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ABSTRACT
Necrotising fasciitis is a rare infection of the subcutaneous tissues. If untreated, it is invariably fatal, and thus a
high index of suspicion for the diagnosis is required. The disease’s manifestation can range from a fulminant
presentation to a subtle and insidious development. The priority in every case is to proceed to radical surgical
debridement. On review of the literature and based on our clinical experience, we propose a new classification
based on clinical presentation and suggest an algorithm to facilitate the management of this devastating
condition. Increasing awareness should be given to the management of the large wounds resulting from the
surgical debridement of necrotising fasciitis.
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INTRODUCTION
Soft tissue infections encompass a diverse spec-
trumofdisease (1). These include simplepyoder-
mas like erysipelas, furunculosis, impetigo and
folliculitis, which are confined to the epidermis
and dermis. Cellulitis involves infection along
the superficial fascia. Necrotising fasciitis is an
uncommon, devastating and progressively fatal
infection that will involve the subcutaneous fat
and deep fascial layers (2).
This review will focus on necrotising fasci-

itis, first by placing the disease within a histor-
ical context, then addressing its epidemiology,
risk factors, aetiology, clinical presentation,
investigations, management and prognosis.
We propose a new management algorithm
(Figure 1) based upon the clinical disease
types and address the aspects of wound care
and reconstruction for these patients if they
survive.

HISTORICAL BACKGROUND
Hippocrates in the 5th century BC was the
first to describe the disease necrotising fasci-
itis (3). In the 19th century, Joseph Jones, a
Confederate army surgeon, described 2642
cases of ‘hospital gangrene’, with an almost
50% mortality (4). Fournier in 1883 described
the pathology necrotising fasciitis affecting the
perineum and external genitalia (Fournier’s
gangrene) (5). Meleney in 1924 reported on
20 cases with a 20% mortality of ‘necrotising
erysipelas’ in China and was the first to estab-
lish the haemolytic streptococcus as the aetio-
logical agent (6). Wilson in 1952 was the first
to coin the term ‘necrotising fasciitis’ as he
described the dominant feature of the disease,
namely inflammation and necrosis of the sub-
cutaneous fat and deep fascia, with sparing of
the muscle (7).

EPIDEMIOLOGY AND RISK
FACTORS
Necrotising fasciitis is rare. Population-based
surveillance for group A streptococcal necro-
tising infection in Canada showed an inci-
dence range from 0�15 to 0�55 cases per
100 000 from those younger than 45 to those
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older than 65 years (8). Increasing age is a
consistent risk factor across several case
series, although the condition can affect any
age group (8,9). A sex predilection to the dis-
ease has not been consistently demonstrated
(8—10). The inoculation of the bacteria into the
subcutaneous space can occur with any
damage to the overlying skin or via haemato-
genous spread from a distant site. Reported
mechanisms of injury have included cuts,
burns, blunt or penetrating trauma, chronic
skin conditions, animal or insect bites, child-
birth, intravenous injection of illegal drugs,
postoperative infections, perirectal or other
abscesses, incarcerated hernias and even sec-
ondary to an acute pharyngitis (11). Unfortu-
nately, in up to 36% cases, no preceding skin
lesion or antecedent injury can be found (8).
The majority of adults that acquire necrotis-

ing fasciitis have at least one other underlying

disease that will increase their susceptibility to
infection (8,11). Diabetes, chronic renal failure,
peripheral vascular disease, alcohol abuse,
malignancy, immunosuppressive therapy,
HIV infection, and chronic cardiac and pul-
monary disease have all been implicated as
significant risk factors (Table 1) (11,12). Non
steroidal anti-inflammatory drugs (NSAIDs)
have also been implicated as a risk factor, but
the strength of the association is still to be
established (13). It is possible that these
drugs can either weaken the host response
to infection or minimise the symptoms and
signs of infection. This may lead to a delay in
diagnosis and thus a delay in definitive man-
agement.
It must also be appreciated that necrotis-

ing fasciitis can and does affect the young
and previously healthy individuals (14). In
children, varicella infection is a common
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Figure 1. Management algorithm.
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risk factor for developing necrotising fas-
ciitis (8).

MICROBIOLOGY

Microbiological classification
Giuliano et al. classified the bacteriological
culture results commonly seen in necrotising
fasciitis into two distinct subtypes: type 1
and type 2 (15) (Table 2). Type 1 infections
are typically polymicrobial and will include
non group A streptococci and at least one or
more facultative anaerobes (Bacteroides, Pepto-
streptococcus or Clostridium) and/or members of
the Enterobacteriaceae (Escherichia coli, Klebsiella
and Proteus) (15). Type 2 infections typically

involve group A b-haemolytic streptococcus
or group A streptococcus (GAS) (Streptococcus
pyogenes) solely or in combination with a
staphylococcus (15). Type 1 infections tend to
predominate where necrotising fasciitis occurs
secondary to some form of penetrating trauma,
or previous surgery in the abdomen, perineum
and external genitalia (16). Type 2 infections are
the most prevalent and tend to occur on the
extremities (11).

Streptococcus pyogenes and the strepto-
coccal toxic shock syndrome
Invasive GAS species are isolated in necrotis-
ing fasciitis in anywhere from 62% (17) to 97%
cases (8). GAS may also cause the serious
life-threatening streptococcal toxic shock-like
syndrome (STSS), first described in 1983 (18).
It is characterised by fever, myalgia, vomiting
and diarrhoea, and rarely a scarlatina-like
rash, progressing to multiorgan failure, hypo-
tension, confusion, coma and death (19).
Approximately, half the cases of STSS will
have necrotising fasciitis as a feature (1). How-
ever, this syndrome can insidiously present
secondary to apparently mild infections at
various mucosal sites in the paranasal sinuses
and pharynx (20).
GAS posse’s different M proteins on their

cell membranes, which allow them to adhere,
colonise and subsequently invade the host
(21). Various population surveillance studies
have implicated that a clone of streptococci
with serotypes M1 and M3 are responsible
for sporadic outbreaks of STSS (22). The
clinical effects of STSS are mediated by
pryrogenic exotoxins A, B and C (23). These
may directly damage host tissues or indirectly
act as superantigens to stimulate T cells and
macrophages to release pro-inflammatory
cytokines such as tumour necrosis factor-a,
interleukin (IL)-1b, and IL-6 which will medi-
ate septic shock (23).

CLINICAL PRESENTATION

Pathogenesis, signs and symptoms
Classically, necrotising fasciitis will present
with severe pain at a localised site with or
without cutaneous inflammatory changes
(rubor, calor, dolour and tumour) and may
deceptively appear as a mild cellulitis (24)
(Figure 2). The bacteria will release enzymes

Table 2 Microbiology of necrotising fasciitis

Organisms

Type 1 infections

Group B streptococci

Anaerobes: Bacteroides sp.

Peptostreptococcus sp.

Clostridium sp.

Enterococci

Gram-negative bacteria: Escherichia coli

Proteus sp.

Klebsiella

Pseudomonas

Serratia marcescens

Pasteurella sp.

Type 2 infections

Group A haemolytic streptococci

Coagulase negative and positive staphylococci

Other

Marine vibrios: Vibrio vulnificus

Vibrio damsela

Vibrio parahaemolyticus

Fungi: Candida sp.

Table 1 Risk factors associated with necrotising fasciitis

Risk factor

Diabetes

Peripheral vascular disease

Human Immunodeficiency Virus infection

Chronic renal failure

Malignancy

Chronic cardiac and pulmonary disease

Non steroidal anti-inflammatory drugs (NSAIDs)

Immunosuppresive chemotherapy
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such as hyaluronidase and lipases which will
degrade connective tissue and fat to allow
spread along fascial planes. Thrombosis of
dermal vessels can occur due to local toxin-
induced ischaemia as the subcutaneous necro-
sis progresses (17). The sequence of cutaneous
changes may manifest as erythema, then
bronzing and induration of the skin, followed
by breakdown with purple bullae formation
within 3—5 days and finally the dull blue-grey
hue of frank skin necrosis. Lymphangitis and
lymphadenitis are rarely reported (11). The
overlying cutaneous sensation can vary
from exquisite tenderness early in the disease
process to anaesthesia, as the superficial
nerves are destroyed. If the infection contains
a gas forming organism, localised crepitus
may be detectable clinically (usually type 1
infections in diabetics) (20). The problem is
that the late cutaneous changes mentioned
are those that are most specific for necrotis-
ing fasciitis, and thus the diagnosis is diffi-
cult to make until the disease is locally or
systemically advanced.

As the bacteria and toxins spread into the
bloodstream, the characteristics of sepsis
(fever, tachycardia, tachypnoea, hypotension,
confusion and multiorgan failure) will mani-
fest. At this point, no prizes can be given for
recognising the seriousness of the situation, as
the patient will most certainly die without
intervention. However, the difficulty is the
variability of the speed and severity of mani-
festation in which this progression can occur.
We believe that this distinction allows a sys-
tem of classification of the presentation of
necrotising fasciitis that can be used to guide
management decisions.

Clinical classification
A strong case has been made for viewing
necrotising fasciitis as a clinical spectrum
(10). We propose classifying necrotising
fasciitis into three types: A, B and C. Type A
is the most severe, whereby these patients
present with extensive tissue necrosis, pro-
gressing rapidly over a matter of hours and
are systemically septic. These patients are fre-
quently moribund and usually have a poor
prognosis. In contrast, the symptoms and
signs of type B cases tend to develop over a
time span of days. There is usually an identifi-
able skin lesion, or history of trauma, with a
wound that is painful out of proportion to the
clinical picture. The patient may be well or
unwell, but their condition can deteriorate
over hours to days to exhibit frank tissue
necrosis with systemic upset.
Type C cases are more insidious in onset,

with non specific or variable symptoms. Local-
ised pain at the site of a skin lesion, which is
usually the most consistent feature in necrotis-
ing fasciitis, may be mild or absent. This is
especially relevant in diabetic patients, as
they can have concomitant peripheral neuro-
pathy that may mask painful stimuli. Interest-
ingly, the host immune/bacterial interaction
is such that systemic manifestations of the
disease are also minimal. Thus there is a
potential for extensive local tissue invasion
and destruction, to the ignorance of the
patient and clinician. With such a paucity of
objective findings, these patients may be seen
frequently in the community over several
days and be treated as a case of simple cellu-
litis. There is a lack of data published on this
group, but we have found that they have

Figure 2. Necrotising fasciitis affecting the calf.
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a significant morbidity unless intervention
occurs early.

Anatomical location
Various retrospective studies have reported
with consistent findings on the common sites
of infection of necrotising fascitis (8,9,17).
Childers and colleagues found that the lower
limb was most commonly involved (32%), fol-
lowed by the upper limb (24%), the perineum
(16%), the trunk (16%), head and neck (10%)
and buttock (>1%) (17).
There are also numerous case reports of the

disease occurring in rarer locations. These
include necrotising fasciitis of the retroperito-
neum masquerading as an acute appendicitis
(25). Also, necrotising fasciitis affecting the
chest has been described as a complication of
the placement of a thoracostomy tube (26) and
secondary to cardiothoracic surgery (27).

INVESTIGATIONS
The diagnosis of necrotising fasciitis, espe-
cially in type A infections, is essentially
clinical and requires immediate and radical
debridement. However, in type B and type C
infections, there may be a role for various
investigations to heighten the index of suspi-
cion of the disease’s presence or to determine
the extent of the disease.
The blood results may show an anaemia, a

raised white cell count and elevated inflam-
matory markers. Hyperglycaemia may be pre-
sent, and hypocalcaemia can occur due to
saponification of free fatty acids with ionic
calcium in areas of fat necrosis (28). The cre-
atinine kinase may be raised, indicating
muscle involvement. A confirmed bacterae-
mia has been reported in 46% of blood
cultures obtained (8). Arterial blood gases
should be performed to determine the degree

of metabolic derangement, especially if signs
of sepsis are present.
Plain radiographs may be used to detect gas

within the soft tissue, and it is more sensitive
than clinical examination for crepitus (29, 30). CT
scanning has been demonstrated to show that
asymmetric fascial thickening, fat stranding and
soft-tissue gas are valuable clues in assessing a
patient with suspected necrotising fasciitis (31).
It can also provide information about coexistent
deep collections, and it is helpful in determining
the extent of spread of infection (31).
T2-weighted magnetic resonance imaging

with fat suppression has been claimed to be
very sensitive in demonstrating deep fascial
involvement in necrotising fasciitis (32). How-
ever, this modality is not specific enough and
has been found to overestimate the extent of
infection and overdiagnose necrotising fascii-
tis (33).
Ultrasonography can be helpful in differen-

tiating Fournier’s gangrene from other causes
of an ‘acute scrotum’ (11,34). It is also good at
determining the extent of the spread of the
infection.
The difficulty is that the imaging character-

istics of necrotising fasciitis have been gained
principally from retrospective case reports.
Thus the actual impact of their role in affect-
ing outcome has yet to be determined.
Majeski and colleagues produced a case series

whereby bedside biopsy, followed by frozen
section evaluation, was performed on 43
patients evaluated for a suspicious inflamma-
tory process over 15 years (35). This test was
100% sensitive and 100% specific in diagnosing
the 12 patients who had necrotising fasciitis (35).

MANAGEMENT
The key aspects of management include early
diagnosis, resuscitation of the patient, adminis-
tration of broad-spectrum antibiotics (Table 3),
followed by radical surgical debridement,

Table 3 First-line antibiotic guidelines for treatment of necrotising fasciitis

Antibiotic (g) Route Dosage (g) Frequency Maximum dose per day (caution in renal failure) (g)

Clindamycin Intravenous 0�6—1�2 TDS 4�8
Cefuroxime Intravenous 0�75—1�5 TDS 9

TDS, three times daily.

Necrotising fasciitis

� Blackwell Publishing Ltd and Medicalhelplines.com Inc 2004 . International Wound Journal . Vol 1 No 3 193

Key Points

. we propose classifying necrotis-
ing fasciitis into three distinct
types: A, B and C

. type A is the most severe
developing over hours with
extensive tissue necrosis and
systemically septic

. type B cases tend to develop
over days and there is generally
an identifiable skin lesion or
history of trauma

. type C cases are more insidious
in onset, with non specific or
variable symptoms

. the diagnosis of necrotising
fasciitis especially in type A
infections is essentially clinical
and requires immediate and
radical debridement



intensive care support and finally reconstruction
of the resulting wound (Figure 1).

Resuscitation, antibiotic therapy and
critical care
The degree of respiratory, haemodynamic,
renal and metabolic compromise must be
quickly assessed. If required, early resuscita-
tion should be instituted and the intensive
care unit promptly informed. The patient’s
tetanus status should also be determined and
updated if necessary.
All patients should receive broad-spectrum

intravenous antibiotics to cover streptococci,
staphylococci, Gram-negative rods and anae-
robes. We recommend a combination of clinda-
mycin and cefuroxime, with any adjustments
made once culture results have returned
(Table 3). Eagle showed that penicillins failed
in this type of infection because the offending
bacteria reached a stationary phase of growth
and stopped expressing critical penicillin-bind-
ing proteins (36). Stephens demonstrated that
the greater efficacy of clindamycin was multi-
factorial (19). Clindamycin was not affected by
the stage of growth, it inhibited M protein
synthesis thus promoting phagocytosis, and it
suppressed the effects of bacterial toxins in
mediating septic shock (37). Clindamycin also
lasts longer than penicillins, and it has some
anaerobe cover (38).
Intensive care monitoring with support of

cardiac, respiratory, renal and metabolic sys-
tems is key in the postoperative period. These
patients will loose considerable amounts of
fluid and protein from their large wounds.
Majeski and colleagues showed that early
nutritional support is an important factor in
improving survival and patients may need up
to twice their basal caloric requirement (39).

Surgical management
Surgical exploration of the wound is the defi-
nitive treatment, and correction of the sepsis
will not occur until the infection has been
excised and all necrotic tissue debrided (Fig-
ure 3). The incision should be made directly
over the involved skin and parallel to the
neurovascular bundles and carried down to the
deep fascia (20). The necrotic tissue is dull,
grey and avascular, and ‘murky dishwater’ fluid
may be found. The underlying deep fascia and
muscle should be inspected for infective invasion

and debrided if necessary. All necrotic and
devitalised tissue must be removed, and the
debridement must extend to where the sub-
cutaneous tissue no longer lifts easily of the
deep fascia. Tissue and fluid samples should be
obtained and sent for histopathological and
microbiological analysis. The wound should
then be packed with saline moistened guaze.
Surgical management of Fournier’s gang-

rene creates special considerations. Radical
debridement of all affected tissues is also car-
ried out; however, one should try to preserve
the anal sphincter if possible (20). If the anal
sphincters are involved or there is bowel per-
foration, a diversion colostomy may be used
to avoid faecal contamination of the wound.
Orchidectomy is not usually necessary as the
vascular supply to the testicles is different
from that of the scrotum (40). If the scrotal
sac has been debrided, the testicles may be
placed subcutaneously in the lower abdom-
inal wall and returned to a reconstructed scro-
tal sac at a later date (41,42).

Adjunctive therapies
The use of hyperbaric oxygen (HBO) therapy
in the management of necrotising fasciitis is
controversial. Some studies have reported a
survival benefit, with fewer debridements
and thus quicker wound closure with adjunc-
tive HBO (43,44). However, there has been
no prospective randomised trial to assess
this benefit of HBO. Potential complications
include claustrophobia, tympanic membrane
rupture, seizures and central nervous system
oxygen toxicity (45). Also, the logistics of
resuscitation, if the need arose, in a confined
space are difficult. However, if the facilities
are on site and the patient is relatively stable,
we believe that HBO does have a role to play
once it does not detract from definitive man-
agement.
The use of intravenous immunoglobulin

(IVIG) has been developed with the aim of
modulating the immune response to strepto-
coccal superantigens. There have been reports
of a clinical benefit in terms of increased survi-
val (46,47). Unfortunately, the number of
patients treated with IVIG has been small,
and thus isolating and ascribing a benefit due
to this therapy has been difficult (8). We believe
that type A patients are most likely to benefit
most from this therapy, as they are more likely
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to have a poorer outcome; further studies are
required to confirm this hypothesis.

Wound management
The wound must be closely inspected and the
patient brought back to theatre within 24—48
hours to assess the adequacy of the initial
debridement. This should be repeated as
many times as necessary until one is sure
that the infection is under control, and all
necrotic material has been removed. Serial
photography may allow recognition of a
demarcation zone of cellulitic or devitalised
tissue which can be used to objectively moni-
tor for evidence of insidious spread of infec-

tion. Nursing care is key in detecting local
recurrence of infection and in protecting the
integrity of the unaffected skin. The resulting
wounds from necrotising fasciitis are usually
extensive and pose a considerable manage-
ment dilemma.
The aims of the wound dressings are to

provide cover to protect against secondary
infection, encourage granulation tissue forma-
tion and absorb any inflammatory exudate.
Alginate (48) or Hydrogel (17) dressings
have been used effectively postoperatively. If
the debridement has created a significant cav-
ity, then conforming foam dressings can be
inserted to fill the dead space (48). These dress-
ings may need to be changed often, which can

Figure 3. Severe necrotising fasciitis following abdomonoplasty.
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be very painful for the patient. In such cases, a
general anaesthetic may have to be used.
Topical negative pressure (TNP) therapy is

another technique that can be used to manage
these wounds (49—51). It will reduce oedema
fluid and stimulate granulation tissue forma-
tion as a result of the applied tension forces
(49). Krasner has also suggested that this tech-
nique may reduce wound pain and the dis-
comfort associated with dressing changes (52).
TNP has also been shown to minimise bacter-
ial growth and has an added benefit of reverse
tissue expansion (49) which may dramatically
aid in the closure of the resultant defect.
Once the surgeon is sure that the infection

has completely resolved and the patient has a
healthy bed of granulation tissue, a recon-
structive procedure may be planned. Wound
closure may be facilitated by skin grafts or
delayed wound closure (17). If there is
exposed bone or neurovascular structures,
then local transpositional or free flaps may
be used to cover the wound (20).

PROGNOSIS
The mortality rates for necrotising fasciitis
vary considerably with the best centres claim-
ing less than 10% (53) and others as high as
75% (54). The larger, more robust, retrospec-
tive case series have narrowed these rates to
between 25% and 40% (8,9,17). With regard to
location, truncal (44%) and perineal (38%)
regions have a higher mortality than the extre-
mities (22%) (55,56). Presumably, this is because
one may have the option of amputating an
extremity if the infection is too extensive.
There are a host of variables associated with

a higher mortality. These include delay to
initial debridement, age >60, female gender,
hypotension, bacteraemia, total body surface
area that involved more than 250 cm3, renal
failure and elevated blood lactate (8,17,45).
Comorbid medical problems that are asso-
ciated with a higher mortality include malig-
nancy, cardiac disease, pulmonary disease,
intravenous drug abuse and malnutrition
(45). Diabetes mellitus, type of microbiological
growth isolated and use of NSAIDs were not
associated with a higher mortality (17,45).
The most important variable that can be

affected clinically is a reduction in the time
from admission to initial debridement. This
requires a high index of suspicion, with an

awareness of atypical presentations, such as
those found in type C cases.

CONCLUSIONS
Necrotising fasciitis is a rare but devastating
infection of the subcutaneous tissues. The pre-
sentation of the disease is variable. Type A
cases manifest with frank tissue necrosis and
septicaemic shock occurring over hours.
Types B cases develop over hours to days,
usually with a precipitating traumatic event,
and can deteriorate quickly. Type C cases
have a more insidious and non specific pre-
sentation and require a high index of suspi-
cion in order to make the diagnosis.
Radical surgical debridement is the defini-

tive management, and it is also frequently
diagnostic in sick patients with the disease,
who have yet to produce the classical derma-
tological signs. There may be a role for special
investigations, especially in type C cases in
making the diagnosis and thus reducing the
time to surgery. All patients should be treated
with intravenous antibiotics.
Adjunctive therapies such as HBO therapy

and intravenous immunotherapy require further
study to determine their role in management.
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BOX1.
Summary of the key points

Necrotising fasciitis is a rare, and potentially fatal subcutaneous infection. Risk factors include diabetes mellitus, peripheral vascular

disease, chronic renal failure and immunosuppression.

Streptococcus pyogenes is the most common bacteria isolated. The disease manifests as three main clinical types: A, B and C. These

range from a dramatic fulminant presentation to a more subtle and insidious development.

Prompt radical surgical debridement is the definitive management. All patients should receive broad-spectrum intravenous

antibiotics. Intensive care support and meticulous wound care with subsequent reconstruction are key in ensuring a good outcome.
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