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Preface

Limb amputation is, in a sense, a physician’s defeat in treating limb illness or injury.
Patients often need to have limbs amputated to save them from advanced malignant
neoplasms and severe limb infections, or due to the failure to repair severe limb
trauma. However, efforts should be made to maintain limbs where possible and to
minimize loss of function, even if amputation is required. We provide the latest
developments in limb amputation for this purpose.

Cases of limb amputation may vary in the environment of each area, including war
wounds from the battle field, infection and animal bites in developing countries,
and traffic accidents and adult disease in advanced countries. At first, I present
general remarks regarding limb amputations in the Introductory Chapter.

In the second chapter, I describe the treatment of peripheral arterial diseases and
diabetes, which are the most common causes of amputation. Many patients with
adult diseases such as peripheral arterial disease and diabetes require amputa-
tion, but patients always desire minimal amputation. Patients who undergo minor
amputation can walk on their own feet; however, those with major amputation
require an artificial leg, which impairs their activities. The aim of second chapter
is to describe factors that lead to amputation, and propose a management plan to
prevent major amputation.

Next is the topic of patients who need an amputation due to injuries to severe
extremities. Multidisciplinary management of severe extremity injuries and
appropriate wound assessment can not only save the patient’s life but also minimize
functional loss due to injury. In Chapter 3, Dr Nemoto Mitsuru, and in Chapter 4
Dr Akgun Demir Isil, will introduce the latest developments in optimal wound
treatment in severe trauma.

In Chapter 5, we discuss how amputee patients must depend on an artificial leg or
arm. It is not easy to find equipment that fits well. Dr Jahmani Rami explains the
overgrowth of the stump, which is particularly problematic in cases of amputation
in children.

Fortunately, the Paralympic Games will be held in Tokyo in 2020, when this book

is published, and we will see many athletes who overcame limb amputation handi-
caps. I hope this book will help physicians dealing with limb illness and trauma, and
all amputee patients.

Masaki Fujioka M.D. Ph.D.
Clinical Professor in the Department of Plastic and Reconstructive Surgery,
Nagasaki University



Director of the Functional Form Research Section, Division of Functional
Reconstructive Surgery, and Director of the Department of Plastic and
Reconstructive Surgery, National Hospital Organization Nagasaki Medical Center,
Ohmura City, Japan
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Chapter1

Introductory Chapter: General
Remarks Regarding Limb
Amputations

Masaki Fujioka

1. Introduction

Developments of microsurgical techniques allows reimplantation in patients
with severed hands, legs, and fingers (Figures 1 and 2). And flap transfer tech-
niques have also allowed reconstruction of bone and soft tissue defects in the
extremities following malignant neoplasm resection and severe open fractures
(Figures 3 and 4) [1].

Figure 1.
The photograph shows a seveved hand following an accident.
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Figure 2.
The photograph shows re-plantation of the severed hand.

Figure 3.
The photograph shows a Gustilo-Anderson IIIC bone-exposing fracture of the left fibula and tibia with severe
abyasion of the skin and muscles.
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Figure 4.
The patient could walk 1-year after surgery.

As result, previously non-salvageable limbs have been salvaged. However, there
are many patients who require limb amputation. Circumstances of limb amputation
may vary, including war wound, infections and animal bites, and traffic accidents
and various diseases [2, 3].

In this chapter, I describe general remarks regarding limb amputations, which
may help to better understand the following chapters.

2. Types and incidence of amputation.

Although the term “amputation” is usually used for the removal of a limb, the
removal of other prominent parts of the body, such as the ear, nose, breast, and
penis, is also called amputation [4, 5]. However, the population of limb amputees is
largest, and an estimated 1.6 million persons were living with the loss of alimb in the
USA in the year 2005 [6]. Males are more likely to require limb amputation (a male
to female ratio of 1.6-3.9:1), because males are more outgoing and are more prone to
trauma, and peripheral artery disease [7]. Lower limb amputation is six—seven times
more frequent than upper limbs one [8].

3. Causes

Before 2004, trauma accounted for most amputations in the majority of hospitals,
followed by malignancies [9]. Although trauma is still the most predominant indication



Limb Amputation

for amputation in developing countries, peripheral arterial disease with or without
diabetes mellitus is now the most common cause of amputation in the developed
countries [2, 3].

3.1 Peripheral arterial disease

Limb loss is most often due to peripheral arterial disease (54-82%); the esti-
mated increase in the rate of dysvascular amputations was 27%. On the other hand,
rates of trauma- and cancer-related amputations both declined by approximately
half [10]. Peripheral arterial disease affects the distal vessels and results in occlu-
sion, which is one of the major causes of ulcer development and a risk factor for
amputation (Figure 5).

These patients often require challenging distal revascularization surgery or
angioplasty to avoid limb amputation. Revascularization is the only way to prevent
major amputation of an ischemic foot, and the ulcer healing rate after revascular-
ization ranges from 46 to 91% [11].

3.2 Diabetes mellitus

Patients with diabetes are likely to develop infections, because of the altera-
tion of immune defense mechanisms due to the hyperglycemic environment [12].
Furthermore, more than 50% of patients by diabetes mellitus are complicated with
peripheral arterial disease [2].

Once a diabetic foot develops infection, it progresses rapidly and requires the
removal of all necrotic tissue (Figure 6).

/ | i

I
Figures.
The photograph shows an ischemic foot due to peripheral avterial disease of the left leg, which requived below-
knee amputation.
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Figure 6.
The photograph shows diabetic gangrene on the right sole, which vequired transverse tarsal (Chopart) amputations.

These patients are common in developing countries, and extremity amputa-
tions associated with diabetes mellitus accounted for most indications (57.0%)
in northeast Nigeria [13]. Thus, diabetes prevention, detection, and management
should be prioritized in any attempt to reduce the current incidence of
amputation [3]

3.3 Infection
Necrotizing fasciitis and myositis are life-threatening infections with associ-

ated mortality rates of 10-20% [14]. Especially, Vibrio vulnificus and group
A streptococci often cause aggressive and fatal gangrene and necrotizing

Figure 7.
The photographs show a patient with group a streptococci infection of the bilateral upper lower limbs, which
led to streptococcal toxic shock syndrome.
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Figure 8.
Intraoperative photographs show immediate amputation of the left arm and the complete removal of the infected
skin of the right arm and chest.

myofasciitis, and a reported 23% of patients die of vibrio, and 20-34% die of
group A streptococci infection [15]. Regarding surgical intervention, early and
appropriate debridement to reduce infection is recommended to achieve infection
control. Thus, surgical debridement including limb amputation should be consid-
ered in the early stage.

Patients with group A streptococci infection can develop streptococcal toxic
shock syndrome (STSS). When STSS is complicated by myositis, multiple limb
amputations should be considered, and the reported mortality rate is 80-100% [16]
(Figures 7 and 8).

3.4 Trauma

Treatment of patients with severe injury with vasculopathy of the extremities,
such as trauma-related amputation and Gustilo-Anderson type IIIC fracture, is
challenging, because it often requires the resurfacing of tissue defects as well as
preservation of functional blood flow to distal areas [1]. Previously, patients with
these severe limb injuries underwent amputation. Now, most severed limbs can
be replanted, and vascular and soft tissue defects can be reconstructed, owing to
the development of microsurgical techniques [17]. Therefore, indications for limb
amputation due to injuries are now limited.

3.5 Neoplasm

Malignant bone and soft tissue tumors are rare conditions, but a delay in
diagnosis or the misinterpretation of data can have limb- and life-threatening
consequences. Although a tissue defect following oncologic resection can be
reconstructed using a flap transfer technique, hand and leg salvage cannot
always be achieved, because radical surgery sometimes requires the removal of
important organs such as the bone, arteries, and nerves [17] (Figure 9).



Introductory Chapter: General Remarks Regarding Limb Amputations
DOI: http://dx.doi.org/10.5772/intechopen.84673

Figure 9.
The photograph shows squamous cell carcinoma on the left leg invading the tibia, which required above-knee
amputation.
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Chapter2

A Retrospective Analysis of
Amputation Risk Due to Diabetic
Foot and Angioplasty and Free
Flap Transfer to Reduce Major
Amputation

Masaki Fujioka

Abstract

Foot ulceration in persons with diabetes is the most frequent precursor to
amputation, which impairs their activities. The aim of this chapter is to describe
factors that lead to amputation of a diabetic foot, and propose a management
strategy to prevent major amputation. I analyzed 233 patients who were admitted at
the National Nagasaki Medical Center between 2008 and 2017 with foot ulcer and/
or infection. We divided them into two groups: 152 patients with diabetes mellitus
(DM) and 81 without DM. We analyzed their laboratory data, and evaluated the
wound severity, complications of peripheral artery disease (PAD) and renal failure,
and infection. Patients with DM ulcer were significantly more likely to receive
amputation. Patients with DM were significantly more likely to develop infection,
and tended to undergo emergency debridement. Among the patients with DM, the
amputation group (85) showed significantly higher levels of CRP and WBC, and
was more likely to develop infection, PAD, and renal failure. My results suggest that
risk factors leading to leg amputation are severe infection and reduction of arterial
blood flow. Early debridement to reduce infectious inflammation and angioplasty
following free flap transfer are recommended to preserve legs.

Keywords: diabetic foot, diabetic gangrene, leg amputation, angioplasty,
free flap transfer

1. Introduction

In the past four decades, over 42-56% of major lower extremity amputations in
the United States and Western European countries have been due to diabetes mellitus
(DM) [1-4]. The relative risk of major leg amputations for diabetes ranges from 5.1
to 31.5 times in comparison with that of nondiabetic populations [5, 6]. Extensive
efforts have been made to improve the treatment of diabetes in regard to glycemic
control and the prevention of diabetic complications, and foot ulcer treatments
have improved for diabetic patients [7, 8]. Before 2004, trauma accounted for most
amputations in the majority of hospitals, followed by malignancies [9]. However, the
most common cause of amputation at present is diabetes mellitus [10, 11].

1 IntechOpen
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Amputation is the most appropriate therapy for an ischemic or infected limb,
but the level at which to amputate is often difficult to determine. Patients who
undergo only toe or trans-metatarsal amputation can walk on their own feet; how-
ever, those with major amputation require an artificial leg or a cane, which impairs
their activities [12, 13]. The aim of this chapter is to describe factors that lead to
amputation of a diabetic foot and propose a management strategy to prevent major
amputation.

2. Materials and methods

A retrospective descriptive study including 152 diabetic patients among 233
patients with leg ulcers who were treated in our medical center was carried out
between January 2008 and December 2017. All patients had been diagnosed with
type II diabetes. Diabetic foot ulcers represent more than 65 percent of all leg
ulcers.

To clarify the clinical characteristics of the diabetic foot, a comparison of foot
ulcer patients with and without diabetes mellitus is conducted first, risk factors
leading to amputation in cases of diabetic foot ulcer and “major” amputation in
cases of diabetic foot are discussed, and a recommended strategy to avoid major leg
amputation is presented.

Statistical analysis was performed using the Wilcoxon signed-rank test and chi-
square test. The value of p < 0.05 was determined as significant.

The ethical committee of our medical center approved this study.

3. Results
3.1 Comparison of foot ulcer patients with and without diabetes mellitus

Profiles of foot ulcer patients with and without diabetes mellitus are shown in
Table 1. Of the 233 patients with a foot ulcer, 63% (147) were men, and 37% (86)
were women. Of course, levels of HbA1C and blood sugar in the diabetic foot
group were significantly higher than those in the nondiabetic foot group, and
men were more likely to develop leg ulcers in the diabetic patient group. There
were no significant differences in CRP, WBC, serum albumin, or hemoglobin
between the groups.

The severity of leg ulcers at discovery in patients with and without diabetes
mellitus is shown in Table 2. In the groups, the ulcer stage based on the Wagner
classification showed similar tendencies. About 80% of the diabetic foot group
developed infection, being a significantly higher rate than in the nondiabetic
foot. Methicillin-resistant Staphylococcus aureus (MRSA), methicillin-susceptible
Staphylococcus aureus (MSSA), and Streptococcus were ranked high and accounted
for over three-quarters of infections in both groups (Figure1).

Because patients with diabetes are likely to develop severe infection, more than
50% of foot ulcer patients with diabetes required immediate debridement surgery,
being a significantly higher rate than in the nondiabetic foot group (25%) (Figure 2).

The frequencies of peripheral artery disease in foot ulcer patients with and
without diabetes were 38.2 and 34.6%, respectively. There were no significant dif-
ferences between the groups.

The frequencies of hemodialysis in patients with and without diabetes were 7.2
and 6.2%, respectively. There were no significant differences between the groups.
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Diabetic footulcer  Non-diabetic foot P-value
{152) ulcer (81)

Male/Female 104/48 43/38 P<0.05*
Age 66.3+14.0 65.0+17.1 0.11

Hb A1C (%) 8.7+2.6 5.4+0.8 p<0.001

Blood Sugar (mg/L) 258.5+1278 119.5*6.4 p<0.001
CRP (mg/L) 128.2+90.6 110.9+89.8 0.24
WBC(x 10%1) 12.1%7.1 11.5%5.5 0.83
S-Albumin (g/dL) 2.9+0.8 3.3+1.2 0.05
Hemoglobin (g/dL) 10.8%2.5 11.0%2.1 0.98
Hospitalization period 39.6Xx36.6 32.1%x326 0.45

(days)

(Wilcoxonranksumtest *: Chi-squared test)

Table 1.
Profile of foot ulcer patients with and without diabetes mellitus.

Wagner Classification Diabetic foot ulcer Non-diabetic foot P-value

(152) ulcer(81) (k-
1 (superficial ulcer) 14(9.2%) 9(11.1%) P=0.05
2 (deep uleer) 24(15.8%) 21(25.9%) P>0.05
3 (osteomyelitis or abscess) 47(31.0%) 19(23.5%) P=0.05
& {forefoot gangrene) 25(16.4%) 13(16.0%) P=0.05
5 (whele foct gangrena) 42(27.6%) 19(23.4%) P=0.05

Table 2.
Severity of leg ulcers at discovery in patients with and without diabetes mellitus.

The frequencies of amputation in foot ulcer patients with and without diabetes
were 53.9 and 34.6%, respectively. More than half of the patients with diabetes
underwent amputation surgery, being a significantly higher rate than that in the
nondiabetic foot group (Figure 3).

3.2 Comparison of foot ulcer patients with and without diabetes mellitus

We evaluated 85 amputated legs in 152 diabetic foot patients. Sixty-eight percent
(104) of the patients were men, and 32% (48) were women. Profiles of diabetic
patients with/without leg amputation are shown in Table 3.

Men were more likely to require amputation. CRP and WBC were significantly
higher, and serum albumin was significantly lower in the major amputation group,
suggesting that severe infection and malnutrition are risk factors for major leg
amputation in diabetic foot patients.
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Dlabetic footulcer  Nondlabetic foot ulcer  Paalue
(152) (81}

Infection 121 (79.6%) 49 (53.3%) <0.001*

SiraplocnoO
1=

Nen-dlabatic foot ulcer [81)

Figure 1.
Infection of leg ulcers at discovery in patients with and without diabetes mellitus (MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus).

Disbetic foot Non-diabetic foot Pvalue
ulcar(152) ulcer(81)
Immadiate surgery 79(52.0%) 20(25.0%) <0.001*
®: Chi-acurind Mit]
0%
L]
L]
" |
o
£ - -l diate Surgery -
_— :M.Dﬂi = Immediate Surgery
Eied
preg
1%
Eed
Do b Pl i 353 P diaketin, ot wloni K1)

Figure 2.
The frequency of foot ulcer patients with and without diabetes, who required immediate debridement surgery.

100%
20%
B0%
70%
60%
50%
40% -
30%
20%
10%

0%

= Amputation-
B Minor Ampitation
= Major Amputation

DM+ DM-

Figure 3.
The frequency of amputation in foot ulcer patients with and without diabetes.
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Amputationt (85) Amputation- (67) P-value

Male/Female 61/24 43/24 <0.05*
Age 65.0117.1 66.3x14.0 0.35
Hb A1C (%) 85422 8.8+2.7 0.67
Blood Sugar (mg/L) 251.24+1226 262.1+1295 0.90
CRP (mg/L) 202.0+93.1 115.6+89.9 0.001
WBC (= 10°/1) 17.1+8.8 10.9*6.1 0.017
S-Albumin (g/du) 2.5+0.7 3.0£0.3 0.016
Hemoglobin (g/dL) 10.5+2.2 11.0+26 0.10

(Wilccmon rank sum test  *:  Chi-squared test)

Table 3.
Profiles of diabetic patients with and without leg amputation.

Sixty-nine (82%) of 85 amputees and 36 (57.6%) of 67 non-amputees with
diabetes developed infection, showing a significant difference between the groups.
More than half of amputated and only 17.9% of non-amputated patients with
diabetes were complicated by peripheral artery disease, showing a significant
difference between the groups (Figure 4). Furthermore, the frequency of hemo-
dialysis in amputated patients (11.8%) was also significantly higher than that in
non-amputated patients (1.5%) (Figure 5).

3.3 Comparison of diabetic foot ulcer patients who underwent major and minor
leg amputation

Of the 85 amputees with diabetes, 44 patients underwent minor amputation,
and 38 received major amputation. Seventy-one percent (58) were men and 29%
(24) were women. Profiles of diabetic patients with/without leg amputation are
shown in Table 4. Men were more likely to require major amputation. CRP and
WBC were significantly higher, and serum albumin was significantly lower in the

Diabetic foot Hen-dlabetic foot Pvalue
ulcer(152) ulcer(81) Chrby b T
Peripheral Artery Disease 58(38.2%) 28 (34.6%) »0.05*
1o
%
B
%
o | p=0.05
o I 1 wPAD=
o : | ®PAD+
=
F-
s
%

Diabeticfoot ulcer{152) Non-diabetic foot uloer{81)

Figure 4.
The frequency of amputation in diabetic foot ulcer patients with and without peripheral artery disease.
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Diabetic foor Non-diabetic foot Pualue
L wcer(152) ulcer(81)  chiesvaredten

Hemodialysis{HD) 11(7.2%) 5 (6.2%) >0.05*

N

L 3.9

s = HD-
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Figure 5.
The frequency of amputation in diabetic foot ulcer patients with and without hemodialysis.

Major Amputations Minor Amputation- P-value
(28) (44)
Male/Female 31/7 27117 <0.05*
Age 68.7.0xt14.4 65.9+125 0.21
Hb A1C (%) 8.5+2.2 92432 0.18
Blood Sugar [mg/L) 250.2+121.1 269.6+145.1 0.61
CRP (mg/L) 200.8+92.3 85.4158.6 <0.001
WEBC (= 10°/1) 17.0+8.7 9.0+4.8 <0.001
S-Albumin (g/dvL) 2.5%0.7 3.1+0.7 0.002
Hemoglobin (g/dL) 10.4+22 10.6x2.4 0.50

{Wilcoxon rank sum test *: Chi-squared test)

Table 4.
Profiles of diabetic patients who underwent major and minor leg amputation.

major amputation group, suggesting that severe infection and malnutrition are risk
factors for major leg amputation in diabetic foot patients.

4. Risk factors leading to leg amputation and strategy to prevent major
amputation

Diabetic foot ulcers sometimes lead to minor or major amputation, with a high
impact on patients’ life and its quality [14]. Our results suggest that risk factors for
leg amputation in diabetic foot patients include male, complication of severe infec-
tion, complication of peripheral artery disease, complication of hemodialysis, and
malnutrition.

4.1 Improvement of malnutrition

The importance of nutritional support in patients with wounds has been
examined. Malnourished patients showed not only a higher frequency of
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impaired wound healing but also an increased risk of postoperative cardiopul-
monary and septic complications [15, 16]. Malnutrition cannot be improved in a
short time after developing foot ulcers. Thus, patients requiring surgical treat-
ment should also receive supplemental nourishment in the perioperative period
[17]. Luo et al. suggested that the geriatric nutritional risk index was a reliable
and effective predictive marker of patients’ amputation-free survival, and it
could identify patients early with a high risk of amputation [18]. Appropriate
blood sugar control and nutritional support are required for diabetic patients

to prevent leg amputation. Malnutrition usually occurs in critical limb ischemia
patients as well, because of a lack of appetite and sleeplessness due to chronic
pain. These patients with peripheral artery disease also require pain control and
nutritional support services [18].

4.2 Foot care for patients undergoing hemodialysis

The number of patients requiring hemodialysis has been growing because
obesity-related renal diseases such as diabetes mellitus are increasing [19, 20].
Diabetic patients with renal failure had high risks of foot ulceration and lower limb
complications [21]. Regarding cutaneous infection, Bencini et al. reported that the
incidence of fungal infection in patients undergoing hemodialysis was 67% [22].
Because chronic renal failure patients exhibit impaired cellular immunity due to
a decreased T-lymphocyte cell count, this could explain the increased prevalence
of fungal infections [23] Thus, difficulty healing wounds is a frequent problem
in patients on hemodialysis [24]. Amputations of limbs are sometimes performed
for these complex ulcers, because when patients receiving hemodialysis develop
aggressive life-threatening infections such as sepsis, immediate surgical debride-
ment is required in order to salvage the blood access line and save lives [25]. Fujioka
reported that 13 of 17 wounds required immediate surgery, including amputation
and debridement in patients with DM, while only 1 of 13 required immediate
surgery in patients without DM [26].

Poor management of foot ulcers in patients receiving hemodialysis leads to
prolonged ulceration, gangrene, amputation, depression, and death [27].

Marn et al. investigated the association between the implementation of a routine
foot check program in diabetic incident hemodialysis patients and concluded that
monthly foot checks are associated with a reduction of major lower limb amputa-
tions [28]. All patients on hemodialysis should be considered as being at high risk
of developing foot complications and undergo foot checks frequently. If infection is
suspected, antibiotics should be administered through the dialysis line immediately
during dialysis.

4.3 Infection control

Diabetic foot infection is a common diabetic complication, which results in
lower limb amputation if not treated properly. Patients with diabetes are likely to
develop infections, because of the alteration of immune defense mechanisms such
as a change in the neutrophil function, suppression of the antioxidant system, and
modified humoral activity due to the hyperglycemic environment [29].

Once a diabetic foot develops infection, it progresses rapidly and requires
the removal of all necrotizing tissue involving the bone, tendons, and skin
(Figure 6).

If the toe infection progresses and spreads widely, the patient may have to
undergo major amputation (Figures7a and b). Thus, early and appropriate
debridement to reduce infection is important.
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Figure 6.
A view of progressing diabetic infection in the big toe, which aggravated rapidly and required the removal of
toes and metatarsal bones within 3 weeks.

==

Figure7.

(a) A view of necvotizing fasciitis in the left forearm at the first examination, which progressed
rapidly to the upper arm, and the patient developed septic shock in 2 days. (b) Amputation of the
infected hand at the upper arm was immediately performed to control the aggressive infection.

4.3.1 Antibiotic treatment

Soft tissue infections in diabetic patients require multidisciplinary treatment
including rapid surgical intervention, antibiotic treatment, and hyperbaric oxygen
therapy to restrict the growth of pathogens [30-32]. Antibiotic therapy should be
instituted immediately. The initial antibiotic should act on aerobic Gram-positive
and Gram-negative bacteria but also on anaerobic bacteria. Systemic antibiotics
have been demonstrated in many trials to be effective in treating acute diabetic foot
infections. Tchero et al. performed a systematic review to assess the clinical efficacy
of antibiotic regimens in the treatment of diabetic foot infections and concluded
that piperacillin/tazobactam should be recommended for severe infections and the
adjuvant use of topical agents with systemic antibiotics improved the outcomes
compared with systemic antibiotics alone [33]. Mustdtea et al. suggested that an
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initial combination of third-generation cephalosporin, quinolone, and metronida-
zole was initially administered. After germ identification, antibiotic therapy was
administered according to the antibiogram [29]. Cellulitis, which shows inflamma-
tion and infection of the skin and subcutaneous tissue, can be treated with systemic
Gram-positive bactericidal antibiotics only. However, if deep tissue infection,
especially osteomyelitis, is suspected, removal of the infected bone and soft tissue,
followed by 2-4 weeks of antibiotics, is required [30].

4.3.2 Surgical debridement

Regarding surgical intervention, early and appropriate debridement to reduce
infection is recommended to achieve infection control (Figure 8).

If the infection invades deeper to the tendon, the lesions can often be
extended and spread upward rapidly along the tendon tract, which can lead to
systematic sepsis and require immediate limb amputation (Figure 9a and b).

As the infection developing in the diabetic patients’ limbs progresses rapidly,
physicians must decide on whether to carry out debridement before the infected
lesion spreads upward.

Emmergency debridement

BS 239

HbAlc: 8.1
CRP17.3

Figure 8.

Views of debridement for necrotizing fasciitis in the diabetic patient’s right sole. All necrotizing, contaminated
tissue was removed immediately.

Figure 9.
(a) A view of necvrotizing fasciitis in the right big toe, which spreads upward rapidly.
(b) Intraoperative view showing the contaminated lesion extending along the extensor tendon tract.
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Case presentations

Case 1. A 51-year-old man developed diabetic foot gangrene with osteomyeli-
tis of the fifth toe, which had progressed for 2 weeks (Figure 10a). The patient
underwent fourth and fifth toe amputation immediately, and cleansing to reduce
infection was performed for 2 weeks (Figure 10b). As abundant granulation tissue
developed on the wound surface, he underwent free skin grafting (Figure 10c). The
wound had completely resurfaced by 1 month after skin grafting, and the patient
could walk without a cane (Figure 10d).

4.3.3 Angioplasty for an ischemic foot

Peripheral artery disease (PAD) is observed in up to 50% of patients with a
diabetic foot ulcer, and the presence of PAD is an important consideration in their
management [34]. PAD affects the distal vessels and results in occlusion, which is
one of the major causes of ulcer development and an increased risk of amputation.
The treatment for these patients often requires challenging distal revasculariza-
tion surgery or angioplasty to prevent limb amputation [35]. Revascularization is
commonly performed in patients with critical limb ischemia and a diabetic foot
ulcer, and the ulcer-healing rate after revascularization ranges from 46 to 91% [36].
Hinchliffe et al. reviewed the effectiveness of revascularization of the ulcerated
foot in patients with diabetes and PAD 1 year after surgery and reported that limb
salvage rates showed a median of 85% following open surgery, and more than 60%
of ulcers had healed following revascularization. They concluded that revascular-
ization improved rates of limb salvage compared with the results of conservatively
treated patients [34].

Figure 10.

(a) Case 1. A view of diabetic foot gangrene with osteomyelitis of the fifth toe. (b) After fourth and fifth toe
amputation, cleansing was performed for 2 weeks. (c) Intraoperative view showing free skin grafting on the
wound. (d) A view of the foot 1 month after surgery showing favorable coverage of the wound.
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Case presentations

Case2. A 67-year-old man developed a diabetic foot ulcer of the right heel, which
had progressed for 2 months (Figure 11a). His posterior tibial artery was not palpable.
Enhanced computed tomography (CT) showed that circulation of his right lower leg
was poor, with an ankle brachial pressure index (ABI) of only 0.53, which suggested
that his leg ulcer might not heel spontaneously. We fashioned femoral-popliteal artery
(FP) bypass to increase distal blood flow; and ABI improved to 0.83(Figure 11b). As the
patient’s foot received sufficient flow, he could safely undergo resurfacing surgery using
areversed sural flap successfully and could walk 3 months after surgery (Figure 11c—f).

Femoral~ popliteal
artery bypass

c d e f

Figure 11.

( a§ Case 2. A view of a diabetic foot ulcer of the right heel. (b) Enhanced computed tomography scan image
showing the poor circulation of the patient’s right lower leg due to obstruction of the right femoral artery
(circles). After fashioning the femoval-popliteal artery bypass, increased distal blood flow was seen (small
arrows). (c) Intraoperative view showing the debrided heel ulcer and design of the reversed sural flap.

(d) Intraoperative view of heel reconstruction showing the transferred reversed sural flap. (e) A view of the
reconstructed heel 3 months after surgery revealed favorable coverage of the wound. (f) The patient could walk
3 months after surgery.
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Case 3. A 60-year-old man developed a diabetic foot ulcer and osteomyelitis of
the calcaneus (Figure 12a). Following the removal of a sequester, he underwent FP
bypass angioplasty, and ABI improved from 0.67 to 1.01 (Figure 12b). The bone-
exposing wound was resurfaced using a free superficial circumflex iliac perforator
(SCIP) flap (Figure 12c—e). One year after the surgery, good circulation had been
achieved without infection or ulcer relapse (Figure 12f).

4.3.4 Advantages of vesurfacing the amputation stump with a free flap

Standard stump plasty requires shortening of the remaining fine and vivid bone
end to resurface the bone-exposing amputation stump (Figure 13a and b).

ABIL 067 b ABI:1.01

e f

Figure 12.

( a§ Case 3. A view of a diabetic foot ulcer and osteomyelitis of the calcaneus. (b) Enhanced computed
tomography scan image showing poor civculation of the patient’s right lower leg due to obstruction of right
femoral artery (circle). After fashioning the femoral-popliteal artery bypass, increased distal blood flow was
seen. (c) Intraoperative view showing the design of a free superficial circumflex iliac perforator flap. (d)
Intraoperative view of the elevated SCIP flap. The arrow indicates the perforator of superficial circumflex iliac
vessels. (e) Intraoperative view of the harvested SCIP flap. (f) A view of the reconstructed foot 1 year after
surgery showing favorable coverage of the wound.
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On the other hand, free flap transfer enables surgeons to maintain the bone
length, which is a potential advantage, especially when amputation is performed at
the trans-metatarsal lesion (Figure 14a—c).

This is because Chopart or transtibial amputation results in more debilitating
functional outcomes than transmetatarsal amputation. Furthermore, transmetatar-
sal amputation preserves maximal foot length, allowing patients to achieve a better
quality of life [37, 38].

Regarding the flap choice, the ideal flap is thought to be a good vascularized skin
paddle with the same thickness and width as the wound and requiring a single-stage
operation [39]. Perforator flaps are defined as flaps consisting of skin and/or sub-
cutaneous fat, with a blood supply from isolated perforating vessels of a stem artery
[40]. The development of perforator flaps has increased the number of potential
donor sites because a flap can be supplied by any musculocutaneous perforator, and
donor-site morbidity can be reduced [41, 42]. Furthermore, the advantage of this
skin flap is that it is less invasive, so that the operation can be performed under local
anesthesia if the wound is small.

Case presentation

Case 4. A 32-year-old man developed a diabetic foot ulcer on the step
(Figure 15a). Following debridement, he underwent resurfacing surgery using a
free superficial circumflex Iliac artery perforator flap (Figure 12b and c). As free
SCIP flap transfer is less invasive, the operation can be performed under local anes-
thesia (Figure 15d). One year after the surgery, good circulation had been achieved
without infection or ulcer relapse (Figure 15e).

The SCIP flap is recommended because it minimizes sacrifice at the donor site,
causing no damage to the main vessels or muscles beneath the flap. The only disadvan-
tage is that the pedicle vessel is sometimes short when a suitable recipient vessel cannot

(b)

Figure 13.

(a) A view of diabetic gangrene extending the first and second metatarsal bones. After removal of

the necrotic bone, the navicular was exposed. (b) Intraoperative view of Chopart amputation followed by
resurfacing with a local flap of the sole.
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Figure 14.

(a) A view of a diabetic foot ulcer with osteomyelitis of the first and second metatarsal bones.

(b) Intraoperative view of the harvested anterolateral thigh (ALT) flap. (c) A view of the reconstructed foot using
a free ALT flap 1 year after surgery, showing favorable coverage, and the patient could walk without a cane.

Figure 15.

(a) Case 4. A view of a diabetic foot ulcer of the step. (b) Intraoperative view showing the design of a free
superficial circumflex iliac perforator flap. (c) Intraoperative view showing the design of a free SCIP flap.

(d) Intraoperative view showing that an SCIP flap transfer is less invasive, so the patient was awake and
talking with the surgeon. (e) A view of the reconstructed foot 2 months after surgery revealed favorable wound
coverage.
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be found near the wound [43]. Identifying an acceptable recipient vessel around the
contaminated area is not always easy. Chronic inflammation in recipient vessels caused
by infection and fibrosis may be one of the factors leading to thrombosis of the anasto-
mosed vessel [44]. So, it is important to select a flap with a long pedicle, as the suitable
recipient vessel may be distant from the wound. The anterolateral thigh (ATL) flap is
often chosen because it is supplied by the descending branch of the lateral femoral
circumflex artery, which has an external diameter of more than 2 mm at the proximal
end with a pedicle of more than 8 cm in length [45, 46]. This flap is also a perforator
flap, so that a larger cutaneous or fasciocutaneous flap can be harvested from the thigh
while avoiding the sacrificing of underlying muscle and large vessels [47, 48].

Case presentation

Case 5. A 66-year-old man developed a diabetic foot ulcer with osteomyelitis of
the left fourth and fifth toes (Figure 16a). He had already undergone right below

Figure 16.

( a)g%ase 5. A view of a diabetic foot ulcer. The fourth and fifth toes were amputated due to osteomyelitis.

(b) Intraoperative view showing the elevation of an anterolateral thigh (ALT) flap. (c) Intraoperative view
showing resurfacing of the bone-exposing wound with an ALT flap. (d) A view of the reconstructed foot

2 months after surgery revealed that favorable vesurfacing had been achieved and he could walk without a cane.
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the knee amputation due to diabetic gangrene. Thus, he desired to preserve his left
leg to walk. Following debridement, he underwent resurfacing surgery using a free
ALT flap (Figure 16b and c). Two months after the surgery, good resurfacing had
been achieved, and he could walk with an artificial right leg (Figure 16d).

5. Conclusion

I conclude that the risk factors of leg amputation due to a diabetic foot are
complications of severe infection and PAD, so diabetic ulcer management should
include the immediate removal of necrotic tissue and control of infection. The only
way to prevent major amputation of a diabetic ischemic foot is angioplasty of the
occluded lower extremity arteries, and reconstruction of the amputation stump
using free flap transfers to preserve the foot length is a good option for preserving
the walking function.
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Chapter 3

Multidisciplinary Management of
Severe Extremity Injuries

Mitsuru Nemoto

Abstract

Management of severe extremity injuries begins with controlling bleeding
and stabilizing hemodynamics. There is no agreement regarding the selection
of amputation or limb salvage for severe extremity injuries. The injury severity
scoring system should be carefully and judiciously used. The important factor for
the management of open fractures is how early the injured area of soft tissues is
covered. Inappropriate management would increase complications and prolong the
treatment period. Multidisciplinary management by specialists, in the emergency
department, orthopedics, plastic surgery, vascular surgery, and rehabilitation,
insisting on employing their own individual abilities as much as possible, would
not only help to salvage limbs in severe extremity injuries but also provide highly
satisfactory functional and aesthetic outcomes for patients.

Keywords: severe extremity injury, management, reconstruction, salvage,
amputation

1. Introduction

The goal of treatment for severe extremity injuries is limb salvage; however,
complicated life-threatening injuries and mangled extremities may lead to indica-
tion of amputation. To achieve an optimal outcome in patients with severe extrem-
ity injuries requires multidisciplinary management that begins with resuscitation
and evaluation of life-threatening injuries, following initial surgical management,
definitive treatment, and postoperative care. Initial surgical management includes
control of bleeding sites by vascular ligation and/or shunting, debridement of
devitalized soft tissues and foreign materials, and stabilization of the fracture by
external fixation. Definitive treatment includes internal fixation of long bones,
vessel reconstruction with anastomosis and/or grafts, nerve repair, and soft tissue
coverage within the appropriate time frame. This chapter describes the multidisci-
plinary management of severe extremity injuries based on the morphological and
functional characteristics of upper and lower extremities.

2. Initial assessment and management
Initial assessment begins with the primary survey, in which the patients’ life-
threatening injuries are evaluated based on the Advanced Trauma Life Support

(ATLS) manual [1]. Establishment of an airway to avoid asphyxiation, mainte-
nance and management of breathing, and circulation management by hemostatic

31 IntechOpen



Limb Amputation

procedure, and possibly transfusion, should be performed. Persistent bleeding
should be detected early. Elastic or compression bandage or tourniquet is used
when the bleeding cannot be stopped directly. Examination for bleeding sites in
other regions than the extremities should be made. After the patient has been made
hemodynamically stable, the next step is the secondary survey in which injuries
are systematically surveyed to determine whether or not they require immediate
medical treatment.

3. Extremity evaluation

The most important thing in the initial examination of extremity injuries is to
evaluate whether or not the injuries are life-threatening and/or if they could cause
dysfunctions. Meanwhile, if there are life-threatening complications, the initial
diagnoses of minor injuries such as fractures with slight deformity or dislocation
and/or ligament injuries are difficult and often likely to be missed. To preserve
function of the extremities, the evaluation should be performed with careful atten-
tion to the maintenance of blood flow in the extremities, prevention of infection,
proper treatment of surrounding skin and soft tissue injuries, and the prevention of
secondary injuries. Tests of sensibility, motor function of and pulse in the bilateral
extremities are periodically performed and recorded.

3.1 Peripheral nerve assessment

Systematic neurological assessment is essential. Sites exhibiting paresthesia,
their distribution, and the ability of locomotor activity of muscles innervated by
the peripheral nervous system should be examined. Muscle strength is evaluated by
manual muscle testing. Definitive diagnosis can be made by examining the lesions
in the operating room and confirming the presence or absence of any nerve injuries.
However, in the case of blunt nerve injuries, often making a diagnosis is not easy,
even when the lesion is open. In such cases, electrical nerve stimulation and obser-
vation of funiculus with an operating microscope would help in making a diagnosis.
Especially in patients with multiple injuries, evaluation of nervous function is often
initially difficult. Repetitive reevaluations should be made concurrently with the
other surveys after the patient’s condition has been stabilized.

3.2 Vascular assessment

Extremity vascular injuries are classified into two groups depending on the
type of causes: penetrating injuries made by knives and such, and blunt injuries
due to fractures, dislocations, etc. Delay of diagnosis and treatment for extrem-
ity major arterial injuries influences the functional prognosis. Especially, blunt
injuries of lower limb arteries often require fasciotomy and/or amputation and are
associated with higher mortality [2]. Therefore, to avoid sequelae (e.g., residual
disability) associated with extremity arterial injuries, early and accurate diagnosis
is indispensable.

When right and left difference in peripheral artery pulsation or skin color, continu-
ous bleeding, and/or the sign of an expanding hematoma are observed after an injury,
extremity arterial injury is suspected. However, because there are some cases that in
spite of the extremity major artery injury, apparent ischemic signs cannot be initially
seen due to the presence of a collateral circulation, extra careful attention is required.
For the diagnosis of extremity arterial injuries, examinations by Doppler-derived
arterial pressure measurement [3, 4] and helical CT angiography [5, 6] are adopted.
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Diagnosis of the presence or absence of arterial injuries should not be made easily only
by the evaluation of the capillary return sign and/or the Doppler-derived arterial pres-
sure measurement. Suspected patients should undergo early angiography for a defini-
tive diagnosis of the presence or absence of arterial injuries. However, revascularization
should not be delayed due to putting a high priority on angiography. If ischemia due to
arterial injury is suspected, early revascularization is necessary to save limbs, so it is also
necessary to take surgery with information of the minimum contrast CT.

3.3 Soft tissue and bone assessment

When open injuries are found on the skin and soft tissues, diagnosis is easy from
local findings. However, closed injuries of the skin and soft tissues are likely to be
missed. When pulsation, mobility, dysesthesia, tire mark, and/or cutaneous abra-
sions are found on the skin, closed injuries are suspected. Open wounds should not
be washed out before coming to the hospital or before debridement at the emergency
department, because bacterial culture swabs are taken from the open wound. Then
antibiotics are rapidly administered by infusion for the prevention of infection and
a tetanus inoculation should be given. The administration of antibiotics from the
prehospital period might help to lower the risk of infection at the site of a severe
open fracture [7]. The confirmation procedure to determine whether or not the open
wound, even if small, is in the communicating area of the fracture is performed
under proper anesthesia in an operating room.

In the treatment of amputated extremities, tissues are wrapped with saline-
soaked gauze, put into a plastic bag, and stored in ice water at 4°C.

3.4 Injury severity score

When we have to decide amputation or limb salvage depending on the degree of
injury, the severity of extremity injury is evaluated based on the extremity assess-
ment. Severity evaluation systems are the Gustilo-Anderson classification (Table 1)
[8, 9], the Mangled Extremity Syndrome Index [10], the Predictive Salvage Index
System [11], the Mangled Extremity Severe Score (MESS) (Table 2) [12], the Limb
Salvage Index [13], and NISSSA (Nerve Injury, Ischemia, Soft Tissue Injury, Skeletal
Injury, Shock, and Age of the patient) Score [14]. Among them, the Gustilo-
Anderson classification and MESS are well-known severity evaluation systems.
Although the Gustilo-Anderson classification is essentially designed to apply to

Cstilo=Anderson Classification

Type |
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Table 1.
Gustilo-Anderson classification.
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PFaints

Skebetal ! soft-tissue injury

Low energy (stab; simple fraceure; civilian gunshot wound) 1

Medium energy (open or multiple fractures, dislocation) b

High energy {close-range gunshot or military gunshot wound, crush injury) k]

Very high energy {above + gross contamination, soft tissue avulsion) 4
Limb kschemin

Pulse reduced or absent but perfusion normal, less than 6 bours 1

Pulse reduced or absent bug perfusion nommal, more than 6 hours ]

Pulseless; paresthesias, diminished capillary refill for less than 6 hours 2

Pulseless; paresthesias, diminished capillary refill for more than & hours 4

Cool, paralyzed, insensate, numb extremity for less than 6 hours 1

Cool, paralyzed, insensate, numb extremity for more than 6 hours .-.
Shock

Sysaolic BP always > 90 mm Hg 0

Hypotensive transiently 1

Persistent hypotension 3
Age (years)

<30 o

30-50 !

= 50 !

Table 2.

Mangled Extremity Severity Score (MESS).

intraoperative findings, it is actually often used from the initial evaluation. This
classification method provides indices for the infection rate and the bone union
period following the treatment of open fractures. MESS is composed of injury
mechanism, severity and duration of limb ischemia, severity of shock, and patient’s
age. When the score is >7, amputation is likely to be selected [15-18].

4. Surgical management

Surgical management for extremity injuries is performed under the condition
of stable hemodynamics with controlled bleeding. The management procedures
include damage control surgery, fracture management, revascularization, extrem-
ity fasciotomy, nerve repair, and soft tissue debridement and coverage. When the
bleeding cannot be controlled in an unrepairable extremity injury, limb amputation
is selected.

4.1 Damage control surgery

If bleeding from the extremities continues, it is stopped by compression. If the
compression does not work, bleeding is controlled using tourniquet and damaged
blood vessels are treated by ligation or vascular repair. Patients should undergo
revascularization within 6 hours, and if the ischemic time is prolonged, vascular shunt
should be constructed. If the arteries and veins are both damaged, shunting is required
for each artery and vein. However, if it is impossible, veins are occluded by ligation.

4.2 Fracture management

When the open fracture of extremities is severe, debridement and skeletal
stabilization are performed in the operating room after the evaluation and stabiliza-
tion of concomitant injuries that could be life-threatening. For the initial skeletal
stabilization, external fixation is useful.
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4.2.1 Debridement and stabilization

At the initial surgery, thorough debridement of mangled tissues and foreign
bodies is performed. Low-pressure irrigation is used for the lavage. A delay in the
debridement is likely to lead to high rate of infection and/or amputation [19-21].
The grade of the Gustilo-Anderson classification is evaluated by the assessment
of conditions of conserved soft tissues and fractures. It is difficult to accurately
evaluate the grade of the soft tissue injuries and the presence or absence of infection
at the initial surgery. In most cases, a second-look and/or third-look debridement
is required. External fixation is often selected as the initial skeletal stabilization for
severe open fractures. When there are major vessel injuries, prompt skeletal stabi-
lization and revascularization should be required. If it takes a long time for skeletal
stabilization, a vascular shunt should be made to shorten the ischemic time. The
defect of the surrounding soft tissues is reevaluated within 72 hours in the operat-
ing room, and additional debridement or definitive fracture fixation and soft tissue
coverage are performed.

4.2.2 Definitive fracture fixation

Definitive fracture fixation is performed when the patient’s condition, even with
concomitant injuries, is stable. It is ideal that for the treatment of open fractures,
external fixation has been changed to internal fixation, and soft tissue defects are
promptly covered. For relatively low-grade open fractures of long bones, fixation
with intramedullary nailing is considered preferable. However, because there is
little difference in the outcomes between reamed and unreamed medullary nailing
for long bone open fractures, the benefit of these procedures remains controversial
[22-24]. External fixation of fractures offers a safe and effective management
option for children (Figure 1) [25].

4.3 Revascularization

Factors influencing the functional prognosis after the main extremity artery
injuries are proper treatment of the fracture and soft tissue injuries, including the
nervous system, and the length of ischemic time. Because irreversible degeneration
of muscle tissues is caused by ischemia of 6 hours or longer, the period between
injury and revascularization should be as short as possible. The revascularization
procedure includes vascular repair, vein grafting, inserting bypasses, stents, and/
or shunts, which should be performed by surgeons with extensive experience in
treating such injuries. When there are multiple levels of vessel injuries, revascular-
ization should be started caudally from the most proximal vessel to the injury. If
revascularization is likely to take up to 4 hours or longer, a temporary shunt should
be constructed. In severe extremity injuries, revascularization after constructing
a temporary shunt will decrease the amputation rates (Figure 2) [26]. When there
is a defect of the vessels or the tension in the anastomotic site is strong, revascular-
ization is performed after vein grafting (Figure 3). When there is a problem with
venous return due to the injuries, revascularization of veins is performed.

4.4 Extremity fasciotomy
The fracture and bruising cause the muscles to swell, and the inner pressure of
fascial compartments to rise. The compartment syndrome is the state that muscles

are swollen further with lowered perfusion pressure, and the nervous system and
muscles become ischemic. Diagnosis is determined from the present medical history
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(d) () (f)

Figure1.

(a) Open fracture of the left lower extremity was accompanied by a moderate soft tissue defect on the anterior lower
extremity. (b) The fasciocutaneous flap was elevated from the lateral side. (c) Moderate soft tissue defect was covered
by a fasciocutaneous flap, and skin grafting was applied to the donor site. (d) Intraoperative X-ray. (e) Postoperative
view 84 months after surgery. (f) An X-ray of the leg 84 months after surgery, showing good bone union.

Figure 2.
(a) Crush injury of the left forearm was accompanied by injuries to the vadial and ulnar arteries. (b) Temporary
vascular shunts (arrowheads) were placed into the radial and ulnar arteries before definitive vascular repair.
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Figure 3.

(a) Preoperative X-ray. (b, c) The supracondylar fracture is accompanied by brachial vessel injuries.

(d) The saphenous vein was harvested from the right thigh. (e) X-ray findings after Kirchner wire fixation,
intraoperatively. (f) The saphenous vein was cut in half, and then the two veins were interposed in way

of grafting to repair the defects in the brachial artery and vein.

and findings in physical examinations. Signs and symptoms are swelling in the overall
area of the injury site, severe pain that cannot be alleviated by analgesics, increase of
pain in the stretch test, and dysesthesia in the compartment region. Even though the
compartment syndrome develops, peripheral arterial pulsation is usually palpable.
During 48 hours after the injury, clinical signs and symptoms are periodically checked.
Because clinical signs and symptoms cannot be checked if the patients have impaired
consciousness or are under the effect of sedatives, inner pressure of the compartment
is measured if the compartment syndrome is suspected. When the compartment inner
pressure is >35-40 mmHg, a fasciotomy is performed (Figure 4). The open wound
after a fasciotomy is treated by delayed primary closure and/or skin graft.

4.5 Nerve repair

Nerve injury that occurs concomitantly with fractures and/or dislocations is
treated by repositioning and simple fixation. It is important that nerve repair is
carefully performed using an operating microscope or surgical loupes. Factors other
than surgery, such as the patient’s age, nerve injury at higher level, and the degree
of injury, influence the recovery of nerve damage. In cases with life-threatening
concomitant injuries and/or those with severe extremity injuries, nerve repair can
be performed later, within 2 weeks, with good prognoses. If the torn nerve fiber can
be identified, marking with a nylon suture at the end of the nerve fiber or fibers is
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() b

Figure 4.
(a) The left forearm was wringed by a industrial press machine, and the injury progressed to the compartment
syndrome. (b) Fasciotomy was performed to alleviate the compartment pressure.

(b)

Figures.
(a) A penetrating wound was located in the middle of the right thigh. (b) The tibial nerve was ablated and
crushed. (c) The sural nerve was divided in thirds and used as a cable graft to repair the severed tibial nerve.

recommended for later surgical repair. To treat a complete tear of nerve fibers, the
nerve fibers are sutured together after the cut ends are reinnervated. When there
is a high tension at the suture site or suturing is difficult or impossible because

of nerve gaps, autologous nerve grafting [27] (Figure 5) or reconstruction with
artificial nerve conduit [28] is incorporated into the treatment.

4.6 Soft tissue debridement and definitive coverage

In open fractures, the degree of soft tissue injury is associated with prognosis
[29]. Soft tissue wounds in severe extremity injuries have a high risk of infection and
treatment should be begun immediately. There have been a few reports on immediate
wound closure and primary wound closure [30-32]. However, because it is difficult
to accurately evaluate the degree of soft tissue damage and the presence or absence of
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(b)

{d) (f)

Figure 6.

(43 An open fracture located in the distal third of the left lower extremity, accompanied by massive soft

tissue defect. (b) Intraoperative X-ray after intramedullary nailing fixation. (c) The anterolateval thigh
fasciocutaneous flap was harvested from the right thigh. (d) The anterolateval thigh fasciocutaneous flap was
applied to the soft tissue defect. Six months after internal fixation, autogenous bone grafting and transposition
of the fasciocutaneous flap was performed on the tibia defect. (e) Postoperative view 12 months after bone
grafting. (f) X-ray at 12-month follow-up showing adequate bone union.

infection in severe extremity injuries, the number of cases in which immediate wound
closure and primary wound closure are possible is limited. In most cases with severe
extremity injuries, second-look and/or third-look debridement are required. Open
wounds had been recommended to be treated with moist dressings after debridement.
Recently, although NPWT (negative pressure wound therapy) is used for open fracture
wounds during the period after the debridement until coverage [33], there has been no
evidence that it is more useful than conventional moist dressing [34, 35].

Because the infection rate becomes higher with the passage of days after the
injury of an open fracture, the open wound should be closed early if the patient’s
general condition is stable and there is no local infection [36, 37]. For the cover-
age of the defect of soft tissues after the bone fixation, a flap is recommended
[36-41]. Even if wound coverage cannot be performed at the initial debridement,
good functional prognosis can be expected when soft tissue coverage is performed
within 72 hours after an injury [36, 38, 40]. For an extensive soft tissue defect, a
free flap transfer is useful (Figure 6). A free flap transfer enables reconstruction
of a soft tissue defect by an end to side or a flow-through type vascular anastomosis
without sacrificing major vessels, even if the recipient vessels that can be anasto-
mosed are limited [42].

39



Limb Amputation

5. Complications

Complications associated with severe extremity injuries include infection and/
or necrosis, pseudoarthrosis, osteomyelitis, venous thromboembolism, and rhab-
domyolysis. If these complications occur, additional treatment is required and the
treatment period would be prolonged.

5.1 Wound complications

Wound complications are caused by insufficient debridement and/or infection.
The infection rate becomes higher with a higher grade of the Gustilo-Anderson
classification. To prevent infection in severe extremity injuries, it is important to
perform early and thorough debridement of necrotic tissues and construct coverage
with tissues that have abundant blood flow.

5.2 Venous thromboembolism

Deep vein thrombosis (DVT) and pulmonary embolism (PE) occur in 2-58% of
trauma patients [43-45]. Because severe extremity injuries have a high risk of DVT
and PE, mechanical and pharmacologic prophylaxes are necessary [46].

5.3 Rhabdomyolysis and myoglobinuria

Rhabdomyolysis and myoglobinuria are observed in the crush syndrome, com-
partment syndrome, and reperfusion syndrome. Various substances released from
necrotic striated muscle cells circulate throughout the body, causing hyperkalemia,
metabolic acidosis, hypermyoglobinemia, and acute renal failure. Transfusion and
correction of electrolytes are fundamental to preventing acute renal failure.

6. Amputation versus limb salvage

There is, as yet, no agreement on the selection criteria for amputation or limb
salvage [47-49]. The injury severity scoring system is reported to be a good indictor
in a few reports [50-53] but considered negatively in others [54-56]. Because the
indications for amputation differ depending on the patient’s age (whether an adult or
a child), and occupation, the injury severity scoring system should be used carefully
and judiciously [57-60]. Indications for amputation are as follows: (1) life-threatening

(@) (b)

Figure7.
(a and b) The left upper extremity was avulsed by an industrial machine. This mangled limb was not salvageable.
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(d)

Figure 8.

( a§ The left upper extremity was ablated at the elbow, the median and ulnar nerves were preserved; however,
the radial nerve was avulsed in the middle thivd of the upper arm. (b) Immediate revascularization to the
brachial vessels was performed followed by external fixation. (c and d) Postoperative view 12 months after
reconstruction and a modified Riordan operation was performed on the vadial nerve to cure the palsy.

bleeding cannot be controlled, (2) preserving open injuries to the extremity is likely to
cause the patients’ mortality, and (3) the injuries are so severe that a specialist judges
the salvage of the extremity to be impossible (Figure 7). Ultimately, the decision
regarding choosing limb salvage or amputation should be made in discussion with the
patients themselves and their family members (Figure 8). Primary delayed amputa-
tion, if deemed necessary, should be performed within 72 hours after the injury.

7. Conclusions

For the treatment of severe extremity injuries, multidisciplinary management
is required from the primary survey through rehabilitation. Unless severe extrem-
ity injuries are treated properly within the proper time frames, complications may
occur, resulting in severe sequelae. Multidisciplinary management by specialists,
in the emergency department, orthopedics, plastic surgery, vascular surgery, and
rehabilitation, insisting on employing their own individual abilities as much as
possible, would not only help to salvage limbs in severe extremity injuries but also
provide highly satisfactory functional and aesthetic outcomes for patients.
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Chapter 4

Scoring Systems in Major
Extremity Traumas

Isil Akgun Demir and Semra Karsidag

Abstract

In the emergency room, every mangled extremity presents with its unique features.
Each case requires a different approach and special care, while a surgeon has almost
always the same facilities and armamentarium in her/his own setting. Thanks to the
advancements in the bone fixation technologies and microsurgical field, the attempts
to salvage mangled or even amputated limbs have increased. However, it is still contro-
versial how the decision should be made for salvage or amputation. That is why several
scoring systems have been proposed based on retrospective analysis of this group
of patients in order to generate a systematic approach and to optimize the outcome.
Although they help the surgeon to decide salvation over amputation, or vice versa, the
same scores in different patient populations should be interpreted meticulously, and
the treatment plan should be established accordingly. The ultimate success is being
able to make the most accurate decision possible, and this can be only achieved with
experience and extensive knowledge along with sufficient surgical skills.

Keywords: amputation, limb salvage, major trauma, mangled extremity,
scoring system

1. Introduction

Approach to major limb traumas is still a challenging subject. The decision-
making process is the most critical part directly affecting the outcome. Although
several factors such as the general status of the patient, the condition of the limb,
and the experience of the surgeon along with the availability of the facilities help
greatly determining what to do next, the outcome is mostly unpredictable when it
comes to salvaging of an injured or amputated limb.

The decision for salvation should be done only after it is confirmed that the
patient has no accompanying life-threatening injuries. Once the patient is stable,
then the injured or amputated limb should be examined thoroughly. If the injured
part is grossly contaminated, is severely avulsed, or contains vascular injuries at
multiple levels, the patient would not benefit from any salvage procedures; more-
over, any attempt to salvage the limb might put the patient’s life at risk.

The main concerns in this decision-making process focus on the extent of vas-
cular, skeletal, and soft tissue damage, the presence of shock, and warm ischemia
time. However, additional criteria such as age, contamination, and patient-related
comorbidities cannot be disregarded. The details of the incident are also of great
importance such as when it happened, the time interval between the incident and
arrival to the hospital and mechanism of injury. Like in every patient present-
ing with major trauma, the initial evaluation should include the establishment
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of a patent airway and optimization of ventilation and blood circulation. After
the patient is stabilized, a thorough physical examination should be performed.

In patients presenting with mangled extremities, pulsation, skin color and tem-
perature, and capillary return on the distal segment of the involved limb should
be checked. If fracture or dislocation of the involved limb is suspected, X-ray or
computed tomography images should be obtained. Peripheral nerve examination
should be also performed prior to any intervention. Meanwhile, antibiotic therapy
should be initiated as soon as possible, especially in case of open fracture, and
tetanus prophylaxis must be administered immediately.

2. Scoring systems for upper and lower extremities

In order to be able to evaluate patients with major limb trauma in a more system-
atic way, several scoring systems have been proposed. The most widely used scoring
systems are Mangled Extremity Syndrome Index (MESI); Mangled Extremity Severity
Score (MESS); Predictive Salvage Index (PSI); Limb Salvage Index (LSI); Nerve injury,
ischemia, soft tissue injury, skeletal injury, shock, age of patient score (NISSSA); and
Ganga Hospital Open Injury Severity Scoring (GHOISS) (Tables1—6).

Mangled Extremity Syndrome Index (Table 1) was described by Gregory et al.
in 1985 [2]. The components of this index are injury severity score, bone, age,
integument injury, nerve, lag time to operation, pre-existing disease, and shock. A
cutoff score of 20 is considered for amputation.

Injury severity score 0-25

25-50

>50

Integument injury Guillotine

Crush/burn

Avulsion/degloving

Nerve injury Contusion

Transection

Avulsion

Vascular injury Arterial transection

Arterial thrombosis

Arterial avulsion

Vein

Bone injury Simple

Segmental

Segmental comminuted

Bone loss <6 cm

Articular

Articular with bone loss <6 cm

Age <40 years
40-50 years
50-60 years
>60 years
Lag time to operation For each hour over 6 hours

Pre-existing disease

N (= (=W N =[O U (AW INR R WINRWNRWNRWN-

Shock

Table 1.
Mangled Extremity Severity Index (MESI).
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Skeletal and soft tissue injury Low-energy injury 1
Medium-energy injury 2

High-energy injury 3

Very-high-energy injury or above injuries with gross contamination 4

Limb ischemia Normal perfusion despite reduced or non-palpable pulse 1
Slow capillary refill 2

No capillary refill 3

Shock status Systolic blood pressure > 90 mm Hg 0
Transient hypotension 1

Persistent hypotension 2

Age <30 years 0
30-50 years 1

>50 years 2

"The score is doubled if the warm ischemia time >6 hours.

Table 2.
Mangled Extremity Severity Score (MESS).

Bone injury Mild trauma

Moderate trauma

Severe trauma

Muscle injury Mild trauma

Moderate trauma

Severe trauma

Arterial injury Suprapopliteal

Popliteal

Infrapopliteal

Delay to the operating room <6 hours

6-12 hours

W IN (=R WIN R W N PR W NP

>12 hours

Table 3.
Predictive salvage index (PSI).

MESS (Table 2) is probably the most commonly used scoring system worldwide
for both upper and lower extremity traumas. It was developed by Johansen et al. in
1990 following a retrospective evaluation of patients with lower mangled extremi-
ties [3]. The criteria for MESS include age, the presence of shock, warm ischemia
time, and skeletal and soft tissue injury. In case the warm ischemia time is longer
than 6 hours, the score is doubled. A MESS value equal to or greater than 7 is sug-
gested as highly predictive for amputation.

In 1987 PSI (Table 3) was proposed by Howe et al. for scoring lower extremities
with orthopedic and vascular injury. In their study, they determined the cutoff
value for amputation as 8 [4].

LSI (Table 4) was introduced by Russell et al. in 1991 [5]. Unlike the majority of
scoring systems, age and the presence of shock are not included in LSI. On the other
hand, there are seven evaluation criteria requiring extensive examination which can
be only performed intraoperatively. A score of greater than 6 indicates amputation.
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Artery Contusion, intimal tear, partial laceration, or avulsion 0
Occlusion of >2 leg vessels, non-palpable pedal pulses 1
Complete occlusion of femoral or all three leg vessels 2
Nerve Contusions, stretch injury, minimal clean laceration 0
Partial transection or avulsion of sciatic nerve; complete/partial transection of 1
femoral and peroneal/tibial nerve
Complete transection/avulsion of sciatic nerve or both peroneal and tibial nerves 2
Bone Closed fracture in <2 sites; open fracture without comminution; closed dislocation 0
without fracture; fibula fracture; open joint without foreign body
Closed fracture in at least three sites on same extremity; open fracture with 1
comminution or moderate to large displacement; open joint with foreign body; bone
loss <3 cm
Bone loss >3 cm; Gustilo type I1IB,C fractures 2
Skin Clean laceration or small avulsion injuries with primary repair or first-degree burn 0
Delayed closure due to contamination; wounds requiring skin grafts or flaps; second- 1
and third-degree burns
Muscle Avulsion or laceration of a single compartment or single tendon 0
Avulsion or laceration >2 compartments or tendons 1
Crush injury 2
Deep vein Contusion, partial laceration, or avulsion; complete laceration or avulsion with intact 0
drainage; superficial vein injury
Complete laceration, avulsion, or thrombosis without adequate venous drainage 1
Warm <6 hours 0
ischemia
time
6-9 hours 1
9-12 hours 2
12-15 hours 3
>15 hours 4
Table 4.
Limb salvage index (LSI).
Nerve Sensate No major nerve injury 0
Dorsal Deep or superficial peroneal nerve injury 1
Plantar partial Tibial nerve injury 2
Plantar complete Sciatic nerve injury 3
Ischemia’ None Good to fair pulses, no ischemia 0
Mild Reduced pulses, perfusion normal 1
Moderate No pulses, prolonged capillary refill, Doppler pulses present 2
Severe Pulseless, cool, ischemic, no Doppler pulses 3
Soft tissue Low Minimal to no contusion, no contamination 0
Medium Moderate injury, low-velocity gunshot wound, moderate 1
contamination, minimal crush
High Moderate crush, deglove, high-velocity gunshot wound, 2
moderate injury requiring flap, considerable contamination
Severe Massive crush, farm injury, severe deglove, severe 3
contamination, requires flap
Skeletal Low energy Spiral fracture, oblique fracture, no or minimal displacement 0
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Medium energy Transverse fracture, minimal comminution, small caliber
gunshot wound
High energy Moderate displacement or comminution, high-velocity

gunshot wound, butterfly fragments

Severe energy

Segmental, severe comminution, bony loss

Shock Normotensive Blood pressure normal, always >90 mm Hg systolic
Transient Transient hypotension in field or emergency center
hypotension
Persistent Persistent hypotension despite fluids
hypotension
Age Young <30 years
Middle 30-50 years
Old >50 years

"Score doubles with ischemia >6 hours.

Table 5.
Nerve injury, ischemia, soft tissue, skeletal injury, shock, age of patient score (NISSSA) [6].

Covering structures: Wounds without skin loss Not over the 1
skin and fascia fracture
Exposing 2
the fracture
Wounds with skin loss Not over the 3
fracture
Over the 4
fracture
Circumferential wound with skin loss 5
Skeletal structures: Transverse/oblique fracture/butterfly fragment <50% 1
bone and joints
Large butterfly fragment >50% circumference 2
Comminution/segmental fractures without bone loss 3
Bone loss <4 cm 4
Bone loss >4 cm 5
Functional tissues: Partial injury to MT unit 1
MT and nerve units
Complete but repairable injury to MT units 2
Irreparable injury to MT units/partial loss of a compartment/complete 3
injury to posterior tibial nerve
Loss of one compartment of MT units 4
Loss of >2 compartments/subtotal amputation 5
Comorbid Drug-dependent diabetes mellitus/cardiorespiratory diseases leading to 2
conditions increased anesthetic risk
Sewage or organic contamination/farmyard injuries 2
Age > 65 years 2
Injury-debridement interval > 12 hours 2
Polytrauma involving the chest or abdomen with injury severity score > 25/ 2
fat embolism
Hypotension with systolic blood pressure < 90 mmHg at presentation 2
Another major injury to the same limb/compartment syndrome 2

MT, musculotendinous unit.

Table 6.
The Ganga Hospital Injury Severity Score (GHOISS) [1].
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NISSSA score (Table 5) was proposed by McNamara et al. in 1994 [6]. Itisa
modified version of MESS with the addition of nerve injury. The cutoff value of
NISSSA for amputation is 11.

The latest scoring system GHOISS was introduced by Rajasekaran et al. in 2006
[1]. The purpose of the authors was to address the paucity of the current scoring
systems in tibial injuries without a vascular deficit (Gustilo type IIIB). GHOISS
has the maximum number of components when compared with the other scoring
systems (Table 6). A score of 14 or below is favored for the salvation of the limb,
whereas a score of 17 or above indicates amputation. The scores falling between 14
and 17 indicate “the gray zone.”

3. Discussion

The scoring systems were developed to provide a systematic therapeutic
approach to mangled extremities.

by grading the severity of an injury. Like every concept that tries to tidy up a
complicated clinical scenario, these systems have advantages and disadvantages.
Most of the scoring systems address lower extremity injuries, while there is no
scoring system specifically designed for upper extremity [7]. A single scoring
system cannot be established for both upper and lower extremities since they differ
in terms of the amount of muscle bulk and the availability of vascular supply [8].
The warm ischemia time is the single factor that has a direct impact on the extent of
tissue necrosis and ischemia-reperfusion injury. Thus, it is included in all scoring
systems, as demonstrated in Table 7.

The most commonly used systems for upper extremity injuries are MESI and
MESS [8, 9]. It has been suggested that MESI scoring is more reliable than MESS
in terms of prediction of amputation in mangled upper extremity injuries [8].
However, in order to calculate the MESI score, a thorough examination must be
completed, and all the accompanying injuries must be identified, which is time-con-
suming and precludes practicality. On the other hand, although MESS was criticized
by several authors in terms of its accuracy and predictive value, it can be still used
preoperatively in many clinical settings with ease [10, 11]. The advantage of MESS is
that its calculation relies on inspection and basic examination and is reproducible.

MESI MESS PSI LSI NISSSA GHOISS

Age v v v v
Shock v v 4 4
Warm ischemia time 4 v 4 4 4 v
Bone injury v 4 v 4
Muscle injury v/ v v
Skin injury v v '4
Nerve injury v v v

Deep vein injury v

Skeletal/soft tissue v v

Contamination v 4
Time to treatment v v

Co-morbidity v v

Table 7.
Comparison of the components of the scoring systems.
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The severity of muscle and bone injuries in PSI is graded as mild, moderate,
and severe. However, the limits differentiating the severity levels from each other
were not described well. Hence it is quite confusing how to grade those injuries
with PSI. It would also result in a subjective evaluation rather than a systematic and
unbiased calculation [12].

The critic regarding NISSSA is that the severity of nerve injury is only based on
the plantar surface sensation indicating the integrity of the tibial nerve, which is no
more an absolute contraindication for limb salvage [1]. The sensitivity and specific-
ity of NISSSA have also been found controversial [13].

GHOISS is the first system to describe “gray zone” clearly meaning the scores
between 14 and 17. It has been suggested that the outcome of the injuries in the
gray zone is dependent on noninjury factors such as the skill and experience of the
surgical team, the availability of facilities, and the patient’s request. GHOISS was
reported to be useful in children as well [14]. In their series of 107 patients with type
IIIB injury, Rajasekaran et al. have reported that the Ganga hospital score showed
higher sensitivity and specificity for predicting amputation; however, as they have
mentioned in their article, this must be validated with multicenter trials [1].

The absolute contraindications for limb salvage or in other words absolute
indications for amputations are still open for discussion. Although there is no
established consensus about this topic, the presence of certain factors may favor
amputation over salvage. First of all, if the patient has an accompanying life-
threatening injury, salvage procedure must not be attempted, and such situations
render the scoring systems invalid. Another critical point is the warm ischemia
time. Lange et al. have suggested that a crush injury with warm ischemia time
longer than 6 hours is an absolute indication for amputation [7]. However, this can-
not be applied to upper extremity injuries, since the upper extremity has less muscle
bulk than the lower extremity and thus is less prone to develop ischemic injury [8].
Roessler et al. have put emphasis on the fluid balance and absence of a distal pulse
on presentation that they are eventual indicators for amputation [12]; nevertheless,
current advancements in both medical and surgical fields have overcome those
concerns. Another historical indication for limb amputation was the nonfunctional
posterior tibial nerve [7]. But, as the LEAP study group has demonstrated, the loss
of plantar sensation is no more an indication for amputation [15]. Advanced age
may also be included among the indications for primary amputation [16].

Albeit, these systems have been designed to enable the surgical team to make a
decision, they are not 100% predictive of the ultimate outcome (salvage vs. ampu-
tation), and they are also not predictive of functional recovery among patients with
successful extremity reconstruction [17-19]. The sensitivity and specificity rates are
quite variable, and all the proposed scoring systems were found to be useful only to
some extent [20]. Therefore, in addition to the scores calculated with these systems,
patients must be evaluated along with injury pattern and pre-existing comorbidi-
ties, and the treatment should be planned also according to the patients’ needs and
demands. It is also imperative to take the experience and the skills of the micro-
surgeon into account. The optimal outcome would be achieved with a systematic
multidisciplinary approach, availability of facilities, and always considering what is
best for the patient. Raising high expectations both for the surgeon and the patient
should be avoided. The technical and individual advancements in the microsurgical
field cannot be overlooked; nevertheless, extreme attempts for limb salvage may be
harmful to the patient. Moreover, it might become a huge burden for both sides in
case it results in a nonfunctional extremity or requires secondary amputation. On
the other hand, a patient can still prefer a nonfunctional but salvaged extremity, if
there is no contraindication for performing salvage procedure. Therefore, patients’
desire should also be considered as an additional subjective criterion during
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decision-making. In a nutshell, there is no single recommended scoring system
either for upper or lower extremity injuries. They should be only utilized as guides
during the planning of the treatment.

The decision for amputation should never be regarded as a failure. It would also
be wise asking for consultation from more experienced colleagues before making
the ultimate decision. It is the experience and the quality of clinical judgment that
save the patient at the end of the day. The scoring systems are a collateral aid in
this hard decision-making process. Their benefits are limited because they rely on
retrospective data in small patient populations, and unfortunately it still seems to
be unlikely to design a prospective model. What we can do better is to combine our
experience, these proposed scoring systems for better interpretation of the scores,
and narrowing the gray zone as much as possible. As Russel et al. put into words,
“numbers cannot replace clinical judgment” [5].

4. Conclusion

Scoring systems are useful tools in the evaluation of patients with major extrem-
ity traumas. However, each patient requires an individual approach and would
benefit from the surgeon’s own experience.
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Chapter 5

Stump Overgrowth after Limb
Amputation in Children

Rami Jahmani and Dror Paley

Abstract

Stump overgrowth is the most common complication after limb amputation
in children. Its morbidity is relatively high, that required frequent revisions
of the stump and prosthesis. The incidence of stump overgrowth varies in the
literature; depending on different factors. The exact pathogenesis is unclear,
many hypotheses have been suggested. The treatment is a challenge; simple exci-
sion of the bone is associated with recurrence and further shorting of the stump.
Many options of treatment have been used. This paper is an up-to date literature
review that includes the definition, incidence, pathogenesis, clinical presenta-
tion, radiographic diagnosis, and treatment options of stump overgrowth in
children.

Keywords: limb amputation, stump overgrowth, complication of amputation,
stump capping procedures, heterotopic ossification

1. Introduction

Overgrowth is the most common complication after stump amputation in chil-
dren, and it leads to significant morbidity and multiple revisions of both the stump
and prosthesis [1-3]. Overgrowth is characterized by the formation of bone spikes
at the end of the amputated stump. At some point, the bone end becomes covered
with a bursa, and skin adheres to the underlying bone. Finally, the skin perforates,
and bone and soft tissue infections develop, Figure 1.

2. Incidence

Stump overgrowth is the most common complication following limb amputa-
tion in children, and the incidence varies from 4 to 50% [2-8]. Age, location,
reason for amputation, and level of amputation are known factors that affect
the prevalence of stump overgrowth. Among them age and location are the
most influencing factors. Osseous overgrowth is not observed in children older
than 12 years or in cases of disarticulation amputations. Younger patients have a
higher incidence of stump overgrowth [1, 7, 9]. The most frequent locations are
the humerus, followed by the fibula and the tibia, whereas stump overgrowth is
rare in the radius and ulna [7, 10]. Traumatic amputations carry a higher risk of
overgrowth than elective surgical amputations, as stump overgrowth is very rare
in congenital agenesis but common in amniotic band syndrome [1-3, 5, 11, 12].
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Figure 1.
X-ray of distal tibia and fibula overgrowth, arrow is indicating the sharp end of overgrown spike.

Aitke postulated that bone overgrowth in congenital cases is due to intrauterine
amputation (amniotic band syndrome) rather than true agenesis, considering that
bone overgrowth does not occur in congenital agenesis; however, this assumption
has not been proven [7]. An increased prevalence of overgrowth has been reported
in patients who had previously undergone surgery for overgrowth [3, 11, 12]. Last,
metaphyseal level amputations carry a higher risk of overgrowth than diaphyseal
level amputations [1, 5].

3. Pathogenesis

Many hypotheses have been proposed to explain the phenomenon of bone over-
growth. Because overgrowth occurs in children, it has been suggested that overgrowth
occurs as a result of disproportional growth between the remaining proximal physis
and the contracted distal soft tissue and skin [13-15]. Pellicore et al. observed bone
growth stimulation following amputation and concluded that stump overgrowth
occurs because soft tissues cannot keep up with the rapid growth of the bone [16];
however, attempts to treat overgrowth by proximal epiphysiodesis and leaving long
redundant soft tissue have failed [12, 17-19]. The incidence of the overgrowth phenom-
enon in cases of surgical and post-trauma amputations was higher [1-3, 5] compared
with that of disarticulation amputation and congenital agenesis, [7, 20] which suggests
that stump overgrowth might be a result of bone and soft tissue trauma rather than
continuous growth of the proximal physis. This would mean that overgrowth is a local
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Pathogenesis of stump overgrowth: (a) initial stage, hematoma formation and periosteal elevation.

(b) Organization of collagen fibers of scar and periosteum as continues mass. (c) Pulling the collagen fibers
more distal by wound contracture and spike formation. 1 — Cotvex, 2 — Medullary canal, 3 — Periosteum,

4 — Hematoma.

process of bone formation and wound healing that occur in the distal stump. Studying
the histology of stump overgrowth in rabbits, Hellstadius concluded that the medullary
canal is the source of overgrowth [21]. Aitken implanted a radiographic marker in the
bony stump and confirmed that overgrowth occurs distal to the marker, proving that
overgrowth does not represent an epiphyseal contribution but rather a local phenom-
enon of bone healing [7, 8]. This explains why overgrowth does not occur in cases of
disarticulation where there is intact articular cartilage rather than transected bone. If
stump overgrowth is a local phenomenon, it is unclear why it is not observed follow-
ing adult amputation. Speer, by conducting an experimental histological study on the
immature skeleton of rabbits, described the pathogenesis of stump overgrowth and
explained why it does not occur in the mature skeleton [22]. His study indicates that an
amputation stump responds via wound healing and intramembranous bone formation.
In the immature skeleton, the elastic characteristic of the periosteum allows it to pull
away from the end of the amputee stump and leads to local bone formation, Figure 2.

4. Diagnosis and clinical picture

Patients with stump overgrowth present with pain, intolerance to the prosthesis,
soft tissue irritation, pressure ulcers, skin perforation, and infection. The sharp edge
of the bony spike can be palpated subcutaneously. The diagnosis is confirmed radio-
graphically, with characteristic distal tapering of the bone to a narrow tip, with the
absence of a medullary canal (the so-called licked candy sign), Figure 1. Orthopaedists
should differentiate between stump overgrowth and bone spurs, which develop as a
response to periosteal stimulation at the periphery of transected bone edges. Such bone
spurs rarely necessitate stump revision. The cause of pain might also be an adventitious
bursa, which is common in soft tissues overlying an area of the stump.

5. Treatment
5.1 Conservative treatment

The initial management of stump overgrowth includes prosthetic modifications
and lifestyle adjustments. Before wearing the prosthesis, soft tissues should be pulled
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distally to prevent “mushrooming” of the soft tissue proximally into the socket. In
many cases, the cause of pain is attributed to bone spurs and adventitious bursae,
which can be treated with aspiration, steroid injections, and stump wrapping.

The skin traction method, first described by Marquardt in the late 1960s, has
been reported to be successful in selected cases [10, 23]. This method has become
the standard in very young children with very short stumps, in whom further
shortening may preclude the use of prosthetics. The method involves a lengthy
treatment and requires a cooperative parent. Older children can be taught to apply
traction by themselves. The early period at the beginning of the treatment, before
the skin becomes adherent to the underlying bursa, is important. The method is less
successful for amputations below the knee due to the presence of the interosseous
membrane and related tissue that hold the soft tissue firmly to the bone. Traction
should be applied 23 hours a day, with 1 hour off for cleaning, and should be contin-
ued until skeletal maturity. A skin adhesive, such as Hollister medical skin adhesive,
is applied to the distal stump. Cotton or nylon stockinettes are placed on the limb
over the adhesive and pressed onto the skin firmly. After the adhesive dry, the loose
end of the fabric is split into medial and lateral “tails.” The tails are cut to the skin
margin where the stockinette is adherent to the skin and are used to counter-pull
through a D-ring attached to the outside of the socket after being looped around a
rod built into the prosthesis. Night traction is achieved by attaching the tail of the
stockinette to rob with appropriate weight over a pulley on the side of the bed.!

5.2 Surgical treatment

The surgical treatment of stump overgrowth has always been a challenge. Simple
excision of the overgrown bone is associated with high recurrence; Davids et al.
[11] reported a rate of revision as high as 87% after simple bone excision, multiple
revisions (more than one revision) have been reported in 18% of cases, and one case
with six revisions has been reported [5, 12]. Repeated surgical excision, while it is
temporarily effective, leads to progressive shortening of the stump. A lack of under-
standing of the pathogenesis has led to a wide variety of treatment recommenda-
tions. Disproportional growth between bone and soft tissue has been considered a
reason for overgrowth in the immature skeleton. Attempts to treat the condition by
proximal epiphysiodesis and leaving a redundant soft tissue envelope have failed to
stop overgrowth [12, 17-19]. The recent hypothesis, which considers overgrowth
alocal appositional overgrowth as a result of the healing process [6-8, 21], has
directed surgical treatment for reducing the intensity of the bone healing process.
Attempts to stop local bone formation by sclerosing the end of the stump by peri-
osteal excision and cauterization have failed to treat the condition, and histological
studies of the excised-periosteum distal stump have shown viable bony tissue [3].
To interrupt the interaction between the endosteum and surrounding outside soft
and bony tissues, capping of the medullary canal has been suggested. The first
capping procedure was performed by Swanson in 1969 with the use of silicon
rubber [24, 25]. Marquardt, in 1974, has been credited as being the first to propose
the application of a biological cap to prevent bone overgrowth in children. He
described his procedure of using an epiphysis taken from the amputated limb as a
cap to prevent overgrowth of a distal tibia amputation [26]. The goal was to convert
a diaphyseal amputation into a stump resembling a disarticulation type, Figure 3.
Many animal and human studies have been conducted to study the result of cap-
ping procedures using different materials, including 1 - biological caps: cancellous,
cortical, and cartilaginous caps from the amputated distal stump and iliac crest; and

1 The technique is furthered described in [23].
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2 — synthetic caps: rubber, polyethylene, titanium, and Teflon caps [1, 3, 4, 11, 24,
26-32] (Table1). Animal studies on rabbits, with transplantation of the metatarsal
epiphyses and fixation to the end of the amputated bone, have shown epiphyseal
capping to be a very successful procedure to prevent overgrowth [31]. Many further
publications have shown capping of the stump with an osteochondral cap to be the
most effective treatment, with a revision rate of 0-10% [4, 29, 32, 33]. A controlled
study compared osteochondral capping of the stump with simple resection and
found a revision rate of 10% and, subsequently, of 86% [11, 28]. The distal epiphy-
sis of the amputated stump, distal tibia, distal ulna, head of the metatarsal bone,
and calcaneus serve as donors for the osteochondral cap for primary amputation
(amputation where a distal stump is available). Finding a donor for the osteochon-
dral cap is a challenge in secondary amputation (revision cases and cases where the
distal part is absent), and the proximal fibula of the ipsilateral knee can be used
in these situations [4, 29, 31, 33]. To avoid donor site morbidity (knee instability),
Paley D used the apophysis of the iliac crest as a cap in a case series of patients [34].
Bernd et al. [27] studied the relationship between the revision rate in cartilaginous
stump plasty and different factors and found no relationship with sex, reason for
amputation, origin of the graft or method of fixation (screw vs. wires). However,
revision was related to age and site; there were no revisions in patients below the age
of 10 years old, and there were more revisions in the humerus; the high revision rate
in the humerus was attributed to a loose interference fit between the humeral shaft
and cartilaginous cap [32].

To avoid donor site morbidity and to substitute biological caps when unavail-
able, synthetic cap usage has been attractive for orthopedist. Silicon rubber, poly-
ethylene and titanium caps have shown poor results [3, 11, 24]. Although capping

Figure 3.
Tibia stump plugged by cartilaginous cap.
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N Year Author Revision Type of cap Note
rate
1 1978 Wang et al. Zero Epiphyseal cap from Animal study
amputated limb of
rabbits

2 1991 Bernd et al. 12% Bone graft
3 1992 Benevenia 10% Epiphyseal cap form

etal. amputated segment
4 1992 Hugh et al. Zero Ipsilateral fibula
5 1995 Davids et al. 70% Polyethellene Failure mainly due to infection,

prosthesis loosening, difficult
soft tissue coverage

6 1995 Davids et al. 27% Bone graft

7 2004 Davids et al. 29% Teflon

8 2015 Fedorak 10% Ipsilateral fibula
etal. transplanted to tibias

9 2017 Fedorak 30% Ipsilateral fibula High failure rate in humerii
etal. transplanted to treated by osteochondral

humerii transplantation

10 2017 Fedorak 69% Bone graft
etal.

1 2019 Paley and 50% Apophysis of the A case series

Jahmani ileac crest
Table 1.

Result of caping procedure by different authors using different capping materials.

with synthetic material is successful for reducing the intensity of bony growth, the
revision rate is high because of failure of fixation, infection, implant fracture, and
difficulty covering with soft tissue. The synthetic cap must be biologically inert
and durable. Teflon caps show better results than other synthetic materials, with
a29% revision rate. This result is comparable to capping of the stump with bone
grafts; the cause of failure is mainly due to infection and painful bursa rather than
overgrowth [3].

Conclusion of treatment: conservative treatment (prosthesis and lifestyle
modification) is the initial treatment, and the skin traction method can be used in
selected cases, especially in very young patients and cases of short stumps. When
performing amputations, prophylactic transplantation of an osteochondral graft to
plug the stump is recommended when a graft is available. In revision cases and cases
in which the osteochondral graft is unavailable, the head of the fibula and Teflon
caps can be used to plug the stump.

Acknowledgements

The authors are thankful to Maha Almaani for drawing the figures.

62



Stump Overgrowth after Limb Amputation in Children
DOI: http://dx.doi.org/10.5772/intechopen.90532

Author details
Rami Jahmani™* and Dror Paley”

1 Department of Special Surgery/Orthopaedic Division, Faculty of Medicine,
Jordan University of Science and Technology, Irbid, Jordan

2 Paley Orthopedic and Spine Institute, St. Mary’s Hospital, West Palm Beach,
Florida, USA

*Address all correspondence to: dr.Jahmany@yahoo.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

63



Limb Amputation

References

[1] Michels F, De Smet L. Osseous
overgrowth in congenital amputations
of the upper limb: Report of 3 cases
treated with autologous stump

plasty. Acta Orthopaedica Belgica.
2001;67(5):452-455

[2] Vocke AK, Schmid A. Osseous
overgrowth after post-traumatic
amputation of the lower extremity
in childhood. Archives of
Orthopaedic and Trauma Surgery.
2000;120(7-8):452-454

[3] Tenholder M, Davids JR, Gruber HE,
Blackhurst DW. Surgical management
of juvenile amputation overgrowth with
a synthetic cap. Journal of Pediatric
Orthopedics. 2004;24(2):218-226

[4] Fedorak GT, Watts HG, Cuomo AV,
Ballesteros JP, Grant HJ, Bowen RE,

et al. Osteocartilaginous transfer of the
proximal part of the fibula for osseous
overgrowth in children with congenital
or acquired tibial amputation: Surgical
technique and results. Journal of Bone
and Joint Surgery. 2015;1, 97(7):574-581

[5] O’Neal M, Bahner R, Geney T,
Ogden J. Osseous overgrowth after
amputation in adolescents and children.
Journal of Pediatric Orthopedics.

1996;16-A:78-84

[6] Abraham E, Pellicore R]J,
Hamilton RC, Hallman BW, Ghosh L.

Stump overgrowth in juvenile amputees.

Journal of Pediatric Orthopedics.
1986;6:66-71

[7] Aitken G. Surgical amputation in
children. Journal of Bone and Joint
Surgery. 1963;45:1735-1741

(8] Aitken G. Overgrowth of the
amputation stump. Inter Clinic
Information Bulletin. 1962;1:1

[9] Abraham E. Operative treatment of

bone overgrowth in children who have
an acquired or congenital amputation

64

(letter). Journal of Bone and Joint
Surgery. 1996;78:1287-1288

[10] Atkins D, Meier R. Comprehensive
Management of the Upper-Limb
Amputee. 3rd ed. New York: Springer-
verlag; 1989

[11] Davids JR, Meyer LC,

Blackhurst DW. Operative treatment of
bone overgrowth in children who have
an acquired or congenital amputation.
Journal of Bone and Joint Surgery.
1995;77:1490-1497

[12] Pfeil J, Marquardt E, Holtz T,
Niethard FU, Schneider E, Carstens C.
The stump capping procedure to prevent
or treat terminal osseous overgrowth.
Prosthetics and Orthotics International.

1991;15(2):96-99

[13] Beekman F. Amputations during
childhood. The Surgical Clinics of North
America. 1938;18:425

[14] Frantz A, Aitken G. Management
of the juvenile amputee. Clinical
Orthopaedics. 1959;14:30

[15] Kurtz A, Hand R. Bone growth
following amputation in childhood.
American Journal of Surgery.
1939;43:773

[16] Pellicore R], Sciora J, Lambert CN,
Hamilton RC. Incidence of bone
overgrowth in the juvenile amputee
population. Inter Clinic Information
Bulletin. 1974;13:1-10

[17] Saal F. Epiphysiodesis combined
with amputation. Journal of Bone and
Joint Surgery. 1939;21:442

[18] Aitken GT. The child with an
acquired amputation. Inter Clinic
Information Bulletin. 1968;7:1-15

[19] Drvaric DM, Kruger LM. Modified
Ertl osteomyoplasty for terminal



Stump Overgrowth after Limb Amputation in Children

DOI: hitp://dx.doi.org/10.5772/intechopen.90532

overgrowth in childhood limb
deficiencies. Journal of Pediatric
Orthopedics. 2001;21:392-394

[20] Firth GB, Masquijo JJ, Kontio K.
Transtibial Ertl amputation for children
and adolescents: A case series and
literature review. Journal of Children’s
Orthopaedics. 2011;5(5):357-362. DOI:
10.1007/s11832-011-0364-0

[21] Hellstadius A. An investigation,
by experiments on animals, of the role
played by the epiphysial cartilage in
longitudinal growth. Acta Chirurgica
Scandinavica. 1947;95:156

[22] Speer DP. The pathogenesis of
amputation stump overgrowth. Clinical
Orthopaedics and Related Research.
1981;(159):294-307

[23] Friedmann LW, Friedmann L. The
conservative treatment of the bony
overgrowth problem in the juvenile
amputee. Inter Clinic Information
Bulletin. 1985;20(2):17-23

[24] Swanson AB. Bone overgrowth in
the juvenile amputee and its control by
the use of silicone rubber implants. Inter
Clinic Information Bulletin. 1969;8:9-18

[25] Swanson AB. Silicone-rubber
implants to control the overgrowth
phenomenon in the juvenile amputee.
Inter Clinic Information Bulletin.
1972;11:5-8

[26] Marquardt E. Plastische
Operationen bei drohender
KnochendurchspiefSung am kindlichen
Oberarmstumpf. Zeitschrift fir
Orthopadie. 1976;114:711-714

[27] Bernd L, Blasius K, Lukoschek M,
Liicke R. The autologous stump plasty.
Treatment for bony overgrowth in

juvenile amputees. Journal of Bone and
Joint Surgery. 1991;73:203-206

[28] Davids JR. Terminal bony
overgrowth of the residual limb:

65

Current management strategies. In:
Herring JA, Birch JG, editors. The Child
with a Limb Deficiency. Rosemont, IL:
The American Academy of Orthopaedic
Surgeons; 1998. pp. 269-280

[29] Benevenia J, Makley JT, Leeson MC,
Benevenia K. Primary epiphyseal
transplantsand bone overgrowth in
childhood amputations. Journal of
Pediatric Orthopedics. 1992;12:746-750

[30] Meyer LC, Sauer BW. The use

of porous high-density polyethylene
caps in the prevention of appositional
bone growth in the juvenile amputee:
A preliminary report. Inter Clinic
Information Bulletin. 1975;14:1

[31] Wang G-J, Baugher WH, Stamp WG.
Epiphyseal transplant in amputations.
Effects on overgrowth in a rabbit Model.
Clinical Orthopaedics and Related
Research. 1978;(130):285-288

[32] Fedorak GT, Cuomo AV, Watts HG,
Scaduto AA. Management of terminal
osseous overgrowth of the humerus
with simple resection and osteo-

cartilaginous grafts. Journal of Pediatric
Orthopedics. 2017;37(3):e216-e€22

[33] Hugh GW, Yoshio S. Marquardt
stump capping for overgrowth.

Journal of the Association of Children’s
Prosthetic & Orthotic Clinics. 1992;27:6

[34] Jahmani R, Robbins C, Paley D. Iliac
crest apophysis transfer to treat stump
overgrowth after limb amputation in
children: Case series and literature
review. International Orthopaedics.
2019. DOI: 10.1007/s00264-019-
04289-y. [Epub ahead of print]



Edited by Masaki Fujioka

Patients often need to have limbs amputated to save them from advanced malignant
neoplasms and severe limb infections, or due to the failure to repair severe limb trauma.
However, efforts should be made to maintain limbs where possible, and to minimize
loss of function if amputation is required. We provide the latest developments in limb
amputation for this purpose. This book provides expert commentary on the following
issues: cutting to prevent large-scale amputations in peripheral arterial disease and
diabetes, optimal wound treatment in severe trauma, troubles of prostheses due to
stump overgrowth in amputation in children.We hope this book will help physicians
dealing with limb illness and trauma, and all amputee patients.

8-1-83880-763-

Published in London, UK

97 4
o AntonMatvees  1Stock IntechOpen "l | H

ISBN
9“781838 807

634




	Limb Amputation
	Contents
	Preface
	Chapter1
Introductory Chapter: General Remarks Regarding Limb Amputations
	Chapter2
A Retrospective Analysis of Amputation Risk Due to Diabetic Foot and Angioplasty and Free FlapTransfer to Reduce Major Amputation
	Chapter3
Multidisciplinary Management of Severe Extremity Injuries
	Chapter4
Scoring Systems in Major ExtremityTraumas
	Chapter5
Stump Overgrowth after Limb Amputation in Children

