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Skin and soft tissue infections (SSTIs) are a common cause of hospitalization, disabil-
ity, and antibiotic therapy. Less severe infections are typically managed without the
need for surgical intervention or the involvement of surgeons. SSTI may be more se-
vere and invasive, however, placing patients at risk of soft tissue loss, limb amputa-
tion, and death. Recognition of the extent, depth, and severity of the skin and soft
tissue infection is paramount if appropriate and timely therapeutic intervention is to
be achieved. For more severe necrotizing infections, rapid and aggressive surgical de-
bridement, appropriate antibiotic therapy, and supportive critical care management
may be required.
TERMINOLOGYAND DEFINITIONS

A variety of terms are applied to infections of the skin and underlying soft tissue struc-
tures. For the purpose of therapeutic clinical trials, the Food and Drug Administration
(FDA) uses the term ‘‘skin and skin structure infections.’’1 The FDA specifically
excludes necrotizing deep space infections from clinical trials, however, excluding in-
fections involving the fascial planes and muscle and those infections with the greatest
likelihood of adverse outcome.

Additionally, skin and skin structure infections are classified by the FDA as either
‘‘uncomplicated’’ or ‘‘complicated.’’ Uncomplicated skin and skin structure infections
are defined as those that respond to either a simple course of antibiotics alone or sim-
ple drainage alone and include superficial cellulitis, folliculitis, furunculosis, simple
abscesses, and minor wound infections.1–3 Complicated skin and skin structure infec-
tions are defined as those that involve the invasion of deeper tissues or require signif-
icant surgical intervention or occur in the presence of a significant underlying disease
state that complicates the response to therapy. These infections include complicated
abscesses, infected burn wounds, infected ulcers, infections in diabetics, and deep
space wound infections.1
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With the exception of cases of minor cellulitis that may occur at incision sites, SSTI
that require intervention by surgeons include both complicated skin and skin structure
infections and necrotizing soft tissue infections (NSTI). NSTIs by definition include the
presence of devitalized or necrotic tissue as part of their pathophysiology. The pres-
ence of devitalized or necrotic tissue not only provides growth medium for bacteria but
also precludes the delivery of host cellular and humoral defense mechanisms and an-
timicrobial agents. NSTIs may involve the dermal and subcutaneous layers (necrotiz-
ing cellulitis); fascia (necrotizing fasciitis); the muscle (pyomyositis and myonecrosis);
or any combination of these.3

The author prefers the inclusive term ‘‘skin and soft tissue infection’’ to include un-
complicated, nonnecrotizing complicated, and necrotizing infections that may involve
skin, subcutaneous tissues, fascia, or muscle. At presentation, the depth, severity,
and specific tissues involved are frequently uncertain and at times difficult to establish.
Additionally, the definitions of the various categories of these infections are indistinct
and overlapping. This article discusses the diagnosis and management of compli-
cated SSTI and NSTI.
NONNECROTIZING SKIN AND SOFT TISSUE INFECTIONS

SSTI may occur with a wide variety of clinical presentations and in numerous clinical
settings, with diverse etiologic processes, and with varying severities. Numerous bac-
teria may be involved in SSTI, with the likelihood of individual pathogens being altered
by factors including the inciting disease process and the clinical presentation and set-
ting. Most SSTI infections are generally mild to moderate in severity and include simple
cellulitis, folliculitis, furunculosis, and minor trauma-related wound infections.2,3 Anti-
biotic therapy for most complicated SSTI is typically initiated empirically, hours to
days before appropriate culture and sensitivity data are available. Selection of appro-
priate antibiotic therapy is based on knowledge of the likely pathogens involved in the
particular infection episode.

Overall, Staphylococcus aureus is the most common pathogen isolated from SSTI,
isolated in roughly one quarter to one half of all infections.2,4,5 The most frequent path-
ogens identified in the SENTRY Antimicrobial Surveillance Program for the United
States and Canada for SSTI collected from participating medical centers in five prov-
inces in Canada and 32 states within the United States between 1998 and 2004 are
provided in Table 1.5 A total of 5837 pathogens tested represent 50 consecutive cul-
tures collected from hospitalized patients in participating centers determined to be
significant causes of pyogenic soft tissue infections. These cultures include both
SSTI and surgical site infections and community-acquired and nosocomial infections.
These results represent mainly complicated infections. These data may underrepre-
sent the total frequency of b-hemolytic streptococci in SSTI because superficial cellu-
litis may not require hospital admission and adequate cultures are difficult to obtain
even in severe cases of b-hemolytic streptococcal infections. A slightly different fre-
quency distribution of pathogens in SSTI is provided through analysis of culture
data from hospitalized patients in 584 hospitals in North America and Europe during
2001 obtained through the Surveillance Network.2 The most frequent pathogens
within this study in order of frequency are S aureus, Enterococcus spp, coagulase-
negative staphylococcal species, Escherichia coli, and Pseudomonas aeruginosa.
Again, streptococcal species were rarely isolated, representing only 1% to 2% of all
isolates.

Antibiotic resistance among isolates from SSTI has increased significantly over
time. Fig. 1 demonstrates the percentage of individual pathogens that were classified



Table 1
Rank order of bacterial pathogens producing skin and soft tissue infections in North America for the
years 1998 to 2004

Rank Pathogen Total Isolates % of Isolates
1 Staphylococcus aureus 2602 44.6

2 Pseudomonas aeruginosa 648 11.1

3 Enterococcus spp 542 9.3

4 Escherichia coli 422 7.2

5 Enterobacter spp 282 4.8

6 Klebsiella spp 248 4.2

7 b-Streptococcus 237 4.1

8 Proteus mirabilis 166 2.8

9 Coagulase-negative Staphylococcus 161 2.8

10 Serratia spp 125 2.1

Data from Moet GJ, Jones RN, Biedenbach DJ, et al. Contemporary causes of skin and soft tissue
infections in North America, Latin America, and Europe: report from the SENTRY antimicrobial sur-
veillance program (1998–2004). Diagn Microbiol Infect Dis 2007;57:7–13.
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as resistant in the SENTRY program between 1998 and 2004.5 During that time period
there has been a rise in methicillin resistance among S aureus (from 26.2%–47.4%);
vancomycin resistance among enterococcus (from 8.6%–14.8%); extended-spec-
trum b-lactamase production among Klebsiella spp (from 4.9%–16.3%) and E coli
(from 3.5%–12.8%); and multidrug resistant (nonsusceptible to members of four
drug classes) P aeruginosa (from 1.3%–3.9%). The increase in methicillin-resistant
S aureus (MRSA) in part represents the changing epidemiology of community-
acquired soft tissue infections because of recent dramatic increases in the incidence
of community-acquired MRSA (CA-MRSA) SSTI. In many locations within the United
States, CA-MRSA is now the single most frequent pathogen isolated from SSTI.6–9
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Fig. 1. Trends in key antimicrobial resistance Sentry Program 1998–2004. ESBL, extended
spectrum b-lactamase; MDR, multidrug resistance; MRSA, methicillin-resistant S aureus;
VRE, vancomycin-resistant enterococci.
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Community-Acquired Methicillin-Resistant Staphylococcus Aureus Skin
and Soft Tissue Infections

Staphylococcus aureus has consistently been the most common pathogen isolated
from SSTI over the past decade or more.5,10 Rapidly changing epidemiology now pla-
ces CA-MRSA as one of the most common SSTI pathogens.6–9 Historically, SSTIs
caused by MRSA have generally been associated with nosocomial or chronic wound
settings (hospital-acquired MRSA [HA-MRSA]), particularly when previous antibiotic
selection pressure is present. Until recently, staphylococcal infections acquired out-
side of the health care setting have been frequently methicillin-sensitive and respon-
sive to a wide range of antibiotics. As early as 1981, however, MRSA has been
reported in community outbreaks in patients with and without risk factors for MRSA.
These organisms have been called community-acquired or community-associated
MRSA. Outbreaks have been reported in otherwise healthy Alaskan natives, children,
inmates in correctional facilities, institutionalized adults with developmental disabil-
ities, nursing homes, and athletes.6 Most CA-MRSA infections are SSTI, although
they may be associated with respiratory, bloodstream, and urinary tract infections.

CA-MRSA is more commonly associated with SSTI than HA-MRSA.9,11 This asso-
ciation is likely related to the virulence factor Panton-Valentine leukocidin. This dermo-
necrotic cytotoxin may be carried by either methicillin-sensitive or methicillin-resistant
strains of S aureus, but it is more commonly produced by certain clonal strains of CA-
MRSA, particularly the USA 300 clone.11,12 Enterotoxins and superantigens, such as
toxic shock toxin–1, may also be produced by CA-MRSA and contribute to its viru-
lence. Although most SSTI caused by CA-MRSA are associated with skin findings,
such as furuncles and abscesses, they may also be associated with more serious find-
ings, such as necrotizing fasciitis, invasive infections, toxic shock, and necrotizing
pneumonia.11,12

CA-MRSA SSTI may involve previously healthy skin in an otherwise healthy adult.
Patients may frequently believe that they have been bitten by a spider because of
the character of the local wound involvement (a small central dark area surrounded
by a firm indurated abscess and a variable degree of cellulitis). Although most cases
of CA-MRSA SSTI may be considered uncomplicated infections, the toxin-related
pathogenicity of CA-MRSA complicates the evaluation of depth and extent of tissue
involvement in these infections and the possibility of an unsuspected necrotizing
infection should be ruled out if unclear.

CA-MRSA isolates frequently have a different antibiotic susceptibility profile than
HA-MRSA, although local patterns may be quite variable.6–9,12 HA-MRSA is usually re-
sistant to at least three b-lactam antibiotics and is usually susceptible to vancomycin,
sulfamethoxazole, and nitrofurantoin. CA-MRSA is more likely to be susceptible to
clindamycin and has varying susceptibility to tetracycline, fluoroquinolone, and eryth-
romycin and vancomycin.11
Treatment of Nonnecrotizing Skin and Soft Tissue Infections

Most SSTIs treated by surgeons are classified as complicated infections and are more
frequently severe in nature relative to those treated by nonsurgeons or treated on an
outpatient basis. Uncomplicated skin and subcutaneous abscesses respond well to
incision and drainage with appropriate wound care and do not require antibiotics.13

Classification of an SSTI as uncomplicated is not always clear-cut, particularly with
the involvement of CA-MRSA. The extent of the abscess must be appropriately eval-
uated during drainage to rule out underlying soft tissue involvement. Additionally, sig-
nificant erythema, tenderness, or the presence of any systemic signs of infection
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should alert the clinician to the likelihood of a more complicated infection. More exten-
sive cases of folliculitis and furunculosis may require treatment with antibiotics if the
process is diffuse, has significant surrounding erythema, or the presence of fever.2,3

Nonnecrotizing cellulitis
Nonnecrotizing cellulitis by definition involves only the dermal layers and responds to
antibiotic therapy without debridement. The term ‘‘nonnecrotizing cellulitis’’ incorpo-
rates two clinical entities, erysipelas and cellulitis, which are diffusely spreading skin
infections not associated with underlying suppurative foci. The term ‘‘cellulitis’’ is fre-
quently interchangeable with the term ‘‘erysipelas,’’ and the latter term is frequently
preferred in Europe. A fine distinction exists, however, between erysipelas and cellu-
litis. Erysipelas has two classic features of this skin infection: a clear line of demarca-
tion between involved and uninvolved tissue, and lesions raised above the
surrounding normal skin.3 Cellulitis involves deeper layers of the dermis and subcuta-
neous tissue and has less distinctive features than erysipelas but both involve rapidly
spreading areas of edema, erythema, and heat and may be accompanied by lymphan-
gitis.14 Establishing that the clinical signs and symptoms are indeed related to nonne-
crotizing cellulitis or erysipelas rather than an underlying necrotizing infection is
paramount but frequently inaccurate. Most cases of necrotizing fasciitis originally
have an admitting diagnosis of cellulitis.15–17 Several clinical and laboratory findings
strongly suggest the presence of a necrotizing infection (see later) but careful clinical
judgment is mandatory.

Nonnecrotizing cellulitis and erysipelas are most commonly caused by b-hemolytic
streptococci (usually group A) but may also be caused by other streptococcal spe-
cies.14 In specific clinical situations, other bacterial species may cause a spreading,
nonnecrotizing cellulitis, such as Haemophilus influenzae in children and pneumococ-
cal cellulitis in the limbs of patients with altered immunity. Rarely, S aureus may be in-
volved but these infections usually are more suppurative and less diffuse. Superficial,
nonnecrotizing infections caused by certain strains of group A streptococci may also
be associated with streptococcal toxic shock syndrome characterized by the rapid
progression of septic shock and organ failure.18

Nonnecrotizing cellulitis and erysipelas generally arise when organisms enter
through breaches in the skin. A number of predisposing factors for these infections
broadly includes conditions involving alterations in integrity of the skin (ie, dermatoses,
fungal infections, ulcerations); alterations in lymphatic and venous drainage (ie, saphe-
nous vein harvest, lymph node dissections); alterations in vascularity of the skin; and
alteration of host defenses (eg, diabetes mellitus).19 Antibiotic therapy is most com-
monly based on empiric diagnosis established by clinical findings because cultures
are most frequently negative. Blood cultures are positive in less than 5% of cases
and positive results from either needle aspiration or punch biopsy range from less
than or equal to 5% to 40%.

The treatment options for erysipelas and cellulitis have not been established through
randomized, prospective studies but significant clinical practice has established stan-
dards of therapy. For cases of erysipelas and cellulitis caused by streptococci, penicillin
given parentally (for severe infection) is the agent of choice.3 Other regimens include
antistaphylococcal penicillins, cefazolin, and ceftriaxone.14 Teatment failures with
b-lactam antibiotics do occur, however, despite in vitro microbial sensitivity to the
agents used.20,21 The mechanism of failure is believed to involve the failure of bacterial
killing by cell wall–inhibiting agents when high numbers of bacteria in the static phase
lead to decreased expression of penicillin-binding proteins.21,22 Protein synthesis–in-
hibitory agents, such as macrolide and lincoamine antibiotics, may be as effective
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and potentially superior in certain settings.20,21 Clindamycin either alone or in combina-
tion with a cell wall–inhibiting agent was found to be more effective than cell wall–inhib-
iting agents alone in a retrospective analysis of pediatric group A streptococcal
infection.21 Roxithromycin proved to be equivalent to penicillin for the treatment of ery-
sipelas in a randomized, multicenter trial.23 Increasing macrolide resistance among
streptococci introduces concern for these agents, however, and local sensitivity
patterns should be considered when using these agents alone for the treatment of com-
plicated group A streptococcal infections.21 Additionally, because clindamycin has
been demonstrated to reduce exotoxin and superantigen production by pathogenic
strains of group A streptococci, the drug is frequently used as an adjunct in the treat-
ment of streptococcal toxic shock syndrome.20 The most effective antibiotic regimen
in this setting has not been established, however, in prospective studies. If methicil-
lin-sensitive S aureus is suspected, the treatment of choice is a penicillinase-resistant
semisynthetic penicillin or a first-generation cephalosporin for non–methicillin-resistant
staphylococcal infections.3,14 The recent dramatic increase in CA-MRSA makes the
empiric treatment of staphylococcal infections with b-lactam antibiotics problematic,
however, and other agents should be considered unless the risk of resistant staphylo-
coccus is low (see later).8,12
Complicated skin and soft tissue infections
Complicated SSTIs may involve a variety of pathogens. They may involve only a single
pathogen but are frequently polymicrobial in origin and may involve a number of
organisms.4,5,24–26 Initiating pathogens often vary on the originating site of the infec-
tion. Gram-positive aerobic pathogens are isolated in over 50% of all complicated
abscesses and necrotizing infections and depending on the source of origin, anaer-
obes, Pseudomonas spp, gram-negative Enterobacteriaceae, and clostridial species
may commonly be present. An accurate clinical history and examination should sug-
gest the underlying etiology and direct empiric therapy. Complicated skin and subcu-
taneous abscesses are typically well circumscribed or walled off and respond to
incision and drainage with adjuvant antibiotic therapy. Inadequate resolution should
prompt consideration of further drainage, resistant pathogens, or host immune failure.
During incision and drainage, appropriate examination must be undertaken to ensure
that all loculations have been identified and that occult involvement of fascia or deeper
tissue spaces is not involved. Certain areas, such as the perineum and perirectal
space, may have deep space involvement that is very difficult to identify and CT
imaging should be considered preoperatively to rule out occult, deep soft tissue
involvement.

Empiric antibiotic therapy should be directed toward the likely pathogens involved.
For polymicrobial infections, several classes of agents or combinations of agents
provide adequate antibiotic coverage. Broad-spectrum agents with coverage of
gram-positive, gram-negative, and anaerobic pathogens may be required depending
on clinical setting. In nosocomial settings, coverage of resistant pathogens encoun-
tered locally should also be considered. De-escalation therapy should be considered
and based on culture results. Given the high frequency of MRSA, this pathogen should
be empirically covered unless specific data indicate otherwise. No randomized studies
are available for the treatment of SSTI specifically caused by CA-MRSA. Sensitivity
patterns are usually used to direct available options. A number of oral agents have
been used for less severe infections treated as an outpatient.11 In the patient with
a simple abscess suspected to be caused by MRSA, incision and drainage of the
abscess should be performed. The use of antibiotics as an adjunct to incision and
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drainage may be considered, particularly for those with significant cellulitis, and
should be directed against MRSA. Although historically cultures of abscesses were
not often obtained for simple SSTI, the increase in CA-MRSA prevalence suggests
that this may be more clinically useful, particularly if there is no response to presumed
adequate therapy. If CA-MRSA is suspected and the patient can be treated as an
outpatient, oral antibiotics, such as clindamycin, tetracycline, trimethoprim-sulfame-
thoxazole, erythromycin, and some quinolones, may be used. Other oral agents,
such as linezolid, an oxazolidinone antibiotic that inhibits bacterial protein translation
at the initial phase of protein synthesis, have been shown in randomized trials to be
efficacious for MRSA.27,28

Complicated SSTI requiring hospital admission usually requires initiation of intrave-
nous broad-spectrum antibiotics. Again, no randomized studies exist specifically for
the treatment of CA-MRSA and therapeutic options are extrapolated from other stud-
ies of soft tissue infections caused by MRSA. Although vancomycin has been the gold
standard, one randomized study demonstrated superiority of linezolid in the treatment
of complicated SSTI (88.6% versus 66.9% cured for linezolid versus vancomycin;
P<.001).28 Additionally, linezolid has been shown to inhibit toxin production in vitro
providing theoretic advantage.29 Other newer agents with activity against MRSA
tested in randomized trials of complicated skin and skin structure infections include
quinupristin-dalfopristin, daptomycin, and tigecycline.6,30 Although each is approved
for the treatment of complicated skin and skin structure infections, the randomized
studies to evaluate the efficacy of these agents contained too few MRSA to draw con-
clusions for recommendations. Quinupristin-dalfopristin is a combination of two strep-
togramins that inhibit protein synthesis but requires central intravenous administration
and has significant side effects, daptomycin is a lipopeptide with bactericidal activity
against gram-positive pathogens including MRSA, and tigecycline is a broad-spec-
trum glycylcycline antibiotic with activity against gram-positives including MRSA.31

New agents currently being studied but not yet approved include dalbavancin, tela-
vancin, and ceftobiprole. Another anti-MRSA cephalosporin, ceftaroline, has been
shown to be effective in phase II trials and is currently undergoing further study.
NECROTIZING SKIN AND SOFT TISSUE INFECTIONS

NSTI are discussed separately because of (1) the increased severity; (2) the variation of
pathogens relative to nonnecrotizing infections; (3) the difficulty and importance of
establishing an early diagnosis; and (4) the impact of early, aggressive surgical
debridement on outcome. NSTIs are serious infections, producing progressive tissue
destruction with significant potential for soft tissue and limb loss and mortality. Despite
advances in therapy over the past three decades, the mortality from NSTI remains sig-
nificant. The overall published mortality in 67 studies of NSTI including 3302 patients
between 1980 and 2008 (Table 2) is 23.5%.4,15,16,24,32–94 Although the mortality has
trended down slightly in published studies (27.8% mortality for studies from
1980–1999 versus 21.7% mortality since 1999), it still remains greater than 20%.
NSTI may involve any combination of dermis, subcutaneous tissue, fascia, or muscle.
Notably, each of these layers has varying degrees of intrinsic resistance to infectious
processes. Blood supply to the fascia is typically more tenuous than that of muscle or
healthy skin making the fascia more vulnerable to infectious processes. Additionally,
the propensity for fluid to collect between involved fascia and adjacent tissues further
weakens fascial immune function by altering host clearance of pathogens by decreas-
ing phagocytic function. Necrotizing fasciitis is more common than necrotizing



Table 2
Outcome of necrotizing fasciitis

Authors Year
Number
of Cases

Percent
Mortality Authors Year

Number
of Cases

Percent
Mortality

Casali41 1980 12 33 Gallup54 2002 23 13

Kaiser61 1981 20 40 Fustes-Morales53 2002 39 18

Freeman51 1981 14 29 Childers44 2002 163 28

Oh73 1982 28 36 Wong16 2003 89 21

Rouse78 1982 27 73 Tilou85 2004 46 17

Majeski68 1983 30 33 Qazi77 2004 25 24

Walker88 1983 8 38 Catena42 2004 11 64

Miller71 1983 15 27 Wilkinson92 2004 44 14

Adinolfi33 1983 11 27 Escobar48 2005 42 12

Spirnak80 1984 20 45 Kao62 2005 59 12

Stamenkovic81 1984 19 42 Legbo65 2005 24 17

Barzilai37 1985 11 36 Cheng43 2005 17 65

Pessa76 1985 33 33 Taviloglu83 2005 98 35

Freishlag52 1985 21 35 Endorf47 2005 65 17

Gozal56 1986 16 12 Tiu86 2005 48 29

Sudarsky82 1987 33 6 Anaya34 2005 166 17

Clayton46 1990 57 18 Bakleh36 2005 81 20

Asfar35 1991 10 30 Liu67 2005 87 33

Anaya99 1991 14 43 Kwan63 2006 36 36

Ward91, Wang90 1992 18 33 Ozalay74 2006 22 14

Francis49 1993 25 24 Ogilvie72 2006 150 9

Chow45 1993 12 25 Yilmaziar94 2007 67 49

Brown40 1994 54 35 Lee64 2007 74 15

McHenry69 1995 65 29 Yaghoubian93 2007 124 17

Bosshardt24 1996 45 27 Peer75 2007 38 21

Elliot4 1996 198 25 Golger55 2007 99 20

Bilton38 1998 68 21 Tsai87 2007 32 31

Adant32 1998 7 14 Hefny59 2007 11 18

Hsiao60 1998 34 27 Miller70 2008 11 36

Haywood58 1999 20 20 Lui66 2008 118 22

Brandt39 2000 37 24 Frazee50 2008 122 16

Wall89 2000 21 29 Hsiao15 2008 128 19

Theis84 2002 13 31 Gunter57 2008 52 10

Singh79 2002 75 27 Total (N 5 67
studies)

3302 23.5
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processes involving other soft tissue layers because infection can spread widely
across the fascial planes with minimal involvement of surrounding skin or muscle.

The pathogens involved in NSTIs differ somewhat from those isolated from nonne-
crotizing infections, particularly those NSTIs that are rapidly progressive. In an anal-
ysis of 198 consecutive patients with necrotizing SSTI, Elliot and coworkers4

documented a significant increase in the frequency of rapidly growing, virulent
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pathogens, particularly streptococcal and clostridial species (Table 3). In contrast to
findings of the SENTRY program, which predominately includes nonnecrotizing,
complicated SSTI, streptococcal species were the most commonly isolated organ-
isms, occurring in greater than 50% of those patients in whom only one pathogen
was isolated in this study. Streptococcal species were also the most frequent path-
ogens isolated from 707 patients included in six separate studies on NSTI, being iso-
lated in 39.2% of patients, followed by S aureus, which was isolated from 30.1% of
patients.4,15,16,34,44,67 Most patients with necrotizing infections have polymicrobial in-
fections with an average of 4.4 organisms isolated per infection in the study by Elliot
and coworkers.4 Such polymicrobial necrotizing infections arise from a number of in-
citing events including perirectal infection and Fournier’s gangrene, trauma, intrave-
nous drug abuse, chronic diabetic ulcerations, and surgical site infections.4 An
accurate clinical history and examination should be undertaken to identify the likely
source and to identify the polymicrobial nature of these infections. Although these
polymicrobial infections can spread widely and become both limb- and life-threaten-
ing, they tend to be much more indolent than infections caused by a fairly limited
number of highly virulent pathogens. Such highly virulent pathogens may cause
very rapidly spreading necrotizing infections in an immunologically intact host
through production of exotoxins that contribute significantly to their pathogenicity.
Such pathogens most commonly include Streptococcus pyogenes (group A b-hem-
olytic streptococcus), group B Streptococcus, CA-MRSA, and Clostridium spp.
Other highly virulent species that can cause rapidly progressive NSTI with specific
environmental exposures include Pasteurella spp (animal bites); Vibrio spp (shell
fish or salt water exposure); and Aeromonas hydrophila (contaminated fresh water
exposures).95
Table 3
Microbiologic organisms recovered from original wounds

Organism N n %
Aerobic

Streptococci 182 83 45.6

Enterococci 182 61 33.5

Staphylococci 182 64 35.2

Escherichia coli 182 57 31.3

Proteus sp 182 38 20.9

Other gram-negative rodsa 182 76 41.8

Anaerobic

Peptostreptococci 131 45 34.4

Bacteroides species 128 70 54.7

Clostridium perfringens 129 12 9.3

Other clostridial species 128 17 13.3

Other anaerobic species 128 27 21.1

Fungal species 171 9 5.3

N, number of cultures obtained; n, number of isolates.
aIncluding (in order of prevalence) Klebsiella spp, Enterobacter spp, Pseudomonas, Acineto-

bacter spp, Eikenella corrodens, Citrobacterfreundii.
Data from Elliott DC, Kufera JA, Myers RA. Necrotizing soft tissue infections: risk factors for

mortality and strategies for management. Ann Surg 1996;224:672–83.
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Diagnosis of Necrotizing Skin and Soft Tissue Infections

Early diagnosis of the presence of a necrotizing soft tissue infection is critical if optimal
outcomes are to be achieved. Distinguishing a NSTI that necessitates surgical
debridement from a nonnecrotizing cellulitis that responds solely to antibiotic therapy,
however, can be difficult. Patients with NSTI have the diagnosis established on admis-
sion well less than 50% of the time.15–17 Most patients are admitted with the diagnosis
of cellulitis and a smaller number with the diagnosis of abscess. Unfortunately, any
delay in diagnosis is potentially catastrophic, because the concomitant delay in appro-
priate surgical therapy has been shown to increase mortality.4,24,26,38,69 Certain fea-
tures of the disease presentation facilitate the detection of a necrotizing process.
Pain, erythema, warmth, and swelling are present in most cases but are not specific
to necrotizing infections and may not be universally present.15,16 Several ‘‘hard’’ clin-
ical signs are very specific to NSTI but occur late in the course. These include (1) the
presence of bullae, (2) skin ecchymosis that precedes skin necrosis, (3) presence of
gas in the tissues by examination or radiographic evaluation, and (4) cutaneous anes-
thesia. Although these findings are strongly suggestive of a necrotizing infection and
should prompt immediate surgical exploration, these signs are present in the minority
of cases (7%–44%).16,69,93 Other clinical signs that are suggestive but less specific in-
clude (5) pain that is disproportionate to examination, (6) edema that extends beyond
skin erythema, (7) systemic toxicity, and (8) progression of infection despite antibiotic
therapy. The presence of gas in tissue by plain radiograph is more sensitive than
detecting crepitance by physical examination.69 CT scanning and MRI also assist in
detecting the severe infections. These imaging techniques may detect fluid along fas-
cial planes, edema within tissues, and gas not seen on plain radiographic evaluation.
Notably, neither fluid nor edema is specific for the presence of necrotizing infection,
and the sensitivity and specificity of these modalities have not been established.

Laboratory values may be useful to aid in the early diagnosis of NSTI. Two studies
have examined the predictive value of standard laboratory tests to improve the diag-
nostic accuracy. In a study by Wall and colleagues,89 21 patients with necrotizing fas-
ciitis were matched with 21 patients with nonnecrotizing infections. By multivariate
analysis admission white blood cell count of greater than 14 � 109/L, serum sodium
of less than 135 mmol/L, and blood-urea-nitrogen of greater than 15 mg/dL all discrim-
inated necrotizing from nonnecrotizing infection with acceptable predictive ability. The
small numbers of patients, however, limits the power required to evaluate a number of
parameters of interest in this setting. More recently, Wong and colleagues17 evaluated
the predictive capability of various laboratory parameters in a larger population of pa-
tients (89 patients with NSTI, 225 with cellulitis or abscess). By multivariate analysis,
they created the Laboratory Risk Indicator for Necrotizing Fasciitis score, which can
classify patients as low, intermediate, and high risk for NSTI (Tables 4 and 5). This
score should be applied to those patients without ‘‘hard’’ signs of necrotizing infection
or in whom the diagnosis is uncertain. It use, however, has not been prospectively val-
idated in other cohorts. The use of full-thickness biopsy and frozen section has been
advocated but neither has been adequately evaluated or widely adopted.81 If the pres-
ence of a necrotizing infection cannot be excluded, surgical exploration is indicated.
Therapeutic Approach for Necrotizing Infections

Aggressive and timely resuscitation, timely administration of appropriate antibiotic
therapy, certain adjunctive therapies, and timely surgical debridement all may be re-
quired for optimal outcome. Of these interventions, surgical intervention is the main-
stay of treatment. A number of studies demonstrate that time to first debridement



Table 4
Laboratory Risk Indicator for Necrotizing Fasciitis score

Value Score, Points
C-reactive protein, mg/L

<150 0

>150 4

WBC count, cells/mm3

<15 0

15–25 1

>25 2

Hemoglobin level, g/dL

>13.5 0

11–13.5 1

<11 2

Sodium level, mmol/L

R135 0

<135 2

Creatinine level, mg/dL

%1.6 0

>1.6 2

Glucose level, mg/dL

%180 0

>180 1

Data from Wong CH, Khin LW, Heng KS, et al. The LRINEC (Laboratory Risk Indicator for Necrotizing
Fasciitis) score: a tool for distinguishing necrotizing fasciitis from other soft tissue infections. Crit
Care Med 2004;32:1535–41.
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and adequacy of first debridement are important and alterable predictors of sur-
vival.4,24,38,44,52,67–69,78,82,89 Unfortunately, definitions for delayed or inadequate initial
therapy were not clearly described by the authors. In most studies, a delay in surgical
debridement of greater than 24 hours after admission is associated with a significant
increase in mortality. Surgical drainage and debridement at the earliest possible time,
however, almost certainly improves outcome. In a recent report of 52 patients with
NSTI managed by a dedicated acute care surgery service with in-house faculty, the
median time from diagnosis to operative debridement was 8.6 hours with an overall
mortality of 9.6%.57 This mortality rate compares favorably with the combined pub-
lished mortality rate in 67 studies since 1980 that is 23.5% (see Table 2). These
data suggest that early recognition and adequate surgical management could reduce
mortality to less than 10%.

Surgical Therapy for Necrotizing Infections

Surgical drainage and debridement of involved tissues is the mainstay of therapy in
NSTI. No randomized studies or significant case series are available, however, to di-
rect the actual surgical approach. Although retrospective reviews identify adequate
and early surgical debridement as predictors of survival, they do not report quantifi-
able methods of defining adequate debridement.4,24,38,44,52,67–69,78,82,89 Several is-
sues should be considered: (1) determining the extent of resection, (2) full-thickness
versus fascial excision for necrotizing fasciitis, (3) serial wound examination and



Table 5
Probability of necrotizing soft-tissue infection based on Laboratory Risk Indicator for Necrotizing
Fasciitis score categories

Risk Category Points by Score Probability
Low %5 <50%

Intermediate 6–7 50%–75%

High R8 >75%

Data from Wong CH, Khin LW, Heng KS, et al. The LRINEC (Laboratory Risk Indicator for Necrotizing
Fasciitis) score: a tool for distinguishing necrotizing fasciitis from other soft tissue infections. Crit
Care Med 2004;32:1535–41; and Anaya DA, Dellinger EP. Necrotizing soft-tissue infection: diagnosis
and management. Clin Infect Dis 2007;44:705–10.
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debridement, and (4) diverting colostomy versus other methods of control of the fecal
stream for perineal and scrotal infectious processes. The determination of extent of
resection is most commonly based on clinical judgment and the gross appearance
of tissues involved. Fascial layers, skin, subcutaneous fat, and muscle may each be
involved in the infectious process with their involvement varying depending on the clin-
ical setting, bacteriology, and inciting insult. The most common clinical entity is nec-
rotizing fasciitis with involvement and spread along the fascial planes, frequently with
little involvement of surrounding tissues. The ability to separate fascia easily from the
normally adherent surrounding tissue strongly suggests involvement with infec-
tion.26,69,82 In elderly and critically ill patients with extensive edema, however, the
ease of separation can be difficult to distinguish from noninfected fascia and the pre-
vious necrotizing infection still requires considerable clinical judgment. For skin, fat,
and muscle involvement, the lack of inflammation and purulence and the presence
of normal bleeding at the line of incision are commonly used to determine adequacy
of debridement. Additionally, muscle should demonstrate contractility. For fasciitis
without involvement of surrounding tissues, debridement and drainage of involved
fascia through a series of parallel incisions without resection of overlying tissue may
be successful and preserve overlying tissues.96 If surrounding tissues are involved,
however, full-thickness excision is required.

Necrotizing infections have the potential for rapid and continued progression de-
spite surgical debridement. Frequent re-evaluation of the wound should be under-
taken. Many authors recommend return to the operating room within 24 hours to
ensure adequacy of debridement and lack of progression,26,38,69 and the average
number of operative procedures is typically three to four per patient.4,24,38,69,82 Pre-
vention of heavy and recurrent contamination of dressings may be problematic in pa-
tients with perineal, perianal, or scrotal involvement. When fecal soilage of dressings is
problematic, diverting colostomy is recommended.97 Recently, the development of
a specifically designed rectal system to control the fecal stream has been used suc-
cessfully to avoid diverting colostomy.98 In summary, the surgical management of
necrotizing soft tissues continues to be driven by clinical experience and expertise.
Early and adequate surgical debridement is linked to improved outcomes but remain
poorly defined.
Antibiotic Therapy for Necrotizing Infections

As with surgical therapy, very limited prospective data exist to guide antibiotic therapy
for necrotizing infections. As indicated earlier, FDA guidelines for the study of soft tissue
infections exclude patients with these more severe infections from prospective trials.1

Most randomized studies evaluating complicated skin and skin structure infections
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report clinical success rates ranging from 75% to 90% or greater, depending on the
study population and analysis group. Typically, mortality for the populations included
in these studies is well less than 1%. Because studies examining the outcome of
NSTI identify mortality rates of 6% to greater than 70% (see Table 2), there may be little
applicability of the data from randomized studies of complicated skin and skin structure
infections to treatment of severe necrotizing infections. The current recommendations
are garnered from limited data on seriously ill patients available from prospective stud-
ies of patients with complicated skin and skin structure infections; prospective studies
of clinical problems involving similar pathogens (eg, intra-abdominal infection trials);
and interpretation of current sensitivity patterns of the pathogens most typically in-
volved in these infections. Because most of these infections are mixed infections and
may involve aerobic and anaerobic gram-negative and gram-positive pathogens, broad
antibiotic coverage of these pathogens is indicated in most cases. The clinical presen-
tation and physical findings, along with the rapidity with which the pathologic process
evolves, should alert the practitioner to the potential presence of specific, highly virulent
pathogens, such as group A streptococci, Clostridium spp, and Vibrio spp, as dis-
cussed next. If such pathogens are suspected, then antibiotic therapy should be altered
accordingly.

For most complicated and NSTI, a number of single-agent or combination regimens
that provide anaerobic, gram-positive, and enteric gram-negative coverage may be
effective. Several single-agent regimens have been evaluated in prospective,
randomized trials of complicated skin and skin structure infections including imipe-
nem-cilastatin, meropenem, ertapenem, piperacillin-tazobactam, ticarcillin-clavula-
nate, levofloxacin, and tigecycline. Ampicillin-sulbactam has been shown to be
effective in complicated skin and skin structure infections; however, recent increases
in resistance among gram-negative rods introduce concern about selecting this as
a single agent. Numerous combination regimens are recommended by different sour-
ces, but have not been studied rigorously. These combinations typically include peni-
cillins or cephalosporins with either an aminoglycoside or fluoroquinolone and an
anaerobic agent, such as clindamycin or metronidazole. There are inadequate data
comparing regimens to support the use of any one antimicrobial regimen over another
for the treatment of these severe infections. For nonrapidly progressive soft tissue infec-
tions, use of one of the single agents or combination regimens noted previously, along
with an anti-MRSA drug if suspicion of this pathogen is present, is the general
recommendation.

Antibiotic Therapy for Necrotizing Skin and Soft Tissue Infections Caused by Highly
Virulent Pathogens

As noted previously, some pathogens, such as S pyogenes (group A b-hemolytic strep-
tococcus), group B Streptococcus, CA-MRSA, Clostridium spp, Pasteurella spp, Vibrio
spp, and A hydrophila, can cause rapidly progressive soft tissue infections, even in in-
tact hosts.4,12,15,34,95 These pathogens generally produce a variety of exotoxins that
contribute to their rapid growth and tissue invasion. The rapidity of clinical deterioration
and high mortality for this group of necrotizing infections warrants special consider-
ation. Although no prospective studies examine antibiotic efficacy in these settings, an-
imal and retrospective human data support the use of protein synthesis–inhibiting
antibiotics in combination with cell wall–active agents, particularly if toxin production
is important pathogenically or if a high inoculum is present. The choice of protein syn-
thesis–inhibiting agent should be based on the known or predicted sensitivity of the or-
ganisms to the agents considered. Recommended agents include clindamycin (if
resistance is not of concern) or linezolid for gram-positive infections (Streptococcus,
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CA-MRSA, and Clostridium spp), and members of the tetracycline class for the gram-
negative pathogens Vibrio spp and Aeromonas spp.
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