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Diagnosis and management of
necrotizing fasciitis

Necrotizing fasciitis is a rapidly progressive, life-threatening soft tissue infection which is rapidly fatal unless

diagnosed promptly and treated with immediate debridement of necrotic tissuve. As early clinical suspicion is

paramount to improved survival, this review aims to increase awareness of the condition.

ecrotizing fasciitis is an uncommon but severe
life-threatening necrotizing soft tissue infection
characterized by rapidly progressing inflamma-

tion and widespread fascial necrosis. It is distinct from
common superficial skin infections such as impetigo and
cellulitis which do not extend beyond the epidermis and
dermis. Although first described by Hippocrates
(Descamps et al, 1994) in the fifth century Bc, the term
necrotizing fasciitis was coined by Wilson in 1952 to
describe the most consistent features of the disease:
necrosis of the fascia and subcutaneous tissue with rela-
tive sparing of the underlying muscle. Although it can
occur in any region of the body necrotizing fasciitis
mostly occurs in the abdominal wall, extremities and
perineum (Fournier’s gangrene) (McHenry et al, 1994).
Necrotizing fasciitis is a surgical emergency. Rapid
surgical debridement, parenteral antibiotics and aggres-
sive fluid resuscitation are mainstays of therapy (Ustin
and Malangoni, 2011). Regrettably the diagnosis is often
delayed because of unfamiliarity with the condition and
the initial paucity of skin findings (Hasham et al, 2005).
As the diagnosis is essentially clinical, the opinion of
surgeons experienced in the recognition and manage-
ment of this uncommon condition should be sought
immediately necrotizing fasciitis is suspected (Green et

al, 1996).

Clinical presentation

Necrotizing fasciitis commonly presents as an erythema-
tous, tender, swollen hot area of skin accompanied by
localized pain and signs of systemic sepsis (Childers et al,
2002; Singh et al, 2002) (7zble 1). The pain is typically
disproportionately severe considering the size of the
lesion and has been described as ‘crescendo like’ as pro-
gressive ischaemia and tissue infarction occur secondary
to obliterative vasculitis. As lymph channels are obstruct-

Table 1. Key diagnostic features of necrotizing

fasciitis
Erythema and swelling ot affected site

Severe pain disproportionate to local findings

Signs of severe sepsis (e.g. fachycardia, hypotension, metabolic
acidosis)

ed early lymphadenitis and lymphangitis are rare. If left
untreated the skin becomes progressively more tense and
erythematous, with rapid migration of the margins.
Crepitus may be present. Blisters and bullae then form
and drain first serosanguinous and then haemorrhagic
fluid, followed by eventual skin necrosis (Andreasen et
al, 2001) (Figure I).

Epidemiology

The true incidence of necrotizing fasciitis in the UK is
unknown as there are no ongoing surveillance pro-
grammes which capture data on cases of necrotizing fas-
ciitis. Confusion surrounding the exact definition of
necrotizing fasciitis and the plethora of terms used to
describe the condition further hamper accurate reporting
of the incidence.

Although necrotizing fasciitis can occur in previously
healthy individuals the majority have comorbidities that
render them susceptible to infection. Diabetes mellitus,
the most common comorbidity, is present in 18-60% of
cases. Other predisposing factors include intravenous

Figure 1. Advanced necrotizing fasciitis of the hand with
haemorrhagic bullae and skin necrosis.
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drug abuse, chronic corticosteroid therapy, alcohol
abuse, malnutrition and therapeutic immunosuppres-
sion (Sarani et al, 2009).

The reported mortality ranges from 6 to 76%, with
death usually attributable to septic shock and multi-
organ failure. The mortality rate is favourably influenced
by rapid diagnosis and prompt aggressive surgical debri-
dement (Wong et al, 2008).

Aetiology

Necrotizing fasciitis most commonly occurs after bacteria
enter the subcutaneous space via any disruption of the
overlying skin such as a laceration, abrasion or surgical
incision. Even a very minor lesion may be sufficient to
allow entry to bacteria and in a number of cases no iden-
tifiable cause can be found. Haematogenous spread from
a distant site of infection has also been documented.

Histopathology

Necrotizing fasciitis is characterized by widespread
necrosis of superficial fascia, subcutaneous fat, nerves,
arteries and veins (Umbert et al, 1989). Microorganisms
may be observed between collagen bundles and fat glob-
ules, and a dense polymorphonuclear infiltrate is present.
As the disease advances myonecrosis may develop.

Microbiology

Numerous organisms have been implicated in the patho-
genesis of necrotizing fasciitis and most cases of necrotiz-
ing fasciitis are polymicrobial (7zble 2). Necrotizing fas-
ciitis can be classified into four types based on wound

Table 2. Microbiology of necrotizing fasciitis:

162 organisms cultured from 73 patients with
confirmed necrotizing fasciitis

Organism No. of cases
Streptococcus spp. 31
Staphylococcus aureus 26
Klebsiella spp. 17
Enterococci 14
Acinetobacter baumanii 13
Escherichia coli 12
Pseudomonas aeruginosa 10
Enterobacter spp. 6
Proteus spp. 6
Bacteroides spp. 6
Fungi ( Candida spp.) 5
Peptostreptococcus spp. 4
Clostridium spp. 2
Other 10

From Wong et al (2003)

microbiology (Morgan, 2010). Type I infections are
characterized by polymicrobial infection and represent
approximately 70-80% of all necrotizing fasciitis infec-
tions. Type II infections represent approximately
10-20% of cases and are defined by the presence of
group A P-haemolytic streptococcus. Types III and IV
are much less prevalent in the UK, the former being
caused by Gram-negative marine-related organisms such
as Vibrio spp. while type IV infections are fungal in
nature and mainly affect the immunocompromised.

According to data from the Department of Health
(2009) the number of patients with invasive infections
secondary to group A P-haemolytic streptococcus,
including necrotizing fasciitis, is becoming more com-
mon. Streptococcus pyogenes or group A streptococcus is a
Gram positive extracellular bacterial pathogen which is
implicated in a number of pyogenic infections including
necrotizing fasciitis. Streptococci can be serologically
separated into M protein subtypes based on a surface
protein (Cunningham, 2000). M proteins on the surface
of the cell act to inhibit phagocytosis by polymorphonu-
clear leucocytes and inhibit neutrophil chemotaxis.
Although multiple M types have been associated with
necrotizing fasciitis, types M1 and M3 are the most
prevalent. Group A f-haemolytic streptococcus also
express a number of other virulence factors, the nature
and function of which depend on the site of infection.
These factors are crucial for colonization, adherence and
evasion of the immune system. One such factor, strepto-
coccal pyrogenic exotoxin, is encoded by the SpeB gene
and is highly expressed at the site of tissue infection in
patients with necrotizing fasciitis. Acting as a superanti-
gen, this and other exotoxins induce T-cell activation
leading to the release of cytokines and other pro-inflam-
matory mediators with a subsequent overwhelming
inflammatory response (Olsen and Musser, 2010).
Streptococci also release a range of other enzymes includ-
ing haemolysins, DNAase, proteases and collagenases
leading to destruction of surrounding tissues facilitating
the spread of infection.

Clinical diagnosis
Early diagnosis is difficult as the cutaneous manifestations
of the disease are often very limited. A high index of sus-
picion is required and if necrotizing fasciitis is suspected it
is advisable to seek the opinion of a surgeon experienced
in the recognition and management of the disease.
Diagnostic clues include severe pain at the site of infection
which is disproportionate to the extent of the lesion and
signs of severe systemic infection (Chelsom et al, 1994).
Frequent and repeated examination of the patient is
required if there is any doubt about the diagnosis.
Recognizing the difficulties of differentiating necrotiz-
ing fasciitis from other less severe soft tissue infections,
Wong et al (2004) proposed a novel, simple and objec-
tive scoring system, the Laboratory Risk Indicator for
Necrotizing Fasciitis (LRINEC) score, based on routine
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laboratory investigations (7able 3). This score is capable
of detecting early cases of necrotizing fasciitis among
patients with severe soft tissue infections. At a cut off of
a LRINEC score of 26, the model has a positive predic-
tive value of 92% (95% confidence interval = 84.3-96.0)
and negative predictive value of 96% (95% confidence
interval = 92.6-97.9). A score of 28 is strongly predictive
of necrotizing fasciitis (positive predictive value 93.4%;
95% confidence interval = 85.5-97.2). Unfortunately
the score has not yet been adequately prospectively vali-
dated, and the authors themselves advise early surgical
intervention when the index of clinical suspicion is high.

Investigations

Although essentially a clinical diagnosis, imaging may
usefully aid the diagnosis of necrotizing fasciitis provided
that it does not delay surgery when a high index of sus-
picion exists. Plain X-ray may detect soft tissue gas
although this is often a late sign of infection and not
always present.

A retrospective study by Wysoki et al (1997) of 20
patients with confirmed necrotizing fasciitis suggested
that computed tomography scanning may be useful in
the diagnosis of necrotizing fasciitis. Asymmetric fascial
thickening and fat stranding were seen in approximately
80% of cases and just over half of cases were found to
have gas tracking along fascial planes. However, prospec-
tive studies examining the utility of computed tomogra-
phy scanning in diagnosis necrotizing fasciitis are lacking,.

Magnetic resonance imaging is useful in differentiat-
ing between necrotizing fasciitis and other soft tissue

Table 3. Laboratory Risk Indicator for

Necrotizing Fasciitis

Variable (units) Score
C-reactive protein (mg/litre) <150 0
>150 4
Total white cell count (per mm3) <15 0
15-25 ]
>25 2
Haemoglobin (g/dI) >13.5 0
11-13.5 ]
<11 2
Sodium(mmol/litre) >135 0
<135 2
Creatinine (umol/litre) <141 0
>141 2
Glucose (mmoly/litre) <10 0
>10 ]

A Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) score of >6 should raise
the suspicion of necrotising fasciitis, and a score of >8 is strongly predictive of the
disease. From Wong et al (2004)

infections as it is capable of revealing contrast enhance-
ment of soft tissues and is highly sensitive in the detec-
tion of fluid collections. Schmid et al (1998) performed
magnetic resonance examination of 15 patients with
clinically suspected necrotizing fasciitis and reported that
necrotizing fasciitis can be excluded when no deep fascial
involvement is revealed with magnetic resonance imag-
ing. Magnetic resonance was highly sensitive for detect-
ing necrotizing fasciitis (100%) but lacked specificity
(86%), tending to overestimate the extent of deep fascial
involvement. This lack of specificity suggests that
although magnetic resonance imaging is extremely use-
ful, imaging alone should not form the basis of clinical
decision making.

Treatment

Patients with suspected necrotizing fasciitis should be
admitted to a critical care area with appropriate exper-
tise and facilities for invasive haemodynamic monitor-
ing. Aggressive surgical management, intravenous anti-
biotics and supportive care form the mainstays of
treatment.

Antibiotics

Rapid, appropriate intravenous antibiotic administration
is central to the management of necrotizing fasciitis.
Although adjunctive to surgical debridement, early suit-
able antibiotic therapy reduces mortality from severe
sepsis and septic shock (Kumar et al, 2006). As necrotiz-
ing fasciitis is commonly polymicrobial initial empirical
therapy should be broadly active against a wide range of
potential micro-organisms including Gram-positive
cocci, facultative anaerobic Gram-negative rods and
anaerobes (Morgan, 2010). Subsequent de-escalation of
antibiotic therapy may be possible when the results of
tissue and blood cultures become available.

No evidence-based guidelines on the optimal anti-
bacterial management of necrotizing fasciitis exist, and it
is recommended that the hospital microbiologist is con-
sulted for advice. A carbapenem in combination with
clindamycin provides coverage against the majority of
likely organisms. Other alternative regimens include a
combination of a broad spectrum B-lactam such as pip-
eracillin-tazobactam with clindamycin and ciprofloxacin
(Stevens et al, 2005). Clindamycin is recommended in
all empirical antibiotic regimens as it has demonstrated
mortality benefit in necrotizing fasciitis secondary to
Strep. pyogenes (Mulla, 2004). Clindamycin is a bacterio-
static antibiotic with high bioavailability and good tissue
penetration. The rationale for clindamycin inclusion is
based on its ability to suppress production of group A
B-haemolytic streptococcus exotoxins and cytokine pro-
duction and enhanced phagocytosis of group A B-haemo-
lytic streptococcus by M-protein synthesis inhibition.
Confirmed infection with group A f-haemolytic strepto-
coccus alone should be treated with benzylpenicillin and
clindamycin.
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Surgery

Patients suspected of having necrotizing fasciitis should
be taken to the operating theatre without delay for exten-
sive debridement of all necrotic and devitalized tissue.
Incisions to the deep fascia often reveal the presence of
murky ‘dishwater fluid’ in the wound and all non-viable
tissue including fascia should be removed. Tissue that can
be easily separated from deep fascia with gentle finger
dissection should be excised, and debridement should
only halt when viable, vascularized tissue is encountered
(Wong et al, 2008). Radical, disfiguring surgery is often
required as thorough debridement is essential and associ-
ated with a reduction in mortality (Bilton et al, 1998).
Further surgical examination of the affected area should
be performed within 48 hours or sooner if indicated to
ensure the adequacy of initial debridement. Multiple
trips to theatre are commonly necessary. Elliott et al
(1996) reported a series of patients with necrotizing fas-
ciitis who underwent an average of 3.8 debridements per
patient.

Vacuum-assisted closure therapy is routinely used after
debridement to promote tissue wound healing (Figure
2). Briefly, a resilient, open cell foam surface dressing is
applied to the wound and a wound drain with lateral
perforation laid on top of it. The entire area is then cov-
ered with a transparent adhesive membrane, and the end
of the drain attached to a specially designed commer-
cially available pump (VAC, KCI, Kidlington, UK).
Negative pressure is applied to the wound which increas-
es localized blood flow by decreasing interstitial fluid,
localized oedema and tissue bacterial counts. This pro-
motes angiogenesis and the formation of granulation
tissue.

Reconstructive surgery should only be considered
when the patient has made a good recovery from the
acute illness, and infection has been fully eradicated.

Figure 2. Application of a vacvum-assisted closure therapy system
to a patient’s leg after extensive debridement.
0

Adjunctive therapies

Hyperbaric oxygen therapy

Hyperbaric oxygen therapy is the delivery of 100% oxy-
gen while under increased atmospheric pressure resulting
in an elevated partial pressure of oxygen in tissues. Its
application may be a useful adjunct to surgical debride-
ment and antibiotic therapy in cases of necrotizing fas-
ciitis as it is toxic to anaerobic bacteria and improves
polymorphonuclear function and bacterial clearance
(Cohn, 1986). Although there are a number of small
retrospective studies suggesting benefit there are no high
quality prospective trials examining its use in cases of
necrotizing fasciitis, and its use remains controversial.
Additionally, the lack of facilities in the UK and the
logistic problems of managing a critically ill patient in a
hyperbaric chamber mean that hyperbaric oxygen thera-
py is rarely used to manage patients with necrotizing
fasciitis.

Intravenous immunoglobulin

Intravenous immunoglobulin is potentially of benefit in
necrotizing fasciitis caused by group A PB-haemolytic
streptococcus because of its ability to opsonize bacteria
and neutralize super-antigen toxins. However, its effec-
tiveness remains to be vigorously established. Guidelines
from the Department of Health (2008) suggest that
intravenous immunoglobulin may be added to adequate
toxin neutralizing antimicrobials, source control and
sepsis management when these approaches have failed to
elicit a response.

Conclusions

Necrotizing fasciitis is a life-threatening soft tissue
infection characterized by widespread fascial necrosis
with relative sparing of skin and underlying muscle. The
initial paucity of clinical signs and symptoms often
leads to delays in diagnosis and management. Diagnostic
clues include severe pain disproportionate to the size of
the lesion, and signs and symptoms of severe sepsis. A
high index of suspicion is required and the opinion of a
clinician experienced in the management of this condi-
tion should be sought immediately as the diagnosis is
primarily a clinical one. Left untreated, it is usually
rapidly fatal with the brisk onset of septic shock and
multi-organ failure.

After initial resuscitation and the administration of
empirical broad spectrum antibiotics, immediate surgical
debridement of all devitalized tissue is mandatory. A
return to theatre should be scheduled within 24 hours for
wound inspection and further debridement of necrotic
tissue if required. Vacuum-assisted closure therapy is
often useful for wound coverage. The role of adjunctive
therapies such as hyperbaric oxygen and intravenous
immunoglobulins remains uncertain. BJHM
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KEY POINTS

B Necrotizing fasciitis is a surgical emergency.

W Diagnosis is primarily clinical and requires a high index of suspicion. Severe pain,
localized erythema or swelling and signs of systemic sepsis are the usual clinical
findings.

] |I:!upid aggressive surgical debridement is the primary means of treafing necrofizing

asciitis.
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