thers.com, for detailed information on endocrinology books, visit our website www.jaypeebrothers.com, for detailed information on endocrinology book

RSSDI Atlas of
Diabetic Foot

Editor-in-Chief Associate Editors
Vijay Viswanathan | BM Makkar
_ , Sanjay Agarwal

ﬁssﬁtagt e‘i’tor . Ch Vasanth Kumar

S Rakesh Sahay

Ghanshyam Goyal

o) Ashok Damir J
BM Makkar Pratap Jethwani =¥
Sanjay Agarwal @

Ch Vasanth Kumar JAYPEE



B conTeEnTs

Chapter 1: Epidemiology of Diabetic Foot Infections in India 1
Vijay Viswanathan, Sivashankari SelvaElavarasan

Chapter 2: Save the Feet and Keep Walking Campaign by the RSSDI 6
Sanjay Agarwal, Ch Vasanth Kumar, Amit Gupta, Vijay Viswanathan
Annexure 1: Patient Registration Form 9

Chapter 3: Three-minute Foot Examination 11

RSSDI Diabetic Foot Task Force

Chapter 4: Reduction of Lower Limb Amputations among People with

Diabetes in India 14
Vijay Viswanathan

Chapter 5: Management of Peripheral Artery Disease in Diabetes 17
R Ravikumar

Chapter 6: Surgical Approach to the Management of Diabetic Foot Infections and
Complex Diabetic Foot Wounds 24
Senthil Govindan

Chapter7: Angiosome Concept: The Basics for Every Diabetic Foot Care Specialist 38
Sivashankari SelvaElavarasan, R Ravikumar

Chapter 8: An Insightinto the Radio Imaging of Diabetic Foot Infection 50
Senthil Govindan, Sivashankari SelvaElavarasan, Vijay Viswanathan

Chapter9: The Indispensable Role of Orthotics in the Prevention and
Management of Diabetic Foot 61
Sivashankari SelvaElavarasan, Bamila Selvaraj, Seena Rajsekar, Vijay Viswanathan

Chapter 10: Wound Dressings in the Management of Diabetic Foot Infections 68
Senthil Govindan, Vijay Viswanathan

Chapter 11: Peripheral Arterial Disease and Diabetic Foot: Clinical Cases and
Management Strategies 76
Vibhakar R Vachhrajani, Ashu Rastogi

Chapter 12: Charcot Neuroarthropathy of the Foot 83
Jayaditya Ghosh, Ashu Rastogi

Chapter 13: Infected Diabetic Foot Ulcer: Case Scenario and Management Considerations 920
Manisha Singh Jadaun

Chapter 14: Imaging of Diabetic Foot 106

Ragghuraman Soundararajan, Ashu Rastogi



m Contents

Common Diabetic Foot Problems Encountered

Gangrene 113

Small Muscle Atrophy 113

Callus 114

Dry Feet with Fissure 114

Charcot Neuroarthropathy 775
Swelling of the Feet and Ankle 175
Curved Corners of the Toenail 176
Hallux Valgus Deformity 176
Flatfoot 117

Onychomycosis 117

ToeRings 118

Clawing of Toenails 118

Below-Knee Amputation 179

Foot Examination in a Person with Diabetes

Great Toe Amputee 120
Intertrigo 120
Healing of the Stump Wound 7121

Offloading of Foot Ulcer by Felted Foam Dressing

Improper Footwear 122
Diabetic Neuropathy 122

Plantar Psoriasis 7123

Screening for Sensory Loss with 10 g Monofilament

Ankle Callosity and Hyperkeratosis 124
Eschar 124

Hallux Varus 125

Cellulitis with Blister 125

Ankle-brachial Pressure Index Testing 126

Probe-to-bone Test 126
Ingrowing Toenails 127
Offloading of Heel Ulcer 127
Varicose Veins 128

Pitting Edema 128

Classification of Ulcer on the Basis of Depth

Negative Pressure Wound Therapy 129
Hyperbaric Oxygen Therapy 130
SINBAD Classification 130

113



37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

Dry Skin 131

Onychauxis 1317

Wet Gangrene 132
Body and Mind 132
Offloading for Charcot Foot 133
Biofilm 733

Slough 134

Granulation Tissue 134
Importance of Vascular Assessment 135
Skin Grafts 135

Necrotizing Fasciitis 136
Toenail Injury 136
Osteomyelitis 137

Eczema 137

Cracked Heels 138
Amputation of Foot 138
Bilateral Great Toe Amputee 139

Maceration of Feet Due to Keeping the Feet Wet for a Long Time

After Removing the Macerated Skin 740
Angiosome 140

Partial Gangrene of the Toe 141

Cellulitis of Left Leg 741

Recurrent Pressure Ulcers 142

Self-treated Callus 742

Abscess in the Right Leg with Typical Neuropathic Feet
Hammer Toes 143

Unilateral Pedal Edema 744

Diabetic Dermopathy 144

Diabetic Foot Infection 145

Prick Injury 145

Callus Debridement 146

Callus in the Forefoot 746

Wound with Healthy Granulation Tissue 147

143

Contents m

139

Diabetic Foot Ulcer in the Heel Region—Heel Wounds are Difficult to Heal 147

Sausage Toe/Dactylitis 148

Amputation of Second, Third, and Fourth Toes on the Right Foot

Loss of Skin Elasticity in Autonomic Neuropathy 149

148



w Contents

74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.

Index

Diabetic Foot Ulcer on the Medial Aspect 149

Diabetic Ulcer in the Forefoot Region 150

Foot Examination using A Biothesiometer 150

Skin Lesions on the Plantar Aspect of the Foot 157
Interdigital Infections 757

Plantar Foot Ulceration in a Person with Deformities 152
Treatment of Cellulitis 152

Importance of Foot Exercises in Diabetic Neuropathy 153
Recurrent Pressure Ulcer after Amputation 753

Left Foot Charcot with an Ulcer 154

Intertrigo 154

Skin Diseases in the Feet Like Psoriasis 155

Exostectomy (Resection of Bony Protrusion) 155

Right Foot Infection from the Stump of the Great Toe up to the Heel
Bilateral Bunion 156

Heel Ulcer Over Tendon Achilles 157

Pus Discharge from Abscess Over the Lateral Malleolus 157
Friction Blister 158

Monofilament 758

Ulcer Over the Base of the Great Toe 159

Deformed Nails in Fungal Infection 759

Examination of Peripheral Pulses 7160

Ischemic Wound of the Forefoot with Extensive Necrosis or Gangrene

Clawing of Toes 161

Middle Toe Amputee with an Ulcer Over the Dorsum of the Foot 161

Skin Prone to Infection Due to Aging 162
Midfoot Infected Callus 762

156

160

163



Reduction of Lower Limb Amputations
among People with Diabetesin India

INTRODUCTION

Nontraumatic lower limb amputations are one of the most
serious and devastating complications of diabetes mellitus
in India. Apart from increasing the mortality rates and
affecting the quality oflife of patient, amputations can cause
heavy economic burden for the healthcare system of the
entire nation. A comprehensive healthcare system with a
multipronged approach becomes essential to reduce the
amputations of lower limb extremities in diabetic patients
in India.

EPIDEMIOLOGY

The prevalence of diabetes has been alarmingly increasing
and is also expected to increase by 69% to around 152
million by the year 2045 in the Southeast Asian region.!
One of the most common complications of diabetes is
diabetic foot infections, which is the most important reason
for nontraumatic lower extremity amputation (LEA). The
Global Burden of Diseases (GBD), Injuries, and Risk Factors
Study done in 2016 states that around 131 million people
had lower extremity complications related to diabetes,
which accounts to nearly 6.8 million amputations.? It is also
estimated that nearly 1 million people undergo amputations
due to diabetes and every 20 seconds a limb is being lost in
this world.® LEA can cause significant increase in mortality,
poor quality of life, and high rates of hospitalization due
to readmission. It is very clear that LEA is one of the most
dreadful complications of diabetic foot ulcers (DFUs)
because it is estimated that around 85% of amputations in
diabetic patients were preceded by DFU.*

CAUSES OF AMPUTATION

There could be several reasons for lower limb extremities
amputation among diabetic people, the most common one

Vijay Viswanathan

being vascular or peripheral artery disease (PAD). The global
prevalence of PAD in diabetic patients increased from 2001
to 2012 by 24% and approximately 11% could be attributed
to critical limb ischemia (CLI). CLI is a condition in which
loss of blood supply to the limb can result in pain, ulceration,
and gangrene of the feet.’ The trends in amputations have
increased steadily over the years, which is evident from the
fact that amputations related to diabetes have increased
leaps and bounds when compared to nondiabetes-related
amputations. Apart from vascular changes, bone and joint
infections as well as soft tissue infections and ulcerations are
the other major reasons for diabetes-related amputations
(Fig.1).5

Apart from this, there are several other reasons like
neoplasm, sepsis, and other acute conditions, which were
considered as rare or rather concomitant diseases and
could not contemplated as a reason for amputation. The
main reason for nondiabetes-related amputation could be
associated with trauma. In a multicentric study in India by
Vijay et al., the reasons for occurrence of LEAs were stated as
infection, trauma, and frost bite.”

Bone and joint
Vascular : .
infections
Diabetes-related
amputations
Soft tissue
infections and Others
ulcerations

Fig. 1: The major reasons which can be attributed to the lower limb
extremities-related amputation related to diabetes.®
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PATHOPHYSIOLOGY AND
RISK FACTORS

There are three factors namely, predisposing factors,
triggering factors, and aggravating factors, which can
contribute to the pathophysiology of DFUs, which in turn
can lead to amputations that are best illustrated in Figure 2.3
It becomes imperative to determine the various risk factors
associated with DFUs ultimately leading to amputations,
which is indispensable to appropriate management and
prevention of amputations.

The risk factors and indicators for LEA are mentioned in
Table 1.°

In a study from a South Indian tertiary hospital, the risk
factors associated with amputation in diabetic foot disease
patients were recognized to be neuropathy (36%), male
predisposition, and associated with smoking and alcoholism
as well as trauma, especially due to walking barefoot and
inappropriate use of footwear.!° This is in accordance with
another multicentric study from South India in which 82% of
them had neuropathy, 35% had peripheral vascular disease
(PVD), and prevalence of claw deformities were seen in
64% of patients.” Some of the most common barriers for the
management of foot infections and amputations in India
are inappropriate usage of footwear or walking barefoot,
accessibility to healthcare resources, and inadvertent use

> )

Predisposing factors:
« Neuropathy
» Angiopathy

Aggravating factors:
* Ischemia

» Abnormal immunity
* Neuropathy

Amputation

!

Triggering factors:
» Trauma (mechanical,
chemical or thermal)

Fig. 2: Various factors associated with the pathophysiology
of developing diabetic foot ulcers which in turn can lead to
amputation.®

TABLE 1: Risk factors and indicators for lower extremity

amputation (LEA).

Risk factors for diabetic feet

amputation Indicators for LEA amputation

Lower extremity ischemia Peripheral arterial occlusion

History of foot ulcer Septic gangrene nonhealing ulcer

Neuropathy Severe soft tissue infection

Elevated HbA1c

Osteomyelitis

of antimicrobials to treat infections without obtaining the
specific microbiological culture report.!!

LEVELS AND TYPES OF AMPUTATION

Any partial amputation up to the level of the transverse
tarsal joint (Chopart’s joint) is considered as successful limb
salvage and also defined as minor amputation. Amputations
that involve the sacrifice of ankle joints are considered as
major amputations.'? If the amputations are done at the
level of hip, hind quarter, above/through/below the knee,
through tarus or ankle, they were considered as major
amputation. Similarly, if the amputations are done through
metatarsal bones, through tarsometatarsal joints, rays or
toes, they were called minor amputations.’

In a multicentric study by Vijay et al., it was estimated
that around 30% had undergone major amputations and the
remaining 70% underwent minor amputations. Among the
major amputations, more than 50% had encountered below
knee amputations and around 12% had experienced above
knee amputations.”

 STRATEGIES TO REDUCE AMPUTATION

The American Heart Association (AHA) has developed
key recommendations and policies to reduce the rate of
nontraumatic lower limb amputations by 20% by the year
2030. A collaborative and comprehensive approach of the
key contributors (Fig. 3) will play a significant role to reduce
the amputations.®

Payers and
policymakers

p
N

Healthcare
professionals
and Healthcare
systems

Reduce
lower limb
amputations

Patients,

caregivers

Public

Substantial necrosis of muscles and
wet gangrene

Retinopathy

Fig. 3: The most significant contributors who can play a key role in
reducing lower limb amputations.
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The role of each of the key stakeholders must be
established to improve the quality of treatment as well as to
reduce the rate of amputations, which have been steadily
increasing over the years.

The patients and caregivers must be adequately
motivated and educated about adherence to the treatment
and self-examination of feet, which is quintessential
for prevention or reduction of amputations. Healthcare
professionals must be given appropriate awareness about
the evidence-based practical guidelines for comprehensive
and imperative treatment. The payers can provide affordable
risk-modifying measures for cessation of smoking and
for treatment of PAD. The policy makers should provide
preventive services to the patients at affordable costs and
can also increase the funding toward research, which in
turn will help us to treat patients in an efficient and effective
manner. General awareness or education campaigns among
the public and various lifestyle modifications to ensure
and promote healthy life also play a very important role in
reducing the levels of amputation in diabetes in India.’ In a
study on the amputation preventive initiative in South India
by Vijay et al., it was concluded that strategies like intensive
management and foot care education created a positive
impact on the reduction of amputations.!! The step-by-step
project in developing countries like India, Nepal, Tanzania,
Bangladesh, and Tanzania was a remarkable training
program aimed at creating awareness among people to
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