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In a study conducted by Pscherer S et al., (2@12afssess the amputation rate
and risk factors in T2DM with diabetic foot. Theawall occurrence of lower limb
amputations linked to diabetes reached 18.2%. Fastach as advanced age, male
gender, elevated HbAlc levels, and prolonged desbeuration, along with other
diabetes-related complications, were independentyrelated with amputations.
Regarding discussion, it's noteworthy that whileabditic foot syndrome can
potentially result in lower limb amputation, it'stran inevitable outcome. Given the
significant medical and economic strain diabetimpbcations impose on healthcare
systems, early therapeutic measures are crucigbdtients grappling with diabetic

foot syndrome?®

In a retrospective cohort study conducted by Al-fadn K et al., (2015) to
assess the diabetic foot complication and rislofacassociated with the disorder. The
overall prevalence of diabetic foot complicatiorsswB.3%, with foot ulcer, gangrene,
and amputation prevalences at 2.05%, 0.19%, angP4d,.0espectively. Prevalence
increased with age and diabetes duration, partigudanong male patients. Although
more common in type 2 diabetes, diabetic foot wasd to be more prevalent in type
1 diabetes. Univariate analysis revealed significask factors including Charcot
joints, peripheral vascular disease, neuropathgdo diabetes duration, insulin use,
retinopathy, nephropathy, older age, cerebral Jasclisease, poor glycemic control,
coronary artery disease, male gender, smoking, hgpertension, with odds ratios
ranging from 1.51 to 42.53. These findings emplesie need for primary and
secondary prevention programs to reduce morbidityitality, and economic burden
associated with diabetic foot complications, witbnsiderations such as nerve

decompression among diabetic patiéfits.
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In a case-control study conducted by Kogani M gt(2D15) to assess the risk
factors for amputation in patients with DFU. A totd 262 controls and 131 cases
were compared. According to the adjusted model,udatipn in diabetic patients was
associated with sex fewer than two annual hemogldldic (HbAlc) tests, smoking,
ill-fitting footwear, and body mass index. In sunmnahe most important risks linked
to amputation were found to be smoking, women, iiaisie footwear, and sporadic
HbAlc monitoring. The creation of educational mitves and initiatives to raise the

standard of care for diabetes patients are negessaddress these problerfs.

In a meta-analysis study conducted by Namgoongat,g2016) to assess the
risk factors associated with major amputation inUDpatients. Twenty-two of the
study's 26 risk variables had significant differesievhen analysed univariately. Six of
them were found to be statistically significant giotors of major amputation in
diabetic foot patients by stepwise multiple logisinalysis. The odds ratios that were
adjusted for multiple variables were as follows:6I/B for bone-piercing ulcers, 8.683
for dialysis patients, 6.740 for gastrointestirssues, 6.158 for ulcers on the back of
the foot, 0.641 for low hemoglobin levels, and Z.G0r high fasting blood sugar
levels. Thus, the following conditions became intaot indicators of substantial
amputation risk: low hemoglobin, high fasting blosdgar, Gl problems, bone-

invading ulcers, dialysis, and hind foot ulc&s.

In a study conducted by Santos V et al., (201&dsess the risk factors for
primary major amputation in diabetic patients. Ag&agner grade 5 lesions,
ascending lymphangitis, chronic arterial insuffimg without revascularization
potential, and duration of diabetes were signifiaésk factors for severe amputation.
The presence of gram-positive germs was associaidd the need for major

amputation, whereas levels of white blood cellsyseurea, creatinine, and glucose
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did not show up as significant risk factors. Fipaldge, ascending lymphanagitis,
calcaneal lesions, vascular insufficiency, Wagneadg 5 lesions, duration of
diabetes, and Gram-positive bacteria in culturesewshown to be the main risk

factors for amputatioft

In a study conducted by Sadriwala Q et al., (2@@&ssess the risk factors of
amputation in diabetic foot infections. The studymprised 64 patients, “with a
39.1% amputation rate. Statistical significance ¥eamd for poor glycemic control,
osteomyelitis, vasculopathy, peripheral neuropatlapnd Wagner grading. In
summary, poor glycemic control, vasculopathy, geial neuropathy, and higher
Wagner grade were identified as notable risk facfor amputation in diabetic foot

infections” based on this study's findinys.

In a meta-analysis study conducted by Sen P et(2019) to assess risk
factors for amputation in diabetic foot infectionsn a comprehensive review
comprising 2471 potential articles meeting inclasioriteria, 25 articles were
included in the final analysis, revealing 6132 @ats with diabetic foot infections
(DFIs), of whom 1873 underwent amputation. Seveskl factors were identified for
amputation in DFI patients, including male gendenpking, history of amputation or
osteomyelitis, peripheral arterial disease, retitbp, and specific grading systems
such as IWGDF and Wagner grades. Additionally, gamg/necrosis, neuroischaemic
DFI, severe infection, length of hospitalizationgukocytosis, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRRgIS, tissue culture positivity,
and isolation of Gram-negative bacteria were ptedscof amputation. These findings
underscore the need for tailored risk assessmehtramagement strategies for DFI
patients, potentially informing the development réw classification systems to

identify high-risk individuals and optimize clinicautcomes?*
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In a study conducted by Bal BS et al., (2019) tseas the risk factors for
lower limb amputation in DFU patients. The majordly patients in group B hailed
from rural areas and had a lower socioeconomiaistathe duration of diabetes
(p=0.017) and diabetic foot ulcers (DFU) was notdbhger in group B (P <0.001).
Group B also exhibited a significantly higher prdpmm of patients with Wagner
Grade 4 and 5 ulcers compared to group A (P <0.089und infections and
presence of maggots were significantly more prenali® group B, although
polymicrobial infections were more common in grodp While biochemical
investigations showed abnormalities, the varianegveen the two groups was not
significant. In conclusion, alleviating the socioeomic burden associated with lower
extremity amputations (LEA) can be achieved by enhly awareness among
diabetic patients regarding foot hygiene, ensuniagular medical check-ups for

diabetes management and addressing associatedcatiopis

In a study conducted by Umashankar G et al., (204 @)ssess predictors for
lower extremity amputation in patients with DFUu@y concluded that PEDIS Score
> 7 is a highly significant predictor of amputatiof diabetic foot ulcer and an
integrated risk assessment model including the faiors which are strongly
associated with amputation like PVD, past amputatieephropathy, past ulceration,
ulcer duration, TLC, Hb and serum creatinine aBFS Score can be developed to
predict adverse outcome(amputation) in diabetit €doer patients which is needed to

provide an opportunity to save the lirhb.

In a meta-analysis study conducted by Lin C et(2D20) to assess the risk
factors for lower extremity amputation in patient#h diabetic foot ulcers. This
meta-analysis of 21 studies involving 6505 partaits, including 2006 patients

requiring lower limb amputation, revealed seveaakbrs associated with an increased
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risk of amputation in diabetic foot ulcer (DFU) jgaits. These included male sex,
smoking history, history of foot ulcers, osteomysg]i gangrene, lower body mass
index, and higher white blood cell count. Notalalge, type of diabetes, hypertension,
and HbAlc level were not associated with amputatisk. Gangrene notably

escalated the risk of amputation rapidly. Thesdifigs underscore the importance of
early identification and intervention for DFU patie at heightened risk of

amputation, potentially informing targeted preveatstrategies to mitigate adverse

outcomes®

In a study conducted by Rodrigues B et al., (2G@2assess the prevalence
and risk factors associated with lower limb ampatatn DFU patients. Sixteen full-
text published studies underwent review, reveadingigh prevalence of lower limb
amputations (LLAs), reaching up to 66%. Using tlemdom-effects model, the
combined prevalence was estimated at 19% (95% €29)0 Key risk factors (RFs)
for LLAs included duration of diabetes mellitus (Mage, renal impairment, and
belonging to an ethnic minority. Particularly amorfustralians, Indigenous
background exhibited a strong association withaased risk of diabetic foot (DF)
LLAs. In conclusion, LLAs are notably prevalent amgpatients with DF, with even

higher rates observed among those with multimotyfi

In a cohort study conducted by Demirkol D et &042) to assess the risk
factors for amputation in patients with diabetiotfalcer. Patients who underwent
major or minor amputation exhibited notably “higherean levels of C-reactive
protein (CRP) and White Blood Cell (WBC) comparedtose who did not undergo
amputation. Additionally, patients with major amgitn had significantly elevated
mean Neutrophil (PNL), Platelets (PLT), wound widtheatinine, and sedimentation

(ESR) values compared to other patient groups. @usely, increased levels of High-
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density lipoprotein (HDL), Hemoglobin (HGB), andbamin were identified as
protective factors against amputation risk.” Spearncorrelation analysis further
demonstrated a strong, significant positive refegiop between Wagner grades and
patients' amputation status. In conclusion, thisdtdelineated specific factors
associated with major and minor amputation riskatients with diabetic foot ulcers
(DFUs), highlighting infection markers such as CRRBC, ESR, and PNL as
prominent indicators in the amputation group. NitaMeggit Wagner classification
emerged as highly correlated with patients' ammnatisk, underscoring its

importance among the various classification systemBpFUs®’
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MATERIALS AND METHODS

Source of Data:Study was conducted among patients with diabetit &b a tertiary

health care centre in Belagavi

Study Design:Prospective observational study
Study Period: 1° January 2023 to §1December 2023
Sample Size60

The minimum sample size formula based on prevaleategs

_ z,°P(-P)
= 2P0

where P is the prevalence rate and d is the pexgenlikely difference in the

prevalence.
z, is linked with the level of significance. For 5&vel of the significance,z= 1.96.

Ref: Prevalence of Foot Complications in Peoplthwiype 2 Diabetes Mellitus: A

Community-Based Survey in Rural Uddpi

The parameter considered in the calculation ispitevalence rate of diabetic foot

syndrome which is 51.8%
With P =51.8% and d = 25% of P = 12.95%, the samsje is 57.
To round of sample size will be increased to 60.

To make the study more consistent the sample sizeraised to 60.
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Inclusion Criteria: Patients with “diabetes mellitus willing to giveritten and
informed consent, of either sex with foot infecBatiefined as infection of soft tissue
in diagnosed case of diabetes mellitus with or edthtreatment and newly-diagnosed

diabetics, of age group 18-70years, were includetie study.”

Exclusion Criteria:

* Those suffering from HIV, Hepatitis B, Hepatitis Rositivity, psychiatry

disorders

* Pregnant and lactating females

« Patients receiving immunosuppressive therapy adidtterapy.

Study protocol: After obtaining institutional ethical committeeearance and written

informed consent, thorough history and examinafiodings were obtained. The

demographic information of each patient, such &s ggnder, history of smoking, and
any recent foot trauma, were research variableke “Wagner grading system was
used to categorize all illnesses (Figure 1). Hewotugl (Hb), glycosylated hemoglobin
(HbAlc), total leucocyte count (TLC), serum crest#) and fasting blood sugar
levels were measured as part of baseline studies<-fay of the foot was taken to
evaluate osteomyelitis characteristics. Ankle bi@cimdex (ABI) was calculated

using a hand-held doppler to assess peripheralyatisease (PAD). Ankle reflexes,
point pressure with 10gm monofilament at 9 locatjcand vibration perception [128
Hz tuning fork] at 2 sites were used to assessettistence of neuropathy.” The
adequacy of arterial blood supply were determingdhk palpation of dorsalis pedis
and posterior tibial artery pulsations. Patientsenllowed up every week for at

least 3 months or till amputation. Amputation, whis defined as the total loss of any
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lower limb portion in the transverse anatomicalnplawas the primary outcome

factor.

Data collection procedure: The study was conducted among patients with diabet
foot admitted in a tertiary health care centre,aBaki from ' January 2023 to 51

December 2023

Does the study require any investigations or intemntions to be conducted on

patients or other humans or animals? If so, pleasgescribe briefly.
Yes

“Baseline investigations including hemoglobin (Hbglycosylated hemoglobin
(HbAlc), total leucocyte count (TLC), serum cregn and fasting blood sugar

levels.
X-ray of foot

Ankle brachial index (ABI) measurement using a haelil doppler”
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STATISTICAL ANALYSIS

The mean and standard deviation for the continuguemntitative variables
were computed. When comparing data that has bdennsp two groups based on a
particular qualitative attribute, appropriate stal procedures such as the student's
unpaired t test were used to compare the continuatables. The student's paired t
test was used to compare the pre- and post-treatmeasures. Rates, ratios, and
percentages were used to express the categorital [iaher's exact test, the Chi-
square test, or the test of proportion were useextonine the relationship between
the result, clinical, and demographic factors. Afeom the above suitable tools like
ANOVA, correlation, multivariate regression etc.en used according to the need.

For all the tests the value of p less than 5% (0aM@Es considered significant.
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RESULTS

In present study total of 60 patients fulfillingclasion criteria were included with

mean age of 54+12.3yrs.

Table 1: Showing mean age of patients

Mean SD

Age (yrs) 54.0 12.3

Table 2: Gender distribution among patients

Count N %
Gender Female 15 25.0%
Male 45 75.0%

Among them 75% were male and 25% were female wakempreponderance in the

study.
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Gender

= Female = Male

Figure 9: Showing gender distribution

Table 3: Showing presence of comorbidities

Count N %

Comorbidities HTN 7 11.7%
IHD 4 6.67%
CVA 1 1.67%

In the study sample population 11.7% had hyperntens.67% had ischemic heart

disease and 1.67% had history of cerebrovascutaler.
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Co-Morbidities ( other than diabetes)

6.67% mHTN

1.67% = IHD

uCVA

mNIL (only
DM)
Figure 10: Showing presence of comorbidities
Table 4: Showing history of trauma

Count N %
History of trauma Absent 19 31.7%
Present 41 68.3%

History of trauma was present in 68.3% of the pésie
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History of trauma
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Figure 11: Showing history of trauma

Table 5: Showing presence of smoking history amorgatients

Count N %
Smoker NO 37 61.7%
YES 23 38.3%

History of cigarette smoking is present in 38.3%haf patients in this study.
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Smoker
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Figure 12: Showing presence of smoking history amgrpatients

Table 6: Showing the Wagner's grade among patients

Count N %
Wagner’s grade Grade 2 32 53.33%
Grade 3 26 43.33%
Grade 4 2 3.33%

According to wagner’s grade, majority were in graefollowed by grade 3 and

grade 4.
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Figure 13: Showing the Wagner's grade among patiest
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Table 7: Showing presence of peripheral neuropathgmong patients

Count N %
Peripheral neuropathy Absent 17 28.3%
Present 43 71.7%

Peripheral neuropathy was present in 71.7% of #tiepts.
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Peripheral neuropathy
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Figure 14: Showing presence of peripheral neuropathamong patients

Table 8: Distribution of patients according to ABPI

Count N %
ABPI <0.9 25 41.7%
>0.9 35 58.3%

ABPI was <0.9 in 41.7% of the patients and >0.98r8% of the patients.
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Distribution of patients according to ABPI
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Figure 15: Distribution of patients according to ABPI

Table 9: Showing mean level of the blood paramete@mong patients

Mean SD
Hb 11.3 1.7
TLC 13291.1 6565.0
S. Creatinine 1.38 71
FBS 152.3 67.6
HbA1C 8.02 1.78

Table showing the blood parameter mean level.
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Table 10: Showing X-ray findings among patients

Count N %
X-ray foot Both bone fracture right leg - 1 1.7%
ORIF plate present
Fracture tibia 1 1.7%
Normal 53 88.3%
Osteomyelitis present 5 8.3%

Among the patients, x-ray foot showing presencaarmal findings in 88.3% of the

patients and 8.3% with osteomyelitis findings.

X-Ray foot
6
5
5
4
3
2
1 1
IR I
0
Both bone fracture right Fracture tibia Osteomyelitis
leg - ORIF plate present
m X-Ray foot

Figure 16: Showing X-ray findings among patients
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Table 11: Showing presence of amputation among patits

Count N %
Amputation No 34 56.7%
Yes 26 43.3%

Amputation was done in 43.3% of the patients.
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Amputation

® Amputation

Yes

Figure 17: Showing presence of amputation among pants
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Table 12: Showing the intervention done in patients

Count N %
Intervention underwent Conservative 34 56.7%
management
above knee amputation 2 3.3%
below knee amputation 9 15%
forefoot amputation 15 25%

56.7% of the patients were managed conservativelg 43.3% underwent

amputation.
INTERVENTION DONE
0
60 56.7%
50
40
30 25%
20 15%
10 3.3%
0
Conservative Forefoot Below Knee Above Knee
Management  Amputation Amputation Amputation

Figure 18: Showing the intervention done in patierg
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Table 13: Comparison of mean age with amputation ipatients

Amputation
No Yes p-value
Mean SD Mean SD
AGE (years) 53.7 11.4 54.3 13.5 0.65

There is no significant difference in the mean &gl the amputation of limb.

Table 14: Comparison of gender with amputation rateén patients

Amputation
No Yes Chi-square
(p-value)
Count N % Count N %
Gender| Female 11 32.4% 4 15.4% 2.26 (0.13)
Male 23 67.6% 22 84.6%

There is no significant difference of gender withidence of limb amputation.
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Comparison of gender with amputation rate in patients
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Figure 19: Comparison of gender with incidence of mputation in patients

Table 15: Comparison of comorbidities, trauma and sioking history with
incidence of amputation in patients

Amputation
No Yes Chi-square (p-
value)
Count N % Count N %
HTN 3 8.8% 4 15.4% 0.61 (0.43)
Comorbidities IHD 2 5.88% 2 7.69%
CVA 1 2.94% 0 0%
History of Absent 13 38.2% 6 23.1% 1.56 (0.21)
trauma
Present 21 61.8% 20 76.9%
Smoker No 27 79.4% 10 38.5% 10.45 (0.01)
Yes 7 20.6% 16 61.5%

There is significant higher incidence of the ampata among the patients with
positive smoking history (61.5%). However there wassignificant difference with

comorbidities and history of trauma with rate ofpatation.
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Incidence of amputation in patients with history of trauma and

without trauma

90.00%
80.00% 76.90%
70.00% 61.80%
60.00%
50.00%
40.00% 38.20%
30.00% 23.10%
20.00%
10.00%

0.00%

Trauma absent Trauma Present

® Amputation - NO m Amputation - Yes

Figure 20: Incidence of amputation in patients withhistory of trauma and

without trauma

Incidence of amputation in smokers and non-smokers
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38.50%
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Figure 161: Incidence of amputation in smokers andon-smokers
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Table 16: Comparison of the blood parameters with mputation among patients

Amputation
No (34) Yes ( 26) Chi-square
(p-value)
Count N % Count N %
Hemoglobin <12 10 11% 21 89% 12.1 (0.62
>12 24 70.59% 5 19.239
TLC >11000 7 20.59% 20 76.91% 13.22 (0.01)*
<11000 27 79.41% 6 23.07%
Creatinine >1.2 10 29.419 6 23.07% 0.32 (0.65)
<1.2 24 70.59% 20 76.92%
FBS >110mg/dI 22 64.7% 20 76.92% 2.66 (0.21
<110mg/dI 12 35.29% 6 23.07%
HbAlc >8 8 23.52% 9 34.61% | 11.03 (0.01)*
>6.5 -8 12 35.29% 16 61.54%
<6.5 14 41.18% 1 3.85%

There is significant higher incidence of the anenakevated leucocyte count and

HbAlc among the patients underwent amputation coeapi@ other group.
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Comparison of hemoglobin level with incidence of amputation

100.00%
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80.00%
70.00%
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® Amputation - NO m Amputation - Yes

Figure 22: Comparison of hemoglobin level with inalence of amputation

Comparison of total leucocyte count with incidence of amputation
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20.00%
oo [N
0.00%
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76.91% 79.41%
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Figure 23: Comparison of total leucocyte count withincidence of amputation
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Comparison of creatinine level with incidence of amputation
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Figure 24: Comparison of creatinine level with inailence of amputation

Comparison of fasting blood sugar with incidence of amputation
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Figure 25: Comparison of fasting blood sugar withnicidence of amputation
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Comparison of HbA1C level with incidence of amputation
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Figure 26: Comparison of the HbA1c level with incignce of amputation
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Table 17: Comparison of the Wagner's grade, periph@l neuropathy and ABPI

with amputation in patients

Amputation
No Yes Chi-square
Count N % Count N % (p-value)
Wagner's grade Grade 2 32 94.12¢ 0 0.0% 49.7 (0.01)
Grade 3 2 5.9% 24 92.3%
Grade 4 0 0.0% 2 7.7%
Peripheral Absent 14 41.2% 3 11.5% 6.37 (0.01)7
Neuropathy
Present 20 58.8% 23 88.5%
ABPI <0.9 4 11.8% 21 80.8% 28.86 (0.01)*
>0.9 30 88.2% 5 19.2%

The higher wagner grade showing higher incidencearaputation, similarly the

presence of peripheral neuropathy increased sigimifiy incidence of amputation.

Also the ABPI of <0.9 had higher incidence of angpigin. (p<0.05)
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Comparison of the Wagner's grade with incidence of amputation
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Figure 27: Comparison of the Wagner's grade with isidence of amputation

Comparison of the peripheral neuropathy with incidence of

amputation
0
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Figure 28: Comparison of the peripheral neuropathywith incidence of

amputation
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Comparison of the ABPI with incidence of amputation
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Figure 29: Comparison of the ABPI with incidence ofamputation
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DISCUSSION

Diabetic foot complications, including ulcers amdections, pose significant
challenges due to their potential to progress ¥eetoextremity amputations (LEAS),
which severely impact patients' quality of life aindur substantial healthcare costs.
Identifying these risk factors is essential forlgantervention and personalized
treatment strategies aimed at preventing or mitigathe progression to amputation.
This discussion explores various factors, from opathy and vascular disease to
systemic influences, shedding light on the compilexiinvolved and highlighting the
importance of targeted clinical management appresdh diabetic foot care. The
discussion of risk factors leading to amputatiordiabetic foot patients is a critical

area of focus within diabetic care and research.

In present study total of 60 patients fulfillingclasion criteria were included
with mean age of 54+12.3yrs. Among them 75% weréeraad 25% were female
with male preponderance in the study. In the stsawple population 11.7% had
hypertension, 6.67% had ischemic heart disease B6d% had history of
cerebrovascular accident. History of trauma wasenein 68.3% of the patients

History of cigarette smoking is present in 38.3%haf patients in study.

In concordance to present study Sadriwala Q edatyumented with mean age
of 55.57yrs and among them 80% were male patfeRssherer S et al., found factors
such as advanced age, male gender, elevated HieAits,| and prolonged diabetes
duration, along with other diabetes-related conapiims, were independently
correlated with amputatior® , in concordance to present study Umashankar. et al
documented mean age of 60yrs with male preponderantheir study. In another

study by Bal S et al., documented with male prepomukce in their studfy.
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Discussion

Peripheral neuropathy was present in 71.7% of #temps. ABPI was <0.9 in
41.7% of the patients and >0.9 in 58.3% of thegpasi. Amputation was done in
43.3% of the patients. There is significant higimeidence of the amputation among
the patients with positive smoking history (61.5%pwever there was no significant
difference with comorbidities and history of traumdth amputation. The higher
wagner grade showing higher incidence of amputatgmilarly the presence of
peripheral neuropathy increased significantly ircice of amputation. Also the ABPI

of <0.9 had higher incidence of amputation. (p<pP.05

In concordance to current study findings, the ABI<6.9 was significantly
associated with amputation (80%) in study by SaalawQ et al. Peripheral
neuropathy emerged as a statistically significaht fiactor for amputation (p<0.008).
This condition, resulting from chronically elevatddood sugar levels, leads to
vascular and metabolic abnormalities that causesa of sensation. Consequently,
neuropathic changes such as decreased protectisat®s, foot deformity, and skin
fissures from diminished sweating predispose imldigis to diabetic foot infections.
These infections can progress to further tissueag@mnultimately culminating in

gangrene and increasing the likelihood of amputatio

Sun JH et al., in concordance to present study rdeated Wagner
classification significantly influenced the idered risk factors for LEA, highlighting
distinct predictors across different grades. Tradél predictors for diabetic foot
amputation, such as lower ABI, albumin, or eGFRremeredominantly observed in
patients with Wagner grade 3. Elevated Wagner grieer ABI, serum albumin,
and hemoglobin levels, along with increased WBCrewsignificantly linked to
heightened LEA risk® Pscherer S et al., documented with the overallimence of

lower limb amputations linked to diabetes reach@@%>°
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Discussion

Elevated level of HbA1lc, ill-fitting footwear, smioly and body mass index
were linked to amputation in diabetic patients. donclusion, females, irregular
monitoring of HbAlc levels, inappropriate footweand smoking emerged as the
most significant factors associated with amputafibGadriwala Q et al., documented
with 39.1% amputation rate. Poor glycemic contrmdteomyelitis, vasculopathy,
peripheral neuropathy, and Wagner grading were ifgigntly associated with

amputation®

Also, in another study by Santos V et al., Gramip@s microorganisms'
presence correlated with major amputation necessityle serum urea, creatinine,
glucose, and white blood cell levels did not emeagesignificant risk factors. In
conclusion, major amputation risk factors encomgdssage, diabetes duration,
calcaneal lesions, arterial insufficiency, ascegdipmphangitis, Wagner grade 5

lesions, and Gram-positive microorganisms in cettt

In concordance another study by Umashankar G ,ePBDIS Score > 7 is a
highly significant predictor of amputation of didloefoot ulcer and an integrated risk
assessment model including the risk factors whioh strongly associated with
amputation like PVD, past amputation, nephropafgiast ulceration, ulcer duration,
TLC, Hb and serum creatinine and PEDIS Score eatdveloped to predict adverse
outcome(amputation) in diabetic foot ulcer patiewtsich is needed to provide an

opportunity to save the limb.
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Conclusion

CONCLUSION

Based on the findings of this study involving 6Qigr@ts meeting inclusion
criteria, several significant observations can beghlighted. Analysis of factors
influencing amputation risk showed no significangjeaor gender differences.
However, a striking association was found betweemksng history and higher
incidence of amputation (61.5%). Wagner grade,ges of peripheral neuropathy,
and ABPI <0.9 also significantly correlated witltieased amputation rates (p<0.05).
The study shows a significant risk of amputatiote rim patients with uncontrolled
diabetes, history of smoking, peripheral neuropatagner higher grade, ABPI

<0.9.

These findings underscore the critical role of yeaidlentification and
management of risk factors in diabetic foot pasettt mitigate the progression to
amputation. Tailored interventions addressing smgkicessation, neuropathic
complications, and vascular health are essenti@hjpmoving outcomes and quality of

life for individuals affected by diabetic foot cofigations.
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Summary

SUMMARY

In present study total of 60 patients fulfillingclasion criteria were included
with mean age of 54+12.3yrs.

Among them 75% were male and 25% were female walermpreponderance
in the study.

In the study sample population 11.7% had hypertens.67% had ischemic
heart disease and 1.67% had history of cerebrolaasaccident.

History of trauma was present in 68.3% of the stsaiyple population.
History of cigarette smoking is present in 38.3%tloé patients in study
sample population.

According to wagner’'s grade, majority patientshie sample were in grade 2,
followed by grade 3 and grade 4.

Peripheral neuropathy was present in 71.7% of #iempts in the total study
sample population.

ABPI was <0.9 in 41.7% of the patients and >0.%813% of the patients in
the total study group.

Among the patients in the total study group, x-fegt showing presence of
normal findings in 88.3% of the patients and 8.3khwsteomyelitis findings.
Amputation was done in 43.3% of the in the totatlgtsample population.
The intervention was made as conservative in 5@f#se patients and 43.3%
underwent amputation.

There is no significant difference in the mean wagh the amputation of limb.

There is no significant difference of gender withputation of the limb.
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Summary

» There is significant higher incidence of the anemiavated leucocyte count
and HbAlc among the patients underwent amputat@mpered to other
group.

» There is significant higher incidence of the ampataamong the patients
with positive smoking history (61.5%). However thewas no significant
difference with comorbidities and history of traumigh amputation.

« The higher wagner grade showing higher incidencanoputation, similarly
the presence of peripheral neuropathy increasedifismntly incidence of
amputation. Also the ABPI of <0.9 had higher incide of amputation.

(p<0.05)
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Strengths of the Study

STRENGTHS OF THE STUDY

The study employed a prospective observationalgdesvhich allowed for
real-time data collection and minimized recall biastailed demographic and clinical
data were collected from each participant, inclgdiomorbidities, history of trauma
and smoking, clinical assessments using the Wagnading system, peripheral
neuropathy, and Ankle-Brachial Pressure Index (ABPhis thorough data collection
facilitated a comprehensive analysis of risk fastassociated with lower limb
amputation.

The study utilized well-established and standadlio®ls such as the Wagner
grading system and ABPI. These tools are widelyepiad in clinical practice and
research, enhancing the reliability and compargtmli the results.

The study investigated a variety of potential risictors for amputation,
including peripheral neuropathy, smoking historyadiler grade, and ABPI. By
analysing multiple factors, the study provided alistic understanding of the
contributors to lower limb amputation in diabetiof patients.

The findings of the study have direct clinical kelace, highlighting the
importance of early detection and management ofrlskyfactors such as peripheral
neuropathy and smoking. These insights can infolimcal practice and help in
developing targeted interventions to reduce thelemce of amputations in diabetic
foot patients.

Conducting the study in a tertiary healthcare @enitr Belagavi provides
valuable data specific to the local population,slihtan be used to tailor interventions
and healthcare policies to the needs of this conimmuAnd the study lays a
foundation for future research by identifying aiti areas for further investigation. It
opens avenues for longitudinal studies to expldre tong-term outcomes of

interventions targeting the identified risk factors
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Limitations of the Study

LIMITATIONS OF THE STUDY

This study was conducted in a single tertiary Inealte centre in Belagavi,
which may limit the generalizability of the findiedo other settings or populations.

Multi-centre studies could provide more diverse eqatesentative data.

Although the sample size of 60 patients provideamregful insights, a larger
sample size could have increased the statistioabpof the study and allowed for
more robust conclusions. Future studies with lamgdrorts are necessary to validate
these findings. Randomized controlled trials wooédneeded to confirm these causal

relationships.

While the study controlled for several variablebere may be other
unmeasured confounding factors influencing the autes. Factors such as
socioeconomic status, access to healthcare, amteadie to treatment protocols were

not assessed but could impact the results.

The study was conducted over a one-year period;hwmmay not capture the
long-term outcomes and variations in the inciden€eamputations. Longitudinal
studies with extended follow-up periods would pdevia more comprehensive

understanding of the risk factors.

The study relied on clinical assessments such ed\tagner grading system
and ABPI for diagnosing peripheral neuropathy asdhémia. More advanced
diagnostic tools like nerve conduction studies doptovide more accurate and
detailed evaluations. The study did not includeadah specific interventions or
treatments received by the patients, which coulfluence the incidence of
amputations. Future research could include a bropdtent population to identify

additional risk factors
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Annexures

ANEXURE | - INFORMED CONSENT FORM

KAHERs JNMC, BELAGAVI

‘PROSPECTIVE OBSERVATIONAL STUDY TO ASSESS RISK FACTORS
LEADING TO AMPUTATION IN DIABETIC FOOT PATIENTS -A TA

TERITIARY HEALTH CARE CENTRE IN BELAGAVI ”

Name of Student/Principal Investigator:

Name of Guide/Co Investigators:

Objective: To predict lower limb amputation occurrence anddeiermine risk

factors leading to amputation in diabetic foot pats

Introduction: Diabetes mellitus is a most frequent cause of nawmatatic lower
extremity amputation with diabetic foot ulcer beitfte commonest complication
leading to hospitalisation in Diabetic patient. &\ risk factors leading to diabetic
foot ulcer development are well defined and risktdes for amputation among
diabetic foot patient have been cited in literaduessessment of these risk factors
which leads to amputation is helpful in risk redoitin diabetic foot patients if

detected early which will improve the outcome

Explanation of procedure: After obtaining institutional ethical committeeeakrance
and written informed consent, thorough history aexkamination findings are
obtained. The study factors are demographic detdilall patients including age,
gender, smoking history, and any recent historyradima to the foot. All infections
were classified according to the Wagner gradingtesys(Figure 1). Baseline
investigations including hemoglobin (Hb), Glycosgld hemoglobin (HbAlc), total

leucocyte count (TLC), serum creatinine and fastligod sugar levels were

Page 89



Annexures

collected. X-ray of foot was done to assess feature osteomyelitis. Peripheral
arterial disease (PAD) was evaluated by measuniktgdrachial index (ABI) using a
hand held doppler. The presence of neuropathy beilidetermined using vibration
perception [128 Hz tuning fork] at two sites hallxlp and malleolus, point pressure
using 10gmonofilament at 9 sites and ankle refleXée adequacy of arterial blood
supply will be determined by the palpation of dtisspedis and posterior tibial artery
pulsations. Patients will be followed up every wdek at least 3 months or till
amputation. The main outcome factor was amputatiich was defined as the

complete loss in the transverse anatomical pla@apipart of the lower limb.

Withdrawal from participation in the study: Participation in this study is
voluntary. You will be free to decide whether targcipate in this study or continue
participation once enrolled. In case you decidevithdraw your participation, you

are free to do so. However, please convey theideds the principal investigator.

Possible benefits from participating in the study: You will/will not have nor get
any benefits by participating in this study. Theadgathered will help the population

at large.

Possible risks from participating in the study: There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person from identifying you. Your idgnwill never be revealed. The
data collected from you will be kept confidentialdaonly processed or aggregated

data will be used for publication.

Financial incentives: You will not receive any payment for participatimn this

study.
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Authorization for publication of aggregated data: Results obtained after processing
of the aggregated data will be published for sdienpurposes and or presented to

scientific groups. However, your identity will nevee revealed.

Questions: In case of any questions with regard to this stydy, are free to contact:
“Name of student/Pl, mobile number, email ID” If wdhave any question or
complaints with regard to your right as study m#pant you may contact Dr Harsha

Hegde, Chairperson, Ethical committee of INMC, 68313777 Extension 4052.

Legal rights: By signing this consent form, we are not waviny af your legal

rights.
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CONSENT STATEMENT

| am making a voluntary decision to participate time study Prospective
observational study to assess risk factors leading amputation in diabetic foot

patients - at a tertiary health care centre in Belgavi”

My signature below indicates that | have decitegarticipate and | have read the
information provided above or the information ped above has been read to me in
the language that | understand best. | was giveropportunity to ask questions and

that they have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE — Il - PROFORMA /

QUESTIONNAIRE TO BE USED FOR DATA COLLECTION

The proposed proforma / questionnaire to be usedidita collection for the study
titted “Prospective observational study to assess risk fawrs leading to

amputation in diabetic foot patients at a tertiary health care centre in Belagavi”

is as:

Name: IP no.:

Sex: Age:

Address: Religion:
Education: Date of aaission:
Occupation: Date of discharge:

CHIEF COMPLAINTS:

HISTORY OF PRESENTING COMPLAINTS:

PAST HISTORY:

PERSONAL HISTORY:

FAMILY HISTORY:

GENERAL PHYSICAL EXAMINATION

Built and Nourishment;

Weight:

Pallor / Icterus / Cyanosis / Clubbing / Oedemarhphadenopathy
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Vital Signs: PR: /min; BP:

SYSTEMIC EXAMINATION:

Abdomen:

Cardio Vascular System:

Respiratory System:

Local examination:

CLINICAL IMPRESSION:

INVESTIGATIONS:

HEMOGLOBIN:

TLC:

FBS:

HbA1C:

S. CREATININE:

EXAMINATION:

WAGNER GRADE:

SIGNS OF OSTEOMYELITIS

ABPI </=0.9

mm Hg; RR: /min; FedtAfebrile

LOW GRADE (GRADE 0 TO 2)

HIGH GRADE (GRADE 3 TO 5)

XRAY AFFECTED LIMB/FOOT:

PRESENT / ABSENT

>0.9
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PERIPHERAL NEUROPATHY

SENSORIMOTOR NEUROPATHY

NORMAL STUDY

OUTCOME:

AMPUTATION

NON-AMPUTATION
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ANNEXURE - lll - MASTERCHART
Q 4
2 8 5o |3 2 o |82 £ 8 §%
2| 5lo2 2E 8| 8 |58 2 s ol e Bzl g| € ge
Flo|ln|lO0a| 23 £ 2 o) %% < T = S| 2 s e 3
2 S| 2¢ | » fa) = ol o o o c
=| T a = % X €D
1 |50 F| DM | Present No Leftdiabetig 3 Present| >0.9| 14/116900| 1.7 | 284 8 | Osteomyelitis Left forefoot
foot with present amputation
charcots
arthropathy
2 |44 M| DM | Present Yes Rightdiabetic| 4 Presentf >0.9 11 3100@.95| 408| 10.7 | Osteomyelitis  Right below
foot present knee amputation
3 42| M| DM | Present Yep Rightdiabetic| 3 Presentf >0.9| 10/913700| 0.8 | 189| 6.8 Normal Right forefoot
foot ulcer with amputation
degloving
injury
4 | 85| M| DM | Present Na Rightdiabetic 3 Presentf >0.9| 14510700 1.4 | 178| 11.2| Both bone Right above
foot with ssi fracture right| knee amputation
post orif leg - orif
plate present
5 52| F | DM, | Preser | No | Diabetic foot 3 Absen >0.¢ | 9.7 |1770C|1.0¢| 9C | 7.€ Norma Right below
HTN ulcer with knee amputation
mycetoma right
foot
6 | 7C| M | DM, | Preser | No | Right diabetic | 2 Absen <0.€ 10 | 1080C| 1.4 |10z | 6.€ Norma Conservative
HTN, foot ulcer management
IHD
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7 | 5C DM, | Preser Right diabetic Preser | <0.€ 1578( | 1.0¢ | 13¢€ Norma Conservative
HTN, foot with dry management
IHD gangrene over|
3rd and 5th
toes
8 | 56 DM | Absent Left diabetic Present| <0.9 13 100001.1 | 109 Normal Conservative
foot ulcer management
9 | 24 DM | Present Ng Left diabetic Absent <0.9 | 13.610600| 1.06| 98 Normal Conservative
foot ulcer management
10 | 42 DM | Present s Right diabetic Present| <0.9 1220200| 1.86| 198 Osteomyelitis  Right forefoot
foot ulcer with present amputation
gangreneous
changes over
great toe
11| 48 DM | Present s Bilateral Present| <0.9 2300@.84| 216 Normal Left below knee
diabetic foot amputation
ulcer with pvd
12| 75 DM | Present s Left diabetic Present| <0.9 1260@.09| 116 Normal Left forefoot
foot with pvd amputation
13| 65 DM | Present s Right diabetic Present| <0.9 T 34200.28| 278 Normal Left below kneg
foot abscess+ amputation
gangrene
14| 41 DM | Present s Diabetic foot Present| <0.9 /311900| 0.65| 141 Fracture tibig Left above kne
ulcer with amputation
fracture tibia
15| 45 DM, | Present Dry gangrene Absent <0.9 58300 | 0.8 90 Normal Left below kne
HTN over left amputation
forefoot with

diabetic foot
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1€ | 4€ DM | Preser | No | Left diabetic Preser | <0.€ | 9.€ | 2390(| 0.€ | 64 | 9.€ Norma Left forefoot
foot wiyth amputation
gangrene
17 | 63 DM | Absent| No| Left diabetic Present <0.9 9.2 2300Q.94|118| 7.4 Normal Left forefoot
foot with pvd amputation
18 | 34 DM, | Absen | Yes| Right diabetic Absen <0.€ |13.£|1890(|0.6z|114| 5.4 Norma Right forefoot
HTN, foot ulcer with amputation
IHD pvd
1S | 44 DM | Preser | Yes| Right diabetic Preser | <0.€ | 9.7 | 1270(| 2.¢ | 96 | 6.€ Norma Right forefoot
foot amputation
2C | 58 DM | Absen | Yes| Left diabetic Preser <0.€ |10.1| 580C | 1.7¢|24C| 8.€ Norma Left forefoot
foot with dry amputation
gangrene over
forefoot
21| 70 DM | Present Yes Right diabetic Presentf <0.9| 11.417200|1.61| 89 7 Normal Right forefoot
foot with amputation
gangrene
22| 74 DM | Present No Right diabetic Present| <0.9| 10,812600|1.24|177| 6.8 Normal Left forefoot
foot ulcer with amputation
dry gangrene
over right great
toe
23 | 50 DM | Absent| Yes Right diabetic Presentf <0.9| 1047500| 2.8| 101 6.8 Normal Right below
foot with dry knee amputatior
gangrene over
right foreoot
24| 73 DM | Present No Leftdiabetic Presentf <0.9| 9.3 1150Q.61|187|10.4 Normal Left forefoot
foot with amputation
gangrene over
left great toe
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25| 33 DM | Preser | No | Left diabetic Preser | <0.€ |10.5|1280(|2.4z|204| 6.€ Norma Left forefoot
foot with amputation
gangrene over
left forefoot
26 | 49 DM | Absent| Yes Pvd left lower Present <0.9 8.3 201000.9 | 134| 6.7 Normal Left below knee
limb with amputation
diabetic foot
27 | 66 DM | Present Yes Right diabetic Presentf <0.9| 9.8 26800®.83|317| 13 Normal Right forefoot
foot with dry amputation
gangrene over
dorsum of right
foot secondary
to pvd
28 | 50 DM, | Absent| No| Dry gangreneg Present| <0.9| 13.510500|0.69|128| 9.7 | Osteomyelitis Right forefoot
HTN, over right present amputation
IHD forefoot with
diabetic foot
29| 54 DM | Present Yes Right diabetic Presentf <0.9| 9.8 187(001.6 | 210| 7.8 Normal Right below
foot with knee amputation
gangrene over
dorsum of right
foot secondary
to pvd
3C | 6C DM | Preser | Yes| Pvd left lower Preser | <0.€ |[10.E|1000C| 2.¢ | 29C| 7.t | Osteomyelitic| Left below knee
limb with present amputation
diabetic foot
ulcer over left
heel
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31|46 | M | DM | Absen | No | Right diabetic Preser | >0.¢ |12.€| 780C | 1 | 98 | 6 Norma Conservative
foot ulcer management

32|48 | M | DM | Absen | No | Left diabetic Preser | >0.€ 14 | 990C | 0.9¢| 8S | 6.2 Norma Conservative
foot ulcer management

33|58 | M | DM | Absen | No | Right diabetic Preser | >0.¢ |13.Z£| 879C | 0.7¢| 9C | 5.¢ Norma Conservative
foot ulcer management

34| 57| M | DM | Preser | No | Left diabetic Preser >0.€ 15 | 786f | 0.6¢ | 10€| 6 Norma Conservative
foot ulcer management

35| 52| F | DM | Absen | Yes| Right diabetic Absen >0.€ | 13.€| 660C | 0.€ |10z | 5.€ Norma Conservative
foot ulcer management

36 | 54| F | DM | Absen | No | Diabetic foot Absen >0.¢ | 12.5] 976( 1 96 6 Norma Conservativ
ulcer over sole management
of right foot

37| 67| M | DM | Preser | Yes| Leftdiabetic Absen >0.€ |12.£| 589C | 0.9¢|10¢| 7 Norma Conservative
foot ulcer management

38|48 | M | DM | Absen | No | Right diabetic Absen >0.€ |12.&] 798C | 0.€ | 12¢| 9 Norma Conservative
foot ulcer management

39|45 | M | DM | Absen | No | Left diabetic Absen >0.€ | 13.2] 890C 1 |18C| 11 Norma Conservative
foot ulcer management

40| 66| M| DM | Absent| Nol Diabetic foot Absent >09| 1249200 | 1.1| 156 8.4 Normal Conservative
ulcer over left management

heel

41| 50| M| DM | Presenf Nda Diabetic foot Presentf >0.9| 10,110000| 0.8 | 138| 6 Normal Conservative

ulcer over right management
heel

42 162 | M | DM | Absen | No | Left diabetic Preser | >0.€ 12 | 1800(| 0.92| 17Z| 8.€ Norma Conservative

foot ulcer with management

cellulitis

Page 100




Annexures

43 | 52 DM | Preser | Yes| Diabetic foot Absen >0.¢ 9.2 | 1870( | 3.4€ | 14¢€ | 10.1 Norma Conservative
with management

necrotising

fascitis
44 | 60 DM | Presenf Nd Left diabetiqg Absent >0.9| 12.834800| 1.7| 121 6.8 Normal Conservative
foot ulcer management
45| 53 DM | Present Yes Right diabetic Present >0.9| 1095500 | 2.89 156| 6.6 Normal Conservative
foot ulcer management
46 | 61 DM | Absen | No | Right diabetic Preser | >0.€ | 8.1 | 750C | 1.8%|11C| 11.Z Norma Conservative
foot ulcer management
47 | 58 DM | Preser | No | Right diabetic Absen >0.€ | 9.€ | 820C | 0.77| 225 | 6.7 Norma Conservative
foot abscess management
48 | 45 DM | Preser | No Left diabetic Absen >0.€ 8.€ | 2920(| 1.0¢ | 28€| 9.1 Norma Conservative
foot ulcer management
49 | 44 DM, | Preser | No Left diabetic Absen >0.€ [10.£]|1100(C|0.6%|12€| 9.z Norma Conservative
HTN, foot ulcer management

CVA

5C | 61 DM | Preser | No Left diabetic Absen >0.€ 9.4 |1640(|1.32 |14z | 7.z Norma Conservative
foot ulcer management
51| 37 DM | Preser | No | Diabetic foot Preser >0.¢ [12.2|1070C|2.0¢ |18z 7.1 Norma Conservative
ulcer over sole management

of left foot
52 | 55 DM | Absen | No Left diabetic Preser >0.€ [10.¢| 920C | 1.85|13¢| 8.€ Norma Conservative
foot ulcer management
53 | 63 DM | Preser | No | Diabetic foot Preser >0.€ | 13.1| 900C | 0.8¢| 15¢| 9.t Norma Conservative
ulcer over heel management

of right foot
54 | 75 DM | Preser | No | Left diabetic Preser >0.€ |12.1]1070C| 1.1 | 12&| 10.2 Norma Conservative
foot ulcer management
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55 63| M | DM | Preser | Yes| Right diabetic Preser | >0.€¢ |10.6|1080(| 0.€ |10¢| 11 Norma Conservative
foot ulcer management
56 | 43| M | DM | Absen | No | Right diabetic Preser | >0.€ 12 | 980C | 1 |11€| 9.€ Norma Conservative
foot ulcer management
57122 | M | DM | Preser | No | Right diabetic Preser | >0.€¢ |10.6| 980C | 0.9¢| 98 | 7.1 Norma Conservative
foot ulcer management
58| 6C| F | DM | Preser | No | Diabetic foot Preser | >0..¢ | 9.€ | 1070(| 1.8¢| 101 | 6.€ Norma Conservative
ulcer over left management
5th toe
560/ 6C| F | DM | Preser | Yes| Right diabetic Preser | >0.€ 13 | 1780C| 1.1 |117| 7.5 Norma Conservative
foot ulcer management
6C | 6C| F | DM | Preser | No | Right diabetic Preser | >0.€ |12.1| 760C | 0.€ | 10€| 7.€ Norma Conservative
foot ulcer management
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