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Background/Purpose: Optimal outcomes for necrotizing soft tissue infections (NSTI) depend on rapid diagnosis
andmanagement. The Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) score is a validated diagnostic
tool for adult NSTI, but its value for children remains unknown.Wehypothesized thatmodification of the LRINEC
score may increase its diagnostic accuracy for pediatric NSTI.
Methods:We performed a case–control study of pediatric patients (age b18)with NSTI (cases) and patients with
severe soft tissue infections prompting surgical consultation (controls). The LRINEC scorewas calculated for cases
and controls and compared to a modified, pediatric LRINEC (P-LRINEC) score. Diagnostic accuracy was analyzed
through receiver operating characteristic (ROC) curves.

Results: From 2010 to 2014, 20 cases and 20 controls were identified at two children's hospitals. Median LRINEC
scorewas 3.5 (1–8) for cases and 2 (1–7) for controls (p=0.03). The P-LRINECwas comprised of serum CRP N20
(sensitivity= 95% (95%CI 79–100%)) and serum sodium b135 (specificity= 95% (95%CI 82–100%)). Area under
ROC curves was 0.70 (95%CI 0.54–0.87) for the LRINEC score and 0.84 (95%CI 0.72–0.96) for the P-LRINEC score
(p = 0.06).
Conclusion: The P-LRINEC is a simplified version of the LRINEC score utilizing only CRP and sodium andmay pro-
vide superior accuracy in predicting pediatric NSTI.

© 2016 Elsevier Inc. All rights reserved.
Necrotizing soft tissue infections (NSTI) comprise a spectrum of rare
but fulminant infections that lead to widespread necrosis of the subcu-
taneous tissue and fascia. Recent data suggest mortality rates among
adults with NSTI range from 10% to 20% [1–3]. Prompt diagnosis and
early, aggressive surgical intervention are the keys to reducing devastat-
ing outcomes such as amputation, severe functional limitations, and ul-
timately death [3–5]. The condition is so rare, with an estimated
prevalence of 0.02%–0.03% of all hospitalization causes, that providers
have minimal experience with NSTI leading to further delays in diagno-
sis [1,6]. Such infrequent exposure and limited expertise are magnified
in pediatric NSTI [7].

A validated NSTI scoring system called the Laboratory Risk Indicator
for Necrotizing Fasciitis (LRINEC) score was developed in 2004 with
routine labs including hemoglobin, white blood cell count, glucose, so-
dium, creatinine, and C-reactive protein [8]. The scoring systemwas de-
veloped using a predominantly adult cohort of patients and has not
been widely reported for use among children with suspected NSTI.
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Our objective was to determine the utility of the LRINEC scoring system
in the pediatric population. We hypothesized that a subset of the labo-
ratory componentswithin the LRINEC scoring systemwould have stron-
ger predictive value than others and that a modified version of the
LRINEC score may increase the accuracy of pediatric NSTI diagnosis.

1. Materials and methods

1.1. Study design and setting

We performed a dual-center, case–control study examining the as-
sociation between NSTI and the LRINEC score among patients
b18 years old. Patient cohorts were selected from Children's Memorial
Hermann Hospital, a quaternary, 278-bed children's hospital within
the Texas Medical Center in Houston, Texas, and Seattle Children's Hos-
pital, a quaternary, 250-bed children's hospital in Seattle, Washington.
Pediatric surgeons, pediatric plastic surgeons, and/or pediatric orthope-
dic surgeons performed all operations during the study time-period.
The STROBE Statement for case–control studies was utilized to guide
data reporting [9]. The study was approved by the Institutional Review
Boards of both institutions (SCH-15210, HSC-MS-14-0542).
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rmission. Copyright ©2026. Elsevier Inc. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpedsurg.2016.02.076&domain=pdf
http://dx.doi.org/10.1016/j.jpedsurg.2016.02.076
mailto:matthew.t.harting@uth.tmc.edu
Journal logo
http://dx.doi.org/10.1016/j.jpedsurg.2016.02.076
Imprint logo
http://www.sciencedirect.com/science/journal/


Table 1
Themedian (range) values of LRINEC laboratory valueswere similar between theNSTI and
non-NSTI groups except for CRP which was significantly higher in the NSTI group.

Laboratory test NSTI Non-NSTI p value

CRP (mg/L) 102 (19–485) 12.5 (2.6–190) b0.001
WBC (per mm3) 15.8 (2.5–33) 14.6 (4.6–43) 0.80
Hemoglobin (g/dL) 11.7 (8.0–14.6) 11.7 (6.6–14.1) 0.90
Sodium (mEq/L) 137 (126–145) 138 (134–142) 0.63
Glucose (mg/dL) 104 (47–273) 99 (67–196) 0.44
Creatinine (mg/dL) 0.4 (0.2–0.8) 0.5 (0.2–0.8) 0.32

CRP C-reactive protein, WBC white blood cells.
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1.2. Case and control identification/definition

Cases of NSTI and controls with severe, soft tissue infections were ini-
tially identified using International Classification of Diseases (ICD) codes,
9th revision. The ICD-9 codes for necrotizing fasciitis (728.86), gas gan-
grene (040.0), and Fournier gangrene (608.83) were used to identify po-
tential cases with NSTI from 2010 to 2014 within both institutions.
Inclusion criteria for pediatricNSTIwere 1) patientsb18years and2) doc-
umented presence of NSTI in the operative note through keywords such
as necrotizing infection, dishwater-like fluid or tissue necrosis, and/or a de-
scription of extensive debridement including subcutaneous tissue and
muscle with attention to viable circumferential margins. Additionally,
NSTI was independently confirmed by two surgeons at each institution.
Controls with severe, soft tissue infections and/or abscesses requiring
>72 hours of hospitalization were identified using ICD-9 codes 682.1
through 682.9 (cellulitis and abscess of various body areas) during the
same 5-year period. Inclusion criteria for controls were 1) patients
b18 years, 2) surgical consultation (with orwithout surgical intervention)
during the same inpatient admission, 3) a complete panel of LRINEC lab-
oratory values on admission, and 4) no evidence of NSTI in the consult,
progress reports, or operative notes. Controlsmeeting all inclusion criteria
were randomly selected by incidence density sampling.

1.3. Patient characteristics and hospital course details

Clinically important data such as patient demographics, mechanism
of injury, presentation signs and symptoms, operative details, laborato-
ry and radiographic findings, microbiology/pathology reports, hospital
course, and outcomes were reviewed.

1.4. Statistical analysis

Patient demographics and other categorical data were compared
using χ2 tests, and continuous data were compared with Student's t-
test or Mann–Whitney U tests. Continuous variables were converted
to categorical variables using Youden's index to determine a cut point
with maximum sensitivity and specificity. Univariate logistic regression
analysis of each LRINEC lab value was performed, and any variable with
a p-value ≤0.2 on univariate analysis was included in the multivariate
logistic regressionmodel in a backwards, stepwise fashion to determine
variables independently associated with NSTI. Patient age was also in-
cluded in the multivariate model given its clinical importance.

Based on methods similar to those previously described [8,10], we
developed a pediatric LRINEC score (P-LRINEC) by maximizing the
area under receiver operating characteristic curves (AUC). Sensitivity,
specificity, negative predictive values (NPV), positive predictive values
(PPV), and likelihood ratios are reported for the laboratory values in-
cluded in the LRINEC and P-LRINEC. Stata 13.1 (StataCorp LP, College
Station, TX) was used for all statistical analyses.

2. Results

2.1. Patient demographics and presentation

A total of 20 patients with NSTI were identified over the 5-year peri-
od, which were compared to 20 non-NSTI patients with severe, soft tis-
sue infections. Median age (range) of NSTI and non-NSTI patients was
5 years (1 month – 17 years) and 6 years (2 months – 17 years, p =
0.87). Thirty percent of NSTI patients and 50% of non-NSTI patients
were female (p = 0.20). Three (15%) NSTI patients and 4 (20%) non-
NSTI patientswere immunocompromised orwere previously diagnosed
with a systemic condition such as insulin-dependent diabetes, ulcera-
tive colitis, biliary atresia, or cancer (p = 0.68).

The inciting events for both groups, including trauma, animal bites,
or instrumentation, were similar overall, although there were more
non-NSTI patients in whom no inciting event was identified (25% vs
Downloaded for Anonymous User (n/a) at Nemours Children's Hosp
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65%, p=0.03). The primary anatomic sites of infection were similar be-
tween groups with the extremities being the most common in both
groups (both 60%) followed by the head and neck (20% NSTI, 15%
non-NSTI). Median duration of symptoms at the time of presentation
for NSTI and non-NSTI patients was 48 h (18–192) and 72 h (24–168),
respectively (p=0.05). Erythemawaspresent for all patients; however,
only threeNSTI patients (15%) versus nonon-NSTI patients demonstrat-
ed bullae (p = 0.23), and no patients in either group demonstrated
crepitance.

2.2. Operative details and hospital course

NSTI patients underwent a median of 5 (2–10) operations versus 2
(0–3) operations for non-NSTI patients (p b 0.01). Intraoperatively, 8
(40%) patients with NSTI were found to have dishwater-like fluid, and
necrotic tissue was confirmed in 19 (95%) pathologic specimens. Nine
(45%) NSTI patients required at least limited skin excision though only
2 (10%) required skin-grafting. Positive microbiologic tissue cultures
were confirmed in 18 (90%) NSTI patients: 8 (44%) Group A streptococ-
cus, 7 (39%) other mono-microbial, and 3 (17%) poly-microbial. Median
hospital length of stay was 12.5 days (3–36) and 4 days (3–15) for NSTI
and non-NSTI patients, respectively (p b 0.01). One (5%) NSTI patient
and 2 (10%) non-NSTI patients were readmitted, all because of wound
complications. There were no deaths in either group.

2.3. Laboratory results

Median (range) laboratory values for NSTI and non-NSTI patients
were similar except for CRP, which was significantly higher in the
NSTI group (Table 1). Only CRP and WBC cutoff values were modified
for the P-LRINEC based on Youden's index. Maximal cutoff values of
20 mg/L for CRP and 20/mm3 for WBC were applied in the logistic re-
gression models for P-LRINEC. On univariate logistic regression, serum
sodium and CRP were the only two variables significantly associated
with NSTI, so these laboratory parameters were included in the multi-
variate model along with patient age. Based on the multivariate
model, the only laboratory value significantly associated with NSTI
was CRP N20 (OR 43, 95%CI 4.2–435, p = 0.002).

To maximize the AUC, the P-LRINEC was comprised exclusively of
serum sodium b135 mEq/L and CRP N20mg/L. Application of the origi-
nal LRINEC score model provided an AUC of 0.70 whereas the AUC for
the P-LRINEC score model was 0.84 (p = 0.06, Fig. 1). CRP in the P-
LRINEC model was the most sensitive laboratory value (sensitivity:
95%)with the highest NPV (93%)whereas sodiumwas themost specific
(specificity: 95%, Table 2).

3. Discussion

Although rare, NSTI do occur among children and,when delays in di-
agnosis and intervention occur, increased morbidity and mortality re-
sult [4,5]. While the LRINEC score is a validated tool commonly used
to heighten suspicion for NSTI in adults, the LRINEC laboratory parame-
ters used for adults may be deceptively normal in children, further
delaying diagnosis. We evaluated these commonly collected laboratory
ital Delaware from ClinicalKey.com by Elsevier on March 
on. Copyright ©2026. Elsevier Inc. All rights reserved.



Fig. 1. The area under the receiver operating characteristic curve (AUC)was 0.84 for the P-
LRINEC versus 0.70 for the LRINEC score, which implies that the P-LRINEC is a better pre-
dictive tool for pediatric NSTI than the LRINEC.

Table 2
The P-LRINEC consisted of serumCRP and sodium. A CRP N20 mg/Lwas themost sensitive
while a sodium b135 mEq/L was the most specific.

CRP N20 mg/L Sodium b135 mEq/L

Value 95% CI Value 95% CI

Sensitivity 95% 79–99% 25% 12–30%
Specificity 70% 54–75% 95% 82–99%
Positive predictive value 76% 63–80% 83% 39–99%
Negative predictive value 93% 72–99% 56% 48–59%
Likelihood ratio (+) 3.2 1.7–4.0 5.0 0.6–39
Likelihood ratio (−) 0.08 0.01–0.40 0.8 0.6–1.0
Accuracy 83% 66–87% 60% 47–65%
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values among children and identified CRP N20 mg/L as the most sensi-
tive and sodium b135 mEq/L as the most specific laboratory values for
improving diagnostic accuracy of pediatric NSTI.

Prompt diagnosis and aggressive surgical intervention remain cor-
nerstone principles for pediatric NSTI. However, early diagnosis in chil-
dren is often difficult as the classic signs of NSTI, including fever,
erythema, and bullae, may be late manifestations of this deadly disease.
Fig. 2.Theworkup of possibleNSTImay reveal cellulitis and nonspecific ultrasoundfindings asw
may provide greater evidence of NSTI and prompt earlier recognition and intervention.
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[1,11,12] Furthermore, in the adult populationwhere NSTI ismore com-
mon, the majority of patients with NSTI are immunocompromised or
can recall a specific inciting event such as trauma [5,13]. These two fac-
tors identified in the initial history and physical should heighten a
clinician's suspicion for NSTI. Unfortunately, the vast majority of chil-
dren with NSTI tend to be healthy without chronic disease [5]. Our
data support this as only 15% of cases had a coexisting comorbidity
and 25% of cases could not recall an inciting event prior to the develop-
ment of NSTI. In addition, patient age and the primary anatomic location
of infection were similar between groups, and the duration of symp-
toms prior to presentation was only one day longer on average among
non-NSTI patients. While none of our NSTI patients endorsed a recent
history of varicella, this is a well-recognized risk factor for NSTI and
should be elicited during patient interviews [14,15].

While clinical signs and history may not lead to early diagnosis of
NSTI, imaging modalities generally lack specificity for identifying NSTI,
may be time-intensive, and are not always readily available [1,16,17].
Given the nonspecific clinical history of most children with NSTI and
the potential delays associated with most imaging modalities, the use
of common laboratoryfindingsmaybe oneof themost important objec-
tive diagnostic clues leading to earlier detection and aggressive, possibly
life- or limb-saving intervention. In fact, abnormal laboratory values
often precede hemodynamic compromise and have been shown to
help differentiate NSTI from cellulitis or abscesses [8,18].

To the best of our knowledge, this is the first study to evaluate the
application of the validated LRINEC score to NSTI in a pediatric popula-
tion.Wong and colleagues demonstrated that a LRINEC score ≥6 is high-
ly predictive of NSTI with an AUC of 0.98 and a NPV 0.96 [8], yet their
cohort of patients was comprised primarily of adults: 89 cases (ages
27–84) and 225 controls (ages 13–87), and therewere no ages reported
for their external validation cohort. Without additional data to support
the utility of the LRINEC score in the pediatric population, practitioners
evaluating children with severe soft tissue infections should cautiously
apply the LRINEC score, if at all. Amore applicable approach for pediatric
NSTI would be, in addition to a thorough history and physical, to evalu-
ate the CRP first, and if greater than 20mg/L, to check the sodium level.
Elevation of the CRP without a decrease in serum sodium should still
heighten the clinician's suspicion for NSTI; with a decrease in serum so-
dium, the child probably warrants an urgent operative exploration.
ell as a low LRINEC score. Utilizing themodified values for CRP and sodium in the P-LRINEC

ospital Delaware from ClinicalKey.com by Elsevier on March 
ission. Copyright ©2026. Elsevier Inc. All rights reserved.

Image of Fig. 2


1025L.R. Putnam et al. / Journal of Pediatric Surgery 51 (2016) 1022–1025
While no scoring system has 100% accuracy, the application of the P-
LRINEC in this fashion is meant to add objective data to an often subjec-
tive diagnostic workup.

Findings concerning for NSTI in neonates should be especially
alarming. Lally and colleagues reported a series of eight such patients,
for whom the mortality rate was 88% [13]. The investigators suggested
that the incidence of NSTI may be as high as 10% among babies with
community-acquired omphalitis. Four other cases of neonatal
omphalitis-related NSTI were reported by Kosloske et al. [19], and
Sawin et al. reported on seven neonates with abdominal wall NSTI,
five of whom died despite aggressive treatment [20]. Of note, review
of the Canadian Paediatric Surveillance Program found that non-group
A strep-related NSTI cases are most common in patients less one year
old, especially if an infant was premature [21]. All of these studies go
on to emphasize the importance of early recognition and treatment.

The value of the P-LRINEC score is demonstrated in the case of a
12 month-old boy who recently presented to our emergency depart-
ment with left arm pain and cellulitis (Fig. 2a). An ultrasound revealed
non-specific soft-tissue swelling (Fig. 2b). Laboratory analysis based
on the LRINEC and P-LRINEC scores is shown (Fig. 2c). The patient was
initiated on quadruple antibiotic therapy (vancomycin, clindamycin,
penicillin G, and ciprofloxacin) and taken for emergent operative explo-
ration, including fascial resection with skin preservation (Fig. 2d). Cul-
tures were positive for Group A streptococcus. The patient underwent
three subsequent operations and post-operative laboratory trends for
CRP andWBC are shown (Fig. 2e). Decreasing CRP indicates source con-
trol. The patient was hospitalized for 13 days, did not require skin
grafting, and had a complete functional recovery (Fig. 2f).

There are several limitations to this study. First, as a rare condition,
our cohort is small despite the involvement of two large children's hos-
pitals. Second, as an observational study, our results are subject to tem-
poral confounders and regression to the mean. Furthermore, the P-
LRINEC has not yet been prospectively or externally validated. Third,
since the definition of NSTI is clinical and subjective, misclassification
is certainly possible; however, we found that 95% of NSTI patients had
tissue necrosis confirmed by pathologic specimen and most tissue cul-
tures were positive with the expected, commonly-recognized bacteria
[5,22]. Going forward, a larger multicenter, prospective study may im-
prove the external validity of our results.

In conclusion, we found the evaluation of serum CRP and sodium to
bemore predictive of pediatric NSTI than the application of the original
LRINEC score. Specifically, a CRP N20mg/L alone in the setting of severe
cellulitis should heighten a clinician's suspicion for NSTI. Furthermore,
an accompanying decrease in serum sodium (b135 mEq/L) should be
an even more concerning finding and help to encourage earlier opera-
Downloaded for Anonymous User (n/a) at Nemours Children's Hosp
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tive intervention. While physical exam and surgeon gestalt are critical
in NSTI recognition, these two laboratory values may help provide ob-
jective criteria to an otherwise subjective diagnostic workup.
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