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META-ANALYSIS
Necrotizing Soft Tissue Infection: Diagnostic Accuracy of Physical
Examination, Imaging, and LRINEC Score
and Meta-Analysis
A Systematic Review
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Objective: We sought to summarize accuracy of physical examination,

imaging, and Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC)

score in diagnosis of necrotizing soft tissue infection (NSTI) in adults with a

soft tissue infection clinically concerning for NSTI.

Summary of Background Data: NSTI is a life-threatening diagnosis. Delay

to diagnosis and surgical management is associated with increased mortality.

Methods: We searched 6 databases from inception through November 2017.

We included English-language studies reporting diagnostic accuracy of

testing or LRINEC Score. Outcome was NSTI confirmed by surgery or

histopathology. Two reviewers screened all citations and extracted data

independently. Summary measures were obtained from the Hierarchical

Summary Receiver Operating Characteristic model.

Results: From 2,290 citations, we included 23 studies (n ¼ 5982). Of

physical examination signs, pooled sensitivity and specificity for fever was

46.0% and 77.0% respectively, for hemorrhagic bullae 25.2% and 95.8%, and

for hypotension 21.0% and 97.7%. Computed tomography (CT) had sensi-

tivity of 88.5% and specificity of 93.3%, while plain radiography had

sensitivity of 48.9% and specificity of 94.0%. Finally, LRINEC � 6 had

sensitivity of 68.2% and specificity of 84.8%, while LRINEC � 8 had
sensitivity of 40.8% and specificity of 94.9%.
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Conclusions: Absence of any 1 physical examination feature (eg, fever or

hypotension) is not sufficient to rule-out NSTI. CT is superior to plain

radiography. LRINEC had poor sensitivity, and should not be used to rule-

out NSTI. Given the poor sensitivity of these tests, a high clinical suspicion

warrants early surgical consultation for definitive diagnosis and management.

Keywords: necrotizing soft tissue infection, necrotizing fasciitis, Laboratory

Risk Indicator for Necrotizing Fasciitis, septic shock, critical care, computed

tomography

(Ann Surg 2018;xx:xxx–xxx)

N ecrotizing soft tissue infection (NSTI, commonly referred to a
‘‘necrotizing fasciitis’’) is a life-threatening skin and soft tissue

diagnosis that is characterized by widespread tissue necrosis.1,2 NSTI
is often severe, rapidly progressive, and associated with sepsis and
multisystem organ failure. Despite advances in care, mortality from
NSTI remains high, estimated between 20% and 30%.3,4 Rapid
identification of NSTI and urgent surgical debridement of necrotic
tissue are critical,1,2 and delays to surgical intervention are associated
with increased mortality.5 NSTI is a rare disease, with an incidence of
0.3 to 5 per 100,000,4,6 and therefore differentiation of NSTI from
other more common clinical entities such as cellulitis can be difficult.
Commonly described risk factors such as intravenous drug use,
immunosuppression, and diabetes mellitus may also be seen in other
severe skin infections.7 To assist in making the diagnosis of NSTI,
clinicians often rely upon physical examination, diagnostic imaging,
and clinical decision instruments; however, little evidence validates
the diagnostic utility of these assessments.

Some classic physical examination signs have been described
to differentiate NSTI from other skin and soft tissue infections. These
include erythema, soft-tissue edema, severe pain (often described as
‘‘pain out of proportion’’), fever, and hemorrhagic bullae.8 The
presence of hypotension and shock are also thought to indicate those
likely to have NSTI.5 Various imaging modalities have also been
utilized to help make the diagnosis. Plain radiography may demon-
strate gas in the soft tissues.1,2 Computed tomography (CT) per-
formed with contrast may demonstrate fascial air or gas, soft tissue
edema, or enhancement of the fascia.9 Although thought to be more
accurate, CT is time-consuming and can delay definitive surgical
management.

Finally, laboratory values are often utilized to aid in the
diagnosis of NSTI. The Laboratory Risk Indicator for Necrotizing
Fasciitis (LRINEC) score is a diagnostic clinical decision instrument
validated for differentiating NSTI from other soft tissue infections.10

LRINEC utilizes 6 laboratory serum parameters including white
blood cell (WBC) count, hemoglobin, sodium, glucose, creatinine,
and C-reactive protein. A score � 6 (traditional threshold

for diagnosis of NSTI) indicates a ‘‘moderate’’ risk of NSTI
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(50–75% probability), whereas a score �8 indicates a ‘‘high’’ risk
(greater than 75% probability).

We conducted a systematic review and meta-analysis
with the primary objective of obtaining summary estimates of
diagnostic performance (including sensitivity and specificity) across
studies of physical examination, imaging, and LRINEC score for the
diagnosis of NSTI in patients where the diagnosis was being con-
sidered.

METHODS

We structured this systematic review according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) guidelines,11,12 the Cochrane Handbook for Diagnostic Test
Accuracy,13 and existing guidelines for reviews of diagnostic accu-
racy.14 The study protocol was registered with the PROSPERO
registry (CRD42017081976).

Search Strategy
We searched MEDLINE, PubMed, EMBASE, Scopus, Web of

Science, and the Cochrane Database of Systematic Reviews from
their respective inception to November 13, 2017. An experienced
health sciences librarian assisted in the development of the search
strategy. The search was conducted using the terms ‘‘necrotizing
fasciitis,’’ ‘‘necrotizing skin and soft tissue infection,’’ ‘‘necrotizing
soft tissue infection,’’ ‘‘gas gangrene,’’ and ‘‘fournier’s gangrene’’
(Search strategy is depicted in eFigure 1; http://links.lww.com/SLA/
B411). We utilized Science Citation Index to retrieve reports citing
the relevant articles identified from our search, and then entered them
into PubMed. We then conducted further surveillance searches using
the previously described ‘Related Articles’ feature15 to identify
further reports.

Study Selection
We included all English-language abstracts and full-text

articles describing retrospective and prospective observational stud-
ies, as well as randomized controlled trials and quasi-randomized
controlled trials. We included studies meeting the following criteria:
(1) enrolled adult patients (�16 years) with suspected NSTI; (2)
conducted in the emergency department (ED), the hospital wards or
intensive care unit (ICU); and (3) evaluated the test characteristics of:
physical examination, imaging modalities, or LRINEC score for
diagnosis of NSTI. Diagnosis of NSTI had to be defined by any of the
following: Operative findings (presence of grayish necrotic fascia,
demonstration of a lack of resistance to normally adherent muscular
fascia to blunt dissection, lack of bleeding of the fascia during
dissection, or the presence of foul smelling ‘‘dishwater’’ pus),
histopathologic tissue examination, or death from suspected NSTI.
We excluded case reports, case series, animal studies, pediatric
studies and observational studies evaluating prognosis in cohorts
of patients with confirmed NSTI only (ie, without controls). Each
study was required to have a 2 � 2 table of true positive, false
negative, true negative, and false positive counts, either extracted
from the original article or calculated from other reported informa-
tion such as declared sensitivity and specificity. In instances where
these values could not be obtained from the reported data, we
contacted authors. If the corresponding author did not respond after
3 attempts, the study was excluded.

We screened studies using Covidence software (Melbourne,
Australia). Titles were imported into Covidence directly from the
search databases, and duplicates were removed. In phase 1, 2
reviewers (SMF and AT) independently screened the titles and
abstracts of all identified studies. Disagreements regarding citation
inclusion were resolved by consensus, and no third-party adjudica-

tion was necessary. In phase 2, the same 2 reviewers independently

2 | www.annalsofsurgery.com

Copyright © 2018 Wolters Kluwer Health, Inc. Un
assessed full texts of the selected articles from phase 1. Disagree-
ments regarding citation inclusion were resolved by consensus.

Data Extraction
One investigator (SMF) collected the following variables from

the included articles: author information, year of publication, study
design, eligibility criteria, details regarding CT imaging technique,
number of patients included, mean or median age, and number of
deaths. We used a pre-designed data extraction sheet (eTable 1; http://
links.lww.com/SLA/B411) to minimize the risk for transcriptional
errors. Subsequently, 2 investigators (SMF and AT) independently
collected the true positive, false positive, false negative, and true
negative counts, total number of diagnosed NSTI cases, and stated
sensitivity and specificity of diagnostic tests from all included trials.

Quality Assessment
Two reviewers (SMF and AT) independently assessed the risk of

bias of the included studies, using the Quality Assessment of Diag-
nostic Accuracy Studies (QUADAS-2) tool.16 Disagreements regard-
ing risk of bias among citations were resolved through consensus. The
QUADAS-2 assesses 4 potential areas for bias and applicability of the
research question: (1) patient selection: risk of bias is considered high
if there is non-consecutive enrollment, the use of case-control study
design, or inappropriate exclusions; (2) index test: risk of bias is
considered high if the index test results were interpreted without
explicit blinding to the reference standard (ie, definitive diagnosis
of NSTI); (3) reference standard (operative or histopathologic diag-
nosis of NSTI): risk of bias is considered high if the reference standard
could misclassify the target condition; and (4) Flow and timing: risk of
bias is considered high if not all patients had the diagnostic test applied
using the same criteria, if the diagnostic test was calculated at an
inappropriate time interval prior to definitive operative or histopatho-
logic diagnosis, or if patients were excluded from analyses.

Evidence Synthesis
We presented individual study results graphically by plotting

sensitivity and specificity estimates on one-dimensional forest plots
(ordered by sensitivity) as well as on the Receiver Operating
Characteristic (ROC) space, to visually assess for heterogeneity.
To pool the results, we applied the Hierarchical Summary Receiver
Operating Characteristic (HSROC) model17 and obtained summary
point estimates of the pairs of sensitivity and specificity, as well as
Diagnostic Odds Ratios (OR) and likelihood ratios, with their 95%
confidence intervals (CI). The HSROC model appropriately incor-
porates both within-study and between-study variability. Summary
estimates of test accuracy were plotted in the ROC space together
with the summary ROC curve. The analyses were conducted using
MetaDAS (Version 1.3),18 as recommended by the Cochrane Hand-
book for Systematic Reviews of Diagnostic Test Accuracy.13 We
conducted sensitivity analyses for parameters that had 3 or more
studies remaining after excluding studies with high risk-of-bias.
Univariate tests for heterogeneity in sensitivity and specificity are
not recommended by the Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy, as they do not account for
heterogeneity explained by phenomena such as positive threshold
effects.13 Instead, it is preferable to demonstrate heterogeneity
graphically through the scatterplot surrounding the summary ROC
curve, and the confidence/prediction regions of the summary point in
addition to the forest plots, as we have done in previous systematic
reviews of diagnostic test accuracy.19

We assessed the overall confidence in pooled diagnostic effect
estimates using the Grading of Recommendations, Assessments,
Development and Evaluation (GRADE) approach.20 Assessments

were based on the following criteria: risk-of-bias of the included
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TABLE 1. Characteristics of the 23 Included Studies

Description Frequency (%)

Continent of Study
North America 10 (43.5)
Asia 7 (30.4)
Europe 4 (17.4)
Australia/Oceania 2 (8.7)

Year of Publication
2000–2004 4 (17.4)
2005–2009 1 (4.3)
2010–2014 7 (30.4)
2015–2017 11 (47.8)

Publication
Full-Text Article 22 (95.7)

Published Conference Abstract 1 (4.3)
Study Design

Retrospective Cohort 16 (69.6)
Prospective Cohort 2 (8.7)
Retrospective Case-Control 5 (21.7)

Definition of ‘Suspicion of NSTI’
All Skin and Soft Tissue Infections 6 (26.1)
Patients undergoing Imaging to rule-out NSTI 5 (21.7)
Patients taken to Operating Room to rule-out NSTI 2 (8.7)
Physician diagnosis of suspected NSTI 3 (13.0)
Case-Control design 5 (21.7)
Other 2 (8.7)

NSTI indicates necrotizing soft tissue infection.

Annals of Surgery � Volume XX, Number XX, Month 2018 Diagnosis of Necrotizing Soft Tissue Infection
studies, precision, consistency, directness of the evidence, and risk of
publication bias. The overall confidence in effect estimates were
categorized into 1 of 4 levels, which included high, moderate, low, or
very low. A GRADE evidence profile was created using the guideline
development tool (gradepro.org).

RESULTS

Search Results
A total of 2290 citations were identified through the relevant

searches (Fig. 1). Following removal of duplicates, 1661 studies
were screened, and 30 studies underwent full-text review. Following
this, we included 24 cohorts from 23 studies in the meta-analy-
sis.10,21–42 One study examining the LRINEC score10 contained both
an internal derivation cohort and an external validation cohort. Only
the validation cohort was included in our analysis of LRINEC
diagnostic accuracy. Only 3 physical examination findings had at
least 3 relevant studies allowing for meta-analyses: fever, hemor-
rhagic bullae, and hypotension. Four studies evaluated the diagnostic
accuracy of fever (defined as body temperature�38.08C),10,21,22,24 5
studies evaluated the presence of hemorrhagic bullae,21,24,32,38,39 and
6 studies evaluated the presence of hypotension (defined as a systolic
blood pressure �90 mmHg).10,21,24,25,38,39 Four studies investigated
the diagnostic accuracy of plain radiography,29,37–39 while 7 studies
evaluated the presence of fascial gas on CT.23,29,31,32,37,40,41 Six of
the 7 studies investigating fascial gas also evaluated accuracy of the
presence of any additional subtle findings on CT, namely fascial

23,29,31,32,40,41
enhancement or fascial edema. Finally, LRINEC was

FIGURE 1. Flow chart summarizing evidence search and study
selection.

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
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analyzed at 2 thresholds. 14 studies evaluated the diagnostic accuracy
of a LRINEC score �6,10,22–24,26–28,30,33–37,42 while 9 studies also
evaluated a LRINEC score �8.10,22,23,27,28,33,34,36,37 One study
required contact with the corresponding author in order to obtain
2� 2 table counts.29

Study Characteristics
Table 1 describes the 23 included studies, and eTable 2; http://

links.lww.com/SLA/B411 provides more details on individual study
characteristics. Of the studies included, 43.5% were conducted in
North America, while 30.4% were conducted in Asia, and 17.4%
were conducted in Europe. 16 studies (69.6%) were retrospective
cohort studies, while 2 (8.7%) were prospective cohort studies, and 5
(21.7%) were retrospective case-control studies. There were no
randomized controlled trials included. The included studies used
variable definitions for ‘suspected NSTI’. Six studies (26.1%)
recruited all consecutive patients presenting with a skin and
soft tissue infection.30,35,37,39,40,42 A further 5 studies (21.7%)
only included patients who underwent imaging for suspected
NSTI.23,27,31,32,41 Two studies (8.7%) included only patients taken
to the operating room for suspected NSTI,28,29 and 3 other studies
(13.0%) included patients with a physician diagnosis of suspected
NSTI.26,34,36 Five studies (21.7%) utilized a case-control
design,10,21,22,33,38 including all consecutive cases of NSTI, and
comparing them to a random selection of control cases with a
non-necrotizing skin and soft tissue infection. Associative compar-
isons of patient demographic and risk factors between NSTI and non-
NSTI control patients for each study are depicted in Table 2. Diabetes
was found to be a significant NSTI risk factor in 4 of 8 studies,
immunocompromised status in 4 of 6 studies and intravenous
drug use in 2 of 3 studies. For physical exam findings, the classical
‘‘pain out of proportion’’ was a significant risk factor in 1 of 3
studies. Of the LRINEC score components, white blood cell count
was most commonly found to be a significant predictor, noted in 6 of

8 studies.
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TABLE 3. Summary Estimates of the Performance of Physical Examination Features, Imaging, and LRINEC Score in Diagnosing
Necrotizing Soft Tissue Infection

No. of
Cohorts (No.
of Patients) Sensitivity (%) Specificity (%)

Diagnostic
Odds Ratio

Positive
Likelihood

Ratio

Negative
Likelihood

Ratio

Physical examination
Fever 4 (647) 46.0 (38.9 to 53.2) 77.0 (59.7 to 88.1) 2.81 (1.34 to 5.88) 1.98 (1.12 to 3.51) 0.70 (0.59 to 0.84)
Hemorrhagic bullae 5 (951) 25.2 (12.8 to 43.7) 95.8 (87.3 to 98.7) 7.64 (3.81 to 15.32) 5.97 (2.89 to 12.32) 0.78 (0.66 to 0.93)
Hypotension 6 (1014) 21.0 (9.4 to 40.4) 97.7 (91.4 to 99.4) 11.38 (5.00 to 25.90) 9.20 (3.87 to 21.86) 0.81 (0.68 to 0.96)

Imaging
Plain Radiography 4 (478) 48.9 (24.9 to 73.4) 94.0 (63.8 to 99.3) 15.03 (3.69 to 61.22) 8.17 (1.61 to 41.47) 0.54 (0.36 to 0.82)
Computed tomography
(fascial gas only)

7 (787) 88.5 (55.5 to 97.9) 93.3 (80.8 to 97.9) 107.64 (12.32 to 940.18) 13.27 (4.24 to 41.50) 0.12 (0.03 to 0.62)

Computed tomography
(fascial edema OR fascial
enhancement OR fascial gas)

6 (700) 94.3 (81.2 to 98.5) 76.6 (21.3 to 97.5) 54.29 (5.51 to 534.73) 4.04 (0.62 to 26.47) 0.07 (0.02 to 0.24)

LRINEC Score
�6 14 (4339) 68.2 (51.4 to 81.3) 84.8 (75.8 to 90.9) 11.95 (5.32 to 26.83) 4.49 (2.74 to 7.35) 0.38 (0.24 to 0.60)
�8 9 (1905) 40.8 (28.6 to 54.2) 94.9 (89.4 to 97.6) 12.71 (4.71 to 34.28) 7.94 (3.44 to 18.32) 0.62 (0.50 to 0.78)

LRINEC indicates laboratory risk indicator for necrotizing fasciitis.
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Quality Assessment
Quality assessments using QUADAS-2 criteria are summa-

rized in eFigure 2; http://links.lww.com/SLA/B411. 11 articles
(47.9%) had unclear risk-of-bias in the utilization of the Index Test
(either physical examination, imaging or LRINEC score), as it was
not explicitly stated whether the Index Tests were interpreted without
knowledge of the results of the reference standard (operative or
histopathological diagnosis of NSTI),22,24,26–30,34,35,38,39 10 (43.5%)
studies were noted for potential high risk-of-bias, and were therefore
excluded in a sensitivity analysis. Five of these studies utilized a
case-control design.10,21,22,33,38 Another 5 were considered high risk-
of-bias for applicability in patient selection, as 1 study only included
patients admitted to the ICU,25 1 only included patients with
confirmed Vibrio vulnificus infection,24 and 3 only included patients

35,37,42
with cervical NSTI.

FIGURE 2. Forest plots of sensitivity and speci-
ficity for fever, hemorrhagic bullae, and hypo-
tension for diagnosis of necrotizing soft tissue
infection. CI indicates confidence interval; FN,
false negative; FP, false positive; TN, true nega-
tive; TP, true positive.

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
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Results of Synthesis
Summary estimates of all diagnostic accuracy measures from the

HSROC model are tabulated in Table 3. All summary estimates described
are pooled values. GRADE evidence profiles are included in the
supplemental data (eTables 3–9; http://links.lww.com/SLA/B411).

Physical Examination
The forest plots describing the reported sensitivity and speci-

ficity for fever, hemorrhagic bullae, and hypotension from the
included studies are presented in Figure 2. Presence of fever had
a sensitivity of 46.0% (95% CI 38.9%–53.2%) and a specificity of
77.0% (95% CI 59.7%–88.1%) for diagnosis of NSTI. Presence of
hemorrhagic bullae was associated with a sensitivity of 25.2% (95%
CI 12.8%–43.7%) and specificity of 95.8% (95% CI 87.3%–98.7%)

for diagnosis of NSTI. Finally, hypotension had a sensitivity of
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FIGURE 3. (A) Forest plots of sensitivity and specificity and (B)
hierarchical summary receiver operating characteristic curves
and bivariate summary points of (specificity, sensitivity), their
95% confidence regions (dotted lines), and 95% prediction
regions (dashed lines) for diagnosis of necrotizing soft tissue
infection. CI indicates confidence interval; FN, false negative;
FP, false positive; TN, true negative; TP, true positive.

FIGURE 4. (A) Forest plots of sensitivity and specificity and (B)
hierarchical summary receiver operating characteristic curves
and bivariate summary points of (specificity, sensitivity), their
95% confidence regions (dotted lines), and 95% prediction
regions (dashed lines) for LRINEC � 6 and LRINEC � 8 for
diagnosis of necrotizing soft tissue infection. CI indicates confi-
dence interval; FN, false negative; FP, false positive; LRINEC,
laboratory risk indicator for necrotizing fasciitis; TN, true nega-
tive; TP, true positive.
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21.0% (95% CI 9.4%–40.4%) and specificity of 97.7% (95% CI
91.4%–99.4%) for diagnosis of NSTI.

Imaging
The diagnostic accuracy of plain radiography and CT for

diagnosis of NSTI were compared, and forest plots and HSROC
curves describing reported sensitivity and specificity for each are
presented in Figure 3. Visualization of soft tissue gas on plain
radiography was associated with a sensitivity of 48.9% (95% CI
24.9%–73.4%) and specificity of 94.0% (95% CI 63.8%–99.3%) for
diagnosis of NSTI. In comparison, visualization of fascial gas on CT
was associated with a sensitivity of 88.5% (95% CI 55.5%–97.9%)
and specificity of 93.3% (95% CI 80.8%–97.9%) for diagnosis of
NSTI. Forest plot and HSROC curve for the composite findings of
fascial enhancement, fascial edema, or fascial gas on CT are depicted
in eFigure 4; http://links.lww.com/SLA/B411. The presence of any
of these findings on CT was associated with a sensitivity of 94.3%
(95% CI 81.2%–98.5%) and specificity of 76.6% (95% CI 21.3%–
97.5%) for diagnosis of NSTI.

LRINEC
The LRINEC score was evaluated at 2 different thresholds,

and forest plots and HSROC curves describing reported sensitivity
and specificity for each are depicted in Figure 4. A LRINEC �6 was
associated with a sensitivity of 68.2% (95% CI 51.4%–81.3%) and
specificity of 84.8% (95% CI 75.8%–90.9%) for diagnosis of NSTI.
In comparison, a LRINEC �8 had a sensitivity of 40.8% (95% CI
28.6%–54.2%) and specificity of 94.9% (95% CI 89.4%–97.6%).

Sensitivity Analyses: Excluding High Risk-of-Bias
Studies

The results of the sensitivity analyses excluding high risk-of-

bias studies (by QUADAS-2 criteria) for accuracy of physical

6 | www.annalsofsurgery.com
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examination, imaging and LRINEC for diagnosis of NSTI are
depicted in eTable 10 and eFigures 5–7; http://links.lww.com/
SLA/B411. Only CT with fascial gas, LRINEC �6, and LRINEC
�8 had at least 3 included studies for meta-analysis. In the sensitivity
analysis, CT had a pooled sensitivity and specificity of 93.3% (95%
CI 48.7%–99.5%) and 93.1% (95% CI 80.9%–98.2%), respectively.
LRINEC�6 had a sensitivity of 62.6% (95% CI 43.7%–78.3%) and
specificity of 78.7% (95% CI 67.0%–87.1%), while LRINEC �8
had a sensitivity of 32.4% (95% CI 22.0%–45.1%) and specificity of
93.9% (95% CI 80.9%–98.2%).

DISCUSSION

We performed a systematic review and meta-analysis to
evaluate the accuracy of physical examination findings, imaging,
and LRINEC score in diagnosis of NSTI among adult patients with
suspected NSTI. Given the clinical implications of delayed or missed
NSTI diagnosis, and that waiting for imaging or laboratory results
may delay time to definitive surgical management,1,2 it is important
to gain an understanding of the diagnostic accuracy of these tests in
order to appropriately weigh the risks and benefits of using them.

Taken together, this study comprehensively summarizes the available

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
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literature and synthesizes the best available assessment of these
various tools for diagnosis of NSTI.

NSTI is classically described as a clinical diagnosis based on
patient risk factors and so-called pathognomonic physical examina-
tion features.2 However, as this review illustrates, this dogma is not
founded in high-quality evidence. We were unable to identify any
historical risk factors suitable for meta-analysis, noting mixed find-
ings for diabetes, immunocompromised status and intravenous drug
use based on descriptive tests of association. Classic physical man-
ifestations of NSTI may include a variety of findings,1 however the
available literature only allowed for meta-analysis of fever, hemor-
rhagic bullae, and hypotension. We found that all 3 physical exami-
nation findings had poor sensitivity for diagnosis of NSTI. In many
cases, the development of physical signs such as hemorrhagic bullae
or hypotension and shock appear to be evidence of more advanced
disease.43 Therefore, their absence should not be individually used to
rule out the disease. This point is highlighted by examining the effect
of these physical examination features in deriving post-test proba-
bility of NSTI from physician-determined pre-test probability
(eTable 11; http://links.lww.com/SLA/B411). For example, a patient
with a pre-test probability of NSTI of 50% but with absence of fever,
hemorrhagic bullae, or hypotension, still retains a post-test proba-
bility of 41.3%, 43.9%, and 44.7%, respectively. Such patients
should still undergo further testing or immediate surgical consulta-
tion.44 It is important to note that in the clinical context, it is often not
a single physical examination finding that is used to make the
diagnosis, but rather a combination of findings. Unfortunately, such
combinations were not evaluated in the available literature.

Imaging modalities are commonly used for diagnosis of
NSTI. Plain radiography is readily available at most centers, and
can often be obtained at the bedside. We found that plain radiogra-
phy had poor sensitivity for diagnosis of NSTI, and therefore should
not be used to rule out the diagnosis. In comparison, presence of
fascial gas on contrast CT had far superior sensitivity and specificity
than plain radiography. While the presence of fascial gas on CT was
associated with a sensitivity of 88.5%, this finding had a specificity
of 93.3% for NSTI. We performed a sensitivity analysis and prag-
matically broadened acceptable CT criteria to include more subtle
signs of NSTI (including fascial edema and enhancement), which
increased the sensitivity to 94.3%, but decreased the specificity to
76.6%. The effects of these CT findings on physician derived pre-
test probability of NSTI are depicted in eTable 10; http://link-
s.lww.com/SLA/B411. In a patient with an equivocal pre-test prob-
ability of NSTI of 50%, the presence of fascial gas increases the
probability to 93%, while the absence of fascial enhancement,
edema or gas decreases the probability to less than 7%. The
pragmatic approach of pooling studies with varying CT criteria
for NSTI resulted in more heterogeneity of test specificity, as
demonstrated by the wider confidence intervals for the pooled
specificity estimate. This illustrates the importance of not simply
accepting ‘‘positive’’ or ‘‘negative’’ CTs for NSTI at face value, but
rather understanding that much like the physical examination, CT
findings encompass a variety of specific components with a range of
potential diagnostic utility. In fact, these findings may highlight the
need for universal reporting checklists for CT requests querying the
possibility of NSTI. Importantly, not all hospitals have access to CT
imaging, and even if available, CT imaging may delay definitive
surgical management. Therefore, despite the relatively strong accu-
racy of CT in diagnosis of NSTI, surgical consultation and inter-
vention should never be delayed, particularly in cases of severe
systemic illness. Diagnostic accuracy of Magnetic Resonance Imaging
(MRI) was not evaluated in enough studies for meta-analysis, but
existing work suggests that MRI can recognize subtle signs of NSTI,

27
potentially allowing for earlier diagnosis. However, the lack of

� 2018 Wolters Kluwer Health, Inc. All rights reserved.
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availability of MRI in many centers may limit its practical utility,
and since it may result in significant delay to surgical intervention, its
use in the diagnosis of NSTI cannot be recommended at present. Point-
of-care ultrasound, a newer bedside diagnostic modality, is available in
many centers, and may play a role in NSTI diagnosis in the future;
however, no data currently exists.45 Future research investigating the
accuracy of point-of-care ultrasound in diagnosis of NSTI is warranted,
given the ubiquitous availability of this modality, and its ability to be
used without significant delay to surgical consultation.

Finally, we evaluated the diagnostic accuracy of the LRINEC
score,10 which has become the most widely used clinical decision
instrument for the diagnosis of NSTI.1,2 We found that a LRINEC
score �6 (‘‘moderate’’ risk of NSTI) was poorly sensitive for
diagnosis of NSTI, and only moderately specific. These performance
characteristics are markedly worse than reported in the external
validation population of the original study.10 A LRINEC score �
8 (‘‘high’’ risk of NSTI) increased the specificity, but at the cost of
substantially decreased sensitivity. Recognizing the limitations in
sensitivity of the LRINEC score is extremely important, as compu-
tation of the score requires laboratory values, and therefore can delay
definitive surgical management and result in worse outcomes.5 A low
LRINEC score (<6) does not significantly reduce post-test proba-
bility of NSTI in a patient with moderate risk of the diagnosis
(eTable 13; http://links.lww.com/SLA/B411), as a patient with a
pre-test probability of 50% but a LRINEC <6 still retains a 27.3%
risk of NSTI. While the LRINEC score itself was associated with
poor diagnostic accuracy, it is possible that individual elements of the
score (such as WBC or sodium) may have better individual accuracy
on their own. This represents an important avenue for future research.

This review was performed using a comprehensive search with
clear inclusion and exclusion criteria, and it synthesizes the best
available evaluation of the available assessments for diagnosis of
NSTI. Limitations of this review relate primarily to the quality and
heterogeneity of included studies. First, many included studies did
not mention whether the diagnostic tests (namely the LRINEC score)
were interpreted by individuals who were blinded to knowledge of
the final diagnosis. Five of the included studies were case-control
design, which represents a potential high risk-of-bias.

With regard to clinical heterogeneity, 3 articles specifically
looked at cervical NSTI, which may represent a distinct subtype
whose findings may not be extended to all types of NSTI. Unfortu-
nately, none of the other studies evaluated diagnostic accuracy of
affected body site, or total body surface area, which are known
indicators of prognosis in patients with NSTI.8 We did perform a
sensitivity analysis removing high risk-of-bias studies, which did not
substantially alter the conclusions. Finally, we sought to include
studies that differentiated NSTI from control patients with clinical
suspicion of NSTI, and as a result, there was variability in inclusion
criteria between studies, with many of them including relatively
‘‘high-risk’’ patients (i.e. undergoing imaging or surgery to rule out
NSTI), and only a minority including all consecutive patients
presenting with a skin and soft tissue infection. Therefore, these
studies may be biased towards prioritizing tests that are more
strongly associated with severe or late disease, as opposed to tests
that would be more useful for screening. Tests derived and evaluated
in high-risk settings do not necessarily project their performance in
low-risk settings.

This review demonstrates that the vast majority of diagnostic
accuracy literature for NSTI is based on CT or LRINEC findings of
high-risk populations. However, the determination of the patient’s
‘‘pre-test probability’’ (in other words, identifying those that are
‘‘high risk’’) is based upon the clinician’s assessment of history and
physical examination findings, which are demonstrably scarce in

evidence. Defining the appropriate population in which to apply the
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LRINEC or CT is challenging, as reflected by the varying
study definitions (and resultant variation in NSTI prevalence across
studies) in this review.

CONCLUSIONS

Our systematic review found that individual physical exami-
nation signs (fever, hemorrhagic bullae, and hypotension) were
poorly sensitive for diagnosis of NSTI. CT had superior sensitivity
and specificity to plain radiography in diagnosing NSTI, but may not
be readily available in all centers, and may not be suitable for
unstable patients. Finally, the LRINEC score was poorly sensitive
for diagnosis of NSTI, suggesting that a low score is not sufficient to
rule out the diagnosis.
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