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Diagnosis and management of necrotising fasciitis: a multiparametric approach
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Necrotising fasciitis (NF) is situated with myositis and myonecrosis at the severe end of
a spectrum of skin and soft tissue infections but is far removed from erisepelas, impetigo and
cellulitis. Inexperienced clinicians are easily misled by the protean manifestations of infection,
especially exotoxin or superantigenmediated consequences from streptococcal NF. Early clinical
suspicion and surgery are key to improving survival, and patients with NF need integrated
multidisciplinary management, adjusted to the infecting organism(s), the site of infection, and
the effects fromany toxins produced. Amultiparametric approach, incorporating various clinical
and laboratory parameters, can aid aggressivemanagement. This review describes the diagnosis
and management of the major types of NF, emphasising important aetiological clues from the
history and the appropriate usage of diagnostic investigations. The potential benefits of
controversial therapeutic approaches, including hyperbaric oxygen and intravenous immuno-
globulin, are discussed.

� 2010 The Hospital Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

According to Martin et al., necrotising fasciitis (NF) is essentially
a ‘severe inflammation of the muscle sheath that leads to necrosis
of the subcutaneous tissue and adjacent fascia’, that is difficult to
diagnose early and even more difficult to manage effectively.1,2

Early clinical suspicion, appropriate antimicrobials and surgery
are key to improving survival.3 In one survey of invasive group
A b-haemolytic streptococcal (GAS) infection, including NF, the
correct diagnosis was initially suspected in only 2% of admissions.4
History and terminology

The description of NF by Hippocrates in the fifth century BCE, and
that of a Confederate physician in the American civil war, are no
different from the presentation of today5,6: ‘A purple or blue spot is
first perceived. the skin in the affected spot melts away in 24 h.
whilst a deep blue and purple, almost black, areola surrounding the
dead mass, spreads rapidly in ever increasing circles.’6 In Peking,
a missionary surgeon reported similar presentations among opium
addicts in 1924: ‘A chill may usher in the general symptoms ..
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Irregular patches, dusky hue, blisters or large bullae develop, may
break and discharge a dark serous fluid.’7 In the days before the
advent of antimicrobials, NF was treated successfully with ‘bear-
claw scratch debridement’ and Carrel's tubes irrigating the tissues
with Dakin's solution of chlorinated soda.7

‘Meleney's gangrene’ is commonly used to refer to abdominal
wall fasciitis, but strictly should be streptococcal dermal gangrene
anywhere on the body.7 A confusing plethora of terms in the older
literature refer to similar entities: necrotising erysipelas, acute non-
clostridial crepitant cellulitis, synergistic necrotising cellulitis,
haemolytic streptococcal gangrene, phagedena (literally ‘eating
away') and putrid ulcer. Fournier's gangrene refers to necrotising
infection of the perineum andmay be due to a variety of organisms,
including GAS.8,9

Epidemiology and microbiology of NF

NF is not a notifiable disease in the UK, where the overall inci-
dence of NF has been estimated as 0.24e0.4 per 100 000
adults.10e12 In a large survey in Canadian children, the incidence of
GASNF was 0.21 per 100 000, and non-GAS NF 0.08 per 100 000.13

In older reports, inadequate culture techniques together with
reviews and meta-analyses that fail to differentiate between
synergistic and non-synergistic fasciitis make it difficult to attribute
causation accurately. However, there are few organisms that have
not, alone or in combination, caused NF. Essentially there are four
types of NF, as outlined below (cf. Table I).
evier Ltd. All rights reserved.
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Table I
Micro-organisms causing necrotising fasciitis (NF)

Types of NF Aetiology Organism(s) Clinical progress Mortality

Type I (70e80% cases)14 Polymicrobial/synergistic,
often bowel flora-derived

Mixed anaerobes and aerobes More indolent, better prognosis,
easier to recognise clinically

Variable; depends on
underlying comorbidities

Type II (20e30% cases)14 Often monomicrobial,
skin- or throat-derived

Usually group A b-haemolytic
streptococcus (GAS),
occasionally� S. aureus

Aggressive, protean presentations
easily missed

>32%.23,25 Depends if
associated myositis or
toxic shock

Type III (commoner in Asia)36e45 Gram-negative, often marine-
related organisms

Vibrio spp. mainly Seafood ingestion or water
contamination wounds

30e40%37

Type IV (fungal)46,47 Usually trauma associated,
immunocompetent patients47

Candida spp. immunocompromised
patients.46 Zygomycetes
immunocompetent patients47

Aggressive with rapid extension
especially if immunocompromised

>47%47 (higher if
immunocompromised)

Based upon Giuliano et al.'s typing scheme involving two types of NF, two more can now be added.10,14,46,47
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Type I NF (polymicrobial/synergistic)

Type I synergistic NF causes 80% of NF seen in practice.14e16

Resulting from a synergistic mixture of anaerobic, aerobic and
facultatively anaerobic bacteria (e.g. E. coli, Pseudomonas spp. and
Bacteroides spp.), type I NF particularly affects the immunocompro-
mised14 or those with underlying abdominal pathology.14e21 Syner-
gistic NF in children usually affects the immunocompromised.22
Type II NF

Causing fewer than 20% of cases, usually monomicrobial and
due to Gram-positive organisms, the commonest type II NF is
caused most frequently by GAS alone or occasionally with Staphy-
lococcus aureus.14

A significant increase in the incidence of GASNF has occurred
since the 1990s, with a reported mortality of 43e58%.23 In Ontario,
from 1991 to 1995, the rate of GASNF increased from 0.085e0.4 per
100 000 population.12 Between 1996 and 2000 in Florida, 18% of
invasiveGAS infection (iGAS)was associatedwithNF, far higher than
during 1994e1995 in Atlanta, where only 3% of iGAS was associated
with NF.4,24 Active surveillance for GASNF in Canadian children in
2001e2003 foundan incidence of 0.21 per 100 000,15/26 associated
with varicella infection.13 A recent European study reported the
mortality of GASNF as 32%, rising to 56% among those aged 70e79
years.25

Historically, monomicrobial S. aureus NF is uncommon, but
occurs in neonates.26e31 However, new ‘epidemic’ strains of
community-associated MRSA (CA-MRSA) are causing alarming
numbers of cases of NF in the USA, accounting for 16.7% of total NF
cases and associated with purpura fulminans reminiscent of
meningococcal septicaemia.32e35
Type III NF: Gram-negative monomicrobial NF, including marine-
related organisms

The commonest Gram-negative causes of NF remain Vibrio spp.,
such as V. damselae and V. vulnificus, which were responsible for
0.53 cases per 100 000 in Hong Kong in the late 1990s.36e38

V. vulnificus, associated with raw oyster ingestion, is the common-
est cause of seafood-related deaths in the USA, particularly
affecting patients with liver disease and iron overload.37 Wound
contaminationwith seawater accounts for 25% of cases.37 Virulence
factors and digestive enzymes contribute to the high mortality of
30e40% despite prompt diagnosis and aggressive therapy.36,37,39,40

Monomicrobial Gram-negative, non-vibrio NF is uncommon, but
does occur with Pasteurella multocida, Haemophilus influenzae,
Klebsiella spp. and Aeromonas spp.41e45
Type IV NF: fungal

Cases of candida NF are very rare, mainly affecting the immu-
nocompromised.46 In contrast, zygomyotic necrotising infections
(Mucor and Rhizopus spp.) affect immunocompetent patients after
severe trauma and are responsible for nearly 32% of NF cases in
some countries.47 Fungal invasion most commonly follows trau-
matic wounds or burns, and isolation of aspergillus or zygomycetes
should not be dismissed lightly.47

Risk factors for NF

Although occurring in all age groups, NF is slightly commoner in
those >50 years of age.4,10,15,48,49 General risk factors include
diabetes mellitus, peripheral vascular disease, intravenous drug
use, alcoholism, immunosuppression, obesity and old age.15,48

Synergistic NF frequently occurs in people with some form of
immune deficiency or more than one chronic underlying illness,
including malignancy where impaired leucocyte function may be
a contributing factor.22,25,50

Development of protective immunity during childhood or
a genetic component may explainwhy only somewithin a family or
community suffer streptococcal NF.51 Occasionally, inexplicable
clusters of streptococcal NF occur.52,53 There may be some rela-
tionship between the prevailing strains and the nature of super-
antigens expressed.53 Streptococcal NF in children is most
commonly associated with varicella zoster infection, although
perineal infection and omphalitis accounted for a third of cases in
one series in which 19/20 children were previously healthy, and all
four who died had delayed initial management.53e55

Pathophysiology of NF

The underlying pathophysiology is common to all types of NF,
but the speed of development and associated clinical features differ
markedly depending on the causative organism(s). Synergistic NF is
a comparatively slow process, evolving over days. Often, following
complicated abdominal surgery, ischiorectal or perineal abscesses,
synergistic NF develops particularly where gut flora breaches the
mucosa, entering tissue planes. A slowly evolving bruise on the
abdominal wall or perineal infection may reflect underlying
malignancy.19 Culture of Clostridium septicum or C. tertium points to
an intrabdominal focus, whereas C. sordellii is more associated with
gynaecological pathology or black tar heroin skin-popping, where
several tissue planes are included directly.20,56

Gas-forming organisms and anaerobic infection may produce
crepitus. Surgically, classical ‘dishwater fluid’ due to lysis of poly-
morphs and serous discharge, together with macroscopic fascial
necrosis, myositis or myonecrosis may be demonstrated.11,40
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‘Crescendo’ pain, necessitating progressively stronger analgesia, is
typical as occlusion of perforating nutrient vessels and infarction of
the nerves produces progressive skin ischaemia and pain.57 Muscle
hypoxia and swelling alter oxygen tension, increasing intra-
compartmental pressures, sometimes resulting in compartment
syndrome.58

GASNF is initially more insidious than type I, but progresses far
more rapidly. The disease may appear to have arisen spontaneously
with no obvious focus.16 In such cases, haematogenous infection
from many foci, including the throat, ascending vaginitis, primary
peritonitis or necrotising proctitis reaches the fascial layer, or seeds
vimentin exposed by muscle damage.56,59e62 Hence, initial symp-
toms are ascribed to influenza, gastroenteritis or muscle strain.63

This mechanism may explain the association of GASNF with
seemingly minor sporting injuries in athletes. Direct inoculation of
GAS though wounds or associated with surgery is less common:
examples include injection sites, caesarean section, plastic surgery,
and even minor cosmetic procedures such as bikini waxing.63e70

Where nosocomial GASNF is suspected, or if there is a cluster of
cases, the source may prove to be a member of staff.71e73

The M protein of GAS confers resistance to phagocytosis, with
mucoid strains being more pathogenic.74 Exotoxins acting as
superantigens produce massive T-cell proliferation and a concomi-
tant release of inflammatory agents and cytokines, culminating in
the systemic inflammatory response syndrome and multiple organ
dysfunction. Streptococci embedded in tissue release massive
amounts of enzymes, haemolysins, DNAase, protease and col-
lagenases, allowing spreading streptococci to undermine normal
skin with progressive coagulative necrosis. Streptokinase produces
clotting abnormalities. In one patient, the area of visible cutaneous
necrosis extended from 10 to 400 cm2 in 3 h and visible spread
during surgery is not uncommon.75e77

Hence the earliest clinical feature common to all types of NF is
exquisite, agonising pain, quite out of proportion to any external
signs.74 The degree of pain may be lessened in diabetic neuropathy
or following powerful analgesia.78 It is common to find patients
prescribed oral morphine for ‘severe cellulitis’ before the true diag-
nosis is suspected. As nerves supplying the necrotising areas of skin
die, the central areas become anaesthetic, while laterally, the tissues
overlying the deep spreading fascial infection remain tender.38,74

Infection in the deeper layers finally ascends, producing oedema
of the epidermal and dermal layers (peau d'orange) and a ‘woody’
firmness of the tissues. Haemorrhagic bullae progress to cutaneous
gangrene, with sensory and motor deficits resulting from fascial
and nerve destruction.3,16,50,79

GASNF and GAS toxic shock syndrome (STSS)

Some 50% of type II NF cases are associated with STSS.11,80 STSS
is an exotoxin-driven disease that significantly increases the
mortality of streptococcal NF alone from <40% to 67% with up to
half of patients needing amputation.11,81

GASwithM-protein types 1, 3,12 and 28 are responsible formost
STSS including those associatedwith GASNF.25,77 GAS superantigens
bypass normal stimulatory mechanisms, causing massive activation
of T-cells, cytokine release, tissue damage and the ‘toxic shock-like
syndrome’.82 Shock is due to capillary leak syndrome causing
hypotension and disseminated intravascular coagulation due to
superantigen production. Hypoalbuminaemia ensues, with oedema,
hypotension and respiratory distress syndrome.82 Production of the
prototypic Th1 cytokine results in production of tumour necrosis
factor-a, which mediates TSS symptoms by affecting myocardium
and striated muscles causing myonecrosis.82,83

Increased mortality is in part due to the delay in identifying and
excising the primary site of infection.84 In one series including six
patients with STSS and NF, where only one was correctly diagnosed
on admission, two died, and the mean time taken for diagnosis was
72 h.77

Clinical diagnosis of NF

By the time the diagnosis is suspected, appearances are usually
those of late NF, with visible bruising, bullae and cutaneous
necrosis due to ascension of the necrotising process from the
deeper fascial horizontal spread.

A thorough history should suggest the causative organisms in
most cases. Specific enquiries should be made about minor trauma,
soft tissue injury penetrating lesions including insect or human
bites, recent surgery, skin infection or ulcers, injection sites and
illicit intravenous drug usage. Many cases, however, remain
idiopathic.7,16,17,49,58,85e88

Any history of foreign travel should prompt consideration of
resistant or unusual organisms, and trauma involving soil contam-
ination should prompt fungal culture.47 Raw seafood ingestion or
wound exposure to seawater justifies culture for Vibrio spp.37

A history of tonsillitis, close contacts with impetigo, or recent
non-steroidal anti-inflammatory agent (NSAID) usage suggests
streptococcal infection.90 Since GAS vaginitis is associated with
a serous discharge and easily overlooked, a search for the infective
focus should include a vaginal examination and cultures. With
puerperal GASNF, the baby should undergo a septic screen and
prophylactic antimicrobials.56,59,91

Clinical evaluation of early GASNF is difficult as many patients
appear well, withminor non-specific symptoms, and the cutaneous
manifestations of disease may seem to appear spontaneously.16

Patients with GASNF may have higher temperatures than patients
with synergistic fasciitis.92 One-fifth of patients have influenza-like
symptoms characterised by fever andmyalgia, while others present
with severe pain, nausea, vomiting and diarrhoea.63

Diagnosis in general practice is particularly difficult, since
patients are seen earlier in the infection and more easily mis-
diagnosed as muscle strains or viral illnesses. Other common
misdiagnoses include gastroenteritis (exotoxins acting as entero-
toxins), sunburn or an ‘allergic rash’ (exotoxin-mediated
erythema), thrombosis, sprain or exacerbation of gout.23,63,93 A
widespread macular ‘toxic erythema’ is present in a minority of
patients with associated STSS.

Misdiagnosis of NF is particularly common in children as it is
rare, and then usually associated with recent varicella zoster.55,92,94

Anaesthesia due to dead nerves in late fasciitis, or in peripheral
neuropathy, may be falsely reassuring; self-administration of
NSAIDs mask the temperature and degree of pain.89,90 Since severe
pain precedes skin changes by 24e48 h and is present in >97.8% of
patients, a simple arbitrary pain ‘score’ e e.g. ‘How bad is the pain
on a scale of 10?’ e is essential for monitoring the evolution of the
disease.74

Despite severe pain and appearing quite unwell, some patients
initially have only a mild erythema, cellulitis or swelling overlying
the affected area. Since lymphatic channels are obstructed early in
GAS infection, lymphangiitis and lymphadenitis are rare.95,96

Overall, an exquisitely tender area evolves into a smooth, swollen
area of skinwith distinct margins progressing to dusky blue/purple,
‘bruising’ violaceous plaques, and finally full thickness necrosis
with haemorrhagic bullae.80,95 Patients in late stages of NF appear
apathetic, indifferent to their surroundings.96

Radiological investigations

Ultrasound findings correlate reasonably well with histological
fat changes in NF but correlation with fascial and muscle



Table II
Laboratory risk indicator for necrotising fasciitis scoring system104,109

Variable Score

C-reactive protein (mg/dL)
<150 0
>150 4

Total white blood cell count (/mm3)
<15 0
15e25 1
>25 2

Haemoglobin (g/dL)
>13.5 0
11e13.5 1
<11 2

Sodium (mmol/L)
�135 0
<135 2

Creatinine (mmol/L)
<141 0
>141 2

Glucose (mmol/L)
<10 0
>10 1
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abnormalities is poor.97,98 Magnetic resonance imaging (MRI) with
gadolinium can differentiate necrotic and inflamed or oedematous
tissue.98,99 T2-weighted images on MRI are probably the best
radiological adjunctive investigation, but are more sensitive than
specific.100

Laboratory diagnostic parameters

Microbiology

Blood cultures are positive in 11e60% of patients with GASNF,
but the yield in synergistic fasciitis is lower.17,23,101 C. septicum or
C. tertium bacteraemia are associated with intrabdominal malig-
nancy, whilst Klebsiella spp. are associated with liver abscess and
endophthalmitis.44

Haemoglobinuria is common in GASNF, and routine culture of
throat and vaginal swabs may be useful to establish a primary
focus.77,93 Blister fluid is often sterile.3 Percutaneous needle aspi-
ration of the advancing edge is painful, hence a tissue biopsy is the
investigation of choice.49 Tissues and aspirates should be Gram-
stained, and cultured aerobically and anaerobically.57 Few reports
mention the sensitivity of Gram staining of tissues, but when seen
in only 6/14 tissue specimens, 10 yielded streptococci on
culture.102,103 Fungal cultures, especially in immunosuppressed or
trauma patients and enrichment cultures are useful, especially
where patients have had recent antibiotic treatment.47,101 Routine
histological examination of tissue is important since intra-
laboratory contamination of fungal culture plates can be excluded if
the histological fungal stains are negative.47

Haematology

Disseminated intravascular coagulation and thrombocytopenia
are common in any severe sepsis, and other haematological
parameters should be interpreted with caution.104 A rapidly falling
haemoglobin in the presence of a stable haematocrit may suggest
intravascular haemolysis. The dilutional effect of any fluids used in
resuscitation should be borne in mind when interpreting blood
results. With a wide range of values reported in NF, the leucocyte
count is less helpful for diagnosis. Although leucocytosis is common
in GASNF, leucopenia is commoner in association with STSS.105

Infection with leucotoxin-producing organisms, e.g. Pan-
toneValentine leucocidin (PVL)-producing S. aureus or GAS, often
leads to lymphopenia.51 Eleven of 14 patients with NF and normal
or elevated white blood cell (WBC) counts were lymphopenic
(<1000 cells/mm3), possibly representing endothelial recruitment
and pooling of WBCs at sites of infection.106

Biochemistry

Acute renal failure is the norm in severe sepsis, and dosaging of
renally excreted antimicrobials should be adjusted accordingly.
Bacterial infection, inflammation, thrombosis and necrosis all
increase serum C-reactive protein (CRP). A very high CRP level is
common, particularly in GASNF; CRP levels of >16 mg/dL, with
a sensitivity of 89% and specificity of 90%, have been reported in
GASNF.107 GASNF produces a higher CRP compared with other iGAS
infections in children.53

Raised serum creatinine kinase (CK) indicates myositis or
myonecrosis, as well as the effects of circulating toxins or
ischaemia.51,63 Involvement of adjacent muscle raises CK and is not
present in all cases of NF, but CK levels of 600 U/L gave a sensitivity
of 58% and a specificity of 95% for cases of NF.107

One-third of patients with GASNF are hypocalcaemic on
admission, due to calcium precipitation with fat necrosis.63,81
Hypocalcaemia may also be a sign of severity in synergistic NF.108

Hypoalbuminaemia and hyponatraemia are common: in a series
of 21 matched, consecutive cases, a serum sodium level of
<135 mmol/L was found to be significantly associated with NF
(P¼ 0.0001).104

Severe metabolic acidosis is the norm in GASNF.77 A high serum
lactate combined with low sodium levels may be predictive of
mortality.109 With serum lactate levels �6 mmol/L the mortality
was 32% (8/25), whereas a lactate of <6 mmol/L and a serum
sodium of <135 mg/L was associated with a mortality of 19%
(13/70).109

Laboratory scoring systems for prediction of NF

The LRINEC (Laboratory Risk Indicator for Necrotising Fasciitis)
scoring system has been useful in the diagnosis of NF when severe
soft tissue infection was already suspected.109 The LRINEC score
was derived from routine blood tests on 89 consecutive patients
with classical NF compared with 225 controls. Of the 13 variables
studied (including age, sex, serum potassium and platelet count),
the most reliable indicators of underlying NF were found to be CRP,
creatinine, haemoglobin, leucocyte count, sodium and serum
glucose.109

A score of 6 using the LRINEC system ‘raises the suspicion’, with
a score�8 being ‘strongly predictive’ of NF (Table II).109 For patients
scoring >6, the positive predictive value for NF was 92% and the
negative predictive value was 96%. The LRINEC score may also
indicate outcome: mortality of those patients with LRINEC score of
<6 was 11%, compared with 21% for those scoring >6.110

Application and clinical evaluation of the LRINEC scoring system
to NF patients has not been performed in the UK. The original study
was performed in the Far East and included unusually virulent
Gram-negative organisms such as Vibrio spp. but few haemolytic
streptococcal infections. Additionally, there was no attempt to
correlate the LRINEC score with the causative organisms.

Histology

Deep incisional biopsies are more useful in the diagnosis of NF
than punch biopsies and should include the advancing edge and
central necrotic areas.34,57 Histological examination reveals
underlying thrombi, necrosis, polymorphonuclear infiltrate, micro-
organisms, and vasculitis.15,57,97 In a retrospective uncontrolled
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study of bedside frozen sections, 12/43 were confirmed as NF and
all survived.79 Frozen sections are not readily available out of hours,
and the time taken to undertake and process biopsies could be used
for definitive surgery following a ‘finger test’.15 This involves infil-
trating the area with local anaesthetic, and making a 2 cm incision
down to the deep fascia. On gross inspection the fascia will be
swollen and grey. Lack of bleeding and contractile muscle suggests
dead tissue which should be removed. If ‘dishwater’ fluid is found
and the index finger dissects the subcutaneous tissue off the deep
fascia while moving easily along the tissue plane, the finger test is
considered positive.15

Non-bleeding, non-contractile muscle suggests myonecrosis,
and myositis in combinationwith GASNF increases the mortality to
80e100%.111 All patients should have tissue specimens sent for
confirmatory histology in addition to culture.109

Gram staining in addition to histological staining of tissues is
important, since a paucity of leucocytes in the presence of Gram-
positive cocci may be seen in GASNF or CA-MRSA due to leucocidin-
mediated destruction of WBCs.112 Non-suppurative necrosis of the
subcutaneous fat with minimal inflammatory reaction should raise
the suspicion of zygomycosis.47
Infection control and NF

Synergistic NF pathogens in UK hospitals rarely cause cross-
infection, but those with probable GASNF should be isolated and
barrier-nursed. Strict infection control procedures must be
enforced for intubating or handling patients with GASNF since
nosocomial outbreaks have been reported. One ventilated patient
following surgery for breast GASNFmanaged to infect 16 healthcare
workers and colonise a further five with the same strain of
organism.113 A recent case of transmission of GAS from a patient to
a physiotherapist after 48 h of therapy and contact isolation
suggests that perhaps recommendations for duration of isolation
need revising.114 Since GASNF has been acquired after a needlestick
injury during a postmortem, on transfer of a body with suspected
GASNF, morticians should be alerted, and post-exposure penicillin
prophylaxis given in the event of inoculation injury.115
Clinical management of NF

Immediate surgical referral improves survival, and early liaison
between surgeons (preferably plastic surgeons), intensivists,
microbiologists or infectious disease physicians is essential. In
a series of childhood NF, all five patients with delayed initial
management died.3,55,102,116e118

Resuscitationwith intravenous fluids and colloids, and inotropic
agents, is usually necessary. The pain score should be documented
regularly, allowing for the effects of analgesia. The practice at the
Royal Devon & Exeter Hospital is to stop non-steroidal analgesia on
admission of patients with any soft tissue infections. Blood cultures,
baseline full blood count, urea and electrolytes, liver function tests,
clotting studies, CRP and CK levels should be performed. Serum
lactate and CRP are markers of severity of the infection and help
guide therapy. A history of previous MRSA colonisation or clinda-
mycin-resistant streptococcal infection should be noted, as
empirical antimicrobial choices may be affected. Baseline immu-
noglobulin levels may be measured in cases of STSS if contem-
plating adding intravenous immunoglobulin (IVIG) therapeutically.

Chest X-ray may reveal early changes of fluid overload or
changes of adult respiratory distress syndrome. Radiology of the
affected areas is generally unhelpful, although occasionally more
complex radiology such as MRI of the suspected area of fasciitis
may be helpful, but should not delay surgery.100
Role of NSAIDs in GASNF

The contribution of NSAIDS to the development of GASNF is
controversial: some authors recommend stopping NSAIDs in cases
of soft tissue infection, others such as Brun Buisson recommend
using NSAIDs ‘with caution’.119e123

Whether the apparent association between NF and the use of
NSAIDs is due to masking of early NF symptoms or whether usage
for specific musculoskeletal symptoms contributes to the patho-
genesis of NF remains unclear. There are many reports where
presentationwas delayed due to usage of NSAIDs.90,124 Themajority
of patients with NF have used NSAIDs prior to admission.124 NSAIDs
inhibit renal prostaglandin synthesis, potentiate the development
of renal failure and prevent the respiratory burst necessary for
phagocytes to kill intracellular organisms.90

Surgery for NF

A senior surgical opinion, preferably from a plastic surgeon if
available, is vital since inexperienced juniors can be misled by the
lack of the necrosis and blistering in early cases of NF. In cases of
doubt, the tissue oxygen tension can be measured with a probe
using transcutaneous soft tissue oximetry. The oxygen tension was
significantly lower in NF than cellulitis (52% in NF, cf. 84% in
patients with simple cellulitis) with a sensitivity of 100% and
a specificity of 97%.58

Anaesthesia for patients with NF is often difficult. The incision is
often larger than expected and the patient is cardiovascularly
unstable with multi-organ failure, coagulopathy and blood loss.12

Massive third space fluid loss necessitates aggressive fluid
replacement which may have a dilutional effect on the doses of
antimicrobials administered. The amount of fluid protein and
electrolyte losses may be similar to those of severe burn victims. In
1924, Meleney raised the dilemma of today's surgeons, namely,
how much tissue to debride and when: ‘the surgeon who sees one
of these cases for the first time is often at a loss to knowwhat to do
and either delays operation or in haste performs an amputation.’7

Nowadays surgeons must ‘be bloody, bold and resolute.’74,125

Aggressive surgery removes the source of infection and toxins,
and removal of infarcted tissue improves the penetration of anti-
biotics.4 Early thorough debridement is essential.16,117 In a series of
20 patients, all 15 survivors underwent aggressive surgical
debridement within 3 h of admission and required a mean of 3.8
operations: fascial excision of up to 35% of total body surface area
was required, one patient required amputation, two had colosto-
mies, and six required extensive skin grafting for reconstruction.55

Inadequate or delayed surgery was associated with a mortality
of 38% (8/21), compared with a mortality of only 4.2% (2/48) in
those who underwent aggressive surgery at recognition
(P¼ 0.0007).102 Delaying surgery by 24 h increased the mortality
associated with Vibrio spp. NF from 35% to 53%, with 100%mortality
if surgery was not performedwithin 3 days.126 Eleven of 12 patients
where surgery was delayed more than 12 h died, whereas a 24 h
delay resulted in a quadrupling of mortality in another study.117,118

The rate of spread of GASNF may outpace the rate of debride-
ment.77 Most patients need intensive care initially, the mean stay
being 18 days.77 Whereas some surgeons believe that all infected
material should be removed in one operation, a ‘second look’
procedure is usually advisable.102,127,128 Repeat debridements are
often necessary with a mean of 3e4 such procedures during
admission.48,55

Extensive debridement produces large areas that need
covering.129 Negative pressure therapy [vacuum-assisted closure or
(VAC) dressing] with a continuous pressure of 40e100 mmHg is
useful for wound coverage and encourages granulation before and
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after skin grafting.4 Porcine-derived skin substitute has also been
used successfully.130

Role of hyperbaric oxygen (HBO)

For synergistic infections, particularly involving Clostridium
spp., HBO switches off a-toxin production. HBO is also believed to
increase the bactericidal action of neutrophils since at low oxygen
tensions peroxide-dependent killing mechanisms are less effi-
cient.131 However, the overall evidence of benefit in non-clostridial
NF is weak. Despite reports of rapid amelioration of clinical and
mental status after only one HBO session, there are few published
data to support the use of HBO in GASNF.132 When used as
adjunctive therapy in 12 patients, HBO produced subjective benefit
in six.133 An American study that examined the effect of HBO in 42
cases of NF found that the mortality rate was comparatively low at
11.9%, although 36 had polymicrobial necrotising infections and
only two had GASNF.131 There are few hospitals in the UK with easy
access to HBO units, appropriate staffing and chambers large
enough for patients needing intensive care facilities.

Antimicrobial prescribing in NF

With no evidence-based guidelines regarding the optimal
management of NF, a pragmatic approach must be adopted.134

Sporadic cases and difficulty in early recognition of NF make
randomised double-blind controlled trials impossible. Whereas
antibiotic therapy may be guided by the Gram stain of aspirates or
biopsies, the poor sensitivity and the fulminant nature of the
infection make broad-spectrum empirical therapy covering most
types of NF seem sensible.55,96 Subsequent rationalisation of anti-
biotic prescribing may be based on culture data.

Although almost always penicillin sensitive, the high tissue
concentrations of GAS in GASNF result in most organisms being in
stationary phase, rendering cell-wall-active antimicrobials inef-
fective (the ‘Eagle’ effect).135,136 Clindamycin has the benefit of
switching off exotoxin production even in stationary phase
organisms, and GASNF patients treated with clindamycin have
a significantly lower mortality than those not receiving clindamy-
cin: 14% vs 60% (odds ratio: 0.13; 95% confidence interval:
0.02e0.08; P¼ 0.03).101,136e139 Clindamycin usage strongly protects
against mortality.4 A ‘D-test’ to exclude inducible clindamycin
resistance must be performed if erythromycin resistance is
demonstrated.140,141

Intravenous benzyl penicillin and clindamycin are recom-
mended by many authors for the treatment of GASNF. However, in
order to provide adequate cover for synergistic and exotoxin-
producing Gram-positive NF, this establishment's empirical
protocol is intravenous clindamycin 1.2e1.8 g six-hourly together
with intravenous imipenem 0.5e1 g six-hourly. When MRSA is
suspected, intravenous linezolid 600 mg twice daily or daptomycin
6 mg/kg may be added in preference to vancomycin, as the latter
has no effect on exotoxin production.

For suspected Vibrio spp. NF, therapy with doxycycline 100 mg
twice daily plus intravenous ceftazidime 2 g eight-hourly is
recommended.38 Ciprofloxacin may be an alternative.106

Other agents

Drotrecogin a (activated protein C) has not been used effectively
in NF and its use is limited to those patients not actively bleeding or
within 24 h of surgery.142

After resuscitation, potent antibiotics and surgical debridement,
some patients are ‘irretrievably sucked down the vortex of the
cytokine cascade’, suggesting that there may be a role for antitoxin
or immunomodulatory agents. Gram-positive (exotoxin-producing
type 2) NF in particular may justify consideration of IVIG.4,143

It must be emphasised that there is very little evidence of any
benefit from using IVIG in Gram-negative sepsis, about which there
remains considerable debate regarding its mode of action. IVIG may
promote clearance of GAS by the immune system, neutralise strep-
tococcal superantigens and act as an immunomodulatoryagent.143,144

Since a suitably powered study is unlikely ever to beperformed, small
case series and anecdotal evidence predominate.145,146 Department
of Health guidelines state that IVIG ‘may be added to adequate toxin-
neutralising antimicrobials, source control and sepsis management
when these approaches have failed to elicit a response.’147

In GASNF with additional myositis and myonecrosis, where
superantigens abound, usage of IVIG can have a dramatic effect on
outcome.124,143,148e152 Despite the one report of GASNF in which
a profoundly immunosuppressed patient was on haemodialysis,
deemed too ill for surgery, and was cured with IVIG and clinda-
mycin alone, surgery is still essential for survival.150

There are very few instances of side-effects attributable to IVIG
infusion, the major contraindication to usage of IVIG being selective
IgA deficiency or a history of anaphylaxis with immunoglobulins.

Suggested IVIG dosages vary but most authors now recommend
2 g/kg.143,145,147e151 Our practice is to use 2 g/kg, with the option
of a second dose if necessary after 24 h. Infusion is started initially
at a rate of 20 mL/h, increasing incrementally after 10 min to
a maximum of 160 mL/h.

Outcome

Generally, synergistic NF has a better immediate prognosis,
although underlyingmalignancy or other comorbidities account for
later demise. The absence of myonecrosis or myositis in GASNF is
associated with a better prognosis as myositis and STSS increase
mortality from 9% to 63%.97,120,125

High serum lactate combined with low sodium levels may be
predictive of mortality.153 Overall, major determinants of mortality
included the time until operation, percentage of body area
involved, acidosis, peripheral vascular disease and the number of
comorbidities and age.16,102

Although one early study found no relationship between the
mortality of GASNF with the M type, a recent European survey
found that emm3, emm1 and emm87 caused most cases of NF, with
emm3 and emm87 having the highest case fatality rates.23,154

Another factor in GASNF survival may be the production of
differing exotoxins and presence of STSS.

Recurrent NF

There are only a few case reports of recurrent NF, including
MRSA and a case of complement C4 deficiency where GASNF was
succeeded by Streptococcus pneumoniae NF.33,155

Antimicrobial prophylaxis for contacts of GASNF

This is a controversial issue, despite the recognition that
sporadic secondary cases of iGAS infection occur following close
contact with an index case of GASNF.112,156e158 Some 27% of
household contacts may be GAS carriers.159 The Ontario experience
suggested that secondary iGAS cases within the household of an
index case were 200 times more likely to occur (294 per 100 000
contacts), but international guidelines on prophylaxis vary widely
in their recommendations.11 The Centers for Disease Control and
Prevention (CDC, Atlanta, GA, USA) do not recommend routine
testing for GAS colonisation or administration of chemoprophylaxis
to household contacts.160 However, where prophylaxis is
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prescribed to an elderly or at-risk patient, then the rest of the
household should receive chemoprophylaxis as the source of GAS
may not necessarily be the person with iGAS infection. Household
contacts should be informed about the clinical manifestations of
pharyngeal and iGAS infection and advised to seek immediate
medical attention if symptomatic.160

In 2004 the Ontario Group A Streptococcal Study Group
consensus recommended that prophylaxis was offered to all
household contacts having regular contact for more than 4 h per
day in the week prior to the patient becoming ill.161

Following a limited survey by the UK Health Protection Agency
in 2004 which found several clusters of infection, recommenda-
tions for antimicrobial prophylaxis were limited to mothers and
babies if either was infected during the neonatal period.91 The
recommendations included warning close contacts to seek early
medical advice in the event of signs and symptoms of streptococcal
infection developing.91

Patient information and support

It is vital that the family are informed at all stages about the
illness. The Lee Spark Foundation is a valuable patient support
group that also provides educational material including a free
educational DVD for interested clinicians (Moor Hey Farm, Knowle
Green, Ribchester, Preston PR3 2XE, UK).

Discussion

Since delay in recognition and effective treatment increases the
mortality of NF, early diagnosis and management of NF is essential.
In cases where the diagnosis is uncertain, repeated clinical
assessment and a multiparametric approach integrating a range of
diagnostic modalities and multidisciplinary involvement will
optimise the diagnosis. Antimicrobial management should be
tailored to the nature of the infecting organism, and infection
control aspects considered as soon as the diagnosis is entertained.
Early surgical referral is essential, both for diagnostic confirmation
and therapeutic removal of as much infected tissue as possible,
although a ‘second look’ is advisable.
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