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Abstract

Objectives To develop and validate a scoring system integrating MRI and laboratory findings to differentiate necrotizing fasciitis

(NF) from non-necrotizing fasciitis (non-NF).

Methods This retrospective study included 144 subjects who underwent surgery in one of three tertiary referral centers for NF or

cellulitis with non-NF. The development cohort consisted of 96 subjects (NF =47; non-NF =49) from one center, and the

validation cohort consisted of 48 subjects (NF =23; cellulitis with non-NF =25) from two different centers. The Laboratory

Risk Indicator for Necrotizing Fasciitis (LRINEC) scoring system and five MRI findings (thickening of the intermuscular deep

fascia >3 mm, extensive involvement of the deep fascia, multi-compartmental involvement in one extremity, presence of gas, and

contrast-enhancement pattern) were included in univariate and multivariate logistic regression analysis to identify independent

predictors of NF. An additive scoring system was developed using the coefficients of the final regression model. Model

performance was assessed for discrimination and calibration. The scoring system was externally validated.

Result The final scoring system consisted of three variables: thickening of the deep fascia >3 mm, multi-compartmental

involvement, and LRINEC score. The new predictive model showed improved performance (area under the receiver operating

characteristic curve [AUC], 0.862; positive and negative predictive values, 82% and 79%, respectively), compared with the

LRINEC score alone (0.814, 77% and 67%, respectively). The model also showed good discrimination with the external

validation dataset (AUC, 0.933).

Conclusions Differentiation of NF from severe cellulitis with non-NF can be achieved with the new predictive scoring system.

Key Points

» The new predictive scoring system integrating two MRI findings with the LRINEC score can help in the differentiation of
necrotizing fasciitis from severe cellulitis with non-necrotizing fasciitis.

* Thickening of the deep fascia >3 mm and multi-compartmental involvement were the most important MRI findings for the
differentiation.
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Introduction

Necrotizing fasciitis (NF) is a rapidly progressing fulminant
soft tissue infection that mainly involves the fascia and sub-
cutaneous tissue [1]. The mortality rate of this necrotizing soft
tissue infection is proportional to the time to intervention, and
therefore, an accurate and prompt diagnosis allowing early
aggressive treatment is essential. However, a non-specific
clinical presentation in the early course of the disease, variable
rates of progression, and the rarity of the disease may hinder
accurate diagnosis [1, 2]. In particular, the differentiation of
NF from cellulitis is often difficult both clinically and radio-
logically, and one previous study reported that the majority
(76%) of 89 cases of necrotizing fasciitis were misdiagnosed
as cellulitis or abscess on admission [1].

In 2004, Wong et al proposed a scoring system (Laboratory
Risk Indicator for Necrotizing Fasciitis, LRINEC) to distin-
guish necrotizing fasciitis from other soft tissue infections
including severe cellulitis or abscess [3]. This system is based
on six readily available laboratory variables obtained on ad-
mission: C-reactive protein (CRP), total white cell count
(WBC), hemoglobin, sodium, creatinine, and glucose. A
LRINEC score of > 6 indicates a high risk of necrotizing fas-
ciitis [3]. Several studies have attested to the robustness of the
LRINEC score [4-6]; however, there is some disagreement
between the studies on the performance of LRINEC alone in
differentiating necrotizing fasciitis from cellulitis [4—11].

Diagnostic imaging studies such as MRI can be performed
in doubtful cases, but should not delay treatment [12]. The
utility of MRI for differentiating NF from cellulitis with
non-NF has been described in previous studies [12—17], with
the reported MRI findings including (a) thickening of the deep
fascia >3 mm, (b) extensive involvement of deep fascia, (c)
multi-compartmental (three or more) involvement in one ex-
tremity, (d) presence of low signal intensity representing gas
in the fascia, and (e) focal or diffuse non-enhancement in
thickened deep fascia [13—17]. However, these studies were
limited to a small number of subjects, and no study has
attempted to integrate laboratory findings and MRI findings.

Therefore, the purpose of this study was to develop and
validate a predictive scoring system for the differentiation of
NF from cellulitis with non-NF by integrating MRI and labo-
ratory findings.

Materials and methods

Study population

This retrospective study was approved by the institutional
review boards of all three involved institutions, and the

requirement to obtain informed consent was waived. The
hospital database was searched for patients who

underwent MR examination and required surgical inter-
vention (fasciotomy, incision and drainage, and/or ampu-
tation) between January 2005 and April 2018 for NF or
cellulitis and/or abscess (Fig. 1).

The definition of reference diagnosis for NF was (a)
postoperative diagnosis of NF on surgical record or (b)
principal diagnosis of NF with description of NF on sur-
gical record, including presence of necrotic fascia or loss
of resistance to blunt dissection [12, 13]. The definition of
reference diagnosis for cellulitis with non-NF was (a)
postoperative diagnosis of cellulitis and/or abscess on sur-
gical record or (b) principal diagnosis of cellulitis and/or
abscess with description of cellulitis and without descrip-
tion pertaining to NF on surgical record. The exclusion
criteria were as follows: (a) absence of fat-suppressed T2-
weighted images from the MRI protocol; (b) presence of
pyomyositis, osteomyelitis, or infectious arthritis written
on medical records; (c¢) history of surgery or major trauma

Underwent surgery (fasciotomy, incision and drainage,
and/or amputation) for necrotizing fasciitis or cellulitis
and/or abscess in the extremities between March 2005
and April 2018

(n=252 [necrotizing fasciitis, n=70; cellulitis, n=182])

Excluded from necrotizing fasciitis (n=23)
1. No preoperative MRI (n=22)
2. Unavailable axial fat-suppressed (FS) T2-

weighted images (n=1)

Excluded from cellulitis (n=133)

1. No preoperative MRI (n=72)

2. Unavailable axial FS T2-weighted images
(n=3)

3. Combined pyomyositis, osteomyelitis or
infections arthritis (n=35)

4. Absence of intermuscular deep fascia
changes on FS T2-weighted images (n=9)

5. Unavailable laboratory data within 3 days of
MRI (n=1)

6. Localized in finger or toe (n=13)

\4

96 consecutive patients

(necrotizing fasciitis, n=47; cellulitis, n=49)

Fig. 1 Flowchart of patient selection for the model developmental cohort
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at the site of infection; (d) absence of laboratory data
including any of CRP, WBC, hemoglobin, sodium, creat-
inine, and glucose obtained within the 3 days prior to the
MR examination; (e) absence of intermuscular deep fas-
cial change on fat-suppressed T2-weighted images in sub-
jects with cellulitis with non-NF; or (f) infection localized
to fingers or toes.

The final cohort used to develop the model consisted of 96
consecutive adult subjects (63 males and 33 females; mean
age *+ standard deviation, 57.92 £+ 14.85 years; range, 19—
90 years) from one tertiary referral center (Asan Medical
Center) (NF [n=47] and cellulitis with non-NF [n =49]).
The model validation cohort consisted of 48 subjects (34
males and 14 females; mean age + standard deviation, 56.58
+16.32 years; range, 20-84 years) from two other tertiary
referral centers (Seoul National University Hospital and
Seoul National University Bundang Hospital). These patients
also underwent both MR examinations and surgical interven-
tion during the same period for NF (n =23) or cellulitis with
non-NF (n=25).

Demographic and clinical data including age, gender, pres-
ence of diabetes or non-atherosclerotic peripheral vascular
disease such as Buerger’s disease, presence of body tempera-
ture >38 °C, and hypotension (blood pressure lower than
90 mmHg systolic or 60 mmHg diastolic) on admission were
collected. Results of laboratory tests, including CRP, WBC,
hemoglobin, sodium, creatinine, and glucose, were also col-
lected, with the data obtained within the 3 days prior to and
closest to the date of MRI examination being used for analy-
ses. The LRINEC score was calculated using the method of
Wong et al [3] (Table 1).

Table 1 The Laboratory Risk Indicator for Necrotizing Fasciitis
(LRINEC) score
Variables (unit) Score
C-reactive protein (mg/L) <150 0
>150 4
Total white cell count (109/L) <0.02 0
0.02-0.03 1
>0.03 2
Hemoglobin (mmol/L) >8.38 0
6.83-8.38 1
<6.83 2
Sodium (mmol/L) >135 0
<135 2
Creatinine (pumol/L) <141 0
> 141 2
Glucose (mmol/L) <10 0
>10 1

@ Springer

MRI and image analyses

Ninety-two of the 96 subjects in the developmental cohort
underwent MR examinations in our institution on a 3-T
(Ingenia or Achieva, Philips Healthcare; or Magnetom
Skyra; Siemens Healthineers) or 1.5-T unit (Magnetom
Avanto, Siemens Healthineers) with phased-array or extremity
coils. The MR sequence parameters varied depending on the
anatomical region; however, all the routine MRI protocols
included axial and either coronal or sagittal T1- and T2-
weighted fast spin-echo (FSE) sequences, fat-suppressed T2-
weighted FSE, and contrast-enhanced fat-suppressed T1-
weighted sequences in all three planes. Four of the NF patients
in the developmental cohort underwent MRI examination at
an outside institution before referral; however, all four sub-
jects had fat-suppressed T2-weighted images in the axial
plane. Six of the 96 subjects in the developmental cohort did
not undergo contrast-enhanced studies (NF [n =5], cellulitis
with non-NF [n=1]). The mean interval between MRI and
surgical intervention was 3.3 days (range, 0-25 days) (NF
[mean, 2.6 days; range, 0—17 days] and cellulitis with non-
NF [mean, 3.9 days; range 0-25 days].

Reasons for MRI exam in NF patients in our institution
were as follows: (a) difficulties in early definitive diagnosis
of NF with the necessity for the differentiation of NF from
other infectious diseases, (b) progression of presumed celluli-
tis despite antibiotic therapy, (c) atypical systemic presentation
or cutaneous manifestation, (d) difficult to express pain with
impaired verbal communication, and/or (e) preoperative eval-
uation of depth and extent of tissue infection in surgical
planning.

From a comprehensive systematic review [13—18], five
MRI parameters were selected as potential predictors: (a)
thickening of the intermuscular deep fascia >3 mm, (b) ex-
tensive involvement of the deep fascia, (c¢) multi-
compartmental (three or more) involvement in one extremity,
(d) presence of low signal intensity representing gas in the
fascia, and (e) focal or diffuse non-enhancement in thickened
deep fascia on contrast-enhanced images.

The presence or absence of thickening of the deep fascia
>3 mm was evaluated on fat-suppressed T2-weighted images
of the thickest portion of the intermuscular deep fascia with
abnormal signal intensity.

Because “extensive” deep fascia involvement was poorly
defined in a prior study [13], we graded the extent of deep
fascia involvement as follows: (a) partial: abnormal signal
intensity seen in less than one third of the depth of the
intermuscular deep fascia from the superficial investing layer
of the deep fascia; (b) moderately extensive: abnormal signal
intensity seen in more than one third of the depth of the
intermuscular layer of the deep fascia but not involving all
deep fascia; (c) severely extensive: abnormal signal intensity
seen in all deep fascia in at least one compartment. The extent



Eur Radiol (2019) 29:3414-3423

3417

Table2 Demographic and clinical characteristics of the model development and validation cohorts

Model developmental cohort (rn = 96)

Validation cohort (n =48)

Cellulitis with non- ~ Necrotizing  p Cellulitis with non- ~ Necrotizing  p
necrotizing fasciitis  fasciitis value* necrotizing fasciitis  fasciitis value* value**
(n=49) (n=47) (n=25) (n=23)
Age 58.8+16.1 57.0+13.6 0547 57.7+18.1 553+144  0.620  0.624
Male gender 30 (61.2) 33(70.2) 0.357 15 (60) 19 (82.6) 0.089  0.178
Presence of diabetes 20 (40.8) 12 (25.5) 0.114 8(32) 12 (52.2) 0.161 0.243
Presence of non-atherosclerotic 0 2 (4.3) 0.147 0 1(4.3) 0.297 <0.001
peripheral vascular disease
Body parts
Upper extremity 9 7 0.650 2 1 0.605 0.083
Lower extremity 40 40 23 22
Temperature > 38 °C on admission 6(12.2) 10 (21.3) 0256  3(12) 7 (30.4) 0.120  0.962
Presence of hypotension (lower than 5(10.2) 17 (36.2) 0.003 0 9(39.1) 0.001 0.624

90 mmHg systolic or 60 mmHg diastolic)
on admission

Categorical variables were tested with the chi-square test and continuous variables with ¢ tests. Numbers in parentheses are percentages. Numbers in

italics indicate a statistically significant difference

*p values between necrotizing fasciitis and cellulitis in each cohort

**p values between model development cohort and validation cohort

Table 3  Radiologic characteristics and LRINEC score of the model development cohort and results of the univariate analysis

Cellulitis with non-necrotizing fasciitis ~ Necrotizing fasciitis ~ 95% CI
n=49 % n=47 % OR* Lower Upper  p value

Thickening of intermuscular deep fascia (>3 mm)

Absent 36 73.47 11 234

Present 13 26.53 36 76.6 8.581 3.42 21.533 <0.0001
Extensive involvement of deep fascia

Partial 14 28.57 2 4.26

Moderate extensive 33 67.35 35 74.47 6.146 1.423 26.543 0.6971

Severe extensive 2 4.08 10 21.28 2436 3317 178.881 0.0054
Multi-compartmental (3 or more) involvement

Absent 48 97.96 28 59.57

Present 1 2.04 19 4043 22126  3.79 129.166  0.0006
Presence of low signal intensity (gas) in deep fascia

Absent 48 97.96 41 87.23 1

Present 1 2.04 6 12.77 5.061 0.725 35.32 0.1019
Enhancement pattern on contrast-enhanced images

Diffuse enhancement 25 52.08 7 16.67

Enhancement with non-enhancing area 13 27.08 29 69.05 7429 2.593 21.288 0.0005

No enhancement 10 20.83 6 14.29 2.105 0.571 7.753 0.6559
LRINEC score

Low risk (<5) 41 83.67 20 42.55 1

Moderate risk (6-7) 6 12.24 10 21.28 327  1.045 10232 0.8247

High risk (>8) 2 4.08 17 36.17 14.17  3.289 61.044  0.0062

OR odds ratio

*Using penalized maximum likelihood estimation

@ Springer



3418

Eur Radiol (2019) 29:3414-3423

Table 4 Multivariate logistic regression model results for predictors of
necrotizing fasciitis

95% CI

Beta SE OR*  Lower Upper p value Score

Thickening of intermuscular deep fascia (>3 mm)

Absent 0 1 0
1.6797 0.7504 5364 1.232  23.346 0.0252 1.5
Multi-compartmental (3 or more) involvement

Absent 0 1 0

Present 2.4668 12534 11.784 1.01 137.478 0.0491 2.5
LRINEC score

Offset 1 0

Present

OR odds ratio

*Using penalized maximum likelihood estimation

of deep fascia involvement was also evaluated on fat-
suppressed T2-weighted images.

The presence or absence of multi-compartmental (three or
more) involvement was evaluated at the most severely affect-
ed location on axial fat-suppressed T2-weighted images.

The presence of gas in the fascia was evaluated using all
available sequences.

Finally, the enhancement patterns of deep fascia with ab-
normal increased signal intensity on fat-suppressed T2-
weighted images were evaluated on fat-suppressed contrast-
enhanced T1-weighted images and were categorized into three
categories: (a) diffuse enhancement, (b) enhancement with a
non-enhancing area, and (c) no enhancement.

Two musculoskeletal radiologists (M.A.Y. and Y.Y.), with
7 years and 1 year of experience in musculoskeletal MRI
interpretation after board certification, respectively, who were
blinded to the final diagnoses and laboratory data, indepen-
dently evaluated the five MRI parameters and then reached a
consensus. All images were reviewed on our institution’s pic-
ture archiving and communication system (Petavision, Asan
Medical Center).

For external validation, a senior musculoskeletal radiolo-
gist with 21 years of experience in musculoskeletal MRI in-
terpretation (H.W.C.) who was not involved in the image anal-
ysis of the model developmental cohort and who was blinded
to the final diagnoses and laboratory data evaluated the MRI
of the external validation cohort for the MRI variables includ-
ed in the final predictive scoring system.

Statistical analyses
Differences between the groups were tested with chi-square

test for categorical variables and ¢ test for continuous
variables.

@ Springer
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Fig. 2 Receiver operating characteristic curves of the new predictive
scoring system and LRINEC score for (a) the model development
cohort (area under the curve, 0.862 [95% confidence interval (CI),
0.787-0.938] and 0.814 [95% CI, 0.727-0.900] for the new predictive
scoring system and LRINEC score, respectively) and (b) validation
cohort (area under the curve, 0.933 [95% CI, 0.864—1.000] and 0.861
[95% CI1, 0.759-0.962], respectively)

Univariate and multivariate logistic regression analyses
with backward elimination using penalized maximum likeli-
hood estimation were performed to identify independent pre-
dictors of NF among the six variables (the five MRI parame-
ters and the LRINEC score). An additive scoring system was
then developed using the coefficients of the final regression
model [19].

Model performance was evaluated using the area under the
receiver operating characteristic (ROC) curve for the discrim-
ination [20]. A Hosmer-Lemeshow goodness-of-fit test [21]
was performed for calibration. The presence of a significant
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difference in discrimination between the LRINEC score and
our new scoring system was tested using the method of
Delong et al [22]. Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of the
LRINEC score and our new scoring system at 50% probability
of developing NF (a LRINEC score of >6) [3] were
compared.

External validation was performed using the indepen-
dent dataset obtained at the two other tertiary referral cen-
ters. Model performance was also assessed by ROC curve
analysis.

Interobserver agreement between the two readers for the
five MRI parameters in the developmental cohort was
assessed with weighted kappa statistics interpreted as a « val-
ue of less than 0.20 = poor agreement, 0.21-0.40 = fair agree-
ment, 0.41-0.60 = moderate agreement, and 0.61-0.80 =
good agreement and more than 0.81 = excellent agreement
[23]. P values < 0.05 were considered significant. Statistical
analyses were performed with SAS version 9.4 (SAS Inc.) and
MedCalc version 18.5 (MedCalc Software).

Results

The baseline demographic and clinical characteristics of
the model development and validation cohorts are sum-
marized in Table 2. The radiological characteristics and
LRINEC scores of the model development cohort and

the results of the univariate analysis are summarized in
Table 3. Among the six variables (five MRI parameters
and LRINEC score), the multivariate logistic regression
identified thickening of the deep fascia >3 mm, multi-
compartmental involvement in one extremity, and the
LRINEC score as predictors of NF (Table 4). The scores
were approximated by rounding the adjusted coefficient
for each predictor to the nearest half-integer. Our final
scoring system is defined in Table 4. The total score for
the system is calculated by adding the score for each var-
iable, with a maximum total score of 17.

Total score (range, 0—17 points) = thickening of the deep
fascia >3 mm (0 or 1.5 points) + multi-compartmental (three
or more) involvement (0 or 2.5 points) + LRINEC score
(range, 0—13 points)

In the model development cohort, the area under the
ROC curve (AUC) for differentiating NF from non-NF
was 0.814 (95% confidence interval (CI), 0.727-0.900;
p<0.001) for the LRINEC score alone, while for our
new model integrating MRI and LRINEC, it was 0.862
(95% CI, 0.787-0.938; p<0.001; Fig. 2). The improve-
ment in discrimination with our new model (AUC, 0.049;
95% CI, 0.019-0.079) was statistically significant (p =
0.001). The Hosmer-Lemeshow test indicated a good fit
(x?=4.43; df=7; p=0.729). Compared with the
LRINEC score (at a cutoff of >6), the new model with
a cutoff of > 5.5 (corresponding to 50% probability of NF)
achieved higher sensitivity, PPV, and NPV (77%, 82%,

Table 5 Risk groups according to
the total score for the

Number of patients

development and validation

cohorts Total Predictive Developmental cohort Validation cohort
score probability (%)
Cellulitis with non- Necrotizing  Cellulitis with non- Necrotizing
necrotizing fasciitis fasciitis necrotizing fasciitis fasciitis
Low
1 1.28 35(71.4) 6 (12.8) 12 (48) 0
2 341
3 8.76
4 20.71
Intermediate
4.5 30.10 8(16.3) 10 (21.3) 7 (28) 1(4.3)
5 41.51
5.5 53.92
6 65.86
High
6.5 76.08 6(12.2) 31 (66.0) 6 (24) 22 (95.7)
7.5 89.63
8.5 95.92
9.5 98.46

Numbers in parentheses are percentages
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and 79%, respectively, for the new model and 57%, 77%,
and 67%, respectively, for the LRINEC score alone)
(p<0.001, for all). There was no significant difference
in specificity (84%, for both).

The risks for NF were categorized according to the total
score into three categories (low risk < 4, intermediate risk 4.5—
6, and high risk >6.5; Table 5 and Fig. 3). Examples of the
predictive ability of the scoring system are shown in Figs. 4, 5,
and 6.

In the external validation set, the AUCs were 0.861 (95%
CI, 0.759-0.962; p < 0.001) for the LRINEC score alone and
0.933 (95% CI, 0.864—1.000; p <0.001) for the new scoring
system (Fig. 2). The discrimination improved significantly
with the new scoring system (AUC, 0.072; 95% CI, 0.012—
0.133; p=0.020). The new scoring system with a cutoff of
>5.5 achieved sensitivity of 96%, specificity of 60%, PPV of
69%, and NPV of 94%, while the LRINEC score alone with a
cutoff > 6 had sensitivity of 70%, specificity of 72%, PPV of
70%, and NPV of 72% in the external validation.

a

Predicted probability

New Score System

Predicted probability

LRINEC score

Fig. 3 Probability plot of necrotizing fasciitis against (a) the new scoring
system and (b) LRINEC

@ Springer

Interobserver agreements for the five MRI parameters in
the model development cohort were thickening of the
intermuscular deep fascia, k=0.692; extensive involvement
of deep fascia, k= 0.493; multi-compartmental involvement,
k=0.633; presence of low signal intensity in deep fascia, k=
0.679; and enhancement pattern on contrast-enhanced images,
k=0.464.

Discussion

In this study, we developed a new predictive scoring system
for the differentiation of NF from cellulitis with non-NF. This
scoring system comprised two MRI parameters (thickening of
the deep fascia >3 mm and multi-compartmental involve-
ment) and the LRINEC score. This model was validated with

Fig. 4 A 51-year-old male with necrotizing fasciitis. a Axial fat-
suppressed T2-weighted image of the right forearm demonstrates thick-
ening of intermuscular deep fascia. b Another axial image distal to (a)
demonstrates multi-compartmental involvement of the forearm. The
LRINEC score was 5, which did not indicate a high risk of necrotizing
fasciitis. However, the total score using the new scoring system was 9
(thickening of intermuscular deep fascia > 3 mm [1.5 points] + multi-
compartmental involvement [2.5 points] + LRINEC score [5 points]),
with a predicted probability of 97.5% for necrotizing fasciitis
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Fig. 5 A 65-year-old female with cellulitis with non-necrotizing fasciitis.
Axial fat-suppressed T2-weighted image of the right lower leg demon-
strates the absence of thickening of the intermuscular deep fascia or multi-
compartmental involvement. The LRINEC score was 4. Total score using
the new score system was 4 (thickening of intermuscular deep fascia
>3 mm [0 point] + multi-compartmental involvement [0 point] +
LRINEC score [4 points]) with a predicted probability of 20.7% for
necrotizing fasciitis

a separate cohort of patients from two different tertiary hospi-
tals. By integrating two MRI findings and the LRINEC score,
the new predictive model showed improvement in AUC, sen-
sitivity, PPV, and NPV (0.862, 77%, 82%, and 79%, respec-
tively), compared with the LRINEC score alone (0.814, 57%,
77%, and 67%, respectively), while there was no significant
difference in specificity (84%, for both). Moreover, the two

Fig.6 A 52-year-old male with necrotizing fasciitis. Axial fat-suppressed
T2-weighted image of the right lower leg demonstrates thickening of
intermuscular deep fascia (arrows) without multi-compartmental involve-
ment. The LRINEC score was 4, while the total score using the new
scoring system was 5.5 (thickening of intermuscular deep fascia
>3 mm [1.5 points] + multi-compartmental involvement [0 point] +
LRINEC score [4 points]) with a predicted probability of 53.9% for
necrotizing fasciitis. Note that although the LRINEC score was the same
as that for the patient in Fig. 5, the total score using the new system was
different

MRI parameters used in the new scoring system require only
axial fat-suppressed T2-weighted images for assessment,
which can be obtained without a substantial time delay when
diagnosis is in doubt. Therefore, we believe that this scoring
system will be generally applicable and helpful for differenti-
ating NF from severe cellulitis with non-NF when there is
uncertainty over the diagnosis.

Wong et al reported PPV and NPV of over 90% for
distinguishing NF from other soft tissue infections (severe
cellulitis or abscesses) at a cutoff of a LRINEC score > 6 [3].
Later studies have attested to the robustness of the LRINEC
using different cohorts and have reported high sensitivity (80—
85%) and specificity (67-75%) [4, 5]. However, some studies
reported cases where the LRINEC failed to diagnose NF and
raised questions over its reliability due to high false negative
rates [7—11, 24]. Our results were similar to those of the latter
studies with lower sensitivity, PPV, and NPV of the LRINEC
score alone.

While abnormal signal in the deep fasciae representing
liquefactive tissue necrosis and inflammatory edema is the
integral feature for diagnosis of NF on MRI, this finding alone
has high sensitivity but lower specificity [12, 16, 17]. In par-
ticular, signal change in the intermuscular fascia may also be
present in severe cellulitis with non-NF [13, 16, 25].
Therefore, distinguishing NF from cellulitis with non-NF ac-
cording only to the presence of signal change extending to the
deep fasciae can lead to diagnostic uncertainty. Kim et al
sought to evaluate additional MRI findings of NF and com-
pared the prevalence of individual MRI findings, but their
study was limited by a small number of cases [13].
Therefore, it remained difficult to integrate multiple MRI find-
ings into the diagnosis of NF in clinical practice because no
prior study has evaluated which of the multiple findings has
significant additive predictive value over other findings. Our
study also identified that thickening of the intermuscular fas-
cia and multi-compartmental involvement were independent
predictors for differentiating NF from cellulitis with non-NF.

In our study, contrast enhancement pattern was not an in-
dependent predictor in the multivariate analysis, making our
prediction model applicable even in case of shortened
examination.

While gas in the fascia is one of the most specific signs of
NF [2], presence of gas was not an independent predictor in
the multivariate analysis in our study. One possible explana-
tion would be that patients with gas seen on more readily
accessible modalities such as plain radiographs did not under-
go MRI exam and the prevalence of gas was low in our study
population of NF.

The possibility of a selection bias and referral bias in our
cohorts should be acknowledged. Our study included only
those who underwent MRI including fat-suppressed T2-
weighted images and surgical intervention. Patients with a
high clinical suspicion of NF received immediate surgical
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intervention, without MRI. Moreover, those who did not re-
quire surgical intervention and who were managed with anti-
biotic therapy alone (especially cellulitis) were not included in
our study. In addition, all the study cohorts were from tertiary
referral centers, and some of our study cohorts received anti-
biotic therapy before referral, which could possibly have af-
fected the laboratory results and clinical course. Finally, al-
though our study included a larger sample size than prior
studies on MR imaging of NF, the sample size was still small,
particularly in the validation cohort, mainly because of un-
availability of fat-suppressed T2-weighted images.

In conclusion, our predictive scoring system integrating
two MRI findings and the LRINEC score showed an im-
proved performance over LRINEC alone and was validated
with external data. This predictive scoring system improves
the differentiation of NF from severe cellulitis with non-NF
and enables prompt management.
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