
UC Davis
UC Davis Previously Published Works

Title
Management and Novel Adjuncts of Necrotizing Soft Tissue Infections.

Permalink
https://escholarship.org/uc/item/1j63w7zn

Journal
Surgical Infections, 18(3)

Authors
Cocanour, Christine
Chang, Phillip
Huston, Jared
et al.

Publication Date
2017-04-01

DOI
10.1089/sur.2016.200
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1j63w7zn
https://escholarship.org/uc/item/1j63w7zn#author
https://escholarship.org
http://www.cdlib.org/


Management and Novel Adjuncts of Necrotizing
Soft Tissue Infections

Christine S. Cocanour, Phillip Chang, Jared M. Huston, Charles A. Adams, Jr, Jose J. Diaz,
Charles B. Wessel, Bonnie A. Falcione, Graciela M. Bauza, Raquel A. Forsythe, and Matthew R. Rosengart

Abstract

Necrotizing soft tissue infections (NSTI) have been recognized for millennia and continue to impose consid-
erable burden on both patient and society in terms of morbidity, death, and the allocation of resources. With
improvements in the delivery of critical care, outcomes have improved, although disease-specific therapies are
lacking. The basic principles of early diagnosis, of prompt and broad antimicrobial therapy, and of aggressive
debridement have remained unchanged. Clearly novel and new therapeutics are needed to combat this per-
sistently lethal disease. This review emphasizes the pillars of NSTI management and then summarizes the
contemporary evidence supporting the incorporation of novel adjuncts to the pharmacologic and operative
foundations of managing this disease.
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Necrotizing soft tissue infections (NSTI) have been
recognized for millennia, with reports dating back to

notations by Hippocrates in the fifth century BCE: ‘‘Many
were attacked by the erysipelas all over the body when the
exciting cause was a trivial accident.flesh, sinews, and
bones fell away in large quantities.there were many
deaths’’ [1]. A potentially life-threatening infection of the
neck and floor of the mouth, Ludwig angina, was described
by Wilhelm Frederick von Ludwig in 1836 [2]. Genital and
perineal region necrotizing infections were first reported in
1764 by Baurienne [3], but they were not referred to as
Fournier gangrene until the late 1800s after a series of five
male patients were presented in 1883 and 1884 by the French
dermatologist and venereologist Jean Alfred Fournier [4,5].
The first large-scale description of necrotizing infections
came during the American Civil War when a Confederate
Army surgeon, Dr. Joseph Jones, reported 2,642 cases with a
mortality rate of 46% [6].

Numerous terms have been used to describe NSTIs, in-
cluding hospital gangrene, necrotizing erysipelas, suppura-
tive fasciitis, clostridial gangrene, and gas gangrene. Wilson
introduced the term necrotizing fasciitis in 1952 to refer to
both gas-forming and non–gas-forming necrotizing infec-
tions [7]. Because diagnosis and management requires a
similar approach regardless of the anatomic location or depth

of involvement, necrotizing soft tissue infection has now
supplanted necrotizing fasciitis as the preferred term, because
it encompasses all forms of this potentially devastating
infection.

The NSTIs are characterized as a collection of rapidly
advancing, often fatal, infections of the soft tissue compart-
ment (dermis, subcutaneous tissue, superficial fascia, deep
fascia, or muscle). Typically, they are not associated with an
abscess, but if an abscess is left untreated or is inadequately
drained, it may transition to a rapidly progressive, necrotizing
infection. Although a recent query of the Nationwide In-
patient Sample (1998–2010) reported a reduced incidence,
there are still approximately 3,800–5,800 cases annually in
the United States, with a case complication rate of nearly
50% and a case fatality rate of 5%–10% [8].

The basic principles of early diagnosis, prompt and broad
antimicrobial therapy, and aggressive, serial, surgical de-
bridement remain the pillars of therapy aimed at reducing
morbidity and death [9–12]. Indeed these are the only factors
that we, the clinicians, can modify to optimize outcome, and
the data are nearly incontrovertible that delay, particularly in
operative debridement, is associated with an increased risk of
death [13–16]. Unfortunately, these basic principles have
remained unchanged for decades, which likely underlies the
relatively stagnant and still high and unacceptable mortality
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rates. Clearly novel and new therapeutics are needed to
combat this persistently lethal disease.

In this study, we review the epidemiology, classification,
and microbiology of NSTIs and subsequently provide a
contemporary perspective of diagnosis and management. We
conclude by conducting a systematic review to summarize
the contemporary evidence supporting the incorporation of
novel adjuncts to the pharmacologic and operative founda-
tions of managing this disease: Hyperbaric oxygen therapy,
intravenous immunoglobulin (IVIG), and blood purification.

Methods

We performed a systematic review of the MEDLINE and
the Cochrane Database of Systematic Reviews from 2005 to
2015 using specific search strategies. We provide search
strings and Preferred Reporting Items for Systematic Re-
views and Meta-Analyses diagram as Appendix A (see online
supplementary material at ftp.liebertpub.com). We restricted
articles to adult (age ‡18 years) human data reported in the
English language only. We screened articles published be-
tween January 1, 1995 and December 31, 2015. We focused
on randomized clinical trials (RCTs), meta-analyses, sys-
tematic reviews, and clinical practice guidelines. We ex-
cluded opinion articles, commentaries, and case series,
although we did incorporate observational trials.

After screening 2,773 titles and abstracts, more articles
were identified for full-text review, after which manual re-
view of bibliographies generated 25 additional references. A
total of 86 articles were reviewed manually, of which 64 were
selected with relevant content (Fig. 1). We selected only ar-
ticles deemed to provide major advances in the treatment of
patients with NSTI. We considered sources of bias in these

articles and defined areas of uncertainty as those in which the
evidence conflicted. We used a systematic weighting of
strength of recommendation and quality of evidence using
the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) system [17–20].

NSTIs

Epidemiology

The NSTIs are rare, with an estimated incidence in the
United States to be between 500 and 1,500 cases per year
[21]. Using insurance databases, Ellis Simonsen et al. [22]
determined the incidence of NSTI to be 0.04 cases per 1,000
person years. Using the Nationwide Inpatient Sample from
2001 and 2004, Endorf et al. [23] found 10,940 patients
(0.04%) with NSTI. Males were significantly more likely to
have a NSTI (66.3% vs. 63.5%, p < 0.001).

The NSTI patients require extensive intensive care unit
(ICU) and hospital resources. In the United Kingdom (UK)
between 1995 and 2006, 0.24% of ICU admissions were
because of necrotizing fasciitis [24]. In a study of patients
admitted to burn centers versus non-burn centers, the average
length of stay was 22.1 days for burn centers and 16.0 days
for non-burn centers [23]. The cost of care is significant and
ranges from $71,000 to $83,000 [23]. The majority of pa-
tients with NSTI are treated by surgeons in the community,
but increasingly, these patients are being referred to tertiary
care hospitals and burn centers for specialized wound and
critical care management.

Death from NSTI has decreased over the past 30 years. In
the UK between 1995 and 2006, patients with NSTI had a
mortality rate of 41.6%. A review of 27 case series between

FIG. 1. PRISMA flow diagram. MA = 8; SR = 3; CCT (not observational) = 21. Observational trials with controls = 32.
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1980 and 1998 reported an estimated mortality rate of 32%
[25]. In 67 studies that included 3,302 patients from 1980–
2008, the overall mortality rate was 23.5% [26]. There was
only a slight downward trend of 27.8% to 21.7% between
those studies published from 1980 to 1999 and the studies
from 1999–2008 [26]. A review of NSTI from the National
Surgical Quality Improvement Program database found a
mortality rate of only 12% [27]. In a study of NSTI at six
academic hospitals in Texas between 2004 and 2007, mor-
tality rates varied between 9% and 25% [28].

Comparison between studies is difficult because of the
rarity and the heterogeneity of disease presentation. Im-
provements in outcome continue to require early diagnosis,
early and aggressive surgical debridement, early administration
of appropriate empiric antibiotic agents that are then tailored to
microbiologic identification and antimicrobial susceptibility,
and optimization of underlying medical co-morbidities.

Classification

Skin and soft tissue infections are classified in numerous
ways and often for specific reasons. For purposes of evalu-
ating new therapeutics for the management of soft tissue
infections, the Food and Drug Administration classifies soft
tissue infections into two broad categories: Uncomplicated
and complicated. Uncomplicated soft tissue infections in-
clude superficial infections such as cellulitis, impetigi-
nous lesions, furuncles, and simple abscesses that can be
managed with surgical incision alone. Complicated soft tis-
sue infections such as infected ulcers, infected burns, and
major abscesses require significant surgical interventions.
For clinical therapeutic trials, NSTI is generally an exclu-
sion criterion.

A more useful classification divides soft tissue infections
into either non-necrotizing or necrotizing infections. It is
important to differentiate necrotizing infections from non-
necrotizing infections, because necrotizing infections require
aggressive surgical management. Necrotizing infections can
be divided further into specific types based on anatomy (e.g.,
Fournier, Ludwig angina), depth of involvement (e.g., nec-
rotizing adipositis, fasciitis, or myositis), microbial source of
infection (types 1, 2, 3), or even a combination of microbial
source and depth (i.e., clostridial cellulitis, non-clostridial
anaerobic cellulitis).

Microbiology

Three basic microbial sub-types have been described.
Type 1 infections are poly-microbial in nature and are the
most prevalent form of NSTI, occurring in 55%–75% of
NSTIs [16]. Type 2 infections are mono-microbial and
are caused by Group A Streptococcus (GAS). Some authors
also consider mono-microbial infections from community-
associated methicillin-resistant Staphylococcus aureus
(CA-MRSA) as Type 2 [29]. Type 3 infections are also
mono-microbial and are attributed to Clostridium species or
rare virulent microbes such as Vibrio vulnificus or Aeromonas
species [29,30].

Type 1 infections are a mix of aerobic and anaerobic bacteria
and average 4.4 isolates per specimen [31]. The predominant
aerobic isolates are Streptococcus species, Staphylococcus
species, Enterococcus species, Enterobacteriaceae family
(Escherichia coli, Klebsiella species), Pseudomonas species,

and Acinetobacter species. Bacteroides species are the most
common anaerobic organisms. Clostridium species are com-
mon participants in poly-microbial infections but are not
necessarily causative of myonecrosis. Fungal species are oc-
casional pathogens [14,31].

Poly-microbial NSTIs tend to occur on the perineum and
trunks of immunocompromised patients. Fournier gangrene
is a classic example of poly-microbial NSTI. Diabetes mel-
litus and peripheral vascular disease are common predis-
posing factors in poly-microbial NSTI [32]. Other
predisposing factors include obesity, chronic renal failure,
human immunodeficiency virus (HIV) infection, alcohol
abuse, abscess, intravenous (IV) drug use, insect bites, recent
surgical incisions, and perforation of the gastrointestinal tract
[29,33,34]. Interestingly, an inciting event is never identified
in 20%–50% of the patients [14,15,35].

Another example of Type 1 NSTI is cervical necrotizing
fasciitis. Bacterial penetration into the fascial compartments
of the head and neck results in a rapidly progressive gan-
grenous cellulitis with life-threatening airway obstruction. It
is most often associated with an odontogenic infection (78%–
90%), but other causes include trauma, tongue piercing,
neoplasm, and other parapharyngeal infections [36–39]. Both
Ludwig angina (submandibular space infection) and cervical
necrotizing fasciitis are usually caused by mouth anaerobes
such as Fusobacterium species, anaerobic Streptococcus
species, Peptostreptococcus species, Bacteroides species,
and spirochetes.

Type 2 NSTIs are caused by GAS (S. pyogenes) either
alone or in association with S. aureus. In up to half of pa-
tients, Type 2 infections may be accompanied by toxic shock
syndrome [40,41]. In contrast to Type 1 NSTI, Type 2 NSTI
can occur in any age group and without predisposing medical
conditions [14]. Predisposing factors include a history of
trauma, IV drug use, surgical procedures, childbirth, burns,
exposure to a case, and potentially non-steroidal anti-
inflammatory drugs (NSAIDS) [42,43].

Over the past 10 years, MRSA has been seen increasingly
as a mono-microbial cause of NSTI. The CA-MRSA that is
overwhelmingly associated with NSTI is clone USA300
containing the Panton-Valentine leukocidin cytotoxin [44].
In some communities, this CA-MRSA is responsible for more
than 15% of NSTI [43]. Although CA-MRSA most com-
monly causes necrotizing infection of the subcutaneous tissue
and skin, more severe invasive disease such as necrotizing
fasciitis and pyomyositis are being reported increasingly
[44,45].

Clostridial infections have been classified by some as Type
3 NSTI [30]. Clostridium species are gram-positive, spore-
forming, anaerobic rods normally found in soil and the
gastrointestinal tract. Clostridial infections are associated
classically with trauma or surgery. As surgical technique and
wound care have improved, clostridial infections have de-
creased and are more likely now to be associated with wounds
from IV drug abuse [15,46,47]. Clostridium perfringens is the
etiology of 70%–80% of clostridial infections [48]. Its local
and systemic manifestations are because of the production of
potent extracellular toxins. Alpha toxin (a phospholipase C)
and theta toxin (perfringolysin) are the two most potent
proteins causing hemolysis, microvascular thrombosis, and
myonecrosis [48]. Alpha toxin directly inhibits myocar-
dial contractility and indirectly induces systemic cytokine
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expression, which may contribute to the circulatory collapse
commonly seen with this infection [48]. Spontaneous gas
gangrene is a rare clostridial infection caused by the hema-
togenous spread of C. septicum from the gastrointestinal tract
in patients with a perforation from colon cancer or divertic-
ulitis [49].

Members of the Vibrionaceae family (V. vulnificus and
others) and Aeromonas species, are rare but potentially lethal
causes of NSTI. Vibrio vulnificus is endemic to warm coastal
waters and raw seafood while Aeromonas species are found
in fresh or brackish water, soil, or wood [50–52]. Patients at
greatest risk appear to be those with underlying hepatic
dysfunction, diabetes mellitus, and other immunocompro-
mised conditions [51,53–55].

The clinical signs and symptoms of V. vulnificus and
Aeromonas NSTI are similar. Patients with hemorrhagic
bullae, subcutaneous bleeding, purpura, necrosis, and gan-
grene who present with a fulminating course should raise
suspicion of these entities. Clinical history should help dif-
ferentiate the potential source, because exposure to seawater
or shellfish would suggest Vibrio species, while exposure to
fresh or brackish water, soil, or wood would point to Aero-
monas species. Treatment usually necessitates aggressive
debridement, especially in those patients with shock, leuko-
penia, severe hypoalbuminemia, and underlying chronic ill-
ness, especially a combination of hepatic dysfunction and
diabetes mellitus [52]. These infections are aggressive, re-
sulting in a high rate of amputation and death.

Mucormycosis (most familiar as zygomycosis) is an un-
common but potentially devastating cause of NSTI. These
fungi are ubiquitous and found in soil, manure, plants, and
decaying material [56]. Agents most commonly found in
human infections are Mucor, Rhizopus, Rhizomucor, Lich-
theimia, and Cunninghanmella [57]. Cutaneous mucormy-
cosis is associated with trauma and burn wounds and has
mortality rates ranging 38%–80% [58,59]. Patients in whom
cutaneous mucormycosis develops from minor breaks in the
skin almost always have an underlying disease causing im-
munosuppression [56,60,61]. Treatment of patients with cu-
taneous mucormycosis requires aggressive debridement,
antifungal therapy, and elimination of predisposing factors
for infection such as hyperglycemia, metabolic acidosis,
deferoxamine administration, and neutropenia. Deferox-
amine, which chelates both iron and aluminum, has been
associated with promoting tissue invasion by behaving as a
siderophore and supplying the organisms with iron [62,63].

Clinical presentation

The presentation of NSTI varies widely, ranging from skin
and subcutaneous necrosis to life-threatening sepsis with
muscle and fascial involvement. Although necrotizing in-
fection leads to massive destruction of tissues, the initial
presentation is not always obvious, because it may involve
only the deep tissues in the early phases, leaving the overlying
skin appearing normal. This makes the diagnosis of NSTI
very difficult. It is important to recognize NSTI early, because
delay in the diagnosis and treatment is associated with ex-
tensive tissue destruction, limb loss, and death [41,64–67].

Localized pain may be the earliest symptom of NSTI [66,
67]. Pain out of proportion to the physical appearance should
raise the suspicion of NSTI. Other clinical manifestations

may be edema beyond the area of erythema, skin anesthesia,
epidermolysis, and bronzing of the skin (Table 1). Hemor-
rhagic bullae, crepitus, foul odor, ‘‘dishwater’’ drainage, and
dermal gangrene are late manifestations and are usually as-
sociated with systemic sepsis and organ dysfunction [68]. An
apparent superficial cellulitis that progresses rapidly, fails to
respond to standard therapy, or is associated with evolving
systemic signs of sepsis must raise the suspicion of a more
extensive underlying infection.

There are multiple risk factors associated with NSTI
(Table 2). These include advanced age (>60 years), IV drug
use, diabetes mellitus, obesity, malnutrition, congestive heart
disease, chronic pulmonary disease, peripheral vascular dis-
ease, chronic alcoholism, and immunocompromised states
such as malignancy, steroid use, transplantation, and HIV
infection [68–70]. Several studies have demonstrated that IV
and subcutaneous injection of illicit drugs is the greatest risk
factor for NSTI in the urban setting [69,71,72]. Thus, a soft
tissue infection in a patient with a recent history of injection
should raise the suspicion of more extensive underlying
necrotizing infection. It is also important to note that NSTIs
do occur in healthy persons as much as 30% of the time [73].

The reported sites of soft tissue infections vary depending
on the series [68,69,73]. The most common site of infection is
the extremity, followed by perineum and buttocks, trunk, and

Table 1. Clinical Findings of Necrotizing

Soft Tissue Infections

Early physical findings Late physical findings

Pain out of proportion
to examination

Erythema
Hyperthermia
Edema beyond the

area of erythema
Skin anesthesia
Epidermolysis
Bronzing of the skin
Tachycardia
Fever

Hemorrhagic bullae
Foul odor
Brownish-tan ‘‘dishwater’’

drainage
Dermal gangrene
Crepitus
Severe pain out of proportion

to examination
Rapid progression of

erythema, edema, pain
Systemic inflammatory

response syndrome
Sepsis
Shock and organ failure

Table 2. Risk Factors for Necrotizing

Soft Tissue Infections

Advanced age (>60 y)
Intravenous drug use
Diabetes mellitus
Obesity
Malnutrition
Congestive heart disease
Chronic pulmonary disease
Peripheral vascular disease
Chronic alcoholism
Immunocompromised states

Malignancy
Steroid use
HIV infection/AIDS
Transplantation

HIV = human immunodeficiency virus; AIDS = acquired immu-
nodeficiency syndrome.
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head and neck. The cause of NSTI is not always obvious and
usually involves tissue damage. The reported etiologies are
injection of illicit substances, cutaneous infection or ulcera-
tion, post-operative infection, peri-rectal abscesses, soft tissue
trauma, strangulated hernias, perforated viscus, colostomy
site infection, and idiopathic causes [69,74,75]. The asso-
ciation between NSAIDS and NSTI has also been shown
[76–78]. It is unclear, however, whether this association is
attributable to the immunomodulatory effect of NSAIDS or to
the fact that patients with NSTI use NSAIDS to suppress fever
and pain. Nevertheless, NSAIDS may mask the usual signs of
inflammation and thereby delay the diagnosis.

Diagnosis

Early diagnosis of NSTI is difficult, because early clinical
cutaneous manifestations may not be distinguishable from
simple superficial infection. There are several methods pro-
posed for the early diagnosis of NSTI. One such method is the
Laboratory Risk Indicator for Necrotizing Fasciitis (LRI-
NEC) score by Wong et al. [79]. The score was devised ret-
rospectively, based on six common clinical parameters:
Serum C-reactive protein (CRP), white blood cell count,
hemoglobin concentration, serum sodium, serum creatinine
level, and serum glucose level (Table 3). According to the
authors, a minimum score of 6 is associated with necrotizing
fasciitis, with a positive predictive value of 92% and negative
predictive value of 96%. Since the development of the
LRINEC score, a few cohort studies attempted to validate its
clinical use for the diagnosis of NSTI. In one study, Su et al.
[80] reviewed retrospectively 209 patients with a confirmed
diagnosis of necrotizing fasciitis and showed that only 100 of
209 (48%) had a LRINEC score ‡6. These authors also
demonstrated, however, that the group of patients with
LRINEC scores ‡6 had a higher rate of amputation and death
compared with the group with LRINEC scores <6. This study

suggests that the LRINEC score may be more helpful in
prognosticating than in diagnosing NSTI.

In a more recent cohort study of a much smaller scale
(N = 28 patients), the LRINEC score was found to have a
sensitivity of 80%, a specificity of 67%, a positive predictive
value of 57%, and a negative predictive value of 86% [81].
The sensitivity and specificity reported here are much smaller
than those proposed by Wong et al. [79]. Mills et al. [27]
reported that leukocytosis and hyponatremia occur simulta-
neously in only 22% of patients with NSTI, suggesting that
the sensitivity of these parameters for the detection of NSTI is
low. The major drawback of the LRINEC scoring system is
that it is derived from retrospective data and is therefore
predisposed to selection bias.

Imaging studies such as conventional radiography and
computed tomography (CT) are only helpful if there is gas in
the tissue. The presence of gas in the tissue together with a
suspicious clinical presentation is pathognomonic of NSTI.
Radiographic detection of sub-cutaneous emphysema, how-
ever, is seen in only 39% of patients with NSTI [82]. In
detecting inflammatory changes, CT is very sensitive but is
not necessarily specific for necrotizing infection. In the di-
agnosis of deep abscesses, however, CT is helpful, especially
intra-muscular abscesses that otherwise cannot be diagnosed
with physical examination. Magnetic resonance imaging
(MRI) with gadolinium contrast enhancement can accurately
differentiate between necrotizing infection from non-
necrotizing infection [83]. Unfortunately, the time it takes to
obtain an MRI scan, especially in an unstable patient with
sepsis, who may be undergoing aggressive resuscitation, is
difficult to justify. The MRI scan is not always accessible
readily in many facilities. Further, an MRI scan requires
patient compliance, and any movement by the patient during
the study may render a very time-consuming study non-
interpretable, thus further delaying diagnosis and treatment.

Bedside tissue biopsy with frozen section has been sug-
gested for the diagnosis of NSTI [84]. The diagnosis is made
based on histologic changes that include tissue necrosis, poly-
morphonuclear infiltration, fibrinous vascular thrombosis,
and sometimes micro-organisms within the destroyed tissue.
Although the reported series shows this method to be reliable,
the experience is limited. Further, a pathologist is not always
available readily at night for frozen section interpretation, and
waiting until the next day is not a viable option.

Aspiration of the fluid for the detection of organisms by
Gram stain and cultures has also been suggested [85]. The
presence of organisms, however, does not necessarily equate
to a necrotizing infection and is not as reliable as taking deep
tissue samples at the time of surgical exploration. Likewise,
failure to obtain fluid is non-diagnostic and does not rule out
necrotizing infection. Cultures take too long to make a timely
diagnosis of NSTI.

The diagnosis of NSTI, therefore, must be made clinically
and surgically. The clinical history and a meticulous physical
examination are essential to establish an early suspicion of
the disease. Clinical history and physical features that raise
the suspicion of NSTI should prompt surgical exploration for
a more definitive diagnosis and treatment. Indeed, the data
support that a low threshold for operative diagnosis and ac-
ceptance of a high incidence of non-therapeutic operative
intervention is necessary to optimize sensitivity and ensure
that all patients received expeditious care.

Table 3. The Laboratory Risk Indicator

for Necrotizing Fasciitis Score

Variables, units Score

C-reactive protein, mg/L
<150 0
‡150 4

Total white blood cell count, per mm3

<15 0
15–25 1
>25 2

Hemoglobin, g/dL
>13.5 0
11–13.5 1
<11 2

Sodium, mmol/L
‡135 0
135 2

Creatinine, mmol/L
£141 0
>141 2

Glucose, mmol/L
£10 0
>10 1
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Management

The management of NSTI requires aggressive resuscita-
tion, IV antibiotic agents, complete surgical debridement,
and supportive care. All aspects of treatment should be
started promptly and simultaneously. The single most im-
portant aspect of managing NSTI is complete debridement of
necrotic and infected tissues. Early operative debridement is
the major determinant of outcome [64, 65]. Surgical de-
bridement should never be delayed in the hope of restoring
hemodynamic stability before anesthesia induction, because
correction of the septic state will not occur until all of the
infected and necrotic tissues have been removed.

Surgical management. When NSTI is suspected, surgical
exploration is indicated. This involves making an incision
over the inflamed and tender area and dissecting down to the
fascia. A change in the fascia from a tough and shiny white
appearance to a dull gray fascia that can be easily separated
from the fat with blunt dissection is indicative of necrotiz-
ing infection: ‘‘The finger test.’’ The classically described
brownish-tan ‘‘dishwater’’ fluid weeping from the tissues, if
present, is also highly suggestive of NSTI. The underlying
muscles should also be examined closely by making an in-
cision in the fascia, whether or not the fascia appears normal.
All necrotic fascia and muscles, as well as the overlying skin,
should be excised. The excision margin should be healthy
bleeding tissue.

The patient’s ultimate outcome depends on the complete-
ness of surgical debridement. This sometimes means ampu-
tation of the affected limb if there is extensive soft tissue loss
preventing any reasonable functional recovery or if there is
destruction of the major nerves and blood vessels. Under no
circumstance should the wounds be closed at the time of
surgical debridement, but rather packed for open drainage
and re-exploration. Perineal gangrene often involves the
scrotum and peri-anal skin. Surgical debridement usually
involves excision of the scrotal skin and perineal skin ex-
tending to the gluteal region. The testicles are usually spared,
and orchiectomy is required rarely.

After adequate surgical debridement, the patient’s hemo-
dynamic status should improve significantly. The patient’s
wound should be re-explored in the operating room within
24 hours to evaluate whether the spread of infection has been
stopped and if further debridement is required. All newly
identified necrotic tissue should be aggressively debrided. In
patients whose clinical condition continues to deteriorate, re-
exploration should be considered sooner, because there is a
very high likelihood that the initial debridement is inadequate
or the infection has spread even further. The goal of surgical
therapy is complete debridement with the initial operation. It
is not at all uncommon, however, that multiple debridements
are required. In one study, 64% of the patients required at
least one other debridement [69].

Surgical debridement is usually extensive and involves
significant blood loss. Therefore, part of the pre-operative
workup should include type and cross match for red blood
cells. Many of these patients are coagulopathic, and efforts
should be made to correct the coagulopathy to minimize
blood loss. Patients are at risk for hypothermia, because a
large surface area is often exposed and large areas of skin are
excised.

Critical care management. As soon as the diagnosis of
NSTI is suspected, immediate fluid resuscitation should be-
gin. Many of these patients are hypovolemic and often have
acute kidney injury. Aggressive initial fluid resuscitation will
help restore intravascular volume, maintain adequate end-
organ perfusion and tissue oxygenation, and limit the adverse
effects of end-organ failure. The magnitude of resuscitation is
dependent on the individual patient’s physiologic status and
should be targeted to provide adequate perfusion to the or-
gans. For patients who are in shock or who have underlying
cardiac or pulmonary disease, intravascular volume status
requires monitoring.

Initial IV antibiotic therapy should be broad enough to cover
the diverse and various causative agents (Table 4). High dose
penicillin G or ampicillin should be used to cover for potential
Clostridium, Streptococcus, and Peptostreptococcus infec-
tions. Penicillin G, if chosen, should be given as 18–24 million
units per day for an adult. Anaerobes such as Bacteroides,
Fusobacterium, and Peptostreptococcus should also be cov-
ered with clindamycin or metronidazole. Clindamycin is also
effective in treating patients with group A b-hemolytic Strep-
tococcus by suppressing the production of exotoxins [86].
Clindamycin is also the drug of choice for patients allergic to
penicillin. Gram-negative coverage can be achieved by adding
an aminoglycoside, a third or fourth generation cephalosporin,
a fluoroquinolone, aztreonam, or a carbapenem. Alternatively,
penicillin or ampicillin can be replaced by piperacillin-
tazobactam to include gram-negative coverage.

Selection of antimicrobials that inhibit toxin production
should be considered in patients with streptococcal, Clos-
tridium spp., and staphylococcal infections, especially those
with evidence of rapidly progressive or severe infections.
Clindamycin, erythromycin, or linezolid are potential inhib-
itory agents, provided that the pathogen is sensitive to the
antibiotic. Protein cytotoxins play a significant role in the
pathogenesis of staphylococcal infections [87]. Phenol-
soluble modulin peptides are staphylococcal-secreted pep-
tides that recruit, activate, and lyse human neutrophils,
thereby eliminating a main cellular defense against staphy-
lococcal infection [78]. The b-lactams actually enhance toxin
production, while both clindamycin and linezolid inhibit toxin
production by suppressing translation, but not transcription of
S. aureus toxin genes and directly inhibiting synthesis of
group A streptococcal toxins [87]. When patients exhibit signs
and symptoms of shock, coagulopathy, and organ failure,
antitoxin antimicrobials should be initiated promptly.

Because CA-MRSA necrotizing infections are more
prevalent, parenteral anti-MRSA agents should be considered
for use in the initial antibiotic regimen in suspected cases.
Clinicians should also be aware that not only is there an
increase in frequency of MRSA isolates but there is also a
shift of the vancomycin minimum inhibitory concentration
(MIC). In a study from Houston over a 7-year period, more
than a third of MRSA isolates had a MIC greater than or equal
to 1 mcg/mL, and nearly a third of isolates had a MIC of
2 mcg/mL [88]. Treatment failure rates for MRSA infections
with increased MIC are reported [89, 90].

The antibiotic recommendation for Vibrio and Aeromonas
infections is high dose combination therapy that includes
a cell wall-active agent (third generation cephalosporins,
carbapenems), plus doxycycline (protein synthesis inhibi-
tor) [9].
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B. Patients with any history of penicillin or cephalosporin allergy

Drug Dose Route Frequency

1st dose
administration

prioritya

Rate of
administration

of 1st dose

Aztreonamb 2 g IV Q8h 2nd Over 60 min
Metronidazole 500 mg IV Q6h 4th Over 60 min
Clindamycin 900 mg IV Q8h 1st Over 30 min
Vancomycin 25 mg/kg · 1, then 15 mg/kg IV Q12h 3rd 2 h

aDo not delay antibiotic administration if 1st priority drug not available; instead begin with next highest priority drug and then give 1st
priority drug as soon as possible.

bLocal susceptibility data for common gram-negatives may guide selection; contemporary guidelines recommend fluoroquinolone or
aminoglycoside.

Patients without documented type of allergic reaction should be treated as if allergic reaction is severe. Doses reflect standard regimens,
adjust accordingly for end-organ dysfunction.

IV = intravenous; AKI = acute kidney injury.

C. Patients with history of severe vancomycin allergy (i.e., urticarial rash or anaphylactic reaction)

Drug Dose Route Frequency

1st dose
administration

prioritya

Rate of
administration

of 1st dose

Piperacillin- tazobactam 4.5 g IV Q6h 1st Over 30 min
Clindamycin 900 mg IV Q8h 2nd Over 30 min
Daptomycinb 6 mg/kgc (round to

nearest 50 mg)
IV Q24h 3rd Over 30 min

aDo not delay antibiotic administration if 1st priority drug not available; instead, begin with next highest priority drug and then give 1st
priority drug as soon as possible.

bObtain baseline and weekly creatine phosphokinase.
cUse actual body weight.
Patients without documented type of allergic reaction should be treated as if allergic reaction is severe. Doses reflect standard regimens,

adjust accordingly for end-organ dysfunction.
IV = intravenous.

(Continued)

Table 4. Necrotizing Soft Tissue Infections—Empiric Antibiotic Regimens

A. Patients without history of any penicillin or vancomycin allergy, or severe allergy (i.e., urticarial rash
or anaphylactic reaction) to cephalosporins

Drug Dose Route Frequency

1st dose
administration

prioritya

Rate of
administration

1st dose

Piperacillin- tazobactam 4.5 g IV Q6h 1st Over 30 min
Clindamycin 900 mg IV Q8h 2nd Over 30 min
Vancomycin 25 mg/kg · 1, then 15 mg/kg IV Q12h 3rd 2 h

aDo not delay antibiotic administration if 1st priority drug not available; instead begin with next highest priority drug and then give 1st
priority drug as soon as possible.

Patients without documented type of allergic reaction should be treated as if allergic reaction is severe. Doses reflect standard regimens,
adjust accordingly for end-organ dysfunction.

IV = intravenous; AKI = acute kidney injury.
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When invasive mucormycos has been demonstrated, a
lipid-based formulation of amphotericin B should be started
(less nephrotoxicity than the conventional deoxycholate
formulation, but invariably this still occurs especially those
with risk factors). Echinocandins have no in vitro activity
against the agents of mucormycosis; however certain species
do express the target 1,3 beta-D-glucan synthase complex,
and there is an in-vitro and observational data supporting the
use of echinocandins in combination with amphotericin B for
the treatment of these infections [91–93]. Posaconazole,
which is a broad-spectrum azole agent with in vitro activity
against the zygomycetes, may be considered for combination
therapy with amphotericin B, or can be used as step-down
therapy for patients who have responded to amphotericin B. It
is rarely used as salvage therapy for those who do not respond
to or cannot tolerate amphotericin B [94–96].

Antibiotic agents should be adjusted as early as possible to
only cover the causative agents once they have been identi-
fied. The identification of causative agents and their antibiotic
susceptibilities are key information obtained at the time of
surgical debridement that will guide antimicrobial therapy.

Supportive care of the patient is extremely important.
Nutrition support should be started as soon as the patient can
tolerate it. If the patient can take food by mouth, it is the
preferred route. If the patient is intubated or is unable to
obtain adequate caloric intake orally, enteral feedings via
nasogastric or nasoduodenal feeding tube is preferred over
parenteral nutrition. When calculating total caloric require-
ment, a consideration should be given to the fact that these

patients will have an increase in caloric and protein demands
because of the large protein loss through the open wounds
and the hypermetabolic state. Appropriate vitamins such as
vitamins A and C and minerals such as zinc should be given
to patients with large open wounds to facilitate wound heal-
ing. Rehabilitation should be started as soon as the patient is
stable and able to participate. Early mobilization will help
minimize pulmonary complications and de-conditioning.

Wound management. Once surgical debridement is no
longer required, wound care can be performed at the bedside.
Because these wounds are so extensive, patients usually require
large doses of narcotics for dressing changes. Topical antimi-
crobial therapy is not necessary and is never a substitute for
adequate surgical debridement. Agents such as silver nitrate
and silver sulfadiazine will alter the appearance of the wound,
making it difficult to be examined. Betadine should not be used
on an open wound, because it will cause cell damage and inhibit
wound healing. Perineal wounds are especially difficult to
manage, because soilage of the wound is frequent. Stool di-
version by colostomy is rarely required, however. Meticulous
wound care is all that is required even with the most difficult
wounds. When the wound is clean, use of a vacuum wound
dressing is an option to facilitate wound granulation.

For the majority of the wounds, closure is achieved with
simple split thickness skin grafts. More complex wounds
should be managed in conjunction with the plastic surgery
team. Wound coverage should be performed when the patient
is medically stable and the wound is free from infection. It is

Table 4. (Continued)

D. For patients with history of severe penicillin, cephalosporin, and vancomycin allergy (i.e., urticarial
rash or anaphylactic reaction)

Drug Dose Route Frequency

1st dose
administration

prioritya

Rate of
administration

1st dose

Aztreonamb 2 g IV Q8h 2nd Over 60 min
Metronidazole 500 mg IV Q6h 4th Over 60 min
Clindamycin 900 mg IV Q8h 1st Over 30 min
Daptomycinc 6 mg/kgd (round to

nearest 50 mg)
IV Q24h 3rd Over 30 min

aDo not delay antibiotic administration if 1st priority drug not available; instead, begin with next highest priority drug and then give 1st
priority drug as soon as possible.

bLocal susceptibility data for common gram-negatives may guide selection; contemporary guidelines recommend fluoroquinolone or
aminoglycoside.

cObtain baseline and weekly creatine phosphokinase.
dUse actual body weight.
Patients without documented type of allergic reaction should be treated as if allergic reaction is severe. Doses reflect standard regimens,

adjust accordingly for end-organ dysfunction.
IV = intravenous.

E. Patients with recent history of contact with freshwater or raw seafood, in addition to one of the above regimens. Add:

Drug Dose Route Frequency
1st dose admininstration

prioritya
Rate of administration

1st dose

Doxycycline 100 mg IV Q12h 1st Over 60 min

aDo not delay antibiotic administration if 1st priority drug not available; instead, begin with next highest priority drug and then give 1st
priority drug as soon as possible.

IV = intravenous.
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not necessary to wait for granulation tissue to fill the entire
wound bed for split thickness skin grafts, because the grafts
will take as long as there is a clean and vascularized bed that
is free from infection. Early coverage of the wound is ad-
vantageous in that it will help decrease pain associated with
dressing changes and decrease metabolic demands.

For perineal wounds that involve the scrotum, the best
cosmetic result can be achieved by delayed primary closure
of the wound, if it is small. If the wound is too large for
primary closure, it should not be allowed to heal by secondary
intention because this will lead to contracture deformity of
the scrotum. Several scrotal reconstruction methods have
been described, including musculocutaneous flap and fas-
ciocutaneous flaps from the thigh and the abdomen [97–99].
Direct split thickness skin grafts over the denuded testicles
have also been described to provide good cosmetic and
functional outcome, with the additional advantage of being a
single stage operation [100,101]. A simple and widely used
method is placement of the testicles in subcutaneous pockets
in the thigh. It is functionally acceptable, but cosmetically
sub-optimal. Many surgeons use this technique for temporary
coverage, which can be revised later with other reconstruc-
tive methods [100].

Novel adjuncts

Hyperbaric oxygen therapy

Hyperbaric oxygen (HBO) therapy has also been proposed
as an adjunctive therapy for NSTI. The HBO therapy in-
volves the administration of oxygen (F

i
O2 = 1.0) at a pressure

exceeding 1 atmosphere absolute (ATA), which results in a
dramatic increase in oxygen tension within tissues; three
ATA yields an arterial oxygen tension of 300 mm Hg, by
contrast to 75 mm Hg under standard conditions [16]. Direct
bactericidal activity, enhanced innate immune function, and
improved tissue healing have all been proposed as the un-
derlying beneficial biologic mechanisms [12,16]. HBO has
been incorporated into previous published guidelines for the
management of NSTI [102], although well-conducted trials
of the efficacy of HBO in NSTI are lacking.

Should HBO be used in NSTI?. In patients with Type I
NSTI, HBO may offer survival benefit (Table 5). Two sys-
tematic reviews were identified, both of which were unable to
conduct summary estimates because of the poor quality of the
studies, and thus could not provide generalized conclusions
or recommendations [103, 104]. We identified a total of 12
(n = 12) contemporary observational trials, of which nine
(n = 9)[105–113] studies were characterized as incorporating
substantial, or being comprised completely of, cases of Type
I NSTI [105–116]. Three of these trials [107–109] performed
an analysis adjusted for differences in severity of illness and
case mix, of which two [107,108] reported improved survival
with the use of HBO; the third trial did not observe benefit
[109]. Of the unadjusted trials, four reported survival benefit
with HBO in uni-variable analysis. A total of 11 additional
trials were identified, although not included because of either
being of a case series study design (Table 4).

We did not identify any contemporary trials that focused
on Type II NSTI. Three retrospective trials incorporated an
identifiable population that was diagnosed with streptococcal
infections, although significant differences in deaths were not

observed [109,113,116]. We did not identify any contem-
porary trials that focused on Type III (clostridial) NSTI, al-
though a single trial incorporated a small cohort (n = 5) with
clostridial infections [109].

Recommendation: Hyperbaric oxygen may be consid-
ered as an adjunct (i.e., secondary treatment) to therapy in
cases of Type I (poly-microbial) NSTI, but should not delay
the administration of antibiotic agents or expeditious opera-
tive debridement (weak, low).

Recommendation: Hyperbaric oxygen is not re-
commended as an adjunct (i.e., secondary treatment) to ther-
apy in cases of Type II (streptococcal) NSTI (weak, very low).

Recommendation: Hyperbaric oxygen is not re-
commended as an adjunct (i.e., secondary treatment) to
therapy in cases of Type III (clostridial) NSTI (weak, very
low).

When should HBO be used?. There are little data to
guide the timing of or criteria to institute HBO therapy. No
identified contemporary study reported clinical indications,
aside from a diagnosis of NTSI. Similarly, no study detailed
or defined physiologic indications for instituting HBO ther-
apy. One study reported that the greatest benefit was observed
in patients with the highest degree of organ injury [107].

Recommendation: The use of HBO should occur after
the administration of antibiotic agents and operative inter-
vention (weak, very low).

How should HBO be administered?. The reported pro-
tocols for the administration of HBO therapy varied consid-
erably in administration regimen: Atmospheric pressure
(range): 2.0–2.8 atmospheres (ATM); session duration
(range): 30–90 minutes per session; number of sessions
(range): 2–3 sessions per day; and duration of therapy
(range): 1–26 treatments, 3–10 days, until infection resolved
[103–116].

There are no data regarding a standardized duration of
HBO therapy. Retrospective studies continued HBO therapy
for a wide range of sessions/days, reporting in most cir-
cumstances that therapy was continued until ‘‘the infection
resolved.’’

Recommendation: Hyperbaric oxygen should be insti-
tuted at approximately 2.5 ATM for 30–90 minutes per ses-
sion, 2–3 sessions per day as tolerated (strong, low).

Recommendation: Hyperbaric oxygen should be con-
tinued until source control is achieved and physiologic ab-
normalities are resolving (weak, low).

Are there risks of HBO?. HBO may cause acute brain
oxygen toxicity, which presents with seizures. In large pro-
spective trials of the application of HBO to a wide variety of
medical conditions, the incidence of this complication was
low, 0.03% [117]. A systematic review of HBO use, however,
specifically in the context of wounds, reported an incidence
of grand mal seizures of 0.7% (23/322) [103].
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Pressure-induced (barotraumas) to the middle ear trauma is
a recognized complication of HBO, particularly in the in-
tubated patient [118]. In the vast majority of the cases, this
barotrauma is self-limiting. Pressure-induced trauma to the
inner ears, lungs, sinuses, and teeth has also been reported,
although exceedingly rare [118].

Recommendation: Standardized seizure management
should be incorporated into the institutional HBO treatment
protocol (strong, low).

Recommendation: A myringostomy tube should be
placed before HBO therapy for all patients receiving me-
chanical ventilation (strong, low)

IVIG

The use of IVIG for the management of NSTI has been
advocated by some authors. The rationale for the use of IVIG
is that IVIG provides antibodies that can neutralize the cir-
culating streptococcal exotoxins, thus reducing the toxin-
induced tissue necrosis [119,120]. In addition, IVIG may also
have an effect on the circulating cytokines, thereby control-
ling the systemic inflammatory response. There are risks
associated with the use of IVIG, including allergic reactions
and acute kidney injury, although contemporary studies
suggest these events are rare [121,122]. Although there are
some retrospective as well as prospective studies showing a
potential benefit in the use of IVIG in NSTI, additional
studies are required before it can be recommended for routine
use in NSTI [123–125].

Should IVIG be used in Type I (poly-microbial) or Type III
(clostridial) NSTI?. There were no identified studies of the
use of IVIG for Type I NSTI. In our expanded search that
included all causes of sepsis, we identified six systematic
reviews and meta-analyses of the use of IVIG (Table 5) [126–
131]. A reduced risk of death was reported in each study;
however, sensitivity analyses restricted to studies of low bias
rendered estimates not statistically significant [126,127,
129,131].

Only four contemporary placebo-controlled RCT of IVIG
for severe sepsis or septic shock were identified, of which
none reported a significant reduction in death [122,132–134].
In one sub-group analysis, patients on appropriate antibiotics
and who received IVIG exhibited a reduced risk of death
[133]. The study by Werdan et al. [122] reported reduced
Acute Physiology and Chronic Health Evaluation II score
and duration of mechanical ventilation [122].

Seven contemporary retrospective analyses [135–140]
were identified, of which three adjusted for differences in
severity of illness [135–137]. Only one reported a reduced
risk of death [137], though none of these three studies ob-
served differences in catecholamine use, vasopressor-free,
ventilator-free days or hospital length of stay [135–137].

Recommendation: We do not recommend the use of
IVIG in cases of Type I or Type III NSTI even in the setting of
severe sepsis or septic shock (strong, moderate).

Should IVIG be used in Type II (streptococcal) NSTI?.
IVIG may offer survival benefit in patients with Type II NSTI

and streptococcal toxic shock syndrome (Tables 6 and 7). We
identified one multi-center, double blind, randomized,
placebo-controlled trial of IVIG for streptococcal toxic shock
syndrome (STSS) [125]. Although IVIG was associated with
a reduced risk of death, this did not attain statistical signifi-
cance. The IVIG was associated with a more rapid resolution
of shock and organ failure, however, as defined by Sequential
Organ Failure Assessment (SOFA) score [125]. We identified
a total of three contemporary prospective observational or
national surveillance trials, which focused on GAS infections
or STSS [124,141,142]. Two trials adjusted for differences in
severity of illness and case mix, and both reported increased
adjusted odds of survival with IVIG [124,142]. All studies are
limited by relatively low cohort size (N = 21–67 subjects)
(Table 6).

Table 7. Clinical Criteria for the Diagnosis

of Streptococcal Toxic Shock Syndrome

Major criteria
Minor criteria (two of more

of the following)

Hypotension
(SBP <90 mm Hg)

Renal impairment (urea or
creatinine twice upper limit
of normal). In patients with
pre-existing renal disease.

Coagulopathy: Platelets less than or
equal to 100,000/mm3 (less than
or equal to 100 · 106/L) or
disseminated intravascular
coagulation, defined by
prolonged clotting times, low
fibrinogen level, and the presence
of fibrin degradation products.

Liver involvement: Alanine
aminotransferase, aspartate
aminotransferase, or total
bilirubin levels greater than or
equal to twice the upper limit of
normal for the patient’s age. In
patients with pre-existing liver
disease, a greater than twofold
increase over the baseline level.

Acute respiratory distress
syndrome: Defined by acute onset
of diffuse pulmonary infiltrates
and hypoxemia in the absence of
cardiac failure or by evidence of
diffuse capillary leak manifested
by acute onset of generalized
edema, or pleural or peritoneal
effusions with hypoalbuminemia.

A generalized erythematous
macular rash that may
desquamate.

Soft-tissue necrosis, including
necrotizing fasciitis or myositis,
or gangrene.

A ‘‘probable’’ case meets the clinical case definition in the
absence of another identified etiology for illness and with isolation
of group A Streptococcus from a non-sterile site.

A ‘‘confirmed’’ case meets the clinical case definition and with
isolation of group A Streptococcus from a normal sterile site (e.g.,
blood or cerebrospinal fluid or joint, pleural or pericardial fluid.

SBP = systolic blood pressure.
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Recommendation: We recommend that IVIG be con-
sidered as an adjunct to therapy in cases of Type II (strep-
tococcal) NSTI (strong, moderate).

When should IVIG be used?. Three of the four studies
specifically focused on GAS incorporated patients meeting cri-
teria for the diagnosis of toxic shock syndrome (Table 7) [143].

Recommendation: We recommend the use of IVIG for
cases of Type II (STSS) that meet TSS criteria (strong,
moderate).

How should IVIG should be dosed and adminis-
tered?. There is considerable batch-to-batch variation of
IVIG in terms of the quantity of neutralizing antibodies, and
Level I evidence is lacking. Studies of immunoglobulin for
the management of GAS and STSS used poly-clonal IVIG.
Initial doses ranged from 0.5–1.0 g/kg daily for up to six days
[124,125,141,142].

Recommendation: In cases of GAS and STSS, we rec-
ommend a dose of poly-clonal IVIG of 0.5–1.0 g/kg per day
for no more than five days (strong, moderate).

Blood purification (plasmapheresis, plasma exchange)

Blood purification incorporates a host of varying inter-
ventions aimed at removing a variety of mediators purported
as causal in the pathophysiology of NSTI and sepsis.

Should blood purification be used in NSTI?. We did not
identify any studies of the use of blood purification for any
type of NSTI (Table 8).

Three meta-analyses evaluated the use of blood purifica-
tion in patients with sepsis, severe sepsis, and septic shock
[144–146]. Two trials identified a reduced risk of death: 0.69
(0.56–0.84) [144] and 0.63 (0.42–0.96) [145]. The former
trial included 16 studies and conducted sensitivity analyses of
each distinct mechanism of blood purification [144]. This
trial observed a loss of statistical significance with hemo-
perfusion in the absence of polymixin B (PMX B),
endotoxin-adsorbing columns [144]. A summary estimate of
the two included trials of plasma exchange remained signif-
icant: 0.63 (0.42–0.96) [144]. The remaining meta-analysis
(n = 3 studies) of high volume hemofiltration was unable to
pool estimates because of study heterogeneity [146].

We identified 15 contemporary RCTs, of which only two
reported a significant reduction in death [147–161]. The Use of
Polymyxin B Hemoperfusion in Abdominal Sepsis (EUPHAS)
trial demonstrated improved 28-day survival using hemo-
perfusion and PMX B: aHR 0.36 (0.16–0.80) [147], as did the
study of Nemoto et al. [148]. The EUPHAS investigators also
reported improved SOFA scores [147]. Of the remaining RCTs
(n = 13), a variety of blood purification methods were used, yet
no study observed a significant reduction in death.

We also identified nine observational trials that we did
not include in the generation of recommendations because of the
substantial data derived from RCT and meta-analyses (Table 8).

Recommendation: In patients with NSTI and sepsis, se-
vere sepsis, or septic shock, hemoperfusion with PMX B may
be considered (strong, moderate).

Recommendation: In patients with NSTI and sepsis, se-
vere sepsis, or septic shock, plasma exchange may be con-
sidered (weak, low).

Recommendation: In patients with NSTI, we do not
recommend hemoperfusion without PMX B, hemofiltration,
or hemodialysis (strong, moderate).

When should blood purification be used?. The majority
of studies evaluated subjects with severe sepsis or septic shock.
In the meta-analysis of Zhou et al. [144], however, a sensitivity
analysis suggested a greater reduction in death if blood puri-
fication is administered during sepsis, rather than in severe
sepsis or septic shock: 0.40 (0.26–0.64).

Recommendation: In patients with NSTI, we recom-
mend the use of adjuvant blood purification early and before
the development of septic shock (weak, high).
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