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Preface

Medicine is the only profession that labours incessantly
to destroy the reason for its own existence.

~James Bryce, 1914

Success of public health programs and advances in modern medicine have
substantially increased longevity and survival of sick patients, suffering from various
maladies with increased potential of major complications, such as limb and various
tissues gangrene.

Gangrene is the term used to describe the necrosis or death of soft tissue due to
obstructed circulation, usually followed by decomposition and putrefaction, a serious,
potentially fatal complication, that has been well known to generations of physicians for
epochs. Despite the immense experience in this field, gained by medicine during its
centuries-long history, and impressive recent advances, management of gangrene still
presents a significant clinical problem, which is still far from being completely resolved.
With ever-growing body of evidence in favor of various treatment modalities, no
consensus has been reached so far in respect to superior efficiency of any of the
suggested methods. Indeed, even today, with the enormous contemporary
armamentarium of treatment methods and immediate access to information literally at
his fingertips, a physician, while treating various conditions leading to
gangrene/necrosis development, oftentimes faces more unanswered questions than
enjoys luxury of choice from plenty of ready-to-use solutions with well-proved efficacy.

In the presented book, the attempt has been made to explore the most important
aspects of such detrimental conditions, as are gangrene and necrosis. These included
etiology, predisposing factors, demography, pathologic anatomy and mechanisms of
development, molecular biology, immunology, microbiology and more. A variety of
management strategies, including pharmacological treatment options, surgical and
non-surgical solutions and auxiliary methods, are also extensively discussed in the
book's chapters. The main goal of this book is not only to provide an easy access to the
up-to-date information on the selected topics, but also to help reader to obtain a clear,
objective, bias-free and comprehensive picture of the problem.

The presented book lays no claim of encompassing the whole of the problem in all its
complexity. Such endeavor would likely have required a multi-volume manuscript.
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Rather, the book offers a collection of carefully selected reports of original studies, case
presentations and comprehensive review articles, contributed by physicians, who have
conducted an extended research in the selected area, experts, who possess a vast,
sometimes exquisite experience in practical management of gangrene and necrosis of
different locations. The fact that contributors present a variety of clinical disciplines
and work in different countries certainly multiplies values of their shared opinions
and unique experience.

The presented book contains no unanimously approved recipes and offers no
guidelines for immediate implementation. More importantly, the book provides an
arena for expert opinions exchange and experience sharing, the approach we believe to
be mostly productive, and which we have been following through, while trying to
accomplish a task of this book composing and editing.

First part of the book discusses Fournier's gangrene, by far most lethal condition
within a spectrum of all maladies complicated by gangrene-necrosis development.
This part contains five chapters, discussing in details pathogenesis, diagnosis and
natural course of FG, and also treatment options, prognosis and outcome.

Second part, that includes three chapters, is dedicated to the management of intestinal
ischemia and bowel necrosis, still difficult-to-diagnose and treat conditions with very
high mortality.

Third part contains three chapters, discussing different aspects of diabetic foot
gangrene, lung necrosis and also human immunodeficiency-related gangrene.

Fourth part includes two chapters, discussing various aspects of gangrene
management, such as antibiotic treatment and hyperbaric oxygen therapy.

I would like to extend my special thanks to all contributors for their outstanding work
in putting together a group of such compelling articles, and also for responding to
entreaties for revisions and updates with admirable patience and promptness. In
particular, I would like to express my deepest appreciation and personal gratitude to
Ms. Viktorija Zgela, without whose devotion, tireless, incessantly intense work,
continuous help, support and valuable advise this book, most certainly, would never
make its way to readers.

We hope that this book will help readers in expanding their knowledge and provide
some new ideas for further improvement of care of the patients suffering from
conditions, involving gangrene and tissue necrosis, which constitute the very purpose
of this collective work.

Alexander A. Vitin, MD, Ph.D.
University of Washington
USA
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Current Concepts and Treatment Options






Gangrene:
The Prognostic Factors and Validation
of Severity Index in Fournier’'s Gangrene

Ik Yong Kim

Department of Surgery, Yonsei University Wonju
College of Medicine, Wonju,

Korea

1. Introduction

Fournier’s gangrene (FG) is a fulminant and life-threatening disease characterized by
necrotizing fascitis of the perineal and genitourinary area resulting from polymicrobial
infection. The polymicrobial organisms cause ascending reactions, activating various
proteins and enzymes, leading to platelet aggregation, intravascular coagulation, tissue
ischemic tissue change. This disease rapidly progresses, causing thrombosis and irreversible
necrosis.

Most of patients had predisposed or concomitant diseases such as diabetes mellitus,
alcoholism, hepatic diseases, renal diseases, and cardiac diseases.

It is a surgical emergency and requires prompt surgical debridement in most cases. For the
treatment of Fournier’s gangrene, aggressive wide necrotic tissue debridement for survival
and the proper use of antibiotics, post-operative wound management, and proper
reconstruction are required.

High mortality rates in Fournier’s gangrene range from 6.3 to 50%, which indicates that the
variable outcome of patients with the disease is multifactorial. In general, disease related
factors and host-related factors are important prognostic factors.

To investigate clinical features and prognostic factors in patients who underwent the
treatments of Fournier’s gangrene, Acute Physiology and Chronic Health Evaluation
(APACHE) II, and the Fournier’s Gangrene Severity Index (FGSI) score which was first
reported by Laor et al in 1995 were used and other scoring system. Among them, the FGSI
is very useful and it can predict mortality and survival with a high probability for patients
with Fournier’s gangrene according to many authors. The quantification of the extent of
the disease may help determine the outcome more precisely predictions for patients with
Fournier’s gangrene.

We analyzed 27 patients who underwent treatments due to Fournier’s gangrene in our
institution and evaluated predictive factors for mortality and survival based on
pathogenesis, causative factors, and the subjects of progression. The result of this study
showed that sepsis and FGSI of nine points or over at the time of hospitalization were
significant risk factors for mortality.
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2. History and pathophysiology of Fournier gangrene

2.1 History

Fournier’s gangrene was first described by Jean Alfred Fournier (1832-1914) in 1883, a
French dermatology/venereologist, a series in which previously healthy young men. He
used the term-'fulminant gangrene-sudden onset necrotizing disease, rapid progression to
gangrene and absence of a definite cause’ of the penis and scrotum and his description was
based on five young men with scrotal gangrene. Although this disease has been still called
Fournier’s gangrene to date, its concept has been changed and its causes have been
identified in most cases. This condition is described as infective necrotizing fascitis which
occurs in perineal, perianal, and genitourinary areas due to polymicrobial organisms
regardless of gender and age.

Since Fournier’s gangrene was first described, various changes have been made in the
definition of the disease and its treatment methods.

2.2 Pathophysiology

Localized infection adjacent to a portal of entry is the inciting event in the development of
Fournier gangrene. The polymicrobial organisms cause ascending reactions, activating
various proteins and enzymes, leading to platelet aggregation, intravascular coagulation,
tissue ischemic change. This disease rapidly progresses, causing thrombosis and irreversible
necrosis in perineal and genitourinary areas.

It has been revealed that Fournier gangrene is a polymicrobial infection with an average of 2~4
isolates per case at wound cultures from patients. The bacteria involved act synergistically, via
collagenases, hyaluronidases, and other enzymes to invade and destroy fascial planes
Ultimately, an obliterative endarteritis develops, and the ensuing cutaneous and
subcutaneous vascular necrosis leads to localized ischemia and further bacterial
proliferation. Rates of fascial destruction as high as 2-3 cm/h have been described in some
reports. Infection of superficial perineal fascia (Colles fascia) may spread to the penis and
scrotum via Buck and Dartos fascia, or to the anterior abdominal wall via Scarpa fascia, or
vice versa. Perineal fascia is attached to the perineal body and urogenital diaphragm
posteriorly and to the pubic rami laterally, thus limiting progression in these directions.
Testicular involvement is rare, as the testicular arteries originate directly from the aorta and
thus have a blood supply separate from the affected region.

2.3 Outcome/prognosis

Despite the development of modern intensive care and medical therapy, mortality rate from
Fournier gangrene remains still high. The mortality rate for Fournier gangrene widely varies
from 30 to 50%.

Prognosis may be affected by various factos, that include disease-related and host-related
ones. The outcome of patients with the disease is indicated multifactorial.

Factors associated with high mortality include an anorectal source, advanced age, extensive
disease (involving abdominal wall or thighs), shock or sepsis at presentation, renal failure,
and hepatic dysfunction. Death usually results from systemic illness, such as sepsis,
coagulopathy, acute renal failure, diabetic ketoacidosis, or multiple organ failure.

Most studies were conducted to investigate clinical features and prognostic factors in
patients who underwent the treatments of Fournier's gangrene at a single institution.
Progression to single-organ or multiorgan failure (MOF, MODF) may occur, usually as a
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result of gram-negative sepsis and is typically the cause of death. (Include acute renal failure
and adult respiratory distress syndrome).

After recovering from a threatening condition, large scrotal, perineal, penile, and abdominal
wall skin defects may require reconstructive procedures. Fatal tetanus associated with
Fournier gangrene has been reported in the literature.

3. Clinical feature

3.1 Frequency

Fournier gangrene is relatively uncommon. The true incidence of the disease is unknown. A
retrospective case review revealed 1726 cases documented in the literature from 1950 to
1999. An average of 97 cases per year was reported from 1989 to 1998. Poor socioeconomic
conditions contribute to development of Fournier's Gangrene. However, regional
prevalence and Ethnicity were not identified as relevant factors.

3.2 Age and sex

Mostly male-to-female ratio is mostly approximately 10:1 in large series. Rare reports
including women, especially with postpartum perineal necrotizing fasciitis, but, the lower
incidence in females may be caused by better drainage of the perineal region through
vaginal secretions. Homosexual men may be at a higher risk of contracting Fournier
gangrene; especially for infections caused by community-associated methicillin-resistant
Staphylococcus aureus (MRSA).

Most cases occur in patients aged 30-60 years. When Fournier’s gangrene was first described
by Alfred Fournier, ‘young age and male gender'were identified. The reported age of
patients with the disease has progressively increased in the published data. In 1945, It was
reported an average age of 40.9 years was reporeted; in 1979, Jones reported 51.3 years; Laor
and colleagues reported an average age of 61 years old. In our analysis, we found an almost
identical average of 57.3 years.

In our study, the male subjects composed 25 cases (92.6%) and the mean age of the subjects
was 52.8 years. The age bracket of patients with Fournier’s gangrene has commonly been
found to be between 30 and 60 years. In this study, the mean age was 52.8 years and the
patients with an age of less than 65 years accounted for 70.4 % of all subjects.

Regarding determinants of survival in older FG patients, it is now known that older patients
have a lower survival rate. Clayton et al. statistically found that patients who survived were
younger statistically than those who died of Fournier’s gangrene (52 and 69 years old,
respectively). Yilmazlar et al calculated a threshold age of 60 years in the ROC analysis (area
under ROC curve: 0.709, 95%Cl: 38.5-81.8). Logistic regression analysis identified age as an
independent risk factor for mortality in large patients with Fournier’s gangrene.

3.3 Predisposition to disease

Many predisposing factors have been reported, including systemic disease such as diabetes
mellitus, alcoholism, chronic renal failure, chronic steroid use, malnutrition, HIV infection,
and malignancy in FG. Any condition with decreased cellular immunity may predispose to
the development of Fournier gangrene theoretically.

In our series, the concomitant diseases included diabetes mellitus in 29.6%; liver cirrhosis
and alcoholic liver disease in 14.8% in our study. Diabetes mellitus was the most common
comorbidity associated with FG and was present in 50% (24-72) of patients at the time of
admission. Table 1
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Table 1. Clinical feature and Outcome in patients with Fournier’s gangrene

*Fournier’s gangrene severity index
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Diabetes has always been associated with an increased incidence of FG. Many authors
reported the prevalence of diabetes as 50~73 percent, respectively. The high incidence of
diabetics in FG was explained by the increased propensity to tissue ischemia caused by
small-vessel disease. On the other hand, diabetes is associated with worse outcome and
increased mortality, which could be explained by mutifactorial immunological system
dysfunction, that included decreased phagocytosis ability, neutrophil dysfunction.
Although this association of unfavorable outcome and underlying diabetes has previously
been mentioned, numerous review articles have failed to demonstrate a statistically
significant difference.

One of the 15 nondiabetic patients died; however, the mortality rate among diabetics was
higher (3 of 12 patients, 25 percent).

For pathogenesis, anorectal diseases were the most frequent causes of the infection.

In our retrospective review of 27 consecutive patients treated for FG at a single institution,
factors such as the presence of sepsis, high FGSI and the initial surgical intervention affected
outcome in univariate analyses.

The concomitant diseases of Fournier’s gangrene have been known to include diabetes
mellitus, alcoholism, chronic liver disease, various cancers, and immune suppression.

In this study, diabetes mellitus was found in eight patients; liver cirrhosis and alcoholic liver
disease in four patients; and hypertension in nine patients. Bed ridden status due to
paraplegia was also found in some patients.

3.4 Causative factors

Anorectal, genitourinary, and dermatologic sources are implicated in the pathogenesis of
the disease. Localized infection adjacent to a portal of entry is often the inciting event in the
development of Fournier gangrene. Table 2.

In men, anal intercourse may increase risk of perineal infection, either from blunt trauma to
the area or by spread of anorectal microbes.

In women, septic abortions, hysterectomy, and episiotomy, vulvar or Bartholin gland
abscesses are also documented sources.

Poor perineal hygiene or the presence of chronically indwelling catheters, such as in
paraplegic patients, poses an increased risk in box sex.

Anorectal
Trauma
Ischiorectal, perirectal, or perianal abscesses

Perianal fistulotomy

Anal fissures; colonic perforations
steroid enemas for radiation proctitis
Rectal cancer

Genito urinary
Trauma
Urethral strictures with urinary extravasation
Urethral catheterization or instrumentation, penile implants
Periurethral infection ; chronic urinary tract infections;
Epididymitis or orchitis
Penile artificial implant, Foreign body
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Hemipelvectomy
Cancer invasion to external genitalia
Septic abortion
Bartholin’s duct abscess
Episiotomy
Dermatologic sources
Scrotal furuncle
Genital toilet (scrotum)
Blunt perineal trauma ; intramuscular injections, genital piercings
Perineal or pelvic surgery /Inguinal herniography
Idiopathic; more than 75%
Table 2. Causative Factors in Patients With Fournier’s Gangrene

3.5 Clinical presentation

In general, most patients were reported to visit hospitals due to itching or discomfort of the
external genitals. It was reported to take approximately 5 days from symptom expression to
visiting the hospital. In this study, most patients suffered from perianal/scrotal swelling
and pain as a main symptom. In addition, fever and chill, perianal/scrotal necrosis,
purulent discharge, and voiding difficulty were also accompanied. The mean duration from
the initiation of symptom expression to visiting the hospital was 99.8 hours, i.e. 4-5 days.
When the patients were divided into anorectal and genitourinary groups and the
characteristics of the subject groups were compared, no significant difference except for
fecal diversion was found between the two groups. For anorectal diseases, fecal diversion is
thought to be frequently conducted as wound management was difficult due to fecal
contamination and the surgery site was perianal area.

All patients had at least one of the following early symptoms or signs: perianal or perineal
pain, hyperemia, and fever.

The clinical presentation of the disease starts with a prodromal period of genital discomfort
or pruritus, followed by genital erythema, swelling, crepitation and revealing subcutaneous
gas formation.

Skin overlying the affected region may be normal, erythematous, edematous, cyanotic,
bronzed, indurated, blistered, and/or frankly gangrenous in progression.

However, skin appearance often underestimates the degree of underlying disease. A
feculent odor may be present secondary to infection with anaerobic bacteria. The
gangrenous process will lead to drainage of the affected areas and demarcation between
viable and dead tissue. The extent of the involved area may reach the abdominal wall, axilla,
and thighs.

Crepitus may be present, but its absence does not exclude the presence of Clostridium species
or other gas-producing organisms. Systemic symptoms (eg, fever, tachycardia, and
hypotension) may be present.

In Fournier gangrene, obtain a thorough review of systems, including history of diabetes,
alcohol abuse, cancer, colorectal or urogenital disease or surgery, steroid use, sexual history,
and HIV status.

Sepsis at presentation was found in seven cases (25.9%). The mean duration from the
expression of the symptoms to visiting the hospital was 99 hours.
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3.6 Bacteriology

Both anaerobic and aerobic organisms isolated from wound cultures have been cited as an
important bacteriologic principle in Fournier’s gangrene. Paty and Smith found E. colj,
Bacteroides, and streptococci to be the most common organisms.

Laor et al. determined the most common organisms were E. coli and Streptococcus species,
with Staphylococcus and Enterococcus more commonly isolated than Bacteroides.

The mean microbial number of two was identified in microbial culture tests. Streptococcus.
species was the most common microbial organism, accounting for 48.1%. Enterococcus and
Escherichia Coli were found in 29.6% and 25.9%, respectively in our study. Table 3.

Bacterial organism %

Streptococcus. Species 481
Enterococcus 29.6
Escherichia Coli 259
Unspecified G(+) rods 25.9
Klebsiela pneumoniae 18.5
Unspecified G(-) rods 14.8
Bacteroides species 1.1
Unspecified G(+) cocci 11.1
Coagulase-negative staphylococcus 7.4
Enterobacter species 74
Acinetobacter 3.7
Candida albicans 3.7

Table 3. Causative Bacterial organism of FG

The mean numbers of isolated microorganism per patient was reported to be four, and
Escherichia Coli and Bacteroides were reported to be the most common microbes. In addition,
Proteus, Staphylococcus, Pseudomonas, and Klabsiella were also reported. According to the
results of this study, one to three microbes were identified. Streptococcus species and
Enterococcus were common microbes, and Klebsilla and Bacteroides were also commonly
identified as shown in previous study results.

Wound culture results from our series were similar to prior reported results with
predominantly polymicrobial infections. It reveals a polymicrobial infection with an average
of 4 isolates per case. Streptococcus species is the predominant aerobe, and Bacteroides is the
predominant anaerobe.

Other microflora includes Proteus, Staphylococcus, Enterococcus, aerobic and anaerobic
Streptococcus, Pseudomonas, Klebsiells, and Clostridium. Incidence of methicillin-resistant
Staphylococcus aureus (MRSA) may be increase in being mentioned in literature
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FG has always been considered a surgical emergency. Some articles have so far highlighted
the poor prognosis of FG in patients with a delay in presentation and treatment.

In most studies the course of these patients was characterized by a more advanced disease
necessitating more aggressive debridement with fecal diversion.

There are limitations in the design and interpretation of this study. First, we still have
relatively few cases that were treated during a long period. Second, the retrospective
study, the extent of the disease in terms of surface area and other prognostic variables
were not included.

4. Differential diagnoses

- Balanitis, Epididymitis, Orchitis

- Testicular Torsion

- Hernias, Hydrocele

- Cellulitis, Gas Gangrene and

- Necrotizing Fasciitis

Cellulitis is used to indicate a nonnecrotizing inflammation of the skin and subcutaneous
tissues, a process related to acute infection that does not involve the fascia or muscles.
Cellulitis was classically considered to be an infection without formation of abscess and
without purulent drainage or ulceration.

Gas gangrene, a subset of necrotizing myositis, is an emergent infectious disease. Organisms
in the spore-forming clostridial species, including Clostridium perfringens, Clostridium
septicum, and Clostridium novyi, cause most of the cases. A nonclostridial form is caused by a
mixed infection of aerobic and anaerobic organisms. Disease has rapid onset of myonecrosis
with muscle swelling, severe pain, gas production, and sepsis.

For more than a century, many authors have described soft tissue infections. Their
occurrence has been on the rise because of an increase in immunocompromised patients
with diabetes mellitus, cancer, alcoholism, vascular insufficiencies, organ transplants, HIV,
or neutropenia.

Necrotizing fasciitis can occur after trauma or around foreign bodies in surgical wounds, or
it can be idiopathic, as in scrotal or penile necrotizing fasciitis.

Necrotizing fasciitis has also been referred to as hemolytic streptococcal gangrene, Meleney
ulcer, acute dermal gangrene, hospital gangrene, suppurative fascitis, and synergistic
necrotizing cellulitis. Fournier gangrene is a form of necrotizing fasciitis that is localized to
the scrotum and perineal area.

Necrotizing fasciitis is a progressive, rapidly spreading, inflammatory infection located in
the deep fascia, with secondary necrosis of the subcutaneous tissues. Because of the
presence of gas-forming organisms, subcutaneous air is classically described in necrotizing
fasciitis. The speed of spread is directly proportional to the thickness of the subcutaneous
layer. Necrotizing fasciitis moves along the deep fascial plane, rapidly progress. They
require aggressive treatment to combat the associated high morbidity and mortality.

5. Diagnostic methods

5.1 Laboratory studies
The following studies are indicated in patients Fournier gangrene:
e  CBC with differential count
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e  Electrolytes, BUN, creatinine, blood glucose levels: Acidosis with hyperglycemia or
hypoglycemia may be present. Dehydration occurs as the disease progresses.

¢ ABG sampling to provide a more accurate assessment of acid/base disturbance

¢ Blood and urine cultures

e Disseminated intravascular coagulation (DIC) panel (coagulation studies,
fibrinogen/ fibrin degradation product levels) to find evidence of severe sepsis

e  Cultures of any open wound or abscess

5.2 Imaging studies Fournier gangrene
Diagnosis of Fournier gangrene is primarily is based on clinical findings. Sensitivities and
specificities of different radiologic modalities are not established.

Conventional radiography

Conventional radiography may demonstrate soft-tissue gas collections (manifest as areas of
hyperlucency), even4 before they are clinically apparent. Scrotal tissue edema may be
observed on radiographs. Absence of air on plain films does not exclude the diagnosis.

Ultrasonography

Ultrasonography may reveal other causes of acute scrotal pain, including intratesticular
injury, scrotal cellulitis, epididymoorchitis, testicular torsion, and inguinal hernia.

Gas in the scrotal wall is the "sonographic hallmark" of Fournier gangrene. Air may be
appreciated in perineal and/or perirectal areas. Scrotal wall edema may be seen. Testes and
epididymides are usually normal.

Computerized tomography

Findings include soft-tissue and fascial thickening, fat stranding, and soft-tissue gas
collections. CT scans defines the extent of the disease more specifically. CT scan often
identifies the underlying cause of the infection (eg, perirectal abscess). This modality may
assist in surgical planning,.

MRI

MRI use is not well described in the literature. MRI may define soft-tissue pathology more
distinctly than CT scan but should not delay operative intervention if the diagnosis is highly
suspected.

6. Treatment & management

6.1 Resuscitation & early care

The following treatment is indicated in patients with Fournier gangrene:

o [Initially, aggressive resuscitation in anticipation of surgery - Airway management if
indicated, crystalloid replacement if dehydrated or displaying signs of shock

e Supplemental oxygen, intravenous (IV) access, and continuous cardiac monitoring

Early, broad-spectrum antibiotics are indicated, including the following;:

e Ampicillin/sulbactam

e Ticarcillin/clavulanate

e Piperacillin/tazobactam

¢  Penicillinase-resistant penicillin, aminoglycoside, and metronidazole or clindamycin

o  Coverage for methicillin-resistant Staphylococcus aureus (MRSA), such as vancomycin
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Tetanus prophylaxis is indicated if soft-tissue injury is present.

Irrigation with superoxidized water and packing with gauze soaked with zinc peroxide and
hydrogen peroxide may be helpful.

Surgical consultation is imperative. Immediate urologic, colorectal consultation is
mandatory.

6.2 Medication summary
The goals of pharmacotherapy in Fournier gangrene are to reduce morbidity and to control
the infection.

Antibiotics

Initiate early broad-spectrum antibiotics as soon as possible. Providing coverage for gram-
positive, gram-negative, aerobic, and anaerobic bacteria is essential. Penicillins and beta-
lactamase inhibitors or triple antibiotics are potential choices.

Vancomycin

Ampicillin-sulbactam sodium
Ticarcillin and clavulanate potassium
Piperacillin/tazobactam

Gentamicin

Metronidazole

Clindamycin

6.3 Immunizations

Patients with fatal tetanus associated with Fournier gangrene have been documented in
literatures. Patients with noncurrent tetanus status require immunization in the emergency
department.

Diphtheria and tetanus toxoid (Decavac)

Tetanus toxoid is manufactured by first culturing Clostridium tetani and then detoxifying the
toxin with formaldehyde. This toxoid is commonly combined with diphtheria toxoid, and
both serve to induce production of serum antibodies to toxins produced by the bacteria.

6.4 Surgical management

Aggressive surgical debridement may have a positive effect on survival. Although Clayton
et al. and Laor et al. suggested that the extent of disease was not predictive of outcome,
Spirnak et al. associated the greater mortality rate for patients who underwent more
frequent operations to the presence of a greater extent of the disease. Others found that the
extent of body surface area involved in the necrotizing process was directly related to
mortality.

Surgeon or urologist may order further diagnostic tests in patients with Fournier gangrene,
including cystourethroscopy, retrograde urethrography, sigmoidoscopy, barium enema,
tissue biopsy, and examination under anesthesia.

Urinary and/or fecal diversion (eg, suprapubic catheterization, ileostomy or colostomy)
may be required depending on the source of infection.!!
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If the initial facility does not have the capability to provide operative therapy in a timely
fashion, arrange for transfer once the patient has been stabilized and resuscitative efforts
have begun. Patients often require a multidisciplinary team, including urologist, general
surgeon, and team for intensive care. Transfer to a tertiary facility may be required if these
resources are not available at the initial facility.

Multiple surgical debridements in the operating room may be required to effectively remove
all necrotic tissue. Patients with Fournier gangrene undergo an average of 2-4 operative
procedures during their initial hospitalization. In our study, 17 cases (63%), required
surgical treatments of fecal or urinary diversion. Orchiectomy and/or penectomy are rarely
required.

Reconstructive surgery due to wide wound defects was required in 11 cases (40.7%). The
mean length of stay in hospital was 70.8 days.

Hyperbaric oxygen therapy (HBO) has been used as an adjuvant to surgical and
antimicrobial therapy, especially in patients for whom conventional treatment failed, in
those with documented clostridial involvement, or in those with myonecrosis or deep tissue
involvement. HBO is postulated to reduce systemic toxicity, prevent extension of
necrotizing infection, and inhibit growth of anaerobic bacteria. However, in one series, there
was actually a trend toward increased mortality in patients undergoing HBO therapy.
Decisions regarding hyperbaric therapy must be made on an individual basis and should be
an adjuvant to debridement and antimicrobial therapy.

7. Outcome and prognosis

There is no consensus on which clinical variables predict a poor outcome in FG.
Retrospective studies have implicated increasing age, diabetes mellitus, delay in
presentation / treatment and extent of involvement (BSA, Body Surface area). While BSA
was suggestive of a poor prognosis of all the operative characteristics examined, only lower
extremity or abdominal wall involvement was associated with inpatient mortality.

Previous reports suggest that older, debilitated or bedridden patients with multiple
comorbidities presenting with advanced FG are more likely to have poor outcomes. Factors
associated with an improved prognosis include age younger than 60 years, localized clinical
disease, absence of systemic toxicity, and sterile blood cultures.

Four patients (14.8%) died during the treatment; three patients due to sepsis and one patient
who had scrotal abscess accompanied with incarcerated inguinal hernia died due to renal
failure. However, our results indicate that with, age, comorbidity, use of early aggressive
therapy and time to presentation do not affect prognosis.

For host related factors, the novel scoring system should be validated through other
prospective studies and independent observations and can be applied in clinical practice
The number of patients with FG is significant and the mortality ranges between 15 to 50%,
showing various prognoses. Higher mortality was reported to be seen in the cases of anal
diseases, the elderly, diabetes mellitus, invasion to the abdominal wall and the thigh, higher
FGSI, shock and sepsis at the time of hospitalization, and accompanying hepatic failure and
renal failure.

The FGSI was developed to help clinicians predict outcome in patients with FG. Table 4. A
score of 0-4 is assigned to each of the following parameters: temperature; heart rate;
respiratory rate; serum sodium, potassium, bicarbonate, and creatinine levels; hematocrit;
and WBC count. Its modified scoring system also has been developed, which has been
shown to aid in prognosis. Table 5.
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High Abnormal Values Normal Low Abnormal Values

Phys'iologic' Variables + 3 + + 0 + 2 3 +
/ Point assignment
Temperature (C) [ >41 39-409 — 385- 36384 4 32339 30-319 <299

‘ 38.9 ’ 35.9 ' ' ‘
Heart rate (bpm) >180 140-179 110-139 - 70-109 — 55-69  40-54 <39
Respiratory rate >50 35-49 - 25-34 12-24  10-11  6-9 - <5
Serum potassium >7 669  — 5559 3554 334 2529 — <25

(mmol/L)

Serum sodium

>180 160-179 155-159 150-154 130-149
(mmol/L)

120-129 110-119 <110

Serum creatinine
(mg/100 ml)

(x2 for acute renal
failure)

>35 234 1519 - 0.6-1.4 - <0.6 - -

Hematocrit (%) >60 - 50-59  46-49 30-45 20-29 - <20

White blood count
(91000/ mm3) >40 — 20-399 15-199 3-14.9 - 1-29 - <1
Serum bicarbonate,

(venous) (mmol/L) >52 4151 — 32-40  22-31

18-21  15-17 <15

Table 4. Fournier’s gangrene severity index

Laor et al reported that a FGSI score greater than 9 indicated a 75% probability of mortality
while a score of 9 or less was associated with a 78% probability of survival. This cutoff point
has subsequently been validated in other small retrospective series. However, Tuncel et al of
20 men with FG demonstrated no association between FGSI and mortality, and stated that
specific metabolic parameters (serum albumin and alkaline phosphatase), predisposing
factors and disease extent should be assessed together to predict treatment outcome and
survival.

In our study, the mean FGSI was 9.25 in patients who had died and 4.69 in patients who
survived. Of the factors affecting the mortality, sepsis and FGSI of 9 points or over at the
time of hospitalization were statistically significant. Table 6.

The morbidity of FG has been gradually increasing and its causal diseases and causal
microbes have also varied. For the treatment of Fournier's gangrene, active wound
managements such as early diagnosis, wide excision for necrotic tissue, the proper use of
antimicrobials, and continuous postoperative aseptic dressing are required.
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Variables +4 +3 +2 +1 0 +1 +2 +3 +4
a. Physiological parameters
38.5- 32-
Temperature (C) [ >41  39-40.9 — 36-38.4 34-35.9 30-31.9 <299
38.9 339
Heart rate >180 140-179 110-139 — 70-109 - 55-69 40-54 <39
Respiratory rate >50  35-49 - 25-34  12-24  10-11 6-9 - <5
Serum potassium >7  6-6.9 — 5559 35-54 3-34 2529 — <25
(mmol/L)
Serum sodium 120- 110-
(mmol/L) >180 160-179 155-159 150-154 130-149 - 129 119 <110
Serum creatinine
(mg/100 ml) >35 234 1519 — 614 — <06 —  —
(x2 for acute renal
failure)
Hematocrit (%) >60 - 50-59 46-49 30-45 — 20-29 — <20
White blood count
(91000/mm3) >40 - 20-39.9 15-19.9 3-149 - 1-2.9 - <1
Serum bicarbonate, g, 4y 5 - 32-40  22-31 - 1821 1517 <15

(venous) (mmol/L)

b. Dissemination score

Fournier’s gangrene confined to the urogenital and/or anorectal region, add “1”
Fournier’s gangrene confined to the pelvic region, add 2"

Fournier’s gangrene extending beyond the pelvic region, add “6”

c. Age score

Age 260 years, add 1"

Age <60 years, add “1”

UFGSI = A+B+C
Table 5. The Uludag Fournier’s gangrene severity index Yilmazlar T et al (2007)
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Total Mortality Odds ratio(95%, CI) p
N=27 N=4(%),
Age (years) <65 19 3 (15.8) 0.762 (0.067-8.665) 1.000
265 8 1(12.5)
Duration <48 hours 9 1(11.1) 1.600(0.142-18.000) 1.000
of symptoms >48 hours 18 3(16.7)
Infection source  Anorectal 16 2 (12.5) 1.556 (0.185-13.108) 1.000
Genitourinary 11 2(18.2)
Sepsis Present 7 3 (42.9) 14.250 (1.162-174.801) 0.042
Absent 20 1(5.0)
FGSI* <9 24 2(8.3) 22.000(1.334-362.916) 0.049
>9 3 2 (66.7)
DM or Liver Present 12 3 (25.0) 4.667 (0.418-52.121) 0.294
disease Absent 15 1(6.7)
No of <2 9 3(33.3) 0.118 (0.010-1.359) 0.093
Debridement >2 18 1(5.6)
Diversion Performed 17 2 (11.8) 0.533 (0.063-4.531) 0.613
Not performed 10 2 (20.0
*FGSI, Fourier’s gangrene severity index
Table 6. Prognostic factors for mortality of Fournier’s gangrene Kim KM et al 2010
Survival vs. p References
Nonsurvival (N)
Age (years) 63 vs. 17 0.002 Yilmazlar et al 2010
FGSI(median) <0.001
Extent of the disease (Grade LI, III) <0.001
Need for ICU <0.001
Need for Ventilator <0.001
Length of Hospital stay
(days, median) 0.002
RR 14 vs. 4 0.003 Erol et al 2009
Tempaerature 0.046
Median BSA* 0.018
Charlson Comorbidity Index 0.008
Life expectancy for 10 y (%) 0.008
RR 61vs.7 0.021 Corcoran et al 2008
Serum bicarbonate 0.001
FGSI 0.006
Serum lactate 0.001
Serum calcium 0.032
Time to consult 19vs.6 0.002 Yeniyol et al 2004
BSA 0.0001
FGSI 0.0001
Sepsis 23 vs. 4 0.042 Kim et al 2010
FGSI* <9 vs. >9 0.049

BSA _ body surface area.
Table 7. Prognostic factors for mortality of Fournier’s gangrene
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Aggressive and early surgical débridement continues to be the mainstay of treatment of FG
in most series. It was reported that the number of operative débridements negatively affects
survival, speculating that patients requiring multiple débridements had greater extent of
disease, were less healthy at baseline and had progressed to systemic sepsis despite
aggressive surgical therapy. Factors confounding the significance of the number of
débridement necessary for disease control among survivors include total surface area
involved, variation in the extent of the initial resection and whether the patient is healthy
enough to survive multiple procedures

The result of our study showed that sepsis and FGSI of nine points or over at the time of
hospitalization were statistically significant as factors affecting mortality. The patients
included in the aforementioned criteria could show poor prognoses such as DIC, acute renal
failure, acute renal failure, and multiorgan failure.

If necessary, hyperbaric oxygen therapy can be helpful, and furthermore, reconstruction
surgery may be necessary later.

In this study, FG was investigated in relatively many cases at a single institution compared
to other studies conducted in Korea. Further studies with a larger subject population will be
required.

8. Conclusion

Despite the development of modern intensive care and medical therapy, Fournier’s
gangrene remains a fulminant and life-threatening disease, mortality rates have improved
as a result of advances in surgical and critical care. Early diagnosis and surgical treatment of
Fournier’s gangrene are required.

Comprehensive evaluation of metabolic and physiological parameters, predisposing factors,
and the extent of disease are also essential for early diagnosis and treatment.

There is no current consensus regarding the use of individual patient admission
characteristics or laboratory values as prognostic indicator, sepsis at presentation and lower
extremity /abdominal wall involvement were associated with disease severity and inpatient
mortality in large series.

The FGSI remains a simple method of assessing severity of presentation and predicting
outcome in this complex patient population.

Poor prognoses were seen in the cases of sepsis and FGSI of nine points or over at the time
of hospitalization. Our results support previous findings that a FGSI threshold of 9 is a
sensitive and specific predictor of mortality during initial assessment. Therefore, the careful
observation of vital signs and active treatments are required to treat Fournier’s gangrene.
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Fournier’s Gangrene:
Diagnostic and Therapeutic Considerations

David Kearney
Cork University Hospital
Ireland

1. Introduction

Fournier’s gangrene is a necrotising fasciitis of the genitalia. Jean Alfred Fournier (1832-
1914) was the first French syphilologist, the first professor of cutaneous and syphilitic
diseases at the Paris Faculty of Medicine, and the most prominent European venereologist of
the second half of the 19th century. He first described idiopathic, rapily progressive
necrotizing gangrene of the male genitalia in 1883 and emphasised three characteristics;
abrupt onset of scrotal pain and swelling in a healthy young man, rapid progression to
gangrene, and the absence of a definitive cause (Fournier, 1883). Fournier’s original
description included five otherwise healthy young males with scrotal gangrene and
emphasised the sudden onset and rapid progression of the disease. Over the years several
terms have been applied to Fournier's gangrene including ’streptococcus gangrene’,
‘necrotising fasciitis’, ‘periurethral phlegmon’, ‘phagedena’ and ‘synergistic necrotising
cellulitis’” (Eke, 2000). Although originally described in healthy young men Fournier’s
gangrene is frequently seen in elderly patients as well as children (Woodside, 1980) and
women (Lowthian and Gillard Jr, 1980).

2. Pathophysiology

Initially described as an idiopathic entity, a source of infection can now be identified in the
majority of cases. Perineal and genital skin infections comprise most of the sources
identified but anorectal or urogenital trauma, diverticular disease, pelvic and perineal injury
and pelvic intervetions are other causes of Fournier s gangrene (Thwaini et al., 2006). In a
large case series by Eke the distribution of the source of sepsis was 24% dermatological, 21%
colorectal, 19% urological and unknown in 34% of patients (Eke, 2000). Whilst this condition
does continue to effect healthy young men, the mean age of patients is between 50-65 years
of age. Most patients have associated co-morbidities such as diabetes, alcoholism or HIV
infection (Kuo et al., 2007). Diabetes is reported to be present in 20%-70% of patients with
Fournier’s gangrene (Morpurgo, 2002) and chronic alcoholism in 25%-50% of cases (Clayton
et al., 1990).

The disease is believed to be an obliterative end-arteritis caused by the spread of micro-
organisms. Inflammation and oedema from infection results in an impaired local blood
supply, leading to vascular thrombosis in the cutaneous and subcutaneous tissues. Peri-
fascial dissection with subsequent spread of bacteria and progression to gangrene of the
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overlying tissues ensues (Levenson et al.,, 2008). The rate of fascial necrosis has been
estimated to be as high as 3 cm per hour making early diagnosis crucial (Safioleas et al.,
2006). The subcutaneous infection with oedema and inflammation in an enclosed space
impairs the blood supply and the resulting hypoxia permits the growth of facultative and
obligatory anaerobes. These anaerobic micro-organisms produce hydrogen and nitrogen
that accumulate in subcutaneous tissues resulting in crepitus (Hejase et al., 1996). The
presence of subcutaneous emphysema signifies anaerobic conditions in the affected area
(Wolach et al., 1989). Deeper infection that extends below the facial layers to involve
myonecrosis not generally thought to be a feature of classical Fournier’s gangrene, although
it has been described (Rye et al., 1987).

Testicular involvement is rare in Fournier’s gangrene because of the separate blood supply
to the testes (Gupta et al., 2007). In a retrospective review of 29 patients over a 13-year
period Baskin et al. reported that only three patients underwent orchidectomy due to
testicular gangrene (Baskin et al., 1990). Ayan et al reviewed 41 cases of Fournier’s gangrene
and found that a bilateral orchidectomy was performed in 4 patients and a unilateral
orchidectomy was performed in 5 patients (Ayan et al., 2005). In his large review of 1726
patients Eke suggested that when testicular involvement does occur it indicates a
retroperitoneal or intra-abdominal source of infection (Eke, 2000). Penis involvement is also
rare and the corpora are usually spared while the skin sloughs off. Thrombosis of the corpus
spongiosum and cavernosum has, however, been reported (Campos and Martos, 1990).

3. Bacteriology

There have been many types of bacteriological culture encountered in Fournier’s gangrene,
both single strain and polymicrobial culture. In their experience of 38 patients Hejase et al
found that 90% of the patients grew polymicrobial flora, including gram-positive and gram-
negative rods and gram-positive cocci. The main strains grown were Staphylococcus aureus,
B-hemolytic Streptococcus, Pseudomonas sp., E. coli and Klebsiella sp. (Hejase et al., 1996).
In 5% of their cases no growth was reported. Korkut et al had a 64% positive culture rate of
the 36 patients in their case series who had cultures sent during their initial debridement,
and the leading mircro-organism was Escherichia coli (Korkut et al., 2003). In their review of
70 patients with Fournier’s gangrene Ersay et al found that the most frequent bacterial
organisms cultured from the wounds were Escherichia coli (40.0%), Bacteroides spp.
(38.6%), Streptococcus spp. (37.1%), Enterococcus spp. (27.1%), Staphylococcus spp. (25.7%),
Pseudomonas spp. (24.3%), Klebsiella pneumoniae (20.0%), and Proteus spp. (18.6%). The
bacterial organisms cultured from wound however were not independent predictors of
outcome (Ersay et al., 2007). Kuo et al cutured a variety of oganisms in their series of 44
patients in northern Taiwan (Kuo et al., 2007). These were cultured from necrotic tissue or
pus during surgery or at the bedside. Only 1 organism was identified in 13 patients whilst
culture results in 28 patients demonstrated polymicrobial infection. In 3 patients wound
cultures were negative. The most commonly isolated organisms from wound were
Escherichia coli in 26 patients, Bacteroides fragilis in 17 patients, Klebsiella pneumoniae in
16 patients, Enterococcus spp. in 14 patients and Proteus mirabilis in 10 patients. Similar to
the case series by Ersay et al, mortality was not related to the specific isolated organism. In
their review of 43 reconstructive patients Ferreira et al had a positive culture from 35 of the
43 patients, with 29 (82.9%) of these being polymicrobial (Ferreira et al., 2007). The most
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common orgaisms isolated were Staphylococcus aureus (21 patients), Escherichia coli and
Pseudomonas aeruginosa (11).

In their review article on Fornier’s gangrene Thwaini et al state that “cultures from the
wounds commonly show polymicrobial infections by aerobes and anaerobes, which include
coliforms, klebsiella, streptococci, staphylococci, Clostridia, Bacteroides and Cornybacteria.
On average, at least three organisms are cultured from each diagnosed patient” (Thwaini et
al., 2006). Along with the above organisms mentioned there have been cases reported of
Fournier’s gangrene caused by unusual organisms such as Clostridium perfrinogens
(Korhonen et al., 1998) and Clostridium tetani (Omotoso, 1990).

4. Clinical

The clinical features of Fournier’s gangrene include sudden pain in the scrotum, prostration,
pallor and pyrexia. At first only the scrotum is involved, but if unchecked, the cellulitis
spreads until the entire scrotal coverings slough, leaving the testes exposed but healthy
(Russell et al., 2000). The presentation may also be insidious as opposed to the classical
sudden onset presentation. One overwhelming feature of the presentation is the strong
‘repulsive, fetid odour’ that is associated with the condition (Randall, 1920). Patients can
present with varying signs and symptoms including fever greater than 38°C, scrotal
swelling and erythema, purulence or wound discharge, crepitation or fluctulance (Ozden
Yeniyol et al, 2004). In their case series Ferreira et al found that the most common
presentations were scrotal swelling, fever and pain. The mean interval between initial
symptoms and arrival at the hospital was 5.1 + 3.1 days. Scrotal involvement was found in
93.3% of cases, the penis was involved in 46.5% of cases, and the perineum or peri-anal
region was involved in 37.2% of cases (Ferreira et al., 2007). Ersay et al found that the most
common presentation was peri-anal/scrotal pain (78.6%) followed by tachycardia (61.4%),
purulent discharge from the perineum (60%), crepitus (54.3%) and fever (41.4%) (Ersay et
al., 2007). Crepitus of the inflamed tissue is a common feature of the disease due to the
presence of gas forming organisms. As the subcutaneous inflammation worsens, necrotic
patches start appearing over the overlying skin and progress to extensive necrosis (Laucks
2nd, 1994). The spread if infection is along the facial planes and is usually limited by the
attachment of the Colles’ fascia in the perineum (Thwaini et al., 2006). Infection can spread
to involve the scrotum, peinis and can spread up the anterior abdominal wall, up to the
clavicle (Saijo et al., 1990). As mentioned previously testicular involvement is rare in
Fournier’s gangrene because of the separate blood supply to the testes, although it can occur
and result in unilateral or bilateral orchidectomy.

5. Differential diagnosis

Although the diagnosis of Fournier’s gangrene is usually obvious due to the gangrene,
patients may present at an earlier stage with an acutely swollen tender scrotum. Differential
diagnoses in this scenario include intra-testicular injuries such as fracture and haematoma,
extra-testicular injuries including haematomas or hematoceles, torsion of the spermatic cord,
haemmorhage and necrosis of a testicular tumour, strangulated scrotal hernia, and
inflammatory disease (Begley et al., 1988). Aside from the rare abscess or granulomatous
infection the majority of inflammatory diseases affecting the scrotum are epididymitis and
epididymo-orchitis.
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6. Investigations

The diagnosis of Fournier's gangrene is primarily clinical. Imaging modalities may be
helpful in those where the presentation is atypical or when there is concern regarding the
true extent of the disease (Thwaini et al., 2006). Ultrasound has been shown to be effective in
demonstrating specific features of Fournier’s gangrene, although CT has greater specificity
for evaluating the disease. Unlike other conditions that cause acute scrotal pain, in
Fournier’s gangrene the scrotal contents- the testes and epididymides- are normal, and no
masses or other abnormal structures are present. Instead the ultrasound characteristics of
Fournier’s gangrene include marked thickening of scrotal skin and, most significantly, air in
the subcutaneous tissues. If the patient has more advanced disease, the skin thickening and
subcutaneous air can be traced from the scrotum with ultrasound to demonstrate it’s full
extent (Begley et al., 1988). Because the majority of cases of Fournier’s gangrene are not
primary and are secondary to other conditions described earlier (e.g. diverticulitis), CT
plays an important role in the diagnosis as well as the evaluation of disease extent for
appropriate surgical treatment. In their review of the role of imaging in Fournier’s gangrene,
Levenson et al describe the CT features seen in the disease: “The CT features on Fournier’s
gangrene include soft-tissue thickening and inflammation. CT can demonstrate asymmetric
fascial thickening, any co-existing fluid collection or abscess, fat stranding around involved
structures, and subcutaneous emphysema secondary to gas-forming bacteria. The
subcutaneous emphysema in Fournier’s gangrene dissects along fascial planes and can
extend from the scrotum and perineum to the inguinal regions, thighs, abdominal wall, and
retroperitoneum. The underlying cause of Fournier’s gangrene, such as perianal abscess, a
fistulous tract, or an intra-abdominal or retroperitoneal infection process may also be
demonstrated on CT. In cases caused by colonic perforation, not only does CT demonstrate
extraluminal foci of air, but extravasation of enteric contrast material may also be seen”
(Levenson et al.,, 2008). Features of Fournier's gangrene can also be seen on plain
radiography with hyperlucencies representing soft-tissue gas seen overlying the scrotum or
perineum. Subcutaneous emphysema may also be seen within the soft tissues. Deep fascial
gas is rarely seen at plain film radiography, which represents a significant weakness of this
modality in the diagnosis and evaluation of Fournier’s gangrene (Wysoki et al., 1997).
Routine blood investigations should be sent including a FBC, urea & electrolytes, C-Reactive
Protein (CRP), glucose, and Arterial Blood Gas (ABG). The LRINEC (Laboratory Risk
Indicator for Necrotizing Fasciitis) is a robust laboratory measurement score capable of
determining even clinically early cases of necrotizing fasciitis (Wong et al., 2004). Using
logistic regression analysis of independent variables from 89 cases of necrotizing fasciitis 6
factors were identified to be independent predictors. A summary table of these variables is
shown below in Table 1.

Of the cohort of 89 patients only 13 (14.6%) patients had a diagnosis or suspicion of
necrotizing fasciitis on admission. A majority were therefore missed, resulting in delayed
operative debridement. In contrast, 80 (89.9%) of these patients had a LRINEC score of >6.
According to Wong et al the biochemical and hematologic changes in necrotizing fasciitis
develop early in the evolution of the disease and the LRINEC score can stratify patients into
high and moderate risk categories even when the clinical picture is still equivocal.

Laor et al determined outcome predition on 30 patients with Fournier's gangrene and
proposed a Fourner’s gangrene severity index (Laor et al., 1995). Admission laboratory
parameters that were statistically related to outcome included hematocrit, blood urea
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Variable, Units Score
C-Reactive Protein, mg/L
<150 0
>150 4
Total white cell count, per mm3
<15 0
15-25 1
>25 2
Haemoglobin, g/dL
>13.5 0
11-135 1
<11 2
Sodium, mmol/L
>135 0
<135 2
Creatanine, umol/L
<141 0
>141 2
Glucose, mmol/L
<10 0
>10 1

Table 1. Summary of the Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) score.
A LRINEC score of >6 should raise the suspicion of necrotizing fasciitis among patients with

severe soft tissue infections, and a score 28 is strongly predictive of this disease (Wong et al.,
2004).

nitrogen, calcium, albumin, alkaline phospatase and cholesterol levels. White blood count,
platelets, potassium, bicorbonate, blood urea nitrogen, total protein, albumen and lactic
dehydrogenise levels one week following hospitalization were also associated with
outcome. These levels combined with the acute physiology and chronic health evaluation II
severity score was used to create the Fournier’s gangrene severity index. The authors found
that using a threshold of 9 on the severity index there was a 75% probability of death with a
score greater than 9, while a score less than 9 was associated with a 78% probability of
survival (p=0.008).

7. Treatment

The cornerstones of treatment of Fournier’s gangrene are urgent surgical debridement of all
necrotic tissue as well as high doses of broad-spectrum antibiotics. Urgent resuscitation with
fluids as well as blood transfusions may be needed. Empirical broad spectrum antibiotics
should be initiated regardless of the Gram-stain and culture results, and the antibiotics
chosen should cover streptococci, staphylococci, gram-negative Coliforms, Pseudomonas,
Bacteroides and Clostridia (Laucks II, 1994). Early surgical debridement is the primary aim
of treatment and if delayed will have a negative impact on prognosis (Elliott et al., 2000).
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The goal of surgery is to excise all non-viable tissue until well-perfused viable tissue is
reached. The subcutaneous disease may be more extensive than the cutaneous involvement
and more radial debridement may need to be undertaken than originally planned pre-
operatively. Care must be taken not to open up deeper fascial planes that were not originally
involved. Depending on the original foci of the disease, urinary or faecal diversion may be
necessary. Multiple debridements of necrotic tissue are the rule rather than the exception.
As mentioned previously, orchidectomy is a rare but sometimes necessary eventuality of
extensive Fournier’s gangrene.

Once the infection has subsided the scrotum has traditionally been left to heal by secondary
intention as it has been noted to possess a remarkable ability to regenerate and heal
(Thomas, 1956). The use of skin grafts and flaps are common to provide coverings of
debrided tissue. In their review of 43 reconstructive cases Ferreira et al performed surgical
debridement of scrotal, penile, and perineal necrosis along with other involved areas in all
patients, including seven patients who required debridement twice, and one patient who
required debridement three times (Ferreira et al., 2007). All patients received delayed
surgical reconstruction after the appearance of healthy granulation tissue at the base of the
wound. The mean time between the last debridement performed and the first reconstruction
was 37.4 days. In total, 61 reconstructive procedures were performed in the 43 patients with
up to four operations being performed on each patient. The superomedial thigh flap was
performed for scrotum reconstruction in 26 patients. Split-thickness skin grafts were the
major solution for covering penile skin losses. In four patients with urethral stricture, tubed
urethroplasty was performed using free full-thickness skin grafts. Mean hospital stay was
73.6 £42.5 days.

Along with the increased use of skin flaps & grafts to cover bare areas after surgical
debridement, the use of vacuum-assisted closure (VAC) has increased in popularity and
aided the healing process in patients with Fournier’s gangrene. In their case series of 35
patients with Fournier’s gangrene who received surgical debridement of necrotic areas,
Czymek et al compared patients who were treated with conventional dressings to those who
received VAC dressings over an 11 year period (Czymek et al., 2009). In the conventional
dressings group, patients had their dressings changed once per day until the wounds were
clean and healthy and local wounds could be closed with meshed grafts or flaps. In the VAC
therapy group the VAC dressing was initiated 3-5 days after primary debridement.
Continuous negative pressure of 75 mmHg was applied to the wounds and the VAC was
changed every 48 hours. Similar to the conventional dressing group, the VAC therapy was
continued until the wounds were healthy and clean and could be closed with meshed grafts
or advancement flaps. Although the VAC therapy group was associated with significantly
longer hospitalization is was also associated with lower mortality. Although the authors
state that their study does not demonstrate that VAC dressings are superior to conventional
dressings in terms of length of stay or clinical outcome, they state that “experience has
shown that vacuum dressings are clinically effective and successfully used in the
management of large wounds”. It is important to note that although this study did compare
two groups it was not randomized, although the authors do address this point by correctly
stating that it would be practically impossible to perform a randomized controlled trial on
this group of patients because of the rarity of Fournier’s gangrene.
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8. Complications

The complications of Fournier’s gangrene can include single or multi-organ failure, as well
as large scrotal, peri-anal, penile and abdominal wall skin defects. As mentioned previously,
Fournier’s gangrene may involve the testes, and single or bilateral orchidectomy may need
to be performed. The penis may need to be partially or completely amputated in cases of
severe gangrene (Schneider et al., 1986). Fournier’s gangrene may be the presenting feature
of diabetes mellitus, and may be associated with keto-acidosis (Slater et al., 1982). Long-term
pain is not uncommon in Fournier’s gangrene and 50% of patients can be expected to be free
of pain. The sexual function may be impaired by penile deviation or penile torsion as well as
loss of sensitivity to the penile skin or pain during erection (Ferreira et al., 2007). Infertility is
rare after Fournier’s gangrene, but has been reported (Baskin et al., 1990).

9. Conclusion

Fournier’s gangrene is a rare necrotising fasciitis of the genitalia originally described in
healthy young men. Recent evidence has shown that a cause for the condition can be
identified in most patients and today’s cohort are unlikely to be healthy young men but
elderly patients with co-morbid conditions such as diabetes, immunosuppression or
alcoholism. The most common sources of infection are perineal and genital skin infections,
although other factors have been implicated in the aetiology of the disease such as pelvic or
perineal injury, pelvic interventions and colorectal diseases such as neoplasia or
diverticulitis. As outlined above, Fournier’s gangrene demonstrates a wide variety of clinical
presentations from slow insidious progression of scrotal swelling and pain over weeks to a
rapid and fulminant onset within hours. Patients with full-blown Fournier’s gangrene
usually have pronounced systemic signs such as tachycardia, tachypnoea, fever and
possibly altered mental state. Although a wide variety of bacteria have been implicated in
the disease (and the disease is frequently polymicrobial) the most common organisms
isolated are Staphylococcus aureus, f-haemolytic Streptococcus, Pseudomonas sp., E. coli,
Enterococcus and Bacteroides. The spread of infection is along fascial planes and is usually
rapid so prompt medical and surgical therapy is mandatory. The mainstay of treatment is
early recognition of the disease, prompt resuscitation with intravenous fluids and oxygen
therapy, broad-spectrum high dose intravenous antibiotics, and urgent surgical
debridement of affected areas. If there is any doubt about the diagnosis of the condition,
radiology may be helpful in identifying gas forming organisms or areas of necrosis, and CT
has been shown to be particularly helpful in this regard, as well as demonstrating accurately
the extent of the disease, and the underlying cause. Due to their separate blood supply the
testes are usually spared in Fournier’s gangrene and wide areas of skin necrosis may involve
debridement of the scrotum, penis, thighs and anterior abdominal wall. Frequently more
than one surgical debridement is necessary as a ‘second look” at 24-48 hours reveals further
areas of necrosis. Once the patient has been stabilised and there is evidence of granulation
tissue forming in the debrided areas further treatment can now be instigated. Skin grafting,
local and fee flaps have all been used with success in covering areas of debridement after
Fournier’s gangrene. Recently, VAC (Vaccum Assisted Closure) therapy has been used with
promising results in Fournier’s gangrene after debridement.
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Although early series reported high mortality rates for Fournier’s gangrene at around 80%
(Stephens et al., 1993) more recent studies have shown an improvement with lower rates of
mortality of generally less than 40% (Morpurgo, 2002, Thwaini et al., 2006). Long-term
complications of this disease are not uncommon. Pain, sexual dysfunction, incontinence,
scarring, and infertility have all been reported.
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Features and Pronostic Analysis of 35 Cases

Slim Jarboui, Ayoub Zoghlami and Dorsaf Othmani
University of medicine - Tunis
Tunisia

1. Introduction

Perineal gangrene is a cellulo-fasciitis secondary to a polymicrobial infection whose
evolving is rapidly changing and unpredictable. Its prognosis is poor in spite of an
appropriate therapeutic management. We have analyzed retrospectively 35 consecutive
cases of perineal gangrene treated in the “A” surgical department of Charles Nicolle
hospital (Tunisia). Our aim was to describe the clinical and therapeutic features and to
analyze the prognostic factors that may influence the postoperative course.

2. Methods

Our retrospective study analysed 35 consecutive cases of perineal gangrene treated in the
“A” surgical department of Charles Nicolle hospital (Tunisia) between 1997 and 2004. All
the cases of perineal gangrene were included whatever the gateway: proctologic, urogenital,
post-traumatic or postoperative. Gangrene that did not reach the perineum and perianal
suppuration without cellulitis nor myonecrosis mentioned on the operative report were
excluded. For each patient we studied age, sex, medical history, risk factors, etiology,
diagnosis delay, topography, extent of lesions, clinical severity signs, results of laboratory
workup and morphological examination. The therapeutic armamentarium consisted of
intensive care including the correction of hypovolemia and electrolyte disorders, antibiotic
therapy against anaerobic bacteria, gram-negative bacilli and gram-positive cocci, and
surgical treatment consisting of iterative excisions, drainage, dressing change in the
operating room and stomas if necessary.

The simplified severity index in its second version (SSI II) and the Fournier gangrene
severity index score (FGSIS) were calculated from clinical and biological parameters in order
to assess the severity of the initial clinical syndrome and to include these scores in a
prognostic analysis. A univariate analysis using SPSS 11.5 was performed to search for
prognostic factors that could influence mortality. Then we tried, through a multivariate
analysis to identify independent risk factors with a significance level of 0.05.

3. Results

Between 1997 and 2004, 35 patients with perineal gangrene were supported in the “A”
surgical department of Charles Nicolle hospital. The average age was 50.3 (+ 14.1), there
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were 25 men and 10 women. 23 patients had diabetes, 10 had hypertension. Regarding the
etiology, 18 (51.4%) had perianal suppurations, 9 (25.7%) had abscesses of the buttock, and 5
had a urogenital infection. Time before diagnosis ranged from 3 to 30 days with an average
of 12.71 (+ 8.37) days. Among the initial symptoms, perineal pain was found in 30 patients
(85.7%), pyrexia was found in 31 patients (88.6%). One patient had initial shock (case n°4).
Bacterial gas production was revealed by subcutaneous crackling found in 3 patients (8.6%)
(Cases n°2, 4 and 22), or by signs in the radiography found in one case (case n°2).
Leukocytosis (white blood cell count >10 000/ mm3) was found in 29 patients (82.9%). The
anatomic lesions consisted in cellulitis and myonecrosis in 34.2% cases. The extent of
cellulitis and myonecrosis are represented in figures 1 and 2. All the patients had an almost-
standardized treatment protocol consisting in 3 main measures: intensive care, antibiotic
therapy and surgery. Intensive care comprised volume expansion, oxygen therapy and
correction of metabolic and electrolytic disorders. Transurethral catheterization was
performed in 7 patients while 3 patients had suprapubic catheterization. Antibiotic therapy
was introduced since the admission. It was a tentative therapy covering anaerobic bacteria,
gram-negative bacilli and gram-positive-cocci. The combination penicillin-gentamicin-
metronidazole was prescribed in 88.5% cases. Ofloxacin was used when patients were
allergic to beta-lactam antibiotics. None of our patients had hyperbaric oxygen therapy.
Surgery was performed under general anaesthesia and comprised wide cutaneous,
subcutaneous and muscle excisions up to healthy limits. Washing with hydrogen peroxide
was always used. Wounds were left widely opened and corrugated drainage sets were used
in the subcutaneous and muscle detachments. 30 patients (85.7% cases) had iterative
excisions under general anaesthesia. The number of excisions ranged from 1 to 11 with an
average of 3.2 #29. 2 patients had lateral colosigmoidostomy because of a huge
circumferential decay of the anal canal and the rectum (cases n°3 and 16). Postoperative
mortality affected 6 patients (17.1%). The average age of deceased patients was 54.
Characteristics of these patients are summarized in table I. Deaths were secondary to septic
shock in 4 patients. Decompensation of a previous disease led to death in 2 cases. Death
occurred between day 1 and day 39 after surgery. Length of stay ranged from 2 to 64 days
with an average of 15.31 days +13.29.

The postoperative course was complicated in 9 patients (25.7%) secondary to
decompensation of previous diseases (table I). Restoration of continuity was performed in 2
patients (cases n°3 and 16) within respectively 9 and 13 months with no additional
morbidity. One case of anal incontinence was noted as a postoperative sequela (case n°8).
No urogenital sequelae were observed. The univariate analysis (table II) showed that
mortality was significantly influenced by the spread of cellulitis, the presence of
myonecrosis, the occurrence of septic shock, the postoperative need for mechanical
ventilation and severity scores (SSI II and FGSIS). The multivariate study did not identify
any independent factor of mortality.

4. Discussion

Perineal gangrene is a rare and serious complaint that poses a nosological problem leading
to varied terminology: Meleney syndrome, synergistic necrotizing cellulitis, necrotizing
fasciitis, clostridial gas gangrene and Fournier’s disease [1,2]. It's defined as a necrotizing
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Diagnostic SSI Nug;bel‘ Postoperative
Case Age Sex Etiology delay I FGSIS iterative course
(days) excisions

1 63 F Anal suppuration 10 28 4 2 decompensation

2 29 M Anal suppuration 9 19 5 10 uneventful

3 65 F Bartholinitis 21 45 17 5 decease

4 43 M Anal suppuration 7 59 13 0 decease

5 60 M Abscess of buttock 30 20 1 4 uneventful

6 30 M  Scrotal infection 15 11 3 5 uneventful

7 67 M Analsuppuration 10 38 9 1 decease

8 54 M Anal suppuration 17 21 4 1 uneventful

9 49 M Analsuppuration 23 15 3 0 decompensation

10 36 M Abscess of buttock 7 11 4 4 uneventful

11 66 M Analsuppuration 10 20 1 7 decompensation

12 45 F Anal suppuration 15 18 4 1 uneventful

13 48 F lynllgi‘;iiﬁiﬁs 30 38 13 2 decease

14 51 M Bedsores 30 33 7 0 decease

15 57 M Abscess of buttock 7 15 4 2 uneventful

16 22 M Post-trauma 13 15 9 11 uneventful

17 77 M Anal suppuration 7 44 0 0 uneventful

18 52 F Bartholinitis 7 21 2 2 decompensation
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Diagnostic SSI Nu:)r;ber Postoperative
Case Age Sex Etiology delay I FGSIS iterative course
(days) excisions

19 61 M Analsuppuration 10 26 3 1 uneventful
20 47 M Anal suppuration 7 18 3 2 decompensation
21 76 M Abscess of buttock 21 4 0 2 uneventful
22 43 M Analsuppuration 3 18 2 2 decompensation
23 63 M Analsuppuration 7 20 1 1 uneventful
24 29 F Abscess of buttock 30 33 7 3 uneventful
25 57 F Bartholinitis 8 18 7 2 decompensation
26 25 F Analsuppuration 7 14 5 3 uneventful
27 50 M Analsuppuration 24 15 1 1 uneventful
28 58 F Analsuppuration 15 21 5 1 uneventful
29 26 M Analsuppuration 6 10 11 1 uneventful
30 55 M Abscess of buttock 6 20 5 6 uneventful

31 41 M Abscess of buttock 6 16 0 0 uneventful
32 53 M Abscess of buttock 7 18 4 1 decompensation
33 61 F Analsuppuration 15 26 5 1 uneventful
34 52 M Scrotal infection 5 15 0 1 uneventful
35 50 M Abscess of buttock 5 18 4 10 decease

SSI II: simplified severity index in its second version; FGSIS: Fournier gangrene severity score index

Table 1. Characteristics of studied cases



Perineal Gangrene: Clinical and Therapeutic Features and Pronostic Analysis of 35 Cases

30

25

20

15

10

5
0 H B -

localized to the extended tothe tothe lumbar to the chest wall
perineum roots of the limbs and/or
abdominal wall

W number of cases

Fig. 1. Extent of cellulitis

25
20
15
10
5

absent localized to the extended to the extended to the

perineum gluteal muscle adductors and/or

flanks

B number of cases

Fig. 2. Extent of myonecrosis




34 Gangrene — Current Concepts and Management Options

cellulo-fasciitis of perineum and external genitalia. This disease can occur at any age but
predominates between 40 and 50. In our series, the average age was 50.3 with predominance
in males (71.4%). Apart from diabetes that seems to be the main predisposing condition,
other risk factors are involved such as advanced age, alcoholism, immunosuppression and
neoplastic diseases [1,2]. Regarding etiologies, the anorectal origin seemed to be the more
frequent one: 37% according to Brunet [2] and 42% according to Al Mejjad [3]. This rate rises
up to 62.8% in our study. Anorectal origin included fistulas, anal fissures, abscesses of anal
margin, sexual injuries, and rectal cancer. Urogenital origin comes in the second place and
may consist in a pelvi-perineal trauma, a urethral stricture, or an epididymo-testicular
abscess. In our series, only 2 patients had perineal scrotal gangrene because, in most cases,
patients are supported in the urology department. Suppurative digestive diseases such as
sigmoid diverticulitis, dermatological or iatrogenic origin may be involved. In 5 to 35%
cases, gangrene seemed to be primary or idiopathic, without any obvious etiology because
of delayed diagnosis or lack of investigation.

Regarding pathophysiology, infection diffuses from the gateway, through the fascia and the
cellular spaces to the abdomen, the groin areas, the loins and the thorax. Bacterial growth
leads to microvasculitis which leads to healing of the capillary flow causing
microthrombosis and necrosis. The extensive cellulo-fasciitis is due to two main facts. On
the one hand, the loose texture of fatty tissues facilitates the spread of infection; on the other
hand, the perineum is a real anatomical crossroads which communicates with the
ischiorectal fossa, the gluteal region, the iliac fossa, the lumbar wall and the anterior
abdominal wall. Regarding bacteriology, perineal gangrene is in most cases secondary to a
polymicrobial infection involving anaerobic bacteria, gram-negative bacilli and gram-
positive cocci. It's considered as a typical model of bacterial synergy [1, 2]. Indeed, aerobic
bacteria consume oxygen and create an environment conducive to the growth of anaerobic
bacteria. The most frequently isolated germs are: Escherichia coli, Bacteroides fragilis,
streptococcus, staphylococcus, Pseudomonas and Clostridium. Sometimes, fungi are
involved [4]. These pathogenic organisms are not always isolated. Clinically, the diagnosis is
often delayed many days or even weeks in most series including ours (about 13 days on
average). It's actually a factor correlated to a poorer prognosis and to a locally advanced
disease with erythema, edema, cellulitis, myonecrosis, and general signs of infection such as
chills, pyrexia and even septic shock. Crackling is pathognomonic but not mandatory. It was
found in 3 patients in our series, 13/31 in El Mejjad’s [3]. Imaging may be useful but should
not delay the therapeutic management. Radiography can show aeric clarities in the
subcutaneous tissues. Ultrasonography shows infiltrated tissues with hyper echoic areas [5,
6]. Computed tomography precises the starting point of the gangrene and assesses its extent
in order to adapt surgery [1, 3]. In our series, only one patient had a radiography that
showed aeric clarities in the wall. The other patients were examined at an advanced stage
thus all additional tests would have been superfluous. Perineal gangrene is a therapeutic
emergency. It necessitates a fast and sometimes highly aggressive management. This
management comprises [1, 2, 7, 8] intensive care. Antibiotic therapy is systematically
introduced and it's based on a broad-spectrum combination against gram-negative, gram-
positive and anaerobic germs. It's secondarily adapted to the antibiogram. The more
prescribed combination is beta lactam-aminoglycoside-metronidazole (88% in our study).
Surgery consists of debridement and excision of damaged tissues up to healthy margins. We
advocate, as for most authors, a highly aggressive surgical debridement since the very first
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operation, even at the expense of a wide tissue sacrifice. Some authors recommend a more
conservative management [9-11]. According to Brunet [2, 8], this open surgery should not
leave any focus of infection which could act as a starting point to septic outbreaks. He
recommends also a systematic exploration of the ischiorectal fossa. Colostomy is mandatory
for some authors [2, 8], optional for others. It's indicated for severe perineal gangrene or
when the gateway is proctologic [3, 9]. Colostomy avoids fecal contamination of the wound
and facilitates local care and healing. It has two requirements: the colonic segment excluded
should be as short as possible, and avoid externalizing the stoma in an area reached by
gangrene. In our series, colostomy was performed twice. Despite its benefits described
above, it didn’t seem to influence the post-operative course for our patients. For Brunet’s
team, colostomy is systematically performed on the right transverse colon. No additional
morbidity is reported when continuity is restored. It should be performed only once the
wound heals and after making sure of the continence of the anal sphincter. Iterative
excisions in the operating room are quite often necessary, in addition to the initial excision.
Transurethral or suprapubic catheterization may be necessary when the gateway is
urological but can expose to the diffusion of infection to the bladder and to the upper
urinary tract [1]. In our series, 3 patients had suprapubic catheterization and 6 had
transurethral catheterization. In the perineal gangrene, testicles and erectile bodies are
generally spared. Necrosis of the testicles imposes an orchiectomy and a laparotomy in
search of the cause of thrombosis of spermatic vessels [9]. Some clinical studies have shown
that Vacuum dressing is particularly effective in the management of large wounds. This was
associated with longer hospitalization and lower mortality [12].

Once the systemic septic risk controlled and the wound healed, procedures of secondary
covering can be performed using cutaneous, fasciocutaneous and musculocutaneous flaps
or approximation suture [1, 13]. Regarding prognosis, perineal gangrene is a serious disease
whose mortality ranges from 20 to 50%. This mortality is worsened by delayed therapeutic
management, previous debilitating diseases and septic shock. Prognostic factors do vary
from a series to another. In ours, the univariate analysis identified many factors which could
influence mortality such as the extent of cellulitis, the presence of myonecrosis, the
occurrence of a septic shock, the postoperative need for mechanical ventilation and severity
scores (SSI II and FGSIS). Diagnosis delay did not seem to be a prognostic factor: 11.8 days
for survivors versus 17.2 days for deceased (p=0.15). In other series, advanced age [9],
diagnostic and therapeutic delay [2, 3], the extent of myonecrosis [2], FGSIS [10, 11] and SSI
II [2], positive culture for streptococcus [1] have been identified as factors correlated to a
poor prognosis.

5. Conclusion

Perineal gangrene is an uncommon but life threatening condition with high associated
mortality and morbidity. Early diagnosis and aggressive surgical debridement are the main
treatment.
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1. Introduction

Fournier’s gangrene (FG) is an acute, rapidly progressive and potentially fatal, infective
necrotizing fasciitis affecting the external genitalia, perineal or perianal regions!. The
definition of FG changed more often than the treatment over the years. Professor Jean-
Alfred Fournier (1832-1914), first defined FG as an “acute idiopathic gangrene of the scrotum
in the young male2. The frequent isolation of causative organisms led to the first
modification. Observation that the elderly with certain co-morbidities are more often
affected along with reports in women went a long way in modifying the description of FG3.
FG is a disease of antiquity. King Herod of Judea was suspected to have suffered from
genital gangrene in association with diabetes mellitus ¢. Over the decades, FG has proved to
be an enigma to the physician and an embarrassment to the patient. In 1764, Baurienne
originally described an idiopathic, rapidly progressive soft-tissue necrotizing process that
led to gangrene of the male genitalia. However, Jean-Alfred Fournier, a Parisian
venereologist, is more commonly associated with this disease, which bears his name. In one
of Fournier’s clinical lectures in 1883, he presented a case of perineal gangrene in an
otherwise healthy young man5. Since Fournier’s description, subsequent experience has
shown that, in most cases, Fournier gangrene has an identifiable cause and that it frequently
manifests more indolently. Trauma to the genitalia continues to be a frequently recognized
vector for the introduction of bacteria that initiate the infectious process®. The disease carries
a significant mortality. The mortality from FG has shown no correlation with advancement
in medical services. An unpublished report indicates a paradoxically higher mortality rate in
developed countries compared to developing ones.

2. Epidemiology

Fournier’s gangrene is relatively uncommon. The true incidence of the disease is unknown.
However, the incidence appears to be rising. In a retrospective study of cases reported in the
English literature from 1950-1999, 1726 cases were documentedt. A continuing study on
Fournier’s gangrene, yet to be published, revealed 1571 cases from 2000 to 2007. This rise
may partly be attributed to the exploitation of the internet to disseminate information?. Most
reported cases occur in patients aged 30-60 years. A literature review found only 56
paediatric cases, with 66% of those in infants younger than 3 months.

Earlier reports excluded women, probably because Fournier’s original report, from which
the disease got its eponym, excluded women and children. The male-to-female ratio is
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approximately 10:1. Lower incidence in females may not be unrelated to better drainage of
the perineal region through vaginal secretions. Male homosexuals may be at higher risk,
especially to drug resistant strains?.

3. Relevant anatomy

The corpora, urethra, testes, and cord structures are usually not involved in Fournier’s
gangrene, while the superficial and deep fascia and the skin are destroyed. The complex
anatomy of the male external genitalia influences the initiation and progression of
Fournier’s gangrene. This infectious process involves the superficial and deep fascial planes
of the genitalia. As the microorganisms responsible for the infection multiply, infection
spreads along the anatomical fascial planes, often sparing the deep muscular structures and,
to variable degrees, the overlying skin. The knowledge of the peculiar anatomy of the male
lower urinary tract and external genitalia is critical for the clinician treating a man with
Fournier’s gangrene.

Fig. 1. Fascial arrangement of the scrotum and perineum?

Colles’ fascia completely envelops the scrotum and penis, continuiting cephalad to the level
of the clavicles. In the inguinal region, this fascial layer is known as Scarpa’s fascia.
Understanding the tendency of necrotizing fasciitis to spread along fascial planes and the
fascial anatomy, one can see how a process that initiates in the perineum can spread to the
abdominal wall, the flank, and even the chest wall.
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4. Skin and superficial fascia

Because Fournier’s gangrene is predominantly an infectious process of the superficial and
deep fascial planes, appreciating the anatomic relationship of the skin and subcutaneous
structures of the perineum and abdominal wall is vital.

The skin cephalad to the inguinal ligament is backed by Camper’s fascia, which is a layer of
fat-containing tissue of varying thickness and the superficial vessels to the skin that run
through it. Scarpa’s fascia forms another distinct layer deep to Camper fascia. In the
perineum, Scarpa’s fascia blends into Colles’ fascia (superficial perineal fascia), and
continuous with Dartos fascia of the penis and scrotum.

Several important anatomic relationships should be considered. A potential space between
the Scarpa’s fascia and the deep fascia of the anterior wall (external abdominal oblique)
allows for the extension of a perineal infection into the anterior abdominal wall. Superiorly,
Scarpa’s and Camper’s fasciae coalesce and attach to the clavicles, ultimately limiting the
cephalad extension of an infection that may have originated in the perineum. Colles’s fascia
is attached to the pubic arch and the base of the perineal membrane, and it is continuous
with the superficial Dartos fascia of the scrotal wall. The perineal membrane is also known
as the inferior fascia of the urogenital diaphragm and, together with Colles” fascia, defines
the superficial perineal space.

This space contains the membranous urethra, bulbar urethra, and bulbourethral glands. In
addition, this space is adjacent to the anterior anal wall and ischiorectal fossae. Infectious
disease of the male urethra, bulbourethral glands, perineal structures, or rectum can drain
into the superficial perineal space and can extend into the scrotum or into the anterior
abdominal wall up to the level of the clavicles.

5. Blood supply

Branches from the inferior epigastric and deep circumflex iliac arteries supply the lower
aspect of the anterior abdominal wall. Branches of the external and internal pudendal
arteries supply the scrotal wall. With the exception of the internal pudendal artery, each of
these vessels travels within Camper’s fascia and can therefore become thrombosed in the
pathogenesis of Fournier gangrene.

In the male, the testis receives its blood supply primarily from the testicular artery, a branch
of the abdominal aorta. This explains the sparing of the testis in Fournier’s gangrene.
Thrombosis jeopardizes the viability of the skin of the scrotum and perineum. Often, the
posterior aspect of the scrotal wall supplied by the internal pudendal artery remains viable
and can be used in the reconstruction following resolution of the infection.

6. Penis and scrotum

The contents of the scrotum, namely the testes, epididymides and cord structures, are
invested by several fascial layers distinct from the Dartos fascia of the scrotal wall.

The most superficial layer of the testis and cord is the external spermatic fascia, which is
continuous with the external oblique aponeurosis of the superficial inguinal ring . The next
deeper layer is the internal spermatic fascia, which is continuous with the transversalis
fascia. The Buck fascia covers the erectile bodies of the penis, the corpora cavernosa, and the
anterior urethra. The Buck fascia fuses to the dense tunica albuginea of the corpora
cavernosa, deep in the pelvis. These fascial layers do not become involved with an infection
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of the superficial perineal space and can limit the depth of tissue destruction in a necrotizing
infection of the genitalia.

7. Aetiology

Although originally described as idiopathic gangrene of the genitalia, Fournier gangrene
has an identifiable cause in approximately 95% of cases. The necrotizing process commonly
originates from an infection in the anorectum, urogenital tract, or skin of the genitalia 10.
Trauma, recent surgery, and the presence of foreign bodies may also lead to the disease.
Perianal, perirectal and ischiorectal abscesses, anal fissures; colonic perforations, urethral
strictures with urinary extravasations; epididymoorchitis or hidradenitis may lead to the
disease. Urethral instrumentation, prosthetic penile implants, superficial soft-tissue injuries,
intramuscular injections, genital piercings, steroid enemas (used for the treatment of
radiation proctitis), blunt thoracic trauma, and penile self-injection with cocaine have been
reported in the literature as causative factors.

In women, septic abortions, vulva or Bartholin gland abscesses, hysterectomy, and
episiotomy are documented sources of sepsis. In men, anal intercourse may increase risk of
perineal infection, either from blunt trauma to the area or by spread of rectally carried
microbes.

In children, strangulated inguinal hernia, circumcision, omphalitis, insect bites, trauma,
urethral instrumentation, peri-rectal abscesses, systemic infections, and burns have led to
the disease.

Poor perineal hygiene or the presence of chronically indwelling catheters, such as in
paraplegic patients, poses an increased risk.

Wound cultures from patients with Fournier gangrene reveal that it is a polymicrobial
infection with an average of four isolates per case. Escherichia coli is the predominant aerobe,
and Bacteroides species the predominant anaerobe. Other common microflora includes
Proteus, Staphylococcus, Enterococcus, aerobic and anaerobic Streptococcus, Pseudomonas,
Klebsiella, and Clostridium. Incidence of methicillin-resistant Staphylococcus aureus (MRSA)
may be increasing 7.

Any condition that leads to depressed cellular immunity may predispose a patient to the
development of Fournier gangrene. Examples include the following: diabetes mellitus
(present in as many as 60% of cases), alcoholism, extremes of age, malignancy, chronic
steroid use, cytotoxic drugs, lymphoproliferative diseases, malnutrition and HIV infection.

8. Pathophysiology

The following are pathognomonic findings of Fournier gangrene upon pathologic
evaluation of the involved tissue:

Necrosis of the superficial and deep fascial planes,

Fibrinoid coagulation of the nutrient arterioles,

Polymorphonuclear cell infiltration and

Microorganisms identified within the involved tissues

In necrotizing fasciitis as opposed to cellulitis, the location of the inflammation involves the
subcutaneous fat, fascia, and muscle in addition to the dermis. A photomicrograph may
show the presence of ulcerated epidermis and the presence of thrombosed blood vessel
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Fig. 2. Ulcerated epidermis and dermis with thrombosed blood vessel and bacterial colonies

Infection represents an imbalance between host immunity and the virulence of the causative
microorganisms. The aetiologic factors allow the portal of entry of the microorganism into
the perineum. The compromised immunity provides a favourable environment to initiate
the infection, and the virulence of the microorganism promotes the rapid spread of the
disease. Microorganism virulence results from the production of toxins or enzymes that
create an environment conducive to rapid microbial multiplication 11. In a 1924 series of
Chinese men with necrotizing infections, Meleney reported that streptococcal species were
the predominant organisms recovered from cultures 12. Meleney attributed the FG to this
sole genus. Subsequent clinical series however stress the polymicrobial nature of most cases
of necrotizing infection including Fournier’s gangrene 1314,

Presently, recovering only streptococcal spp is unusual 15. Rather, streptococcal organisms
are culture along with as many as five other organisms- The commonest causative organisms
are Streptococcus spp, Staphylococcus spp., Genera of Enterobacteriaceae family, anaerobic
organisms and fungi.

Most authorities believe the polymicrobial nature of Fournier gangrene is necessary to
create the synergy of enzyme production that promotes rapid multiplication and spread of
the infection 11. For example, one microorganism might produce the enzymes necessary to
cause coagulation of the nutrient vessels. Thrombosis of these nutrient vessels reduces local
blood supply. Thus, tissue oxygen tension falls. The resultant tissue hypoxia allows growth
of facultative anaerobes and microaerophilic organisms. These latter microorganisms, in
turn, may produce enzymes (e.g., lecithinase, collagenase ), which lead to digestion of fascial
barriers, thus fueling the rapid extension of the infection.

The fascial necrosis and digestion are hallmarks of FG. Knowledge of this provides the
surgeon with a clinical marker of the extent of tissue affectation. Severe or fulminant
Fournier’s gangrene can spread from the fascial envelopment of the genitalia throughout the
perineum, along the trunk, occasionally, into the thighs and very rarely, to the chest.
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9. Clinical presentation

A thorough review of systems, including history of diabetes, alcohol abuse, cancer,
colorectal or urogenital disease or surgery, steroid use, sexual history, and HIV status is
important. Fournier’s gangrene usually begins with an insidious onset of pruritus and
discomfort of the external genitalia. Early in the course of the disease, pain may be out of
proportion to physical findings. Swelling and erythema of the region follow pain, and a
patient may complain of systemic symptoms such as fever or chills. As gangrene develops,
pain may subside as nerve tissue becomes necrotic.

Skin overlying the affected region may be normal, erythematous, edematous, cyanotic,
bronzed, indurated, blistered, and/or frankly gangrenous. Skin appearance often
underestimates the degree of underlying disease. A faeculent odor may be present
secondary to infection with anaerobic bacteria. Crepitus may be present, but its absence
does not exclude the presence of Clostridium species or other gas-producing organisms.
Systemic symptoms (e.g. fever, tachycardia, and hypotension) may be present. A thorough
genital and perianal examination is required to detect potential portal of entry.

i v

Fig. 3. Fournier’s gangrene of the scrotum

10. Investigations

The diagnosis of Fournier's gangrene is clinical and includes the history and physical
examination findings, especially the anatomical involvement in the external genitalia and
perineum. Urinalysis and blood sugar measurements give evidence of metabolic
derangements such as diabetes mellitus. Considering that FG is a urological emergency,
treatment should not be delayed for these investigative tools. Other investigations are
essential to identify co-morbid factors as well as causative factors. Appropriate
bacteriological evaluation of pus from the gangrene, full blood count, renal and hepatic
function studies are essential. Diagnostic investigations, which may also help to determine
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Fig. 4. Fournier’s gangrene of scrotum following orchidectomy for prostate cancer. (Note
fungal infection of perineal skin)

Fig. 5. Fournier’s gangrene of scrotum in a young man
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Fig. 6. Debridement for Fournier’s gangrene showing healthy testes

the extent of the disease employ radiological tools such as ultra-sound scan (USS),
computerised tomographic (CT) scan and magnetic resonance imaging (MRI) 16. The
hallmark in all imaging modalities is the demonstration of air in the soft tissue planes 17.
These tools may be employed when they are available. Histopathology assessment has been
reported by authors but describes pathological consequences of the disease. Marjolin’s ulcer
has been reported to arise from the scar of a FG many years after successful treatment 1819,
Follow up and biopsy when indicated are necessary.

Some investigations are necessary to identify the source of sepsis in FG. Thus, there may be
need for cystoscopy, colonoscopy and biopsies 20.

11. Treatment

The treatment of FG depends on the status of the patient at presentation. Immediate
treatment following diagnosis or suspicion includes resuscitative measures such as
rehydration, blood transfusion, electrolyte replacements, multiple therapy antimicrobial
agents, Oxygen and adequate analgesia 21.

Triple antimicrobial therapy is started empirically to cover aerobes and anaerobes as well as
gram-negative and gram-positive organisms pending the result of microbial microscopy,
culture and sensitivity from pus and or blood specimens. The organisms invariably cultured
from FG include staphylococci and streptococci, coliforms, pseudomonas, bacteroides and
clostridia 22. Penicillin is used to cover streptococci while metronidazole is given against
anaerobes such as bacteroides. A broad spectrum antimicrobial agent, preferably the
cephalosporins combined with gentamicin is used against gram negative organisms such as
the coliforms.

Sepsis leading to multiple organ failure is thought to be the leading cause of death in
Fournier’s gangrene 23-25,

Some authors!02 have doubted whether antimicrobial agents are responsible for the
reduction in mortality.
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The use of unprocessed honey has been advocated by clinicians reporting good outcome
2728 Honey inhibits bacterial growth due to its low pH, high viscosity, the hygroscopic effect
and presence of inhibine and anti-oxidants 2°.

Hyperbaric oxygen (HBO) was used in the erroneous belief that the crepitus in FG was of
clostridial aetiology 3. The efficacy of hyperbaric oxygen is applicable in clostridial and
nonclostridial infections 3031. HBO increases the oxygen tension in tissues to a level that is
inhibitory and lethal to anaerobic bacteria, while limiting necrosis and enhancing
demarcation of gangrene 30-33. However in a review of 42 patients with FG and in whom half
were given HBO and another half not given, there was a higher mortality among the HBO
patients 34. This had been observed 10 years earlier 35.

Adequate nutrition is an essential part of treatment of FG. Enteral feeding is preferred to
parenteral feeding.

Patients with co-morbid or predisposing factors need these factors controlled. In one study,
the authors concluded that diabetes control was an important prognostic measure 3¢.
Surgical treatment is the cornerstone of the treatment of FG. A mortality of 100% has been
recorded in patients with necrotizing fascitis treated without surgery 243738 Surgical
treatment includes excision of all necrotic tissues. This may be repeated as necrosis is
observed.

Orchidectomy may be required for testicular gangrene, a rare complication of FG. It has also
been done when there was not enough scrotum to house the testis.

Reconstruction may be required to restore function and cosmetic appearance. Procedures
that have been carried out vary from secondary closure of well granulated wound to flap
procedures to create a neo-scrotum. The testis may be buried in inner aspect of thighs or
inguinal regions temporarily, to prevent desiccation until the wound becomes clean.

In a report of FG in 10 women, the authors concluded that colostomy was an integral part of
the management of FG patients requiring extensive debridement 3°.

Urinary diversion via a suprapubic cystostomy is indicated in FG of the penis.

The consensus appears to be that the use of catheterization or colostomy should be
pragmatic and should be decided on individual merit 2837,

12. Complications

An uncomplicated Fournier’s gangrene is one which is localized and resolves with the basic
treatments of debridement, dressings and antimicrobial agents.

Morbidity includes variable periods of hospitalization with its attendant problems such as
deep vein thrombosis and pulmonary embolism.

Complicated FG is found in those patients with systemic involvement including renal,
pulmonary and cardiac derangements. Complicated FG may require urgent and vigorous
resuscitation in the intensive care unit and reconstructive procedures. Specific complications
include auto-amputation of the penis 2, fatal overwhelming sepsis, tetanus 4 and Marjolin’s
ulcer long after the wound has healed 41. The testis may become gangrenous from FG in
which sepsis has originated from the retroperitoneal space or the abdomen 4243, Scrotal skin
loss may be severe not to accommodate the testis. Orchidectomy has been done for this
reason 4445, Infertilty is a rare complication of Fournier’s gangrene 4.

13. Treatment outcome

Although more patients survive from FG than die from it, the mortality in FG remains high
ranging from 3 to 45% 2847, In a review of 1726 cases from 1950 to 1999 worldwide, reported
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in the English literature, the mortality rate was 16 per cent 6. In a subsequent unpublished
study of 3297 cases of FG from 1950 to 2007, the mortality rate rose to 21.1%. This is in spite
of advances in technology and medical practice. It was paradoxically observed in both
studies the mortality was higher in the advanced countries of America, Canada and Europe
than in the underdeveloped countries.

Factors associated with high mortality include an anorectal source, advanced age, diabetes
mellitus, extensive disease (involving abdominal wall or thighs), shock or sepsis at
presentation, renal failure, and hepatic dysfunction 5. Death usually results from systemic
illnesses, such as sepsis, coagulopathy, diabetic ketoacidosis, acute renal failure or multiple
organ failure.

14. Prognosis

Many factors impact on the prognosis in FG. Early presentation in good functional status
together with adequate and prompt treatment lead to a good outcome. Co-morbid factors
include older age, poorly controlled diabetes mellitus 2448, and colorectal source of infection.
Locally involved FG is associated with reduced mortality. Involvement extending beyond
5% of the body surface area portends a poor prognosis 4°. There is currently no consensus on
the use of indices for predicting mortality. However, if there has been lower limb or
abdominal wall involvement there is a noticeable increase in mortality rate.

There have been efforts to assess the risk of death in the disease. Laor et al. developed the
Fournier’s Gangrene Severity Index (FGSI) for prognostication in order to assist physicians
in predicting mortality probability in FG. A severity index above 9 indicates a 75% mortality
probability while under 9 indicates a 78% survival probability 50.

Other efforts to assess the risk of death in the disease have been reported 4651. Villanueva
Saenz et al 2002 52 employed APACHE II and found that patients with scores of 20 or more
had a higher mortality than those with a lower score. The addition of platelet count and BSA
to the variables to modify Laor’s FGSIS has been claimed to improve the predictive value of
FGSIS 72,
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1. Introduction

There is a consensus to consider Founier's Gangrene a form of necrotizing fascitis that
typically starts in the perineal region, but can involves to genital, perianal or surroundings
structures. Although is typically described in men, it can also affect women and, very rarely,
children.

A synergistic infective process is allways present triggering to thrombosis of the
subcutaneous blood vessels, developing a gangrene of the skin and later of deeper nearby
tissues. Local edema and specially hypoxia affects local blood supply. This situation offers
an ideal medium for growth to aerobic and anaerobic bacteria, and sometimes causing
typical crepitation.

The local process is associated with severe systemic manifestations usually related to
endotoxin liberation Rapidly dispersion of the infection may cause the death of the patient
up to 45% of cases.

2. Historical considerations

In 1883, Jean Alfred Founier described a scrotal necrotizing fasciitis in five youngs males
previously sane. In the initial Fournier’s description, the illness was considered idiopatic.
However, in 1764 Bauriene reported a case of scrotal gangrene, witch is considered to be the
fisrt case published in medical literature, although the origin of the case was not idiopathic
but due to injury by ox horn. (Medina Polo et al., 2009)

In the past, some authors advocated that the eponym Fournier should be reserved for the
idiophatic cases of perineal gangrene, and use the term secondary necrotizing fasciitis to the
cases with a proven etiology. In fact this classification is not used in the present (Eke, 2000)
The american surgeon Frank L. Meleney described in 1924 for the first time the importance
of extensive debridement of the necrotic tissues to achieve better results. The term Meleney's
gangrene is associated with a synergistic gangrene that affects the skin and subcutaneous
tissues, but not the deep fascia except in advanced cases, and always stars as a necrotic ulcer
(Meleney, 1924) Other historical terms applied to Forunerir's Gangrene include periurethral
phlegmon, phagedema or synergistic necrotizing cellulitis.
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3. Aethilogy

3.1 Anatomical origin

Far from being idiopathic, the origin of the process can be located in one of these three sites:
Lost of cutaneous barrier of perineal skin, urinary tract or intestinal tract. Recent studies
conclude that only in a small percentage of the cases is not possible to determine the origin
of the sepsis. The importance of the sources are variable according to the authors. Possibly
the urogenital origin is the most important of all, followed by the anorectal and the
cuteneous in the last position.

3.1.1 Urogenital origin

Any surgery or non-surgical procedure on the urogenital territory like vasectomy, urethral
catheterization, penile prosthetic implants, prostate biopsies and others could be the
gateway of the germs.

Accidental local traumatism are described to be origin of the sepsis.

Also any local infection as epididymitis, chronic urinary tract infection or predisposing
factors as neurogenic bladder could be the etiology of the disease.

Urethral stricture is one of the main predisposing factor, with incidence ranging up to 31%.
In theory, urethral stricture may lead to urethral diverticula and its eventual rupture could
induce urine extravasation. In these situation, the leak of contaminaded urine is the origin of
Founier’s gangrene. (Hakan Yanar et al, 2006)

In women, additional causes of Fournier gangrene have included septic abortion,
episiotomy, and hysterectomy, but in case of genital gangrene the physician always has to
look for a vulvar Bartholin’s abscess as responsible of the process up to 24% of cases. (Eke,
2000)

3.1.2 Anorectal origin

Hidden perianal abscess is certainly the main cause of gangrene in this region. Other
reasons like colorectal surgical procedures, have also been described. The most referrals are
haemorroidal interventions, carcinoma of the colon and rectum and diverticulits

Traumatic local wounds or anal intercourse appear to be possible aethiologic factors (Smith
et al., 1998)

3.1.3 Cutaneous origin

From the original description of the ox horn penetrating wound of Bauriene in the XVIII
century, any possible traumatism in the perineal region are described as origin of the septic
process. Animal or human bites, burns, piercings, injections are only an example of possible
causes.

3.1.4 Idiophatic origin

As I has been stated above, currently idiopathic origin is a lower percentage of cases. More
extensive cultures with better conditions of collection and grown, make possible to identify
in most cases the germ responsible and indirectly the anatomical origin.

In some series neither the identification of the causative organism nor localizing the source
to genitourinary or colorectal origin was associated with high mortality. (Corcoran et al.,
2008)
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3.2 Involved organism

These organism are usual commensals of perineal skin and genital organs, and include
Clostridia, Klebsiella, Streptococci, Coliforms, Staphylococci, Bacteriodes and
Corynebacteria. Characteristically in Founier's Gangrene exists synergism between
theoretically low aggressive bacteries alone.

In this situation of synergism, one bacterium produces a nutrient for another, witch
produces leucocidal toxin. This toxin then protects both organism from phagocytosis.
Similarly, the aerobic bacteria consume the oxygen present in tissues that benefits the
growth of anaerobic. (Eke, 2000)

3.2.1 Most frequent isolation in cultures

The most commonly isolated aerobic microorganism are Escherichia coli, Klebsiella
pneumoniae and Staphylococcus aureus. The most commonly isolated anaerobic
microorganism is Bacteriodes fragilis. (Patty et al., 1992) Actually both aerobes and
anaerobes are present in the tissues but anaerobes are less frequent isolated because these
samples are more difficult to preserve. In some series, a mean of four different organisms is
cultured from each patient. (Addison et al. 1984 )

Gram Positive Gram negative
Staphylococcus aureus Escherichia coli
Enterecoccus species Pseudomona aeruginosa
Streptococcus species Proteus

Acinetobacter

Klebsiella species

Enterobacter species

Bacteriodes

Table 1. Isolation from tissue cultures. Shown in order of detection (Yanar et al., 2006)

While aerobic bacteria often cause platelet aggregation, anaerobes are able to produce
heparinase. Both organism tend to activate intravascular clotting. These effects are
fundamental to the onset of vascular thrombosis and dermal gangrene.

Microorganisms causing gangrene also release a variety of proteins that have the capacity to
destroy tissue directly.

Gram negative bacteria such as E. coli, Proteus and Klebsiella are known to produce
lipopolysaccaride endotoxin also implicated in thrombosis of small vessels. Streptococci and
Staphylo segregate hyaluronidase driving to to connective tissue necrosis. Some anaerobic
organism also produce hydrogen and nitrogen which accumulate in the tissues causing
crepitus.

Thus a destructive infection results from a combination of relatively nonpathogenic bacteria.
Patient’s immunosuppression could in most cases worse the processes. (Smith et al., 1998)

4. Predisposing factors

The common denominator in all these patients is impaired host resistance from reduced
cellular immunity



52 Gangrene — Current Concepts and Management Options

4.1 Age and sex

Although the description of Fournier’s Gangrene is done in young patients and males, it is
increasingly evident that the disease affects elderly people and women also. In most studies
the ratio between males and female is 10:1 (Eke, 2000)

The usual form of presentation is men between 50 and 70 years, with one or more
predisposing factors. From early studies in the mid-twentieth century, the average age likely
to present the clinical picture has been increasing. In 1945 the average age was 40.9 years
and currently ranges between 50 and 70 years.

At present as opposed to what was believed at the time of Fournier, it is accepted that
children may be affected by the disease. (Montoya et al., 2009). More than fifty cases have
been reporded until today. Due to the usual absence of predisposing factors in children
some reports have indicated a better prognosis in this patients. Debridement in this cases
need to be radical too. In the pediatric literature there is description of healing with limited
excision of scrotal afection. (Ameh et al., 2004)

4.2 Diabetes mellitus

It is considered the most frequent predisposing factor. Presence of Diabetes mellitus has
been reported as 39%-64% of patients with Fournier’s Gangrene in different reviews
Hyperglycemia has been found to have detrimental effects on cellular immunity.
Theoretically, decreased phagocytic activity and neutrophil dysfunction typically presented
in diabetic patients could be associated with more progressive fatal outcome. Although
numerous review articles have failed to demonstrate this item. (Korkut et al., 2003)

4.3 Chronic alcoholism
Chronic alcoholism is the second predisposing factor, according to some authors. In others
publications, is considered the most prevalent factor (Smith et al., 1998)

4.4 Other factors

Exists a large number of factors that can be associated with the disease. Liver diseases,
Malignancy, Obesity, HIV, leukemia, are just one example of diseases, all with some degree
of alteration of the immune system

5. Clinical presentation

5.1 Symptoms and physical findings. Pain as most common presentation. Keys for
clinical suspicion

The most common presentation was perianal or scrotal pain.

Systemic signs and symptoms are often associated to systemic inflammatory response
syndrome (SIRS). Any patient suffering from gangrene could present fever, tachycardia,
leucocytosis or tachypnea, We consider severe sepsis if there is dysfunction of one organ,
hypotension or hypoperfusion.

In early stages, patients often have systemic symptoms of sepsis which appear
disproportionate to appearance of the perineal-scrotal skin. (Smith et al., 1998)

Besides pain, other local symptoms are swelling,, purulent discharge from the perineum or
crepitus. (Ersay et al., 2007)

It is very important to consider the strict control of all patients with perianal pain and no
external lesion detected, because it could be the initial phase of the disease. The velocity of
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fascial necrosis has been noted to be as 2-3 cm per hour, making early diagnosis
crucial(Safioleas et al., 2006)

In contrast to the typical scrotal involvement, testicular involvement is rare. The blood
supply to the scrotum comes from the pudendal arteries, while testicular artery is a direct
branch from aorta. When testicular involvement occurs, it indicates a possible intra-
abdominal source of infection.

Crepitus in gangrenous tissues gives the false impression of clostridial infection.
Nevertheless, the gas-gangrene organism Clostridium perfringens, has occasionally been
isolated.

Gas production was demonstrated by the finding of crepitus (cellulitis crackling) may be
due to the presence of this anaerobic microorganisms or facultative anaerobes like
Escherichia coli.

Cellulitis

Strangulated hernia

Scrotal abscess

Herpes simplex

Gonococcal infections

Pyoderma Gangrenosum

Vasculitis

Local traumatism

Table 2. Main differential diagnosis of Fournier’s Gangrene. (Smith et al., 1998)

The importance of recognizing patients who have vasculitis or pyoderma gangrenosum is
that optimal treatment of these diseases is the opposite of Fournier’s Gangrene., because
they need high doses of corticosteroids.

In summary the key to diagnosis is the presence of pain in perineal region and rapid local
changes associated with systemic symptoms, that often seems in many cases excessive in
relation to the initial findings.

5.2 Laboratory findings

In a large retroscpective study of 68 patients, Corcoran et al. described significant
differences between non survivors and survivals in admission laboratory parameters such
as high serum Creatinine, lactate and calcium or low bicarbonate. Increased calcium in
serum may be due to renal failure, bacteriemia or use of parenteral nutrition. (Corcoran et
al., 2008)

Clayton et al reported that BUN level (UREA) >50 mg/dL was statistically significant for
mortality among the parameters.

Creatinine, hematocrit, hemoglobin and alkaline phosphatase levels correladed with a
worse prognosis in non survival group.
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Some studies have demonstrated that admission hypomagnesaemia is associated with high
mortality in critical ill patients. Reduced intestinal absorption, increased urinay losses or
intracellular shift are possible reasons of this action. Monitoring serum magnesium levels in
patients with Fournier’s Gangrene might have prognostic and therapeutic implications and
is used today in specialized groups. (Erol at al., 2010)

5.3 Severity Index. FGSI

In a study published by Laor et al. was described for the first time a Fournier’s gangrene
severity index (FGSI) along the lines of the Acute Physiologiy and Chronic Health
Evaluation score (APACHE II). They identified several prognostic factors associated with a
worse prognosis.

The FGSI score were calculated twice, at the time of admission and at the time of discharge
or death.

Physwloglcal Normal
variable
+4 +3 +2 +1 0 +1 +2 +3 +4
38.5- 34- 32-
Temperature | >41 >39 389 36-38.4 359 | 33.9 <319 | <299
140- | 110- 55-
Heart rate >180 179 139 70-109 69 40-54 | <39
Respiratory 35- 10-
rate >50 49 25-34 | 12-24 1 6-9 <5
160- | 155- | 150- 120- | 111-
Na 7180 1479|159 | 154 | 130149 129 | 119 | <HO
5.5- 2.5-
K+ >7 6-6.9 59 3.5-5.4 3-3.4 29 <25
.. 1.5-
Creatinine >3.5 2-34 19 0.6-14 <0.6
. 50- 46- 20-
Hematocrit >60 599 | 499 30-45.9 29.9 <20
20- 15-
Leucocytes >40 399 | 199 3-14.9 1-2.9 <1
. 41- 32- 18- 15-
Bicarbonate >52 519 409 22-31.9 219 | 179 <15

Table 3. Fournier’s Gangrene Severity Index
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In the FGSI score, nine parameters were calculated, temperature, heart rate, respiratory rate,
serum sodium, potassium,. Creatinine, bicarbonate levels, hematocrite and leukocyte. The
degree of derivation from normal is graded from 0 to 4. The individual values are summed
to obtain the FGSI score. (Laor et al., 1995)

Results published in the articles shows that a score >9 has 75% of death and patients with a
score <9 were associated with 78% of survival.

Other series of patients analyzed with the same score shows FGSI >10.5 is associated with
96% of death and <10.5 96% of survival. (Kabay et al. 2008)

Other medical groups use Chalson Comorbidity Index (useful not only in case of Founier’s
Gangrene ). It was calculated using 17 weighted indicators of coexisting conditions. A high
score in Chalson Comorbidity Index is associated with a high mortality. (Erol et al., 2010)

5.4 Pathways of disease spread

Perineal anatomy and its fascial planes could be compared with. two triangles: the anal
triangle and the urogenital triangle The anal triangle is posterior to the line that crosses the
ischial tuberosities, instead the urogenital triangle is anterior to this line. Infection arising
from the anal triangle can spread along the

Colles fascia and progress anteriorly along the Dartos fascia to involve the scrotum and
penis. It can also pass superiorly to involve the anterior abdominal wall.

Buttocks and thighs may be affected if the infection goes beyond the barrier of Colles fascia.
Infection originating from the urogenital triangle, can initially involve the ventral aspect of
the penis. If infection is not initially treated it may progress as I wrote before. (Levenson et
al., 2008 )

5.5 Radiological explorations. Role of X-ray exploration

Although the diagnosis of Fournier gangrene is most commonly made clinically, CT can be
used in doubtful cases or to assess the extent of involvement.

Presence of collections, subcutaneous emphysema and its extent, including retroperitoneal
extension, are well evaluated at CT. Actually, CT has greater specificity for evaluating
disease extent than does any other radiological exploration or physical examination

In early Fournier gangrene, CT can show small bubbles in the subcutaneous tissues, that has
not yet been detected by physical examination.

Post treatment follow-up CT could be used to determine improvement or worsening of
disease and schedule additional surgery interventions

In any case, a radiological exploration is not a justification for surgical delay if the clinical
suspicion is present.

Ultrasonography is also useful in differential diagnosis with others entities as presence of
gas gangrene from inguinoscrotal incarcerated hernia;

Soft-tissue air is also more obvious at US than at radiography. In ultrasonography evidence
of gas within the scrotal wall may be seen prior to clinical crepitus (Levenson et al., 2008 )

6. Treatment

6.1 Medical treatment

6.1.1 Prompt resuscitation of the patient. Fluid therapy

In the first phase of the disease is essential to maintain the patient's hemodynamic stability,
providing fluid therapy with crystalloids. Some groups also managed these septic patients
with colloids like albumin that seems to improve haemodynamics.
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If necessary, begin with vasoactive drugs in the emergency room.

6.1.2 Broad spectrum antibiotics coverage

Antibiotic treatment alone will not cure in any case this disease.

Recommendations of published guidelines are based on low levels of scientific evidence,
hence the difficulty to agree on a single therapeutic strategy.

Empiric broad-spectrum antibiotic thereapy should be instituted as soon as possible, until
the culture results could make adjusted the therapy

The antibiotic regimen chosen must have a high degree of effectiveness against sthylococcal
and streptococcal bacteria, gram-negative, coliforms, pseudomona, bacteroides and
clostridium. (Laucks, 1994) Classically Triple therapy is usually recommended. Third
generation cefhalosporins or aminoglycosides, plus penicillin and metronidazole.
Sometimes if we doubt of the possible origin of the sepsis and a streptococcal toxic
syndrome could cause the clinical symptoms, we should associated clindamycin and
penicillin to the antibiotic therapy

The reason is that clindamycin in vitro studies demonstrated both toxin suppression and
modulation of cytokine production (Stevens et al., 2005)

Clindamycine always should be administrated in association, because is described a high
percentage of resistances of Bacteroides.

6.1.3 New antibiotics strategies

New clinical guidelines currently recommend the use of Carbapenems (Imipenem,
meropenem, ertapenem) or piperaziline-tazobactam.

Tigecycline is a macrolid related antibiotic that could be a good alternative in penicilline
allergies patients

These therapies have good antibacterial spectrum, a large volume of distribution and lower
renal toxicity compared with the aminoglycoside.

This new trend suggest that classically triple therapy could be replaced in certain
circunstances for the use of new generation antibiotics.(Jimeno et al., 2010)

If there are risk factors for colonization by resistant bacteria (previous hospital admission,
prior prolonged antibiotic treatment, institutionalization), we recommended adding therapy
to linezolid or Daptomicine (Stevens et al., 2005)

6.2 Fournier’s Gangrene: A surgical emergency

6.2.1 Radical surgical debridement. Early aggressive treatment that saves lives

It is widely recommend a debridement of the necrotic tissue as soon as possible

(Laor et al. 1995) found no significant difference between the onset time of symptoms, early
surgical treatment and mortality, but others studies from (kabay et al. 2008) and (Korkut et
al. 2003) shows that this time interval should be as short as possible.

Asfar et al. reported that insufficient debridements results in increased mortality. However,
repeated aggressive debridements with one or two days intervals have resulted in reduced
mortalily rates (Kabay et al., 2008)

The actual relationship between the lesion size of Fournier gangrene and the final survival is
still controversial.

Debridement of deep fascia and muscle is not usually required as these areas are rarely
involved similar to testes. Debridement should be stopped when separation of the skin and
the subcutaneous is not perform easily, because the cutaneous necrosis is not a good marker.
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Fig. 1. CT-Scan showing gas in gluteus and in the retroperitoneal space in a 66 years old
patient with ascendant Fournier’s Gangrene (Author’s image)

In some series orchiectomy was performed because of observed severe infection in
peritesticular tissues, although in the pathological review the testicles were not found to be
involved(Yanar et al., 2006)

It is possible to temporally place the testes into subcutaneous pouch until healing or
reconstruction complete (Smith et al. 1998)

Penectomy was required only in very isolated cases. (Corman et al. 1999)

6.2.2 Role of hyperbaric oxygen therapy

Hyperbaric oxygen therapy implies placing the patient in a environment of increased
ambient pressure while breathing 100% oxygen, resulting in enhanced oxygenation of the
arterial blood and tissues. (Wilkinson & Doolette, 2004)
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In vitro demonstrated benefits of hyperbaric oxygen include adequate oxygenation for
optimal neutrophil phagocytic function, inhibition of anaerobic growth, increased fibroblast
proliferation and angiogenesis, reduction of edema by vasoconstriction and increased
intracellular antibiotics transportation.

Hypoxia may also reduce the effectiveness of several antibiotics (vancomycin, ciprofloxacine
) while hyperoxia may help others. For example aminoglycosides cross the cell membrane of
the microorganism by an oxygen-depenent pump In addition, some side effects has been
described as toxic reaction of central nervous system and barotrauma injury to the middle
ear. In some cases a surgical procedure (tympanostomy tube insertion or myringotomy)
should be performed prior to the hyperbaric oxygen therapy.

The use of Hyberparic Oxyegn Therpay continues to be cause of debate. Certainly no
prospective controlled trials have been published for this condition. Although this treatment
is supported by some small studies, hyperbaric oxygen should not delay surgical
debridement. ( Riseman et al. 1990)

There are 6 studies examining the effect of O2 therpay in necrotizing soft tissues infections. 4
report a significant survival advantage for patients and 2 not (Wilkinson & Doolette, 2004)

In many cases, lack of facilities to perform hyperbaric therapy makes difficult his
recommendation today generally.

6.2.3 Topical therapy

Natural and unprocessed honey was used with good results in debridement areas. This
antibacterial effect is considered to result from hypertonic environment and phenolics acids
making and antibacterial effect.

Honey has a low pH of 3.6 and contains enzymes which digest necrotic tissues. These
changes occurs within a week of applying honey to the wound. Unfortunately there is no
randomized study about the efficacy of honey in this special situations. (Eke, 2000)
Application of Sodium Hypochlorite 0.5 % (Dakin’s Solution) or hydrogen peroxide in the
postoperative period was described with good results.

Application is justified when hydrogen peroxide is used in the correct circumstances, but
but should take precautions when used in closed spaces or under pressure, where liberated
oxygen cannot escape, and dangerous side effects are described as blood oxygen embolism.
From the same way, hydrogen peroxide subcutaneos crepitus can be confused with typical
disease progression. (SLEIGH & LINTER, 1985 )

Enzymatic debridements with lypophilized collagenase application are other local treatment
that have been shown to be beneficial ( Asci et al., 1998 )

Use of fibrin glue has recently been suggested in skin defects with no active infection (
DeCastro & Morey, 2002 )

6.2.4 Local negative pressure treatment (VAC)

The vacuum assisted closure system consist of a foam dressing placed in large areas of
debridement with an overlying adhesive seal to maintain the zone in subatmospheric
pressure. This has been shown to reduce the local oedema increase local blood flow and
improves the formation of granulation tissue. The device could be cut for better adjust in
cavities or irregular wounds. It is recommended to change the device every to 2-3 days
Possible handicaps are high costs and the necessary immobilization of the patient
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6.3 Fecal diversion. Colostomy vs rectal diversion devices

6.3.1 Colostomy

Performing a colostomy is a common technique in patients with extensive involvement of
the perineal area for the disease. The rationale for rectal diversion includes a decrease in the
number of germs in perineal region and improved wound healing. (Estrada et al., 2009)
Justification for its construction are anal sphincter involving, fecal incontinence or continues
fecal contamination of the wound’s margins.

In several papers, the percentage of patients with a colostomy is around 15% depending on
the series.. (Yanar et al., 2006))

In contrast to the study of Corocan et al, others series reported that formation of a diverting
colostomy were associated with increased mortality. (Erol et al., 2010) ) Korkut et al.
reported 45 cases of FG and showed that mortality among patients not requiring a stoma
was 7%, but was 38% among patients in whom stoma was required.

Diverting colostomy does not eliminate the necessity of multiple debridements, nor reduces
the number of these procedures. However this associated technique may lead to early oral
intake and thus may help to improve the wound cure process with better nutrition and less
contamination of wounds. Anyway, serious stoma- related complications were described
like wound infection, stomal ischemia, and evisceration. (Akcan et al. 2009)) We must also
take into account the psychological consequences of a colostomy, in a patient with extensive
mutilation of his body.

6.3.2 Rectal diversion devices

The Flexi-seal Fecal Management system is a silicone catheter designed to divert fecal matter
in patients with diarrhea, local burns or skin ulcers. The device protects the wounds from
fecal contamination and reduces the same way that a colostomy both the risk of skin
breakdown and repeated inoculation with colonic flora. We consider that in selected cases
the utilization of the device can replace colostomy, with the equivalent results regarding
wound healing and local infection control.

It is recommended to explore the canal anal before placement of the catheter in order to
avoid rectal injuries. This device avoids complications related to stomas, including better
psychological recovery of the patient and also may have an economic benefit. (Estrada et al.,
2009) A formal contraindication is rectal neoplasm, penetrating rectal injuries or fistulas.
Although some authors suggest cystostomy for urinary diversion, most authors believe that
urinary catheterization is sufficient for satisfactory diversion (Yanar et al., 2006)

6.4 Postoperative period in the Intensive care unit

6.4.1 Renal function

Renal failure is the most common complication in this patients, associated with
hemodynamic instability and massive toxin liberation to the bloodstream. Fluid
resuscitation, vasoactive drugs and in some cases hemodialysis are important components
required to manage potential fatal complications like acidosis or uremia.

Administration of albumin in this septic patients, appears to improve survival in many
trials.

6.4.2 Blood glucose control

Strict glucose control in the intensive care period seems to be one of the most important
parameters to preserve for the optimums homeostasis of the septic patient. In some cases,
insulin pump infusion is necessary to achieve this objective.
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Fig. 2. Patient with Fournier’s Gangrene and extensive debridement zone. See de rectal
catheter placement that prevents local contamination and avoids colostomy performing.
(Author’s image)

Fig. 3. Flexi seal rectal catheter placement. Rectal balloon is placed to the sphincter to
prevent faecal leakage
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6.4.3 Nutritional support

Physicians have long recognized that stress causes increase in basic energetic requirements
in septic patients. In this population, repeated surgical procedures and mechanical
ventilation decreases the possibility of oral intake. In this cases provision of nutritional
support via parenteral nutrition does not assure adequate nutrient intake in a high
percentage of patients. Some data shows that this critically ill population needs a provision
of calories at about 125% of basal requirements (Graves et al., 2004)

This point can be achieved providing additional enteral intake.

Many articles defines.the theoretical benefit of oligoelements ( like arginine, citrulline and
glutamine ) in the nutrition of this patients.

Plasma concentrations of L-arginine are substantially decreased in patients with sepsis and
has been correlated with a worse prognosis in this population. Arginine participates in
important physiological roles, including wound healing and immune function. and the
arginine-NO system is essential in the regulation of vascular tone and blood pressure
However, further studies are necessary to identify the potential utility of supplementation
with arginine and/or glutamine in septic patients.

6.5 Plastic surgery. The final step

There are two main strategies for reconstructive surgery, at the same time of admission (De
la Cruz et al., 1996) or in a posterior period when the acute process is fully resolved. A
reconstructive procedure was considered for patients presenting with an extensive healthy
granulation tissue formation on the wound base

Secondary healing or delayed primary closure was applied safely for small areas.

The scrotal advancement technique was used for small sized skin defects of the scrotum.
Split-thickness skin grafts were performed in patients with a large area of skin loss,
especially in the abdominal wall

Myocutaneus flap as Gracilis muscle flap is useful in some cases. Patients with a large and
deep perineal defect often need this technique to eliminate the dead space. The well
vascularized muscle flap demonstrates greater resistance to bacterial inoculums and in
wounds with some degree of contamination.(Chen et al., 2010) Another alternative is the
pudental thigh flap. It is a fasciocutaneous flap based on the terminal branches of the
superficial perineal artery, which arises from the internal pudendal artery. The advantages
of this flap are relatively simplicity and good blood supply. The donor site can be closed
primarily and no muscle function is sacrificed.

7. High mortality rates. Still a problem in the 21st century

The mortality rate associated with Fournier'sGangrene varies from 3 to 45 %depending on
the series. Although is lower than others forms of necrotizing fasciitis, probably because the
scrotal area allows a relatively more efficient surgical debridement (Eke, 2000)

In this retrospective review of 45 consecutive patients, the presence of diabetes and the
interval on the onset of clinical symptoms to the initial surgical intervention affected
outcome in both univariate and multivariate analyses. (Korkut et al., 2003) but others studies
failed in demonstrated this relation (Corcoran et al., 2008)

Idiophatic Fournier’s Gangrene is not an independent additional contributory factor to the
mortality in many series (Kabay et al., 2008)
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When comparing survivors and no survivors, the presence of lower extremity involvement
or abdominal wall involvement was significantly associated with inpatient mortality

Fig. 4. Forunier’s Gangrene in a young female originated in a vulvar Bartholin’s abscess. See
the aggressive debridement in the ilio-pubic region. In a final step a dermolipectomy was
performed to close the defect. (Author’s figure)
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8. Annex: Proposed treatment’s algorithm

Fournier's Gangrene I

-Fluid resucitation +/- Albumin

Broad spectrum Antibiotics |
Inotropic drugs if necessary

( Only CT scan if necessary differential

diagnosis

EMERGENT DEBRIDEMENT

-Colostomy / Fecal diversion device

-Cultures

ICU in postoperative period

WORSERING

I | IMPROVING

Nutritional support
Blood glucose control
Renal function control

Evaluate local therapies I |

PLASTIC SURGERY

Hyperbaric Oxigen

If >50% Scrotal deffect = Scrotal
advancement flap or
Pudental thin g flap

Honey

If Deep soft tissues defect = Gracilis Fflap or
Split thickness skin falp

Enzimatic debridement

If Involved abdominal wall = Split thickness
skin flap

VAC Therapy

Delay primary closure
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9. Conclusion

In summary, Fournier’s Gangrene is a potentially fatal disease, with characteristic signs and
symptoms that regularly becomes a surgical emergency. Multidisciplinary approach is
essential to reduce mortality and severe sequels in these patients.
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1. Introduction

1.1 Historical background

Antonio Beniviene was the first to describe mesenteric ischemia as early as the 15th
century. It was not before the mid 19th century during which the entity was extensively
reported and researched after case reports by Virchow and others. The first successful
surgical treatment of acute mesenteric ischmia (AMI) was performed by Elliot, who, in
1895, performed a resection of gangrenous portion of the bowel, followed by primary
anastomosis of the viable parts. Dunphy correctly hypothesized that mesenteric ischemia
was a manifestation of visceral atherosclerosis in the mid-twentieth century. During that
time advancements in both the diagnostics and therapeutics of the disease as an entity
was in full swing. Heparin was introduced for use in mesenteric venous thrombosis. In
the 1950s, a major step in the vascular surgical repair to restore blood flow to ischemic
bowel before gangrene occurred was introduced. The first successful embolectomy
without bowel resection was performed in 1957. Nonocclusive mesenteric ischemia was
first recognized as a subtype of AMI in the 1950s. By 1960, hypercoagulation status was
identified as the apparent cause of most cases of mesenetric venous thrombosis and the
combination of heparin administration and bowel resection became the standard
treatment. In the 1970s, the use of angiography to diagnose and evaluate AMI, as well as
the introduction of intra-arterial papaverine infusion, significantly improved the
prognosis of patients by allowing early diagnosis and by elimination of residual arterial
spasm.

1.2 Incidence

Intestinal ischemia is an uncommon condition presenting particular problems of diagnosis
and management. The prevalence of the disease is difficult to establish. In the United
Kingdom, approximately 2000 deaths a year are attributable to intestinal vascular
insufficiency, with 1883 deaths in 2000. Of these, at least 833 (44%) were classified as acute
(834 being unspecified as either acute or chronic). It affects women more than men by a ratio
of 2:1. The incidence is rare below forty-five years of age and the majority of deaths occur
after the seventh decade. Most cases are caused by emboli (40%-50%), followed by arterial
thrombosis (25%-30%), venous thrombosis (10%), and non-occlusive mesenteric ischemia
(20%). Mortality is high and has changed little since the 1970s, despite interventional
advances.
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2. Acute Mesenteric Ischemia

Abrupt interruption or diminution of blood flow to the intestine leads to acute mesenteric
ischemia (AMI). The term AMI actually describes a wide spectrum of bowel injury ranging
from reversible alterations in bowel function to transmural necrosis of the bowel wall. With
better understanding of the clinical syndromes and the pathophysiological basis of AMI a
multidisciplinary approach in management has emerged for patients with suspected
mesenteric vascular disease. Not only is it important as a primary clinical problem causing
high mortality and long-term morbidity, but also it frequently complicates other vascular
conditions and operations; occurrence of colonic ischemia after aortic aneurysmectomy or
aortoiliac reconstruction and the common association of superior mesenteric and peripheral
arterial emboli. Acute ischemia is much more common than the chronic variant and
ischemia of arterial origin is much more frequent than venous disease. AMI can result from
both arterial and venous causes. The arterial forms include embolism, thrombosis,
nonocclusive mesenteric ischemia and cases of focal segmental ischemia resulting from local
atherosclerotic emboli or vasculitis. Acute mesenteric venous thrombosis and focal
segmental ischemia caused by strangulation of the small intestine or by localized venous
thrombosis comprise the venous forms of AML

AMI is a life-threatening vascular emergency and requires early diagnosis and
intervention to adequately restore mesenteric blood flow and to prevent bowel gangrene
and mortality. In spite of adequate understanding of the etiopathogenesis of the events
over the past few decades, a high mortality in the range of 60%-80% associated with the
disease unfortunately demonstrates a trend of continuous increase [1-5]. The main reason
for this outcome is the persistent difficulty in recognizing the condition before bowel
gangrene sets in [6,7].

Early clinical picture of AMI is usually nonspecific and in most cases can be characterized by
an initial discrepancy between severe abdominal pain and paucity of clinical signs. Clinical
examination can not differentiate an ischemic bowel from an infracted one in most cases.
This is because manifestations of acute abdomen, abdominal distention and gastrointestinal
bleeding may also masquerade as other abdominal emergencies. Moreover, the risk factors
for AMI and the clinical course differ according to the underlying pathologic condition [8,9].
With the progression of bowel ischemia to irreversible gangrene, severe metabolic
derangements ensue, leading to a series of events that culminate to multiple organ
dysfunction and finally death. The timely use of diagnostic and therapeutic methods to
quickly restore blood flow to the bowel is the key to reduce the high mortality associated
with this condition [5,8-10].

2.1 Pathophysiology

The splanchnic circulation receives approximately 25% of the resting cardiac output, which
increases by about 10% postprandial [11,12]. The mucosal and submucosal layers of the
bowel receive about 75% of this blood flow. This is made possible by various factors at the
cellular and the molecular level, which interact to regulate the intestinal blood flow, a
mechanism that is complex and not adequately understood. The probable mechanisms
include the intrinsic (metabolic and myogenic) and the extrinsic (neural and humoral)
regulatory systems [12,13]. The metabolic regulatory system causes adaptive changes in
splanchnic circulation depending on the amount of oxygen delivery to the tissue rather than
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the blood flow. An imbalance between tissue oxygen supply and demand leads to the
accumulation of local metabolites (eg, hydrogen, potassium, carbon dioxide, and
adenosine), which produces local vasodilatation. On the other hand, through the myogenic
regulatory system, arteriolar tension receptors regulate vascular resistance in proportion to
the transmural pressure. An acute decrease in perfusion pressure is compensated for by a
reduction in arteriolar wall tension, thereby maintaining splanchnic blood flow. The
extrinsic neural component of splanchnic blood flow regulation comprises the activation of
vasoconstrictor fibers through a-adrenergic stimulation, which results in small vessel
constriction and a decrease in mesenteric blood flow. Of all the types of neural stimulation
(cholinergic, histaminergic, adrenergic) that affect the gut, the adrenergic limb of the
autonomic nervous system is predominant. Among the humoral factors, various
endogenous (epinephrine and nor-epinephrine) and exogenous factors are responsible for
affecting and regulating the splanchnic circulation. Various other humoral agents, chemical
mediators and cytokines like histamine, nitric oxide, leukotrienes, thromboxane analogues
and glucagon can cause splanchnic vasodilatation. Pharmacologic compounds, which
decrease splanchnic blood flow, are vasopressin, phenylephrine, and digoxin [14].
Dopamine, however has both vasoconstricting and vasodilating effects. In low doses it
causes splanchnic vasodilation, but at higher doses causes vasoconstriction probably by
stimulating a-adrenergic receptors. Other molecules like papaverine, adenosine,
dobutamine, and sodium nitroprusside also increase mesenteric blood flow. Thus the
splanchnic circulation is variously regulated in a complex way. Both endogenous and
exogenous neuro-humoral factors, drugs and chemical mediators have significant effects on
the vascular flow regulation. It is of interest that the gut tolerates hypoxia to a fair degree
and the degree of reduction in blood flow that bowel can tolerate without activating these
mechanisms is remarkable.

At any given time, only one-fifth of the mesenteric capillaries are open, and normal
oxygen consumption can be maintained with only 20% of maximal blood flow. However,
when blood flow decreases below a threshold level, oxygen consumption is reduced and
oxygen debt ensues. After an attack of ischemia, when splanchnic blood flow is restored,
oxygen extraction increases, providing relatively constant oxygen consumption over a
wide range of blood flow rates [12]. Therefore tissue damage due to alterations in
mesenteric blood flow is not only due to ischemia but more importantly as a result of
cellular injury associated with reperfusion [15,16]. Mesenteric ischemia and reperfusion
leads to an increase in microvascular permeability and disruption of the intestinal
mucosal barrier, primarily through the actions of activated polymorphonuclear
neutrophils producing reactive oxygen species and other inflammatory mediators. The
tissue damage induced by the oxygen free radicals is decreased in the presence of
antioxidants, xanthine oxidase inhibitors, and free-radical scavenging substances; an
observation, which conclusively establishes the role of reactive oxygen species in
producing cellular injury during ischemia-reperfusion [17]. In addition, phospholipase A2
is activated during reperfusion, increasing the formation of cytotoxic lysophospholipids
within the ischemic tissue and up-regulating the production of prostaglandins and
leukotrienes [18]. Reperfusion injury may be prevented by use of pharmacologic agents
such as captopril and also carvedilol, which is an adreno-receptor blocker and a free-
radical scavenger. It has also been demonstrated to have an anti-shock and endothelial-
protective effect in a rat splanchnic ischemia reperfusion model [19,20].
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2.2 Etiological factors
The etiology of acute mesenteric ischemia can be categorized into four specific types based
on the cause of reduction of blood flow.

2.3 Arterial embolism

Emboli are the most frequent cause of AMI responsible for approximately 40% to 50% of
cases [2,3]. In most situations the source of emboli is from the heart following myocardial
infarction, atrial tachyarrhythmias, endocarditis, cardiomyopathies, ventricular aneurysms,
and valvular disorders. These conditions can form mural thrombus, which can subsequently
dislodge and embolize to the mesenteric arteries [21]. Other rare causes may include post-
angiography of the coronary or cerebral circulation.

Most visceral arterial emboli lodge in the superior mesenteric artery (SMA); about 15%
lodge at the SMA origin, while about 50% lodge distally at or beyond the origin of the
middle colic artery [5,21]. Nearly 30% of these patients give a past history of an embolic
event. The diagnosis of SMA embolism can be made intraoperatively based on the
distribution of ischemia in the bowel. Since in most cases the origin the inferior
pancreaticoduodenal branch is spared, perfusion of the proximal jejunum is maintained
leaving the rest of the small bowel ischemic or gangrenous.

2.4 Arterial thrombosis

It is the second common cause of AMI accounting for 25% to 30% of all mesenteric ischemic
events [22]. Mesenteric arterial thrombosis occurs commonly near the origin of the SMA in
the setting of severe atherosclerotic disease [7]. Its slow progression allows the development
of collaterals, which sustain the blood supply to a good extent. Bowel ischemia or gangrene
ensues late only when the last remaining visceral artery or an important collateral artery
occludes. The extent of bowel involvement is greater than that due to embolism, extending
from the duodenum to the transverse colon, and results in high mortality in the range of
70% to 100% [22]. The need for more complex surgical revascularization procedures further
complicates the situation.

2.5 Nonocclusive mesenteric ischemia

Non-occlusive disease accounts for about 20% of patients with mesenteric ischemia [8,23].
Its pathogenesis is poorly understood but often involves a low cardiac output state
associated with diffuse mesenteric vasoconstriction possibly mediated by vasopressin and
angiotensin. The mesenteric vasoconstriction commonly results from myocardial infarction,
congestive heart failure, aortic insufficiency, cardiopulmonary bypass, renal or hepatic
disease, major abdominal or cardiovascular surgery and vasopressor drugs [10,23].
However clear-cut risk factors may be absent. The resultant low-flow state causes intestinal
ischemia and finally gangrene. It is further aggravated by endogenous and exogenous
vasoconstrictors, disseminated intravascular coagulation, and cytokine-induced reperfusion
injury. Both in-vitro and in-vivo studies have demonstrated the enhanced risk from the use
of vasoactive drugs, particularly digoxin, in the pathogenesis of non-occlusive mesenteric
ischemia (NOMI) by inducing contraction of splanchnic venous and arterial smooth muscle
[14]. It has been observed that the watershed areas of circulation are more vulnerable.
Patients under the stress of a surgical procedure or trauma, receiving enteral nutrition in
intensive care units may also suffer from non-occlusive ischemia. The mechanism is
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probably due to an imbalance created between demand from the enteral feed and supply n
presence of decreased mesenteric perfusion. The reported incidence of AMI in these patients
is 0.3% to 8.5% and manifests with signs of sepsis, abdominal distention and ileus, which
closely mimics the systemic signs of a septic state which may be already present. The
mortality rate in such situations is very high, almost up to 56%, which is understandable in
the context of delay in diagnosis and the already compromised state of the patient [24].

2.6 Mesenteric Venous Thrombosis

Mesenteric venous thrombosis (MVT) is the least common cause of mesenteric ischemia,
representing up to 10 to 15% of all patients with mesenteric ischemia [25]. Previously they
were thought of as idiopathic in nature but with the advent of improved diagnostic
techniques they are now shown to be secondary to clotting disorders. [26,27]. Segmental
involvement of bowel occurs starting from the venous arcades and leading to edema and
hemorrhagic necrosis. This is in contrast to the thrombosis caused by the intra-abdominal
causes in which the thrombus starts in larger vessels and progresses to involve the smaller
venous arcades. The superior mesenteric vein is usually more commonly involved than the
inferior mesenteric vein. Hence distal large bowel involvement is much less common. The
transition from ischemic to normal segment is more gradual with venous occlusion than
with arterial embolism or thrombosis. The mortality rate ranges from 20 to 50 percent [27]
and survival depends on age, the presence or absence of co-morbid conditions, delay in
diagnosis and surgical intervention. A high rate of recurrence is observed especially within
30 days of presentation [28]. A combination of surgery and anticoagulation has a lesser
recurrence rate than with anticoagulation alone. The observation that most of the
recurrences occur at the site of bowel anastomosis is highly significant. This reflects
inadequate bowel resection or propagation of the residual thrombus, both of which indicate
a gradual ischemic transition zone spread over some distance from the area of gangrene,
which is vulnerable to further necrosis probably due to the propagation of thrombosis and
persistent ischemia.

2.7 Clinical presentation

The signs of AMI overlap considerably with the other common acute abdominal conditions
like acute pancreatitis, acute diverticulitis, small-bowel obstruction and acute cholecystitis.
Moreover, the clinical features of the underlying pathology causing AMI often coexist. The
patients with SMA obstruction due to embolus or thrombus have an acute onset of
symptoms and a rapid deterioration in their clinical condition. This is because of the lack of
collaterals leading to rapid bowel ischemia and subsequent gangrene, whereas those with
NOMI or MVT have a more gradual onset and a more protracted clinical course. The
hallmark of AMI is unrelenting abdominal pain. This is frequently associated with nausea,
vomiting, and urgent bowel evacuation. The classic picture of a patient with acute
mesenteric ischemia involves severe abdominal pain with a paucity of abdominal
examination findings and a history of risk factors. Excessive fluid loss in the third space
leads to mental confusion, tachycardia, tachypnea, and circulatory collapse.

Non-occlusive mesenteric ischemia occurs most frequently in the critically ill patients who
have compromised hemodynamics, are often intubated and on vasopressors. They may also
have coexisting severe mesenteric atherosclerosis. With an acute hemodynamic insult in the
background, non-occlusive ischemia may precipitate in these patients whose mesenteric
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circulation is already compromised. Since they are too sick to manifest the bowel insult,
delay of hours to days may occur before it is diagnosed or even suspected. A clinical clue to
the problem may be an unexplained worsening in the clinical condition or a failure to thrive
or a failure in having the anticipated recovery course. The typical presentation in a
conscious patient not having a fulminant course is of diffuse, nonspecific abdominal pain
associated with anorexia and diarrhea.

Compared with arterial thrombosis, MVT generates fewer prodromal symptoms with
eating. Fever, abdominal distention, and occult blood in stool are the most common
findings. Bloody ascites and large fluid losses in the third space may occur, leading to
dehydration and hypotension, causing further propagation of venous thrombosis and
worsening of the ischemic insult. The final outcome of all causes of mesenteric ischemia is
bowel gangrene. When gangrene occurs, the patient develops peritoneal signs,
hemodynamic instability, and signs of sepsis with multiorgan failure.

2.8 Diagnosis

As progression of bowel ischemia to frank gangrene is an irreversible event, prompt
diagnosis and early treatment are paramount for favorable outcome in AMI. The clinician
should have a high index of suspicion if the history and physical examination are suggestive
of AMI [22]. Once it is suspected, prompt action to confirm the diagnosis or to exclude it
should be initiated and if positive, appropriate treatment should be started without any
delay. A differential diagnosis of AMI should always be kept in an elderly patient with a
history of any cardiac event, like atrial fibrillation, recent myocardial infarction, congestive
heart failure and arterial emboli, having postprandial abdominal pain that is out of
proportion to the findings of physical examination. Survival drops rapidly from 50% when
the diagnosis is made within 24 hours to 30% or less when the diagnosis is delayed [21].

The laboratory findings are nonspecific although abnormal values with clinical suspicion
can help in further evaluation in line of AMI. The common laboratory abnormalities are
hemoconcentration, leukocytosis, metabolic acidosis, with high anion gap and increased
lactate concentrations. High levels of serum amylase, aspartate aminotransferase, lactate
dehydrogenase, and creatine phosphokinase are frequently observed at presentation, but
none is sufficiently specific to be diagnostic. Subacute presentation is usually seen with
longer disease duration, however when ischemia from mesenteric thrombosis becomes
acute, clinical presentation is similar to those who have an acute mesenteric embolic episode
[29]. Hyperphosphatemia and hyperkalemia are usually late signs and are frequently
associated with bowel gangrene [30]. Special laboratory tests, like serum alpha-glutathione
S-transferase and intestinal fatty acid binding protein-I (I-FABP) are under evaluation
[31,32].

An abdominal radiograph in AMI is also nonspecific as normal findings may be present in
25% of cases [33-35]. Characteristic radiographic abnormalities, such as thumbprinting or
thickening of bowel loops, occur in less than 40% of patients at presentation. Presence of air
in the portal vein is also a late finding associated with a grave prognosis [34]. The utility of a
plain abdominal radiography helps to exclude other acute abdominal pathologies, such as
intestinal obstruction or a perforated hollow viscus. Barium enema is contraindicated in a
suspected case of AMI as increased intraluminal pressured due to barium and air can cause
further reduction in perfusion, translocation of bacteria, and perforation. Moreover the
presence of barium may compromise the findings of subsequent diagnostic tests, like
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computed tomography (CT) and angiography. Although abdominal ultrasonography is the
first-line investigation for acute abdominal conditions, it is of less help in AMI even when
combined with Doppler because the interpretation is often technically limited by the
presence of air-filled distended bowel loops. In addition, its sensitivity is limited in
detecting more distal emboli or in the assessment of NOMI. The introduction of
multidetector row CT (MDCT) is a big step ahead in the evaluation of mesenteric ischemia.
The use of non-ionic iodine contrast-enhanced CT scan is rapidly replacing the conventional
vascular imaging techniques. MDCT and 3-dimensional imaging charecterized by high
spatial resolution with a fast acquisition time provide a detailed examination of the small
bowel and mesenteric vessels. The sensitivity of MDCT scan ranges from 96-100% and
specificity from 89-94% [36-38]. The possible signs of mesenteric ischemia on a CT scan are
thickened edematous bowel walls, hematoma, dilated bowel loops, engorged mesenteric
vessels, pneumatosis, gas in mesenteric or portal veins, gangrene, and frank arterial or
venous thrombosis [39,40]. Interestingly, CT is more sensitive in diagnosing MVT than other
types of AMI and is considered the investigation of choice in suspected cases of MVT [41].
Selective angiography is considered to be the gold standard for the diagnosis of acute
arterial occlusion with reported sensitivity ranging from 74% to 100% and a specificity of
100% [42]. Early angiography has been the major factor for the decline in mortality in
patients with AMI over the past 30 years. Moreover, in the absence of mesenteric ischemia,
angiography coupled with a plain abdominal radiograph may reveal the cause of abdominal
pain in 25% to 40% of patients. Angiography must be bi-planar, the antero-posterior view
demonstrating distal mesenteric blood supply and collaterals, and the lateral aortography
for better visualizing of the origins of major visceral arteries that overlay the aorta [29].
Emboli usually lodge just after the middle colic artery where the SMA tapers. The
thrombotic disease usually manifests as complete lack of visualization of the SMA origin on
the lateral aortogram, associated with prominent collateral vessels in delayed antero-
posterior views. Angiography also has the added advantage of being therapeutic by
administration of intra-arterial thrombolytic agents for acute arterial thrombosis and intra-
arterial papaverine infusion for all types of arterial ischemia. Some drawbacks of the routine
use of mesenteric angiography include the technical difficulties in critically ill patients, a
relatively high number of false-negatives in early course of the disease and potential renal
toxicity of the contrast. Its limited availability in many centers also precludes its use as the
investigation of first choice in mesenteric ischemia. MVT is characterized by a segmental
slowing of arterial flow along with lack of opacification of the corresponding mesenteric or
portal venous outflow tracts. In contrast NOMI has a diffuse involvement with normal
venous runoff. NOMI also features a “string of sausages” sign due to multiple narrowing of
the major SMA tributaries. Reflux of contrast material back into aorta is seen in venous
occlusion and NOMI on selective SMA angiography.

Colonoscopy has been used to diagnose ischemic colitis but fails to visualize much of the
small bowel. In addition, endoscopy may not detect subtle ischemic changes where full-
blown gangrene has still not set in and these are the subset of patients who have maximum
benefit from early and prompt diagnosis. Laboratory finding of elevated white blood cell
counts, phosphate, lactate and lactate dehydrogenase levels in peritoneal fluid may be
present in mesenteric ischemia but is usually non-specific[25,43]. Radionuclide imaging to
identify infarcted bowel has been studied in animals, but clinical studies are lacking. Duplex
ultrasonography has been used to detect a significant stenosis (>50%) in the mesenteric
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vessels in patients with chronic mesenteric arterial occlusive disease, but its role in AMI
seems limited [44-47]. Although magnetic resonance imaging (MRI) has shown promise in
peripheral vascular diseases but its reliability in detecting altered flows in the superior
mesenteric vessels in chronic ischemia has not been documented in controlled trials [48,49].
Magnetic resonance imaging also takes longer time making its use unlikely in this rapidly
progressive disorder in contrast to MDCT and angiography. Peritoneoscopy may also be a
useful tool for investigating AMI due to venous thrombosis [27]. Serosanguineous fluid in
the abdominal cavity of an older patient with abdominal pain, hemoconcentration, and
leukocytosis is strongly suggestive of MVT. These diagnostic methods have limited use
because of low negative predictive value. Clinicians must be aware that undue delay caused
by insensitive and nonspecific diagnostic techniques may worsen patient outcome.

2.9 Treatment

Treatment should start as soon as the diagnosis is made. The aim is initial resuscitation,
prevention of further propagation of block, prevention of reperfusion injury and early
restoration of blood flow. Underlying cause, if any, should also be simultaneously treated.
Fluid resuscitation should be started early, as hydration and perfusion is important to
prevent progression of clot. Ideally it should be started before angiography and should
always be guided with monitoring of the central venous pressure or pulmonary capillary
wedge pressure. Inotrops should be added to improve cardiac output but with precaution in
NOMI, where they can aggravate bowel ischemia. Vasoconstricting agents and digitalis
should be avoided if possible since they can exacerbate mesenteric ischemia. If vasopressors
are required, dobutamine, low dose dopamine, or milrinone are preferred as they have
lesser effect on mesenteric perfusion. Parenteral broad spectrum antibiotics should also be
added to prevent bacterial translocation and sepsis. Systemic anticoagulation should be
started with intravenous heparin sodium unless the patient is actively bleeding [50]. The
end point of adequate heparinization is to maintain the activated partial thromboplstin time
(APPT) to twice the normal value. Pain should be promptly managed, as intense pain can be
a trigger for shock.

After initial supportive treatment, efforts should aim at reducing the mesenteric vasospasm.
If the diagnosis of AMI is made with angiography, the angiography catheter can be used for
infusion of papaverine and other vasodilators. Papaverine (30 - 60 mg/h) use is
recommended in cases of arterial embolism or nonocclusive disease and has shown to
improve bowel salvage by reducing vasospasm. If mesenteric angiography is not done then
infusion of intravenous glucagon at 1 pg/kg per minute and titrated up to 10 pg/kg per
minute as tolerated may help to reduce the associated vasospasm [50].

The main goal of treatment in patients with acute mesenteric ischemia is the restoration of
intestinal blood flow as rapidly as possible. This may be achieved by medical means,
endovascular procedures and by surgery. The traditional treatment of mesenteric arterial
embolism has been early surgical laparotomy with catheter-based embolectomy. The
appropriate therapeutic option is guided by the etiology of ischemia. A less well established
approach is local infusion of thrombolytic therapy through angiographic catheter, which has
been successful in a selected number of reports [51-53]. Treatment decision is guided by the
presence or absence of peritoneal signs, partial or complete arterial obstruction, and on
whether the location of the embolus proximal to the origin of the ileo-colic artery or in more
distal branches. Thrombolytic administration is risky as bleeding is the main complication
but early infusion within 8 -12 hours of onset of symptoms in the absence of peritoneal signs
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and distal emboli has the best outcome for successful reperfusion [54]. Surgical exploration
is mandatory if clot lysis is not demonstrated within four hours or there is evidence of
progressive ischemia. Long-term management is aimed at the prevention of future embolic
events, typically with the use of oral anticoagulation [55].

The treatment of patients with acute mesenteric artery thrombosis is principally surgical.
Surgical thrombectomy alone is unlikely to be successful in the long term. Persistence of
thrombogenic atherosclerotic plaques mandates surgical thrombectomy combined with a
revascularization method (arterial reconstruction, bypass or endovascular stenting). In
absence of peritoneal signs with angiographic evidence of good collateral blood flow,
observation while on heparin anticoagulation may be justified. The use of aspirin in the
perioperative period has not been well evaluated, but it may be justified in this setting if the
risk of progressive ischemia appears to be greater than the risk of bleeding. After recovery
antiplatelet agents such as aspirin may reduce the risk of recurrent mesenteric ischemia [56].
The management of NOMI is essentially pharmacological and is achieved by local selective
infusion of vasodilators into the superior mesenteric artery (papaverine, tolazoline,
nitroglycerin, glucagon, prostaglandin E and isoproterenol) [57]. The greatest clinical
experience is with papaverine administered as a continuous infusion. This approach has
resulted in a reduction in mortality rates from 70%-90% to 50%-55% during the last two
decades. This is followed by the patient’s clinical response to vasodilator therapy from
repeated angiography (ranging from 30 minutes to every 24 hours) for evaluation of
vasospasm and the decision to stop papaverine infusion. Immediate laparotomy is indicated
if signs of acute abdomen develop or the patient condition is worsening [58].

Standard initial treatment for acute mesenteric venous thrombosis consists of heparin
anticoagulation even in patients who have gastrointestinal bleeding if the bleeding risk is
considered to be outweighed by the risk of intestinal gangrene. Intra-arterial infusion of
papaverine during angiography to relieve the concomitant arterial spasm is also an option.
Thrombolytic therapy is still experimental and has not a clear indication in superior
mesenteric vein thrombosis. Prevention of recurrent venous thrombosis with oral
anticoagulation is indicated for at least six months; a longer duration may be warranted if a
thrombophilic state has been identified [59].

In the presence of peritonitis or worsening of the condition on non-operative treatment,
laparotomy is indicated. Fluoresceine or the Wood’s lamp may help better delineation of the
necrotic tissue. If a revascularization procedure is intended and resection of necrotic tissue is
not imminent, it is recommended to evaluate viability after the flow restoration. After that,
efforts should be made in order to minimize the reperfusion injury by administrating
vasodilators and agents with free radicals neutralizing effect (allopurinol, angiotensin
converting enzyme inhibitors).

A second-look laparotomy (after 24-48 hours) is recommended, even after successful
primary intervention, because the intra-operative assessment of bowel viability is often
inaccurate [60]. The rationale for this second look is based in part on the frequent occurrence
of vasospasm after revascularization. Second-look laparoscopy has been advocated as a
substitute for second-look laparotomy, but the reliability of this approach remains unproved
[61, 62].

2.10 Outcome
Perioperative mortality in patients undergoing revascularization for acute mesenteric
ischemia ranges from 44% to 90% [63]. Published data on long-term results after successful
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revascularization are few, and in general, prognosis is not as favorable as that for patients
with chronic mesenteric ischemia. The most important prognostic factor is the early
diagnosis. Recurrence is not uncommon, and it carries a poor prognosis. The small
proportion of patients that survives massive bowel resection usually develop short-gut
syndrome, requiring long-term total parenteral alimentation or small-bowel transplantation.

3. Chronic Mesenteric Ischemia

Chronic mesenteric ischemia CMI or intestinal angina is a clinical syndrome characterized
by recurrent abdominal pain and weight loss due to repeated transient episodes of
insufficient intestinal blood flow. This is because the increased metabolic demand falls short
of the demand in the postprandial period. It occurs in the presence of severe atherosclerotic
narrowing of one or more major splanchnic vessel. Approximately 90% of the patients
complaining of intestinal angina have at least 2 out of 3 major mesenteric vessels occluded
and 50% of them may have critical stenosis in all the 3 vessels [64]. Single vessel
involvement is usually insufficient to cause intestinal angina because of the very efficient
collateral circulation in the small bowel and colon. The disease is more prevalent in middle
and elderly individuals with slight female preponderance in the setting of cardiovascular
risk factors. The association with coronary artery, peripheral artery disease and
cerebrovascular disease is seen in over 50% of patients.

3.1 Clinical presentation

The presentation of intestinal angina is due to a difference between the need of an increased
blood flow required in response to food in the intestine and ability of the splanchnic
circulation to meet the same. The magnitude of symptoms is dependent on the extent of
atherosclerotic occlusion of the splanchnic artery. Another theory proposed is the steal
phenomenon from the intestinal to the gastric circulation in response to food in the stomach
[64]. Dull postprandial epigastric pain usually within the first hour after eating is the most
common presentation. The intensity of pain can be of variable depending on the demand
supply disparity and may occasionally radiate to the back. Heavy meals with high fat
content also increase the intensity of pain. This leads to the development of a food aversion
(sitophobia) and frequently, patients experience weight loss (80%). Approximately one-third
of them have nausea, vomiting, and early satiety [65]. Bloating has also been observed.
Constipation with fecal occult blood and ischemic colitis represent hindgut ischemia.

As with AMI the physical findings are mostly non-specific. Weight loss with signs of
malnutrition, abdominal tenderness without rebound tenderness during an episode of
severe pain and indirect signs of atherosclerotic vascular disease raises the suspicion of CML
The diagnosis is mainly based on the characteristic clinical picture, the presence of an
occlusive lesion in the splanchnic vessels documented by angiography and on the absence of
other common causes of abdominal pain. In most cases, patients undergo an extensive
workup for obscure chronic abdominal pain before the patient is seen by a vascular surgeon.

3.2 Imaging studies

A plain abdominal radiograph may suggest the diagnosis by showing calcification of the
mesenteric vessels. Duplex ultrasonography of the mesenteric vessels is a useful initial test
for supporting the clinical diagnosis of chronic intestinal ischemia. This should be
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performed by patient in fasted state because mesenteric outflow resistance changes with
food intake. It is also technically difficult due to presence of bowel gas but can be
accomplished in more than 85% of subjects in the elective setting. The most frequent
criterion to identify the celiac artery stenosis is a peak systolic flow of 200cm/sec or more.
The test has an overall accuracy of approximately 90% for detection of greater than 70%
diameter stenosis or occlusion of the celiac and superior mesenteric arteries when
performed in highly experienced hands [66,67]. Angiography is recommended if the results
of noninvasive testing are equivocal or if they suggest that intervention is required
(establishing the feasibility of revascularization) and remains the diagnostic gold standard.
In order to better appreciate the lesions, acquisition must also take bi-planar views [68].
Indirect evidence of CMI may be suggested by the presence of an enlarged arch of Riolan for
proximal mesenteric arterial obstruction.

Multidetector CT scans and CT-angiography allow an extensive and noninvasive
evaluation of mesenteric lesions. Visualization of the collateral vessels (Riolan’s arch,
pancreaticoduodenal arch) and of the change in caliber of the ischemic bowel loops
(stenosis) may help the diagnosis [69]. Magnetic resonance angiography (gadolinium-
enhanced MRA) is highly sensitive for detecting stenosis at or near the origin of the SMA
or the celiac artery and avoids the risks of radiation exposure, dye allergy and renal
toxicity associated with CT scan [70]. Recent advances in MRA technology have shortened
acquisition times, so it is now possible to obtain successive images in the arterial and then
the portal phase. MRA can be used as an adjunct to any MR examination. Acute
mesenteric ischemia is an emergency in which CT scanning is the most appropriate
imaging modality. Conversely, chronic mesenteric ischemia is best examined with
contrast-enhanced MRA, which is almost as accurate as digital substraction angiography
[71].

Laboratory tests to evaluate malabsorption that accompny intestinal ischemia such as stool
fat content, D-Xylose tolerance and Vitamin B12 absorption are non specific and generally
not used in establishing the diagnosis.

3.3 Treatment

The goal of therapy for chronic mesenteric ischemia is revascularization. Taking into
account the increased risk for thrombotic events with mesenteric gangrene in these patients,
medical therapy alone is reserved for situation when the surgical risk is prohibitive and
percutaneous revascularization is not feasible. On the other hand, medical treatment in the
form of statins and antithrombotic therapy is given to all the patients except for the ones
with contraindications. Oral anticoagulation may also be initiated. Analgesics and
intravenous nitrates can be used for temporary pain control.

The means available for mesenteric revascularization are the surgical techniques of flow
restoration and the more recently developed percutaneous transluminal procedures i.e.,
mesenteric angioplasty with or without stenting. As with any other vascular reconstruction
patient selection and surgeon’s decision combined with operative skill play an important
role in overall success. The goals of these interventions are to relieve symptoms, to improve
nutrition and to prevent mesenteric gangrene. Although most of the symptomatic patients
have two out of three vessels involvement, the revascularization procedure should be
considered in patients with documented critical stenosis in at least one major mesenteric
vessel and in which other causes for chronic abdominal pain have been excluded. The
indication for revascularization surgery in asymptomatic patients is not clear but it may be
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considered in asymptomatic patients who are submitted to aortic reconstruction for aorto-
iliac occlusive disease with significant mesenteric occlusion as they have an increased risk of
mesenteric gangrene after surgery [72]. Often bypass grafting of the superior mesenteric
artery alone instead of complete vascularization is an effective and durable procedure for
treatment of intestinal ischemia [73].

For many years, surgical revascularization has been the treatment of choice for chronic
mesenteric ischemia. The techniques used include mesenteric endarterectomy and aortic
reimplantation of the superior mesenteric artery. Perioperative mortality ranges from 0-11%
and increases to 50% in patients with acute-on-chronic symptoms [74]. Primary graft
patency rates at five years ranges from 57% to 69%, and 5-year survival rates ranges from
63% to 77% [75,76]. Postoperative morbidity rates are increased with concomitant aortic
replacement, renal disease, and complete revascularization while advanced age, cardiac
disease, hypertension and additional occlusive diseases influence overall mortality [77].
Percutaneous transluminal angioplasty, with or without stenting, has become an alternative
to surgery for the patients, who are poor surgical candidates and for the patients in whom
the diagnosis remains uncertain. The reported success rates are greater than 80% with
residual stenosis of less than 50%. Relief of abdominal pain has been achieved in 75-100%
patients and half of them experience weight gain. Long term follow up indicates clinical
remission in approximately 80% of patients at two to three years [78]. Restenosis and
recurrent symptoms occur in 17-50% of patients within the first year, making the short
durability of the procedure its greatest limitation [79-83]. There has been no large
randomized controlled trial comparing angioplasty, with or without stenting and surgical
revascularization. As a general approach, revascularization is the treatment of choice in CMI
and surgical revascularization is offered in patients with low surgical risk, while
percutaneous angioplasty is preferred for high risk patients [84]. In patients who survive
surgical revascularization, the prognosis is excellent and the 5-year survival rates approach
80%, with most patients becoming free of symptoms, resuming normal eating habits and
gaining weight.

4. Conclusion

In summary, mesenteric ischemia is a challenging clinical problem with host of causes often
diagnosed late and a strong clinical suspicion remains the key to early diagnosis. In the
acute form, an aggressive approach should be adopted because the outcome crucially
depends on rapid diagnosis and treatment, on the other hand, in chronic cases, the
therapeutic decision should be carefully made, balancing risks and benefits, considering
other comorbidities. With better understanding of the pathogenesis of mesenteric ischemia
syndromes and the availability of a range of diagnostic and interventional techniques and
adjuvant pharmacotherapy, an improved outcome may be achieved.
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1. Introduction

Yersinia pseudotuberculosis (Y. pseudotuberculosis) is a gram- negative facultative anaerobe
bacillus that can grow at low temperature (4°C). Consequently, the quantity of bacteria in
food after several days of conservation in a refrigerator increases dramatically. It belongs,
together with its homologue Yersinia pestis, to the family of Enterobacteriaceae. Yersinia
pseudotuberculosis strains can be divided into 5 different serotypes. Yersiniosis has a wide range
of clinical manifestations. The commonest is a self limiting gastroenteritis [1], but more
serious variants may occur, such as appendicitis like syndrome [2] or crohn like disease [3].
We describe a small bowel necrosis associated with Y. pseudotuberculosis infection.

2. Case report

A 50 years old man was admitted to the emergency room with a seven day history of diffuse
abdominal pain, fever, 4 time per day bloody diarrhea and weight loss. He received oral
amoxicillin clavulanate two gram a day during four days without improvement. On
physical examination, he had a temperature of 39 °C and a generalized abdominal
tenderness to deep palpation, especially on the lower right quadrant. Laboratory work-up
yielded the following: ; white blood cell count, 14.6x109 L-1; C-reactive protein,150 mg L-1
(normal <5); Renal Function, electrolytes, amylasemia, Blood and urine cultures were
normal. Plain abdominal roentgenogram showed small bowel gas localized in the lower
right quadrant. Abdominal ultrasound and CT scan showed thickening of an ileal loop and
the mesenteric wall associated with intraabdominal effusion (figure 1). On the third day of
admission, severe abdominal pain developed, the abdomen was protuberant, and bowel
sounds were absent. Emergency exploratory laparotomy was performed. Seropurulent
effusion and necrosis involving 30 cm of the distal part of the small bowel, at about 24
centimeters from the ileocecal valve was found. The mesentery appeared thickened and
there was also found an extended thrombosis of all mesentery veins, draining the area of
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bowel necrosis. Resection of the necrotic small bowel was performed (figure 2) and
histology showed extensive hemorrhagic necrosis affecting all the layers of the ileum and
transmural inflammation of the ileum and the venous walls with neutrophils. Histological
findings were not consistent with Crohn disease and no pathogenic organisms were
cultured from the specimen. However, as suggested by histological findings, Y.
pseudotuberculosis serology was performed and found positive with an antibody titre of
1/440, consistent with recent Y. pseudotuberculosis infection. Blood coagulation tests were
normal. Tuberculin skin test and a Ziehl-Neelsen stain of the sputum for acid-fast bacilli,
and serology for brucellosis and salmonellosis were negative. Antibiotic therapy with
ciprofloxacin was started. On the twenth day post surgery the patient was discharged, in
good clinical conditions.

Fig. 1. Abdominal computed tomography scan with injection showing a thickened ileal loop
with infiltration of its mesentery and peritoneal effusion.
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Fig. 2. Resected specimen showing necrotic ileal loop.
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3. Discussion

The distribution of Y pseudotuberculosis infection is worldwide but it could be most
commonly found in countries with cold and temperate climate. It is a bacterium isolable
from the earth, from water, from a variety of foodstuffs and from human beings and
animals. The animal reservoirs include many mammalian and avian hosts, such as dogs,
cats, horses, cattle, rabbits, deer, rodents, and birds. An example of occupational exposure to
Y pseudotuberculosis related to animal reservoirs involves butchers working in abattoirs
slaughtering swine. Y pseudotuberculosis infections in humans are primarily acquired
through the gastrointestinal tract after consumption of contaminated food products.
Transmission may occur zoonotically, interpersonal or through consumptions of foodstuffs
(in particular raw or undercooked pork products), unpasteurized milk or water not treated
with chlorine. The most common manifestations of Y. pseudotuberculosis infection in humans
are mesenteric lymphadenitis and ileocolitis accompanied by abdominal pain and fever. Y.
pseudotuberculosis causes mesenteric lymphadenitis and may affect the appendix tissue and
mimic appendicitis. Inflammation may affect the ileum and sometimes spread to the caecum
simulating macroscopically Crohn’s disease in its acute phase [4,5]. A mass formation,
related to Y.P. infection, could occur in the right upper quadrant of the abdomen, which
could be confused with tumoral lesions. Local complications due to Y. pseudotuberculosis
have been reported rarely, such as severe bleeding, colonic perforation, subacute
obstruction, and intussusceptions [6-8]. This is only one similar case of bowel necrosis
following mesenteric veins thrombosis, due to Y. enterocolitica infection [9]. Colonic
perforation and intussusception were reported in children and subacute obstruction and
severe bleeding were reported in adults. We have already published a case report describing
a small bowel necrosis related to Y. pseudotuberculosis infection [10]. Other manifestations of
infection may include erythema nodosum, arthralgias, reactive arthritis, and ankylosing
spondylitis. Y pseudotuberculosis infection has also been documented to cause lumbar facet
joint disease. Acute renal failure has been reported, although very rarely. Far East
scarlatinoid fever was first described in the context of Y pseudotuberculosis infection. A
scarlatinoid-appearing rash involving the head and neck, upper and lower extremity
erythema, mucous membrane enanthem, strawberry tongue and features shared with
Kawasaki disease (eg, coronary artery aneurysms) characterize this syndrome. Y
pseudotuberculosis is a gram-negative, non-lactose-fermenting coccobacillus that is
chemically differentiated from other species by its fermentation of sorbitol and ornithine
decarboxylase activity, among other features. The optimum growth of yersinia occurs on
MacConkey medium at 20-35°C. The organism is urease-positive. Our case was negative for
cultures in blood and stools, probably because of the previous antibiotic therapy. Isolation
of organism from stool is difficult given the slow growth pattern and overgrowth of normal
fecal flora [11]. However, stool culture yield may be increased with cold enrichment, special
culture media, or alkali treatment, but these methods are generally not cost-effective [12].
Blood, peritoneal fluid, pharyngeal exudate, and synovial fluid may yield the organism.
Enzyme-linked immunosorbent assay (ELISA) and agglutination tests may be obtained; the
antibodies (against the O antigen) may appear soon after the onset of illness and typically
wane over 2-6 months. However, cross-reaction between antibodies against other organisms
may obscure the diagnostic picture. These other organisms include other Yersinia, Vibrio,
Salmonella, Brucella, and Rickettsia species. Polymerase chain reaction (PCR) methods are
sensitive, efficient, and accurate tools for identifying and serotyping Y pseudotuberculosis
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[13]. Y pseudotuberculosis infection is often self-limited. However, more toxic presentations,
including septic syndromes, severe dehydration, or chronic presentation, may warrant
antibiotic therapy. Yersinia enterocolitica is susceptible to different antibiotics (amino-
glycosides, tetracyclines, trimethoprin-sulfamethoxazole, ciprofloxacin) while it is in general
resistant to penicillin, to ampicillin and to first-generation cephalosporin.

4. Conclusion

Yersinia may be a more important cause of acute abdominal conditions than is currently
appreciated, and If specific antibody tests would have been performed routinely in every
case of acute intestinal problems, the positive diagnosis of Y pseudotuberculosis could have
been made much more commonly.
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1. Introduction

Large bowel volvulus accounts for 10-30% of all large bowel obstruction and occurs most
commonly in the sigmoid colon(Asbun 1992, Bagarani 1993, Bhatnagar 2004, Oren 2007,
Pahlman 1989 ). It is more common in the region of Africa, South America, Middle East and
Southern Asia. The most common site of volvulus include sigmoid colon(80%),
caecum(15%), transverse colon(3%), splenic flexure(2%) and ileosigmoid knotting(<1%)(
Bhatnagar 2004, Oren 2007, Halliday 1993, Majeski 2005, Lord 1996). Delay in presentation
and diagnosis increases the risk of gangrene particularly so among the uncommon variety
because of its atypical presentation and sometimes quite scarce manifestations(Bhatnagar
2004, Halliday 1993, Majeski 2005,Lord 1996). The outcome depends on intensive and
adequate resuscitation with fluids and broad spectrum antibiotics and prompt resection of
the gangrenous loop of gut(Asbun 1992, Bagarani 1993, Bhatnagar 2004, Halliday 1993,
Majeski 2005,Lord 1996). The mortality rate even though has improved significantly in
recent years due to better perioperative management of these patients, continues to remain
high when gangrene sets in. The various factors that influence the outcome include general
factors like advanced age of the patient, associated comorbid conditions and local factors
including perforation , peritonitis and presence of shock(Bhatnagar 2004, Halliday 1993,
Majeski 2005,Lord 1996, Halliday KE 1993, Feldman D 2000). This chapter intends to discuss
the etiopathogenesis, presentation, investigation and management of both common and
uncommon volvulus of the colon with emphasis on those volvulus being complicated with
gangrene

2. Sigmoid volvulus

2.1 Introduction

Sigmoid volvulus is a leading cause of strangulation of large bowel the world over
(Bhatnagar 2004, Halliday 1993, Majeski 2005,Lord 1996). It is common in Asia, Africa,
Scandinavia, South America, Middle East and Eastern Europe (Bagarani 1993, Bhatnagar
2004, Oren 2007, Pahlman 1989, Halliday KE 1993, Feldman D 2000,). The incidence of
gangrenous volvulus is sketchy in the world literature but the major concern is the high
mortality associated with it (17 to 100%) as compared to 3-30% in non gangrenous volvulus
(Bagarani 1993, Bhatnagar 2004, Oren 2007, ,Pahlman 1989). Anatomic features predisposing
to sigmoid volvulus include redundant sigmoid colon that has a narrow mesenteric
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attachment. Sigmoid volvulus is seen in elderly patients, often in institutionalized and
debilitated patients with neurological and psychiatric conditions such as Parkinson’s disease
and schizophrenia. The association of sigmoid volvulus with advancing age is more likely
due to dysmotility rather than lengthening of the sigmoid colon and its mesentry. Other less
common predisposing factors include pregnancy, post operative adhesions, internal
herniations, intussusceptions, omphalomesenteric abnormalities, intestinal malrotation,
appendicitis and carcinoma. (Bhatnagar 2004, Oren 2007, Pahlman 1989, Halliday KE 1993,
Feldman D 2000)

2.2 Presentation

The predominant symptom of gangrenous sigmoid volvulus is abdominal pain and
progressive abdominal distension (92 to 95%), constipation (92%), muscle guarding /
rigidity (75%) and vomiting in 60% of the cases (Asbun 1992, Bagarani 1993, Bhatnagar 2004,
Oren 2007, Pahlman 1989). A visible sigmoid loop is noted in 42% and rectal examination
may reveal blood in the examination finger. The median duration of symptom on admission
is 3 days (3.7#2.8 range 1-15) (Asbun 1992, Bagarani 1993, Bhatnagar 2004, Oren 2007,
,Pahlman 1989). A previous attack of volvulus is recorded in 23.5% while 72.5% may
develop gangrene in the first attack (Bhatnagar 2004). The incidence of preoperative shock
did not differ in patients with differing pattern of gangrene but the incidence of shock is
significantly higher in patient who died (Bagarani 1993, Bhatnagar 2004, Oren 2007,
,Pahlman 1989, Halliday KE 1993).

2.3 Pattern of gangrene

Gangrene of the colon may be extensive and well defined (figure 1) or at times may be
patchy with ill defined limits. The pattern of gangrene can be divided into 3 groups
(Bhatnagar 2004): (a) those with gangrene confined to sigmoid colon. In 73% of the cases the
gangrene is confined classically to the area of constriction. (b) the gangrenous area may
extend beyond the confines of the area under constriction on one or both sides (26% of the
cases)( Bhatnagar 2004). More often it extends well down into the rectum lying in the hallow

Fig. 1. Gangrenous sigmoid volvulus-Extensive and well defined
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of the sacrum(c) those with gangrene of the sigmoid with ileal knotting. In 15%, the
gangrenous sigmoid may be involved in knotting with ileum. The gangrene of rectum distal
to the twist is uncommon as the main vascular supply to the rectum lies proximally running
in the medial limb of the sigmoid mesocolon and hence is generally not involved in the
twist. However it could be involved if the vessels take a slightly aberrant lateral course in
the mesocolon which is narrowed and hence can become incorporated in the twist. If the
gangrene in rectum distal to the twist is not recognized, it can lead to an error in judgment
of performing an anastomosis to the gut of questionable viability and with disastrous
consequences (Asbun 1992, Bhatnagar 2004)

2.4 Investigations

The diagnosis could be established in approximately 60% of the cases with a plain x-ray
abdomen (Bhatnagar 2004, Oren 2007, ,Pahlman 1989, Halliday KE 1993, Feldman D 2000).
The distended sigmoid colon appears as ahaustral collection of gas (sometimes referred as
“bent inner tube” sign or “coffee bean” sign) that extends from the pelvis to the right upper
quadrant as high as the diaphragm(Feldman D 2000). Distended large bowel proximal to the
sigmoid colon and air fluid levels in the small bowel are often present (Asbun 1992,
Bagarani 1993, Bhatnagar 2004, Oren 2007, Pahlman 1989, Ballantyne GH 1982). Presence of
air in the bowel wall (pneumatosis intestinalis), free air in peritoneal cavity or in the portal
vein would strongly indicate the presence of gangrenous gut. A barium enema with water
soluble contrast is contraindicated when gangrene is suspected(Mellor MF 1994) . A CT scan
would show the typical finding of a whirl sign at the site of the twist caused by dilated
sigmoid colon around its mesocolon and vessels and bird beak appearance of the afferent
and efferent colonic segment (Catalano O 1996).

2.5 Management

It is of outmost importance to be aware that a gangrenous volvulus is an acute surgical
emergency and has to be dealt expeditiously and aggressively to achieve better outcome.
The management of sigmoid volvulus involves adequate and prompt fluid resuscitation,
decompression of proximal bowel and urgent resection of the gangrenous segment (Asbun
1992, Bagarani 1993, Bhatnagar 2004, Oren 2007, Pahlman 1989, Ballantyne GH 1982, Kuzu
MA 2002) . While in the absence mucosal ischemia it would seem reasonable to attempt
detorsion and decompression via sigmoidoscopic placement of soft rectal tube or
occasionally barium enema(Mellor MF 1994), the presence of gangrene of colon warrants
immediate laparotomy after intensive resuscitation(Bhatnagar 2004, Ballantyne GH 1982,
Kuzu MA 2002). In gangrenous sigmoid volvulus, resection and primary anastomosis may
be performed with acceptable mortality and morbidity rates provided that the patients is
haemodynamically stable and a tension free anastomosis of well vascularised segments of
the bowel is feasible. This technique when employed has a reported mortality rate of 16 to
33%( Oren 2007, ,Pahlman 1989,Bhatnagar 2004, Ballantyne GH 1982, Kuzu MA 2002) .On
table cleaning of the proximal bowel may be added to perform the primary anastomosis
with reasonable safety. When condition for primary anastomosis is not ideal then
Hartmann'’s operation or Mickulicz procedure with resection of gangrenous loop may be life
saving particularly in unstable patients with severe fecal peritonitis((Bhatnagar 2004, Kuzu
MA 2002). The drawback of adding a stoma however is that it carries the mortality and
morbidity risks associated with stoma and that it requires a second operation.
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2.6 Outcome

The mortality following surgery in these patients range from 19 to 66%( Asbun 1992,
Bagarani 1993, Bhatnagar 2004, Oren 2007, ,Pahlman 1989, Ballantyne GH 1982, Kuzu MA
2002) . Experienced surgeons however could perform both primary anastomosis and stoma
successfully by laparoscopic approach; the concern however is that of rupture of
gangrenous loop while doing so. Exteriorisation of the gangrenous gut is another option
although it is difficult to fully exteriorize a gangrenous loop and the associated mortality
could be higher(Asbun 1992, Bagarani 1993, Bhatnagar 2004, Oren 2007, ,Pahlman 1989,
Ballantyne GH 1982, Kuzu MA 2002). While the overall mortality in nongangrenous sigmoid
volvulus is 6 to 24%, in gangrenous SV it ranges from 11 to 80% (Asbun 1992, Bagarani 1993,
Bhatnagar 2004, Oren 2007, Pahlman 1989, Kuzu MA 2002). The factors that influence the
adverse outcome include delay in presentation or diagnosis, advanced age, fecal peritonitis
due to perforation of gangrenous loop, previous episodes of volvulus, associated
comorbidities including diabetes mellitus, and renal, cardiac and pulmonary insufficiency
(Asbun 1992, Bagarani 1993, Bhatnagar 2004, Oren 2007, Pahlman 1989, Ballantyne GH 1982,
Kuzu MA 2002). The most important cause of death however is septicaemic shock. The
morbidity rate is approximately 6 to 26% and includes wound infection, intra-abdominal
abscess, evisceration, anastomotic leakage, stomal complications, intestinal obstruction,
respiratory complications and DVT(Asbun 1992, Bagarani 1993, Bhatnagar 2004, Oren 2007,
,Pahlman 1989). The mean hospitalization period ranges from 8 to 13 days (Bhatnagar 2004).
Since gangrenous SV invariably requires resection of sigmoid colon, recurrence of volvulus
is unlikely (Asbun 1992, Bagarani 1993, Bhatnagar 2004, Oren 2007, Pahlman 1989).

2.7 Summary

Gangrenous sigmoid volvulus invariably occurs due to delay in presentation or diagnosis.
The occurrence of gangrene beyond the confines of twist is likely and awareness of this is
necessary to avoid insecure anastomosis. The management includes aggressive resuscitation
followed by resection of the gangrenous loop with primary anastomosis or stoma. The
mortality is significantly higher than in patients with nongangrenous sigmoid volvulus.
Various factors that would influence the outcome adversely is older age group, associated
comorbidities, presence of shock at admission, fecal peritonitis and previous episode of
volvulus.

3. Cecal volvulus

3.1 Introduction

Cecal volvulus (CV) is an axial twist of the cecum ascending colon and terminal ileum
around a mesenteric pedicle. CV is relatively uncommon with an incidence of 2.8 to 7.1 per
million people per year(Tejler G 1988).Cecal volvulus occurs in patients who have increased
cecal motility as a result of anomalous fixation of the right colon. Acquired anatomical
abnormalities such as surgical adhesions can also contribute. Other conditions that have
been associated with cecal volvulus include pregnancy, congenital malformations,
colonoscopy, Hirschprung's disease and mobile cecal syndrome(Tejler G 1988, Bystrom ]
1972, Madiba TE 2002). The majority of the patients with cecal volvulus have full axial
rotation causing twisting of the mesentery and blood vessels (Majeski J 2005, Tejler G 1988,
Bystrom ] 1972). In approximately 10% of cases the cecum and ascending colon fold in the
anterior cephalad direction (known as cecal bascule)(Tejler G 1988, Bystrom ] 1972).
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Although cecal bascule does not cause torsion of the mesentery and blood vessels it can lead
to intestinal gangrene due to distension and bowel wall ischemia(Tejler G 1988, Bystrom J
1972).

3.2 Presentation

The majority of patients with cecal volvulus have similar presentation to those with small
bowel obstruction (Majeski ] 2005, Tejler G 1988, Bystrom ] 1972, Madiba TE 2002). The
major symptoms are abdominal pain, nausea, vomiting and obstipation. The pain is usually
steady with superimposed colicky component associated with peristalsis. The abdomen is
often diffusely distended representing the dilated right colon and small bowel. Fever,
peritonitis or hypotension may indicate the presence of intestinal gangrene (Majeski ] 2005,
Tejler G 1988, Bystrom ] 1972, Madiba TE 2002).

3.3 Investigations

The diagnosis can be established by a barium or water soluble contrast enema or CT
scan(Majeski J 2005, Tejler G 1988, Bystrom ] 1972, Madiba TE 2002). On plain radiography
the cecum appears as a kidney shaped mass extending into the left upper quadrant.
Distended loop of small bowel are common. The abdominal plain film is suggestive of
diagnosis in 46% but diagnostic only in 17% of the cases(Majeski ] 2005, Tejler G 1988,
Bystrom ] 1972). While barium study is diagnostic in 88% of the cases it is contraindicated
when diagnosis is not clear or gangrene is suspected (Tejler G 1988, Bystrom J 1972). CT scan
has become the preferred radiological test for establishing the diagnosis of cecal volvulus
and in recognizing its variant. It can also show the signs of strangulation and or perforation
(Tejler G 1988, Bystrom ] 1972).

3.4 Management

While the goal of nongangrenous cecal volvulus is to prevent the development of gangrene
and address the anatomic abnormality, in gangrenous volvulus the need of the hour is
resection of gangrenous loop immediately after adequate resuscitation (Majeski ] 2005, Tejler
G 1988, Bystrom ] 1972, Madiba TE 2002). While several techniques may be used in dealing
with nongangrenous cecal volvulus including cecopexy and cecostomy, in the presence of
gangrene the surgical approach warrants resection of gangrenous gut and primary
anastomosis (Madiba TE 2002). Colopexy of the remainder right colon would be required as in
most instances the right colon is mobile due to failure of fusion of the cecum and ascending
colon to posterior pericolic peritoneum(Madiba TE 2002). The tinea of reminder of the right
colon holds sutures very well because this segment of the colon is not involved in cecal
volvulus. The remainder of the distal colon must always be carefully examined intra-
operatively for colonic obstruction. A proximal ileocolic anastomosis in the presence of a distal
obstruction may lead to a lethal postoperative outcome (Majeski ] 2005, Madiba TE 2002).

3.5 Outcome

The outcome of resection of gangrenous cecal volvulus depends on the overall fitness of the
patient including the age and associated comorbid conditions. The overall mortality in
gangrenous cecal volvulus range from 23 to 48% (Majeski ] 2005, Tejler G 1988, Bystrom ]
1972, Madiba TE 2002). The presence of preoperative shock and fecal peritonitis have
adverse outcome.
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4. Splenic flexure volvulus

4.1 Introduction

The splenic flexure volvulus is rare with an incidence of less than 2% of all colonic volvulus
with approximately 32 cases being reported in the literature so far(Ballantyne GH 1985). The
rarity of the splenic flexure volvulus is due to the fact that this part of large bowel has
limited mobility due to its attachment to phrenocolic, gastrocolic and splenocolic ligament
and intraperitoneal position of the descending colon(Ballantyne GH 1985,Mittal R 2007,
Osuka A 2006). For splenic flexure volvulus to occur some or all of these anatomical factors
should be congenitally absent or altered by surgery thus rendering the flexure unusually
mobile. The splenic flexure volvulus has also been reported with other congenital anomalies
including wandering spleen causing volvulus of the splenic flexure; this causes partial
obstruction of the large intestine by the splenic pedicle(Ballantyne GH 1985,Mittal R 2007).
Congenital bands and acquired adhesions due to previous surgeries could be other
etiological factors (Ballantyne GH 1985, Mittal R 2007, Osuka A 2006) .

4.2 Presentation

Though there are reported cases of splenic flexure volvulus in children(Osuka A 2006) the
median age of these patients is 53 years with a female preponderance (Ballantyne GH 1985,
Mittal R 2007). The usual presentation of these patients is non acute and nonspecific and
include recurrent episodes of abdominal pain, distension and vomiting and is usually not
suspected because of the rarity of this condition. Acute presentation with features of
gangrene is rare (figure 2) and such patients could present with severe tenderness,
guarding, rigidity and shock invariably due to delay in presentation or diagnosis
(Ballantyne GH 1985, Mittal R 2007, Osuka A 2006).

Fig. 2. Splenic flexure volvulus- grossly distended gangrenous loop

4.3 Investigations

Diagnosis of this rare condition is facilitated by radiological investigation including plain X-
ray abdomen and CT scan( Ballantyne GH 1985Mittal R 2007, Osuka A 2006). The
characteristic findings include the following: 1) two widely separated air fluid levels one in
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the distended splenic flexure and the other in the cecum (figure 3); 2)markedly dilated air
filled colon with abrupt termination at the anatomic splenic flexure; 3)an empty descending
and sigmoid colon; 4) a characteristic beak at the anatomic splenic flexure on barium enema
examination if performed; 5) a coffee bean appearance of the dilated splenic flexure is seen

Fig. 3. Plain x-ray showing two widely Fig. 4. CT scout film revealing dilated
separated air fluid levels in splenic flexure splenic flexure loop with concavity facing
and cecum upwards and laterally

Fig. 5. CT image showing dilated splenic flexure with whirl sign (arrow)
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and in splenic flexure volvulus unlike sigmoid volvulus the concavity of the bean is facing
upwards and laterally (figure4). The CT scan will reveal dilated splenic flexure with a
characteristic whirl sign at the site of the twist of the mesentery® (figure 5). The presence of
gangrene is suspected when there is air in the wall of the bowel (pneumatosis intestinalis),
air in portal vein or in the presence of peritonitiss.

4.4 Management

Like in the case of sigmoid volvulus the immediate priority is aggressive resuscitation with
IV fluids and appropriate antibiotics to optimize the patient for an urgent surgery
(Ballantyne GH 1985, Mittal R 2007, Osuka A 2006). The broad principle of management
would include resection and primary anastomosis or creation of stoma. A primary
anastomosis is avoided in the presence of perforation and peritoneal soiling, preoperative
shock and in the presence of dilated edematous loops of gut to be anastomosed (Ballantyne
GH 1985, Mittal R 2007, Osuka A 2006).

4.5 Outcome

The overall mortality ranges from 16 to 33% and depends significantly in delay in diagnosis,
presence of shock, fecal peritonitis and associated comorbidities (Ballantyne GH 1985, Mittal
R 2007, Osuka A 2006).

4.6 Summary

Splenic flexure volvulus is a rare cause of intestinal obstruction. Gangrene is usually
associated with the acute form of presentation. Rarity of the condition and protean
manifestation may lead to delay in the diagnosis. Radiological investigations could however
guide to a prompt surgical treatment after adequate resuscitation. Resection and primary
anastomosis is often feasible failing which the patient my require resection with colostomy.
As the manifestation of transverse colon volvulus is to a large extent similar to splenic
flexure volvulus it would not be further discussed.

5. lleosigmoid knotting

5.1 Introduction

Ileosigmoid knotting is a rare cause of intestinal obstruction that rapidly progresses to
gangrene of ileum as well as the sigmoid colon(Shepherd JJ 1967,Puthu D 1991, Alver O 1993).
Preoperative diagnosis is difficult because of its infrequency and atypical radiographic
findings (Shepherd JJ 1967). It is essential to differentiate it from sigmoid volvulus because
endoscopic reduction is a contraindication in ISK(Raveenthiran V 2001). In recent years CT has
been useful in making a preoperative diagnosis (Raveenthiran V 2001). Generalized peritonitis
and sepsis are the main cause of poor outcome (Shepherd JJ 1967, Puthu D 1991, Alver O 1993).
After hemodynamic stabilization, immediate surgical intervention is need of the hour. Three
factors are responsible for ileosigmoid knotting (Shepherd JJ 1967): 1) a long small bowel
mesentery and freely mobile small bowel 2) a long sigmoid colon on a narrow pedicle and 3)
ingestion of high bulk diet in the presence of empty small bowel as would happen during the
fasting month of Ramadan among Muslims. When a semi liquid bulk meal progresses into the
proximal jejunum it increases the mobility of the intestine and the heavier segments of the
proximal jejunum fall into the left lower quadrant(Shepherd J] 1967). The empty loop of ileum
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and distal jejunum twist in a clockwise rotation around the base of the narrow sigmoid colon.
Further peristalsis form an ileosigmoid knot with 2 closed loop obstruction; one in the small
bowel and the other in the sigmoid colon. Ileo sigmoid knotting is categorized into 3 types
(Shepherd JJ 1967 ). In type 1, the ileum (active component) wraps itself around the sigmoid
colon (passive component) in a clockwise or anticlockwise direction. In type 2 the sigmoid
colon (active component) wraps itself around a loop of ileum (passive component) in a
clockwise or anticlockwise direction and in type3 the ileocecal segment (active component)
wraps itself around the sigmoid colon (passive component)

5.2 Presentation

Ileosigmoid knot rapidly progresses to gangrene of ileum as well as the sigmoid colon.
(Figure 6). Generalized peritonitis ,sepsis and dehydration are the principal complications
(Shepherd JJ 1967, Puthu D 1991, Alver O 1993, Raveenthiran V 2001). The predominant
symptom and signs of presentation include abdominal pain and tenderness (100%),
abdominal distension (94 to 100%), nausea and vomiting (87 to 100%), rebound tenderness
(69%) and shock (0 to 60%)( Shepherd JJ 1967, Puthu D 1991, Alver O 1993, Raveenthiran V
2001). Despite the critical condition the preoperative diagnosis is not easy. The diagnostic
difficulty is partly caused by the unfamiliarity of this rare entity and the confusing and self
contradicting feature of the disease. While the clinical feature of vomiting suggests small
bowel obstruction the radiographic findings are that of colonic distension which is
uncommon in small bowel obstruction. In 73 to 79.5% of cases the bowel is gangrenous
(Shepherd JJ 1967,Puthu D 1991, Alver O 1993, Raveenthiran V 2001). Both sigmoid colon
and small bowel are involved in 52 to 60% of the cases. Paradoxically the incidence of bowel
gangrene was 90% in those who presented early within 24 hours of their symptoms,
presumably reflecting the fulminating clinical deterioration of patients due to early and
extensive infarction of the bowel involved in a tight knot(Horgan PG 1992). In patients who
present after 24 hours of the initial symptoms the bowel gangrene was noted in 57% of the
cases.(Shepherd JJ 1967, Puthu D 1991, Alver O 1993, Raveenthiran V 2001).

Fig. 6. Ileosigmoid knot- Gangrenous ileum and sigmoid colon seen along with the Meckel’s
diverticulum
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5.3 Investigations

The diagnosis could be achieved following radiological investigations. The plain X-ray
findings include a double loop of dilated sigmoid colon and multiple air fluid levels in the
small intestine(Shepherd JJ 1967,Puthu D 1991, Alver O 1993, Raveenthiran V 2001)). The CT
scan findings suggestive of Ileo sigmoid knot include the whirl sign created by the twisted
intestine and sigmoid mesocolon in the ileosigmoid knot, medial deviation of cecum and
ascending colon (Alver O 1993, Raveenthiran V 2001).

5.4 Management

The initial management would involve aggressive resuscitation with fluid, appropriate
antibiotics and correction of acid base imbalance if any (Shepherd JJ 1967,Puthu D 1991,
Alver O 1993, Raveenthiran V 2001). After hemodynamic stabilization, laparotomy is
performed without any delay. The outcome would depend significantly in early and
adequate resuscitation and prompt resection of the gangrenous loop. Various surgical
procedures have been employed in these patients. The initial attempt to untie the knot may
be feasible when both sigmoid and ileum are viable or sigmoid colon alone is viable
(Shepherd JJ 1967, Puthu D 1991, Alver O 1993, Raveenthiran V 2001). When both sigmoid
and ileum are gangrenous there is difficulty in untying the knot with the potential risk of
rupture of the gangrenous loop in doing so leading to peritoneal spillage of the toxic bowel
contents (Shepherd JJ 1967,Puthu D 1991, Alver O 1993, Raveenthiran V 2001). Intestinal
clamps hence should be applied before dissection or resection of the knot and the loops.
Primary anastomosis of the small bowel loop after resection is preferable( Raveenthiran V
2001). When the terminal ileum is gangrenous within 10 cms of the ileocecal valve an end to
end anastomosis is avoided(Raveenthiran V 2001). The distal stump is then closed and end
to side ileocecostomy is performed. Resection of the sigmoid colon is often advised even
when it is viable to prevent recurrent volvulus and recurrent knotting(, Alver O 1993,
Raveenthiran V 2001). Primary anastomosis following colonic resection could be carried out
safely particularly when the history is short and the remaining bowel is clean, well
vascularalised and undistended and a tension free anastomosis is feasible. In the absence of
an ideal situation and significant preoperative shock or peritoneal contamination a
Hartmann procedure or covering colostomy may be advocated to avoid the risk of fecal leak
from colonic anastomosis (Shepherd JJ 1967,Puthu D 1991, Alver O 1993, Raveenthiran V
2001).

5.5 Outcome

The operative mortality from ileo sigmoid knot varies from 0 to 48% (mean 35.5%). The
mortality figures are generally related to duration of the symptom, preoperative shock, the
presence or absence of gangrene and the general status of the patient(Shepherd ]J
1967,Puthu D 1991, Alver O 1993, Raveenthiran V 2001).

5.6 Summary

Ileo sigmoid knot is a rare cause of intestinal obstruction. Unfamiliarity and diagnostic
difficulties have contributed to the mortality and morbidity of this condition in the past.
Better understanding of the problem and increased possibility of preoperative diagnosis
following CT scan have facilitated early diagnosis and intervention. Aggressive fluid
resuscitation, preoperative antibiotics, prompt laparotomy and effective surgery including
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resection of gangrenous loop and primary anastomosis and better perioperative care of the
shocked patient have optimized the survival of these patients

6. General considerations in management of ischemic gut

While an obviously gangrenous bowel is easy to detect, operative evaluation to determine
the viability of borderline ischemia may not be precise(Horgan PG 1992). The use of
intraoperative doppler examination and use of intravenous administration of fluroscein
with visual examination using ultraviolet light are standard methods to determine bowel
viability(Horgan PG 1992). These intraoperative tests are not absolutely accurate. Moreover
both tests require detorsion of the bowel and reperfusion of the bowel. Reperfusion of
ischemic or gangrenous bowel can produce metabolic acidosis, intestinal bacterial and toxin
translocation and possible irreversible septic shock(Patel A 1992, Zimmerman B] 1992).
Reperfusion of ischemic intestine results in extensive microvascular and parenchymal cell
injury by release of proteases and physical disruption of the endothelial barrier resulting in
eventual cell death(Zimmerman BJ] 1992). To avoid reperfusion of the ischemic volvulus
and reperfusion injury the gangrenous bowel loop should be resected without detorsion
(Alver O 1993, Raveenthiran V 2001)

7. Summary

Gangrene is a potential complication of colonic volvulus. It is of outmost importance that a
clinician avoids this complication in a patient with a colonic volvulus by an early diagnosis,
adequate resuscitation and prompt surgical intervention. Once gangrene has set in the
outcome is adversely effected. The surgical intervention would involve resection with
primary anastomosis or creation of stoma. Primary anastomosis is generally avoided in the
presence of shock, significant peritonitis, and inability to create anastomosis between two
well vascularised loops in a tension free manner. The factors that seriously affect the
outcome include general factors including advanced age and associated comorbid
conditions and local factors including fecal peritonitis and shock
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1. Introduction

The common aetiologies of gangrene of the extremities are atherosclerosis and diabetes
mellitus. An internist may encounter several other diseases which can cause gangrene of
extremities. Systemic lupus erythematosus, progressive systemic sclerosis, Henoch-
Schonlein purpura, anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitis,
Takayasu arteriitis, infective endocarditis, gangrene associated with procoagulant states
due to malignancy, anticardiolipin antibody syndrome and disseminated intravascular
coagulation are some of the important causes of gangrene of the extremities. Rare causes of
gangrene include heparin induced thrombocytopenia (HIT), haemolytic uremic syndrome
(HUS) and Human immunodeficiency virus (HIV) infection.

HIV infection involves all the systems of the body, and the cardiovascular system is no
exception. HIV vasculopathy was first described as an entity in 1987 (Joshi et al., 1987). HIV
associated vasculopathy may present with arterial occlusive disease, aneurysmal disease,
aortic dissection or spontaneous arteriovenous fistula (Mulaudzi, 2005; Nair, 1999, 2000,
2001; Pantula, 2009). Vasculitis is one of the less common but important consequences of
HIV (Chetty, 2001). Aneursymal disease is thought to be due to vasculitis of vasa vasorum
leading to inflammation with resultant transmural fibrosis or necrosis and the formation of
true or false aneurysms (Mulauldzi et al, 2005). HIV-related thrombosis, which is
segmental, shows a histological picture identical to that seen in aneurysms, with
inflammatory changes confined to the vasa vasora with bland organising luminal
thrombosis. This strongly suggests that aneurysm and thrombosis are different expressions
of the same pathological process.

Peripheral arterial disease (PAD) is more prevalent in the HIV-infected population than in
the general population (Periard, 2008). There is a six-fold increased risk for PAD in HIV-
infected individuals as well as an earlier onset of the disease compared with HIV-negative
patients (Periard et al., 2008). Broad spectrum of rheumatic syndromes are associated with
HIV infection ranging from arthralgias to reactive arthritis, myopathy and fibromyalgia to
more severe necrotizing vasculitis (Uppal & Achutan, 1997). Almost every pattern and type
of vasculitis of small, medium and large vessels has been encountered in the HIV setting
(Chetty, 2001). Widespread digital ischemic changes and gangrene of the hands and feet is
an uncommon presentation in patients with HIV infection (Roh & Gertner, 1997). There are
several reports on HIV associated occlusive vasculopathy from Africa. Reports from India
on this subject are limited.
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2. Materials and methods

Data of 1311 HIV reactive patients was obtained retrospectively from the medical records of
department of medicine from the year 2000 to 2010. All HIV positive patients’ records were
studied. Records of patients with gangrene were identified and studied.

HIV testing was done by HIV Vironostika (4th Generation ELISA, BioMerieux, France). All
HIV reactive samples were then tested by HIV TRIDOT (J Mitra, India), a rapid assay that
allows differentiation between HIV 1 and 2. The reactive samples were further confirmed by
a Western Blot assay (HIV Blot 2.2, Gene labs Diagnostics, USA). CD4 counts were
determined by using the FACS Count (Becton Dickinson, USA). HIV Viral loads were
estimated by the AMPLICOR assay (Roche, USA).

3. Our experience

In our experience over the last 10 years in a south Indian tertiary care hospital we have seen
only 2 cases of HIV associated gangrene out of the 1311 cases HIV infected patients. We
describe our experience of one of our patients of HIV infection with gangrene.

3.1 Case report

A woman aged 32 years presented to the outpatient department of our institute with
complaints of pain and blackish discoloration of left foot since 1 month. She did not have
diabetes mellitus or hypertension. She was non smoker and non alcoholic. There was no
history of coronary artery disease or cerebrovascular diseases.

On examination she was emaciated. Pallor and oral thrush were noted. There was no
lymphadenopathy. Vitals were normal. Cardiovascular, abdomen and respiratory systems
were normal. Left foot was dry, gangrenous with blackish discoloration (Figure 1). Dorsalis
pedis, posterior tibial pulses were not palpable. Sensations decreased on the foot.
Hemoglobin was 10 gm/dL, Total leucocyte count was 10,000/ cmm with neutrophils 66%,
lymphocytes 28%, Eosinophils 4%, and monocytes 2%. Platelets were normal. Peripheral
smear examination showed normocytic, normochromic anemia. Erythrocyte sedimentation
rate was 20mm at 1st hour. Liver function tests and renal function tests were normal. Lipid
profile was normal. Anti nuclear factor (ANF), perinuclear and cytoplasmic anti neutrophil
cytoplasmic antibodies (P and C-ANCA) were negative. Australian Antigen and HCV
antibodies were negative.

She was evaluated and was found to have HIV-1 infection. CD4 count was 106 cells/uL.
Patient’s spouse was tested reactive for HIV 1 and was receiving HAART. She had one male
child who was 8 years old and had been tested non reactive for HIV infection. She was
started on highly active antiretroviral therapy (HAART) and low dose prednisolone. Pain
reduced and a line of demarcation developed.

4. Discussion

HIV-associated vascular disease is a specific disease entity which differs from
atherosclerotic disease in various aspects. HIV positive patients with vasculopathy are
younger with an average age of 40 years in comparison to 55 years in patients with
atherosclerotic disease (Botes & Van Marle, 2007). There is also a lower incidence of the
typical risk factors for atherosclerosis like smoking, hypertension, hypercholesterolemia and
diabetes mellitus in these patients with HIV with peripheral vascular disease. CD4 T-cell
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Fig. 1. Gangrene involving left foot in a woman aged 32 years with HIV infection

count < 200 cells/pl was found as significant predictor of PAD in HIV (Periard et al., 2008).
Literature suggests that the incidence of symptomatic vasculitis is in the region of 0.4% to
1% of HIV-infected patients (Kaye, 1996; Kakrani et al., 2003). However, we have seen only 2
cases of HIV associated gangrene over last 10 years. The reason for the low incidence in our
experience is possibly due to the free antiretroviral treatment (ART) at the government
funded ART centres in our state. Another reason for the low incidence of peripheral
vascular disease is because we did not screen for any subclinical vascular disease in our
patients. As observed in our cases CD4 counts in patients with HIV vasculopathy are below
normal in more than 90% of patients and the CD4:CD8 ratio is usually reversed, indicative
of advanced immunosuppression (Mulaudzi et al., 2005).

4.1 Etiology of gangrene in HIV

Infections, occlusive disease due to a hypercoagulable state, vasculitis are some of the
mechanisms suggested for gangrene of the extremities in HIV. There have been reported
findings of anti-phospholipid antibody syndrome, deficiencies of free protein S, protein C
and anti-thrombin 3, but these have been sporadic reports. Chronic HIV infection, rather
than its pharmacologic treatment, induces alterations of markers of endothelial dysfunction
(Torriani et al 2008). However some opine that despite minimizing HIV plasma burden and
subsequent associated inflammatory damage, antiretroviral medications may independently
contribute to endothelial damage (Gaetano et al., 2003; Chai et al., 2005; Shankar et al., 2005).
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HIV-infected patients tend to develop decreases in high density lipoprotein cholesterol
(HDL-c) and low density lipoprotein cholesterol (LDL-c) levels, followed by an increase in
plasma triglyceride levels, independent of any exposure to antiretroviral therapy (Grunfeld
etal., 1992).

Viral infections have been implicated in the pathogenesis of systemic vasculitis, and many
viruses, including HIV, are associated with vasculitis and occasionally gangrene. As in any
immunocompromised state, opportunistic infections are likely in patients with HIV
infection. Vasculitis and gangrene may be a manifestation of these opportunistic infections.
Cytomegalovirus (CMV), Herpes zoster virus (HZV), toxoplasmosis, pneumocystis,
salmonella, and Mycobacterium tuberculosis have all been associated with vasculitis in
patients with HIV infection!. The two major mechanisms by which infection is thought to
induce a vasculitis are direct microbial invasion, with resultant damage of the vessel wall,
and immune mediated injury both humoral and cellular (Chetty, 2001).

Another mechanism for development of vasculitis in patients after start of antiretroviral
therapy (ART) is immune-reconstitution inflammatory syndrome (IRIS). IRIS occurs within
a few weeks to months after the start of HAART; patients most often present with clinical
deterioration while the number of CD4 lymphocytes is increasing and the HIV viral load
decreasing. IRIS could be implicated in the pathogenesis of the vascular complications
(Venkataramana et al., 2006).

Various abnormalities predisposing to a hypercoagulable state have been detected in HIV
patients, including antiphospholipid antibodies, lupus anticoagulant, increased Von
Willebrand factor (vWF), deficiency in protein C and S, antithrombin and heparin co-factor.
Viral-induced endothelial injury causes increased levels of Von Willebrand factor, total
antigenic protein S, plasminogen activator inhibitor (PAI-1), endothelial-derived
thrombomodulin and other procoagulant products of endothelial cell activation (Saif et al.,
2001). Some of the rare causes which contribute to gangrene in HIV include thrombotic
thrombocytopenic purpura (de Man et al., 1997).

4.2 Clinical features

HIV-associated arterial occlusive disease is recognised as a specific clinical entity. Median
age of patients is between 30 - 40 years (Mulaudzi et al., 2005). Male preponderance has been
observed in HIV associated vasculopathy (Mulaudzi et al., 2005). The vessels reported to be
commonly affected are arteries of muscles and digits. In HIV related occlusive vascular
disease two patterns of presentation have been reported (Robbs & Paruk, 2010). In the first
type, there is no antecedent claudication and patients present with acute thrombosis. In this
type angiographically, proximal vessels appear normal but there is segmental occlusion
with poor distal runoff. The second group with occlusive disease appears to have premature
atherosclerotic disease. The majority of the patients present with critical ischaemia with rest
pain or gangrene.

In most patients the disease is confined to one limb, for reasons that are obscure. However
there are case reports describing gangrene involving upper limbs in children with HIV
(Despina et al., 2008). Cases of polyarteritis nodosa (PAN) like systemic necrotizing
vasculitis in HIV infected individuals, with digital ischaemia are reported (Kakrani et al.,
2003). As vasculopathies occur during the later stages of the HIV disease process and are a
marker for advanced disease, a thorough search for opportunistic infections should be made
in these patients. There are reports of increase in prevalence of Fournier's gangrene in
patients with HIV in their surgical ward during post HIV era (Elemé& Ranjan, 1995). There
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are case reports from India on gangrene involving unusual sites like breast in HIV patients
(Venkatramani et al., 2009.)

4.3 Diagnosis

HIV associated gangrene may be associated with a known pathogen or trigger, or may occur
in the absence of an obvious identifiable agent. To establish an opportunistic infection
associated with the vascular pathology either a serological test, staining of smears on light
microscopy, cultures, immunohistochemistry testing , and in situ hybridisation tests or viral
markers may be done as are relevant based on the clinical presentation.

Work up for autoimmune diseases and procoagulant states- antinuclear antibodies,
antiphospholipd antibodies, protein C, S and anti- thrombin IIl need to be planned in
patients with HIV with gangrene. Patients with peripheral arterial disease can be easily and
reliably identified by ankle brachial index (ABI) testing, and they presumably are at
increased cardiovascular risk, assuming that ABI mortality correlations from the general
population can be extrapolated to HIV-infected persons (Periard et al., 2008).

Doppler study of arterial and venous system is essential in all patients with ischemic
changes. There is a pathognomonic sign with hypoechoic spotting within the arterial wall
best described as string of pearls sign (Woolgar et al., 2002).

Diagnostic angiography in known HIV-positive patients with vasculopathy requires
awareness of the manifestations of the disease (Scholtz, 2004). The uncommon sites and
multiplicity of vascular involvement usually imply that additional images, with an
increased volume of contrast media, will be required. Owing to the increased risk of
thrombosis, care should be taken to adequately heparinize these patients during diagnostic
or interventional procedures. In a series on vascular involvement in HIV patients, it was
noted that the majority of the patients presented with occlusive disease, followed by
aneurysms, usually atypical in location, multiple, clustered and with a predilection for the
extracranial carotid arteries followed by the thoracoabdominal aorta and superficial femoral
arteries(Sholtz, 2004). Angiographic appearances vary in the two types of HIV related
occlusive vascular disease. In the acute thrombosis group, the angiographic picture is one in
which the proximal vessels are normal, accompanied by aggressive peripheral thrombotic
occlusion and very poor distal runoff.

A careful clinicopathological correlation is particularly important in skin biopsies showing a
vasculitic reaction. There are five patterns of vasculitis described in HIV i.e. lymphocytic
vasculitis(LyV), leucocytoclastic vasculitis(LCV) of small dermal vessels, neutrophilic
vasculitis with vascular thrombosis and intradermal suppuration, vasculitis with palisaded
neutrophilic neutrophilic and granulomatous dermatitis and large vessel vasculitis affecting
subcutaneous vessels (Grayson, 2008).

The last three patterns usually infer systemic involvement. A neutrophilic (leucocytoclastic)
vasculopathic reaction in the HIV positive individual may have many potential causes,
including infection with HIV per se. Other viral causes of hypersensitivity vasculitis include
CMV, hepatitis B virus, and Epstein-Barr virus. The dermal vessels in skin biopsies from cases
of HSV or varicella zoster virus (VZV) infection frequently exhibit LCV. Recurrent varicella
may even manifest with vasculitis in the absence of epidermal involvement. Drugs that may
precipitate LCV include certain HAART agents, penicillin and the sulphonamides. The
presence of acute LCV in association with vascular occlusion may signify either HIV-
associated mixed cryoglobulinaemia (with small vessel occlusion by cryoglobulin precipitates)
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or septic vasculitis (with dermal vascular occlusion by infected microthrombi). The latter may
be associated with intradermal abscess formation and/or cutaneous infarction (Carlson, 2005).

4.4 Management

HIV-associated vasculopathy is not cited in the World Health Organization (WHO) clinical
staging system. As HIV associated vasculopathy and gangrene are pointers to an advanced
stage of the disease it would be logical to offer antiretroviral therapy irrespective of the CD4
level. Recent publications have shown that HIV itself as a risk factor for peripheral artery
disease and strongly recommended NRTI and NNRTI containing regimens (Ye, 2010). As a
class, the protease inhibitors appear to have the greatest negative impact on total cholesterol
and triglyceride levels; however, even within this class, certain agents e.g., atazanivir and
darunavir do not have an adverse effect on lipids.

The treatment in patients with acute thrombosis type of occlusive disease depends on the
clinical presentation. In those patients wherein the limb cannot be salvaged primary
amputation is done. Where the limb is salvageable treatment options include endovascular
procedures like thrombectomy and thrombolysis or bypass procedures. However, the limb
salvage rate has been in the region of 27% (Mulaudzi et al., 2005). This is thought to be due
to the fact that it is mainly a vasculitic process with superimposed thrombosis, and
removing the thrombus does not, in effect, solve the problem, which has a very high re-
thrombosis rate3.

Patients with HIV infection with widespread ischemic necrosis and gangrene may require
treatment with corticosteroids (in the event of possible vasculitis), thrombolytic agents (for
the thrombotic component), or both, unless there are contraindications to either (Roh &
Gertner, 1997).

In those with chronic occlusive type of disease, in almost half of the patients, there may not
be a possibility of reconstruction due to poor runoff or the limb may be beyond salvage. In
others standard bypass procedures can be performed and only recently have endovascular
procedures been attempted. In this group, the results are marginally better than in the
patients with acute thrombosis type of occlusive disease. (Robbs & Paruk, 2010).

Patients should be optimized as per standard practice prior to surgical or endovascular
intervention. Vascular surgical principles should be adhered to when managing patients
with HIV-associated occlusive vasculopathy and management should be individualized.
Various authors have identified a CD4 T-cell count of less than 200 cells/pl is an important
risk factor for postoperative complications (Lin et al, 2004; Albaran, et al, 1998). A
significant complication in all patients in whom surgery is attempted has been the high rate
of superficial wound sepsis and graft sepsis. Some centers with vast experience with
surgical procedures for occlusive vascular disease in HIV have reported a perioperative
mortality of 6.95% (Van Marle et al., 2009). Primary amputation is usually done for very
advanced arterial disease.

5. Conclusions

One of the unforeseen consequences of untreated long standing infection with HIV is the
appearance of various rheumatic syndromes. Clinicians encountering a patient with
gangrene should consider HIV as an important cause and screen for presence of HIV
antibodies. Early detection of the HIV infection and appropriate and timely start of HAART
can possibly prevent vascular complications. In every patient, workup for both traditional
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and specific risk factors including opportunistic infections and prothrombotic states should
be done. Appropriate treatment for the ischemic limb as well as treatment of opportunistic
infections and HAART when indicated may significantly improve the outcomes. Screening
for subclinical vascular disease in asymptomatic patients with simple measures like ankle
brachial index and appropriate timely treatment will go a long way in preventing the
development of gangrene.
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1. Introduction

Normal lung function requires both adequate lung ventilation and adequate perfusion.
Adequate lung perfusion means normal blood flow can reach to the lung tissues providing
nutrients and oxygen to the lung tissues and the waste can be removed. Perfusion of the
lung may be disturbed in numerous settings, including infection, aspiration of foreign body,
neoplasm[1], trauma and may be secondary to surgical complications, adverse effects of
radiation therapy and chemotherapeutic agents. A variety of causes may lead to gangrenous
lung disease.(Table 1) For example, uncontrolled diabetes is a risk factor of severe lung
infection, especially caused by Klebsielli pneumonia.[4] Inadequate blood flow usually
resulted in necrosis, bacterial overgrowth and abscess formation. Gangrenous change
indicates tissues necrosis followed by decomposition of tissues into a slough. Compromise
of blood flow can be the primary cause and can be the result of other antecedent events.
Treatment and outcome were essentially related to its causes and depends on the timing of
either medical or surgical intervention. Without prompt intervention, high risks of mortality
and morbidity will be encountered.

Primary
pneumonia severe and uncontrolled infection in lung tissues
pulmonary embolism hypercoagulable state, deep vein thrombosis
neoplasm lung cancer with necrosis and infection, bronchial
obliteration by hilar tumor or hilar
lymphadenopathy
Secondary
trauma lung contusional hemorrhage
surgery Improper ligation of pulmonary artery and vein,
lobar torsion
sepsis septic emoli, systemic infection
drug-induced lung toxicity of chemotherapeutic agents
radiation effect radiation pneumonitis

foreign body aspiration  aspiration pneumonia

Table 1. Etiology of pulmonary gangrene
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2. Clinical features

Inflammatory changes can be locally confined in the lung tissues with lobar pneumonia,
necrotizing pneumonitis, cystic changes and abscess occurring in any location where the
tissues being destroyed. Symptoms of local inflammatory diseases include chest pain,
pleurisy, cough, dyspnea, purulent expectorants and reduced tolerance of physical activity.
Systemic inflammatory response syndrome (SIRS) causes unstable hemodynamics (dropped
blood pressure, tachycardia, tachypnea / dyspnea, and high fever/chills), severe chest pain,
malaise, poor appetite and purulent expectorants. In advanced age patients, deterioration of
consciousness may be the first presentation. However, these symptoms may be subtle or
non-specific and resembled to those symptoms seen in other common diseases.
Characteristic features included abundant and putrid sputum in the airway and hemoptysis
caused by tissues decomposition. [2] Proper history taking is essential when the patient
presented unexpected presentations following surgery (for example improper pulmonary
artery ligation after a lung resection). The diagnosis of lung gangrene based on clinical
manifestations alone is quite difficult. Established risk factors of community-acquired
pneumonia (CAP) are alcoholism, asthma, immunosuppression, advanced age (> 70 years
old), dementia, seizure, congestive heart failure, cerebralvascular disease, chronic
obstructive pulmonary disease, smoking, end-stage renal disease and others.[3]

3. Diagnostic laboratory blood test

A complete cell count and biochemistry is mandatory. Elevated white blood cells with shift-
to-left usually indicates for systemic inflammation or infection. C-reactive protein,
erythrocyte sedimentation rate and procalcitonin are also useful infection indicators. When
systemic infection is severe and non-pulmonary origins can be reasonably excluded,
gangrenous changes, a form of the most severe lung infection and tissues decomposition,
should be kept in mind as one of the differential diagnosis.[3, 5] Blood culture is obtained if
bacteremia is likely and serology test will be useful in some instances of infection.

4. Sputum analysis

Obtaining adequate sputum for possible pathogens is essential to guide the use of
antibiotics. Prior to identifying the definite culprit pathogen, empiric antibiotics of broad-
spectrum should be started as soon as possible. Four common pathogens encountered in
community-acquired pneumonia are Streptococcus pneumonia, Haemophilus influenzae,
Staphylococcus aureus and Mycoplasma pneumoniae. Among the common pathogens,
Streptococcus pneumonia occupied more than 50% of all cases. Gram stain, Acid-fast stain
and rapid antigen test can assist differential diagnosis. A positive gram stain for diplococci
has near 100% sensitivity for pneumococcal infection but the specificity is poor (less than
5%). [5] Recently, polymerase chain reaction (PCR) becomes more and more popular in
detection of some pathogens, from throat swab or sputum, yielding rapid result to guide our
treatment strategy. A multiplex PCR allows us to detect tuberculosis, Legionella spp,
Mycoplasma pneumoniae and C. Pneumonia. However, due to higher costs, such test is not
routinely applicable.
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5. Bronchoscopy

Bronchoscopy is a useful tool to help evaluate the condition of trachea and bronchus. Lobar
torsion, most commonly encountered in right middle lobe following resection of right upper
lobe, and subsequent lobar gangrene can be diagnosed under bronchoscopic findings of
total obliteration of bronchial orifice.[6] Ischemic bronchial wall can also be demonstrated
under bronchoscope. With brushing, lavage with saline (BAL) and punch biopsy of
suspected endobronchial lesion may also assist proper diagnosis prior to definitive
treatment.

6. Images

6.1 Chest radiograph

Chest radiograph can demonstrate disease progression from a smaller pneumonia patch,
lobar pneumonia, lung abscess, parapneumonic effusion and then to diffuse necrotic and
gangrenous changes of the lung. Consolidation of lung, cavitation and interstitial infiltrates
are possible changes. (Figure 1 )When clinical suspicion of lung infection is high but chest
radiograph is normal, interval follow-up of chest radiograph is mandatory. Many other
disease may have similar image findings. As a result, diagnostic value of these findings is
quite low.(Figure 1)

Fig. 1. Chest radiograph showed unilateral involvement of the lung with increased
infiltrates and patchy consolidation with apical lung spared.
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6.2 Angniography

When normal blood flow to the infected lung had been disturbed, angiography is an
adequate methods to evaluate the vascular structure and help differentiate from other
diseases. [7] However, pulmonary angiography is an invasive procedure carrying
higher risks of vascular injury. In most circumstances, the role of diagnosis has been
replaced by CTA (computed-tomography angiography), which is a relatively less invasive
approach. [8]

6.3 Computed tomography

Computed tomography (CT) can clearly define gangrenous lung disease into localized form
and diffuse form. With and without contrast enhancement can help identify the involved
regions, preoperative evaluation for the extent of lung resection, and whether pulmonary
vessels are occluded or not. Gangrenous changes of lung on CT scan have features of
multiple low-density areas, consolidations, air-trapping, loculated effusion and possibly
hydropneumothorax due to broncho-pleural fistula. Figure 2 is an example of the patterns of
both consolidation, necrosis and parapneumonic effusion.
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Fig. 2. Computed tomography scan of the lung showed multiple low-density regions with
marked consolidation as well as some parapneumonic effusions. The contralateral lung is
spared. The involved hemithorax is smaller in volume while the spared hemithorax expands
normally.

6.4 Lung function test

Lung function test is not for definite diagnosis but for evaluation the possibility of lung
resection and determine the extent of resection. However, the infected lung usually has
impaired lung function. Nuclear scan maybe more useful to determine the percentage of
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lung function of each lobe. Such test can differentiate restrictive lung disease from
obstructive lung disease.

6.5 Nuclear imaging

Nuclear scan helps little in establishment of definite diagnosis. However, both perfusion
and ventilation scan help a lot in evaluation of the extent of lung resection and estimated
post-operative lung function. Lung function test alone can determine the patient's overall
lung function but can not predict the function, perfusion and ventilation, of individual lobe
and gives us more reliable reading than lung function test alone. However, due to the
limitation of resolution of nuclear scan, interpretation of the results should be careful and
may discuss with the specialists.

7. Treatment

7.1 Medical treatment

Medical treatment is still the mainstay of treatment of gangrenous lung disease. The goals of
medical treatment is to control both local and systemic infection, preventing occurrence of
SIRS and septic shock. Administration of broad-spectrum of antibiotics, proper fluid
replacement therapy, steroid therapy, secure airway are useful strategies. Emperic
antibiotics should be modified according to culture results. When patient's response is poor
despite of aggressive medical treatment, surgical evaluation ought to be considered. The
most appropriate timing of surgery is to be defined. According to the experience of our
institute, after aggressive medical treatment for 48 hrs, surgical evaluation is to be expected
to prevent bilateral involvement of necrotizing pneumonia and unavoidable lethal outcome.
If patient's condition become stablized and the infected lung was only confined locally.
Resection of the local infection can be either delayed or unnecessary depending on infection
control.

7.2 Surgical treatment

Adequate timing of surgical intervention isn't easy to determine because gangrenous
changes of lung often accompany with pleural infection including empyema thoracis and
chest wall infection. Resection of lung, division of pulmonary vessels and bronchus in an
infected pleural space is risky for postoperative bleeding, prolonged air leaks due to
bronchial rupture and persistent pleural infection. A two-stage approach had been proposed
a reasonable strategy.[9] With concomitant pleural space infection, tube thoracostomy to
allow drainage of purulent pleural effusion or thoracoscopic deloculation and decortication
to help cleaning of pleural space and prepare for subsequent lung resection. However,
infection may be overwhelming in some situations and surgical intervention is emergent.
The most appropriate timing should be judged individually because such information in the
literature is very limited. If tube thoracostomy failed to alleviate systemic infection, prompt
surgical intervention should be started. If bronchial or vascular structure is fragile and
necrotic, pleural or muscle flap may be considered during operation. Extent of resection is
according to the involved lung tissues with normal lung spared. [4] Gross appearance of
gangrenous lung may be from densely fibrotic (Figure 3) to very fragile with foul smell.
(Figure 4)
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Fig. 3. This is a specimen after left side pneumonectomy. Repeated infection with
regeneration will result in consolidation( hepatization) and may cause pulmonary artery
occlusion. Such interruption of blood flow further aggravates infection because the
antibiotics may not reach to necrotic tissues.

Fig. 4. This is a specimen of right middle and right lower lobe after bilobectomy. On cut,
there was foul smell and the lung was very fragile in some regions admixed with some
fibrotic regions.
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8. ECMO

Extracorporeal membrane oxygenation is a strategy when lung fails to provide adequate
level of oxygenation.[10] Whether a patient's condition is operable or can be treated
medically, ECMO can maintain adequate oxygenation (V-V mode ) and circulation ( A-V
mode ) when lung condition is potentially reversible. Currently, more and more evidences
support the role of ECMO in non-cardiac circulatory failure. The exact timing and place of
such treatment in lung infection management remains to be determined

8.1 Outcome

Outcome depends mostly on the timing of detection of the gangrenous changes and prompt
intervention, either medical or surgical. Currently, there is still no reliable statistical results
about the mortality rate and complication rate. In some instances, auto-pneumonectomy
may occur after severe infection in hemi-lung without resection. This condition is termed as
" dry gangrene" and the involved lung becomes functionless and does not cause further
systemic infection. This is only rarely occurred. In most conditions, prompt surgical
intervention is mandatory if medical treatment failed to alleviate sepsis within days. When
involvement of pulmonary gangrene extends more than one lobe, extent of lung resection
need to be carefully evaluated. After complete resection of the necrotic tissues, infection
control will be easier. Chest tube can be removed days after operation. Long-term follow-up
is mandatory because most patients with pulmonary infections, to the extent of necrosis and
gangrene, have obvious predisposing factors and these factors must be monitored carefully
in outpatient department. Pulmonary rehabilitation is strongly recommended 3 months
after lung resection.

9. Conclusion

In most circumstances, lung infection is a medical disease and rarely requires lung resection.
However, surgical intervention should be carefully evaluated when a patient's condition
rapidly deteriorates despite aggressive medical treatment.
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1. Introduction

“Early intervention in order to prevent potential disaster in the management of Diabetic foot
is not only a great responsibility, but also a great opportunity”

Despite advances in our understanding and treatment of diabetes mellitus, diabetic foot
disease still remains a terrifying problem. Diabetes is recognized as the most common cause
of non-traumatic lower limb amputation in the western world, with individuals over 20
times more likely to undergo an amputation compared to the rest of the population. There is
growing evidence that the vascular contribution to diabetic foot disease is greater than was
previously realised. This is important because, unlike peripheral neuropathy, Peripheral
Arterial Occlusive Disease (PAOD) due to atherosclerosis, is generally far more amenable to
therapeutic intervention. PAOD, has been demonstrated to be a greater risk factor
than neuropathy in both foot ulceration and lower limb amputation in patients with
diabetes. Diabetes is associated with macrovascular and microvascular disease. The term
peripheral vascular disease may be more appropriate when referring to lower limb tissue
perfusion in diabetes, as this encompasses the influence of both microvascular dysfunction
and PAOD.

Richards-George P. in his paper about vasculopathy on Jamaican diabetic clinic attendees
showed that Doppler measurements of ankle/brachial pressure index (A/BI) revealed that
23% of the diabetics had peripheral occlusive arterial disease (POAD) which was mostly
asymptomatic. This underscores the need for regular Doppler A/BI testing in order to
improve the recognition, and treatment of POAD. Ageing is associated with both
neuropathic ulcers and peripheral vascular diseases among individual with diabetes.

2. Diabetic foot

The foot of a diabetic patient has the potential risk of pathologic consequences, including
ulceration, infection and/or destruction of deep tissues associated with neurologic
abnormalities, varying degrees of peripheral vascular disease and/or metabolic
complications of diabetes in the lower limb.

2.1 Epidemiology and problem statement of diabetic foot

The foot ulcer incidence rates range between 2% and 10% among patients with diabetes
mellitus. The age adjusted annual incidence for non traumatic lower limb amputations in
diabetic persons ranges form 2.1 to 13.7 per 1000 persons.!
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It is estimated that 15% of diabetic patients will experience a foot ulcer at some time over the
course of their disease. People with foot problems and diabetes mellitus have 15 times the
increased risk of undergoing a lower extremity amputation compared to those without
diabetes2. Amputation is the end result of a cascade of diabetic foot leg lesions. Twenty percent
of all diabetic persons enter the hospital because of foot problems. One study in UK showed
that 50% of the hospital bed occupancy of diabetic patients is caused by foot problems.

Apart from the morbidity and mortality associated with diabetic foot ulcers and amputations,
the economic and emotional consequences for the patient and the family can be enormous?.

2.2 Classification of the diabetic foot*

For practical purposes, the diabetic foot can be divided into two entities, the neuropathic
foot and the ischaemic foot. However, ischaemia is nearly always associated with
neuropathy, and the ischaemic foot is best called the neuroischaemic foot. The purely
ischaemic foot, with no concomitant neuropathy, is rarely seen in diabetic patients.

2.2.1 The neuropathic foot

e It is a warm, well perfused foot with bounding pulses due to arteriovenous shunting
and distended dorsal veins.

e Sweating is diminished, the skin may be dry and prone to fissuring

e Toes may be clawed and the foot arch raised.

e  Ulceration commonly develops on the sole of the foot

e Despite the good circulation, necrosis can develop secondary to severe infection.

e Itis also prone to bone and joint problems (the charcot foot).

2.2.2 The neuroischaemic foot

e Itisacool, pulseless foot with reduced perfusion and invariably has neuropathy.

e The colour of the severely ischaemic foot can be a deceptively healthy pink or red,
caused by dilatation of capillaries in an attempt to improve perfusion. If severely
infected, the ischaemic foot may feel deceptively warm.

¢ It may also be complicated by swelling, often secondary to cardiac or renal failure.

e The most frequent presentation is that of ulceration. Ischaemic ulcers are commonly
seen on the margin of the foot, which includes the tips of the toes and the areas around
the back of the heel, and are usually caused by trauma or by wearing unsuitable shoes

e Intermittent claudication and rest pain may be absent because of neuropathy and the
distal distribution of the arterial disease of the leg.

¢ Even if neuropathy is present and plantar pressures are high, plantar ulceration is rare,

e It develops necrosis in the presence of infection or if tissue perfusion is critically
diminished.

2.3 The natural history of the diabetic foot :

The natural history of the diabetic foot can be divided into six stages

Stage 1 : Normal - Not at risk. The patient does not have the risk factors of neuropathy,
ischemia, deformity, callus and swelling rendering him/her vulnerable to foot ulcers.

Stage 2 : High risk foot - the patient has developed one or more of the risk factors for
ulceration of the foot.



Diabetic Foot and Gangrene 123

Stage 3 : Ulcerated foot - the foot has a skin breakdown. This is usually an ulcer, but
because some minor injuries such as blisters, splits or grazes have a propensity to become
ulcers, they are included in stage 3.

Stage 4 : Infected foot - the ulcer has developed infection with the presence of cellulitis.
Stage 5 : Necrotic foot - necrosis has supervened.

Stage 6 : Unsalvageable - The foot cannot be saved and will need a major amputation.

2.4 Pathogenesis of diabetic foot lesions®

Diabetes Mellitus
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3. Pathophysiology

Recent advances in molecular biology have added substantial insight into the
pathophysiology of the disease and opened new avenues for treatment!.

The predisposing factors to pathologic changes in the foot of a diabetic are

1. Metabolic factors - hyperglycemia

2. Vascular changes

3. Neuropathy

4. Infection

3.1 Metabolic factors

Hyperglycemia is the common feature in the two etiologic types of diabetes2
Hyperglycemia influences the development of complication of diabetes through the
following metabolic pathways.
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a. Polyol pathway:
Glucose —»Sorbitol —»accumulation in nerves, retina, kidneys.
Hyperglycemia results in increased levels of sorbitol in the cell, which acts like an osmolyte
a competitive inhibitor of myoinositol uptake. This preferential shunting of glucose through
the sorbitol pathway results in decreased mitochondrial pyruvate utilization and decreased
energy production. This process is termed “Hyperglycemia induced pseudohypoxia.”
b. Glycation of proteins:

Glucose + protein amino group

Early glycosylation products (poorly irreversible)

Advanced glycosylation products (completely irreversible)

Endothelium Macrophages Extra cellular matrix protein
1Procoagulant TChemotaxis 1Cross linking of collagen
Activity 1Growth 1Trapping of serum proteins
1Permeability Factor synthesis (LDL)
1 Activation of 1Monokinins secretion {Susceptibility to
NF-KB enzymatic degradation

3.2 Vascular changes

Involvement of the blood vessels by atherosclerosis leading to ischaemia is a significant
factor in diabetic foot. Lower extremity peripheral vascular disease (PVD) is the most
common factor associated with limb ulceration gangrene, impaired wound healing and
ultimately amputation?.

It mainly occurs in

a. blood flow changes

b. occlusive changes

c. micro angiopathy

d. hematological changes

Blood flow changes: There is marked change in the flow of blood in peripheral vessels. The
microcirculation is regulated by neural factors, local reflexes and vasoactive mediators. The
initial haemodynamic changes will be increased flow and pressure of capillary blood?. As
the disease progresses, autoregulation is lost and haemodynamic stress results. It could also
be due to increased calcification of vessels or AV shunting or hyperosmolarity of blood. It is
well documented by high ankle brachial ratio and also Doppler studies.

Occlusive changes: More than 50% of diabetics having the disease for more than 10 - 15
years are documented to have atherosclerotic changes®. It mainly affects arteries below
profunda femoris and is characterized by multiple segment involvement. The tibial &
peroneal arteries between the knee and the ankle are primarily affected. Dorsalis pedis
artery and foot vessels are usually spared. Patients with diabetes have diminished ability to
establish collateral circulation especially in arteries around knee2. Atherosclerotic vascular
disease is more prevalent & accelerated with diabetes mellitus.

Risk factors

a. Hyper triglyceridemia (very low density lipo protein - VLDL)

b. Low levels of high density lipo protein (HDL)

c. Increase in cholesterol: Lecithin ratio
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Pathogenesis: Enhanced non-enzymatic glycosylation of lipoprotein has been shown to
impair the binding of glycosylated LDL to the LDL receptor. Glycosylated LDL enhances the
formation of cholesteryl ester and accumulation of human macrophages - formation of foam
cells characteristic of the early atheromatous lesion’.

It is also noted that, vascular smooth muscle cells exhibit increased growth on exposure to
high glucose in vitro.

Endothelium
Polyol pathway Proliferation$
Advanced glycation products DNA damages
Diacyl glycerol Protein kinase pathway Matrix protein synthesis
Permeability
Coagulation

Blue toe syndrome which is sudden onset of pain in the toe with bluish discoloration
associated with leg/thigh myalgia and a sharp demarcated gangrenous toe is seen in
diabetic foot. This is due to cholesterol emboli that break off from an ulcerated atheromatous
plaque in the proximal vessels. Warfarin is used in treatment.

Microangiopathy: Hyperglycemia causes thickening of basement membrane of small
vessels and capillaries due to incorporation of carbohydrates into basement membrane by
induction of enzymes such as glycosyl, gactosyl transferase. Williamson et al observed that
basement membrane thickening in the most dependent portion of the body may be the
cause of increased hydrostatic pressure.

The chemical changes in basement membrane are:

e Increased hydroxylysine and glucose disaccharide content

¢ Decrease in proteoglycan and Heparin sulfate

e Increase in collagen type IV

e  Decrease in lysine

¢  Decrease in laminin

Thickening interferes with transfer of oxygen and nutrients to the tissues and delays
migration of leucocytes to the area of sepsis, there by delaying wound healing.
Haematological changes:

The haematological abnormalities are increased plasma and blood viscocity such as
alteration in the plasma protein profile and disturbance in erythrocyte behavior.
Erythrocytes are prone to increased aggregation and also show reduced deformability!0. As
glutathione metabolism is impaired in DM, the erythrocyte defenses against oxidative stress
is impaired.

Haemostatic imbalances originate from acquired coagulation defects. The abnormalities of
haemostatic system in DM are:

Endothelium | Prostacyclin
| Tissue factor production
Platelets: 1 Hyper sensitivity to agonists

1 aggregation
| Membrane fluidity
| Platelet volume
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Coagulation abnormalities are:

Coagulation factors

e 1 Fibrinogen-

e 1 factor VII, factor VIII and

e 1 Von willebrands factor

Coagulation inhibitors

e | Antithrombin III activity

e | Heparin cofactor II activity

e | Thrombin - antithrombin complex levels
e | Protein C levels

Fibrinolysis abnormalities

e 7 Plasminogen activator inhibitor

e Mega karyocyte platelet system is activated in diabetes mellitus.
Signs & symptoms of diabetic foot and leg caused by vascular abnormalities
Intermittent claudication

Cold feet

Rest pain

Absent pulses

Dependent rubour

Atrophic skin changes

Ulceration

Infection

Gangrene

a. Type I patchy gangrene

b. Type II extensive gangrene

00NN LN

3.3 Neuropathy in the diabetic foot

Peripheral neuropathies are found in 55% of diabetics. The incidence of neuropathies
increases with duration of disease and episodes of neuropathies increases with duration
of disease and episodes of hyperglycemia. Peripheral neuropathy clearly renders the
patient to unrecognized injury, which potentates the risk of bacterial invasion and
infection?l.

Definition of diabetic neuropathy: The presently accepted definition is demonstrable
(clinical or sub clinical) disorder of somatic or autonomic parts of peripheral nervous system
occurring in patients with DM12

Signs & symptoms

1. Paraesthesia

2. Hyperaesthesia

3. Hypoesthesia

4. Radicular pain

5. Loss of deep tendon reflexes

6. Loss of vibratory and position sense

7. Anhydrosis

8. Heavy callus formation over pressure points!3.

9. Infection complication of trophic ulcers

10. Foot drop
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11. Change in bones and joints
12. Radiographic changes
a. Demineralization
b. Osteolysis
c. Charcot joint
Aetiology
1. Vascular aetiology causing diabetic peripheral neuropathy?4.
Basement membrane thickening
Endothelial swelling & proliferation
Occlusive platelet thrombi
Closed capillaries
Multifocal ischaemic proximal nerve lesions!>.
Epineural vessel atherosclerosis
Decreased erythrocyte deformability
Nerve hypoxia
2. Metabolic Factors:
Accumulation of sorbitol
Decrease in nerve Na+ - K+ ATPase
Alteration in protein kinase C
Decrease in aminoacid incorporation into dorsal root ganglion.
Decrease in incorporation of glycolipids and amino acids into myelin
Excessive glycogen accumulation.
Nerve hypoxia
3. Other causes could be:
Increased nerve oedema
Increased blood nerve permeability
Decrease in endogenous nerve growth factor
Insulin deficiency.

3.4 Infections

In a normal individual the flora of the lower leg and foot are restricted because of following

reasons:

1. Skin temperature is much lower than optimum for many human pathogens.

2. Metabolic products of skin have antimicrobial chemical effect.

3. Acid surface of the dorsum of foot & lower leg, making survival dependent on the
ability of various microbes to resist drying.

4. Thick stratum corneum

Of all the infections seen in diabetic patient, bacterial and fungal infections of the skin are

most common.

Predisposing factors:

a. Vascular insufficiency

b. Neuropathy.

Resistance to infection could be due to

a. Leukocyte mobilization.

b. Defective chemotaxis

c. Neutrophil bactericidal defects
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Defect in formation of reactive oxygen metabolites’s.
Arterial insufficiency locally tissues pressure & Metabolism

Increased tissue demand for oxygen

Increased extra vascular tension &
Local production of tissue destructive enzymes (phagocytes lysosomes)

Local thrombosis and small vessel occlusion

INFECTION
Commonest organisms are: Aerobes/ Anaerobes
1. Gram negative bacilli : P. Mirabilis, E. Coli, P. Aeruginosa, E. Aerogenes
2. Gram - positive bacilli: Enterococcus Spp, S. Aureus, Group B. Strepto coccus
Anaerobes:
1. Gram negative bacilli: B. Fragilis, B. Ovatus, B. Ureolyticus
2. Gram positive bacilli: P.Magnus, P. Anaerobes, C. Bifirmentans
The infections are Polymicrobial in DM

Dry gangrene Wet gangrene

To summarise the pathogenesis, Salvapandian reviewed the different types of foot infections

and their characteristics in 1982 17. These infections can occur in nondiabetic as well as

diabetic persons, although the presence of the diabetic state can aggravate the risks and the

morbidity associated with these infections. Post-traumatic foot infections can be classified as

follows.

1. Infected blister: This is usually secondary to improperly fitting footwear, which causes
separation of the superficial layers of the epidermis from the deeper layers.

2. Infected abrasion: This follows the traumatic removal of the horny layer of the skin,
leaving the deeper layers open to the elements.

3. Infected ulcer: This usually is an extension of a previous abrasion and is usually due to
pressure from the outside.

4. Puncture wounds

5. Infected calluses. These are usually a result of repeated intermittent pressure due to
poorly fitting footwear and /or bony prominences and foot deformities as an end result
of diabetic neuropathy and osteroarthropathy

6. Infected corns: These are conical wedges of keratinized tissue with the apices pointing
inward. These usually occur on the heel or under metatarsal heads.
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/ DIABETIC MELLITUS

PERIPHERAL AUTONOMIC PERIPHERAL

VASCULAR DISEASE NEUROPATHY NEUROPATHY

Atherosclerotic | | Oxygen, Antibiotics 4—| Flare reaction | Sweat Sensory Motor

Obliterans Nutrients Supply l
Dry crack Skin Sensation Muscle atrophy

Impaired wound Auto Sympatectomy painless  Cocked up toes
Healing
Blood flow Trauma thinning fatpads
Bone resorption Mechanical
v Thermal
Cholestrol Emboli Joint collapse Chemical
Deformed joint
(Charcot)
v
New Pressure Points
Infection » Ulceration < A
v
Blue toe Syndrome
L \ Gangrene
A
Major Gangrene » AMPUTATION

7. Infections following severe mechanical trauma such as in crush injuries or degloving
injuries.

8. Infections can also follow the development of open areas in the skin such as the
development of fissures. These fissures commonly occur between the toes or in the
flexor creases of the toes.

Infected ulcer in a diabetic patient

Depending on the severity of the illness and the extent of tissue involvement, these
infections can vary in their clinical manifestations. Chronic poorly healing ulcers may be
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minimally symptomatic, but associated cellulites may result in fever, pain and tenderness in
the involved area, and peripheral leukocytosis. The elderly diabetic patient may sometimes
manifest no systemic symptoms.

Crepitant anaerobic cellulites is a disease entity that often results from mixed anaerobic and
aerobic super infection of a long-standing diabetic foot ulcer. The infection gives rise to
extensive gas formation that dissects underneath the skin, thus giving rise to crepitus on
palpation. Patients usually demonstrate fever and leukocytosis. With appropriate
management, this infection can usually be easily controlled.

Once pyogenic infections occur in the diabetic foot, they may ascend up the leg and
sometimes progress to a necrotizing soft tissue infection. These infections are frequently
caused by synergistic interaction of multiple bacteria, including anaerobes, aerobes, and
microaerophilic bacteria. Included in these severe and life-threatening infections are
synergistic necrotizing fasciitis and nonclostridial anaerobic myonecrosis (erstwhile
erroneously called synergistic necrotizing cellulitis)18.

4. Diabetic gangrene and vasculature

Atherosclerotic lesions in the arteries of diabetic patients occur at sites similar to those of
non diabetic individuals (such as arterial bifurcations), while advanced disease is more
common in diabetic patients, affecting even collateral vessels.

The pathology of the affected arteries is similar in both those with and those without
diabetes. Typical atherosclerotic lesions in diabetic patients with peripheral vascular disease
include diffuse multifocal stenosis and a predilection for the tibioperoneal arteries. All tibial
arteries may be occluded, with distal reconstitution of a dorsal pedal or common plantar
artery. Diabetes has the greatest impact on the smaller vessels (diameter less than 5 mm) in
the body. The atherosclerotic procedure starts at a younger age and progresses more rapidly
in those who have diabetics than those who do not. Although non - diabetic men are
affected by peripheral vascular disease much more commonly than non- diabetic women (a
male- to- female ratio of 30 : 1), diabetic women are affected half as often as diabetic men.
Gangrene is characterized by the presence of cyanotic, anesthetic tissue associated with or
progressing to necrosis. It occurs when the arterial blood supply falls below minimal
metabolic requirements. Gangrene can be described as dry or wet, wet gangrene being dry
gangrene complicated by infection.
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4.1 Blue toe syndrome

Ischemic purple patches on the toes and forefoot

4.2 Critical limb ischemia

Critical leg ischemia is any condition where there is an overwhelming likelihood that the

limb is at risk for amputation or significant tissue loss within 6 months. The need for

revascularization is more urgent than for patients with claudication. Critical limb ischemia
occurs when distal limb perfusion is impaired to the extent that oxygen delivery is
insufficient to meet resting metabolic tissue demands, and it follows inadequate adaptation
of the peripheral circulation to chronic ischemia (collateral recruitment and vasodilatation).

According to the consensus statement on critical limb ischemia (Norgren et al., 2007), critical

leg ischemia is defined as either of the following two criteria:

a. persistently recurring ischemic rest pain requiring regular adequate analgesia for more
than 2 weeks, with an ankle systolic pressure of 50 mmHg or less and/or a toe pressure
of 30 mmHg or less;

b. ulceration or gangrene of the foot or toes, with an ankle systolic pressure of 50 mmHg
or below and/or a toe pressure of 30 mmHg or less. In such patients, it is important to
differentiate neuropathic pain from ischemic rest pain.

Critical leg ischemia is dominated by pedal pain (except in diabetic patients, where the

superficial pain sensation may be altered and they may experience only deep ischemic pain,

such as calf claudication and ischemic rest pain). In most cases, the pedal pain is intolerably
severe; it may respond to foot dependency, but otherwise responds only to opiates.

Critical limb ischemia is manifested by rest pain (Rutherford classification category 4) or

tissue loss. Rest pain is less frequent in individuals with diabetes because of the concomitant

neuropathy. The rate of progression of peripheral arterial disease in patients with
claudication to critical limb ischemia is 1.4% a year; progression is more likely in patients
with diabetes and in tobacco smokers.

4.3 Diabetic gangrene (‘end artery’ disease)

In the normal foot, major injuries and operations are well tolerated by means of the arterial
circulation distal to the ankle, since the plantar and the dorsal arches, their communications
and the smaller arteries are patent. In the diabetic foot, however, smaller unnamed arteries
may function as ‘end - arteries * due to multiple complete blockade and/or partial
constrictive atherosclerotic lesions. Therefore local edema and thrombosis due to toxins
produced by some bacteria (mainly staphylococci and streptococci) may cause ischemic
necrosis of the tip of a toe or a part of its surface or of one or more toes, even when pulses
are present in the foot arteries.
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In the case of localized necrosis of the tip of a toe, removal of the gangrenous tissue, together
with aggressive treatment of the infection, may lead to healing as long as the small arteries
are still patent. Transluminal angioplasty or stenting of the occluded arteries will allow
proper antibiotic treatment and salvage of the foot, while a gangrenous toe will be isolated
by mummification (dry gangrene) without major consequences. Gangrene of the fifth toe or
the hallux is due to more extended atherosclerotic disease and will probably lead to toe
amputation or disarticulation.

4.4 Gangrene due to abscess of the plantar space

In a plantar space abscess, edema can obliterate the plantar arterial arch and its branches,
leading to ischemia and necrosis of the middle toes, together with the central plantar space.
The fifth toe and the hallux receive branches through the lateral and medial plantar spaces,
respectively, and may survive central plantar space abscesses

4.5 Wet gangrene

A moist appearance, gross swelling and blistering characterize wet gangrene. Cellulitis
(erythema) and the typical signs of inflammation are evident. Pus may be present. The
patient may or may not be febrile, and pain is present unless there is loss of pain sensation
due to diabetic neuropathy. Small vesicles or yellow, bluish or black bullae may form, and
eventually a black eschar covers the infected necrotic area This is an emergency occurring in
patients with severe ischemia who sustain an unrecognized trauma to their toe or foot.
Urgent debridement of all affected tissues and the use of antibiotics often results in healing
if sufficient viable tissue is present to maintain a functional foot, together with adequate
circulation. If wet gangrene involves an extensive part of the foot, urgent guillotine
amputation at a level proximal enough to encompass the necrosis and gross infection may
be life - saving. At the same time, bypass surgery or a percutaneous transluminal
angioplasty needs to be performed, if feasible. Saline gauze dressings, changed every 8
hours work well for open amputations. Revision to a below -knee amputation may be
considered 3 - 5 days later. Wet gangrene is the most common cause of foot amputation in
persons with diabetes. It often occurs in patients with severe peripheral vascular disease
after infection. Dry gangrene may be infected and progress to wet gangrene.

Patients with dry gangrene who are awaiting a surgical procedure need education about
meticulous foot care. It is extremely important for patients to avoid wet dressings and
debriding agents, as their use may convert a localized dry gangrene to limb - threatening
wet gangrene. Proper footwear is crucial to avoid further injury to the ischemic tissue.

4.6 Dry gangrene

Dry gangrene is characterized by its hard, dry and wrinkled dark brown or black texture; it
usually occurs on the distal aspects of the toes often with a clear demarcation between viable
and necrotic tissue. Once demarcation has occurs, the involved toes may be allowed to auto
amputate. However, this process is long (several months) and disturbing. In addition, many
patients do not have an adequate circulation to heal a distal amputation. For these reasons, it
is common practice to evaluate the arteries angiographically and perform a bypass or a
percutaneous transluminal angioplasty with concomitant limited distal amputation, in order
to improve the chance of wound healing. In the case of extended gangrene, amputation at a
higher level is unavoidable.
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5. Lower Extremity Arterial Disease (LEAD)

The incidence and prevalence of LEAD increase with age in both diabetic and nondiabetic
subjects and, in those with diabetes, increase with duration of diabetes. Many elderly
diabetic persons have LEAD at the time of diabetes diagnosis. Diabetes is an important risk
factor for LEAD. Hypertension, smoking, and hyperlipidemia, which are frequently present
in patients with diabetes, contribute additional risk for vascular disease. LEAD in diabetes is
compounded by the presence of peripheral neuropathy and by susceptibility to infection.
These confounding factors in diabetic patients contribute to progression of LEAD to foot
ulcerations, gangrene, and ultimately to amputation of part of the affected extremity.
Prevention is an important component of LEAD management. By the time LEAD becomes
clinically manifest, it may be too late to salvage an extremity, or it may require more costly
resources to improve the circulatory health of the extremity.

LEAD manifests itself by decreased arterial perfusion to the lower extremities. This
decreased perfusion results in diminution or absence of peripheral pulses and may lead to
intermittent claudication (pain on walking, relieved promptly by rest), proneness to
infection, ulcerations, poor healing of sores and ulcers, gangrene, and ultimately to
amputation. Intermittent claudication is indicative of clinical occlusive LEAD.

Palpation of peripheral pulses has been used as a clinical tool to assess occlusive LEAD in
diabetic and nondiabetic patients, particularly when intermittent claudication is present.
However, it is sometimes difficult to interpret the significance of diminished peripheral
pulses when symptoms are not present. Ambient temperature, anatomic variation, and
expertise in palpating peripheral pulses may contribute to variation in the clinical
examination. Absence of pulses remains a significant clinical finding. Absent posterior tibial,
popliteal, or femoral pulses with or without bruits that persist on repeated examination are
clinically significant and indicate significant occlusive LEAD whether intermittent
claudication is present or not.

Angiography remains the gold standard for identifying occlusive LEAD and the areas of
occlusion in the arterial system. Patients being considered for amputation because of occlusive
LEAD should have angiography performed to determine whether revascularization may be
effective in salvaging the limb or in lowering the level of amputation.

Diabetic vasculature

Two types of vascular disease are seen in patients with diabetes: a non occlusive micro
circulatory dysfunction involving the capillaries and arterioles of the kidneys, retina, and
peripheral nerves, and a macroangiopathy characterized by atherosclerotic lesions of the
coronary and peripheral arterial circulation. The former is relatively unique to diabetes,
whereas the latter lesions are morphologically and functionally similar in both non diabetic
and diabetic patients. As it became increasingly evident that the vasculature of the foot was
spared the changes noted in the more proximal vessels, measurement of digital toe pressures
was initiated. Subsequent study has confirmed that toe pressures are not hampered by the
coexistence of diabetes. In fact, Vincent et al. showed that toe pressure was an accurate
hemodynamic indicator of total peripheral arterial obstructive disease in diabetics.

Angiography is indicated in the diabetic patients with non healing ulcers or osteomyelitis
requiring endovascular and surgical planning. Almost without exception, these patients
with nonhealing foot ulcers will have severe stenoocclusive disease involving all three
runoff vessels of the calf (anterior tibial, posterior tibial, and peroneal arteries). In this
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patient population, 20% of peripheral bypass grafts will have to extend to a pedal artery.
The distal anastomosis is either to the dorsalis pedis artery or the proximal common plantar
artery trunk (54). Thus detailed mapping of arterial disease from the abdominal aorta to the
pedal vessels is necessary. Besides palpation and bedside Doppler evaluation of pulses, the
clinical examination should include a standard assessment of skin color, turgor, and
temperature. Edema may be present, which thwarts a thorough physical examination of
pulses. A “Dopplered” pedal pulse should be at least biphasic, to support healing. If there is
any doubt about the adequacy of perfusion, then noninvasive studies should be obtained.
The ankle-brachial index (ABI) may be unreliable in patients with noncompressible lower-
leg vessels. In general, however, an ABI of less than 0.5 in the setting of a nonhealing wound
indicates a need for vascular reconstruction. According to Colen and Musson, an ABI of 0.7
or greater is appropriate if a free flap with a distal arterial anastomosis is planned.

Gangrene

Gangrene is defined as focal or extensive necrosis of the skin and underlying tissue.
However, this definition presents difficulties. There are several etiologies for gangrene, as
there are for foot ulcers. One is LEAD of the large or small vessels, but infection and
neuropathy may also play a role. Gangrene is better correlated with LEAD than is foot ulcer.
The demonstration of clinical or subclinical LEAD is essential if gangrene is to be considered
a manifestation of the progression of LEAD in the individual patient. The prevalence of
gangrene is greater in selected diabetic patient populations than in the general community.
However, prevalence is not a satisfactory indicator of the importance of gangrene in
diabetes, compared with incidence, because of the poor survival experience of these patients
and their consequent loss from the prevalent population. Risk factors for gangrene have not
been adequately quantified for diabetic patients. They include LEAD, peripheral
neuropathy, infection, trauma, and delayed healing.

6. Investigations

The initial assessment of PAD in patients with diabetes should begin with a thorough
medical history and physical examination to help identify those patients with PAD risk
factors, symptoms of claudication, rest pain, and/or functional impairment. Alternative
causes of leg pain on exercise should be excluded. PAD patients present along a spectrum of
severity ranging from no symptoms, intermittent claudication, rest pain, and finally to
nonhealing wounds and gangrene.

Palpation of peripheral pulses should be a routine component of the physical exam and
should include assessment of the femoral, popliteal, and pedal vessels. It should be noted
that pulse assessment is a learned skill and has a high degree of interobserver variability,
with high false-positive and false-negative rates. The dorsalis pedis pulse is reported to be
absent in 8.1% of healthy individuals, and the posterior tibial pulse is absent in 2.0%.
Nevertheless, the absence of both pedal pulses, when assessed by a person experienced in
this technique, strongly suggests the presence of vascular disease.

The ABI is measured by placing the patient in a supine position for 5 min. Systolic blood
pressure is measured in both arms, and the higher value is used as the denominator of the
ABI. Systolic blood pressure is then measured in the dorsalis pedis and posterior tibial
arteries by placing the cuff just above the ankle. The higher value is the numerator of the
ABIl in each limb.
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The diagnostic criteria for Peripheral artery disease (PAD) based on the ABI are interpreted
as follows:

Normal if 0.91-1.30

Mild obstruction if 0.70-0.90

Moderate obstruction if 0.40-0.69

Severe obstruction if <0.40

Poorly compressible if >1.30
An ABI value >1.3 suggests poorly compressible arteries at the ankle level due to the
presence of medial arterial calcification. This makes the diagnosis by ABI alone less reliable.
The following investigations are done for the diagnosis and treatment of diabetic foot:
1. To demonstrate the extent and severity of the disease process.
2. To screen diabetic patients for peripheral vascular insufficiency.
3. To confirm and control the intercurrent diseases interfering with the healing process.

6.1 Urine examination
e  Albumin
e Sugar

6.2 Culture and sensitivity tests
Pus from infected area is cultured for microorganisms and their sensitivity to various
antibiotics.

6.3 X-Ray

X-ray of the foot should be taken to rule out osteomyelitis. The sign, which suggests the
presence of osteomyelitis, is destruction of bone commonly seen at metatarsophalangeal
joint or in the interphalangeal joint of the great toe. Sequestrum and subperiosteal new
bones formations are common. A small amount of gas in the tissues or in the abscess cavity
may be seen. Large amounts of subcutaneous gas indicates the presence of a serious
anaerobic infection. In severe ischaemia, there may be generalised osteoporosis in the bone
of the foot.

6.4 Non-invasive evaluation

The non-invasive techniques assumed an important role in peripheral arterial ischaemic

diseases. They give an accurate assessment of anatomic and physiologic vascular status

a. Toe pressure They provide a highly accurate method for determining the success in the
healing of an ulcer or in minor amputation. A toe pressure of 20 - 30 mm Hg below
which healing is doubtful.

b. Duplex scanning with ultrasound analysis (doppler study) The recorded Doppler
signal is used in two ways:
e To measure segmental systolic pressure
e To provide flow velocity wave form patterns for analysis.
Colour Doppler scanners Colour Doppler scanners detect and display moving
structures by superimposing colour onto the grey-scale image. The hue of the colour
can be used to identify sites where the artery becomes narrower and the blood has to
move faster to achieve the same volume flow rate.
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c¢. Others
e  Photoplethysmography
e  Segmental pressure
e  Waveform evaluation

6.5 Invasive techniques
a. Angiography
Percutaneous femoral angiography
Anatomic evaluation of the vascular supply to the leg and foot require arteriography. In
young patients with vascular insufficiency diagnosis of obstruction can be made when
arteriogram show severe diffuse atherosclerotic disease involving the tibial and peroneal
arteries. The possibility of large vessel stenosis are occlusion superimposing on distal
possibility of large vessel stenosis are occlusion superimposing on distal diabetic vascular
disease is most important indication for angiography.
b. Digital subtraction angiography
The term digital subtraction angiography refers to visualization of vessels using digital
fluoroscopic techniques for image enhancement.
c. Radionuclide bone scintigraphy:
e Bone scanning using technetium 99m phosphonates is useful in identifying early
osteomyelitis.
Gallium accumulates in areas of active inflammation
Sequential gallium scan are useful in monitoring the response to treatment for chronic
osteomyelitis.
. Computed tomography
Well suited for imaging complex articulations and numerous soft tissue structure.
Can identify and characterize the extent of soft tissue infection.
Magnetic resonance imaging
Detects and displays bone marrow alterations in osteomyelitis
Displays the contrast between soft tissue, medullary tissue and cortex with clarity.

o

e m o o

7. Prognosticating factors

Chance of Ischemic Rest Pain Unlikely Probable Likely
Ankle pressure
Non diabetic More than 55 35-55 Less than 35
Diabetic More than 80 55-80 Less than 55
Prediction of Healing of Ulcer Likely Probable Unlikely
Ankle pressure
Non diabetic More than 65 55 - 65 Less than 55
Diabetic More than 90 80 -90 Less than 80
Chance of below knee . .
Amputation Healing Diabetics Likely Probable Unlikely
Calf pressure More than 65 More than 65 Less than 65
Ankle pressure More than 30 More than 30 Less than 30
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CHART FOR MANAGEMENT OF DIABETIC FOOT

Diabetic Foot
Measure SPP, SVR
Healing likely
Yes No
Arterial Surgery not needed Angiography
Rest, Antibiotics, Drainage of abscess Arterial reconstruction

Yes No
Arterial bypass Primary amputation

8. Management of diabetic gangrene

The management of diabetic gangrene has to be individualized. Factors that have to be
considered include manifestations of sepsis, the extent of tissue necrosis and gangrene, the
adequacy of the vascularity to the involved limb, the extent and severity of the soft tissue
infection, the presence and extent of bone involvement, the severity of the peripheral
neuropathy, the presence and severity of foot deformity, and the metabolic control of the
diabetic state. If the diabetes is not adequately controlled, insulin therapy should be initiated.
Surgical intervention is of paramount importance in most of these infections. Some patients
may benefit from vascular reconstruction, since patients with nonhealing or poorly healing
ulcers secondary to vascular insufficiency may heal following vascular surgery.

8.1 Antimicrobial therapy

Mild infections: If there are no clinical manifestations of sepsis, mono antibiotic therapy
may be instituted while awaiting culture and sensitivity reports. In the absence of necrotic
tissue, foul smelling discharge & frank gangrene, it is more common to isolate single
microorganisms and anaerobes are relatively uncommon?. In this, gram +ve aerobic cocci
are usually dominant organisms.

Included under these: Staphylococcus aureus, Coagulase -ve staphylococci, Nongroup D
streptococci, Entercocci

First generation Cepholosporins will cover first 2 organisms, but are inactive against
remaining organisms. Ticarcillin - Clavulanate and imipenem will be adequate for most
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coagulase positive and negative staphylococci. For Gram +ve organisms Ampicillin -
Sulbactum will provide adequate coverage.

Severe infections: In the presence of more severe infections, especially when tissue necrosis
and gangrene are present, when the infections process is rapidly progressive and / or when
toxaemia, hypotensive shock, and other signs of sepsis are present, more broad spectrum,
antibiotic therapy is indicated. In addition to staphylococci and entercococci, anaerobes as B
fragilis and gram -ve aerobic bacilli P. aeruginosa are frequently isolated and may respond
to clindamycin?0.

Metronidazole is excellent against Gram-negative anaerobic bacilli, but has limited activity
against gram positive anaerobic and microaerophilic cocci. Imipenem, ticarcillin clavulanate
and ampicillin - sulbactum all have excellent activity against almost all anaerobic bacteria?!
There is reluctance in using amino glycosides in diabetic patients due to evidence of diabetic
nephropathy in these patients and amino glycosides might worsen the nephropathy?2. The
choice of an antipseudomonal agent is likely to be antipseudomonal B- lactam or quinolines.
With severe infections or presence of toxaemia or septicemia, it may be prudent to use a
combination of atleast two antimicrobial agents as preliminary empirial therapy pending
knowledge of deep tissue culture & sensitivity.

8.2 Saving the diabetic foot

One of the primary goals of treating diabetes is to save the diabetic foot. This can be
achieved by

Correction of vascular risk factors

Improved circulation

Proper treatment of diabetic foot ulcers

Team work

5. Patient education in foot care

CORRECTION OF VASCULAR RISK FACTORS.

Risk factors for micro vascular disease are given in table below. Certain risk factors can be
controlled and hence should be.

Ll

Risk factors for micro vascular disease

Non treatable Treatable Miscellaneous
Genetic Smoking Inotropic drugs
Age Hypertension Beta blockers
Diabetes Hypercholestrolemia
Duration of diabetes Hypertriglyceridemia
Hypoglycemia

Hyperinsulinemia may lead to increased atherosclerosis. First it can induce deposition of fat
into the macrophages or foam cells that part of stenotic plaque. Insulin also by growth
hormone like action stimulates mitotic division and growth of smooth muscle cells from
media into plaque.

IMPROVED CIRCULATION

Exercise is important in building up collaterals. Vasodilators have a very minimal role, as
diabetes is not a vasospastic condition. Antiplatelet drugs like aspirin and dispyridamole
can be used. The basic pathology in blood is hypercoagulability and change in rheologic
properties of RBC. The ability of the RBC to change shape is lost to certain degree.
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Pentoxyphylline is a drug, which can increases the red cell flexibility. Thus blood flow can
be increased and blood viscosity decreased.

9. Wagner’s grading of foot lesions

Wagner (1983) grades lesions of diabetic foot from 0-5 by depth and extent.

Grade 0 No ulcer but high risk foot

Grade 1 Superficial ulcer (commonest site is head of 1st metatarsal).

Grade 2 Deep ulcer with no bony involvement

Grade 3 Abscess with bony involvement

Grade 4 Localised gangrene

Grade 5 Gangrene of whole foot

GRADE 0 FEET

No open lesions but is an at risk foot.

A large amount of callus under a metatarsal head may act as a foreign body and lead to
ulcer in an open but hidden lesion and if present should be reclassified as Gradel.

Grade 0 feet with deformities such as intrinsic, minus, hammer or claw toes, charcot’s joint
or hallux valgus need purpose designed shoes. Proper patient education plays a key role in
the management of diabetic patients with Grade 0 feet.

GRADE 01 LESION

Superficial ulcer but with thickness skin loss. Usually these occur in plantar surfaces of toes
of metatarsal heads. But "Kission lesion" occurs in between toes caused by over-tight shoes.
This is due to repeated pressure leading to ischemia. Thus mainstay of treatment is to
release pressure from ulcerated area, surrounding callus removal and ulcer debridement
until healthy granulation is seen. Saline irrigation is usually enough in these relatively clean
superficial ulcers. If infection is present, a wound swab should be taken and antibiotic
therapy with broad-spectrum agents should be started immediately. The most important
part of treatment is to relieve pressure till lesions heal.

GRADE 02 LESIONS

Ulcer is deep and often penetrates subcutaneous fat down to tendon or ligament, but
without abscess or bony infection. These patients should be admitted to hospital and blood
and ulcer cultures should be taken and foot X-rayed.

Culture for aerobes and anaerobes should be done. Staphylococci and bacteroides are one of
the two commonest isolates. Fluocloxacillin and Metronidazole are used as blind first line
therapy. Deep infected ulcer need to be debrided either in ward or under general anesthesia.
After debridement, deep ulcer should be packed with Eusol and paraffin in 175 mm or 250
mm gauze wick to encourage healthy granulation tissue growth. Otherwise simple dry
dressing is advised. Topical antibiotics are not useful.

GRADE 03 LESIONS

Deep infection with cellulitis or abscess formation often with underlying osteomyelities. In
management, surgery is often needed. Foot X-ray ulcer and blood cultures is a must.

Absent foot pulses, low ankle pressure and diffuse arterial disease suggest that lesion will
not heal without amputation. If available Doppler studies may help to decide whether to
persist with conservative treatment or proceed with local amputation. If the lesion is purely
neuropathic, conservative treatment is sufficient since ulcer usually heals. Initial treatment
constitutes bed rest, elevation of foot, antibiotics according to culture and sensitivity.
Optimal glycaemic control is also needed. Grade 3 foot with good blood supply can often be
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treatment with amputation, with surgical drainage, dressing and wound irrigation.
Amputation may be needed if severe infection or progressive anaerobic infection is present.
GRADE 04 LESIONS

Treatment is same as Grade 3 lesion. Avoid pressure bearing either with special shoes or
bed rest is the mainstay of treatment. When distal vascularity is adequate it is worthwhile
trying conservatism. Arteriography is indicated to see whether bypass or angioplasty is
indicated. If neither is possible, if there is no rest pain, then a period of conservative
treatment is worthwhile. A painless black toe with dry gangrene often amputates
spontaneously if left alone. In a previously mobility patient, a below knee amputation is
better than above knee amputation because of better rehabilitation.

GRADE 05 LESIONS

These patients have extensive gangrene of the foot and needs urgent hospital admission,
control of diabetes and infection and major amputation.

10. Buerger’s disease (thromboangittis obliterans)®

Characterized in histology by thrombosis in both arteries and veins with marked
inflammatory reaction. This classic condition described by Buerger involves young men
with severe ischaemia of the extremities who are addicted to cigarette smoking and often
have migratory superficial phlebitis.

Definition - It is an inflammatory reaction in the arterial wall with involvement of the
neighbouring vein and nerve, terminating in thromboses of the artery. It is probably
presenile atherosclerosis occurring in the 3rd, 4th and 5th decades of the life.

Incidence - more frequently in men between 20 and 40 years of age. It is uncommon in
women, who constitute only 5% to 10% of all patients with Buerger’s disease.

Aetiology - interaction of multiple aetiologic factors. There is striking association of this
disease with cigarette smoking. (> 20 cigarettes per day) There may be some hormonal
influence which suggests the sex distribution. Patients often come from lower socio-
economic groups. A hypercoagulable state has been postulated. There has also been report
of hyperaggregability of platelets. Familial predisposition has been reported. Autonomic
overactivity has been suggested by a few pathologists, as there is also sometimes peripheral
vasospasm and hyperhidrosis noticed in this condition. Recently an autoimmune aetiology
has been postulated.

Pathology - An obvious inflammatory process features the Buerger’s disease involving all
layers of the vessel wall. Thrombus is noticed in the lumen of the affected artery. There are
also microabscesses within the thrombus. In the late stage the affected artery becomes
occluded and contracted with marked fibrotic reaction affecting all the layers of the artery
e.g. the adventitia, the media and intima. This fibrotic process gradually involves the vein
and adjacent nerves. The lesions in Buerger’s disease are segmental and usually begin in
arteries of small and medium size. Both upper and lower extremities are affected.

Clinical features. It is characterized as peripheral ischaemia, particularly if the upper
extremity is involved and it there is a history of migratory superficial phlebitis.
SYMPTOMS Complain of pain at the arch of the foot (foot claudication) while walking.
Pain is typical of intermittent claudication type. Intermittent claudication progresses to rest
pain. Gradually postural colour changes appear followed by trophic changes, eventually
ulceration and gangrene of one or more digits and finally of the entire foot or hand may take
place. When rest pain develops, it is so intense that the patient cannot sleep. If the affected
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limb is kept in dependent position some relief of pain may be obtained. The limbs become

rubor or red on dependence and pallor on elevation.

Special Investigations: Arteriography is the most important investigation in this condition.

In arteriography it is the peripheral arteries which are first involved There is usually

extensive collateral circulation surrounding the involved arteries which look like ‘tree-roots’

or ‘spider legs’. In approximately 1/4th of cases one can find a characteristic ‘cork-screw’
appearance in the vicinity of the affected artery, presumably due to greatly dilated vasa
vasorum of the occluded artery

Treatment - Pain is the most important symptom of Buerger’s disease which requires to be

relieved. Narcotics may be necessary, but one must be careful against drug addiction.

CONSERVATIVE TREATMENT has a great role to play -

1. Stop smoking.

2. Various drugs have been tried with different degrees of success. Vasodilator drugs,
anticoagulants, dextran, phenylbutazone, inositol and steroids have all been tried. More
recently prostaglandin therapy (PGA-1) has been advocated to prevent platelet
aggregation.

SURGICAL TREATMENT -

1. Role of sympathectomy is doubtful.

2. Arterial reconstruction is also difficult

3. Free omental graft for revascularisation of ischaemic extremity

4. Amputation is the only way out when gangrene occurs. The approach is conservative
and lowest possible level should be chosen.

Prognosis - The risk of amputation is about 20% within 10 years after onset of symptoms.

Although this varies with the use of tobacco. In a few patients who stop smoking

completely, progression of the disease is greatly restricted.

11. Osteomyelitis in diabetic patients®*?>?

Osteomyelitis is difficult to cure, even in normal bone, because of bone’s limited blood flow.
An infection in bone results when bacteria are able to colonize ischemic or injured areas
where the blood supply is not adequate to combat the infection with its normal defenses. As
bacteria grow in this ischemic bone, they cause further bone death by vessel injury from
decreases in pH, oxygen, and nutrients and increases in pressure and metabolites. When
bone’s blood supply is further limited by diabetic vasculitis and then by osteomylitis, cure is
more difficult. The oxygen tension of infected bone in the diabetic patient is about one-
quarter that of the overlying soft tissue, which may also be very low. This ischemia is
accompanied by metabolic and pH changes that decrease or prevent normal immunologic
defenses and antibiotic penetrance and efficacy, and increase bacterial growth. Furthermore,
the diabetic individual has decreased phagocytosis by polymorph nuclear leukocytes and
decreased T-cell function. These factors make diabetic osteomyelitis a challenge to treat.
STAGES OF OSTEOMYELITIS

Stage I - infection is simple with no permanent anatomic damage. This is medullary
osteomyelitis in a bone, acute septic arthritis in a joint, or cellulitis of soft tissue.

Stage II- is superficial periosteal or cortical osteomyelitis, chondrolysis, sub-acute septic
remains arthritis, or ulcerated soft tissue.

Stage III- the infection is deeper but localized. It involves both the cortex and the medullary
canal for osteomyelitis, bone about the joint for septic arthritis, or an abscess in soft tissue.
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Stage IV- infection is diffuse, diffuse osteomyelitis (nonunion), end stage septic arthritis
(unstable joint), or a permeating necrotizing infection (gas gangrene, necrotizing fasciitis)
Treatment Goals There are three possible treatment goals for diabetic osteomyelitis:
ARREST: “Arresting” osteomyelitis, means to debride the infection to the subthreshold level
of bacteria so local tissue and antibiotics can heal the wound. Unfortunately, this is difficult
for diabetic patients because of rapidly progressing ischemia.

SUPPRESSION: Suppressive therapy requires the highest amount of patient compliance and
physician clinical time. An open wound is debrided in the clinic. Local wound care is done
at home, and suppressive antibiotics are used to control cellutitis or progression of infection.
Suppressive antibiotics are used to control cellulitis or progression of infection.
AMPUTATIONS: The team consists of a vascular surgeon, an orthopedic surgeon, and a
physiotherapist and rehabilitation expert.

12. Determination of the level of amputation

Level of amputation is determined by the site at which wound healing will occur easily and
leads to a residual limb which can be functionally useful. Unfortunately in diabetic patients,
occlusive vascular disease leading to diabetic foot is often bilateral. That means 30-40% of
such people will require amputation of the opposite limb within 2-3 years.

Many clinical signs suggest level of amputation like skin changes, vascular pulsation, and
peripheral neuropathy and rest pain.

It is found that 70 mm arterial pulse at desired amputation level or a leg to arm pressure
ratio more than or equal to 0.45 was found to be satisfactory and statistically valid in 80-90%
patients. Occasionally patients with arterial calcification and inelastic vessel walls show
abnormally high blood pressure. But waveform evaluation detects the problem. Final
decision regarding level of amputation is taken as late as putting the skin incision.
SURGICAL TECHNIQUE The gangrenous foot or leg is covered with a plastic bag or
drape. Remainder of exposed limb is thoroughly cleaned with 10-minute surgical wash
followed by povidone iodine solution.

12.1 Amputation of toes

¢ Amputation of terminal phalanx of great toe

For a functionally useful stump it is important to preserve the base of terminal phalanx
e  Amputation through proximal phalanx of great toe

Not more than the base of phalanx should be therefore preserved.

¢ Amputation of great toe at its base

12.2 Disarticulation of the metatarsophalyngeal joints
e Disarticulations of lateral four toes: Racquet approach is employed.
e Amputation of all other toes: Toes are disarticulated at the metatarsophalangeal joint
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12.3 Amputation of foot

e Transmetatarsal amputations This amputation is undertaken using a long posterior
flap, which extend to a level just proximal to the flexion crease at the base of toes.

o Tarsometatarsal amputation (Lisfrank level) This is performed through the
tarsometatarsal joints and usually results in good partial amputations.

e  Midtarsal amputation (Chopart amputation) It is a disarticulation between the oscalcis
and cuboid bones and talus and navicular bones and is seldom used.

e Syme’s amputation The tibia and fibula are divided at or immediately above the level
of ankle joint. The ends are covered with a single flap obtained from skin of heel.

¢ Modified syme’s amputation this modification has nothing to commend and hence not
widely approved.

12.4 Below knee amputation
Amputation at the below knee level through middle 3t of leg is the operation of choice
when it is not possible to conserve the foot and heel. Ideal length of tibial stump is 14 cm.

12.5 Above knee amputation

Patient can be fitted with preparatory lower limb prosthesis approximately 3-4 weeks after
operation depending on healing of wound. Definitive prosthesis is usually put after 2-4
months.
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1. Introduction

Clostridium perfringens type A (C. perfringens) causes gas gangrene with inflammatory
myopathies and infrequently septicemia associated with massive intravascular hemolysis.
The gas gangrene involves any part of the body; the most common sites being the toes,
fingers, feet, and hands. Features include localized pain, swelling and myonecrosis, and
finally, shock and death. The septicemia with massive hemolysis and fever leads to death
within a few hours.

The microorganism is known to produce a variety of toxins and enzymes that are responsible
for severe myonecrotic lesions. Notably, alpha-toxin, which possesses hemolytic, necrotic and
lethal activities, and phospholipase C (PLC) and sphingomyelinase (SMase) activities, is an
important agent for the diseases (Bryant et al. 2000, Sakurai, Nagahama and Oda 2004). It has
been reported that the toxin is required for myonecrosis, hemolysis, inhibition of neutrophil
infiltration and thrombosis (Stevens and Bryant 1997, Awad et al. 2001, Ellemor et al. 1999). We
also reported that the toxin stimulated Oy production in neutrophils, and firm adhesion of the
cells to matrix ligands, fibrinogen, fibronectin, and collagen (Ochi et al. 2002), suggesting that
the toxin stimulates the binding of neutrophils to the vascular endothelium and inflammation
there. The findings suggest that neutrophils activated by the toxin are unable to migrate across
the vascular endothelium in an infectious focus. Actually, gas gangrene caused by C.
perfringens is reported to be a fulminant necrotizing infection in which inflammatory cells are
notably absent from infected tissues, but are often accumulated in vascular wall ( Bunting et al.
1997).

Stevens et al. reported that alpha-toxin may cause shock indirectly by stimulating the release
of endogenous mediators (Bryant and Stevens 1996, Stevens 2000). We found that the
intravenous injection of alpha-toxin in mice resulted in the release of various cytokines (Oda
et al. 2008). Cytokines are immunoregulatory peptides with a strong inflammatory action,
mediating the immune/metabolic response to an external noxious stimulus and later the
transition from septicemia to septic shock, multiple organ dysfunction syndromes, and/or
multiple organ failure (Tracey et al. 1987, Riedemann, Guo and Ward 2003, Dinarello 2004).
It is thought that synergistic interactions between cytokines can cause or attenuate tissue
injury (Calandra, Bochud and Heumann 2002). Tumor necrosis factor (TNF)-a, released
from neutrophils, macrophages, and endothelial cells, is an important cytokine involved in



148 Gangrene — Current Concepts and Management Options

the pathophysiology of septicemia (Tracey et al. 1987, Lum et al. 1999). TNEF- a-induced
tissue injury is largely mediated through neutrophils which respond by producing elastase,
superoxide ion, hydrogen peroxide, phospholipase A, platelet-activating factor, leukotriene
B1, and thromboxane A2 (Aldridge 2002). Therefore, it is possible that the exacerbation of
gas gangrene with inflammatory symptom and septicemia with massive intravascular
hemolysis caused by C. perfringens is dependent on cytokines released from neutrophils and
macrophages activated by the toxin.

Macrolide antibiotics, including erythromycin (ERM), azithromycin (AZM), clarithromycin
and kitasamycin (KTM), are recognized as potent antibiotics for the treatment of various
microbial infections (Schmid 1971). Some of these antibiotics have been reported to be
effective against diffuse panbronchiolitis characterized by chronic inflammation with
inflammatory cell infiltration (Kadota et al. 1993, Fujii et al. 1995). Thereafter, macrolides
were shown to exert immunomodulatory effects on a wide range of cells; epithelial cells,
macrophages, monocytes, eosinophils, neutrophils, and lymphocytes. The 14- and 15-
membered macrolides are known to lead to suppression of neutrophil chemotaxis and
oxidative burst, and inhibition of the release of proinflammatory cytokines from monocytes
(Sato et al. 1998, Khan et al. 1999, Rubin and Tamaoki 2000). From the point of view of their
unique pharmacological actions, recently we revealed that these macrolides inhibited alpha-
toxin-induced events in vivo and in vitro. In this review, we show the mechanism for the
action of macrolides on the biological activities of the toxin.

2. Characterization of alpha-toxin

The genes encoding alpha-toxin (Titball et al. 1989), Bacillus cereus PLC (BC-PLC) (Gilmore et
al. 1989), and PLCs from C. bifermentans (Tso and Siebel 1989) and Listeria monocytogenes
(Vazquez-Boland et al. 1992) have been isolated and their nucleotide sequences were
determined. (Titball 1993). It therefore was found that the deduced amino acid sequences of
alpha-toxin and these enzymes exhibit significant homology up to approximately 250
residues from the N-terminus. Therefore, the findings show that alpha-toxin (370 amino acid
residues) belongs to the PLC family. BC-PLC has two tightly bound and one loosely bound
zinc ions (Hough et al. 1989, Vallee and Auld 1993). Crystallographic and site-directed
mutagenesis analysis of alpha-toxin revealed that one zinc ion is tightly coordinated with
His-11 and Asp-130, a second is coordinated tightly with His-148 and loosely with Glu-152,
and a divalent cation is loosely associated with His-68, -126, -136 and Asp-130 (Nagahama et
al. 1995, Nagahama et al. 1996b) and that Asp-56 is essential for catalytic activity (Nagahama
et al. 1997), indicating that the catalytic site of the toxin is located in the N-terminal domain.
Furthermore, the crystallographic study indicated that the structure is divided into two
domains (Naylor et al. 1998): the N-domain (250 residues), consisting of nine tightly packed
a-helices, and the C-domain (120 residues), consisting of an eight-stranded anti-parallel -
sandwich motif. It was confirmed that the N-domain has a structural topology similar to the
entire BC-PLC (Hough et al. 1989) and three divalent cations containing zinc ions in the
active site, and that amino acid residues involved in zinc-coordination are essential for the
enzymatic activities. We reported that mixing the individual N-domain and C-domain
restored the hemolytic activity (Nagahama et al. 2002), suggesting that the C-domain affects
the activity of the N-domain. Guillouard et al. (Guillouard et al. 1997) and Naylor et al.
(Naylor et al. 1998) reported that the fold of the C-domain is similar to those of the “C2” and
“C2-like” domains, present in eukaryotic proteins involved in signal transduction, of
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eukaryotic phospholipid-binding proteins such as synaptotagmin. Guillouard et al.
(Guillouard et al. 1997) reported that the C-domain of alpha-toxin mediates interactions
with membrane phospholipids in a calcium-dependent manner. Furthermore, Alape-Giron
et al. (Alape-Giron et al. 2000) reported that Tyr-275, -307 and -331 residues are critical for
binding of the toxin. We also reported that acrylodan-labeled C-domain variants (5S263C and
S365C) bound to liposomes and internalized into the hydrophobic environment in
liposomes (Nagahama et al. 2002, Nagahama, Michiue and Sakurai 1996a). It therefore
appears that the C-domain plays an important role in binding to membranes. From these
observations, it is apparent that alpha-toxin consists of two distinct modules: the N-domain
catalyses phospholipid hydrolysis in membranes and the C-domain binds to and inserts into
membranes (Fig. 1)

N-domain C-domain
(Catalytic domain) (Binding domain)
Fig. 1. Structure of Clostridium perfringens alpha-toxin

3. The action of Clostridium perfringens alpha-toxin

3.1 The effect of pro-inflammatory cytokines on alpha-toxin-induced death

Cytokines are small proteins involved in key events of the inflammatory process. Beutler et
al. reported that neutralization of TNF- o released by the intravenous injection of a lethal
dose of lipopolysaccharide (LPS) prevented death in mice (Beutler, Milsark and Cerami
1985). Later, Tracey et al. demonstrated that a monoclonal anti-TNF- a. antibody protected
baboons against sepsis elicited by Escherichia coli (Tracey et al. 1987). It has been reported
that the overproduction of inflammatory cytokines induced by shiga toxin (van Setten et al.
1996, Yoshimura et al. 1997) and LPS (Palsson-McDermott and O'Neill 2004) led to a
cytokine storm, damaging various cells and tissues. Stevens et al. and Bunting et al.
suggested that alpha-toxin contributed to shock by stimulating production of endogenous
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mediators such as TNF- a and platelet-activating factor (Bunting et al. 1997, Stevens and
Bryant 1997). Fig. 2 shows that intravenous injection of alpha-toxin in mice resulted in the
release of TNF- a, interleukin (IL)-1f, IL-6, IL-10, IFN-y, and IL-2 in serum (Fig. 2), and
eventually death. TNF- a, IL-1B, and IL-6 are known to be important elements in the
inflammatory response. Therefore, it is possible that the lethality of alpha-toxin is associated
with the release of these inflammatory cytokines.
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Fig. 2. Effect of macrolide antibiotics on the toxin-induced release of cytokines in blood of mice
Mice received ERM or KTM for 5 days every 24 h and were injected intravenously with 20
ng of alpha-toxin. Cytokines (TNF-a, IL-1p, IL-6, IL-10, IFN-y and IL-2) in the blood were
assayed with ELISA kits. Symbols: control, e; Saline + alpha-toxin, m; ERM (0.5 mg/mouse)
+ alpha-toxin; A; KTM (0.5 mg/mouse) + alpha-toxin, o.
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To examine the role of inflammatory cytokines in the death caused by the toxin, mice were
intravenously injected with the toxin after the administration of an anti-TNF-a,, IL-1p, or IL-
6 antibody. Untreated mice began to die within 10 hr after the administration of the toxin
and all mice died within 12 hr. The survival rate of anti-TNF-a antibody-preinjected mice
was 100 and 80% after 8 and 12 hr, respectively, under the conditions (Fig. 3). The anti-IL-1p
and anti-IL-6 antibodies had little effect on the lethality (Fig. 3). From the result, it is likely
that the lethality of the toxin is related to the release of TNF-a, not of IL-1p or IL-6. To
confirm this, the effect of the toxin on TNF-a-deficient mice was tested (Fig. 4). The
administration of alpha-toxin killed all of the wild-type mice within 12 h. The survival rate
of the TNF-a-knockout mice was 100% and 75% within 12 and 24 h, respectively, consistent
with the result obtained by injection of the anti-TNF-o antibody in mice. The observations
showed that TNF-a released by the toxin is important in the death caused by the toxin. On
the other hand, TNF-a in the range of concentrations found in mice treated with alpha-toxin
was not lethal. Therefore, it is apparent that TNF-a. alone did not participate in the death
from alpha-toxin under our experimental condition. It is likely that TNF-a released by
alpha-toxin plays a role in enhancing the actions of the toxin in vivo, but is not a major
factor. Therefore, we cannot exclude the possibility that a TNF-a inhibitor is worth pursuing
as a novel therapeutic approach to the treatment of gas gangrene and septicemia caused by
the microorganism.
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Fig. 3 Effect of anti-TNF-o. -IL-1p and -IL-6 antibodies on the lethality of alpha-toxin. Mice
received 50 pg of anti-TNF-a, anti-IL-1p, or anti-IL-6 antibody, and after 2 h, were injected
intravenously with 20 ng of alpha-toxin. Survival of the mice was monitored at the indicated
times after the injection of the toxin. Symbols: Saline + alpha-toxin, o; anti-TNF-a antibody +
alpha-toxin, e; anti-IL-1p antibody + alpha-toxin, A; anti-IL-6 antibody + alpha-toxin, m.
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Fig. 4. Comparision of the lethality of alpha-toxin in wild-type mice and TNF-a. knockout mice
Mice were injected intravenously with 20 ng of alpha-toxin. Survival of the mice was
monitored at the indicated times after the injection. Symbols: control mouse (B10D2), o;
TNF-a knockout mouse, o.

4. The potency of macrolide antibiotics

4.1 The effect on alpha-toxin-induced death

Macrolides, particularly those derived from 14- and 15-membered rings, exert anti-
infammatory effects through a variety of signaling pathways including activator protein-1
(AP-1) and nuclear factor-kappaB (NF-«B) (Sato et al. 1998, Khan et al. 1999, Desaki et al.
2000, Rubin and Tamaoki 2000, Kikuchi et al. 2002). The antibiotics have been reported to
impair the production of pro-inflammatory cytokines (Kadota et al. 1993, Fujii et al. 1995).
Abe et al. reported that macrolides repressed IL-8 gene expression by suppressing both AP-1
binding sites and NF-kB (Abe et al. 2000). Shchultz et al. postulated that the treatment with
macrolides results in suppression of the production of TNF-a and granulocyte-macrophage
colony-stimulating factor (Schultz et al. 1998). Simpson et al. have also reported that 14- and
15-member macrolide antibiotics attenuated the activation of neutrophils induced by
various inflammatory stimuli (Simpson et al. 2008).

We measured the release of these cytokines induced by the toxin in mice preinjected with
the 14-membered macrolide, ERM or the 16-membered, KTM. In mice preinjected with
ERM, the toxin-induced release of pro-inflammatory cytokines, TNF- o, IL-1B, and IL-6, in
blood was markedly decreased (Fig. 2), whereas the toxin-induced release of the T-helper
type 1 (Thl) cytokines, IFN-y and IL-2, and the T-helper type 2 (Th2) cytokine, IL-10,
increased approximately 2-fold, compared with that in mice preinjected with ERM (Fig. 2).
The action of AZM resembled that of ERM. In mice preinjected with KTM, the toxin-induced
release of these cytokines was the same as that in the control mice. The administration of
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ERM or KTM alone caused no release of these cytokines. It therefore is apparent that ERM
and AZM inhibit the toxin-induced release of pro-inflammatory cytokines, and enhance that
of Th1 and Th2 cytokines in vivo. It is interesting that the antibiotics increased levels of Th1l
and Th2 cytokines under the conditions. The antibiotics may control a balance of the
immune system disrupted by the toxin.

We examined the effect of ERM, AZM, and KTM on the toxin-induced death. Alpha-toxin-
injected mice began to die after about 8 hr, and all mice died within 12 hr of the
administration (Fig. 5). ERM- or AZM-preinjected mice survived up to 18 hr after the
injection of alpha-toxin. The survival rate of mice preinjected with ERM and AZM was
about 80 and 70%, respectively, 24 h after the administration of the toxin, showing that ERM
and AZM inhibited the toxin’s lethal effect. These results show that the 14-ring and the 15-
ring macrolides have inhibitory effects on the lethality of alpha-toxin, but the 16-ring
macrolides do not. The result coincided with that reported previously (Oda et al. 2008).
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Fig. 5. Effect of macrolide antibiotics on the lethality of alpha-toxin

Mice received 15 mg/kg of ERM, AZM, or KTM for 5 days every 24 h, and were then
injected intravenously with 20 ng of alpha-toxin. Survival of the mice was monitored every 4
hr after the injection of the toxin. Symbols: Saline + alpha-toxin, o; ERM + alpha-toxin, e;
AZM + alpha-toxin, m; KTM + alpha-toxin, A.

4.2 Effect on systemic hemolysis induced by alpha-toxin

Massive intravascular hemolysis is reported to be diagnostic of C. perfringens septicemia
(Alvarez et al. 1999). Bunderen et al. reported that the disease occurs in
immunocompromised patients and patients with underlying malignancy, or in otherwise
healthy individuals with abdominal surgery or following abortion (van Bunderen et al.
2010). Combination therapy with penicillin and clindamycin has been shown to minimally
improve survival in animal studies (Stevens et al. 1987). However, at present, the treatment
of choice for C. perfringens septicemia is intravenously administered high-dose penicillin and
surgical debridement of infectious focus. It is reported that early treatment can rescue
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patients from an otherwise rapidly fatal outcome, and that the disease with massive
hemolysis leads to death within a few hours (Alvarez et al. 1999). Bunderen et al. also found
that the toxin-induced hemolysis is an additional prominent factor in the pathogenesis of
septicemia caused by C. perfringens (van Bunderen et al. 2010).

We have reported the relationship between the toxin-induced hemolysis and activation of
phospholipid metabolism via pertussis toxin-sensitive GTP-binding protein (Gi) (Sakurai,
Ochi and Tanaka 1994, Ochi et al. 1996, Ochi et al. 2004, Oda et al. 2008). Intravenous
injection of alpha-toxin in mice resulted in massive intravascular hemolysis (Sugahara and
Osaka 1970, Kreidl, Green and Wren 2002). However, little is known about the mechanism
of hemolysis induced by the toxin in vivo. We investigated the effect of cytokines on the
hemolysis induced by alpha-toxin. Mouse erythrocytes were treated with a sub-hemolytic
dose of alpha-toxin at 37°C for 30 min, and then incubated with various concentrations of
TNF-o, IL-1B or IL-6 for 60 min. Fig. 6 shows that TNF-o enhanced the toxin-induced
hemolysis of mouse erythrocytes in a dose-dependent manner, but IL-1p and IL-6 did not.
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Fig. 6. Effect of cytokines on hemolysis induced by alpha-toxin in mouse erythrocytes

The washed erythrocytes of mice were incubated with 20 ng/mL of alpha-toxin at 37°C for
30 min, and then treated with various concentrations of cytokines at 37°C for 60 min.
Symbols: TNF-a, o; IL-1p, o; IL-6; m. *, p < 0.01.

To investigate the effect of ERM and KTM on the hemolysis induced by alpha-toxin in vivo,
mice preinjected with ERM and KTM were intravenously administered the toxin. The alpha-
toxin-induced hemolysis was markedly decreased in the ERM- or AZM-injected mice, but
not KTM-injected mice (Fig. 7). Blockage of TNF-a’s release by ERM or AZM in vivo
paralleled the reduction in hemolysis caused by the toxin. It therefore appears that TNF-a
enhances the toxin-induced hemolysis in vivo, suggesting that ERM and AZM are effective
against the systemic hemolysis induced by alpha-toxin. The result suggests that the
antibiotics may prevent hemolytic anemia induced by the toxin.
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Fig. 7. Hemolysis induced by alpha-toxin in mice pretreated with macrolide antibiotics

Mice received various concentrations of ERM or KTM for 5 days every 24 h, and were then
injected intravenously with 20 ng of alpha-toxin. The amount of hemoglobin in the blood
was measured spectrophotometrically. Symbols: control, o; Saline + alpha-toxin, o; ERM (0.5
mg/mouse) + alpha-toxin; A; AZM (0.5 mg/mouse) + alpha-toxin; A, KTM (0.5 mg/mouse)
+ alpha-toxin, m.

4.3 The effect on alpha-toxin-induced activation of neutrophils

Alpha-toxin induced the release of TNF-a from neutrophils and macrophages. The 14- and
15-membered macrolides inhibited the toxin-induced release of TNF-qa, IL-1B, and IL-6 in
vivo, as mentioned above. Furthermore, the macrolides prevented the toxin-induced
activation of phagocytes and release of TNF-a from cells in vitro. We investigated the effect
of the toxin on neutrophils isolated from the macrolide-preinjected mice. The release of
TNF-o induced by the toxin from neutrophils prepared from ERM- or AZM-preinjected
mice was about 20% of that from neutrophils of untreated mice (Fig. 8A). Little significant
reduction in the amount of TNF-a released was observed in neutrophils from mice
pretreated with KTM, compared with the control (Fig. 8A). Furthermore, the pretreatment of
macrophages with ERM and AZM in vivo resulted in a reduction in the toxin-induced
release of TNF-a, but that with KTM did not. It therefore appears that the treatment of these
phagocytes with ERM and AZM resulted in a reduction in the response to the toxin.

We have reported the mechanism for activation of neutrophils by the toxin as follows (Fig.
8B). Alpha-toxin stimulated the generation of Oy in rabbit neutrophils in vitro (Ochi et al.
2002, Oda et al. 2006). Treatment of neutrophils with the toxin resulted in tyrosine
phosphorylation of a protein of about 140 kDa (Fig. 8C). The protein reacted with an anti-
tyrosine kinase A (TrkA) antibody and bound nerve growth factor (NGF). The anti-TrkA
antibody inhibited the toxin-induced production of Oy from the cells and binding of the
toxin to the protein. In addition, the toxin did not bind to PC12 cells treated with TrkA-
siRNA, which did not express TrkA. The observations show that the TrkA is a receptor of
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alpha-toxin. The toxin induced phosphorylation of 3-phosphoinositide-dependent protein
kinase 1 (PDK1), which functions as a downstream mediator of TrkA. K252a, an inhibitor of
TrkA, and LY294002, an inhibitor of phosphatidylinositol 3-kinase (PI3K), reduced the toxin-
induced production of Oy and phosphorylation of PDK1, but not the formation of
diacylglycerol (DG) (Fig. 8D). These inhibitors inhibited the toxin-induced phosphorylation
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Fig. 8. Effect of alpha-toxin on TrkA-mediated signal transduction in neutrophils prepared
from mice preinjected with macrolides

Neutrophils were prepared from mice injected with ERM, AZM, or KTM. A) The
neutrophils were incubated with 100 ng of alpha-toxin at 37°C for 3 h. The release of TNF-a
was assayed with an ELISA kit. *, p < 0.01. B) Production of O> was monitored for 15 min
based on MCLA-chemiluminescence. O2- production induced by alpha-toxin alone was set
as the maximal response (100%). *, p < 0.05. C) The neutrophils were incubated with 100
ng/ml of alpha-toxin at 37°C for 10 min, and subjected to SDS-PAGE and Western blotting
using specific antibody. D) The neutrophils were incubated with 100 ng/ml of alpha-toxin at
370C for 10 min, and DG in the cells was measured. *, p < 0.01.
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of protein kinase C 6 (PKC8). On the other hand, U73122, a PLC inhibitor, and pertussis
toxin inhibited the toxin-induced generation of Oy and formation of DG, but not the
phosphorylation of TrkA and PDK1 (Fig. 8D). These observations show that the toxin
independently induces production of DG through activation of endogenous
phosphatidylinositol PI-PLC via Gi and phosphorylation of PDK1 via the TrkA signaling
pathway and the two events synergistically activate PKC6 which is involved in the
generation of Oy through the stimulation of mitogen-activated protein kinase (MAPK)-
associated signaling events (Fig. 9).

Macrolide antibiotics have been reported to inhibit effects through signaling pathways
including NF-xB and AP-1. It has been reported that ERM, clarithromycin, and
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Fig. 9. Effect of ERM and AZM on alpha-toxin-activated signal transduction
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roxithromycin inhibit the generation of O by stimulus-activated neutrophils (Anderson
1989, Hand and King-Thompson 1990). However, little is known about the inhibitory
mechanism of the antibiotics. Recently we revealed that macrolides prevent the toxin-
induced death, production of O, and release of TNF-a in neutrophils through inactivation
of TrkA (Oda et al. 2008). ERM and AZM inhibited the toxin-induced phosphorylation of
TrkA under conditions in which the toxin inhibits biological activities; production of Oy and
release of TNF-a. (Fig. 8). On the other hand, treatment with ERM and AZM had no effect on
the formation of DG via Gi in rabbit neutrophils treated with alpha-toxin. KTM, which does
not inhibit the biological activities of the toxin, did not prevent them. These observations
provided evidence that inhibition of the toxin-induced phosphorylation of TrkA by ERM
and AZM results in suppression of activation of neutrophils, formation of Oy, and release of
TNF-o. Therefore, the results show that 14- and 15-membered macrolides specifically inhibit
the phosphorylation of TrkA, viz. activation of the protein.

5. Discussion

C. perfringens alpha-toxin causes death, hemolysis, the activation of neutrophils, and the
release of TNF-a through activation of MAPK-associated signaling via two pathways,
activation of endogenous PI-PLC via Gi and PDK1 via phsophorylation of TrkA. The 14-
and 15-membered macrolides specifically inhibited the phosphorylation of TrkA, preventing
the activation of the MAPK signaling pathway present in the downstream region of TrkA.
Therefore, it was found that the antibiotics specifically block these activities of the toxin by
inhibiting the phosphorylation of TrkA.

TNF-o appears to play an important role in the lethal effect of the toxin, because 1) the anti-
TNF-o antibody prevented death caused by the toxin, 2) TNF-a-knockout mice were
resistant to the toxin, and 3) the 14- and 15-membered macrolides, which prevent the release
of TNF-o induced by the toxin, inhibited the lethal and hemolytic effects of the toxin.
However, Wiersnga and Poll reported that trials with an anti-TNF-a antibody and
recombinant IL-1 receptor antagonist for clinical septicemia failed, and many other anti-
inflammatory strategies were not successful in altering the outcome of patients with
septicemia (Anas et al. 2010). Furthermore, the fallacy of the notion that excessive
inflammation is the main or sole underlying cause of an adverse outcome in septic patients
has been pointed out in the review by Wiersnga and Poll (Wiersinga and van der Poll 2007).
On the other hand, considering that bacteria grow in patients with septicemia, there are
many unanswered questions about the immune functions of the host, clearance of bacteria
in vivo by antimicrobial agents, and surgical resection of foci and so on. Therefore, our
findings on the role of TFN-a in diseases caused by C. perfringens should be considered
significant. Certainly, TNF-a alone in the range of concentrations found in mice treated with
alpha-toxin was not lethal. Thus, our results seem that TNF-a promotes lethality and
massive intravascular hemolysis caused by the toxin. Fourteen- and the 15-membered
macrolides have been shown to exert immunomodulatory effects on a wide range of cells;
epithelial cells, macrophages, monocytes, eosinophils, neutrophils, and lymphocytes. The
antibiotics are known to inhibit adherence, oxidative burst, cytokine expression and
mobility. The administration of the 14- and 15-membered macrolides resulted in a drastic
reduction in alpha-toxin-induced release of proinflammatory cytokines and systemic
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hemolysis and death, and increases in Th 1 and 2 cytokines in mice treated with the toxin.
Yan et al. reported that lysophosphatidylcholine (LPC) induced a modest and transient
change in the levels of certain cytokines and that the Th 1 cytokines, IFN-y, IL-2 and IL-12,
were increased in response to LPC, whereas the proinflammatory cytokines, TNF-a and IL-
1P, were decreased (Yan et al. 2004), showing that the pattern of cytokine regulation induced
by alpha-toxin in mice treated with the macrolides is similar to that observed in the LPC-
treated LPS model. Increases in Th 1 cytokines, as well as the combined decrease of TNF-a
and IL-1P, have been reported to have beneficial effects in sepsis (Weighardt et al. 2002,
Nakahata et al. 2001). Yan et al. did not exclude the possibility that the combined effect of all
these changes in cytokines may contribute to improved survival (Yan et al. 2004). Our result
concerning the behavior of proinflammatory cytokines was consistent with that reported by
others. On the basis of these findings, a careful balance between the inflammatory and anti-
inflammatory response appears to be significant for survival in patients with septicemia.
Therefore, it is possible that macrolides are valuable in patients with septicemia caused by
C. perfringens.

The 14- and 15- member-macrolide antibiotics are effective in the treatment of infectious
diseases caused by C. perfringens, but not in excluding C. perfringens from foci under the
conditions. Highly effective antimicrobial agents against C. perfringens are required for
treatment of the diseases.

6. Conclusion

C. perfringens alpha-toxin, the main agent involved in the development of gas gangrene and
septicemia, induces death, hemolysis, necrosis and the activation of macrophages and
neutrophils. The toxin elicits these activities through the activation of an intracellular
signaling pathway involving MAPK-associated signal transduction from Gi and/or TrkA.
The 14- and 15-membered macrolides specifically blocked the phosphorylaion of TrkA,
inhibiting these toxin-induced activities. It therefore appears that the macrolide antibiotics
are effective in an improvement in clinical symptoms caused by C. perfringens. However,
growth rates of C. perfringens are known to be significantly higher in infectious foci without
neutrophils. The macrolides are likely not to be effective in inhibiting the growth of C.
perfringens under the conditions. Penicillins are known to be highly effective in preventing
the growth of microorganisms. In conclusion, treatment with 14- and 15-membered
macrolides, an inhibitor of alpha-toxin, and high doses of penicillins, antimicrobial agents,
would be effective against diseases caused by C. perfringens.
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1. Introduction

Historically, hyperbaric oxygen therapy has been used for treatment of decompression
sickness in deep-sea divers. Today, hyperbaric oxygen is commonly used for the treatment
of wide variety of surgical and non-surgical conditions, and has persuasively proved its
high clinical efficiency in many areas. Currently, established indications include different
bacterial (mostly anaerobic) and fungal infections, arterial gas embolism, poorly healing
diabetic wounds , osteomyelitis, radiation tissue injury, carbon monoxide poisoning, crush
injuries, gangrene, brain abscesses, burns, skin grafts or skin flaps at risk of compromised
tissue perfusion, severe anemia, and also conditions like long-standing neurologic deficit,
cerebral palsy or autism, and many more. The existing trend of ever-expansion indications
to previously untouched areas holds for decades.

The purpose of this review is to examine advantages and disadvantages of the hyperbaric
oxygen therapy, and also to explore the underlying physiological mechanisms of the
hyperbaric oxygen actions in the ischemic, necrotic and otherwise compromised tissues.
This review will mostly be focused on the discussion of clinical efficacy and practical
approach to HBOT use in the treatment of different types of gangrene and necrotizing
fasciitis. Role and place of hyperbaric oxygen therapy in the treatment of ischemic and
diabetic chronic wounds and ulcers will also be explored.

With currently recommended clinically tested protocols and using contemporary
equipment, administration of hyperbaric oxygen therapy is generally considered very safe.
However, it is not absolutely innocuous, and certain contraindications, ranged from medical
problems to physical abnormalities, while mostly relative, should be carefully considered in
every case.

The only absolute contraindication for hyperbaric oxygen therapy is untreated tension
pneumothorax. Other contraindications include:

1. Severe chronic obstructive pulmonary disease with carbon dioxide

2. retention, pulmonary blebs, and/or dyspnea with slight exertion; restrictive airway
disease (possibility of air trapping with barotraumas ensued)

Optic neuritis

Acute viral infection

Congenital spherocytosis

Uncontrolled, acute seizures disorders

Upper respiratory tract infection

Uncontrolled high fever

® N U
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9. Pregnancy (questionable)

10. Psychiatric problems

11. History of prior thoracic or ear surgery, which would make it impossible to equalize
middle ear pressure or pulmonary pressure (Foster,1992)

12. Concomitant chemotherapy with cis-platinum and adriamycin. Cytotoxicity of these
agents has been shown to be potentiated by hyperbaric oxygen (Leifer , 2001; Monstrey
et al,1997)

Adpverse effects of HBO treatment include reversible myopia (Leach et al, 1998), barotrauma of
the ear, claustrophobia (only in small treatment chambers), seizures (1.3 per 10000 patient
treatments), and, very rare, pulmonary oxygen toxicity (Bakker, 1984).Vasoconstiction, that
could be expected due to the increased oxygen levels, was not observed in ischaemic or
hypoxic tissues (Sheffield, 1988). Worsening of diabetic retinopathy could theoretically occur
during hyperbaric oxygen therapy, but up until now this complication has not been reported.

2. Hyperbaric oxygen: mechanisms of action

The principle effect of hyperbaric oxygen treatment is creating hyperoxia in blood and
tissues. Hyperbaric oxygen therapy implies administration of 100% under pressure greater
than atmospheric. By raising the ambient pressure of oxygen either in the chamber or by
breathing 100% oxygen through tight fitting mask, it is possible to increase the inspired PO,
up to 3.0 bar. The most commonly used levels of inspired oxygen range from 2.4 to 2.8 bar.
At these levels, amount of dissolved oxygen in plasma could potentially meet oxygen
consumption requirements of the whole body. Hemoglobin remains saturated even in the
venous capillary blood (Ramaswami &Lo, 2000). At 3 atmospheres of pressure, which is
commonly used in the modern hyperbaric oxygen treatment, the alveolar oxygen pressure is
about 2,180 mm Hg, the arterial oxygen tension is at least 1,800 mmHg, and tissue oxygen
concentration is approximately 500 mmHg. High tissue oxygen concentration remains
elevated for variable period of time (likely up to a few hours) after removal from hyperbaric
chamber, which depends on tissue density and perfusion. (Sheridan & Shank,1999).

It has been demonstrated, that inhalation of O2 at pressures greater than 1 ATA will
increase production of reactive oxygen species, which is fundamental for physiological
mechanisms of numerous effects and also therapeutic mechanisms. (Thom,2009). Reactive
oxygen species, as well as reactive nitrogen species, play important roles as signaling
molecules in transduction cascades, or pathways for a variety of growth factors, cytokines,
and hormonal substances.

3. Hyperbaric oxygen for chronic diabetic wound and ulcer healing

Diabetes mellitus is increasing in incidence and currently presents one of the major health
problems worldwide. The total number of diabetic patients has been projected to increase
from 171 million in 2000 to 366 million in 2030 (Wild et al, 2004), with concomitant rise of the
major complications rate, among which chronic non-healing leg diabetic wounds,
associated with vascular insufficiency du e to accelerated atherosclerotic process, is
within area of this review focus. With this trend, the requirements for efficient treatment are
obviously expected to increase exponentially.

The most prevalent forms of chronic wounds in diabetic patients are leg and foot
ulcerations.(Leung, 2007; Tam & Moschella ,1991). Typical chronic, non-healing ischemic
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and diabetic wounds require prolonged time (more than 8 weeks) to heal, and sometimes do
not heal or recur.

The pathophysiology of diabetic foot ulcer and its prolonged healing, however complex, has
been extensively studied and is well described. Early development and accelerated
progression of the lower extremity peripheral arterial atherosclerotic occlusive disease, with
predilection to complete vascular blockade on the level distal to the knee, is a major causing
factor. Other contributing factors include progressive development of sensory, vasomotor
and autonomic neuropathy, alterations in autoregulation of dermal blood flow (Liu &
Velazquez, 2008).It has been shown, that peripheral vascular disease (macroangiopathy),
along with diabetic polyneuropathy, constitute the most important factors in the diabetic
wound and ulcer development. About 20% of diabetic lower extremity ulcers have impaired
arterial flow as primary ethiological factor, approximately 50 % associated with primary
diabetic neuropathy, and up to 30% have both conditions (Reiber et al., 1999). Recently,
microangiopathy has also been implicated in the pathogenesis of diabetic foot ulcers (La
Fontaine et al.,2006; Ngo et al., 2005). Along with rapidly progressing atherosclerotic
obstructive vascular disease, diabetic patients commonly exhibit an enhanced vascular
responsiveness to vasoconstrictors, attenuated response to vasodilators and impaired
regulation of blood flow in many different regions, from cerebral blood flow to local, dermal
perfusion. Altered endothelial function of resistance vessels could contribute to altered
regulation of regional blood flow and insufficient tissue perfusion in diabetes mellitus
(Unfirer et al., 2008).

The fundamental role of oxygen in the physiology of wound healing is well documented
(Brakora & Sheffield,1995; Hunt,1988). Measurement of the transcutaneous pressure of
oxygen (TcpOy) has been shown to be a valuable tool in predicting healing or non-healing in
diabetic foot ulcers (Mathieu et al.,1990). It has been demonstrated, that patients with TcpO,
values <20 mmHg, in comparison to patients with values >40 mmHg, have a 39-fold
increase in failure of wound healing (Pecoraro, 1991, Bakker, 2000; Rollins et al., 2006).
Hypoxia in the wound tissues promote the ulceration process, whereas a plentiful supply of
oxygen is critically important for a variety of healing processes (Liu &Velazquez, 2008).
Oxygen tension is positively correlated with key components of the healing process, such as
angiogenesis (Knighton et al., 1983), collagen production (Hunt &Pai ,1972; Jonsson et al.,
1991; Gurdol et al.,2010), bacterial elimination (Knighton et al., 1984;Cimsit et al.,2009) and
epithelization (Uhl et al.,, 1994). In well-oxygenated wounds, all these components are
greatly enhanced.

Of all other available oxygen delivery methods, hyperbaric oxygen therapy appears to be
the most efficient option (Liu & Velazquez, 2008). Hyperbaric oxygen therapy has proved its
efficiency in healing acceleration of ischemic and refractory diabetic wounds (Zamboni et
al., 1997;Abidia et al., 2003; Hopf et al., 2005).

Despite the well-known beneficial effects of hyperbaric oxygen therapy on healing process
of chronic ischemic and diabetic wounds and ulcers, its mechanisms of action are not
completely understood. Restoring an adequate blood flow to the site of chronic wound is
an essential prerequisite of successful healing response, which include modifying the altered
vascular responsiveness to vasoactive substances and new vessel growth stimulation. It has
been suggested, that hyperbaric oxygen is capable of induction of complex changes in the
conducted vasomotor responses, thus modifying vascular sensitivity and reactivity to
vasoactive substances (Drenjancevié-Peri¢ et al.,2009).It has also been hypothesized, that
hyperbaric oxygen exerts beneficial effects on vascular function by affecting production or
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vessel sensitivity to vasoconstrictor and vasodilator metabolites of arachidonic acid and
nitric oxide in response to physiological stimuli, namely acetylcholine, hypoxia and flow-
mediated dilation, thus effectively restoring vascular reactivity (Unfirer et al.,, 2008).
Available data is quite scarce and almost exclusively experimental. To date, no published
results of large-scale, controlled prospective studies could be found.

Angiogenesis, in form of neovascularisation, is one of the essential processes that occur in
the course of chronic diabetic wound healing. In conditions of hyperoxia, created by
applying the hyperbaric oxygen therapy either locally (isolated extremity treatment) or
generally in hyperbaric chamber, neovascularisation in hypoxic tissues occurs by two
processes. Regional angiogenic stimuli increase the efficiency of new blood vessel growth by
proliferation of microvascular endothelial cells, and also the recruitment and differentiation
of circulation stem/progenitor cells (SPCs) to form vessels de novo. In clinically relevant
concentrations, hyperbaric oxygen has been shown to influence both these processes (Thom,
2009). It has been demonstrated, that hyperbaric oxygen induces a cytoprotective and
angiogenic response in human microvascular endothelial cells by increasing expression of
immediate early and cytoprotective genes, which corresponded with increase in cell
proliferation and oxidative stress resistance (Godman et al.,2010a,2010Db).

Hyperbaric oxygen reduces circulating levels of proinflammatory cytokines, and also
increases synthesis of many growth factors. Oxidative stress at the sites of
neovascularization stimulates growth factors synthesis by augmenting synthesis and
stabilizing hypoxia-inducible factor (HIF)-1. (Hunt et al.,2004, 2007) Vascular endothelial
growth factor (VEGF) , angiopoetin and also stromal-derived factor-1 influence stromal cells
differentiation to endothelial cells. VEGF, the most specific growth factor for
neovascularization, has been shown to be increased by hyperbaric oxygen(Sheikh et
all.,2000;,Thom,2011).

Diabetic foot ulceration is a major predisposing factor for local infections, whereas various
immunological disturbances and peripheral polyneuropathy play secondary roles. Diabetic
foot ulcers are frequently polymicrobial with a high incidence of anaerobic organisms.
Anaerobic infections are especially frequently seen in tissues with low oxygen tensions.
Anaerobes are found in about 33% of cases of diabetic foot infections (Calhoun et al., 1992;
Calhoun et al.,2002). Among the frequently isolated anaerobic organisms are species of
Bacteroides and Clostridia (Boulton, 1988). Aerobic Gram-positive cocci (especially
Staphylococcus aureus) are also among the most common, sometimes predominant,
pathogens in diabetic foot infections. Patients with chronic wounds who are already
receiving antibiotics, may be also infected with gram-positive rods, and those with
established foot ischemia or gangrene may have obligate anaerobic pathogens (Lipsky et al.,
2006).Hyperbaric oxygen therapy is often combined with antibiotics as an adjunctive
treatment for various wound infections. Hyperoxia and hyperbaric oxygen exert
antimicrobial effects by increasing the intracellular flux of reactive oxygen species.
Hyperbaric oxygen may be either bacreiostatic or bactericidal for microorganisms that lack
defenses against oxidants. In bacteria, reactive oxygen species cause DNA strand breaks,
degradation of RNA, inhibition of amino acid biosynthesis, and inactivation of membrane
transport proteins. Oxygen tensions also affect the activity of antimicrobial agents. In
general, hyperoxia potentiates while anaerobiosis decreases the activity of many
antimicrobial drugs. With regard to host defenses, hypoxia can seriously impair leukocyte
bacterial killing function (Rabkin &Hunt ,1988; LaVan & Hunt ,1990). Hyperoxia elevates
oxygen tensions in infected tissues to levels that facilitate oxygen-dependent killing by
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leukocytes. Prolonged hyperoxia inhibits DNA synthesis in lymphocytes and impairs
chemotactic activity, adherence, phagocytic capacity, and generation of the oxidative burst
in polymorphonuclear leukocytes and macrophages. (Park et al., 1992; Cimsit, 2009).

One of the suggested criteria for hyperbaric oxygen therapy use is transcutaneous oxygen
measurement of less than 40 mm Hg at the tissues surrounding the wound, most precisely,
at the wound edges. This baseline measurement should be followed by testing the patient’s
tissue response to administration of 100% via tight face mask. The trascutaneous oxygen
level should increase by at least 10 mm Hg to justify starting of hyperbaric oxygen therapy.
After an hyperbaric oxygen trial, the transcutaneaous measurement should be greater than
200 mm Hg (Attinger, 2006, Hunter et al, 2010). It has been also demonstrated, that a
transcutaneous oxygen tension (TcPO2) of 200 mmHg, measured in the peri-wound tissues
while in-chamber, was the most effective determinant of success or failure of the therapy. It
has been found , that TcPO2 in peri-wound tissues at sea level air of less than 15 mm Hg,
together with a TcPO2 less than 400 mm Hg, measured in the same tissues in-chamber,
proved to be most accurate predictor of hyperbaric oxygen therapy failure (reliability 75.8%,
positive predictive value 73.3%)(Fife et all, 2002, 2007).

The commonly used protocols for hyperbaric oxygen therapy administration vary among
institutions. No consensus has been reached so far in respect to single session and whole
treatment duration. Most commonly, hyperbaric oxygen for diabetic wounds is
administered at pressure range of 2 to 2.8 ATA, 5 days a week, with typical session duration
of 45 to 90 minutes.(Wang, 2003). Other authors have been using daily treatments of 1.5 to 2
hours duration, for 20 to 40 days (Thom,2010).

The effectiveness of hyperbaric oxygen for diabetic and ischemic wounds treatment may be
evaluated from prospective of two most important clinical outcomes: expediting the wound
healing and reduction the amputation rate. Clinical efficacy of hyperbaric oxygen therapy
in healing of chronic diabetic and ischemic wounds has been demonstrated by many
researchers (Hinchliffe et al., 2008). Another group reported 90% healing in the intervention
group versus 28% controls (Heng et all, 2000). The wound area reduction has been reported
to occur at 2 weeks: 42% in the intervention group versus 21% (p = 0.037) and at 4 weeks:
62% versus 55% (Kessler et al., 2003). Two groups reported a favorable outcome after
hyperbaric oxygen therapy in respect to expedited diabetic ulceration healing. One of
groups has conducted a double-blind randomized trial, the main outcome of which was
completely healed wound by 12 month after commencement of the therapy (2.5 ATA for 85
min, 5 days a week, for 8 weeks)in 52% of patients that received hyperbaric oxygen versus
29% of those from control group (Duzgun et al., 2008; Londahi et al.,2010,2011) .

It has been well demonstrated, that use of hyperbaric oxygen therapy was associated with
decrease in amputation rate in diabetic patients. A decrease by 30% of major amputations
rate in Wagner grade 4 patients has been reported in large prospective study (Faglia et al.,
1996). Another study demonstrated even more significant (almost in 71%, 2 amputations in
the study group versus 7 in control, a total of 30 patients) decrease of amputation rate
(Doctor et al., 1992).

4. Hyperbaric oxygen in the treatment of necrotizing fasciitis and Fournier’s
gangrene

Necrotizing fasciitis has been defined as rapidly progressing life-threatening bacterial
infection, that primarily involves skin and secondary subcutaneous tissues (Jallali et al.,
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2005). Incidence of necrotizing fasciitis has increased over two decades (1980-2000), yet the
disease still remains quite rare. The possible explanation may include increased microbial
virulence and resistance because of excessive use of powerful antibiotics, and also possibly
disease reporting and statistical work improvement (Sarani et al., 2009).

There are three basic subtypes of necrotizing fasciitis described. Approximately 55 to 75 % of
type I caused by combination of gram-positive cocci, gram-negative rods, and anaerobes;
less commonly, by species of bacteroides or Clostridium (Childers et al.,2002; Wong et al.,
2003;Anaya &Dellinger, 2007). This type of infection tend to occur in the trunk and perineal
areas and include Fournier’s gangrene. Type II of necrotizing fasciitis mostly caused by
monomicrobial flora, that include group A Streptococcus (S. pyogenes) alone or in
association with Staphylococcus aureus. This type may be associated with toxic shock
syndrome. During last 5 years, an increasing incidence of methicillin-resistant S. aureus
(MRSA) is being reported, especially in IV drug users. Today, MRSA is cultured in
approximately 40% of necrotic wounds (Miller et al, 2005, Maltezou &
Giamarellou,2006;Thulin et al.,2006). Some sources classified necrotizing infection caused by
Vibrio vulnificus as type III, although consensus regarding such classification remains yet to
be reached. The biggest risk factors for this, the rarest, type of necrotizing fasciitis include
exposure to warm sea water and also moderate to severe liver disease, particularly chronic
hepatitis B (Howard et al., 1985).

Bacterial agents, that invade subcutaneous tissues through disrupted viscus of colorectal or
urogenital area or perforated skin, rapidly spread over the adjacent tissues, producing endo-
and exotoxins, that cause deep tissue ischemia and liquefactive necrosis that eventually lead
to systemic disease (Salcido, 2007). Some of the exotoxins, namely M-1 and M-3 surface
proteins, produced by S.aureus and Staphyloocci, increase microbial virulence by enhancing
their ability to adhere to tissues and resistance to phagocytosis. Other exotoxins, namely A
and B exert a variety of ill effects, that include endothelium damage, loss of microvascular
integrity, increase of capillary permeability , causing plasma capillary leak, which results in
tissue edema and impairment of capillary blood flow. These toxins, along with streptolysin
O, stimulate CD4 cells and macrophages to produce large amounts of tumor necrosis factor-
a,interleukinl and 6 (Hackett & Stevens, 1992). Release of these cytokines into the circulation
causes systemic inflammatory response and may lead to septic shock, multiorgan failure
and eventual death. Superantigenes directly stimulate T-cells, causing activation of
complement, bardykinin-kallikrein system and coagulation cascade, with small vessel
thrombosis and tissue ischemia ensued (Salcido,2007 ).

Early radical surgical debridement along with aggressive, wide-spectrum antibiotic therapy
remains a mainstay of the necrotizing fasciitis treatment. Despite the certain progress,
achieved in this field, unfavorable outcome remains quite common.

High mortality rate of 20 to 40% (McHenry et al. ,1995) have prompted a search for effective
ancillary methods of treatment to improve patients outcome. Hyperbaric oxygen therapy
has shown some promising results, which promoted its use as an adjuvant therapeutic
modality in this category of patients. Although variety of protocols have been employed, the
most common method includes administration of oxygen at 2 to 3 ATA with average
duration of 60 to 120 minutes. However, no consensus has been reached so far regarding
either duration, timing or number of sessions, and established protocols for HBO therapy in
necrotizing fasciitis or Fournier’s gangrene are absent.

Most of clinical evidences, supporting the use of hyperbaric oxygen therapy, are of only
anecdotal value at best. Most authors have chosen a decrease of the overall mortality rate as
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an universal index of HBO therapy efficacy, reporting improved patients survival rates in
majority of studies. The reported mortality rates varied significantly, from 0 to 33% (Jallali et
al., 2005).

The lowest mortality rate ever reported, essentially zero deaths after combined early
surgical debridement and HBO therapy in small group of only 9 patients with Fournier’s
gangrene, was shown in the early clinical study of (Eltorai et al.1986). In this study,
however, no data was provided either in respect to details of the treatment protocol details
(duration of the study, number of sessions, time intervals between hyperbaric oxygen
therapy sessions and surgical debridments). Another study included two series of 32
patients with clostridial gas gangrene and 11 patients wit perineal necrotizing fasciitis, who
underwent hyperbaric oxygen therapy at 2.5 ATA for 120 minutes of session duration , and
3 first treatments were administered during first 24 hours after admission, and then
repeated twice daily. The overall mortality rate was reported as 28% in gas gangrene group.
In the group of patients treated with hyperbaric oxygen, 94% of the survivors healed
completely and were able to walk normally (Him, 1993).

In yet another study, 33 patients were treated for perineal necrotizing fasciitis. Their
management included wide early surgical debridment and drainage, massive antibiotic
therapy and hyperbaric oxygen therapy at 2.5 ATA, 2 to12 times. The reported mortality
rate was quite low (9.1%, 3 patients died out of 33) (Korhonen, 2000). Same group of
researchers had also managed a group of 53 patients with Clostridial gas gangrene, and
protocol here was pretty much identical to that used in patients with Fournier’s gangrene.
The reported mortality rate was 22.6%. In this study, substantially higher levels of
subcutaneous PO2 at the same O2 pressures of 2.5 ATA during hyperbaric oxygen
therapy were found in the vicinity of infected areas than in healthy tissues. Authors
concluded, that hyperbaric oxygen therapy appears to be life-, limb, and tissue saving,
and that the hyperoxygenation of tissue zone surrounding the infected area may be of
significance in preventing the expansion of microorganisms. (Korhonen at al., 1999, 2000).
Authors of another study administered hyperbaric oxygen shortly (about 7 hours) after
surgical debridement, which resulted in achievement of only 12.5% mortality rate.
However, no control group was mentioned in this study, which makes it difficult to draw
a definite conclusion regarding the net effect of the hyperbaric oxygen therapy (Gozal et
al., 1986) In the controlled study, included group of 17 patients that received hyperbaric
oxygen along with surgical debridement and antibiotics versus that of 12 patients, whose
treatment did not include hyperbaric oxygen therapy, use of this modality has allowed to
decrease overall mortality from 66% to 23%. This result has been achieved despite the fact,
that patients received hyperbaric oxygen, were more seriously ill (some of them were in
septic shock), which makes the beneficial effect of the therapy in this study particularly
noteworthy (Riseman et al., 1990). In larger, albeit without control group study, efficacy of
including HBOT in the treatment protocol in 42 consecutive patients has been proved by
decreasing of overall mortality from 34%(national reported rate) to 11.9%, with 0%
amputations (vs.50% of national average) in hyperbaric oxygen-treated patients (Escobar
et all, 2005)

A growing number of studies, in contrast with those reported positive results of
hyperbaric oxygen therapy, have demonstrated lack of any advantages of the hyperbaric
oxygen therapy. In the large controlled multicenter study, (Brown et al.,1994), hyperbaric
oxygen therapy was not associated with statistically significant decrease in mortality (30%
in HBO group vs. 42% in control), number of debridements (2.4 in hyperbaric oxygen
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group vs 1.3 in control) was actually higher, and length of hospital stay was not different
between groups(31.6 days in hyperbaric oxygen vs. 31.3 days in control). In this study,
however, majority of the patients (66%) received less than 4 sessions, which potentially
makes the impact of hyperbaric oxygen therapy substantially weaker. Also, patients who
were selected for hyperbaric oxygen therapy, had more advanced stages of sepsis, which
potentially may have introduce a bias factor in the results interpretation. Authors of
another study found no differences in length of hospital stay, complications rate and
mortality between groups of patients with necrotizing fasciitis, where one was treated
with hyperbaric oxygen therapy, and another wasn’t; however, 25% of non- hyperbaric
oxygen therapy group required amputations, whereas patients from hyperbaric oxygen
therapy group needed no such intervention (Hassan et al.2010).  Authors of the
retrospective study, reviewing 10-year - long experience of using HBOT as an adjuvant
treatment for necrotizing fasciitis, found no improvements from hyperbaric oxygen use,
but rather worsening of results in respect to mortality rate (36% in hyperbaric oxygen
therapy group vs. 25% in control), number of debridements (2.5 with hyperbaric oxygen
therapy vs 1.5 in controls). Difference in length of hospital stay, which was, however,
shorter in hyperbaric oxygen therapy group (15.9 vs 20 days in controls), was not
statistically significant.

Another retrospective study revealed considerably higher mortality among the patients with
Fournier’s gangrene, treated with hyperbaric oxygen therapy, in comparison with those
received no such treatment (26.9 vs 12.5%). The potential reason for this finding, again, may
be attributed to the selection of the much sicker patients for hyperbaric oxygen therapy
(Mindrup et al., 2005).

Absolute majority, if not all, of studies investigating the effects of hyperbaric oxygen
therapy, are retrospective ones. Even the largest series include several dozen patients at
best, with most common sample size around 20 patients, either in study or control groups.
Such small numbers of subjects preclude the use of vigorous statistical methods in
comparison studies, investigating mortality and morbidity rates, tissue- and limb- salvage
efficacy of the hyperbaric oxygen therapy. These limitations substantially diminish the
predictive value of quite scarce published studies.

To date, even after thorough literature research, we could not find any prospective,
randomized comparison study investigating different effects of hyperbaric oxygen therapy.
Regretfully, it appears that truly robust proof of either positive or negative effect of
hyperbaric oxygen therapy, at least as an adjuvant therapy for necrotizing fasciitis and
gangrene, is currently absent.

There are numerous reasons to this situation. Scarcity of the resources (many hospitals do
not possess the hyperbaric oxygenation chambers), lack of established guidelines,
differences on clinical protocols (outlining timing, number of sessions, time correlation with
debridements , and more), clinicians” opinions and experience, and also tendency to reserve
the hyperbaric oxygen therapy, a quite expensive method, for the sickest, critically ill,
oftentimes frankly moribund patients, are among the important limiting factors, making it
truly difficult to elucidate the genuine impact of hyperbaric oxygen therapy in practically
every area of its use (Jallali et al., 2005). In its current status, based on existent level of pro—
and contra- evidences, HBOT efficacy remains controversial at best, and may not be
unanimously recommended as therapeutic modality in every case of necrotizing fasciitis or
gangrene.
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5. Conclusion

Diabetic foot chronic wounds and ulcerations adjuvant treatment with hyperbaric oxygen
appears to be efficient with respect to promoted healing and also in decrease of major
amputations rate.

Hyperbaric oxygen therapy may not replace the combination of early aggressive
debridements and wide-spectrum antibiotic therapy, but rather remains an adjuvant,
however sometimes efficient, method in the management of necrotizing fasciitis and
gangrene.
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