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ecrotizing soft tissue infections (NSTI) are rare, life-threatening, soft-tissue infections characterized by rapidly spreading inflam-
mation and necrosis of the skin, subcutaneous fat, and fascia. While it is widely accepted that delay in surgical debridement con-
tributes to increased mortality, there are currently no practice management guidelines regarding the optimal timing of surgical
management of this condition. Although debridement within 24 hours of diagnosis is generally recommended, the time ranges
from 3 hours to 36 hours in the existing literature. Therefore, the objective of this article is to provide evidence-based recommen-
dations for the optimal timing of surgical management of NSTI.
METHODS: T
he MEDLINE database using PubMed was searched to identify English language articles published from January 1990 to
September 2015 regarding adult and pediatric patients with NSTIs. A systematic review of the literature was performed, and the
Grading of Recommendations Assessment, Development and Evaluation framework were used. A single population [P],
intervention [I], comparator [C], and outcome [O] (PICO) question was applied: In patients with NSTI (P), should early
(<12 hours) initial debridement (I) versus late (≥12 hours) initial debridement (C) be performed to decrease mortality (O)?
RESULTS: T
wo hundred eighty-seven articles were identified. Of these, 42 papers underwent full text review and 6 were selected for guideline
construction. A total of 341 patients underwent debridement for NSTI. Of these, 143 patients were managed with early versus 198
with late operative debridement. Across all studies, there was an overall mortality rate of 14% in the early group versus 25.8% in
the late group.
CONCLUSION: F
or NSTIs, we recommend early operative debridement within 12 hours of suspected diagnosis. Institutional and regional systems
should be optimized to facilitate prompt surgical evaluation and debridement. (J Trauma Acute Care Surg. 2018;85: 208–214.
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: S
ystematic review/meta-analysis, level IV.

KEYWORDS: N
ecrotizing soft tissue infection; debridement; acute care surgery; Fournier gangrene; emergency general surgery; practice man-

agement guideline.
N ecrotizing soft tissue infections (NSTI) are severe and rap-
idly progressing infections with extremely high morbidity

and mortality rates. The term “necrotizing soft tissue infection”
encompasses all types of infection involving any layers of the
soft tissue including superficial fascia, deep fascia or muscle.
The clinical manifestations range from pyoderma to necrotizing
cellulitis, myositis, progressive bacterial synergistic gangrene,
and life-threatening necrotizing fasciitis.1

Necrotizing soft tissue infections are commonly seen in
the extremities and abdominal walls, although any part of the
body can be affected. Fournier gangrene, for example, is a ful-
minant form of NSTI that involves the perineal, genital, or
perianal regions in men. Even though there are several defini-
tions and classification systems that have been used to describe
these infections, they all have similar pathophysiologic, clinical
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characteristics, and share the same diagnostic and treatment
strategies. Early diagnosis and treatment are essential, because
the mortality ranges from 10% to 17% with some sources cit-
ing mortality rates up to 73%.2,3

Necrotizing soft tissue infections can be caused by poly-
microbial (Type I) or monomicrobial organisms (Type II). Mono-
microbial infections account for 10% of NSTI and are most
commonly caused by Group A β-hemolytic streptococci, espe-
cially the toxin producing strains of S. pyogenes. Other less com-
mon organisms include Vibrio vulnificus (Type III NSTI), which
is found in marine environments; Aeromonas hydrophila, found
in fresh or brackish water; and Clostridium perfringens.4 Poly-
microbial infections account for the majority of infections and
involve a combination of bacteria, including Staphylococcal,
Streptococcal species, Escherichia coli, Bacteroides fragilis, or
Clostridium species.5

There are no specific diagnostic criteria for NSTI as pa-
tients can present with a wide range of clinical findings. In
fact, NSTI involving the fascial planes is often not recognized
during the initial examination due to a paucity of skin findings,
or markers of abscess or cellulitis.6 Signs of systemic sepsis, in-
cluding hypotension and tachycardia, may be present, although
they are usually late findings. Laboratory values, such as serum
C-reactive protein have low positive predictive values and radio-
logic findings such as gas within the soft tissue, are not reliably
present. Although computed tomography and magnetic resonance
imaging have a higher sensitivity than plain radiography, they lack
specificity for the diagnosis of NSTI, and their use can lead to sig-
nificant delays in definitive treatment. Despite the development
of various scoring systems to facilitate the diagnosis of NSTI,
the mainstay of diagnosis remains a high index of suspicion.7–9

Early, radical surgical debridement is fundamental in the
treatment of NSTI and is associated with improved survival
compared with delayed intervention.Multivariate analysis under-
taken by Wong et al.10 demonstrated that a delay in surgery of
more than twenty-four hours correlated with increased mortality.
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Figure 1. CONSORT diagram detailing literature search and
article review.
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Repeated debridement may be required, with several groups
advising routine surgical reexploration within 24 hours.11–13

Broad-spectrum antibiotics that include gram-negative, gram-
positive, and anaerobic coverage should also be initiated im-
mediately after the diagnosis is suspected and continued until
adequate source control is achieved. Hyperbaric oxygen (HBO)
therapy and intravenous immunoglobulin (IVIg) have been used
as adjunctive strategies in the management of NSTI. Hyperbaric
oxygen therapy delivers oxygen at two to three times atmospheric
pressure, leading to high arterial and tissue oxygen tension.
Although it is thought to have antibacterial effects, promote
wound healing, and inhibit reperfusion injury, the use of HBO
for NSTI is somewhat controversial.14 Pooled IVIg binds certain
bacterial exotoxins, limiting the systemic inflammatory response.
Intravenous immunoglobulin has been shown to reduce mortality
in sepsis and septic shock, but there are currently no data to
support its routine use for NSTI.15

Although source control is a priority in the management
of NSTI, early surgical intervention may be delayed due to pro-
longed intervals between symptom onset and presentation, par-
ticularly for patients requiring transfer to a specialized regional
center. Making the correct diagnosis can be challenging, espe-
cially among immunocompromised patients that do not manifest
typical clinical or laboratory signs of NSTI. Studies have shown
that patients with malignancy or those undergoing treatment with
steroids or chemotherapy are susceptible to delays in debridement
and have a higher in-hospital mortality.14,16 Patients that present in
shock may be deemed too unstable to undergo immediate surgical
intervention and admission to the intensive care unit (ICU) for ag-
gressive resuscitation can lead to delays in surgical debridement.

Even though it has been established that early operative
debridement is the mainstay of treatment for these aggressive in-
fections, there is no consensus regarding the optimal timing of
initial debridement. The purpose of this systematic review and
meta-analysis was to create a practice management guideline
for acute care surgeons regarding the optimal timing of initial
debridement for NSTI, using a framework established by the
Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) Working Group.17,18 The creation of this
guideline was overseen by the Eastern Association for the Sur-
gery of Trauma Practice Management Guideline Committee.

OBJECTIVES

The purpose of this practice management guideline was to
define whether the timing of initial operation (early versus late)
has an impact on patient outcomes. The population (P), interven-
tion (I), comparator (C), and outcome (O) questions were de-
fined as follows:

PICO QUESTION: In adult and pediatric patients with
NSTI (P), should early (<12 hours) initial debridement (I) versus
late (≥12 hours) initial debridement (C) be performed to de-
crease mortality (O)?

MATERIALS AND METHODS

Identification of References
Inclusion criteria consisted of articles published in the En-

glish language that included adult and pediatric patients requiring
surgical intervention for the management of NSTI. Letters to
210
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the editor, single-case reports, book chapters, and review articles
were excluded.

Two professional librarians conducted a systematic search
from January 1987 until September 2015 using the PubMed,
EMBASE, and the Cochrane Library databases of published
studies. The searches were done using Medical Subject Headings
(MeSH) terms (Necrotizing[All Fields] AND (“fasciitis”[MeSH
Terms] OR “fasciitis”[All Fields]) AND (“debridement”[MeSH
Terms] OR “debridement”[All Fields]) AND (“methods” [Sub-
heading] OR “methods”[All Fields] OR “methods”[MeSH Terms]))
AND ((“necrosis”[MeSH Terms] OR “necrosis”[All Fields])
AND (“mortality”[Subheading] OR “mortality”[All Fields]
OR “mortality”[MeSH Terms])) AND ((“time”[MeSH Terms]
OR “time”[All Fields]) AND Factors[All Fields]) OR “necrosis”
[MeSH Terms] OR “necrosis”[All Fields] AND (“debridement”
[MeSH Terms] OR “debridement”[All Fields]) AND timing[All
Fields]. In addition to the electronic search, we hand-searched
the bibliographies of recent reviews and articles.

The electronic literature search identified 287 articles.
Two independent reviewers then screened the titles and abstracts
for the PICO inclusion criteria. Any disagreement on inclusion
was resolved by consensus of the entire writing group. Two-
hundred and forty-five studies were excluded as they were case
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Summary of Selected Studies

Included Studies
Timing of Early
Debridement, h

Early/Late Debridement
(No. Patients)

Mortality Rate
Early Late Limitations

Chao et al. (2013) <12 53/68 8 (15%) 27 (39%)* All patients had Vibrio vulnificus NSTI

Kobayashi et al. (2011) ≤12 22/25 1 (4.5%) 7 (28%)* High proportion of diphtheroid infection

Pakula et al. (2012) ≤12 34/20 5 (15%) 3 (18%) Standardized resuscitation protocol

Pandey et al. (2009) Not defined 21/49 5 (23.8%) 10 (20.4%) Pediatric patients and historical controls;
limited debridement in late group

Rieger et al. (2007) <24 6/10 1 (16%) 2 (20%) Small sample size

Sudarsky et al. (1987) <12 7/26 0 (0%) 2 (6%)* Lower in-hospital mortality compared to
other studies

Excluded studies

Boyer et al. (2009) Not defined 80 42 (40.6%) Did not define early vs. late debridement

Okoye et al. (2013) ≤24 46/18 3 (6.5%) 6 (33.3%)* Prospective study focused on re-debridement;
non-randomized

*p < 0.05.

J Trauma Acute Care Surg
Volume 85, Number 1 Gelbard et al.
reports. The remaining 42 studies underwent full-text review by
two independent reviewers to determine appropriateness for in-
clusion. Thirty-five of these were excluded as they did not dis-
cuss surgical intervention for NSTI or did not address initial
debridement. This yielded seven studies that addressed the PICO
question for the creation of this guideline (Fig. 1).12,19–24 How-
ever, one of these studies was excluded because the authors only
reported median times from diagnosis to surgery and therewas no
comparison between early versus late debridement.19 Therefore, a
total of six studies were included in the analysis.

Outcome Measure Types
Potential outcomes were chosen by the committee as per

the GRADE approach.17,18 Outcomes that were considered in-
cluded mortality, organ failure, sepsis, total number of debride-
ments, hospital, and ICU lengths of stay. The only outcome
deemed critical by unanimous vote of the committee members
was mortality, and this was chosen as the primary outcome mea-
sure. Organ failure, sepsis, number of debridements, and hospital
and ICU lengths of stay were considered important but noncriti-
cal. There was a paucity of data on these outcomes, and they were
therefore not included.

Data Extraction and Management
Two committee members reviewed each of the final six

articles and extracted the data pertaining to our PICO question
into a spreadsheet for review (Excel, Microsoft Corporation,
Redmond, WA).
Figure 2. Forest plot for early (<12 h) vs. late (≥12 h) debridement in

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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Minor heterogeneity existed given differences in the
patient populations and variability in the types of surgery per-
formed for NSTI debridement. These differences across studies
were examined to assess the clinical and methodologi-
cal heterogeneity. Review Manager X.6 (RevMan5, Cochrane
Community, London, United Kingdom) was used to calculate
the Q statistic. The I2 statistic (%) was used to determine the pro-
portion of variation between studies attributable to heterogeneity
and categorized as low (25%–49%), moderate (50%–74%), or
high (74%–100%). Final recommendations also considered the
overall quality of the evidence, the balance between desirable
and undesirable effects, patient values, and preferences, as well
as resource utilization and cost estimates.
RESULTS

Results for the Timing of NSTI Debridement Less
Than 12 Hours After Suspected Diagnosis

PICO QUESTION: In adult and pediatric patients with
NSTI (P), should early (<12 hours) initial debridement (I) versus
late (≥12 hours) initial debridement (C) be performed to de-
crease mortality (O)?

Qualitative Synthesis
Our search yielded six studies that addressed the critical

outcome of mortality following operative debridement for
NSTI.12,20–24 These are summarized in Table 1. There were
NSTI. Outcome = mortality.
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no randomized controlled trials included in our analysis. A total
of 143 patients were managed with early operative debridement
(<12 hours) versus 198 in the late (≥12 hours) debridement
group. Across all studies, there was an overall mortality rate of
14% in the early group versus 25.8% in the late group.

The largest of the retrospective studies by Chao et al.20

compared the impact of early (<12 hours) debridement in
53 patients with V. vulnificus NSTI to late (≥12 hours after ad-
mission) debridement in 68 patients, and found a significant
difference in mortality rates (15% vs. 39%, p = 0.037). One
advantage of this study is that all patients had NSTI due to
V. vulnificus thereby avoiding any confounding due to type
of organism. It is important to note that in this study, all pa-
tients presented with sepsis and over 50% had septic shock
on admission. Those who underwent late debridement were
more likely to be hypotensive with higher APACHE II scores.
It is possible that debridement was delayed in these patients
due to their hemodynamic instability.

A retrospective study of 47 patients with NSTI by
Kobayashi et al.21 found that the mortality among patients un-
dergoing early debridement (≤12 hours from the time of ED ad-
mission) was significantly lower than that of patients undergoing
late (>12 hours) debridement (4.5% vs. 28%, p = 0.033). De-
layed debridement was also associated with higher incidence
of septic shock and acute kidney injury, as well as an increased
number of debridements. This study was limited by the small num-
ber of patients. It is also worth noting that they had a high propor-
tion of infections caused by diphtheroids which tend to cause more
severe skin and soft tissue damage and therefore may be recog-
nized earlier than NSTI caused by less aggressive organisms.

A retrospective analysis of 54 patients with NSTI by
Pakula et al.22 found that a delay to surgery (>12 hours from ad-
mission) did not impact mortality (15% for early vs. 18% for de-
layed, p = 1.0). Limitations of this study include its small sample
size and heterogeneous patient population, as well as the fact
that patients were not randomized to treatment groups. In fact,
the majority of patients were managed with early debridement.
However, all patients were resuscitated according to a standard-
ized protocol, eliminating potential confounders due to varia-
tions in sepsis management.

Pandey et al.23 conducted a retrospective study of 70 pe-
diatric patients with NSTI. Patients underwent conservative
debridement (limited to necrotic skin) 3 days to 5 days after
starting antibiotics. These were compared to a group of historic
controls (two years prior to the conservative group) that underwent
early aggressive surgical debridement. The actual timing of the
early debridement was never defined in this study, but it was re-
ported to have occurred immediately after the diagnosis of NSTI
was made. The mortality was not significantly different between
the two groups (20.4% vs. 23.8% in the conservative and early
groups, respectively; p > 0.05). The higher overall mortality re-
ported in this study may have been because several of the pa-
tients were premature neonates. Many of the patients included
in this study were also of lower socioeconomic status and suf-
fered from malnutrition. Limitations of this study include the
fact that exact timing of early aggressive debridement is not de-
fined, it uses historical controls and the surgical therapy is de-
scribed as “conservative debridement” which is generally not
considered standard of care.
212 © 2018 Wolters Kluwer Health, Inc. All rights reserved.
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A small retrospective study of 16 patients with NSTI by
Rieger et al.24 found a mortality rate of 16% in the six patients
undergoing early (<24 hours) debridement versus 20% in the
10 patients undergoing late (≥24 hours) debridement, although
this did not reach statistical significance given the small sample
size. In a retrospective study of 33 patients with NSTI by
Sudarsky et al.,12 patients who were debrided within 12 hours
of admission had a lower mortality than those in whom debride-
ment was delayed for 12 hours to 48 hours (0% vs. 6.1%, respec-
tively). A third group of patients debrided after 48 hours also had
a lower mortality rate, perhaps suggesting that they had a less ag-
gressive form of the disease.

Quantitative Synthesis (Meta-analysis)
A comparison of early versus late debridement with mor-

tality as an outcome was found in six of the studies. Analysis of
the pooled data showed that early debridement was associated
with lower mortality than late debridement (Fig. 2). There was
a mild amount of heterogeneity (I2 = 21%).

Grading the Evidence
The majority of data was retrospective in nature, and there

were no randomized controlled trials included in this analysis.
Applying the GRADE framework to the outcome of reduced
mortality rates, the overall quality of evidence was very low
due to retrospective nature of the studies being considered and
the small number of studies fulfilling criteria. The evidence
was downgraded for risk of bias and imprecision, and inconsis-
tency in the definition of “early” debridement for NSTI (Table 2).

Recommendation
PICO QUESTION: In adult and pediatric patients with

NSTI (P), should early (<12 hours) initial debridement (I) versus
late (≥12 hours) initial debridement (C) be performed to de-
crease mortality (O)?

We recommend that patients undergo early initial debride-
ment for NSTI within 12 hours of diagnosis (very low quality of
evidence, very large magnitude of effect) (Fig. 3).

Our recommendation considers the quality of evidence,
balance between desirable and undesirable effects, patient values
and preferences, as well as resource utilization and cost esti-
mates. Despite the overall quality of evidence being very low,
NSTI is a condition with a highmorbidity andmortality. Patients
often require prolonged hospital and ICU lengths of stay, mak-
ing resource utilization and health care–related costs for NSTI
quite high.We considered that most patients and hospitals would
place a high value on avoidance of mortality and infectious com-
plications related to delayed management of NSTI. These fac-
tors resulted in the formulation of a strong recommendation by
the group. The desirable effects of adherence to our recommen-
dation likely outweigh the undesirable effects.
Figure 3. Summary of recommendations.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer H
FUTURE INVESTIGATIONS

Despite significant advances in management as well as
improved knowledge regarding NSTIs, establishing an early di-
agnosis remains challenging. Future research should be aimed
at investigating the accuracy of imaging, developing predictive
models and validating risk calculators to assist with the diagnosis
ofNSTI.Given that patientswithNSTI often requiremultiple trips
to the operating room for debridement and reconstruction, there is
also a need to better define the optimal timing for redebridement.

There is currently no conclusive data on the use of adjunc-
tive treatments such as HBO. Given the lack of proven benefit
from HBO and its potential to limit or delay delivery of care, fu-
ture studies should define which patients might benefit from this
therapeutic modality. In addition, there is some data to suggest
that when used in conjunction with surgical intervention and ap-
propriate antimicrobial therapy, IVIg and biomodulators may
provide a clinically significant treatment benefit. However, the
data is inconsistent and more evidence is needed before such in-
terventions are used on a routine basis.
USING THESE GUIDELINES IN CLINICAL
PRACTICE

This guideline represents an overview of the literature re-
garding the timing of initial debridement for NSTI. The literature
we reviewed supports early (<12 hours) initial debridement for
NSTI in adult and pediatric patients to decrease mortality. There
are currently no formal protocols for diagnosis and initial man-
agement of NSTI; however, there is evidence to suggest that
protocolized management may lead to improved outcomes.25

In-hospital protocols to guide rapid assessment of patients’ clin-
ical status, early resuscitation, initiation of broad-spectrum anti-
biotics and to determine the need for transfer to a specialized
regional center may help avoid delays in definitive care. Most
patients with NSTI are initially seen at nonreferral centers that
may not be equipped to provide the necessary level of care. This
complex surgical problem should be treated at specialized re-
gional centers with experts who are proficient in the diagnosis
and management of NSTI.25,26 If transfer to a larger tertiary care
center is deemed necessary, transport systems should be in place
to transfer the patient quickly and efficiently to avoid significant
delays in surgical debridement.26 The long-term management
of NSTI requires a complex multidisciplinary approach that
extends well beyond the operative and resuscitation period. Spe-
cialized centers should have readily available surgical and ICU
teams, wound care specialists, nutritionists, and physical and oc-
cupational therapists, because coordination of care among all
services is essential for achieving the best long-term outcomes
in NSTI.
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