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iNtroDUctioN
Necrotizing fasciitis is a rapidly spreading soft tissue infec-
tion involving the deep fascial layers, which can cause 
secondary necrosis leading to significant morbidity and 
mortality.1–3 It most commonly affects the lower extrem-
ities accounting for approximately 50% of cases, and can 
affect different body parts including the perineum (as in 
Fournier’s gangrene), and submandibular region (as in 
Ludwig angina).

Although a very uncommon soft-tissue infection, it 
has significant mortality up to 70–80% and consti-
tutes a life-threatening surgical emergency.1,2 The most 
important predictor of mortality is a delay in diagnosis, 
thus it is essential to make a prompt diagnosis.2 Clini-
cally, the findings of necrotizing fasciitis can overlap with 
other soft-tissue infections including cellulitis, abscess or 
even compartment syndrome, but pain out of proportion 
to the degree of skin involvement and signs of systemic 
shock should alert the clinician to the possibility of necro-
tizing fasciitis.4–6 Other red flag clinical findings are listed  
in Table 1.

There have been association with intravenous drug 
use as well as chronic conditions including diabetes 
mellitus, immunosuppression, obesity, and periph-
eral vascular disease.3,8 A history of recent surgery 
(within the past 90 days) at the affected site has 
been shown to be a strong predictor for necrotizing  
fasciitis.7

Infection typically begins in the superficial fascial planes, 
then rapidly progress into the deep fascial layers, which 
causes necrosis secondary to microvascular occlusion.1 
The rate of spread of infection is directly proportional to 
the thickness of the subcutaneous layers, with fastest spread 
seen in the lower extremities due to the lack of fibrous 
boundaries between subcutaneous tissue and fascia.2,9

Necrotizing fasciitis is a clinical diagnosis since imaging 
findings can be nonspecific or unremarkable early in the 
course of the disease.1 The majority of cases are initially 
misdiagnosed, causing delay in diagnosis.10 Imaging 
appearances of necrotizing fasciitis can also overlap with 
other conditions, including nonnecrotizing fasciitis, derma-
tomyositis, graft vs host disease, or ischemic myonecrosis.1 
The main utility of imaging is to determine the extent of the 
soft-tissue infection as well as to guide surgical planning.1,8 
If the patient is presenting with shock, imaging should not 
delay the initiation of treatment.1 Definitive diagnosis is 
based on surgical exploration and biopsy and aggressive 
surgical fasciotomy of necrotic tissue is required to prevent 
the spread of infection.7

raDiograPhy
Early findings of necrotizing fasciitis on radiography can 
appear similar to cellulitis including soft-tissue opacity 
and thickening.11–13 The classical findings of dissecting gas 
along fascial planes in the absence of trauma is a specific 
sign, but is only seen in 24.8–55.0% of patients, and may 
not be seen until late in the disease (Figures 1 and 2).1,10,12 
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objective: The purpose of this article is to review the 
imaging findings of necrotizing fasciitis as seen on radi-
ograph, ultrasound, CT, and MRI, and to recognize the 
early findings in this potentially fatal disease.
conclusion: Although classically a clinical diagnosis, 
imaging is a powerful adjunct to facilitate early diag-
nosis in equivocal cases. Compared to plain radiography, 

ultrasound, CT and MR provide higher sensitivity 
and specificity for the diagnosis of necrotizing fasci-
itis. Cross-sectional imaging findings include asym-
metric thickening of fascia, soft tissue air, blurring of 
fascial planes, inflammatory fat stranding, reactive 
lymphadenopathy, and nonenhancement of muscular  
fascia.
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Necrotizing fasciitis commonly affects the lower extremities, 
with involvement of the perineum or scrotum, classically known 
as Fournier’s gangrene (Figure 3).3,14,15 Soft-tissue gas is typically 
caused by gas-forming anaerobic infections, although this may 
not be present in diabetic patients.16 As such, the absence of soft-
tissue emphysema does not exclude a diagnosis of necrotizing 
fasciitis.1

Despite its limitations, radiographs can be more sensitive than 
physical exam for the detection of soft-tissue gas, with radio-
graphic findings present before clinical crepitus is detected.17 
Radiographs can also be helpful in identifying other causes of 

infection including the presence of a foreign body or underlying 
fracture.3,13

UltrasoUND
The role of ultrasound is limited in the work-up of necro-
tizing fasciitis given that the lack of resolution of deeper struc-
tures.8 The presence of soft-tissue gas can be more apparent 
on ultrasound compared to radiographs.17,18 Findings include 
an echogenic layer of gas above the deep fascia with poste-
rior dirty acoustic shadowing (Figure 4).19 Other nonspecific 
findings include hyperechogenicity of the overlying fat, with 
cobblestone appearance indicating subcutaneous edema, but 
these findings can also be seen in cellulitis or anasarca.8,19 
Color Doppler evaluation may not reveal hypervascularity.8 
Specific signs that are helpful to differentiate necrotizing fasci-
itis from cellulitis include irregularity of the fascia, abnormal 
fluid collection along fascial planes, and diffuse fascia 
thickening when compared to the contralateral unaffected  
side.8

Ultrasound is helpful to rule out deep venous thrombosis, 
assess for possible foreign bodies, and guide potential diag-
nostic fluid aspiration.8,13 Sensitivity of ultrasound for the 

Table 1. Clinical findings suggestive of necrotizing fasciitis  vs  
cellulitis.7

Clinical findings Likelihood ratio
Skin necrosis +30.0

Hypotension +8.0

Hemorrhagic bullae +8.0

Recent surgery +7.0

Diarrhea +6.0

Fluctuance +5.0

Pain out of proportion +4.5

Altered mental status +3.3

Erythema progressing beyond margins +3.1

Figure 1. A 45-year-old male with necrotizing fasciitis of the 
right thigh. Extensive streaky soft-tissue gas is seen extending 
along the fascial planes of the right thigh on radiograph.

Figure 2. A 53-year-old male with necrotizing fasciitis of the 
left knee. Soft-tissue gas is seen at the lateral aspect of the 
left knee along the fascial planes on the radiograph.
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diagnosis of necrotizing fasciitis is 88.2%, with a specificity of  
93.3%.20

coMPUteD toMograPhy
CT is the primary imaging modality in the work-up of necro-
tizing fasciitis given its wide availability and high spatial reso-
lution compared to radiography or ultrasound.3 Soft-tissue gas 
is a pertinent CT finding, but absence of it should not exclude 
the diagnosis of necrotizing fasciitis if clinically suspected.1,2,11,17 
Gas within fluid collections along subfascial planes is the 

hallmark of necrotizing fasciitis (Figures 5 and 6).11,21 The lack 
of soft-tissue gas on CT may be due to early disease, aerobic 
infections, or if the patient is diabetic.1,16 The sensitivity of CT in 
diagnosing necrotizing fasciitis is 80%, but it lacks specificity as 
findings can also be seen in nonnecrotizing fasciitis.21,22 Thick-
ening and nonenhancement of the fascia on contrast-enhanced 
CT may be helpful to distinguish from nonnecrotizing fasciitis.2 
Subfascial and intermuscular fluid accumulation can also be seen 
on CT, and may represent early findings of necrotizing fasciitis 
(Figure 7).21

Other CT findings include increase soft-tissue attenuation, 
subcutaneous edema and inflammatory fat stranding, which 
can also be seen in cellulitis.2,21–23 In a study by Wysoki et al. 
of 20 consecutive patients with necrotizing fasciitis, CT revealed 
fascial thickening and fat stranding in 80%, soft tissue gas in 
55%, and abscesses in 35%.22

Figure 3. A 57-year-old diabetic male with pneumoscrotum. 
Large volume of gas seen within the scrotum wall and scro-
tum sac on the scout image (curved black arrow), consistent 
with Fournier’s gangrene.

Figure 4. A 39-year-old male with necrotizing fasciitis of the right ankle. There is subcutaneous emphysema (arrows) overlying the 
right ankle with plate and screw fixation seen (a). The soft-tissue air deep to the fascia is seen as multiple echogenic foci (arrows) 
on ultrasound study (b).

Figure 5. A 64-year-old male with Fournier’s gangrene with 
perforated diverticulitis. Contrast-enhanced CT demonstrates 
air (arrows) and edema in the scrotum, surrounding the right 
testicle (a). Contrast-enhanced CT demonstrates a horse-
shoe shaped perirectal air collection (arrows), extending into 
the subcutaneous tissues of the ischiorectal fossa and medial 
gluteal region (b).
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CT is helpful in guiding surgical debridement and drainage by 
evaluating the extent of soft tissue and osseous involvement, 
identifying the potential infectious source and identifying 
potential complications including vascular rupture or tissue 
necrosis.1,2,13,22

MagNetic resoNaNce iMagiNg
MRI is the gold-standard for soft-tissue infections as it provides 
excellent soft-tissue contrast resolution with a sensitivity of 93% 
for the diagnosis for necrotizing fasciitis.1,24 Essential sequences 
include T1 weighted imaging to assess anatomy, and T2 fat satu-
rated or short tauinversion-recovery sequences to look for fascial 
thickening and edema.3,25 Post gadolinium sequences are helpful 
to delineate the extent of infection, identify abscesses and areas 

of necrosis, but may not be feasible in patients with acute renal 
failure, which is common in this patient population.3,26

Deep fascial thickening and subfascial fluid accumulation can be 
seen as high signal on fluid sensitive sequences (Figures 8 and 

Figure 6. A 55-year-old male with necrotizing Fasciitis of the left thigh. Scout film (a) and contrast-enhanced CT (b) shows intra-
muscular   pockets of gas (arrows) in the left lateral thigh.

Figure 7. A 39-year-old-male with necrotizing fasciitis of the 
right thigh. Contrast-enhanced CT demonstrates crescentic 
subfascial fluid (arrow) with fluid also seen superficial to the 
fascia (arrow head) and between muscle planes (a). Sagittal 
CT reformation demonstrates linear fluid collection (arrow) 
deep to the rectus femoris muscle (b).

Figure 8. A 47-year-old male with necrotizing fasciitis of the 
left thigh. T2  weighted image with fat saturation of the left 
thigh demonstrates a large area of myonecrosis within the 
proximal rectus femoris muscle, with extensive muscular, 
fascial, and subcutaneous enhancement and edema, with 
crescentic fascial fluid collections, predominantly  around 
the  rectus femoris and sartorius, suggestive of necrotizing 
fasciitis.
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9).21 The deep intramuscular fascia is usually protected in the 
setting of cellulitis, but is involved in necrotizing fasciitis.1 Fascial 
thickening begins in the superficial fascia and extends along the 
deep intermuscular fascia, not just in areas contiguous to the deep 
peripheral fascia.1,18 Hyperintensity and thickness of the fascia 
greater than or equal to 3 mm on fat saturated T2 weighted or 
short tauinversion-recovery images with involvement of three or 
more compartments is a sensitive finding to suggest necrotizing 

fasciitis.3,8,13,25,27 The  absence of T2 hyperintensity within the 
deep fascia can  essentially exclude a diagnosis necrotizing  
fasciitis.3,18,21

Contrast enhancement of the fascia can be variable depending on 
the stage of necrosis.1,13,25 Enhancement of the affected fascia is 
thought to represent extravasated contrast from increased capil-
lary permeability. In later stages, nonenhancement of the fascia 
may be seen due to necrosis, which can be helpful to differentiate 
from nonnecrotizing fasciitis.3,28,29

Although more apparent on CT, gas in the soft tissues is repre-
sented by punctate or curvilinear T1 and T2 low signal with corre-
sponding blooming artifact on gradient echo sequences.1,18,25,30 
Although a highly specific finding, the absence of soft-tissue gas 
does not exclude the diagnosis of necrotizing fasciitis.3,11

Diffuse high signal can also be seen in the muscle and subcu-
taneous fat.13 If subcutaneous edema is not the predominant 
feature, one should consider necrotizing fasciitis rather than 
cellulitis.1,13 A summary of spectrum of findings for necrotizing 
fasciitis is summarized in Figure 10 and Table 2.

coNclUsioN
Skin findings, pain out of proportion, and signs of systemic shock 
should alert the clinician to the possibility of necrotizing fasciitis. 
Although it is a clinical diagnosis, imaging is a powerful adjunct 
to facilitate early diagnosis in equivocal cases. Compared to plain 
radiography, ultrasound, CT and MR provide higher sensitivity 

Figure 9. A 35-year-old male with necrotizing fasciitis of the 
right calf. T2 weighted images with fat saturation demon-
strates extensive high signal within the intermuscular septa 
surrounding the gastrocnemius and soleus muscle bellies sug-
gestive of subfascial fluid (white arrows).

Figure 10. Cross-sectional schematic diagram through the 
right thigh demonstrating the various findings of necrotiz-
ing fasciitis. Subcutaneous and subfacial emphysema, which 
are classical finding of necrotizing fasciitis (a). Subfacial fluid 
along the superficial fascial layers, which can be seen in early 
necrotizing fasciitis  (b). Diffuse thickening of the superficial 
fascia, which can be seen in the early phase of necrotizing fas-
ciitis  (c). Fluid tracking along deep and intermuscular fascia, 
which can be seen in advanced cases (d).

Table 2. Summary of imaging findings of necrotizing fasciitis

Modality Key findings
Radiography •	 May be normal in the early stages

•	 Soft-tissue thickening (nonspecific)
•	 Gas tracking in the soft tissues and fascia (specific)

Ultrasound •	 Soft-tissue gas will appear as echogenic dirty 
shadowing (specific)

•	 Hyperechogenicity and fluid within the 
subcutaneous fat

•	 Irregularity and thickening of the intramuscular 
fascia, and fascial fluid Comparison with the 
contralateral side is helpful

•	 Role in assessing for DVT, foreign bodies, abscesses

CT •	 Soft-tissue gas
•	 Asymmetrical fascial thickening and non-

enhancement of the fascia
•	 Subfacial and intermuscular fluid
•	 Increased soft tissue attenuation, subcutaneous 

edema, inflammatory fat stranding (nonspecific)

MRI •	 Deep fascial thickening ≥ 3 mm
•	 Subfascial fluid
•	 Involvement of ≥ 3 muscle compartments
•	 Variable fascial enhancement
•	 Soft-tissue gas (T1/T2 punctate hypointense foci)
•	 High T2 signal within the muscle and subcutaneous 

tissues
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