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Abstract Necrotizing fasciitis (NF) is a rare, life-threatening
soft-tissue infection and a medical and surgical emergency,
with increasing incidence in the last few years. It is character-
ized by a rapidly spreading, progressive necrosis of the deep
fascia and subcutaneous tissue. Necrotizing fasciitis is often
underestimated because of the lack of specific clinical findings
in the initial stages of the disease. Many adjuncts such as
laboratory findings, bedside tests—e.g., the “finger test” or
biopsy—and imaging tests have been described as being
helpful in the early recognition of the disease. Imaging is very
useful to confirm the diagnosis, but also to assess the extent of
the disorder, the potential surgical planning, and the detection
of underlying etiologies. The presence of gas within the
necrotized fasciae is characteristic, but may be lacking. The
main finding is thickening of the deep fasciae due to fluid
accumulation and reactive hyperemia, best seen on magnetic
resonance imaging.
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Introduction

Necrotizing fasciitis (NF) is an uncommon and aggressive
soft-tissue infection, usually caused by toxin-producing, viru-
lent bacteria. It involves the deep fascia and is characterized
by the extensive deterioration of the surrounding tissue [1]. It
is often associated with severe systemic toxicity and is usually
rapidly fatal, unless promptly recognized and aggressively
treated [2–7]. NF can be initially difficult to differentiate from
cellulitis and other superficial infections of the skin. In fact,
only 15 to 34 % of patients with NF have an accurate
diagnosis at admission [7–9]. Only early diagnosis and
aggressive surgical treatment can reduce mortality and
morbidity [7, 10, 11].

Despite many advances in the understanding of this disease
and great improvements in medical care, the mortality has not
changed in the last 30 years and remains as high as 70 % [7,
12, 13]. The purpose of this article is to review of the patho-
physiology and diagnosis of NF, stressing the role of imaging
in the early diagnosis of the disease.

Terminology and historical background

Necrotizing fasciitis is a rare and fatal soft tissue infection
primarily involving the fascia and extending to the neighbor-
ing tissues, causing necrosis and systemic failure [2, 14]. This
disease has concerned physicians for centuries. It was first
described by Hippocrates in the 5th century BC. In 1952,
Wilson coined the term “necrotizing fasciitis,” which is still
used nowadays [2, 10, 15].

The recent tendency is to encompass all necrotizing infec-
tion regardless of the depth of infection in the term “necrotiz-
ing soft tissue infections” (NSTI). All these soft tissue infec-
tions involve a similar approach to diagnosis and treatment
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regardless of their anatomical location and depth of infection
[3, 15–18].

Anatomy

Certain anatomical considerations are important to understand
the pathophysiology of NSTI. Most bacteria and fungi can
multiply within viable tissue, but fibrous attachments or
“boundaries” between subcutaneous tissues and fascia (e.g.,
scalp, hands) can help limit the spread of infection. The
natural lack of fibrous attachments in the larger areas of
the body (e.g., trunk, extremities) facilitates widespread
infection [18].

From the surface down and forming concentric circles, we
find the skin (epidermis and dermis), superficial fascia or
subcutaneous tissue (hypodermis), the deep fascia, and mus-
cles. The deep fascia continues with the epimysium (connec-
tive tissue surrounding muscles), and sends prolongations
(intermuscular septa) that divide the different muscle compart-
ments [1, 19]. Since the fascia is a continuum from the surface
to the endomysium muscles, it is the route by which a surface
process spreads to muscles or bones and vice versa (Fig. 1) [7,
20–22].

Epidemiology and risk factors

Necrotizing fasciitis is a rare disease. The incidence of NF has
been reported to be 0.4 cases per 100,000 inhabitants in the
United States (USA), while in Western Europe it is about 1
case per 100,000 inhabitants [5, 13, 23]. This disease is

predominantly seen in adult patients, with incidence in-
creasing progressively with age [3], reaching 12 per
100,000 in subjects over the age of 80. In children, the
reported rate is 0.08 per 100,000 [11, 24]. The difference
in incidence observed between men and women varies
from 1:1 [23] to 3:1. The latter is probably justified by
the predominantly masculine incidence of Fournier’s gan-
grene [3]. The incidence has increased since 1980, al-
though the exact reason remains speculative. Possible
explanations include increased microbial virulence and
resistance due to the excessive use of antibiotics, popula-
tion aging, increased rates of immunosuppression, and
better disease reporting [16, 23].

While the understanding of the pathophysiology of NF
continues to improve, its mortality rate remains alarmingly
high, reaching up to 70 %, mainly due to delayed diagnosis
and, consequently, delayed operative debridement [3, 10,
16, 25] .

More than half of patients with NSTI have pre-existing
conditions that render them susceptible to infections, such as
obesity, diabetes mellitus, chronic renal failure, peripheral
vascular disease, drug misuse, alcohol abuse, liver disease,
malignancy, and chemotherapy, conditions that are very fre-
quent in the Western world nowadays [2, 3, 7, 12, 18, 23, 26].
Risk factors in the pediatric population include malnutrition,
skin infections, sepsis, and immunosuppression [7, 23]. NSTI,
however, can also occur in otherwise “healthy adults” (i.e.,
few or no comorbidities); hence, it is impossible to predict
which patients are at risk of NSTI. In almost all cases, there is
a precipitating event such as a history of surgery or a pene-
trating injury that can be as trivial as an insect bite or a scratch
(Table 1) [3, 5, 7, 23, 26].

Fig. 1 Diagram showing the
names of the infections
corresponding to the different
layers from the skin to the muscle.
NSTI necrotizing soft tissue
infections
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Microbiology: classification according to etiology

Four basic causes of microbial subtypes are described. The
two more extensive causes are type I, or polymicrobial, and
type II, or monomicrobial.

Type I is the most common one (55–80%), with an average
of four pathogens, usually a mixture of aerobic and anaerobic
organisms, a combination of Gram-positive cocci, such as
S. aureus, S. pyogenes, and enterococci, Gram-negative rods
such as E. coli and P. aeruginosa, and anaerobes like
BacteroidesorClostridium species. Despite its historical prev-
alence, C .perfringens is nowadays a rare cause owing to
improvements in sanitation and hygiene. If they occur, they
typically involve the perineal and trunk areas of immunocom-
promised patients, particularly in diabetics [7, 8, 16, 23, 26].

Type II is a monomicrobial infection that tends to occur in
healthy young immunocompetent hosts with a history of
recent trauma, usually trivial, often localized to the

extremities. Group A (Streptococcus pyogenes), alone or in
association with S. aureus, is the typical pathogen. It
can be associated with streptococcal toxic shock syn-
drome (STSS), an exotoxin-driven disease that signifi-
cantly increases the mortality from <40 to 67 % with up
to half of patients needing amputation. Community-
acquired methicillin-resistant S. aureus (MRSA) has increas-
ingly been described in NF, in as many as one-third of cases
[3, 8, 10, 12, 16, 18, 27].

The infections caused by Vibrio species are classified as
type III or hyper-acute type with a fulminant systemic course
with no epidermal manifestations. It can be acquired through a
skin lesion and exposure to warm sea water. Another known
important risk factor is moderate or severe liver disease [3, 10,
12, 16, 27, 28]

Finally, some authors have described type IV, or fungal
infection (Table 2) [3, 18, 27, 29].

Pathophysiology

Knowledge of the pathophysiology is essential to the under-
standing of the clinical course and the importance of an early
diagnosis to the prognosis of the disease. Microbial invasion
of the subcutaneous tissues (SCT) occurs either through ex-
ternal trauma or from direct spread from perforated viscera or
a urogenital organ. After that, microorganisms proliferate and
generate toxins and enzymes like hyaluronidase, enabling
horizontal extension through deep fascial planes. As this
process progresses, thrombosis of the perforating nutrient
vessels causes progressive dermis and skin ischemia, leading
to bullae formation, ulceration, and skin necrosis. Ischemia
and necrosis generate an inflammatory response and cytokine

Table 1 Risk factors and precipitating events related to necrotizing soft
tissue infections (NSTI)

Risk factors Precipitating events

Diabetes Surgery

Alcohol abuse Minor invasive procedures

Immunosuppression Intravenous drug use

Malnutrition/obesity Penetrating injuries

Age >60 years Soft tissue infection

Intravenous drug misuse Burns

Peripheral vascular disease Childbirth

Renal/hepatic failure

Underlying malignancy

Table 2 Classification of NSTI according to etiology

Type Microbiology Risk factors Mortality

I Polymicrobial (70–80%) At least one anaerobic±
facultative anaerobes
(Enterobacteriaceae,
nongroup A streptococci)

Diabetes, obesity, chronic disease Variable, depends on underlying
comorbiditiesImmunodeficiency

Middle-advanced age

II Monomicrobial (20–30%) β-hemolytic streptococci (GAS)
±S. aureus

Minor trauma, surgery, intravenous
drug use, diabetes

>32 %, depends if associated
myositis or toxic shock

➔Toxic shock syndrome. Immunocompetency

Young age

III Hyperacute
(commoner in Asia) <1 %

Gram-negative, often marine
related organisms (Vibrio spp.)

Exposure to warm sea water/seafood
ingestion

30–50 %

Moderate or severe liver disease ≈ 100 % with late diagnosis
(>24 h)

Middle to advanced age

IV Fungal <1% Candida spp., Mucor,
Zygomycetes,

Immunodeficiency >47 %
Middle to advanced age
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liberation, producing a systemic response that can lead to
multi-organ failure (Fig. 2) [3, 10, 16, 25].

Diagnosis

Establishing the diagnosis of NSTI is challenging. As stated
before, early diagnosis results in early therapy and decreased
mortality. Early diagnosis is missed in as many as 85–100 %
of cases [23]. Clinically, early necrotizing fasciitis can be
easily misinterpreted as noncomplicated cellulitis or abscess.
The first and most important consideration for an accurate,
prompt diagnosis is to have a high index of suspicion [10, 15,
16, 18, 23].

Clinical findings

Necrotizing fasciitis typically presents with patchy discolor-
ation of the skin, severe pain, and ill-defined swelling. Certain
patients, notably those with diabetic neuropathy, may experi-
ence minimal pain, which can render the diagnosis of NF even
more challenging. There is a fast progression to tense edema,
grayish-brown discharge, vesicles, bullae, necrosis, and
crepitus [3, 7, 10, 15, 18, 23, 30]. The latter is a later sign,
very specific, but found in only 13–31% of patients [7, 16, 30].
In advanced phases, anesthesia over the site of the erythema
may occur [3, 7]. Muscle hypoxia and swelling alter oxygen
tension, increasing intracompartmental pressure, and some-
times resulting in compartment syndrome [27]. While inflam-
matory systemic signs and symptoms like fever, dehydration,
confusion, and tachycardia [3, 7, 15, 16, 26] can occur, patients
may appear quite well, at least initially. Indeed, 53 % of the
patients are febrile and only 18 % are hypointense at presen-
tation. This is particularly the case in immunosuppressed pa-
tients [10]. Even in the most experienced hands, clinical find-
ings are not accurate enough for diagnosis. Therefore, they

need to be combined with other diagnostic data like laboratory,
and especially imaging findings [3, 10, 16].

Laboratory findings

Even though laboratory findings are not specific, leukocytosis
with neutrophilia, acidosis, altered coagulation profile, im-
paired renal function, and increased creatinine kinase and
inflammatory markers, are helpful if viewed within the whole
clinical context [3, 7, 10, 15, 16, 18, 23, 25, 30]. The combi-
nation of certain laboratory tests may enable discrimination
between NSTI and non-necrotizing infections:

– As found byWall et al., the combination of a white blood
cell (WBC) count >15,400 cells/ml and a serum-sodium
(Na+) level <135 mmol/l shows a negative predictive
value (NPV) of 99 % and a positive predictive value
(PPV) of 26 % for NSTI [31].

Fig. 2 Diagram summarizing the
pathophysiology of NSTI

Table 3 Laboratory risk indicator for necrotizing fasciitis (LRINEC). A
score ≤5 indicates a low risk (<50 % probability) of NF; 6–7 points
indicate an intermediate risk (50–75 % probability) of NF, ≥8 indicates
a high risk (<75 % probability) of NF [7, 25, 32]

Variable LRINEC score
(points)

C-reactive protein ≥150 mg/l 4

White blood cell count (cells/mm3)

15–25 1

>25 2

Hemoglobin level (g/dl)

11–13.5 1

<11 2

Sodium level <135 mmol/l 2

Creatinine level >1.6 mg/dl 2

Glucose level >180 mg/dl 2
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– Wong et al. proposed a scoring system (laboratory risk
indicator for necrotizing fasciitis [LRINEC]) based on six
different variables that give a specific number of points
(Table 3). The total score ranges from 0 to 14 and clas-
sifies patients into three categories: low, intermediate, and
high risk of having NF [25, 32]. Some other retrospective
studies support this score, and relate it to increased rates
of mortality and amputation in patients with LRINEC
score ≥6. This score, however, needs to be prospectively
validated [3, 5, 7, 10, 15, 16, 23, 33]

Bedside tests, surgical exploration, and pathology

The gold standard modality for the diagnosis of NSTI remains
operative exploration, and it is also the mandatory live-saving
treatment. In doubtful cases, a “finger test” and frozen biopsy

have been used as complementary diagnostic modalities.
Once NSTI is confirmed, the incision is extended and addi-
tional debridement is performed [5, 10, 15, 16, 23, 30].

The “finger test” is a bedside procedure under local anes-
thesia in which a 2-cm incision is made down to the deep
fascia. Lack of bleeding, presence of smelly “dishwater pus”,
noncontracting muscles, and lack of tissue resistance to blunt
finger dissection indicates NF [5, 10, 15, 16, 23].

Tissue specimens for culture and histology are crucial [10].
The specimens should be generous and taken from the inter-
face between live and dead tissue [10, 16, 23]. Histological
criteria for diagnosing NF are necrosis of the deep fascia,
polymorphonuclear infiltration of the dermis and fascia, fibrin
thrombi with fibrinoid necrosis of arterial and venous walls of
arteries and veins coursing through the fascia and the presence
of microorganisms within the destroyed fascia and dermis [2,
5, 10, 15, 16].

Imaging tests

Imaging tests are an invaluable diagnostic adjunct. They may
confirm the diagnosis in cases where signs are unclear, delin-
eate the extent of the disease, and help in the identification of
the source and complications of the infection. They also bring
additional anatomical information for surgical planning.
Anyhow, imaging should never delay operative debridement.
Plain films, ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI) may be used, but the latter
is the recommended modality [1, 2, 10, 14, 15, 18].

Plain radiography

Most radiographic findings are similar to those for celluli-
tis, with increased soft-tissue thickness and opacity.
Frequently, films are unremarkable until the infection and
necrosis are advanced and subcutaneous air can be

Fig. 3 Plain X-ray film of the pelvis of a 76-year-old man with NF
showing ectopic air in the subcutaneous tissue of the right thigh (arrow)

Fig. 4 Ultrasound images of a
63-year-old man with history of
lung cancer who presented with
scrotal crepitus. Findings of
Fournier gangrene were seen and
surgically confirmed. aThickened
edematous scrotal wall containing
hyperechoic foci with
reverberation artifacts related to
gas (arrow). bNormal testicles. c
Contrast-enhanced axial CTof the
same patient showing gas (arrow)
in the gluteal and right inguinal
region
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identified. The latter is a very specific sign of NSTI, but is
not very sensitive (Fig. 3) [10, 14, 15]. Radiographic
evidence of air in the soft tissue may be present before
clinical crepitus is detected [34]. This test can also provide
additional information, such as the presence of a radi-
opaque foreign body like a surgical device [35]

Ultrasound

Ultrasound, a convenient and non-invasive tool, has been
widely used to evaluate patients in the emergency care unit.
As NF is many times misdiagnosed as cellulitis or deep
venous thrombosis; an ultrasound is often ordered to rule out
the latter [35].

Suggestive ultrasound features are thickening and distor-
tion of the deep fascia (>4 mm; fasciitis), turbid fluid collec-
tions along the deep fascia, features of myositis, i.e., muscle
hypo- or hyperechogenic swelling, findings of cellulitis, i.e.,
swelling of the subcutaneous tissue, including cobblestone

appearance (hyperechogenic subcutaneous tissue traversed
by hypoechoic strands of fluid). Increased Doppler hyperemia
or thrombosed small blood vessels [36, 37] can also be seen.
Based on these criteria, a 62-patient prospective observational
study found a PPV of 83 % and a NPV of 95.4 % for the
diagnosis of NF [37].

The examination may be limited by soft tissue gas, al-
though this finding may be of diagnostic benefit [14].

Assessing for the patency of the underlying vessels is
critical in the early detection of compartment syndrome, a
severe complication that can result in the loss of the affected
extremity, and this assessment can be effectively accom-
plished using Doppler ultrasound [35].

In the case of Fournier gangrene, the main ultrasound
findings are a thickened edematous scrotal wall that may
contain hyperechoic foci with reverberation artifacts (gas).
The testes and epididymis are often normal in size and
echotexture owing to their direct aorta branch blood supply
(Fig. 4) [34].

Fig. 5 Axial images of a contrast-enhanced cervical CTof a 55-year-old
diabetic woman with a recent history of dental infection. Findings corre-
sponding to necrotizing fasciitis were seen and surgically confirmed. a
Stranding of the fat of the subcutaneous tissue and skin thickening (cellu-
litis; asterisk), thickening and blurring of the left sternocleidomastoid and

platysma muscles (myositis; thick arrow). b Asymmetrical thickening of
the superficial and deep fascial layers (fasciitis; thin arrow) and stranding
of the fat of the subcutaneous tissue and skin thickening (cellulitis;
asterisk). An endotracheal tube was in place

Fig. 6 A 75-year-old male
patient with a history of diabetes
with NF in the right thigh. Axial
images of a CTof a the pelvis and
b the lower extremities show
stranding of the fat of the
subcutaneous tissue, thickening
of the skin (cellulitis), and
thickening of the superficial and
deep fascial layers (fasciitis;
asterisk). Subcutaneous
emphysema (thick arrow) is also
noted. A continuity solution in the
right gluteus is seen, indicating a
decubitus ulcer (thin arrow)
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Ultrasound has been most useful in the pediatric age group
[14]. Its role in managing NSTI, however, is still unclear.
Moreover, it may underestimate the extent of the disease in
part because the infiltration of the hypodermis blocks ultra-
sound transmission [1]. Although it is not the first-line recom-
mended test, the portability of the equipment provides an
advantage, especially when an image-guided intervention is
needed [35].

Computed tomography

Computed tomography is a quick and accessible tool for NSTI
diagnosis. It is the most sensitive imaging modality for the

detection of subtle soft tissue air collections. It plays a vital
role in rapidly suggesting the diagnosis [20, 35]. CT charac-
teristics correlate with the pathological findings of liquefied,
necrotic tissue and inflammation resulting from bacterial exo-
toxins released in the fascial layers [14].

The CT hallmarks of NF are edema and asymmetrical
thickening with or without enhancement of the deep fascial
layers (fasciitis), stranding of the fat of subcutaneous tissue
(cellulitis), fluid collections along the fascial planes, and en-
hancement and thickening of regional muscles (myositis),
associated or not with foci of air within the soft tissue
(Fig. 5) [14, 38]. The presence of gas in the subcutaneous
tissue caused by gas-forming anaerobic organisms is a specific

Fig. 7 Fournier gangrene after
rectal perforation in a 60-year-old
man with a history of rectal
carcinoma. aAxial unenhanced
CT and b coronal multiplanar
reconstruction from a CT
abdomen show rectal perforation
(thin arrow) and subcutaneous
emphysema in the perineal and
right gluteal regions (thick arrow)

Fig. 8 A 33-year-old male
patient with NF and descending
necrotizing mediastinitis (DNM).
a, bUltrasound images of the
cervical region show turbid fluid
collections along the deep fascia
(asterisk). c, dAxial images from
a CT neck and chest with contrast
agent show fluid collections
within the pretracheal visceral
space and within the superior and
anterior mediastinum (asterisk).
Stranding of the fat of the
subcutaneous tissue (cellulitis;
thin red arrow) and the thickening
and blurring of the bilateral
sternocleidomastoid and platysma
muscles (myositis; thick arrow)
are also noted
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and hallmark sign of NF. Such a finding is seen in 10–55 % in
some series (Fig. 6) [7, 16, 20, 39].

While fascial fluid collections are typically non-focal; ab-
scesses may be seen [14].

Differentiation of NSTI from cellulitis or postoperative
changes is difficult. Typically, in NF there is involvement of
fascial planes and the sparing of the superficial epidermis.
Postoperative changes are more difficult to differentiate since
they may include fluid tracking along fascial planes and

subcutaneous emphysema. Serial CT examinations should
show steady resolution in the absence of infection or other
complicating factors [40].

Potential advantages of CT include the ability to delineate
the disease location and extent [40], or detect underlying
infectious sources such a diverticulitis and intestinal perfora-
tion (Fig.7) [39]. CT may also demonstrate serious complica-
tions such as vascular thrombosis or vascular rupture compli-
cating the tissue necrosis [14].

Fig. 9 A 33–year-old, previously
healthy man, with NF following
left thigh trauma. a Fat-
suppressed T2-weighted axial
image shows areas of high signal
intensity in nearly all fasciae
surrounding the muscles of the
antero-medial and posterior
compartments (fasciitis±fluid
collections; thin arrows),
hyperintensity in the
subcutaneous tissue (cellulitis;
asterisk) and within the muscles
(myositis; thick arrow). b Fat-
suppressed T1-weighted axial
image shows the same findings as
T2, stranding of subcutaneous
tissue (cellulitis) and the thickness
of the deep fasciae (fasciitis and
fluid collections). c Post-contrast
fat-suppressed T1-weighted axial
image and d post-contrast
subtraction T1-weighted axial
image show enhancement in
some of the hyperintense fasciae
seen in a (arrows)

Fig. 10 A 30-year-old man with NF following a penetrating injury to the
right elbow. a Fat-suppressed axial T2-weighted image shows areas of
high signal intensity in the deep fasciae surrounding muscle of the lateral,
posterior, and medial compartments of the right arm (fasciitis and collec-
tions; arrows), as well as areas of high signal intensity in the subcutaneous

tissue (cellulitis; asterisk). b, cUnenhanced T1-weighted axial image and
post-contrast fat-suppressed T1-weighted image show enhancement with-
in the subcutaneous tissue (asterisk) as well as in some of the hyperintense
fasciae seen in a (arrows)
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Special consideration of NF of the head and neck must be
taken into account. Although uncommon, it can lead to de-
scending necrotizing mediastinitis (DNM) with a higher mor-

tality rate [38, 41, 42]. Since associated mediastinitis is often
present from the beginning, CT examination should include
the chest (Fig. 8) [38].

Fig. 11 An 80-year-old man with NF following trauma in the right thigh.
a Fat-suppressed T2-weighted axial image shows areas of high signal
intensity in nearly all fasciae surrounding the muscles of the antero-
medial, posterior, and lateral compartments (fasciitis±fluid collections;
thin arrows), hyperintensity in the subcutaneous tissue (cellulitis; asterisk)

and within the muscles (myositis; thick arrow). b Post-contrast fat-sup-
pressed T1-weighted axial image shows ring-like enhancement in the
muscles of the medial compartment (thick arrow) with no enhancement in
the deep fasciae (thin arrows)

Fig. 12 A 48-year-old man, ex-intravenous drug user, with NF, muscular
necrosis, and compartment syndrome. a Post-contrast axial CT image
showing nomuscular enhancement of the right arm and a hyperdense area
in the postero-lateral compartment corresponding with hemorrhage
(curved arrow). b T2-weighted axial image showing areas of high signal
intensity in nearly all fasciae surrounding the muscles of the antero-
medial compartments (fasciitis± fluid collections; thin arrows),

hyperintensity in the subcutaneous tissue (cellulitis; asterisk) and within
the muscles (myositis; thick arrow). c Fat-suppressed T1-weighted axial
image shows a hyperintense area in the postero-lateral compartment
(same finding as in a) corresponding with hemorrhage (curved arrow) d
Post-contrast fat-suppressed T1-weighted axial image shows marked
heterogeneous enhancement in the fasciae (arrows) and muscles (thick
arrow) of the antero-medial compartment due to muscular necrosis

Skeletal Radiol (2014) 43:577–589 585



Some known causes are dental infections, peritonsillar and
pharyngeal abscesses, insect stings, neck or dental surgery or
foreign bodies [27, 43]

Magnetic resonance imaging

Magnetic resonance imaging is the recommended imaging
modality, as it provides excellent soft-tissue definition and
multiplanar capabilities [1, 44]. It is an invaluable diag-
nostic adjunct, but it may not be readily available and is
certainly not cheap [10]. The sensitivity and specificity
of MRI in the detection of NF has been reported to be
89 to 100 % and 46 to 86 % respectively in different
studies [25, 45–47].

Some authors have described features that they believe are
specific to NF. These include hyperintense signal in subcuta-
neous tissue in fluid-sensitive sequences (cellulitis), deep
fascial thickening (fasciitis), deep fascial fluid collections,
and hyperintense T2 signal within the muscles (myositis;
Fig. 9) [10, 44–48]. The involvement of three or more com-
partments in one extremity has also been described as anNSTI
indicator (Fig. 10) [47]. Gas in the deep fascial planes is

inconstant and characterized by signal voids, is best seen on
gradient echo sequences, and is a hallmark of NF [35,
44, 45, 47].

A thick (>3 mm) abnormal perifascial signal hyperintensity
on fat-suppressed (FS) T2-weighted images is seen more
frequently in NSTI and explained as purulent perifascial fluid
and edema [47]. This feature, independent of the thickness,
has been described as a sensitive, albeit nonspecific, feature
[43, 44].

Fascial enhancement and the lack of enhancement of near-
by areas with increased signal intensity on T2-weighted se-
quences have both been described as reliable indicators for
NSTI [10, 14, 44, 45, 47, 49]. Some explanations have been
proposed. Contrast enhancement in deep tissue areas is often
indicative of major damage to the neighboring capillary net-
work with extravasations of contrast material and does not
reflect hyperemia (Fig. 11). As necrosis progresses, dimin-
ished or no enhancement of the fascia is then observed. This is
associated with advanced necrosis and an underestimation of
the tissue involved. An abscess-like delineation of the necrotic
tissue with rim enhancement has also been observed
[44, 45, 47].

Fig. 13 A 75-year-old diabetic man with left neck paravertebral
myonecrosis, C6 osteomyelitis, and epidural abscess. a Plain antero-
posterior neck radiography showing left paravertebral increased soft-
tissue thickness and opacity (asterisk) b, c Post-contrast axial neck CTs
show heterogeneous thickness of the left paravertebral musculature, C6
left transverse process erosion (triangle), and the presence of an air bubble
(curved arrow) at an upper cervical level. d T2-weighted axial image
shows C6 left transverse process edema (triangle); thickness and

heterogeneous hyperintensity of the left paravertebral musculature (myo-
sitis; thick arrow). e, f Post-contrast fat-suppressed T1-weighted axial
images at C6 level and upper level showing left epidural abscess
(arrowhead), deep fascial enhancement (thin arrow), stranding of subcu-
taneous tissue (cellulitis; asterisk), C6 left transverse process erosion
(triangle) and heterogeneous muscular enhancement (myonecrosis; thick
arrow). Air bubbles are also visualized (curved arrow)
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A peripheral band-like hyperintense signal in muscles on
the FS T2-weighted images and on FS contrast-enhanced
(CE) T1-weighted images has been described as a typical
feature of NF and also as a possible tool for differentiating
NF from pyomyositis (diffuse hyperintense FST2 and FS CE
T1) (Figs. 12, 13) [46]. In another study, this band-like hyper-
intense signal has been described in necrotizing and non-
necrotizing pathological conditions, and is explained as being
a reactive change in muscle due to the inflammation of adja-
cent fascia with or without necrosis [47].

Fluid-sensitive sequences may overestimate the process
secondary to adjacent reactive edema; in contrast, the degree
of contrast enhancement may result in an underestimation of
the extent of disease secondary to hypoperfusion and tissue
necrosis [10, 14, 35, 47].

The sensitivity of MRI often exceeds its specificity [10].
Fascial thickening and high signal intensity on T2-weighted
images is not specific to NSTI. This has also been reported in

patients with non-infectious inflammatory eosinophilic fasci-
itis, rheumatic diseases, phlebedema, lymphedema, exertional
muscle injury, pyomyositis, and neoplastic diseases. They
may have similar MRI findings, but most of them can be
diagnosed from their specific clinical findings and history
[48, 49].

What nearly everyone agrees upon is that negative deep
fascial involvement on MRI effectively excludes NF [10].

Management

Surgical treatment consistent with fasciotomy and debride-
ment of the necrotic tissue is mandatory [14]. Boundaries of
the incision must be at least as wide as the rim of the cellulitis
and should comprise healthy, bleeding tissue [16]. Intensive
care, including fluid resuscitation, pressor support, cardiac
monitoring, and ventilator support are usually necessary

Table 4 Summary of radiological findings for necrotizing fasciitis

Plain radiography Ultrasound CT MRI

Cellulitis Increased soft-tissue
thickness

Cobblestone appearance Stranding of the fat of SCT Hyperintense T2 signal in SCT

Fasciitis Thickening of the deep fascia
(>4 mm)

Thickening with or without
enhancement

Hyperintense T2 deep fascial thickening
(>3 mm). Enhancement (inflammation)
or not (necrosis)

Myositis Muscle hypo- or hyperechogenic
swelling

Blurring and thickening of
regional muscles

Peripheral band-like hyperintense signal in
the muscles of three or more
compartments

Fluid collections Collections along the deep fascia

Gas

SCT subcutaneous tissue

Fig. 14 Diagram showing NF
diagnostic algorithm. If we have a
clinical suspicion of NF, imaging,
bedside, and laboratory testing
may be down as diagnostic
adjuncts in order to achieve a
correct and prompt treatment. If
no deep fascial involvement is
seen on MRI, NF can almost be
excluded. Although the
laboratory risk indicator for NF
(LRINEC) is not completely
validated, a score ≤5 indicates a
low risk of NF (<50 %
probability) and a score ≥6
indicates an intermediate to high
risk. WBCwhite blood cells [25,
32]
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[14]. Broad-spectrum intravenous antibiotic therapy should be
maintained until the causative organisms have been identified
[14, 16, 23]. Other additional therapies such as intravenous
immunoglobulin and post-surgery hyperbaric oxygen can be
used [16, 23, 27].

After this extensive revision, we find necessary to create a
diagnostic algorithm that, far from being a validated clinical
guide, may help to achieve a prompt diagnosis and thus
facilitate management of individual patients (Fig. 14).

Conclusion

Necrotizing fasciitis is an uncommon, rapidly progressive,
and highly lethal disease with a poor prognosis unless prompt-
ly treated [14, 23]. High-risk patient populations do exist, but
healthy young patients are also susceptible [16]. A high index
of suspicion is needed to ensure a timely intervention [23].
Characteristic clinical presentations like skin necrosis, greyish
discharge or anesthesia are only observable later, while initial
findings may be misleading (rubor, pain, and edema). Some
known diagnosis adjuncts include laboratory, bedside, and
imaging tests [10, 14, 16, 23]. They may confirm or exclude
diagnosis, but should never delay emergency surgical treat-
ment. MRI is the recommended imaging modality if available,
but CT or ultrasound is also useful. Findings including cellu-
litis, fasciitis, myositis, and fluid collections confirm diagnosis
(Table 4). The presence of gas within the necrotized fasciae is
characteristic, but may be lacking. Negative deep fascial in-
volvement effectively excludes NF [1, 10].
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