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Introduction: From its historical identification to modern times with advancements in management modalities globally, the mortality
of necrotizing fasciitis (NF) is high ranging from 19 to 30% for all affected sites. Although many diagnostic adjuncts have been
developed to assist with the prompt and accurate diagnosis of NF, the primary diagnosis is still based on high clinical suspicion. The
Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) score was developed as a tool for distinguishing NF from other soft tissue
infections. Themain objective of this study is to evaluate LRINEC as a tool for early diagnosis of NF and differentiating it from other soft
tissue infections like cellulitis.
Methods: This is a single-centered, prospective observational study. Patients presenting with soft tissue infections of the limbs to
the emergency department from November 2020 to October 2021 were included in this study. The clinical findings and blood
parameters for the LRINEC scorewere collected and the scorewas calculated. Based on clinical suspicion of NF, patients underwent
debridement and had a tissue biopsy to confirm the diagnosis. The data obtained was analyzed using SPSS version 24 and MS
Excel. The AUC curve was used to calculate a cutoff, sensitivity, specificity, positive predictive value, and negative predictive values
for the LRINEC score based on our study.
Results: Forty-five patients with 28 males and 17 females were included. The average age was 53.667 years within a range of
19–79 years. Among them 44.4% of the patients had NF and 66.6% had other minor forms of soft tissue infections. The ROC curve
obtained a cutoff value of greater than or equal to 6, with an AUC of 0.751. At this cut of value study showed a sensitivity of 85%with a
specificity of 52%. Similarly, positive predictive value was found to be 58.62%, negative predictive values of 81.25%, and overall
accuracy of 66.67% in early diagnosis of NF.
Conclusion: In conclusion, our study showed that the LRINEC score can be a reliable tool for the early diagnosis of NF in an ED
setting. This scoring system is best to be used to rule out NF.
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Introduction

Necrotizing fasciitis (NF) is a progressive, fulminant bacterial
infection of subcutaneous tissue that spreads rapidly through the

fascial planes causing extensive tissue destruction[1]. It spreads
from subcutaneous tissue along superficial and deep fascial
planes facilitated by bacterial enzymes and toxins. The infection
causes vascular occlusion, ischemia, and tissue necrosis along
with the damage of superficial nerves leading to characteristic
localized anesthesia.

Even with advances in management modalities, globally, the
mortality is still high today, ranging from 19 to 30% for all
affected NF sites, including the neck, trunk, perineum, and
extremities[2–6]. Early diagnosis of NF is critical for carrying out
aggressive surgical debridement and decreasing the mortality and

HIGHLIGHTS

• Necrotizing fasciitis is a disease with high morbidity and
mortality.

• Early diagnosis is the key point in management of the
condition.

• The Laboratory Risk Indicator for Necrotizing Fasciitis
score is useful in predicting necrotizing fasciitis in an
emergency setting.
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morbidity of NF patients. However, it is a clinical challenge to
distinguish NF from other non-necrotizing soft-tissue infections
in the emergency department (ED).

Although many diagnostic adjuncts have been developed to
assist with the prompt and accurate diagnosis of NF, the diag-
nosis of NF primarily relies on clinical suspicion[7]. These diag-
nostic tools include soft tissue ultrasonography, enhanced
computed tomography (CT), MRI, laboratory tests, and scoring
systems. Plain radiography had poor sensitivity to rule out
NF[8–10]. CT and MRI can recognize the subtle signs of NF, but
will invariably delay the definitive surgical intervention[9,11,12].
Abnormal biochemical tests may aid in the diagnosis of NF but
are not specific since these abnormal changes may also be seen in
other causes of infection or inflammation[9,10].

The Laboratory Risk Indicator for Necrotizing Fasciitis
(LRINEC) score was developed as a tool for distinguishing NF
from other soft tissue infections byWong et al.[8]. It consists of six
laboratory tests including white blood cell (WBC) count, hemo-
globin, sodium, glucose, creatinine, and C-reactive protein. The
maximum score is 13, and a score of greater than or equal to 6 is
suspicious of NF with a probability of 50–75%, whereas a score
of greater than or equal to 8 is strongly predictive of NF with a
probability of more than 75%[8,13]. This score has shown robust
performance in an initial retrospective external validation.
However, in recent validation studies with retrospective chart
reviews, the LRINEC score has had inadequate sensitivity in
diagnosing NF, ranging from 36 to 83%[2,10,13,14].

The LRINEC score varied markedly depending on the affected
part of the body, with limbs scoring 6, groin 6.8, and chest/trunk
7.3[15]. This reflects the fact that patients with NF involving dif-
ferent body parts may have unique characteristics. The main
objective of this study was to prospectively evaluate the perfor-
mance of the LRINEC score for the early diagnosis of patients
presenting with NF and differentiate it from other soft tissue
infections like cellulitis in the ED.

Methods

This was a prospective observational study which was done in the
Department of Plastic Surgery and General Surgery in one of the
tertiary centers of Nepal. This study was registered in
ResearchRegistry.com. Ethical approval was provided by the
institutional review committee (Approval No. - 154[6–11] E2 077/
078). The work has been reported in line with the strengthening
the reporting of cohort, cross-sectional, and case–control studies
in surgery (STROCSS) criteria[16].

All patients older than 18 years, attending the ED with STI of
extremities who were admitted for treatment under the
Department of General Surgery and the Department of Plastic
Surgery and Burns were included from November 2020 to
October 2021. Similarly, those patients who attended the ED
with STI of the extremities and were treated with IV antibiotics
for more than 48 h in the ED were included as well. Those
patients who underwent debridement for the same episode of
NSTI and who took antibiotics for greater than 48 h before
presenting to the ED were excluded.

Considering prevalence of NF to be 39.2 per 1000 population
per year (admission data from the same institute in the previous
year), sensitivity of LRINEC score of 85.7% from the study of
Gard S et al., expected drop out of 10% and CI of 95%, sample

size was calculated to be 45. Sample size was calculated using
formula n= zα

2× SN (100- SN)/(d
2× Prevalence)

The LRINEC score was calculated for all patients presenting to
the ED with STI of the extremities within 24 h of presentation.
These patients were classified as low (<6), intermediate[6,7] and
high-risk (> 7) for the onset of NF based on their score. In each
category, patients with infections were managed appropriately.
Patients were selected for surgical intervention based on the
clinical suspicion of NF or abscess formation. Intraoperative
findings and/or biopsy-proven diagnosis of NF was compared
with the LRINEC score at presentation. The tissue was sent for
culture and biopsy in case of surgical intervention. Patients were
followed till mortality or discharged from the hospital.

A LRINEC score of greater than or equal to 6 was considered
as the cutoff for a diagnosis of NF and this was comparedwith the
result of intraoperative findings and/or tissue biopsy report to
obtain positive and negative predictive values (NPV) of the
LRINEC score as a diagnostic test. A 2× 2 table made for analysis
and sensitivity, specificity, positive predictive value (PPV), and
NPV was obtained. Likelihood ratios for positive and negative
tissue biopsy were also calculated. The ROC curve was used to
calculate the cutoff LRINEC value in our study.

Statistical analysis was done using Statistical Package for
Social Science (SPSS) version 24.00. A P-value of 0.05 was con-
sidered statistically significant. The independent student t-test
was used to calculate the significance of continuous variables.
Pearson’s χ2-test was used for categorical data. The area under
the receiver operating characteristic (AUROC) curves was used to
examine the performance characteristics of the LRINEC score
and calculate a cutoff value.

Results

A total of 45 patients who presented with soft tissue infections of
extremities suspected of NF or cellulitis to our hospital were
included in the study. The mean and SD of the age of patients was
53.67 ± 17.17 years within a range of 19–79 years. Maximum
patients were in the age group greater than 70 years. Out of 45
patients, 28 (62.2%) were male and 17 (37.8%) were female.

The most frequent presentation was painful swelling (82.2%)
followed by ulceration/gangrene (31.1%). Black leathery dis-
coloration and fever were most predictive of NF at presentation.
Lower extremity was more frequently involved than upper
extremities (84.44 vs. 15.56%). 31 cases (68.68%) had soft tissue
infections of unknown origin and the remaining 14 cases
(31.11%) were attributed injury as a cause; history of trauma
(animal bite, surgery, RTA, and other minor injuries), and IV
drug use. Regarding co-morbid conditions, diabetes mellitus was
the most common comorbidity (17 cases). Other conditions
included systemic hypertension (six cases), peripheral vascular
disease (four cases), hypothyroidism (two cases) and, Leprosy
(one case).

Among the 45 patients, 16 (35.5%) were categorized as low-
risk, 17 (37.78%) were categorized as intermediate-risk and 12
(26.67%) were high-risk for NF based on the LRINEC score.
Among the study groups, final diagnosis of NF proven in biopsy
was observed in 66.67% of high-risk, 52.9% of the intermediate-
risk group, and only 18.75% among the low-risk patients based
on LRINEC score.
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The CRP, CBC, creatinine, and RBS values increased with the
increase in the risk of NF based on the LRINEC score.
Hemoglobin and sodium values decreased with the risk. The
average CRP value was greater than or equal to 15 mg/dl, WBC
value was 15000–25000/mm 3, Hb less than 11 g/dl, Na less than
135 mEq/l, Creatinine greater than 141, RBS greater than 10 in
high-risk cases. The duration of IV antibiotics and hospital stay
increasedwith increased risk based on the LRINEC score Table 1.

The average duration of IV antibiotics usewas 21.50±12.947 days
for those who had NF and 7.28±4.50 days for biopsy negative
patients. The average duration of staywas 26.55±16.497 days for the
tissue positive cases and 8.68±6.793 days for those who did not have
NF. CRP and WBC showed a significant difference between NF and
No NF cases, (P-value 0.019 and 0.031) Table 2.

Among the 45 patients, 34 patients had done tissue c/s.
41.17% showed no growth in culture, 29.41% had a single
organism and multiple organisms were isolated in 29.14% as
well. Ninety percent of patients who showed polymicrobial
growth also had NF. The most commonly isolated organism was
Escherichia coli (25%) followed by Staph aureus and
Acinetobacter spp. (18% each). Seventy-one percent of the
patients underwent surgical intervention, 31.25% in the low-risk
group, and 34.37% in intermediate and high-risk groups.

The value of the LRINEC score of 6 had a sensitivity of 85%
and specificity of 52% with an accuracy of 66.67% in predicting
NF. We obtained a P-value of 0.004 with a 95% CI for LRINEC
greater than or equal to 6 which is statistically significant. The
ROC curve for the study gave a cutoff value LRNEC score of 6
with an AUC of 0.751 (Fig. 1).

Discussion

Necrotizing soft tissue infections are fatal progressive infectious
processes, most prevalent among diabetic patients, impoverished
obese diabetic patients and IV drug users with a varied spectrum
of clinical features associated with severe sepsis. The associated
systemic inflammatory response syndrome in the setting of sepsis
causes changes in the biochemical parameters in a predictable
manner.

The LRINEC score is a measure of these changes and predicts
the presence of NF. In this prospective study of 45 patients with
suspected NSTIs of extremities in TUTH, Nepal the ROC curve

was used to calculate a cutoff value of greater than or equal to 6,
which is in agreement with most of the papers published on the
LRINEC score. The largest retrospective validation study (NF
group: 233, severe cellulitis group: 1394) by Liao et al. 2012[17]

showed that the AUROC curve of the LRINEC score for NF was
0.779, this is similar to our obtained value of 0.751with aP-value
of 0.004.

Our study showed a sensitivity of 85% with a specificity of
52%. We calculated PPV of 58.62%, NPV of 81.25%, and
overall accuracy of 66.67% in early diagnosis of NF. Our data
corresponds well with a literature review by Abdallah et al.
2019[18] which reported the LRINEC score had a variable sen-
sitivity ranging from 43.2 to 80%, while 57–64% for PPV and
42–86% NPV. Regarding the accuracy of detecting NF early,
various retrospective studies and meta-analyses have shown
variable results. Wong et al.[8] first described the use of the
LRINEC score for early diagnosis of NF in 2004. They carried
out a retrospective observational study of 145 patients with NF
and 309 patients with abscess or cellulitis. They obtained a PPV
of 92 and NPV of 96% with a LRINEC score cutoff of greater
than or equal to 6.

A prospective cohort study conducted in Thailand from
December 2013 to December 2015 by Sirikurnpiboon[19] inclu-
ded 164 patients diagnosed with NF and the other 103 were
confirmed as cases of cellulitis. The results showed that for
patients who had a duration of symptoms greater than 8 h, the
optimal cutoff LRINEC score of greater than 4 was effective in
predicting NF. The sensitivity was 85.42%, specificity was
75.31%, PPVwas 67.21%, NPVwas 89.71%, and accuracy was
79.07%. Their results were fairly similar to the results we
obtained from our study.

Another study conducted by Gargand Resident 2019[20] ret-
rospectively analyzed 35 cases admitted to Darbhanga Medical
College and Hospital from September 2017 to February 2019
with an initial diagnosis of NF. Out of these, 14 patients had
biopsy-proven NF. Taking LRINEC Score greater than or equal
to 6 as a cutoff, they obtained a sensitivity of 85.7%, specificity of
67%, PPV of 63.2% and NPV of 87.5% for diagnosing NF. The
second-largest retrospective validation study for LRINEC score
by Neeki et al.[21] (NF group: 47, severe cellulitis group: 948)
revealed that the sensitivity with an LRINEC score greater than
or equal to 6 was 36%, and the specificity was 89%.

A systematic review by Bechar et al. 2017[22] to identify articles
reporting the use of the LRINEC score and the incidence of NF
with a random-effects model and 95% CI, included 16 studies
with 846 patients. This review concluded that the LRINEC score
was a useful clinical determinant in the diagnosis and surgical

Table 1
LRINEC score parameters with risk category.

Parameter Low-risk Intermediate risk High-risk

CRP (mg/l) 20.13± 26.51 34.63± 22.52 62.45± 27.22
WBC (x10³/
mm³)

12851.88± 50443.66 10918.24± 4842.57 16400± 6555.08

Hb (g/dl) 13.32± 2.47 11.188± 1.99 10.08± 2.82
Na (mEq/l) 135.06± 3.51 135.47± 4.39 129± 6.87
Creat (umol/l) 93.32± 29.27 134.46± 133.91 203± 97.49
RBS (mmol/l) 8.10± 5.60 6.63± 3.51 11.01± 4.99
Duration of IV
antibiotics
(Days)

7.44± 6.35 15.68± 13.21 18.92± 11.68

Duration of
hospital stay
(Days)

10.06± 10.72 19.18± 18.26 21.75± 12.27

Table 2
Mean LRINEC score parameters compared with the final
diagnosis.

Parameter No NF NF P

CRP (mg/dl) 27.688± 27.8254 48.400± 28.9025 0.019
WBC (x1000/mm³) 11.4416± 4.3905 15.1000± 6.6125 0.031
Hb (g/dl) 11.912± 2.9797 11.325± 2.3283 0.474
Creat (umol/l) 130.628± 121.2074 147.915± 83.4781 0.590
Na (mEq/l) 135.16± 4.394 132.20± 6.092 0.065
RBS (mmol/l) 8.592± 5.6203 7.980± 4.0657 0.985
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treatment of patients with NF, with a statistically positive cor-
relation between the LRINEC score and a true diagnosis of NF.

Our study showed a significant difference in only CRP and
WBC values (P-value 0.019 and 0.031). Neeki et al. 2017[21] and
Hsiao et al. 2020[2] found a significant difference among all the
variables except hemoglobin values. However, Narasimhan et al.
2018[23] and Sirikurnpiboon et al.[19] found a significant differ-
ence among all the variables.

The main fallacy with the use of the LRINEC score is that
different co-morbid conditions such as diabetes and CKD will
give a high LRINEC score in the absence of any inflammation.
Furthermore, TLC and CRP may be elevated in any condition
that causes inflammation regardless of the clinical features of NF.

Since NF is a clinical diagnosis that relies primarily on clinical
judgement, the LRINEC score seems to have a less important role
in the diagnostic process. However, the LRINEC score can give
an extra edge in early diagnosis for those with equivocal clinical
suspicion. The scoring should not be the only factor for deciding
early surgical intervention as this may lead to misdiagnosing
some cases. The LRINEC score must be used in adjunction with
clinical judgement for the best results.

We are aware of the limitations of our study as it was a single-
center observational study consisting of only a limited patient pool.
All the cases were selected based on clinical suspicion and further
compared by intra-op findings and biopsy results after undergoing
debridement. The cases did not undergo CT or MRI or percuta-
neous biopsy. Secondly, we only included patients with clinical
suspicion of NF in the extremities and established literature has
shown that the LRINEC score varied significantly depending on the
body part affected. To further establish the validity, a multicenter
study involving a large study sample is needed.

Conclusion

In conclusion, our study showed that the LRINEC score can be a
reliable tool for early diagnosis of NF in an ED setting which is
robust and easily obtained. It can be used as an adjunct in the
management of soft tissue infections especially in secondary care
hospitals and may prevent delayed referrals to tertiary care cares
for urgent care. It is also helpful in high-volume tertiary care
centers with large turnover in the ED where the decision for
intervention must be made at the earliest. However, the LRINEC
score should not be the only indicator for early surgical inter-
vention. It must be used with caution to further impress the
clinical findings (Table 3).

Ethical approval

Ethical approval was taken from Institutional Review Committee,
Institute of Medicine, Kathmandu, Nepal. (Reference no:
154(6-11) E2 077/078).

Consent

Written informed consent was obtained from the patients for pub-
lication and any accompanying images. A copy of the written consent
is available for review by the Editor-in-Chief of this journal on request.

Sources of funding

No funding was done.

Author contribution

I.A., S.D., S.G., and A.K.: were involved in study design, data
collection, analysis and interpretation, and writing manuscript;
R.K., P.P., P.N., P.N., and R.D.K.: were involved in data analysis
and manuscript revision; J.M.S.: was involved in data analysis
and final manuscript editing. All authors approved the final
submission.

Figure 1. ROC curve for LRINEC score based on the current study.

Table 3
2×2 table of No cases based on LRINEC score.

LRINEC score < 6 ≥ 6 P

NF 3 17 0.004
No NF 13 12
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