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Purpose of review

A delay in the diagnosis and appropriate treatment of

necrotizing fasciitis has clearly been demonstrated to

increase mortality. However, paucity of specific cutaneous

signs makes early recognition extremely difficult. This review

highlights recent developments in the approaches to the

diagnosis of necrotizing fasciitis.

Recent findings

A clinical staging of necrotizing fasciitis is proposed to

better define the progression of the disease. Several clinical

subtypes of necrotizing fasciitis have been described

recently with hyperacute and sub-acute variants. Imaging

techniques, such as magnetic resonance imaging and

frozen section biopsies, have been reported to be of value in

the early recognition of necrotizing fasciitis. However

availability and cost limit the routine use of these tests.

Several diagnostic adjuncts that have been developed

recently to help in early recognition will be discussed. These

include the fasciitis LRINEC (laboratory risk indicator for

necrotizing fasciitis) score and transcutaneous tissue

oxygen saturation monitoring. Some may have the potential

for widespread application in the assessment of severe soft

tissue infections.

Summary

Delayed recognition, with consequent massive soft tissue

loss and sepsis, remains a deadly pitfall in the management

of necrotizing fasciitis. With a better understanding of the

clinical manifestations and the potential use and limitations

of various diagnostic adjuncts available for the assessment

of equivocal cases of soft tissue infections, it is hoped that a

clear and logical approach to the diagnosis of necrotizing

fasciitis may be developed.
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Introduction
Necrotizing fasciitis is perhaps the most severe form of

soft tissue infection primarily involving the superficial

fascia. This disease has bewildered physicians for cen-

turies. Hippocrates in the fifth century BC gave the first

description of this dreaded disease [1]. The first report of

this disease in the United States was by a Confederate

Army surgeon, Joseph Jones in 1871 and he named this

entity ‘hospital gangrene’ [2]. Meleney [3] in 1924

reported an outbreak of hospital gangrene in Beijing

and coined the term hemolytic streptococcal gangrene.

The term necrotizing fasciitis was first introduced by

Wilson [4] in 1952 and is the preferred term today

describing the most consistent and key feature of this

disease, fascia necrosis.

While the understanding of the pathophysiology of

necrotizing fasciitis continues to improve, the mortality

of this disease remains alarmingly high with reported

mortality rates ranging from 6 to 76% [5]. Delayed

diagnosis and consequently delayed operative debride-

ment have been shown in multiple studies to increase

mortality [5,6�,7–16]. This is understandable: the greater

the delay, the greater the tissue loss and sepsis with

consequent increased mortality. One of the main reasons

for the continued high mortality of patients afflicted by

necrotizing fasciitis today is a failure to recognize and

diagnose the condition early because of the paucity of

specific cutaneous signs early in its evolution [5–12]. It

is therefore imperative that the treating physician has

a high index of suspicion and is aware of the armamen-

tarium of diagnostic adjuncts at his disposal when con-

fronted with such clinical uncertainties. This article

discusses the clinical presentation of necrotizing fasciitis

and highlights some recent advances in diagnostic

adjuncts that potentially may be helpful in the diagnosis

of necrotizing fasciitis.

Pathophysiology and clinical presentation of
necrotizing fasciitis
Understanding the pathophysiology of necrotizing fascii-

tis is important in discerning the clinical presentation of

101

mailto:wchinho@hotmail.com


this disease. The primary site of pathology is in the

superficial fascia. Bacteria proliferate within the super-

ficial fascia and elaborate enzymes and toxins enable the

organisms to spread through the fascia. The precise

mechanism of spread has not been fully elucidated but

some investigators have attributed it to expression of

bacterial enzymes such as hyaluronidase, which degrades

the fascia [17]. The key pathological process resulting

from this uncontrolled proliferation of bacteria is angio-

thrombotic microbial invasion and liquefactive necrosis

of the superficial fascia. Histologically, necrosis of the

superficial fascia, polymorphonuclear leukocyte infiltra-

tion of the deep dermis and fascia, thrombosis and

suppuration of the veins and arteries coursing through

the fascia, and microorganism proliferation within the

destroyed fascia are seen. As this process progresses,

occlusion of perforating nutrient vessels to the skin

causes progressive skin ischemia [18]. This is the under-

lying event that is responsible for the cutaneous mani-

festations of necrotizing fasciitis as the disease evolves.

Initially a horizontal phase predominates with rapid

spread through the fascia with extensive undermining

of the apparently normal looking skin. As the condition

evolves, ischemic necrosis of the skin ensues with gang-

rene of the subcutaneous fat, dermis and epidermis,

manifesting progressively as bullae formation, ulceration

and skin necrosis [6�].

The clinical presentation of necrotizing fasciitis has

been investigated by several authors [5,6�,11,16,19,20].

Table 1 describes our proposed clinical staging of necro-

tizing fasciitis based on progressive skin changes as the

disease evolves. Skin ischemia is the underlying process

that explains these progressive changes seen clinically.

Commonly skin changes are heterogenous and the skin

area with the most advanced skin changes should be

taken as the clinical stage. It is generally accepted that

early on in the evolution of necrotizing fasciitis (stage 1

necrotizing fasciitis), the disease is clinically indistin-

guishable from severe soft tissue infection such as cellu-

litis and erysipelas presenting with only pain, tenderness

and warm skin [5,6�,11,16,19,20]. In necrotizing fasciitis,

margins of tissue involvement are often poorly defined

with tenderness extending beyond the apparent area of

involvement [6�,19,20]. Lymphangitis is rarely seen in

necrotizing fasciitis [11]. Blister or bulla formation is an

important diagnostic clue [6�,20]. When present, it sig-

nals the onset of critical skin ischemia (stage 2 necrotizing

fasciitis). Blisters are caused by ischemia-induced necro-

lysis as the vessels coursing through the fascia to supply

the skin are progressively thrombosed by the invading

organisms. Blistering or bullae formation is rarely seen in

erysipelas or cellulitis and should raise the suspicion of

necrotizing soft tissue infection [21,22]. The late stage

(stage 3 necrotizing fasciitis) signals the onset of tissue

necrosis and is characterized by the so call ‘hard signs’ of

necrotizing soft tissue infection such as hemorrhagic

bullae, skin anesthesia and frank skin gangrene [5,6�].

Clinical staging is important to better define disease

progression and to heighten awareness during serial eva-

luation of soft tissue infections.

The literature has stressed the systemic manifestations of

necrotizing soft tissue infection with high fever, hypo-

tension, prostration and multiorgan failure [3,5,11,16,20].

The effects are classically caused by superantigens pro-

duced by group A streptococcus, when known as strep-

tococcal toxic shock syndrome [23]. In a good review,

Green et al. [11] listed fever and signs and symptoms of

systemic toxicity as diagnostic features of necrotizing

fasciitis. This is certainly true in many cases and patients

with these systemic features associated with soft tissue

infections should certainly raise the suspicion of necro-

tizing fasciitis. However, we are coming to appreciate that

often patients can appear systemically quite well, at least

initially [6�]. In a review of 89 consecutive patients, Wong

et al. [6�] found that only 53% were febrile and 18% were

hypotensive at presentation. This is particularly so in

immunocompromised patients such as diabetics. It

should be remembered that these patients may have a

blunted immunological response to infection and may

appear systemically well initially despite the presence of

severe necrotizing infection. The widespread use of

broad-spectrum antimicrobials at the primary care level

has also been speculated to be responsible for the appar-

ent lack of systemic manifestation of such severe soft

tissue infection. The use of antibiotics reduces the sys-

temic bacterial load and the incidence of organ failure

[6�]. This, however, has very little effect on the primary

site pathology, where the liquefactive necrosis blocks

tissue penetration of antimicrobials. Because of this lack

of systemic manifestations, many physicians consider

these patients ‘too well’ to entertain the diagnosis of

necrotizing fasciitis, resulting in significant delay in

operative intervention.

Hyperacute and sub-acute variants of necrotizing fasciitis

are increasingly reported in the literature. The hypera-

cute variant presents with an extremely fulminant course

with extensive undermining of surrounding tissue, severe
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Table 1. Clinical features of necrotizing fasciitis as the disease

progress through clinical stages

Stage 1
(Early)

Stage 2
(Intermediate)

Stage 3
(Late)

Tenderness to
palpation (extending
beyond the apparent
area of skin
involvement)

Erythema
Swelling
Warm to palpation

Blister or bullae
formation
(serous fluid)

Skin fluctuance
Skin induration

Hemorrhagic bullae
Skin anesthesia
Crepitus
Skin necrosis with
dusky discoloration
progressing to frank
gangrene



septicemia and multiorgan failure within 24 h of the

inciting event [24,25]. Vibrio species, including Vibrio
vulnificus, Vibrio parahaemolyticus and Photobacterium dam-
sela (Vibrio damsela), are notable causative agents of

hyperacute necrotizing fasciitis. Vibrio species are

comma-shaped Gram-negative rods that multiply well

in warm coastal waters (>20 8C) such as in Asia

(Singapore, Hong Kong, Southern China, Thailand and

Taiwan), South America and Mexico. Reports of such

infections have also emerged from cooler regions such as

New England, Belgium and Scandinavia. Patients are

often over 50 years of age and have underlying comor-

bidities particularly chronic liver disease and diabetes

mellitus [24]. Because of the rapidity of the process, there

is minimal time for specific cutaneous signs to develop

and the skin looks deceptively normal. The true extent

of the infection is appreciated only at operation. Shock

and multi-organ derangement is a feature and is a

crucial diagnostic clue of hyperacute necrotizing fasciitis.

Early diagnosis, extensive debridement and, in extreme

cases, willingness to amputate at a very early stagemay be

the only intervention that can save the lives of patients.

Otherwise the disease has an almost 100% mortality [25].

Sub-acute necrotizing fasciitis in contrast runs a more

indolent course. Patients often complain of areas of

festering soft tissue infection with minimal pain and

discomfort. This can fester on for weeks to months.

Sudden deterioration is, however, commonly seen and

if not treated by early aggressive surgical debridement is

associated with a high mortality [26�]. This departure of

clinical presentation from the classical necrotizing fascii-

tis makes clinical recognition of the sub-acute form very

difficult. Many have considered the clinical signs toomild

to entertain the diagnosis of necrotizing fasciitis. Progres-

sion is certain, however, and a delay in diagnosis results in

greater soft tissue loss and increases mortality. A high

index of suspicion is therefore important when evaluating

cases of suspected necrotizing fasciitis. In this context

early involvement of an experienced surgical team may

be invaluable when patients are being treated in a med-

ical unit.

Diagnosis of necrotizing fasciitis
Necrotizing fasciitis is a clinical diagnosis with corrobor-

ating operative findings [5,6�,16,20]. The operative find-

ings in necrotizing fasciitis include the presence of

grayish necrotic fascia, demonstration of a lack of resis-

tance of normally adherent superficial fascia to blunt

dissection, lack of bleeding of the fascia during dissection

and the presence of foul smelling ‘dishwater’ pus. Tissue

specimens for culture and histology are crucial and should

be performed for all patients without exception. Culture-

guided appropriate antimicrobial selection and histology

give a confirmation of diagnosis. These specimens should

be generous and taken from the margins of involvement

of the fasciitis (of apparently normal fascia) to ensure a

good yield.

Histological criteria for diagnosis necrotizing fasciitis as

described by Stamenkovic and Lew [18] reliably identi-

fied even early cases of necrotizing fasciitis. The histo-

logic criteria for diagnosis were necrosis of the superficial

fascia, polymorphonuclear infiltration of the dermis and

fascia, fibrinous thrombi of arteries and veins coursing

through the fascia, angiitis with fibrinoid necrosis of

arterial and venous walls, presence of microorganisms

within the destroyed fascia and dermis and an absence of

muscle involvement. Histology is important particularly

in cases for which the operative findings are equivocal for

early necrotizing fasciitis, as it determines the need for an

early second look and repeat debridement.

Diagnostic adjuncts for necrotizing fasciitis
Many studies have been done to determine if imaging

can reliably differentiate between cellulitis and necro-

tizing fasciitis. Computed tomography scan, ultrasound

and magnetic resonance imaging (MRI) for the imaging

of necrotizing soft tissue infection have been intensely

studied [27–38]. Features reported to be indicative of

necrotizing fasciitis on the computed tomography scan

include deep fascial thickening, enhancement, fluid

and gas in the soft tissue planes in and around the

superficial fascia [27–29]. On ultrasound, suggestive

features are thickening and distortion of the deep fascia

and fluid collections along the deep fascia [30–33].

There is some controversy on MRI. Some authors have

described features that they believe are distinct for

necrotizing fasciitis. These include deep fascial thick-

ening, deep fascial fluid collections and hyperintense

T2W signal within the muscles [34–36]. Fascial

enhancement has been described as a feature by some

authors [34,35], whilst other authors report lack of

fascial enhancement as a reliable indicator [36]. Other

authors have stated that these features are non-specific

and may lead to over or under-diagnosis [37,38]. This is

because the sensitivity of MRI often exceeds its spe-

cificity, resulting in overestimation of extent of deep

fascial involvement. However, a negative deep fascial

involvement on MRI effectively excludes necrotizing

fasciitis. While imaging is an invaluable diagnostic

adjunct, it may not be readily available and is certainly

not cheap. Certainly, in patients with a suspicion of

necrotizing fasciitis, operative debridement should not

be delayed while waiting for an MRI scan.

In a small retrospective study, Stamenkovic and Lew [18]

reported the utility of frozen section biopsy for early

diagnosis of necrotizing fasciitis and found improved

survival in patients in whom the condition was detected

early by frozen section biopsy compared with patients in

whom the diagnosis was made clinically. These authors
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recommend excision of approximately a 1 cm3 piece of

tissue specimen from a suspected area under local

anesthesia for immediate examination. Positive cases

are subjected to immediate surgical debridement. The

use of frozen section biopsy was also supported by the

work of Majeski and Majeski [12]. In that paper, 43

patients with suspected necrotizing fasciitis were sub-

jected to frozen section examination. Twelve (28%) were

later confirmed to have necrotizing fasciitis. While this

approach is effective in detecting early necrotizing fas-

ciitis and has indeed been demonstrated to reduce mor-

tality [12,18], adopting the use of frozen sections would

require strong support from pathologists familiar with the

interpretation of soft tissue infections. The physicians

must also be willing to accept a high negative biopsy rate

and some morbidity from the tissue sampling. Arguably,

considering these associated problems and limitations of

frozen section biopsies, it may well be easier to explore all

suspected patients in the operating theater. One possi-

bility is to perform the ‘finger test’ as described by

Andreasen et al. [39], by which a 2 cm incision down to

the deep fascia is made under local anesthesia. Probing of

the level of the superficial fascia is then performed. The

lack of bleeding, foul smelling dishwater pus andminimal

tissue resistance to finger dissection constitute a positive

finger test, which is diagnostic of necrotizing fasciitis.

The surgeon can then proceed to perform a formal wound

debridement if the finger test is positive.

An area of recent development is the analysis of changes

of the biochemical profile of patients with necrotizing

fasciitis induced by severe sepsis. The clinical profile of

nascent cases of necrotizing fasciitis is indistinguishable

from other soft tissue infection such as cellulitis. The

possible use of the biochemical profile derangement to

detect cases of necrotizing fasciitis was first proposed by

Wall et al. [40,41]. Subsequently, on the basis of the

hypothesis that the biochemical profile may manifest a

diagnostic clue, Wong et al. [42��] compared laboratory

parameters of patients with necrotizing fasciitis and

patients with other severe soft tissue infections such as

cellulitis. The laboratory tests they analyzed were routi-

nely performed for the assessment of severe soft tissue

infections (complete blood count, electrolytes, erythro-

cyte sedimentation rate and C-reactive protein). A

numerical score based on the relative significance of

the laboratory parameters in distinguishing necrotizing

fasciitis from other soft tissue infections, called the LRI-

NEC (laboratory risk indicator for necrotizing fasciitis)

score, was devised (Table 2). The score is calculated by

totaling up each of the six predictive factors found to be

significant in that study. At a cutoff of a LRINEC score of

6 or greater, the model has a positive predictive value of

92.0% (95% CI 84.3–96.0) and negative predictive value

of 96.0% (95% CI 92.6–97.9). A score of eight or more

is strongly predictive of necrotizing fasciitis (positive

predictive value 93.4%, 95% CI 85.5–97.2) [42]. The

significance of this study is that all parameters needed for

calculation of the LRINEC score are readily available as

they are commonly performed for the evaluation of

severe soft tissue infections. This score, however, needs

to be validated prospectively before its routine applica-

tion can be advocated [43].

Wang and Hung [44��] investigated the use of tissue

oxygen monitoring with near-infrared spectroscopy for

the diagnosis of necrotizing fasciitis. In this prospective

observational study 234 patients were included and 19

eventually confirmed to have necrotizing fasciitis. The

authors reported, at a cut-off tissue oxygen saturation of

less than 70%, this test to have a sensitivity of 100% and

a specificity of 97%. Patient selection for the study,

however, critically compromised the clinical utility of

their findings. All patients with chronic venous stasis,

peripheral vascular disease, shock and systemic hypoxia

were excluded from the study. This is understandable

because patients with these conditions would have

impaired tissue perfusion and oxygen saturation and

thus give a false positive result. However, most patients

who developed necrotizing fasciitis have underlying

predisposing conditions that make them susceptible.

This is a pity, as this is the group of patients in whom

early diagnosis would profoundly affect outcome [45].

Still, in the select group of patients (namely healthy

patients without comorbidity) tissue oxygen saturation

monitoring may potentially be a valuable diagnostic

adjunct.
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Table 2. The LRINEC (laboratory risk indicator for necrotizing

fasciitis) score

Variable Score

C-reactive protein (mg/l)
<150 0
150 or more 4

Total white cell count (per mm3)
<15 0
15–25 1
>25 2

Hemoglobin (g/dl)
>13.5 0
11–13.5 1
<11 2

Sodium (mmol/l)
135 or more 0
<135 2

Creatinine (mmol/l)
141 or less 0
>41 2

Glucose (mmol/l)
10 or less 0
>10 1

To convert the values of glucose to milligrams per deciliter, multiply by
18.015. To convert the values of creatinine to milligrams per deciliter,
multiply by 0.01131. Adapted with permission [42��].



Conclusion
Necrotizing fasciitis remains one of the most devastating

soft tissue infections in modern medicine. Many adjuncts

have been described to help in the early recognition of

the disease. What is needed in the management of

necrotizing fasciitis is a clear and focused approach to

the problem. Early surgical debridement decreases mor-

tality and the aim is to diagnose the condition early,

ideally within 24 h of admission. Depending on resources

available, the managing team should exclude the diag-

nosis of necrotizing fasciitis with utmost urgency. If MRI

is needed, it should be performed within the next few

hours. Certainly decision should not be delayed beyond

24 h while waiting for imaging to be available. Future

developments of diagnostic adjuncts that can help in the

identification of patients with necrotizing fasciitis should

be focused on cheap and easily performed ‘bedside’ tests

that are readily available. The LRINEC score and trans-

cutaneous tissue oxygen monitoring are examples of such

adjuncts that were recently described but these have yet

to show improved diagnostic yields or decreased mortal-

ity. Ultimately, when doubts remain, often the best thing

to do is to perform an early operative exploration.
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