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A B S T R A C T

Background

Necrotizing so( tissue infections (NSTIs) are severe and rapidly spreading so( tissue infections of the subcutaneous tissue, fascia,
or muscle, which are mostly caused by bacteria. Associated rates of mortality and morbidity are high, with the former estimated at
around 23%, and disability, sequelae, and limb loss occurring in 15% of patients. Standard management includes intravenous empiric
antimicrobial therapy, early surgical debridement of necrotic tissues, intensive care support, and adjuvant therapies such as intravenous
immunoglobulin (IVIG).

Objectives

To assess the eNects of medical and surgical treatments for necrotizing so( tissue infections (NSTIs) in adults in hospital settings.

Search methods

We searched the following databases up to April 2018: the Cochrane Skin Group Specialised Register, CENTRAL, MEDLINE, Embase, and
LILACS. We also searched five trials registers, pharmaceutical company trial results databases, and the US Food and Drug Administration
and the European Medicines Agency websites. We checked the reference lists of included studies and reviews for further references to
relevant randomised controlled trials (RCTs).

Selection criteria

RCTs conducted in hospital settings, that evaluated any medical or surgical treatment for adults with NSTI were eligible for inclusion.
Eligible medical treatments included 1) comparisons between diNerent antimicrobials or with placebo; 2) adjuvant therapies such
as intravenous immunoglobulin (IGIV) therapy compared with placebo; no treatment; or other adjuvant therapies. Eligible surgical
treatments included surgical debridement compared with amputation, immediate versus delayed intervention, or comparisons of number
of interventions.

RCTs of hyperbaric oxygen (HBO) therapy for NSTI were ineligible because HBO is the focus of another Cochrane Review.
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Data collection and analysis

We used standard methodological procedures expected by Cochrane. The primary outcome measures were 1) mortality within 30 days,
and 2) proportion of participants who experience a serious adverse event. Secondary outcomes were 1) survival time, and 2) assessment
of long-term morbidity. We used GRADE to assess the quality of the evidence for each outcome.

Main results

We included three trials randomising 197 participants (62% men) who had a mean age of 55 years. One trial compared two antibiotic
treatments, and two trials compared adjuvant therapies with placebo. In all trials, participants concomitantly received standard
interventions, such as intravenous empiric antimicrobial therapy, surgical debridement of necrotic tissues, intensive care support, and
adjuvant therapies. All trials were at risk of attrition bias and one trial was not blinded.

Moxifloxacin versus amoxicillin-clavulanate

One trial included 54 participants who had a NSTI; it compared a third-generation quinolone, moxifloxacin, at a dose of 400 mg given once
daily, against a penicillin, amoxicillin-clavulanate, at a dose of 3 g given three times daily for at least three days, followed by 1.5 g three
times daily. Duration of treatment varied from 7 to 21 days. We are uncertain of the eNects of these treatments on mortality within 30 days
(risk ratio (RR) 3.00, 95% confidence interval (CI) 0.39 to 23.07) and serious adverse events at 28 days (RR 0.63, 95% CI 0.30 to 1.31) because
the quality of the evidence is very low.

AB103 versus placebo

One trial of 43 randomised participants compared two doses, 0.5 mg/kg and 0.25 mg/kg, of an adjuvant drug, a CD28 antagonist receptor
(AB103), with placebo. Treatment was given via infusion pump for 10 minutes before, a(er, or during surgery within six hours a(er the
diagnosis of NSTI. We are uncertain of the eNects of AB103 on mortality rate within 30 days (RR of 0.34, 95% CI 0.05 to 2.16) and serious
adverse events measured at 28 days (RR 1.49, 95% CI 0.52 to 4.27) because the quality of the evidence is very low.

Intravenous immunoglobulin (IVIG) versus placebo

One trial of 100 randomised participants assessed IVIG as an adjuvant drug, given at a dose of 25 g/day, compared with placebo, given
for three consecutive days. There may be no clear diNerence between IVIG and placebo in terms of mortality within 30 days (RR 1.17, 95%
CI 0.42 to 3.23) (low-certainty evidence), nor serious adverse events experienced in the intensive care unit (ICU) (RR 0.73 CI 95% 0.32 to
1.65) (low-certainty evidence).

Serious adverse events were only described in one RCT (the IVIG versus placebo trial) and included acute kidney injury, allergic reactions,
aseptic meningitis syndrome, haemolytic anaemia, thrombi, and transmissible agents.

Only one trial reported assessment of long-term morbidity, but the outcome was not defined in the way we prespecified in our protocol.
The trial used the Short Form Health Survey (SF36). Data on survival time were provided upon request for the trials comparing amoxicillin-
clavulanate versus moxifloxacin and IVIG versus placebo. However, even with data provided, it was not possible to perform survival
analysis.

Authors' conclusions

We found very little evidence on the eNects of medical and surgical treatments for NSTI. We cannot draw conclusions regarding the relative
eNects of any of the interventions on 30-day mortality or serious adverse events due to the very low quality of the evidence.

The quality of the evidence is limited by the very small number of trials, the small sample sizes, and the risks of bias in the included trials.
It is important for future trials to clearly define their inclusion criteria, which will help with the applicability of future trial results to a real-
life population.

Management of NSTI participants (critically-ill participants) is complex, involving multiple interventions; thus, observational studies and
prospective registries might be a better foundation for future research, which should assess empiric antimicrobial therapy, as well as
surgical debridement, along with the placebo-controlled comparison of adjuvant therapy. Key outcomes to assess include mortality (in
the acute phase of the condition) and long-term functional outcomes, e.g. quality of life (in the chronic phase).

P L A I N   L A N G U A G E   S U M M A R Y

Treatments for necrotizing (i.e. destructive) so� tissue infections in adults

What is the aim of this Cochrane Review?

We wanted to find out which medicines and surgical treatments are eNective and safe for treating necrotizing so( tissue infections (NSTI).
NSTI are serious infections of the tissues underneath the skin, mostly caused by bacteria.
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Key messages

The available evidence from three studies is not strong enough to enable us to draw definite conclusions about the eNectiveness and safety
of the diNerent treatments for NSTI assessed in this review. All studies assessed number of deaths and risk of serious side eNects.

Factors aNecting our confidence in the results included the following:

- the small number of trials and participants;
- weaknesses in the trial methodologies which aNect the reliability of results; and
- poor definition of the participants’ condition.

We found no evidence that assessed antimicrobial therapy (which targets a wide range of disease-causing bacteria and fungi) or surgical
removal of damaged tissue.

In future studies, risk of death should be a key outcome in the short term (i.e. within 30 days) phase of the condition, and outcomes such
as loss of work and quality of life should be assessed in the long-term phase (a(er 30 days).

What was studied in the review?

We included people with NSTI. These types of infections are rare, but can become life-threatening if le( untreated, or result in amputation.
NSTIs need emergency treatment, usually with antibiotics and surgical removal of the infected tissue.

We searched for studies that assessed treatments for diagnosed NSTI in hospitalised adults. This included:

- surgical treatments: surgical removal of damaged tissue compared with amputation, immediate versus delayed treatment, or comparison
of a number of treatments;
- antimicrobial medicines - which kill bacteria and fungi - compared with placebo (i.e. an identical but inactive treatment), or each other;
- medicines given as add-on therapies in addition to the primary treatment (adjuvant therapies) compared with placebo, no treatment,
or other adjuvant therapies.

Our main outcomes of interest were death within 30 days, and any serious treatment side eNects.

What are the main results of the review?

We found three studies, which enrolled 197 adults (117 men, average age = 55). The trials were conducted worldwide, funded by
pharmaceutical companies; they assessed antimicrobial therapy or treatments that control the immune system.

One study compared two antibiotics: moxifloxacin and amoxicillin-clavulanate, administered directly into a vein for seven to 21 days. It
found no clear diNerence between the treatment groups in terms of number of deaths within 30 days, but we are uncertain about this
result because it is based on very low-certainty evidence.

One study compared placebo with a new type of treatment that controls immune response (called AB103) given in a single dose (of either
0.5 mg/kg or 0.25 mg/kg), administered directly into a vein. Participants also received standard treatment for NSTI based on antibiotics
and surgical treatment, so AB103 was given as an adjuvant therapy. There was no clear diNerence between the treatment groups in terms
of number of deaths within 30 days, but we are uncertain about this conclusion because it is based on very low-certainty evidence.

One study compared injections of immunoglobulin (an antibody, part of the body’s immune system) with placebo. Both treatments were
given for three consecutive days. Participants also received standard treatment for NSTI based on antibiotics and surgical treatment, thus
immunoglobulin was given as an adjuvant therapy. There was no clear diNerence between the treatment groups in terms of the number
of deaths within 30 days (low-certainty evidence).

No study showed any clear diNerence between treatments in terms of serious side eNects, but the evidence is not strong enough to confirm
this. The immunoglobulin study listed the side eNects encountered, which included kidney injury, allergic reactions, meningitis, blood
clots, and infectious agents (low-certainty evidence).

Only one trial reported assessment of long-term illness but it was not defined as we had required in our in the protocol (the trial used
another scale: the Short Form Health Survey (SF36). Survival time was reported in two trials (but not enough data were provided to analyse
these results).

How up-to-date is this review?

We searched for studies published up to April 2018.

Interventions for necrotizing so� tissue infections in adults (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Moxifloxacin compared to amoxicillin-clavulanate for NSTI

Moxifloxacin compared to amoxicillin-clavulanate for NSTI

Patient or population: NSTI
Setting: hospital
Intervention: moxifloxacin
Comparison: amoxicillin-clavulanate

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with
Amoxi-
cillin-clavu-
lanate

Risk with Moxi-
floxacin

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality/cer-
tainty of the
evidence
(GRADE)

Comments

Study populationMortality
follow-up: 30
days 6 per 100 17 per 100

(2 to 100)

RR 3.00
(0.39 to 23.07)

54
(1 RCT)

⊕⊝⊝⊝

Very lowa

Data from a larger trial including several types of so(
tissue infections; total number of included patients N
= 804

Study populationSerious adverse
events (SAE)
follow-up: 28
days

44 per 100 28 per 100
(13 to 58)

RR 0.63
(0.30 to 1.31)

54
(1 RCT)

⊕⊝⊝⊝

Very lowa

Description of nature of serious adverse events was
not available

Survival time — — — 54
(1 RCT)

⊕⊝⊝⊝

Very lowa

The median time of death after start of antibiotic
treatment was shorter in the moxifloxacin group than
in the amoxicillin-clavulanate group (10.5 days versus
42 days) (not possible to calculate hazard ratio with
the data provided)

Assessment of
long-term mor-
bidity

— — — — — Not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI). Assumed risk for mortality was based on data of the literature (Audureau 2017; May 2009). For serious adverse effects it was based on the results of the trial.
 
CI: Confidence interval; RR: Risk ratio
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GRADE Working Group grades of evidence
High quality/certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality/certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different
Low quality/certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality/certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aDowngraded by five levels to very low certainty of evidence. We downgraded two levels because of high risk of bias regarding blinding (open label trial) and high risk for attrition
bias because of a high rate of withdrawal (20%). We downgraded one level for serious imprecision because of small sample size (and CI of RR included 1, where reported). We
downgraded a further two levels because no clear criteria for clinical diagnosis of necrotizing fasciitis were provided and because antibiotic used as comparator is not relevant
(indirectness)
 
 

Summary of findings 2.   AB103 compared to placebo for NSTI

AB103 compared to Placebo for NSTI

Patient or population: NSTI
Setting: hospital
Intervention: AB103
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with
Placebo

Risk with AB103

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality/cer-
tainty of the
evidence
(GRADE)

Comments

Study populationMortality
follow-up: 30 days

23 per 100* 6 per 100
(1 to 39)

RR 0.34
(0.05 to 2.16)

43
(1 RCT)

⊕⊝⊝⊝

Very lowa

—

Study populationSerious adverse events (SAE)
follow-up: 28 days

27 per 100 41 per 100
(14 to 100)

RR 1.49
(0.52 to 4.27)

43
(1 RCT)

⊕⊝⊝⊝

Very lowa

There were no data
about the nature of se-
rious adverse events re-
ported

Survival time — — — — — Not reported

Assessment of long-term morbidity — — — — — Not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI). Assumed risk for mortality was based on data of the literature (Audureau 2017; May 2009). For serious adverse effects it was based on the results of the trial.
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CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High quality/certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality/certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different
Low quality/certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality/certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aDowngraded by three levels: one level for high risk of attrition bias, one level for no clear clinical definition of criteria for necrotizing fasciitis diagnosis at inclusion (indirectness),
and one level for serious imprecision because of small sample size and CI included no diNerence
 
 

Summary of findings 3.   Intravenous immunoglobulin compared to placebo for NSTI

Intravenous immunoglobulin compared to placebo for NSTI

Patient or population: NSTI
Setting: intensive care unit
Intervention: intravenous immunoglobulin
Comparison: placebo

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with
placebo

Risk with In-
travenous im-
munoglobulin

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality/Cer-
tainty of the
evidence
(GRADE)

Comments

Study population

0 per 100 0 per 100
(0 to 0)

Moderate

Mortality
follow-up: 30 days

23 per* 100 21 per 100
(8 to 58)

RR 1.17
(0.42 to 3.23)

100
(1 RCT)

⊕⊕⊝⊝

Lowa

—

Study populationSerious adverse
events (SAE)
follow-up: unclear 22 per 100 16 per 100

(7 to 36)

RR 0.73
(0.32 to 1.65)

100
(1 RCT)

⊕⊕⊝⊝

Lowa

Serious adverse reactions included acute kidney
injury, allergic reactions, aseptic meningitis syn-
drome, haemolytic anaemia, thrombi, and trans-
missible agents
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Survival time — — — 100
(1 RCT)

⊕⊕⊝⊝

Lowa

The median time of death was shorter in the IVIG
group than in the placebo group (25 days versus
49 days) (not possible to calculate hazard ratio
with the data provided)

Assessment of
long-term morbid-
ity

— — — — — Not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI). Assumed risk for mortality was based on data of the literature (Audureau 2017; May 2009). For serious adverse effects it was based on the results of the trial.
CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High quality/certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality/certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different
Low quality/certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality/certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aDowngraded by two levels: one level for high risk of attrition bias (38% lost of follow-up); other bias: imbalance at baseline for one dose 25 IVIG received before randomisation
(40% in placebo group vs 16% IVIG group). One level for indirectness as a minority of patients have an infection linked to bacteria producing toxins
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B A C K G R O U N D

Please see an explanation of the terms we have used in Table 1.

Description of the condition

Definition

Necrotizing so( tissue infections (NSTIs) are severe life-
threatening, rapidly-spreading, so( tissue infections of the
subcutaneous tissue, fascia, or muscle mostly caused by bacteria
(Anaya 2007; May 2009; Stevens 2014). Multiple descriptions of
NSTIs have been published, which have used a wide range
of diNerent and confusing terms, regardless of anatomical
location, microbiological characteristics, or depth of infection
(Dellinger 1981). For example, necrotizing fasciitis occurring in
the scrotum has been specifically labelled Fournier's gangrene
(Fournier 1883). The term 'fasciitis' introduced in 1952 by Wilson
gave the misleading impression that the muscular fascia is
involved (Wilson 1952), whereas the fascia most commonly
concerned is the superficial fascia, which comprises all the tissues
between the skin and the underlying muscles (i.e. subcutaneous
tissue) (Stevens 2005). Although diNerent types of necrotizing
infections have been described, they share the same principles
for diagnosis and treatment strategies needing emergency
surgery. To encompass all necrotizing infections (necrotizing
fasciitis, Fournier's gangrene, synergistic gangrenes, gas gangrene,
necrotizing cellulitis, myonecrosis), the term 'necrotizing so( tissue
infections' has been proposed (Anaya 2007; Sartelli 2014; Stevens
2014).

Incidence

Data regarding the incidence of NSTI are scarce (Table 2). The
reported incidence of NSTI during a five-year period, estimated
using an insurance database in the USA, was four cases per 100,000
person-years (Ellis Simonsen 2006). The Centers for Disease Control
and Prevention (CDC) reported an incidence of 500 to 1500 cases
yearly (CDC 2012). More data are available for NSTI caused by group
A Streptococcus (GAS). For instance, a population-based survey of
GAS-NSTI in Canada showed an incidence ranging from 0.1 to 0.4
per 100,000 person-years. The incidence of invasive GAS infections
ranged from 2.4 to 3.1 per 100,000 person-years, and this varied
according to the period of the year and the countries studied (Kaul
1997; Lamagni 2008; Lepoutre 2011; O'Grady 2007).

Clinical features

Necrotizing so( tissue infections can aNect any part of the body, but
the extremities are most commonly involved (73%), followed by the
trunk (13%) and the perineum (12.6%) (Goh 2014).

Presentation of the condition varies widely, ranging from limited
to extensive skin and subcutaneous necrosis, possibly associated
with life-threatening sepsis. When clinical "hard signs" of NSTI
are present (e.g. crepitus, skin necrosis, bullae, gas in the tissue,
skin anaesthesia, and symptoms of sepsis), then establishing a
diagnosis is not diNicult (Stevens 2014). On the contrary, in some
cases, distinction between non-necrotizing infections and NSTIs
can be diNicult because of only non-specific (e.g. pain, oedema,
erythema) symptoms. A study in 2009 estimated that 50% of
people with NSTIs were misdiagnosed upon hospital admission
(May 2009).

A severe pain, disproportionate to skin symptoms, should raise
suspicion for the diagnosis of NSTI. Futhermore, an apparent
non-necrotizing infection that does not respond to appropriate
antibiotic therapy should raise suspicions of NSTI, especially in
diabetic patients (Anaya 2007; Chosidow 2001).

Surgical exploration is considered as the gold standard for
confirming diagnosis of NSTI. Surgeons identify intraoperative
macroscopic findings consistent with NSTI including: 'gray' necrotic
tissue, lack of bleeding, thrombosed vessels, 'dishwater' pus, non
contracting muscle, and a positive 'finger test' result, which is
characterised by lack of resistance to finger dissection in normally
adherent tissues (Stevens 2014).

Pathophysiology and microbiology

Necrotizing so( tissue infections primarily involve the superficial
fascia with extensive deterioration of the surrounding tissue.
Most NSTI are caused by bacteria, but some cases of NSTI
are caused by fungi (zygomycetes, Candida) have also been
reported, mostly in immunocompromised patients (Lamb 2015).
Endotoxins and exotoxins produced by bacteria induce a
fulminant inflammatory response, which leads to obliterating
endarteritis; thrombosis; tissue necrosis; and o(en, systemic
illness with sepsis and multisystem organ failure (Johansson
2010). Polymicrobial forms involve a synergistic combination
of aerobic and anaerobic bacterial species and are more
frequently encountered than monomicrobial forms, which occur
in 25% to 45% of NSTI (Elliott 2000; McHenry 1995; Sarani
2009; Wong 2003). Two recent retrospective studies have
described the microbiology of polymicrobial infections (Anaya
2005; Anaya 2007). Micro-organisms commonly retrieved in
polymicrobial infections are Staphylococcus aureus (16% to 22%);
Streptococcus species (17% to 19%); gram-negative bacteria,
including Escherichia coli (E. coli) and Klebsiella species (17%
to 18%); and anaerobic bacteria (7% to 18%) (Anaya 2005;
Anaya 2007; Sarani 2009). In a retrospective study of 182
patients with NSTI, an average of 4.4 species per patient
was found (Elliott 2000). Diabetes, peripheral vascular disease,
gastrointestinal perforation, or gastro-urinary tract infections are
common risk factors for polymicrobial NSTI (Stevens 2014). In
monomicrobial forms, the most frequent pathogens are gram-
positive cocci:Streptococcus pyogenes andStaphylococcus aureus
(Anaya 2007; Sarani 2009). However, cases of monomicrobial
infections caused by gram-negative bacteria, e.g. Aeromonas
spp,Vibrio spp,E. coli, andPseudomonas aeruginosa have frequently
been reported. Cirrhosis, seawater, and freshwater exposure are
risk factors of NSTI caused by Aeromonas spp and Vibrio spp. (Hsiao
2008; Park 2009).

Causes and risk factors

In 80% of cases, infections develop from an initial skin lesion
(traumatic wounds, insect bite, injection site, surgical wounds,
perianal sources) (Stevens 2014), but 20% of patients have no
visible skin lesion. In infections caused by group A Streptococcus
(GAS), nearly 50% of patients have no defined portal of entry, and
the infection process usually begins at the site of a prior blunt skin
trauma, such as a muscle strain (Adams 1985; Stevens 1989; Stevens
2014). Bryant 2006 suggested that vimentin expression by muscle
cells was increased a(er blunt trauma and that this then mediated
focal adhesion of GAS, thereby, facilitating infection. A study of
257 patients showed blunt trauma to be significantly associated
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with the development of GAS necrotizing fasciitis (odds ratio
(OR) 5.97, 95% confidence interval (CI) 1.04 to 34.16) (Nuwayhid
2007). General risk factors for NSTI include diabetes mellitus,
peripheral vascular disease, chronic renal failure, intravenous drug
use, alcoholism, immunosuppression, and obesity (Elliott 1996;
Hasham 2005; Phan 2010). Diabetes was the most common pre-
existing condition found in 44.5% of patients with NSTI (Goh 2014).

The impact of necrotizing so� tissue infections

Systemic toxicity, which may progress rapidly to multiple organ
failure and death, o(en accompanies fulminant tissue necrosis
associated with NSTI (Sarani 2009). The overall mortality rate of
NSTI was 23.5% in a review of 67 studies from 1980 to 2008,
which included 3302 patients (May 2009). There was only a slight
downward trend of mortality, from 27.8% to 21.7% for studies
published between 1980 and 1999 and studies between 1999 and
2008 (May 2009).

Patients who survive require prolonged hospitalisation (38.5 ±
16 days) and additional surgery for reconstruction (87%) (Pham
2009). A meta-analysis of eight studies reported the amputation
rate as 16% (Goh 2014). A study performed to evaluate functional
outcomes of surviving patients reported a mild to severe functional
limitation in 30% of patients, according to the grading scale
established by the American Medical Association Guides to the
Evaluation of Permanent Impairment (Pham 2009).

Multiple factors associated with mortality have been
demonstrated, including advanced age, comorbidities, shock on
admission, acute renal failure, and microbiological characteristics.
However, the only potentially modifiable reported risk factor
associated with mortality is time to surgical debridement (Anaya
2005; Childers 2002; Elliott 2000; McHenry 1995). Indeed, several
studies have established the impact of delayed surgical treatment
of NSTI on mortality and morbidity (Bilton 1998; Boyer 2009; Elliott
2000; Kobayashi 2011; Wong 2003).

Description of the intervention

Current guidelines recommend early surgical debridement with
excision of all necrotic and infected tissue until healthy tissue
is exposed (Stevens 2014). Patients should be taken back to the
operating room 24 hours a(er the first debridement to ensure that
the spread of infection has been stopped and to assess whether
further debridement is required (May 2009). The mean number
of surgical debridements reported in a review of six retrospective
studies was three per patient (Goh 2014).

Intravenous empiric antimicrobial therapy and intensive care
support is generally started at the same time as surgery (Stevens
2014). The guidelines of the French Society of Dermatology (SFD)
and the French Infectious Diseases Society (SPILF) for community-
acquired NSTIs of the limbs recommend a combination of penicillin
(2 to 4 million units every four to six hours) plus clindamycin
(600 mg every four to six hours) plus aminoglycoside (25 mg/kg/
day), and for community-acquired mixed infections, a combination
of piperacillin-tazobactam (4 g every six to eight hours) plus
aminoglycoside plus clindamycin (SFD-SPILF 2000). For empiric
treatment of community-acquired mixed infections, the guidelines
of the Infectious Diseases Society of America (IDSA) recommend
using agents eNective against both aerobes, including methicillin-
resistantStaphylococcus aureus (MRSA), and anaerobic organisms,
such as a combination of piperacillin-tazobactam (3.37 g every six

to eight hours) plus vancomycin (30 mg/kg/day) (Stevens 2014).
Antibiotics are targeted at the commonly involved pathogens, such
as those recommended in the aforementioned guidelines, until
repeated operative procedures are no longer needed and clinical
improvement has been obtained for 48 to 72 hours (Stevens 2014).
The mean time duration of antimicrobial therapy is between 14
to 21 days. The use of clindamycin for NSTI due to GAS to block
exotoxin production and to overcome high bacterial inocula is also
recommended based on observational studies (Stevens 2014).

Reconstructive surgery by skin gra( or tissue transfer may be
considered only a(er removal of all necrotic tissues and the
infection is controlled (Sarani 2009).

Adjunctive therapies, such as hyperbaric oxygen (HBO) therapy
and intravenous immunoglobulin (IVIG), have also been proposed
(Linner 2014; Norrby-Teglund 2005; Wilkinson 2004). Clinical data
underpinning a role for HBO therapy are very poor quality and
are based on uncontrolled observational case series. A recent
Cochrane Review failed to locate relevant clinical evidence to
support the eNectiveness of HBO therapy in the management
of necrotizing fasciitis (Levett 2015). The use of IVIG has been
evaluated in GAS toxic shock syndromes in observational studies
with controversial results (Linner 2014; Norrby-Teglund 2005).
Therefore, their application (IVIG, HBO) as adjunctive therapies is
not recommended (Stevens 2014).

How the intervention might work

Early operative surgery provides complete debridement of necrotic
and infected tissues. Antibiotics prevent and treat the systemic
diNusion of the infection, but tissue hypoxia and necrosis
limit their eNicacy. Indeed, previous studies have shown that
antibiotic therapy is only an adjunct therapy to surgical treatment,
which is necessary in patients with NTSI (Anaya 2005; Lamb
2015; Stevens 2005). Intensive care support, including fluid
resuscitation, vasopressors, and mechanical ventilation, helps
to restore intravascular volume and maintain adequate organ
perfusion. The use of IVIG in cases of NSTI caused by group
A streptococci could neutralise the circulating streptococcal
exotoxins and thus reduce the toxin-induced tissue necrosis
(Norrby-Teglund 1998). The rationale for using HBO would be to
increase the tissue oxygen tension of infected hypoxic areas and
prevent further extension of infection (Korhonen 2000).

Why it is important to do this review

Necrotizing so( tissue infection is a rare but life-threatening
infectious disease, which needs to be managed by a
multidisciplinary team (dermatologist, plastic surgeon, intensive
care physician, infectious disease specialist). In view of both the
morbidity and mortality associated with NSTI, it is important to
evaluate the evidence for medical and surgical interventions. We
hope our review has highlighted gaps in the evidence and any need
for future research in this area.

The plans for this review were published as a protocol 'Interventions
for necrotizing so& tissue infections in adults' (Hua 2015).

O B J E C T I V E S

To assess the eNects of medical and surgical treatments for
necrotizing so( tissue infections (NSTI) in adults in hospital
settings.
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M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all randomised controlled trials with randomisation
at the individual level. Cluster-randomised trials were eligible for
inclusion. We excluded cross-over studies.

Types of participants

We included adults aged 18 years and over hospitalised with
a diagnosis of necrotizing so( tissue infections (NSTI) that is
defined as a so(-tissue infection characterised by rapidly spreading
inflammation and subsequent necrosis of the muscle, fascia, or
subcutaneous tissue (Chelsom 1994). We placed no restrictions
based on the number of participants for study selection.

Studies using a broader diagnostic category, such as 'skin
and so( tissue infections' or 'complicated skin and so( tissue
infections' (cSSTI), were included if a specific subgroup with NSTIs
with separated results were available.

We excluded neutropenic participants with a blood neutrophil
count < 500/mm3, as well as participants with cervicofacial
necrotizing infections, because both need to be managed using
specific therapeutic strategies.

Types of interventions

This review focused on any treatment given for NSTI during
hospitalisation including the following.

Medical treatments

• Antibiotics compared with placebo or compared with each other
(diNerent drug(s), diNerent duration of therapy).

• Adjuvant therapies, such as intravenous immunoglobulin (I)
therapy, compared with placebo, no treatment, or other
adjuvant therapies.

Surgical treatments

• Surgical debridement compared with amputation or immediate
versus delayed intervention or comparison of number of
interventions.

We did not include hyperbaric oxygen (HBO) therapy because a
review on adjunctive hyperbaric oxygen therapy for necrotizing
fasciitis has already been published (Levett 2015).

Types of outcome measures

Primary outcomes

• Mortality within 30 days.

• Proportion of participants who experience a serious adverse
event.

We defined a serious adverse event according to the US Food and
Drug Administration (FDA)'s definition (Guidance FDA 2012).

Secondary outcomes

• Survival time.

• Assessment of long-term morbidity: alteration of 25% of
Functional Impairment Scale (binary outcome: yes or no).

We planned to assess a quantitative physical limitation a(er
NSTI according to the American Medical Association (AMA)
Guides to the Evaluation of Permanent Impairment (6th edition)
(Colledge 2009; Pham 2009). The AMA guides provide a method
to quantify impairment expressed as a percentage of whole-
person impairment. There are five columns corresponding to
impairment classes 0 to 4, for each part of the lower limb (foot or
ankle, knee, hip), the upper limb (digit, wrist, elbow, shoulder),
and the pelvis. Class 0 has a 0% rating attached, and all other
classes have a discrete range of potential rating values as follow:
Class 1 (1% to 13%), class 2 (14% to 25%), class 3 (26% to 49%),
class 4 (50% to 100%) (Rondinelli 2009).

Search methods for identification of studies

We aimed to identify all relevant RCTs regardless of language
or publication status (published, unpublished, in press, or in
progress), or date of publication.

Electronic searches

The Cochrane Skin Information Specialist searched the following
databases up to 19 April 2018:

• the Cochrane Skin Group Specialised Register using the search
strategy in Appendix 1;

• the Cochrane Central Register of Controlled Trials (CENTRAL);
2018, issue 3, in the Cochrane Library using the strategy in
Appendix 2;

• MEDLINE via Ovid (from 1946) using the strategy in Appendix 3;

• Embase via Ovid (from 1974) using the strategy in Appendix 4;
and

• LILACS (Latin American and Caribbean Health Science
Information database, from 1982) using the strategy in Appendix
5.

Trials registers

We searched the following trials registers up to 19 April 2018 using
the search strategies in Appendix 6:

• the ISRCTN registry (www.isrctn.com);

• ClinicalTrials.gov (www.clinicaltrials.gov);

• the Australian New Zealand Clinical Trials Registry
(www.anzctr.org.au);

• the World Health Organization International Clinical Trials
Registry platform (ICTRP) (www.who.int/trialsearch); and

• the EU Clinical Trials Register (www.clinicaltrialsregister.eu/).

Searching other resources

Searching reference lists and other reviews

We checked bibliographies of included studies and review papers
for further references to relevant trials.

Unpublished literature

We searched the trials results databases of the following
pharmaceutical companies in order to identify ongoing and
unpublished trials. We searched the following up to 19 April 2018
(see Appendix 6 for search terms):

• www.novartisclinicaltrials.com;
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• www.gsk-clinicalstudyregister.com;

• www.pfizer.com/research/clinical trial; and

• www.pharma.bayer.com/en/research-and-development/
clinical-trials/trial-finder/index.php.

We also searched relevant trials submitted to the FDA
and the European Medicines Agency (EMA) for drug
registration (respectively, www.accessdata.fda.gov/scripts/cder/
drugsatfda/ and www.ema.europa.eu/ema/).

Adverse e(ects

We did not perform a separate search for adverse eNects of the
target intervention. However, we did examine data on adverse
eNects from the included studies.

Data collection and analysis

We included three 'Summary of findings' tables (Summary of
findings for the main comparison; Summary of findings 2;
Summary of findings 3). In these, we summarised the primary
outcomes and secondary outcomes for the most important
comparisons. We used the five Grading of Recommendations
Assessment, Development and Evaluation (GRADE) considerations
(study limitations, consistency of eNect, imprecision, indirectness,
and publication bias) to assess the certainty of the body of evidence
(Guyatt 2011; GRADEpro). We used this assessment, which two
review authors (CH, LLC) conducted, to inform the main text of
the discussion section. A third review author (ES) resolved any
disagreements between the two other authors.

Some parts of the methods section of this review used text
that was originally published in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011) and other
Cochrane protocols co-authored by LLC (predominantly Le Cleach
2014).

Selection of studies

Two review authors (CH and RB) independently examined each
title and abstract to exclude obviously irrelevant reports. The
two review authors independently examined full-text articles to
determine eligibility. We contacted authors of selected studies for
clarification when necessary (Table 3). We discussed disagreements
to reach consensus. We listed excluded studies and documented
the primary reason for exclusion.

Data extraction and management

Two review authors (CH and RB) independently extracted data
using a piloted data extraction form designed for this review
based on the Cochrane ENective Practice and Organisation of
Care (EPOC) Group data collection template. A third review author
(LLC) resolved any disagreements between the two other review
authors. One review author (CH) checked and enter the data into
the Cochrane Review Manager computer so(ware (RevMan 2014).
We contacted the authors of the trials to provide missing data when
required.

We extracted data relating to the following areas.

• Study design: randomised (cluster or non-cluster,
randomisation procedure).

• Setting: location (hospital or centre characteristics) and relevant
dates, including period of recruitment and follow-up.

• Physician characteristics: number of physicians, physician
specialties.

• Participant characteristics: inclusion and exclusion criteria;
number of participants screened and included; average age;
comorbidities; sex; necrotizing so( tissue infections (NSTI) site;
and severity, including microbiology, shock upon admission.

• Interventions during hospitalisation with descriptions of
their modalities and duration: type and time course of
antibiotic treatment; adjuvant treatment, such as intravenous
immunoglobulin therapy; delay to surgery; number and type
of surgery (amputation versus surgical debridement); the level
of experience of the surgeon; time of onset to time of first
treatment.

• Relevant outcome measures: 30-day mortality, survival time,
proportion of participants with serious adverse events,
assessment of long-term morbidity with work status, and rate of
impairment.

• Risk of bias: we also extracted for each study information on
potential biases, as described in the following section.

Assessment of risk of bias in included studies

For randomised controlled trials, we used Cochrane's 'Risk of
bias' tool to assess the risk of bias (Higgins 2011). We used
the following seven parameters: random sequence generation
and allocation concealment, blinding of patients, caregivers and
outcomes assessors, incomplete outcome data, selective outcome
reporting and other bias. We graded each parameter as follows: low
risk of bias, unclear risk of bias, or high risk of bias. Two review
authors (CH and RB) independently assessed each included study.
If necessary, referral to and consensus with a third author (LLC)
resolved any discrepancies between the authors. Studies were
classified as having low risk of bias if none of the domains above
were rated as high risk of bias and three or less were rated as unclear
risk; moderate if one was rated as high risk of bias or none were
rated as high risk of bias but four or more were rated as unclear risk,
and all other cases were assumed to pertain to high risk of bias.

Measures of treatment e>ect

We classified and analysed studies by type of intervention and type
of outcome.

For each pair-wise comparison and each dichotomous outcome
at each time point, we used risk ratios (RR) with 95% confidence
intervals (CI) as a measure of treatment eNect. For survival time
evaluation, we planned to use hazard ratios (HR) with 95% CI.

Unit of analysis issues

The primary unit of analysis is the participant. We planned for
clustered-randomised trials, to check for unit of analysis errors,
and if necessary, to adjust their standard errors using an estimate
of the intra cluster correlation coeNicient (ICC) as described in
Section 16.3.3 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). In cases of multi-dose trials, we
grouped together all the diNerent dose groups as a single arm and
compared them collectively with the control group.

Dealing with missing data

When required, we requested missing data (numbers of events
and numbers of participants for important dichotomous clinical
outcomes) from study authors or sponsors by e-mail (Table 3). For
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the main analysis, we assumed that any participant with missing
outcome data did not experience clearance, whatever the group.
We planned to synthesise data as analysed in each study (complete
cases).

Assessment of heterogeneity

We planned to assess statistical heterogeneity by visual inspection
of the forest plots and by calculating I2 statistics (Section 9.5.2
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011)). We planned to use the following thresholds of
I2 statistic to interpret heterogeneity: 0% to 40% might not be
important; 30% to 60% may represent moderate heterogeneity;
50% to 90% may represent substantial heterogeneity; 75% to 100%
represents considerable heterogeneity. We planned to undertake
meta-analyses only if we judged participants, interventions,
comparisons, and outcomes to be suNiciently similar (Section 9.5
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011)).

Where statistical heterogeneity is > 75%, we planned to not pool the
data (Deeks 2011).

Assessment of reporting biases

We planned to assess reporting bias for primary end points
using funnel plots. We planned to use funnel plot asymmetry
tests provided validity conditions were met (low heterogeneity,
10 or more studies including at least one with significant results,
and a ratio of the maximal to minimal variance across studies
greater than 4) (Ioannidis 2007). In cases of evidence of small-trial
eNects, we planned to perform sensitivity analyses according to a
regression-based adjustment model.

Data synthesis

We planned to pool the results of similar groups of trials
(participants, interventions, and outcomes), and perform a meta-
analysis using Review Manager so(ware (RevMan 2014, Higgins
2011). We planned to use the summary estimate based on the
random-eNects model (DerSimonian–Laird method) (DerSimonian
1986). In case of a high level of heterogeneity with an I2 statistic
greater than 75%, we planned to not perform a meta-analysis, and
to summarise data from individual studies.

Subgroup analysis and investigation of heterogeneity

The planned subgroup analyses were:

• location of NSTI (limb versus perineal versus trunk);

• comorbidities (we would consider diabetes, renal failure,
chronic disease, peripheral vascular disease, intravenous drug

misuse, obesity, non-steroidal anti-inflammatory drugs (NSAID)
exposure);

• immune depression (as defined by diagnosis of human
immunodeficiency virus, corticosteroid use or chronic
immunosuppressive treatments, and active malignancy); and

• microbiology of NSTI (monomicrobial versus multimicrobial
forms)

Sensitivity analysis

To evaluate the strength of the associations and identify potential
causes of statistical heterogeneity, we planned to perform
sensitivity analysis by excluding high 'Risk of bias' studies.

R E S U L T S

Description of studies

We reported the characteristics of studies in the 'Characteristics
of included studies'; 'Characteristics of excluded studies',
'Characteristics of studies awaiting classification', and
'Characteristics of ongoing studies' tables.

Results of the search

The searches of the five electronic databases retrieved 204 records.
The searches of the other resources identified 58 studies. No reports
of studies were identified by searching the FDA and EMA reviews nor
pharmaceuticals databases. We therefore had a total of 262 records.

A(er duplicates records were removed, we had 245 records.
Following exclusion of 226 records on the basis of title and abstract,
we screened 19 full-text reports for eligibility. We excluded 13
reports that did not meet our inclusion criteria (See Characteristics
of excluded studies). Two trials were classified as studies awaiting
classification because data regarding outcomes in the subgroup of
patients with a necrotizing so( tissue infection (NSTI) were lacking
(Darenberg 2003; Tally 1986). We contacted the study authors but
have not received a reply (See Characteristics of studies awaiting
classification).

Three trials fulfilled the criteria for inclusion (Bulger 2014; Madsen
2017; Vick-Fragoso 2009). All three studies, (Bulger 2014; Madsen
2017; Vick-Fragoso 2009), declared pharmaceutical company
funding (See Characteristics of included studies). One trial (Vick-
Fragoso 2009) provided both unpublished data (provided by
authors) and published results. We used both the published and
unpublished data since these were complementary. One study is
ongoing (NCT02469857, see Characteristics of ongoing studies).

For a further description of our screening process, see the study
flow diagram Figure 1.
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Figure 1.   Flow diagram.
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Included studies

The characteristics of the three included trials (Bulger 2014; Madsen
2017; Vick-Fragoso 2009) are described in the Characteristics of
included studies and summarised below.

Trial design

All included trials were randomised at a patient level, used a
parallel-group design, and were in a hospital setting. One trial
was a non-inferiority trial (Vick-Fragoso 2009), and the others
were placebo-controlled (Bulger 2014; Madsen 2017). One trial was
monocentric, performed in Denmark (Madsen 2017), and two were
multicentred: one performed worldwide in 74 centres (Vick-Fragoso
2009), and one performed in six centres all located in the USA
(Bulger 2014).

Participants

The included trials randomised in total 197 adults with a diagnosis
of NSTI: 54 in Vick-Fragoso 2009, 43 in Bulger 2014 and 100 in
Madsen 2017. The overall mean age of included patients was over
50 in the three trials (52.2 years (standard deviation: 13) for the
group of patients with a diagnosis of NSTI in Vick-Fragoso 2009;
50.7 years (range 25 to 88) in Bulger 2014; and 60 years (range
50 to 71) in Madsen 2017. There was a male predominance in the
three trials, with 31 males/54 participants (57.4%) in Vick-Fragoso
2009; 26/40 (65%) in Bulger 2014; and 62/100 (62%) in Madsen 2017.
The mean Sequential Organ Failure Assessment (SOFA) score at
admission was 7 in Madsen 2017 and 3 in Bulger 2014. In Madsen
2017, all patients, were hospitalised in intensive care unit, and
40% were in septic shock. In Vick-Fragoso 2009, comorbidities were
described for the global population, however there was no separate
data available for the subgroup of participants with NSTI. Diabetes
mellitus was diagnosed in 17/40 participants (42.5%) in one trial
(Bulger 2014), and in 27/100 patients (27%) in the other (Madsen
2017). In two trials (Bulger 2014; Vick-Fragoso 2009), bacteriological
results were not available for the participants with NSTI. In Madsen
2017, infections were polymicrobial in 62/100 participants and
Group A streptococcus was involved in 17/100 participants. In
Madsen 2017, the involved areas were the extremities and head and
neck in 52/100 participants.

Concerning diagnosis criteria for inclusion, in one trial, Vick-
Fragoso 2009, criteria for inclusion were complicated skin and
so( skin infection (cSSSI): diabetic foot infection, post-surgical
wound infection, complicated cellulitis, complicated erysipelas,
major abscess of the skin, infection of traumatic lesion, infected
ischaemic ulcer, and necrotizing fasciitis. Patients had to have
only one aNected site and one of the following systemic
symptoms: fever, high blood white cells count, tachycardia,
increased respiratory rate, elevated C-reactive protein and two
or more local signs in the aNected areas: pain, tenderness,
anaesthesia or hypoaesthesia, swelling, purulent, serosanguinous,
or foul-smelling discharge, gas formation under the skin, and
changes in the appearance (discolouration of the skin, necrotic
areas, haemorrhagic bullae, blue-grey patches). This study, which
included mixed populations, does not provide a definition for
individual conditions and specifically for the subgroup of patient
with necrotizing fasciitis.

In Bulger 2014, patients were included if they had a clinical
diagnosis of NSTI due to bacterial infection (e.g. necrotizing
fasciitis, group A Streptococcus toxic shock, Fournier gangrene,

clostridial gangrene or myonecrosis, and synergistic necrotizing
cellulitis) and a need to perform urgent surgical exploration and
debridement. Diagnosis of NSTI was confirmed during surgery.
There was no clinical definition of NSTI in the inclusion criteria.

Madsen 2017 included patients with confirmed NSTI at surgical
exploration. The diagnosis of NSTI was confirmed by the surgeon
doing the initial operation on the basis of macroscopic findings
such as tissue necrosis, deliquescent tissue and ‘dishwater’ fluid.

Intervention

Antimicrobial therapy

Moxifloxacin versus amoxicillin-clavulanate

One trial compared two anti-microbial therapies head to head in
NSTI (Vick-Fragoso 2009). The trial compared penicillin (amoxicillin-
clavulanate) with a third-generation quinolone (moxifloxacin).
Surgery could be carried out either before or a(er the antibiotic
therapy at the discretion of the investigator. The daily dose in the
amoxicillin-clavulanate group was 3 g three times daily for at least
three days, followed by 1.5 g three times daily versus 400 mg once
daily in the moxifloxacin group. Total duration of treatment could
vary from seven to 21 days according to clinical response. In both
groups, the treatment was given intravenously for at least three
days, and the decision to switch from intravenous to oral therapy
was made by the investigator based on clinical response.

Adjuvant therapy versus placebo

CD28 antagonist peptide

One trial assessed AB103 as an adjuvant drug in NSTI management
(Bulger 2014). AB103 (mimetic octapeptide) is an antagonist that
prevents the binding of superantigen exotoxins to the CD28
receptor on T-helper1 lymphocytes. There were three groups: high-
dose treatment 0.5 mg/kg, low-dose treatment 0.25 mg/kg, and
placebo. Single intravenous dose of AB103 via infusion pump
for 10 minutes or placebo before, a(er, or during surgery were
performed within six hours a(er the diagnosis of NSTI. All patients
were treated with standardised empiric antimicrobial therapy and
underwent surgical debridement of necrotic tissue. One patient
received hyperbaric oxygen (HBO) treatment and another received
intravenous immunoglobulin (IVIG); however, we did not know in
which group these two patients were included.

Intravenous immunoglobulin (IVIG)

One trial compared IVIG as an adjuvant drug in the NSTI
management versus placebo (Madsen 2017). Patients received IVIG,
25 g/day for three consecutive days. The first dose of trial medicine
was given immediately a(er arrival to the intensive care unit (ICU)
or in the operating room before admission to ICU. All patients were
treated in accordance with the protocol centre at the discretion
of the treating clinicians with standardised empiric antimicrobial
therapy (meropenem, clindamycin and ciprofloxacin), repeated
surgical revisions, three sessions of hyperbaric oxygenation, sepsis,
and supportive intensive care.

Outcomes

In the trial of Vick-Fragoso 2009, mortality within the 30 days,
proportion of serious adverse events and survival time in patients
with necrotizing fasciitis were unpublished data provided by the
authors. Vick-Fragoso 2009 did not report assessment of long-term
morbidity. Bulger 2014 reported mortality within the 30 days and
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the proportion of serious adverse events; however, the authors
did not report any of our secondary outcomes (i.e. assessment of
long-term morbidity and survival time). In the trial of Madsen 2017,
mortality within the 30 days and survival time in patients with NSTI
were unpublished data provided by the authors. Assessment of
long-term morbidity was reported, but not as it was defined in the
protocol for this review using another scale the Short Form Health
Survey (SF36).

In the trial of Bulger 2014, other outcomes included the change
in the Sequential Organ Failure Assessment (SOFA) score from
baseline within 28 days, hospital length of stay, ICU–free,
vasopressor-free and ventilator-free days, number of debridements
through day seven. In the trial of Vick-Fragoso 2009, eNicacy was
assessed by clinical response (CR) between days 14 to 28, defined
as: cure (total resolution or marked improvement of all complicated
skin and skin structure infections (cSSSI) signs and symptoms; no
additional or alternative antimicrobial treatment necessary). In the
trial of Madsen 2017, other outcomes included time to resolution of
shock, amputation, and SOFA score.

Excluded studies

We excluded 13 trials at full-text stage and provided reasons for
exclusion in Characteristics of excluded studies.

Studies awaiting classification

Two trials including NSTI among participants with serious surgical
infections (Tally 1986), and streptococcal toxic shock syndrome
(Darenberg 2003), were identified, but outcome data for those
with a NSTI were not reported separately. We contacted authors
of these trials in order to obtain the required information however
we did not receive an answer (Characteristics of studies awaiting
classification).

Ongoing studies

Our search identified one ongoing trial on trial registries. This
trial is summarised in the Characteristics of ongoing studies.
NCT02469857 is a phase III blinded, randomised, placebo-
controlled trial in patients with NSTI, which assessed the eNicacy
of AB103, a CD28 antagonist peptide as an adjuvant drug in NSTI
management.

Risk of bias in included studies

Please see Figure 2 and Figure 3 for a visual representation of our
assessment of the risk of bias

 

Figure 2.   'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.

 
We considered two trials at overall high risk of bias (Madsen 2017;
Vick-Fragoso 2009), and we considered one at overall moderate
risk of bias (Bulger 2014). Details of our evaluation are available in
Characteristics of included studies.

Allocation

We deemed Vick-Fragoso 2009 as being at unclear risk of selection
bias as there was no statement of the method of sequence
generation and concealment. We deemed Bulger 2014 to be at
low risk of bias for random sequence generation and at unclear
risk of bias for allocation concealment. Indeed, the randomisation
sequence for the study was computer-generated but there was
no description of the method used to guarantee allocation
concealment. We considered Madsen 2017 as being at low risk of
bias as the randomisation sequence for the study was computer-
generated and there were sequentially numbered, opaque and
sealed envelopes by a dedicated personnel who was not directly
associated with the trial to ensure allocation concealment.

Blinding

The trial of Vick-Fragoso 2009 was open-labelled, thus participants
and personnel were not blinded, we therefore considered the risk
as high for performance and detection.

We considered Bulger 2014 at unclear risk of bias for performance
bias. The trial was double -blinded, placebo-controlled and authors
reported a similar adverse eNect profile. However, 2/43 (4.6%)
patients randomised had received co-treatment IVIG and HBO
and there was no information on the group receiving these
interventions. We considered there was a low risk of detection bias
for investigator-reported outcomes.

We judged Madsen 2017 to be at low risk of bias for performance
and detection bias as the method used to guarantee blinding of
participants, personnel and outcome assessor were adequate and
well described.
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Incomplete outcome data

We considered all studies to be at high risk of attrition bias (Bulger
2014; Madsen 2017; Vick-Fragoso 2009).

In Vick-Fragoso 2009, one third of participants 19/54 (35%) were
lost to follow-up in the subgroup of patients with necrotizing
fasciitis. The details of withdrawal in the subgroup of patients with
necrotizing fasciitis were not available. There was no information
available about the method of analysis for missing data.

In Bulger 2014, the authors defined a modified intention-to-treat
(ITT) population for eNicacy analysis. They excluded three patients
from the ITT population: 1/11 (9%) in the placebo group who did
not meet the clinical diagnosis of NSTI and 2/15 (13.3%) in the high-
dose group.

In Madsen 2017, the primary analysis was not ITT, with missing
data for 13 patients (13/100, 13%), which were not included in the
analysis for the primary outcome.

Selective reporting

We judged the risk of reporting bias as unclear for the study of
Vick-Fragoso 2009, since no protocol was available on the trials
register. We judged the risk of bias for the studies Bulger 2014 and
Madsen 2017 as low as outcomes listed in www.clinical trials.gov
were similar to those reported in the results section.

Other potential sources of bias

There were no other potential sources of bias in the trial of Bulger
2014.

There were baseline imbalances in the trial of Vick-Fragoso 2009
and Madsen 2017. In the trial of Vick-Fragoso 2009, the number
of patients in the NSTI subgroup was two-fold higher in the
moxifloxacin treatment group (36/54) than in the amoxicillin-
clavulanate treatment group (18/54). In the trial of Madsen 2017,
nearly half of patients in the placebo group (20,40%) had received
one dose of IVIG (25 g) before randomisation versus eight (16%) in
the IVIG group.

E>ects of interventions

See: Summary of findings for the main comparison Moxifloxacin
compared to amoxicillin-clavulanate for NSTI; Summary of
findings 2 AB103 compared to placebo for NSTI; Summary of
findings 3 Intravenous immunoglobulin compared to placebo for
NSTI

Antimicrobial therapy versus antimicrobial therapy

Moxifloxacin versus amoxicillin-clavulanate

This comparison included (Vick-Fragoso 2009) one trial. There were
54 participants in total (36 in the moxifloxacin group and 18 in the
amoxicillin-clavulanate group).

1 Primary outcomes

1.1 Mortality within 30 days

In the moxifloxacin group, there were 6/36 (17%) deaths within 30
days and 1/18 (6%) deaths within the 30 days in the amoxicillin-
clavulanate group. According to our calculations, there were no
clear diNerences between the two groups due to the very wide
confidence intervals (risk ratio (RR) 3.00, 95% confidence interval

(CI) 0.39 to 23.0) and the certainty of evidence was rated as very low
with underpowered analysis (Analysis 1.1; Summary of findings for
the main comparison).

1.2 Proportion of patients who experienced serious adverse events

In the specific subgroup of NSTI patients, at 28 days, 10/36
(28%) patients receiving moxifloxacin and 8/18 (44%) patients
receiving amoxicillin-clavulanate experienced serious adverse
events. According to our calculations, there were no clear
diNerences between the two groups (RR 0.63, 95% CI (0.30 to
1.31; Analysis 1.2) as the 95% confidence interval included 1. The
certainty of evidence was rated as very low (Summary of findings
for the main comparison). There were no data about the nature of
serious adverse events reported.

2 Secondary outcomes

2.1 Survival time

The median time of death a(er start of antibiotic treatment
was shorter in the moxifloxacin group than in the amoxicillin-
clavulanate group (10.5 days versus 42 days). No statistical analysis
was possible with the data provided.

2.2 Assessment of long-term morbidity

This outcome was not reported.

Adjuvant therapy versus placebo

AB103 versus placebo

One trial (Bulger 2014), included this comparison. There were 43
participants in total (32 in the AB103 group and 11 in the placebo
group).

1. Primary Outcomes

1.1 Mortality within 30 days

Four deaths occurred within 30 days, 1/17 (6%) in the high-
dose arm, 1/15 (7%) in the low-dose arm and (2/11) (18%) in
the placebo group. According to our calculations, there were no
clear diNerences for mortality rate within 30 days between groups
receiving adjuvant drug versus the placebo group (RR 0.34, 95% CI
0.05 to 2.16; Analysis 2.1), and the certainty of evidence was rated
as very low with underpowered analysis (Summary of findings 2).

1.2 Proportion of patients who experienced serious adverse events

A(er drug administration, 5/17 (29%) of patients in the high-dose
arm, 8/15 (53%) in the low-dose arm and 3/11 (27%) in the placebo
group, underwent one serious adverse event at 28 days. There
were no data about the nature of serious adverse events reported.
According to our calculations, there were no clear diNerences in
serious adverse events rates between groups receiving adjuvant
drug versus the placebo group (RR 1.49, 95% CI 0.52 to 4.27; Analysis
2.2), and the certainty of evidence was rated as very low with
underpowered analysis (Summary of findings 2).

2. Secondary Outcomes

2.1 Survival time

This outcome was not reported in the study.

2.2 Assessment of long-term morbidity

This outcome was not assessed in the study.
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Intravenous immunoglobulin versus placebo

One trial (Madsen 2017) included this comparison. There were 100
participants in total (50 in the IVIG group and 50 in the placebo
group).

1 Primary outcomes

1.1 Mortality within 30 days

In the IVIG group, there were 7/50 (14%) deaths within the 30 days
and 6/50 (12%) in the placebo group. According to our calculations,
there were no clear diNerences between the two groups (RR 1.17,
95% CI 0.42 to 3.23; Analysis 3.1), and the rate certainty of evidence
was low (Summary of findings 3).

1.2 Proportion of patients who experienced serious adverse events

A(er drug administration, 8/50 (16%) of patients in IVIG group
versus 11/50 (22%) in the placebo group underwent serious
adverse event. Serious adverse reactions included acute kidney
injury, allergic reactions, aseptic meningitis syndrome, haemolytic
anaemia, thrombi, and transmissible agents. According to our
calculations, there were no clear diNerences for serious adverse
events rates between groups receiving IVIG versus the placebo
group (RR 0.73, CI 95% 0.32 to 1.65; Analysis 3.2) and the rate
certainty of evidence was low (Summary of findings 3). The time
point of assessment was unclear.

2 Secondary outcomes

2.1 Survival time

The median time of death was shorter in the IVIG group than in the
placebo group (25 days versus 49 days) (no statistical analysis was
possible with the data provided).

2.2 Assessment of long-term morbidity

Assessment of long-term morbidity was reported, but not as it was
defined in the protocol for this review.They used a patient-reported
score: the physical component summary (PCS) of the 36-item short
form health survey to assess long-term morbidity. There was no
clear diNerence of median PCS scores between groups reported
(mean adjusted diNerence 1, 95% CI 7 to 10, P = 0.81).

D I S C U S S I O N

Summary of main results

We identified three randomised controlled trials assessing
interventions for necrotizing so( tissue infections (NSTI). These
three trials included in total 197 adult participants with a diagnosis
of NSTI in a hospital setting.

We could not pool findings from these three trials since the
interventions compared in the trials were distinct (Summary of
findings for the main comparison; Summary of findings 2; Summary
of findings 3).

One trial compared amoxicillin-clavulanate to moxifloxacin (Vick-
Fragoso 2009). One trial compared two doses of AB103, a new
adjuvant drug in the management of NSTI to placebo (Bulger 2014).
the third trial compared intravenous immunoglobulin (IVIG) as an
adjuvant therapy in the management of NSTI (Madsen 2017).

In all trials, participants concomitantly received standard
interventions, such as intravenous empiric antimicrobial therapy,

surgical debridement of necrotic tissues, intensive care support,
and adjuvant therapies.

Concerning our prespecified primary outcomes, there was no clear
diNerence in terms of rate of mortality at 30 days (Analysis 1.1;
Analysis 2.1; Analysis 3.1) nor in terms of rate of participants with
serious adverse events (Analysis 1.2; Analysis 2.2; Analysis 3.2) in
any of the three trials. The quality of evidence was very low for the
comparisons of moxifloxacin compared to amoxicillin-clavulanate,
and AB103 compared to placebo, showing we are uncertain about
these results. For the comparison of IVIG versus placebo, the quality
of evidence was low.

There was no description of the types of serious adverse events in
the moxifloxacin versus amoxicillin-clavulanate trial or the AB103
versus placebo trial, but in the IVIG versus placebo trial, serious
adverse reactions included acute kidney injury, allergic reactions,
aseptic meningitis syndrome, haemolytic anaemia, thrombi, and
transmissible agents.

Regarding our secondary outcomes, we obtained median survival
time for two trials; however, it was not possible to perform
statistical analysis with the data provided, and none of our included
studies reported assessment of long-term morbidity in the way that
was required in our protocol (the trial used the Short Form Health
Survey (SF36)).

There remains a lack of evidence for the use of other treatments
such as empiric antimicrobial therapy as well as surgical
debridement, along with poor-quality evidence for adjuvant
therapy compared against placebo. Better quality evidence is
needed for the outcomes of mortality and adverse eNects.

Overall completeness and applicability of evidence

Globally, the evidence concerning eNicacy and safety of
interventions in NSTI is very poor and was insuNicient to address
all of the objectives of the review or oNer much external validity.
We found only three trials involving 197 participants. Evidence was
lacking for a number of treatments considered for NSTl; empiric
antimicrobial therapy and surgical interventions were types of
treatment not assessed by any included study. We found only two
trials that assessed adjuvant therapy.

The only trial assessing antibiotic treatment used amoxicillin-
clavulanate, which was an inappropriate choice of control
treatment in a trial of NSTI. Indeed, NSTI are mostly polymicrobial,
and the emergence of resistance requires an empiric antimicrobial
therapy broader than a monotherapy by amoxicillin-clavulanate.
No other trial comparing antibiotic regimen strategies was found.
The eNicacy and safety of hyperbaric oxygen (HBO) therapy was not
in the scope of this review as it was assessed in another Cochrane
Review.

Participants included were mainly men, aged over 50 years.
Lack of clear definition of NSTI in two trials prevented us from
determining the applicability of the trial results (Bulger 2014; Vick-
Fragoso 2009), by not providing a definition for the condition of
NSTI. Some patients included in the trial of Vick-Fragoso 2009
with a diagnosis of NSTI (13/54 (24%)) did not undergo surgery,
although it is considered the gold standard intervention both for
diagnosis and treatment of NSTI in the setting of a high clinical
suspicion. Subgroup analysis to see if eNicacy or safety could be
diNerent according to involved site, type of micro-organism, mono-
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or ultramicrobial infection and comorbidities were not possible
because of too low a number of included patients. Furthermore,
except for one trial (Madsen 2017), information on comorbidities,
site involved and micro-organisms identified were not available.

Regarding outcomes, rates of mortality at 30 days and serious
adverse eNects (our primary outcomes) were reported by the
included studies, but the results were based on low- or very low-
certainty evidence. Long-term assessment of morbidity in order
to assess sequelae was only reported in one trial (Madsen 2017),
but it was not defined in the way we required as specified in our
protocol. Data provided for survival time by authors did not allow
us to perform survival analysis.

Quality of the evidence

Globally, the quality/certainty of evidence was low or very low for
the eNicacy and safety of interventions in NSTI; we downgraded the
evidence for the three included trials.

We assessed the level of evidence for the comparison of
moxifloxacin versus amoxicillin-clavulanate as very low for all
outcomes because the only trial assessing this comparison (Vick-
Fragoso 2009), was at high risk of bias due to attrition bias,
imbalance in the inclusion between groups, and performance and
detection bias as participants and assessors were not blinded. We
also downgraded this trial because of indirectness as there was no
clear definition of necrotizing fasciitis, a significant proportion of
patients (10/36 (28%) in the moxifloxacin group and 3/18 (17%) in
the amoxicillin-clavulanate group) did not undergo surgery, which
casts doubts on the types of infections these participants had. We
also downgraded this trial for imprecision as it included only 58
participants with necrotizing fasciitis (Summary of findings for the
main comparison).

We also considered that the quality of evidence was very low for
the eNicacy and safety of the CD28 antagonist receptor (AB103)
adjuvant treatment. The only trial assessing this treatment for
NSTI was at moderate risk of attrition bias (Bulger 2014); we
also downgraded because of indirectness due to the absence
of a clinical definition of NSTI and due to imprecision: only 43
participants were included, which is not large enough to identify or
exclude significant benefit (Summary of findings 2).

We considered that the level of evidence was low for the eNicacy
and safety of IVIG for NSTI. The only trial assessing IVIG was at a high
risk of bias for imbalance and attrition bias (Madsen 2017). Nearly
half of the patients (40%) in the placebo group had received one
dose of IVIG (25 g) before randomisation versus three doses (75 g)
in the IVIG group, which challenges the design placebo-controlled
of this trial (indirectness) (Summary of findings 3).

The applicability of the evidence was also limited due to the small
sample sizes and underpowered analysis.

Potential biases in the review process

The review considered as much evidence as it was possible to
obtain, including trials that were not published. The search was not
limited to necrotizing fasciitis and considered all trials concerning
necrotizing so( tissue infections. There are a number of clinical
trials that included a mixed population of people with a wide range
of skin and skin structure infections, including NSTI, using terms
such as "complicated skin and skin structure infections" (cSSSI).

However, when data were not available for the very specific
subgroup of NSTI, these studies were not included. The wide variety
of terms to design NSTI might have led us to miss some studies who
included heterogeneous populations of patients with skin and so(
tissue infections.

Furthermore, the inconsistency of definitions and the variability in
the definitions used for NSTI among studies might, on the other
hand, have led us to include by mistake patients with cellulitis, foot
ulceration in diabetic patients, dermal abscesses and ischaemic
gangrene. Indeed, some patients in the included trials had a
diagnosis of NSTI but did not undergo surgery, which is mandatory
to confirm diagnosis of NSTI (Vick-Fragoso 2009), suggesting these
patients might have suNered from other types of skin and so( tissue
infections.

Agreements and disagreements with other studies or
reviews

There is, to our knowledge, no other systematic review on this topic.

Recommendations relating to interventions for NSTIs are based
on expert consensus (SFD-SPILF 2000; Stevens 2014). Guidelines
recommend using an intravenous empiric antimicrobial therapy
to cover gram-positive, gram-negative, and anaerobic organisms
(Sartelli 2014; Stevens 2014). Many trials have been performed
to assess the eNicacy of antimicrobial agents in the treatment of
complicated skin and so( tissue infections (cSSTI) (McClaine 2010).
However, most of these trials excluded NSTIs. To date, there is
no randomised controlled trial comparing antimicrobial therapy
including only patients with NSTI. The benefit of clindamycin
for NSTI due to group A Streptococcus (GAS) is only based on
observational studies and has not been assessed by a trial
(Carapetis 2014; Stevens 2014).

There are no randomised controlled trials assessing surgery in
NSTI.

Concerning the use of IVIG, the results of the trial of Madsen 2017 is
in line with a recent observational study (propensity score-matched
analysis) including 4127 patients with NSTI and shock over a period
of four years in 130 centres in the USA (Kadri 2017). This study
did not demonstrate any diNerences for hospital mortality between
patients who received IVIG and those who did not (adjusted odds
ratio (OR) 1.00, 95% confidence interval (CI) 0.55 to 1.83, P = 0.99),
nor in specific subgroup of patients with NSTI caused by GAS or
Staphylococcus aureus (SA) (Kadri 2017).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Management of necrotizing so( tissue infections (NSTI) is complex,
involving multiples interventions: antimicrobial therapy, surgical
debridement, management of organ failures, and eventually
adjuvant therapies.

We found only three trials that compared the following
interventions:

• moxifloxacin versus amoxicillin-clavulanate;

• a CD28 antagonist receptor (AB103) versus placebo;

• intravenous immunoglobulin versus placebo.
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We cannot make conclusions about the use of AB103, moxifloxacin,
or amoxicillin-clavulanate because results for their use were based
on very low-certainty evidence.

With regard to intravenous immunoglobulin (IVIG) compared to
placebo, there may be no clear diNerence between the treatment
groups in terms of rate of mortality at 30 days or serious adverse
events.

One trial assessed long-term morbidity but not in the way we stated
that we prespecified in the protocol. Survival time was reported
in two trials (but not enough data were provided to analyse these
results).

We found no trials assessing other interventions, notably
surgical treatment or recommended empiric intravenous antibiotic
treatment.

Implications for research

This review highlights the lack of evidence for the treatment of
NSTI.

Several reasons can account for the lack of comparative
eNectiveness research in this field.

• Management of NSTI is complex, involving multiple
interventions, including antimicrobial therapy, surgical
debridement, management of organ failures, and adjuvant
therapies.

• A(er a clinical hypothesis of necrotizing fasciitis, patients
underwent a urgent surgical debridement. Definite diagnosis
can only be obtained during the surgical debridement phase.
This mandatory and very urgent surgery may hamper the
inclusion of patients in clinical trials aimed at assessing
therapeutic interventions for NSTI.

• Placebo-controlled trials in this life-threatening disease are only
feasible, from an ethical point of view, for assessing the eNect of
adjuvant therapies, since, in spite of the lack of evidence, neither
surgical debridement nor antibiotic treatment could ethically be
compared to placebo.

• NSTIs are rare and greater co-operation between centres to
obtain suNicient power for meaningful studies is needed.

We list below methodological key points following a PICO
(participants, interventions, comparator and outcomes) framework
that could be considered in future trials.

Participants

NSTI needs to be clearly defined in the inclusion criteria. As
diagnosis of NSTI is only confirmed during surgery, it is mandatory
to state how to handle included patients eventually not diagnosed
as having NSTI. All patients without restriction of age or gender
need to be included in order to be more representative of
the aNected population. Patient comorbidities, involved site and
micro-organisms are mandatory information that have to be
reported

Types of study

Because designing randomised controlled trials in NSTI is
challenging, observational studies and prospective registries might
be valuable alternatives to evaluate the eNectiveness and safety

of treatments. However, their methodology should be rigorous,
as they potentially rely on propensity scores analyses (Anglemyer
2014). This type of research could allow us to evaluate long-
term outcomes, such as assessment of long-term morbidity, and
deduce applicability to a large proportion of the patient population
undergoing procedures in real-world settings across the world. The
three trials in this review were at risk of attrition bias; future studies
should ensure they take the necessary actions to reduce dropout
and loss to follow-up.

Interventions

A separate assessment of interventions involved in the
management of NSTI (i.e. antimicrobial therapy, surgical
treatment, and adjuvant treatment) would certainly not reflect
the eNect of combined interventions in a "therapeutic bundle".
Thus, the use of integrated complex interventions to optimise the
treatment of NSTI is needed (Delaney 2008). Examples of such
complex interventions include management in referral centres with
a multidisciplinary approach and an early goal-directed therapy for
surgical referral.

Antimicrobial therapy

There was no empiric antimicrobial therapy validated by a trial.
Several issues concerning antimicrobial therapy in NSTI should
be considered: the duration of treatment a(er surgery, the
antimicrobial management strategies in patients with or without
comorbidities and in patients with risk factors for infections
with MRSA, (methicillin-resistant Staphylococcus aureus) and the
adjustment of the treatment a(er microbiological results to reduce
the risk of resistance. A future trial in NSTI could examine the
non-inferiority of new antimicrobials agents, compared against
standard accepted treatment.

Surgical treatment

Several issues should be considered: the extent of surgical
debridement, and the number of surgical debridements required
(including the "second look" surgery strategy). Study interventions
and treatments tested would have to be clearly defined with
a standardised protocol of care. As required in trials assessing
surgical procedures, a detailed description of the diNerent
components of surgical treatment, anaesthesia management, as
well as peri-operative and postoperative care should be provided
(Blencowe 2015; Boutron 2008).

Adjuvant treatment

Other adjuvant therapies using immunomodulator treatments (e.g.
AB103) should be assessed in placebo-controlled trials. The control
group should receive current practice management based on
guidelines and observational studies (Delaney 2008).

Outcomes

In the absence of consensual core outcome measures:

• in the acute phase, mortality at a disease time point seems to
be the most appropriate outcome criteria for this critical care
disease (Delaney 2008); and

• in the chronic phase, outcomes such as evaluation of loss of
work, duration of unemployment, and level of distress needs to
be evaluated. Development of validated functional assessment
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tools is required to assess long-term functional outcomes,
reintegration into society, and quality of life in survivors of NSTI.
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Methods Prospective, Phase IIA, randomised, parallel-group, placebo-controlled, double-blinded study

Multicentric (6 centres) in the USA

Period of Inclusion: December 2011 to August 2012

Participants Inclusion criteria

• A clinical diagnosis of NSTI due to bacterial infection (e.g. necrotizing fasciitis, group A Streptococcus
toxic shock, Fournier gangrene, clostridial gangrene or myonecrosis, and synergistic necrotizing cel-
lulitis)

• A decision to perform urgent surgical exploration and debridement

Exclusion criteria

• Age less than 18 years

• Weight greater than 150 kg

• Diabetes mellitus with below-ankle infection

• Overt peripheral vascular disease in the involved area refractory

• Refractory haemodynamic instability

• Coagulopathy or hypoxia

• Burn wounds

• Cardiac arrest within the past 30 days

• Expected survival less than 30 days because of underlying medical condition

Bulger 2014 
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• Human immunodeficiency virus infection (CD4 count < 200 cells/mm3 or < 14% of lymphocytes)

• Pregnancy or lactation

• Prior curative tissue debridement

• Immunosuppression

Baseline characteristics

N = 43, mean age of 50.7 years and 65% of men

Interventions Each participant was treated with standardised empiric antibiotic therapy, and underwent surgical de-
bridement of necrotic tissue

Intervention 1 (n = 17)

AB103, one dose intravenous (IV), 0.5 mg/kg, < 6 hours after diagnosis (infusion before, during or after
the surgery)

Intervention 2 (n = 15)

AB103, one dose IV 0.25 mg/kg, < 6 hours after diagnosis (infusion before, during or after the surgery)

Intervention 3 (n = 11)

Placebo IV, < 6 hours after diagnosis (infusion before during or after the surgery)

Outcomes Primary outcome

• Change in the SOFA score from baseline within 28 days. The SOFA scores were calculated on days 0
(before drug administration), D1, D2, D4, D28 in modified ITT population

Secondary outcomes

• Intensive care unit-free, vasopressor-free and ventilator-free days within the first 28 days in modified
ITT population

• Number of debridements through day 7 in modified ITT population

• Hospital length of stay in modified ITT population

• Plasma and tissue cytokine levels at 0 to 72 hours in modified ITT population

• Adverse events *including death* in ITT population

Notes Financial support and the drug for this trial was provided by the manufacturer Atox Bio Ltd.

Authors declared conflict of interest for Bayer HealthCare, BayerSchering Pharma, Novartis, Glax-
oSmith Kline and Wyeth.

* outcomes reported that were of interest in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Patients were randomised by a computer-generated system to re-
ceive placebo or a low or high dose of AB103 in a 10:15:15 ratio.”

Comment: computer-generated random sequence is adequate

Allocation concealment
(selection bias)

Unclear risk Comment: there was no description of the method used to guarantee alloca-
tion concealment

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk Quote “double blinded”

Bulger 2014  (Continued)
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All outcomes Comment: placebo-controlled with similar adverse-effect profile reported.
However, concerning the risk of performance bias, 2/43 (4.6%) patients ran-
domised had received co-treatment IVIG and HBO and the group of these two
patients was not indicated. Authors did not specify the method of blinding
of physicians and participants but they assess that all investigators and care
providers remained masked throughout the study.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote “double blinded" "investigators remained blinded throughout the
study"

Comment: there was no clear description of the process used to guarantee
blinding of the assessor but it was a placebo-controlled study with similar ad-
verse-effect profile reported and assessment of outcome was objective: death.
Then we considered there was a low risk of detection bias for investigator-re-
ported outcomes for the same reasons.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote “Because drug administration may have started before definitive surgi-
cal diagnosis of NSTI, a modified ITT population was defined as patients in the
ITT analysis who were properly randomised, treated (received AB103 or place-
bo), and assessable (definitive surgical diagnosis of NSTI).”

Comment: three patients were excluded from the ITT population; 1/11 (9%)
in the placebo group who did not meet the clinical diagnosis of NSTI and 2/15
(13.3%) in the high-dose group.

Selective reporting (re-
porting bias)

Low risk Comment: in accordance with the protocol available in clinical trials.gov
(NCT01417780)

Other bias Low risk No other bias identified

Bulger 2014  (Continued)

 
 

Methods Randomised, blinded, parallel-group, placebo-controlled trial

Monocentric at Copenhagen University Hospital, where the management of patients with NSTI in Den-
mark is centralised

Period of inclusion: 7 April 2014 to 1 March 2016

Participants Inclusion criteria

• 18 years of age or older

• Patients with confirmed NSTI at surgical exploration who were admitted to, or planned to be admitted
to, the ICU

Exclusion criteria

• Patients who had received more than one dose of IVIG before randomisation

• Hypersensitivity to IVIG

• Known hyperprolinaemia

• Women who were pregnant or breast-feeding

• Diagnosis of NSTI for more than 48 hours

Baseline characteristics

N = 100, Mean age of 60 years and 60% of men

Madsen 2017 
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Interventions Each patient was treated in accordance with the clinical protocols in place at Copenhagen University
Hospital with standardised empiric antibiotic therapy (meropenem, clindamycin and ciprofloxacin), re-
peated surgical revisions, three sessions of hyperbaric oxygenation; sepsis, and supportive intensive
care.

Intervention 1 (N = 50)

IVIG (Privigen, CSL Behring, Bern,Switzerland), 25 g/day for three consecutive days. The first dose of tri-
al medicine was given immediately after arrival to the ICU or in the operating room before admission to
ICU.

Intervention 2 (N = 50)

Equivalent amount of intravenous 0.9% saline for three consecutive days (placebo)

Outcomes Primary outcome

• Patient-reported physical function as the physical component summary (PCS) score of the Medical
Outcomes Study 36-item short form health survey version 2 (SF-36) at day 180 after randomisation*

Secondary outcomes

• Mortality at 28*, 90 and180 days

• Time to resolution of shock defined as maintenance of a systolic blood pressure of at least 90 mmHg
without vasopressor agents for 24 hours

• Severe bleeding defined as clinical bleeding and use of 3 units of red blood cells (RBC) within 24 hours
of the episode in the ICU after randomisation

• Bleeding in the ICU after randomisation

• Total volumes of blood products used in the ICU after randomisation

• Sepsis-related organ failure assessment (SOFA) scores at days 1–7 after randomisation

• Use of renal replacement therapy (RRT)

• Ventilation and vasopressor in the ICU after randomisation

• Serious adverse reactions observed in the ICU after randomisation*

• Days alive oN life support in the 90 days after randomisation

• Days alive and out of hospital in the 180-day follow-up period

• Amputation (yes/no) within the 180 days

Notes * outcomes reported that were of interest in the review

Authors declared conflict of interest for CSL Behring.

Financial support from Fresenius Kabi, Germany, and Ferring Pharmaceuticals, Denmark, was de-
clared.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomised 1:1 to IVIG or placebo. Two allocation lists
with variable block sizes of 2, 4 and 6 were computer generated."

Comment: computer-generated random sequence is adequate

Allocation concealment
(selection bias)

Low risk Quote: "Two allocation lists with variable block sizes of 2, 4 and 6 were com-
puter generated to form two separate boxes that contained sequentially num-
bered, opaque and sealed envelopes" "Patients were randomised by dedicat-
ed personnel who drew the next envelope from the box according to the site
of NSTI. The randomisation note was handed to an ICU nurse not otherwise
involved in the care of the patient who placed both IVIG and 0.9% saline in a

Madsen 2017  (Continued)
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black, opaque plastic bag, inserted an orange-coloured infusion set into the
allocated intervention (IVIG or saline) and sealed the bag with a plastic strip
(more details are given in the Electronic Supplementary Material (ESM)."

Comment: the method used to guarantee allocation concealment seems to be
adequate

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The randomisation note was handed to an ICU nurse not otherwise
involved in the care of the patient who placed both IVIG and 0.9% saline in a
black, opaque plastic bag, inserted an orange-coloured infusion set into the al-
located intervention (IVIG or saline) and sealed the bag with a plastic strip."

"Patients, clinical staN caring for the patients, research staN, the statistician
and the authors when writing the first dra( for the abstract (supplementary re-
sults in the ESM) were all blinded to the intervention."

Comment: the method used to guarantee blinding of participants and person-
nel was adequate and well described

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Patients, clinical staN caring for the patients, research staN, the sta-
tistician and the authors when writing the first dra( for the abstract (supple-
mentary results in the ESM) were all blinded to the intervention" "The statis-
tician (TL) did the analyses while still blinded to the intervention according to
the statistical analysis plan."

Comment: the method used to guarantee blinding of outcome assessment
was well described and primary outcome is a patient-reported outcome.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Quote: "129 patients were screened, of whom 100 were enrolled; 50 patients
were assigned to the IVIG group and 50 patients to the placebo group" "Of the
100 patients randomised, 87 were included in the intention-to-treat analysis."

Comment: 100 patients were randomised but the SF-36 could not be obtained
from 13 patients, thus analysis of primary outcome was based on 87patients.
For the primary outcome, there were no data available for 38% of patients in
each group with 25% of death and 13% of missing data.

Selective reporting (re-
porting bias)

Low risk Comment: in accordance with the protocol available in clinical trials.gov
NCT02111161

Other bias High risk Comment: There was baseline imbalance: number of patients who had re-
ceived IVIG before randomisation was higher in placebo group 20 (40%) than
in IVIG group 8 (16%) and number of patients with acute kidney injury was
higher in IVIG group 5 (10%) than in placebo group 1 (2%). This is a place-
bo-controlled trial, however nearly half of patients in placebo group had re-
ceived one dose of IVIG before randomisation.

Madsen 2017  (Continued)

 
 

Methods Prospective, non-inferiority randomised controlled, open-label, parallel-group trial

Multicentric, 74 centres, worldwide

Period of inclusion: April 2001 to April 2002

Participants Inclusion criteria

• Patients ≥ 18 years
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• Patients with a complicated skin and so( tissue infection (cSSSI) at one site only (cSSSI diagnoses
were prospectively defined: diabetic foot infection, necrotizing fasciitis, post-surgical wound infec-
tion, complicated cellulitis, complicated erysipelas, major abscess of the skin, infection of traumatic
lesion, and infected Ischaemic ulcer)

• If it was anticipated that participants required systemic antimicrobial therapy

• If they had a sample culture taken within 24 hours prior to being included

• Patients had to had one of the following signs and symptoms: fever ≥ 38.0 C axillary or ≥ 38.5 C orally;
leukocytosis (absolute white blood cell (WBC) count > 10,000 cells/mL) with neutrophilia (> 80% neu-
trophils), tachycardia (> 90 beats per minute), increased respiratory rate (> 20 breaths per minute), or
elevated C-reactive protein (CRP) – plus two or more of the following signs and symptoms within 24
hours preceding enrolment: local pain or tenderness, anaesthesia or hypoaesthesia of the affected
area, swelling of the presumed affected area, purulent, serosanguinous, ‘dishwater’ or foul-smelling
discharge, gas formation detected under the skin, and changes in the appearance of the involved area,
such as discolouration of skin, presence of black necrotic areas, red-brown or haemorrhagic bullae,
or skin colour changes from red-blue to patches of blue-grey.

Exclusion criteria

• Patients with a diagnoses of uncomplicated mild-to-moderate SSSIs and of secondary infected burns,
atopic dermatitis, or eczema

• Pregnant or nursing patients

• Patients with severe life-threatening diseases with a life expectancy < 2 months

• End-stage liver cirrhosis

• Severe renal impairment requiring dialysis,

• Hypersensitivity to fluoroquinolones, and beta-lactams

• A congenital or sporadic syndromes of QTc prolongation or patients taking concomitant medication
reported to increase the QTc

• Patients with hypersensitivity to fluoroquinolones, and beta-lactams

• History of tendinopathy with quinolones

• Severe renal impairment requiring dialysis

• Septic shock

• Patients receiving chronic immunosuppressant treatment

• Patients with neutropenia (neutrophil absolute count < 1000 cells/mL) or at AIDS stage 1 or 2 (CD4+
absolute count < 200 cells/µL)

• HIV-seropositive individuals receiving highly-activated antiretroviral treatment

• SSSI secondary to prosthetic materials

• 18% of the skin and so( tissue affected

• Suspected underlying osteomyelitis not related to diabetic foot infection

• Requirement for systemic concomitant antibacterial agents

• fFilure to respond to previous antibacterial treatment only if previous treatment contained a fluoro-
quinolone, amoxicillin or a beta-lactam/beta-lactamase inhibitor combination

• Patients who had received systemic antibacterial treatment (orally or parenteral) for > 24 hours within
the 24 hours immediately prior to enrolment in the study

Baseline characteristics ITT population

Subgroup of NSTI (n = 54): 57.4% of male; mean age 52.2 years (provided upon a request to the authors)

Interventions Intervention 1(Per protocol (PP), n = 315); abscess n = 98; necrotizing fasciitis, n = 22; surgical
wound infection n = 9; diabetic foot n = 49; complicated erysipelas n = 101; infected traumatic le-
sion n = 21; infected ischaemic ulcers n = 6; complicated cellulitis n = 9.

moxifloxacin 400 mg per day intravenous (IV), for at least 3 days, followed by moxifloxacin 400 mg oral-
ly, once daily, for 7–21 days

Intervention 2(PP, n = 317): abscess n = 93, necrotizing fasciitis, n = 13, surgical wound infection n
= 13, diabetic foot n = 63, complicated erysipelas n = 95, infected traumatic lesion n = 19, infected
ischaemic ulcers n = 4, complicated cellulitis n = 17

Vick-Fragoso 2009  (Continued)
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amoxicillin-clavulanate, IV 1000 mg/200 mg three times daily for at least 3 days, followed by amoxi-
cillin-clavulanate 500 mg/125 mg orally, three times daily, for 7–21 days

Outcomes Primary outcome

• Clinical response (CR) at test of cure (TOC) for the PP population

CR at the TOC, days 14-28, visit was defined as: cure (total resolution or marked improvement of all
cSSSI signs and symptoms; no additional or alternative antimicrobial treatment necessary). Evalua-
tions (both the visual description of the lesion and the assessment of clinical outcome) were performed
by investigators.

Secondary outcomes

• Clinical response at TOC days 14-28 for the intention to treat (ITT) population

• Clinical response at TOC days14-28 by indication in the PP and ITT population

• Bacteriological success (eradication/presumed eradication) at TOC days 14-28 for the PP/microbio-
logically evaluable population

• Adverse events in ITT population*. Assessments for safety were based on physical examination and
routine laboratory tests throughout the study

Notes This study was sponsored by Bayer HealthCare AG.

Authors declared conflict of interest for Atox Bio Ltd and Biomedical Statistical Consulting, Wyn-
newood, Pennsylvania.

* outcomes reported that were of interest in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: “randomised into two groups in a 1:1 ratio”

Comment: the method used to generate the allocation sequence was not re-
ported

Allocation concealment
(selection bias)

Unclear risk Quote: "Patients were randomised into two groups in a 1:1 ratio to receive ei-
ther moxifloxacin or the control regimen."

Comment: there was no mention of how allocation concealment was guaran-
teed

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: “open label”

Comment: both participants and study personnel were aware of the assigned
treatment

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Quote: “open-label”, “Clinical outcomes were assessed bimodally as cure or
failure, such that patients with only limited improvement in clinical status and
partial resolution of symptoms would conservatively be considered as fail-
ures."

Comment: assessment was performed by investigators who were not blinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: number of randomly assigned participants: 804

Number of analysed participants for the main outcome per protocol: 632

Patients withdrawn: 172

Vick-Fragoso 2009  (Continued)
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The main reasons for withdrawal after randomisation (moxifloxacin vs amoxi-
cillin-clavulanate) were adverse events (6.2% vs 3.8%), insufficient therapeutic
effect (4.2% vs 5.3%), patient lost to follow-up (3.9% vs 5.3%), and protocol vi-
olation (3.4% vs 2.8%) (P > 0.1 in all cases). There was a high rate of withdrawal
mainly due to serious adverse events and insufficient therapeutic effect.

Selective reporting (re-
porting bias)

Unclear risk Comment: no protocol was available, however, the outcomes predefined in
the methods were well reported in the results section.

Other bias High risk Comment: there was baseline imbalance; number of patients in the NSTI sub-
group was two-fold higher in the moxifloxacin group (36/54) treatment than in
the amoxicillin-clavulanate group (18/54) treatment

Vick-Fragoso 2009  (Continued)

AIDS: Acquired Immune Deficiency Syndrome; cSSSI: complicated skin and skin structure infections; cSSTI: complicated skin and so(
tissue infection;CR: clinical response; ESM: electronic supplementary material; HBO: hyperbaric oxygen therapy;ICU: intensive care
unit; IVIG: intravenous immunoglobulin; ITT: intention-to-treat;IV: intravenous; NSTI: necrotizing so( tissue infections; PCS: physical
component summary; PP: per protocol; RBC: red blood cells; RRT: renal replacement therapy; SOFA: Sequential Organ Failure Assessment
score; SF-36: the Short Form (36) Health Survey; TOC: test of cure; WBC: white blood cells.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abbar 2014 The study was not a randomised controlled trial.

Danino 2010 The study compared wound care dressings after surgery and not an intervention to treat NSTI.

Fass 1989 The study included patients with skin and so( tissue infection with no clear definition; we were un-
able to contact the main author (deceased).

Huang 2006 The study compared wound care dressings after surgery and not an intervention to treat NSTI.

Linner 2014 The study was not a randomised controlled trial.

Matejec 2013 The study's cross-over design was not relevant for assessment of outcomes.

Morelli 2008 The study's cross-over design was not relevant for assessment of outcomes.

Norrby-Teglund 2009 The study was not a randomised controlled trial.

Solomkin 1986 The definition of necrotizing so( tissue infection was inaccurate and included diabetic foot infec-
tion and Ischaemic gangrene.

Souyri 2008 The study was not a randomised controlled trial.

Subrahmanyam 2004 The study compared wound care dressings after surgery and not an intervention to treat NSTI.

Wong 2004 The study was not a randomised controlled trial.

Xu 2015 The study compared wound care dressings after surgery.

NSTI: necrotizing so( tissue infection
 

Characteristics of studies awaiting assessment [ordered by study ID]
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Methods This was a randomised controlled trial

Participants Participants with a streptococcal toxic shock syndrome with or without NSTI

Interventions Intravenous immunoglobulin G therapy versus placebo

Outcomes Mortality at 28 days

Time to resolution of shock

Time to no further progression of the tissue infection

Survival on day 180

Notes Outcomes in the subgroup of patient with NSTI are not available. Email to the study authors with-
out answer

Darenberg 2003 

 
 

Methods This was a randomised controlled trial

Participants Participants with serious surgical infections, including intraabdominal, pelvic, biliary tract, and
necrotizing so(-tissue infections suspected of containing B.fragilis

Interventions Moxalactam versus Mefoxitin, with or without tTobramycin

Outcomes Cure rates

Notes Outcomes in the subgroup of patient with NSTI are not available. Email to the study authors with-
out answer

Tally 1986 

NSTI: necrotizing so( tissue infection
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Phase III efficacy and safety study of AB103 in the treatment of patients with necrotizing so( tissue
infections (ACCUTE)

Methods This was a randomised, double-blind controlled trial

Participants Participants with a necrotizing so( tissue infection

Interventions AB103 0.5 mg/kg vs placebo

Outcomes Clinical composite success end point (Time frame: 28 days)

Safety measures: adverse events

Safety measures: clinical safety laboratory

Safety measures: secondary infections

Recovery from acute kidney injury

Time to resolution of SOFA score to ≤ 1

NCT02469857 
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Critical care and hospital stay parameters: ICU days

Critical care and hospital stay parameters: ventilator days

Critical care and hospital stay parameters: hospital length of stay

Starting date September 2015

Contact information Eileen M Bulger, MD Harborview Injury Prevention and Research Center

Notes  

NCT02469857  (Continued)

ICU: intensive care unit; SOFA: Sequential Organ Failure Assessment score
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Moxifloxacin versus amoxicillin-clavulanate

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mortality within 30 days 1 54 Risk Ratio (M-H, Random,
95% CI)

3.0 [0.39, 23.07]

2 Proportion of patients who experi-
enced serious adverse events

1 54 Risk Ratio (M-H, Random,
95% CI)

0.63 [0.30, 1.31]

 
 

Analysis 1.1.   Comparison 1 Moxifloxacin versus amoxicillin-clavulanate, Outcome 1 Mortality within 30 days.

Study or subgroup Moxifloxacin Amoxi-
cillin-clavu-

lanate

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Vick-Fragoso 2009 6/36 1/18 100% 3[0.39,23.07]

   

Total (95% CI) 36 18 100% 3[0.39,23.07]

Total events: 6 (Moxifloxacin), 1 (Amoxicillin-clavulanate)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.06(P=0.29)  

Favours moxifloxacin 10000.001 100.1 1 Favours amoxicillin
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Analysis 1.2.   Comparison 1 Moxifloxacin versus amoxicillin-clavulanate,
Outcome 2 Proportion of patients who experienced serious adverse events.

Study or subgroup Moxifloxacin Amoxi-
cillin-clavu-

lanate

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Vick-Fragoso 2009 10/36 8/18 100% 0.63[0.3,1.31]

   

Total (95% CI) 36 18 100% 0.63[0.3,1.31]

Total events: 10 (Moxifloxacin), 8 (Amoxicillin-clavulanate)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.25(P=0.21)  

Favours moxifloxacin 1000.01 100.1 1 Favours amoxicillin

 
 

Comparison 2.   AB 103 versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mortality within 30 days 1 43 Risk Ratio (M-H, Random,
95% CI)

0.34 [0.05, 2.16]

2 Proportion of patients who experi-
enced serious adverse events

1 43 Risk Ratio (M-H, Random,
95% CI)

1.49 [0.52, 4.27]

 
 

Analysis 2.1.   Comparison 2 AB 103 versus placebo, Outcome 1 Mortality within 30 days.

Study or subgroup AB103 Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bulger 2014 2/32 2/11 100% 0.34[0.05,2.16]

   

Total (95% CI) 32 11 100% 0.34[0.05,2.16]

Total events: 2 (AB103), 2 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.14(P=0.25)  

Favours AB103 1000.01 100.1 1 Favours placebo

 
 

Analysis 2.2.   Comparison 2 AB 103 versus placebo, Outcome 2
Proportion of patients who experienced serious adverse events.

Study or subgroup AB103 Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bulger 2014 13/32 3/11 100% 1.49[0.52,4.27]

   

Total (95% CI) 32 11 100% 1.49[0.52,4.27]

Total events: 13 (AB103), 3 (Placebo)  

Heterogeneity: Not applicable  

Favours AB103 1000.01 100.1 1 Favours placebo
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Study or subgroup AB103 Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=0.74(P=0.46)  

Favours AB103 1000.01 100.1 1 Favours placebo

 
 

Comparison 3.   IGIV versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Mortality within 30 days 1 100 Risk Ratio (M-H, Random,
95% CI)

1.17 [0.42, 3.23]

2 Proportion of patients who experi-
enced serious adverse events

1 100 Risk Ratio (M-H, Random,
95% CI)

0.73 [0.32, 1.65]

 
 

Analysis 3.1.   Comparison 3 IGIV versus placebo, Outcome 1 Mortality within 30 days.

Study or subgroup IGIV Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Madsen 2017 7/50 6/50 100% 1.17[0.42,3.23]

   

Total (95% CI) 50 50 100% 1.17[0.42,3.23]

Total events: 7 (IGIV), 6 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.3(P=0.77)  

Favours IGIV 2000.005 100.1 1 Favours placebo

 
 

Analysis 3.2.   Comparison 3 IGIV versus placebo, Outcome 2
Proportion of patients who experienced serious adverse events.

Study or subgroup IGIV Placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Madsen 2017 8/50 11/50 100% 0.73[0.32,1.65]

   

Total (95% CI) 50 50 100% 0.73[0.32,1.65]

Total events: 8 (IGIV), 11 (Placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

Favours IGIV 1000.01 100.1 1 Favours placebo
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Term used Explanation

Adjuvant treatment Treatment that is given in addition to the primary or initial therapy to improve its effectiveness

Empiric antimicrobial thera-
py

Antimicrobial therapy given before the specific bacteria causing an infection is known

Aseptic meningitis Serious inflammation of the linings of the brain not caused by pyogenic bacteria

Empiric antibiotic therapy Antibiotics that acts against a wide range of bacteria

Bullae Blisters on the skin usually more than 5 mm in diameters

Cirrhosis Advanced liver disease

Crepitus Clinical signs characterised by a peculiar sound under the skin

Debridement Surgery excision of necrotic tissues (medical removal of dead, damaged, or infected tissue)

Endotoxin A toxin contained in bacteria that is released only when the bacteria are broken down

Exotoxin A toxin that is secreted by bacteria into the surrounding medium

Fascia A fibrous connective tissue that surrounds muscle and other so( tissue. Fasciae are classified ac-
cording to their distinct layers and their anatomical location: superficial fascia and deep (muscle)
fascia

Fulminant inflammatory re-
sponse

Systemic inflammatory response

Gram-negative bacteria Class of bacteria gram-negative staining

Haemolytic anaemia Decrease in the total amount of red blood cells due to the abnormal breakdown of red blood cells

Hyperbaric oxygen therapy Medical use of oxygen at a level higher than atmospheric pressure. This helps fight bacteria and in-
fection

Hypoxia Insufficient levels of oxygen in blood or tissue

Intravenous immunoglobulin
(IVIG)

Administration of antibodies through the veins

Motricity Strength in upper and lower extremities after disease

Morbidity Disability or degree that the health condition affects the patient

Mortality Death rate

MRSA Methicillin-resistant Staphylococcus aureus

Myonecrosis The destruction or death of muscle tissue

Necrosis Death of body tissue

Obliterating endarteritis Severe proliferating endarteritis (inflammation of the inner lining of an artery) that results in an oc-
clusion of the lumen (the space inside a tubular structure) of the smaller vessels

Table 1.   Glossary of terms used 
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Person-years Unit of measurement used to estimate rate of a disease during a defined period of observation

Polymicrobial Polymicrobial infection is caused by several species of micro-organisms

Subcutaneous tissue Layer of tissue below the epidermis and the dermis of the skin. It is also called the hypodermis

Synergistic combination Additive effects of bacterial agents

Synergistic gangrenes Necrotizing so( tissue infection caused by a mix of bacteria (usually a mix of anaerobic and aerobic
micro-organisms)

Systemic Affecting the entire body

Third-generation quinolones The quinolones are a family of synthetic broad-spectrum antibiotic drugs

Thrombi A blood clot inside a blood vessel

Transmissible agents Infectious pathogens that can be transmitted

Vasopressors Any medication that induces vasoconstriction of blood vessels to raise reduced blood pressure

Vimentin A protein, the expression of which is increased after skeletal muscle injury

Table 1.   Glossary of terms used  (Continued)

 
 

Incidence of necrotizing fasciitis

Authors Period of study Country Pathology Incidence

1991 0.085 per 100,000 p-yKaul R et al (Kaul 1997)

1995

Canada GAS NF

0.4 per 100,000 p-y

Ellis Simonsen et al (Ellis Si-
monsen 2006)

January 1997 to Decem-
ber 2002

United States NF 0.04 per 1000 p-y

O'Grady et al (O'Grady 2007) March 2002 to August
2004

Australia IGAS 2.7 per 100,000 p-y (10.9% of
NF)

Lamagni et al (Lamagni 2008) January 2003 to Decem-
ber 2004

Europe IGAS 2.37 per 100,000 p-y (8% of
NF)

Lepoutre et al (Lepoutre 2011) November 2006 to No-
vember 2007

France IGAS 3.1 per 100,000 p-y (18% of
NF)

Table 2.   Incidence of necrotizing fasciitis 

GAS NF:group A streptococcal necrotizing fasciitis; IGAS: invasive group A streptococcal disease; NF: necrotizing fasciitis; p-y: person-years
 
 

Study Contact Requested information Contacted Reply (last check
23 April 2017)

Table 3.   Details of contacting authors 
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Darenberg 2003
(awaiting classi-
fication study)

Dr Norr-
by-Teglund

Outcomes in the specific subgroup of patients
with NSTI:

-Mortality at day 30,

-Proportion of patients with serious adverse
events

-Survival time

-Patients with alteration of 25% of Functional
Impairment Scale (%)

July 28, 2015

September 07,
2015

No response

Tally 1986
(awaiting classi-
fication study)

Dr Kellum Outcomes in the specific subgroup of patients
with NSTI:

-Mortality at day 30,

-Proportion of patients with serious adverse
events

-Survival time

-Patients with alteration of 25% of Functional
Impairment Scale (%)

July 24, 2015

September 07,
2015

No response

Vick-Fragoso
2009 (included
study)

Dr Bogner, Dr
Petri

Outcomes in the specific subgroup of patients
with NSTI:

-Mortality at day 30,

-Proportion of patients with serious adverse
events

-Survival time

-Patients with alteration of 25% of Functional
Impairment Scale (%)

September 07,
2015

Additional data to
the publication pro-
vided for mortality,
proportion of pa-
tients with serious
adverse events and
survival time.

Outcome data for
assessment of long
term morbidity not
provide

Bulger 2014 (in-
cluded study)

Dr Bulger Outcomes:

-Survival time

-Patients with alteration of 25% of Functional
Impairment Scale (%)

September 07,
2015

September 09,
2015

Outcome data not
provided

Table 3.   Details of contacting authors  (Continued)

 

 

A P P E N D I C E S

Appendix 1. Cochrane Skin Group Specialised Register (CRS)

#1 (MeSH DESCRIPTOR Fasciitis, Necrotizing) AND (INREGISTER) [REFERENCE] [STANDARD]
#2 (MeSH DESCRIPTOR Fournier Gangrene) AND (INREGISTER) [REFERENCE] [STANDARD]
#3 (fournier gangrene or (synergistic and (necrotizing or necrotising) and cellulitis) or progressive synergistic bacterial gangrene or
suppurative fasciiti* or (flesh-eating and (disease or syndrome)) or necrotizing fasciitis or necrotizing fascitides or necrotising fasciitis
or necrotising fascitides or necrotizing fasciitis or necrotising fasciitis or ((necrotizing or necrotising) and so( tissue infection*)) AND
(INREGISTER) [REFERENCE] [STANDARD]
#4 #1 OR #2 OR #3 [REFERENCE] [STANDARD]
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Appendix 2. CENTRAL (Cochrane Library) search strategy

#1 MeSH descriptor: [Fournier Gangrene] explode all trees
#2 MeSH descriptor: [Fasciitis, Necrotizing] explode all trees
#3 ((necrotizing or necrotising) and so( tissue infection*):ti,ab,kw
#4 fournier gangrene:ti,ab,kw
#5 (synergistic and (necrotizing or necrotising) and cellulitis):ti,ab,kw
#6 (progressive synergistic bacterial gangrene):ti,ab,kw
#7 suppurative fasciiti*:ti,ab,kw
#8 flesh-eating disease:ti,ab,kw
#9 flesh-eating bacteria syndrome:ti,ab,kw
#10 necrotizing fasciitis:ti,ab,kw
#11 necrotizing fascitides:ti,ab,kw
#12 necrotising fasciitis:ti,ab,kw
#13 necrotising fascitides:ti,ab,kw
#14 necrotizing fascitis:ti,ab,kw
#15 necrotising fascitis:ti,ab,kw
#16 {or #1-#15}

Appendix 3. MEDLINE (Ovid) search strategy

1. Fournier Gangrene/
2. fournier gangrene.ti,ab.
3. (synergistic and (necrotizing or necrotising) and cellulitis).ti,ab.
4. progressive synergistic bacterial gangrene.ti,ab.
5. suppurative fasciiti$.ti,ab.
6. flesh-eating disease.ti,ab.
7. flesh-eating bacteria syndrome.ti,ab.
8. necrotizing fasciitis.ti,ab.
9. necrotizing fascitides.ti,ab.
10. necrotising fasciitis.ti,ab.
11. necrotising fascitides.ti,ab.
12. necrotizing fascitis.ti,ab.
13. necrotising fascitis.ti,ab.
14. Fasciitis, Necrotizing/
15. ((necrotizing or necrotising) and so( tissue infection$).ti,ab.
16. or/1-15
17. randomized controlled trial.pt.
18. controlled clinical trial.pt.
19. randomized.ab.
20. placebo.ab.
21. clinical trials as topic.sh.
22. randomly.ab.
23. trial.ti.
24. 17 or 18 or 19 or 20 or 21 or 22 or 23
25. exp animals/ not humans.sh.
26. 24 not 25
27. 16 and 26

[Lines 17-26: Cochrane Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE: sensitivity- and precision-maximizing
version (2008 revision)]

Appendix 4. Embase (Ovid) search strategy

1. Fournier Gangrene/
2. fournier gangrene.ti,ab.
3. (synergistic and (necrotizing or necrotising) and cellulitis).ti,ab.
4. progressive synergistic bacterial gangrene.ti,ab.
5. suppurative fasciiti$.ti,ab.
6. flesh-eating disease.ti,ab.
7. flesh-eating bacteria syndrome.ti,ab.
8. necrotizing fasciitis.ti,ab.
9. necrotizing fascitides.ti,ab.
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10. necrotising fasciitis.ti,ab.
11. necrotising fascitides.ti,ab.
12. necrotizing fascitis.ti,ab.
13. necrotising fascitis.ti,ab.
14. ((necrotizing or necrotising) and so( tissue infection$).ti,ab.
15. necrotizing fasciitis/
16. or/1-15
17. crossover procedure.sh.
18. double-blind procedure.sh.
19. single-blind procedure.sh.
20. (crossover$ or cross over$).tw.
21. placebo$.tw.
22. (doubl$ adj blind$).tw.
23. allocat$.tw.
24. trial.ti.
25. randomized controlled trial.sh.
26. random$.tw.
27. or/17-26
28. exp animal/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
29. human/ or normal human/
30. 28 and 29
31. 28 not 30
32. 27 not 31
33. 16 and 32

Appendix 5. LILACS search strategy

((necrotizing or necrotising) and (fasciitis or fascitis)) or Fournier gangrene

We searched using the above terms and the Controlled clinical trials topic-specific query filter within LILACS.

Appendix 6. Search strategies for trials registers & pharmaceutical databases

 

The ISRCTN registry:
"necrotizing fasciitis" or "necrotising fasciitis" or" necrotizing so( tissue infection" or "necrotising so( tissue infection"

ClinicalTrials.gov:

"necrotizing fasciitis" or "necrotising fasciitis" or" necrotizing so( tissue infection" or "necrotising so( tissue infection"

The Australian New Zealand Clinical Trials Registry (ANZCTR):

"necrotizing fasciitis" or "necrotising fasciitis" or" necrotizing so( tissue infection" or "necrotising so( tissue infection"

WHO International Clinical Trials Registry Platform (ICTRP):

"necrotizing fasciitis" or "necrotising fasciitis" or" necrotizing so( tissue infection" or "necrotising so( tissue infection"

EU Clinical Trials Register:

"necrotizing fasciitis" or "necrotising fasciitis" or" necrotizing so( tissue infection" or "necrotising so( tissue infection"

Pharmaceuticals databases:

"necrotizing fasciitis" or "necrotising fasciitis" or" necrotizing so( tissue infection" or "necrotising so( tissue infection"

 

 

C O N T R I B U T I O N S   O F   A U T H O R S

CH was the contact person with the editorial base.
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CH and LLC co-ordinated contributions from the co-authors and wrote the final dra( of the review.
CH, RB, and LLC screened papers against eligibility criteria.
CH obtained data on ongoing and unpublished studies.
CH, RB, and LLC appraised the quality of papers.
CH and RB extracted data for the review and sought additional information about papers.
CH entered data into RevMan.
CH, RB, ES, and LLC analysed and interpreted data.
LLC, ES, and CH worked on the methods sections.
CH, ES, LLC, RB, NDP, PJ, and OC dra(ed the clinical sections of the background and responded to the clinical comments of the referees.
LLC and ES responded to the methodology and statistics comments of the referees.
CH was the consumer co-author and checked the review for readability and clarity, as well as ensuring outcomes are relevant to consumers.
CH is the guarantor of the update.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Methods > Data Collection and analysis: we added the initials of the people who did the GRADE assessments (CH, LLC) and also mention
how disagreements were resolved (ES).

Objectives: we expanded the objectives for clarity.

Methods >Types of participants: we clarified that we included all adults aged 18 years and over hospitalised with a diagnosis of NSTI.
This was cited in the protocol but only under Types of interventions, notTypes of participants.

Methods >Type of interventions >Surgical treatments: We revised surgical treatments as type of surgery (surgical debridement,
amputation). We re-phrased "Surgical delay less than 24 hours versus surgical delay longer than 24 hours" to "immediate versus delayed
intervention".

Methods >Type of interventions >Medical treatments: we clarified our comparators.

Methods > Types of studies: we added in the Methods section that cross-over designs were excluded because trials assessed an acute
life-threatening disease (which cannot be appropriately assessed in a cross-over study).
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Methods > Types of outcomes > Secondary outcomes: we expanded the description and assessment of 'Assessment of long-term
morbidity'. However, no study in this review measured this outcome in the way we required.

Methods >Data collection and analysis: we included all outcomes in our 'Summary of findings' tables to summarise all key information,
although we only planned to include our primary outcomes.

Methods >Data extraction and management: we changed the third review author who resolved any disagreements between the two
other review authors to LLC because ES was not available at the time.

Methods >Assessment of risk of bias in included studies: we changed the third review author who resolved any disagreements between
the two other review authors to LLC because ES was not available at the time. We added performance bias and re-worded the domains
so they reflected the Cochrane 'Risk of bias' tool. We added the following sentence for clarification: "Studies were classified as having low
risk of bias if none of the domains above were rated as high risk of bias and three or less were rated as unclear risk; moderate if one was
rated as high risk of bias or none were rated as high risk of bias but four or more were rated as unclear risk, and all other cases will be
assumed to pertain to high risk of bias".

Methods >Dealing with missing data: we added this sentence, "we planned to synthesise data as analysed in each study (complete
cases)", but could not undertake this due to lack of studies in the review.

Methods >Assessment of reporting biases: we did not perform sensitivity analyses according to a regression-based adjustment model
because no meta-analysis was possible since the interventions compared in the trials were not similar.

Methods >Measures of treatment e>ects: for survival time evaluation, we planned to use hazard ratios (HR) with 95% CI; however, the
required data on survival time were not available in the three included studies.

Methods >Units of analysis issues: we planned to include cluster-randomised trials in the meta-analyses using the methods described
in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011); however, no clustered-randomised trials were included
in this review.

Methods >Unit of analysis issue: in cases of multi-dose trials, we grouped together all the diNerent dose groups as a single arm and
compared them collectively with the control group.

Methods >Assessment of heterogeneity: we did not assess heterogeneity because the three included trials in this review compared
diNerent interventions. If a future update includes any new studies, heterogeneity can be assessed through forest plots and I2 statistics
as planned in the protocol.

Methods >Assessment of reporting bias: we planned to assess reporting bias for primary end points using funnel plots. However, the
validity conditions (low heterogeneity, 10 or more studies including at least one with significant results, and a ratio of the maximal to
minimal variance across studies greater than 4) for funnel plot asymmetry tests provided were not met (Ioannidis 2007). We planned to
perform sensitivity analyses according to a regression-based adjustment model; however, only three studies were included in this review,
so we could not undertake any sensitivity analyses.

Methods >Data synthesis: we did not perform data synthesis because the three included trials in this review compared diNerent
interventions. Thus, we deleted all reference to pooling using a fixed-eNect model. If this review is updated, we will use the random-eNects
model to pool studies in a meta-analysis.

Methods >Subgroup analysis and investigation of heterogeneity: the planned subgroup analyses were not performed because of the
low number of studies included in the review.

Methods >Sensitivity analysis: the number of included studies was insuNicient to perform sensitivity analyses.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Amoxicillin-Potassium Clavulanate Combination;  Anti-Bacterial Agents  [therapeutic use];  CD28 Antigens  [therapeutic use];  Critical
Care;  Debridement;  Fluoroquinolones  [therapeutic use];  Immunoglobulins, Intravenous  [therapeutic use];  Moxifloxacin;  Randomized
Controlled Trials as Topic;  So( Tissue Infections  [complications]  [*therapy]

MeSH check words

Adult; Female; Humans; Male; Middle Aged
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