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Necrotizing soft-tissue infections
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Objective: To provide a contemporary review of the diagnosis
and management of necrotizing soft-tissue infections.
Data Sources: Scientific literature and internet sources.
Study Selection: Major articles of importance in this area.
Conclusions: The mortality for necrotizing soft-tissue infections appears to be decreasing, possibly due to improved recog-

T

he earliest report of a necrotizing soft-tissue infection
(NSTI) dates back to Hippocrates’ description of a complication of erysipelas in the 5th century BC.
At that time, he wrote “many were attacked by the erysipelas all over the body
when the exciting cause was a trivial accident . . . the erysipelas would quickly
spread widely in all directions. Flesh, sinews, and bones fell away in large quantities . . . fever was sometimes present and
sometimes absent . . . they were many
deaths. In the course of the disease was
the same to whatever part of the body it
spread” (1).
The first recorded modern description
of NSTI in the United States was by Joseph Jones, a Confederate Army surgeon,
who reported 2,642 cases of “hospital
gangrene” with a mortality approaching
50% (2). The French physician, Jean Alfred Fournier, described necrosis of the
perineum in five men in 1883, and perineal NSTIs continue to bear the eponym
of Fournier’s gangrene (3). Brewer and
Meleney (4) noted an association between
hemolytic streptococcal infection and fascial gangrene, and proposed that the synergistic effects of various bacteria involved in these infections was responsible
for their rapid progression. The term “ne-
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nition and earlier delivery of more effective therapy. Establishing
a diagnosis and initiating treatment as soon as possible provides
the best opportunity for a good outcome. (Crit Care Med 2011; 39:
2156 –2162)
KEY WORDS: gas gangrene; necrotizing fasciitis; necrotizing
soft-tissue infection; outcome; streptococcal gangrene; treatment

crotizing fasciitis” was proposed by Wilson (5) in 1952, and depicts the most
common feature of these infections, that
is, fascial necrosis. More recently, the
term “necrotizing soft-tissue infection”
(NSTI) has been proposed for this collection of infectious diseases since it encompasses all forms of this disease process
regardless of anatomical location or
depth of infection.

Epidemiology
The Centers for Disease Control and
Prevention reports that there are 500 to
1,000 new cases of necrotizing fasciitis
reported yearly in the United States (6). A
population-based study from the United
States estimates that group A streptococcal necrotizing fasciitis has an incidence
of 0.4 per 1,000 persons per year (7),
while Kaul et al (8) report a similar incidence based on a population-based study
in Ontario, Canada. This can be a misleading statistic since only NSTIs due to
group A streptococcal infections are
enumerated. Clinical experience suggests that the total number of NSTIs
greatly exceeds that estimate and may
be increasing (9).
The actual incidence of NSTI is difficult to determine in part due to the multiple terms used to describe this clinical
entity. Some classify NSTI based on anatomical region, depth of invasion, or the
microbial source of infection. It is more
appropriate to recognize these different
conditions as part of a clinical spectrum
of diseases that share common traits and
have a similar clinical course. Regardless
of its cause or incidence, NSTI is a highly
lethal condition that requires early aggressive treatment to optimize survival
and avoid complications.

Demographics
The predilection to develop NSTI increases with age (8, 9). Most series report
an association of NSTI with a chronic
systemic disease, diabetes mellitus, obesity, peripheral vascular disease, alcohol
abuse, or intravenous drug use (10 –12).

Pathophysiology
In general, any untreated infection
can result in local necrosis. NSTIs tend to
spread rapidly along tissue planes involving the skin and subcutaneous tissues,
fascia, or muscle, causing vascular occlusion, ischemia, and tissue necrosis (13).
The specific pathophysiologic mechanisms for necrosis depend on the specific properties of the byproducts produced by the bacteria involved in the
infection and are discussed in further
detail below. Necrosis can be directly
mediated by toxins or occur secondary
to vascular involvement.

Classification
NSTIs can be classified according to
depth of tissue involvement, severity of
infection, or microbiology. Each system
has its advantages. The Food and Drug
Administration classifies infections of
skin and soft tissues as either complicated or uncomplicated. An uncomplicated infection responds to a simple
course of antibiotics or incision and
drainage. Complicated infections involve
deeper tissues and generally require surgical intervention (14, 15). Understanding these definitions is important, especially when interpreting data from
clinical trials. However, the utility of the
Food and Drug Administration classificaCrit Care Med 2011 Vol. 39, No. 9

tion is limited by the exclusion of necrotizing infections.
When necrotizing infections are categorized by the microbes involved, there are
three types. Each type has its unique epidemiology, pathology, microbial composition, and prognosis. Knowing the type of
infection facilitates clinical decision making, including antibiotic selection.
Type I Infections. Type I infections are
the most common type of NSTI and are
responsible for 80% or more of infections.
On average, four or more organisms are
isolated from Type I infections, and usually
include a mix of aerobic and anaerobic bacteria. The most common aerobic species
isolated from these infections are streptococci, however, staphylococci, enterococci,
and the family of Gram-negative rods are
also found. Bacteroides species are the
most common anaerobes involved and are
found in more than half of cases, while
peptostreptococci are isolated from approximately one-third of patients (16, 17).
The involvement of multiple organisms
in Type I infections is likely due to the
presence of multiple pathogenic organisms
at the nidus of infection and also may represent an underlying failure of the host
immune system. Diabetes mellitus, obesity,
peripheral vascular disease, chronic kidney
disease, and alcohol abuse are commonly
found in this group of patients (18, 19).
Several Type I infections are named
based on their anatomical location. Fournier’s gangrene is a necrotizing infection involving the perineum or genital areas. The
preponderance of cases occurs in men.
These infections can arise from a genitourinary, colorectal, or dermatologic source,
including perirectal abscess, chronic urethral strictures, and Bartholin gland abscesses (20, 21). Ludwig’s angina is a polymicrobial infection involving the
submandibular space that can extend into
the fascial planes of the neck and mediastinum. The latter condition is also known
as cervical necrotizing fasciitis. Ludwig’s
angina and cervical necrotizing fasciitis
have several unique features. Stridor and
airway obstruction are common complications. Most of the cases have an odontogenic etiology. The microbiology is different from the other Type I infections in that
fewer organisms are isolated (2.2 on average) and oral anaerobes, such as fusobacteria and peptostreptococci, are more common (22, 23). In 40% of the cases, infection
extends to the mediastinum, which markedly increases mortality (24).
Type II Infections. Type II infections
were originally thought to be caused only
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by ␤-hemolytic streptococcal species.
These infections account for 10% to 15%
of NSTIs (25, 26). Staphylococcus aureus, especially methicillin-resistant species, is increasingly associated with Type
II NSTIs, either as a single isolate or in
conjunction with streptococci (27, 28).
Typically, these infections originate from
an apparent minor injury that provides a
portal of entry for the bacteria or creates
an environment where hematogenously
transported bacteria can thrive. These infections have been associated with nonsteroidal anti-inflammatory drug use in
some smaller studies (29).
␤-hemolytic streptococci are highly potent and can cause a wide array of diseases,
including pharyngitis, erysipelas, glomerulonephritis, and rheumatic fever, in addition to necrotizing infections. These organisms produce a variety of virulent factors,
including M protein, Protein F, streptococcal inhibitor of complement, streptolysins,
hyaluronidases, streptokinase, cell envelope
proteinases, and pyrogenic exotoxins. The
capsule of these streptococci resists phagocytosis (30, 31). M proteins also have this
property and inhibit the binding of antibodies and opsonins (32). Protein F enhances
adherence to epithelial cells while the
streptococcal inhibitors of complement inactivate membrane attack complexes (33).
Streptolysin O lyses cells; however, the
mechanism of toxicity for streptolysin S is
unknown (34, 35). Hyaluronidase facilitates
spread through the surrounding tissues.
Streptokinase is a well-known fibrinolysin
and cell envelope proteinases cleave interleukin-8, which prevents polymorphonuclear leukocyte recruitment (36). Finally,
these bacteria produce pyrogenic exotoxins,
which are a family of superantigens that
directly activate T cells resulting in massive
cytokine release (37).
S. aureus has fewer but still a potent
array of toxins. Panton-Valentine leukocidin causes leukocyte destruction and tissue
necrosis. It is produced by the methicillinresistant S. aureus strain USA300 (38, 39).
This organism also produces an ␣-hemolysin that creates pores in host cells (40),
and phenol-soluble modulins, which attract and lyse polymorphonuclear leukocytes (41).
Type III Infections. Clostridial myonecrosis is the prototypical Type III infection. These are the least common NSTI,
accounting for ⬍5% of all infections.
Clostridia are ubiquitous, Gram-positive,
anaerobic, spore-forming bacilli found in
soil. They are not strict anaerobes, but
nonetheless need to be inoculated deeply

into tissues in an environment of low
oxygen tension to be pathogenic. These
infections typically occur as a result of a
deeply penetrating wound or a crush injury that is accompanied by local devascularization (42– 44). Clostridial myonecrosis has also been reported following
intestinal surgery, black tar heroin injection (skin popping) (45), and in association with obstetrical complications, such
as retained placenta, prolonged rupture
of membranes, and spontaneous abortion
(46, 47). Clostridium perfringens is the
most common pathogen of this species.
Spontaneous clostridial myonecrosis also
can be due to C. septicum and occurs in
association with a gastrointestinal or hematogenous malignancy in 80% of patients (48). In contrast to patients with
traumatic myonecrosis, those with spontaneous infections are often immunosuppressed or have a malignancy (49).
Type III infections are highlighted by
rapid progression, which can measure up
to 2 cm/hour. This feature is related to an
impressively muted host response (50)
and an elaborate set of bacterial toxins
(48). The ␣-toxin has phospholipase C
activity and is lytic to many cell lines,
including red blood cells, myocytes, fibroblasts, platelets, and leukocytes. This
toxin may also decrease inotropy, release
histamine, and cause platelet aggregation
(51–54). The -toxin, like the staphylococcal ␣-hemolysin, forms pores in host
cells and causes direct vascular injury as
well as hemolysis and destruction of white
blood cells (55). The clostridial -toxin has
collagenase properties (56), and ␥-toxin is a
hyaluronidase (57).
Other Infections. Several water-borne
bacterial infections can cause NSTI and
are not readily classified by the abovementioned system. Necrotizing infections following exposure to a water-borne
agent are almost always attributable to
either Vibrio vulnificus or Aeromonas hydrophilia. Vibrio is a Gram-negative bacterium that occurs in marine and estuarial environments (58, 59). The majority of
infections related to Vibrio occur after
handling seafood, often during a recreational water activity (60, 61). Most patients who develop these infections have
underlying liver disease, such as alcoholic cirrhosis, chronic hepatitis, or
hemochromatosis (62). Virulence is related to a toxin that produces a reactive
oxygen species (63). Aeromonas hydrophilia, formerly considered part of the
Vibrio family, is a Gram-negative bacillus
that is primarily a freshwater organism.
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Infections can occur in immunocompetent
hosts, as demonstrated by the high rates of
wound isolates after the 2004 Indian Ocean
tsunami (64). The exact complement of toxins produced by these bacteria is unknown.
Rarely, NSTI can be due to fungi. The
three most common human pathogens are
Rhizopus, Mucor, and Rhizomucor (65).
Rhino-orbital-cerebral and cutaneous involvement typifies these unusual NSTIs.
Mucormycete spores are ubiquitous and
can migrate to susceptible soft tissues by
inhalation or ingestion, or can be directly
inoculated into wounds. The intact immune system handles routine fungal exposure easily (66); however, a high degree of
contamination or depressed immune system can result in infection. Conditions predisposing to these infections include diabetes mellitus, hematologic malignancies,
organ transplantation, steroid use, acquired
immunodeficiency syndrome, treatment
with desferoxamine, and iron overload (65,
67, 68). Rhizopus contains a ketone reductase, which allows the fungus to grow in
the glucose-rich, acidic environment frequently found in patients with diabetic ketoacidosis (69). The growth and pathogenicity of Rhizopus is also increased by chelated
iron, which explains why the iron chelator
desferoxamine as well as iron overload facilitates infection (70). Of interest, statins inhibit
these fungi in vitro, which may in part explain the decline in these infections in the
United States over the last two decades (71).
Hyphae from these organisms directly
invade the vasculature, causing infarction
and necrosis (72). The rhino-orbitalcerebral syndrome is initiated with the implantation of fungal spores in the paranasal
sinuses, which then spread throughout
other sinuses. Contiguous structures become involved rapidly with a resultant classic black eschar of necrotic tissue spreading
to the face, orbits, cavernous sinus, and
carotid canal. Cutaneous mucormycosis
spreads rapidly as the vasculature becomes
involved and thromboses (66, 73, 74). Disseminated fungemia is rare (65, 75).

Presentation
The initial presentation of the various
forms of NSTIs is similar. As the disease
progresses, the presentation becomes characterized by the specific type of infection
described above. The initial symptom is
usually pain at the site of infection. Typically, the degree of pain is disproportionate
to the local physical findings (76). The initial appearance of the skin can be deceptive.
Edema and minimal erythema are com2158

mon early in the course of these infections.
During this phase of infection, systemic
signs are often limited to low grade fever,
tachycardia, and mild tachypnea. As the
infection progresses, pain at the advancing
front can be intense, while areas of necrosis
become insensate. Blistering, crepitus, bullae, or hemorrhagic blebs will eventually
develop. Ulceration, a bronze discoloration
of the skin, and a foul odor are common
(11, 77). As with other anaerobic infections,
the putrid odor can be intense (78). Toxic
shock syndrome and skin desquamation
can occur. The toxin-mediated suppression
of polymorphonuclear leukocytes produces
a bland “dishwater pus.” Mucormycotic infections form a black eschar, which is initially noted in the nasal mucosa and palate
and can eventually involve cranial nerves
resulting in blindness, loss of extraocular
movements, and facial numbness (74). Systemic inflammatory response, sepsis, and
profound shock with multisystem organ
failure are common sequelae of all forms of
necrotizing infections.

Diagnosis
The diagnosis of NSTI is obvious when
patients present with skin changes indicative of necrosis. The challenge for clinicians is to distinguish necrotizing infections from the much more common nonnecrotizing variety early in the course of
disease when pathognomonic physical
findings are absent. Various adjunctive
methods have been investigated, including radiographic studies, laboratory scoring systems, and pathologic examination.
Plain radiographs can be helpful if gas
is demonstrated in the soft tissues; however, this only occurs in one-third of
patients with NSTI (12, 79). Computed
tomography has a sensitivity of approximately 80% for the presence of soft-tissue
gas and inflammatory changes, but computed tomography is not very specific for
NSTI (80, 81). A recent report by Zacharias
et al (82) suggests that newer scanners
have improved specificity (81% in their
study) with a negative predictive value of
100%. However, not all patients in their
study underwent operation so the actual
disease-free population was imprecisely defined. At very least, this study suggests that
computed tomography may have a role in
the diagnosis of NSTIs, although further
corroboration about its precision is needed.
Magnetic resonance imaging can differentiate some necrotizing from non-necrotizing infections; however, its low sensitivity
(80%–90%) and specificity (50%–55%),

and the time required to complete a magnetic resonance imaging study tend to limit
its usefulness (11, 83, 84).
Multiple scoring systems have been
suggested to aid in the diagnosis of NSTI.
The scoring system that has been most
extensively evaluated is the Laboratory
Risk Indicator for Necrotizing Fasciitis
(85). Points are assigned based on the
levels of C-reactive protein, white blood
cell count, hemoglobin, and serum sodium, creatinine, and glucose. While the
positive and negative predictive values in
the initial publication were promising,
subsequent analyses have failed to confirm the initial results and it is no longer
used extensively (78, 86, 87).
Majeski and John (78) have described
a technique of bedside tissue biopsy with
immediate frozen-section evaluation.
While their results were promising, the
logistics of performing the frozen section
during the night are challenging. Furthermore, there seems to be little benefit
in doing a biopsy at the bedside rather
than taking the patient to the operating
room where exploration of deeper tissues
can be done.
In summary, adjunctive diagnostic
studies and scoring systems have limited
utility for the diagnosis of NSTI. Direct
examination of the involved tissues is
usually required to make the diagnosis.
Given the potential lethality and morbidity associated with delays in diagnosis and
treatment of these infections, there
should be a very low threshold for operative exploration if the diagnosis is under
consideration.

Treatment
There are four important principles
that are critical for the immediate treatment of NSTI. These are: 1) fluid resuscitation and correction of electrolyte and
acid-base abnormalities; 2) initiation of
antimicrobial therapy; 3) immediate debridement of necrotic tissues; and 4) support of failing organ systems. Although
all of these tasks are important, early
surgical debridement is the single parameter that is most associated with survival;
however, the other components of care
must be implemented rapidly to reduce
the likelihood of an adverse event or delay
of operation (12–14).
Fluid Resuscitation and Correction of
Electrolyte and Acid-base Abnormalities.
The major goal of fluid resuscitation is to
restore intravascular volume, which is always depleted among patients with NSTI
Crit Care Med 2011 Vol. 39, No. 9

Table 1. Recommended antimicrobial regimens for the treatment of necrotizing soft-tissue infections
(97, 101)
Drug Regimen by Type of Infection
Type I Infections (Mixed)
Piperacillin-tazobactam
Plus
Clindamycin
Plus
Ciprofloxacin
Imipenem-cilastatin
Meropenem
Type II Infections
Clindamycin
Plus
Penicillin
Or
Linezolid (if allergic to penicillin)
Or
Vancomycin (if allergic to penicillin)
Type III Infections
Clindamycin
Plus
Penicillin
Vibrio or Aeromonas Infections
Doxycycline

due to the fluid shifts associated with the
response to infection. Optimizing blood
and intravascular volume also improves
organ and tissue perfusion and will help
reduce the incidence of later organ system failure. Additionally, restoration of
intravascular volume helps avoid hypotension during operation. Excision of necrotic tissues frequently leaves a large
body surface area that subjects the patient to additional absorptive fluid loss
after the procedure.
Crystalloid fluids are first-line treatments and lactated Ringer’s solution is
the preferable solution since these patients usually have acidemia. Colloid solutions can be useful for patients who are
malnourished, have liver disease, or do
not have a satisfactory response to large
volumes of crystalloid. Blood should be
given when there is anemia, which sometimes may occur due to hemolysis caused
by toxins produced by some of the infecting organisms. Fresh frozen plasma and
platelet transfusions are reserved for patients who have coagulopathy and thrombocytopenia, respectively.
The most common electrolyte disturbances among patients with NSTI are
mild hyponatremia and hypocalcemia,
the latter due to precipitation of calcium
in necrotic subcutaneous fat. Lactated
Ringer’s solution or 0.9% normal saline
used for resuscitation will usually correct
the mild hyponatremia that is common
in NSTI patients while calcium gluconate
can be given to correct hypocalcemia.
Crit Care Med 2011 Vol. 39, No. 9

Adult Dose (Intravenous)

3.375 gm q6h
600–900 mg q6–8h
400 mg q12h
500–1000 mg q6h
1 gm q8h
600–900 mg q6–8h
2–4 million units q4–6h
600 mg q12h
30 mg/kg/day in 2 divided doses
600–900 mg q6–8h
2–4 million units q4–6h
1 gm q12h

Hyperglycemia should be treated with insulin. Because low serum albumin can
result in decreased serum calcium, ionized calcium should be used to guide
calcium replacement. The adequacy of
fluid replacement therapy should be assessed by measuring central venous pressure and urine output in addition to reassessing vital signs.
Initiation of Antimicrobial Therapy.
Prompt initiation of antimicrobial therapy is an important component of the
treatment of NSTI. Although adjunctive
to debridement, antibiotics are necessary
to ameliorate or prevent the systemic
manifestations of infection, including
sepsis syndrome and septic shock. Antibiotics do not penetrate necrotic tissue,
so they should not be considered a replacement for operation.
The choices for antimicrobial therapy
are listed in Table 1. In general, it is best
to initiate treatment with a combination
of broad-spectrum agents in all but the
most minor infections. The treatment
choice should be refined later based on
culture results and patient response. The
increased prevalence of methicillinresistant S. aureus in both the community and hospital environments mandates
empirical treatment for these strains
(88). Clindamycin has been demonstrated
to possess the unique property of suppressing toxin production by S. aureus,
hemolytic streptococci, and clostridia
and should be included when these organisms are present or suspected and for

all patients with hypotension, coagulopathy, or organ system failure (89). Vancomycin or linezolid can be used for clindamycin-allergic patients, but these
agents do not possess the same toxinsuppressing properties.
Because of the increased prevalence of
resistant Gram-positive organisms, combination therapy is used for most patients
with NSTI, particularly if the fascia is
involved. Doxycycline or a related tetracycline should be added when infection is
thought to be due to Vibrio or Aeromonas. Patients with renal or hepatic failure
may need to have dosage adjustments. As
with other infections, it is important to
refine the choice of antimicrobial treatment based on the results of blood cultures and the antimicrobial sensitivities
of the organisms isolated from cultures of
the tissue obtained during debridement.
Operative Debridement. Early and
complete operative debridement of necrotic tissue is the mainstay for treatment of NSTI (10, 11). Inadequate debridement has been associated with a
seven-fold increase in death from this disease (90), and delay in operation has been
associated with a nine times greater likelihood of death (17). The area of necrosis
often extends beyond what is anticipated
based on external appearance of the skin
due to thrombosis of the dermal capillary
beds that precedes skin necrosis. All obviously necrotic skin, subcutaneous tissue, fascia, and muscle must be excised.
When there is crepitance present over an
area of normal appearing skin, an exploratory incision should be made through
the involved area to determine whether
the underlying tissues are viable. The
presence of soft-tissue gas does not mandate excision as long as the underlying
tissues are viable. This crepitance often
resolves after the necrotic tissue is removed.
Amputation should be reserved for situations when the affected limb either is
not viable or is not expected to be functional following debridement (91). Amputation also may be necessary to control
infection when there is extensive limb
involvement, which is more common
among patients with diabetes mellitus or
intravenous drug abuse. The need for amputation has been reported to range from
25% to 50% of patients with extremitybased infections. Amputation is more
likely when lower extremities are involved (10, 91). A diverting colostomy
may be needed to avoid soiling of the
perineum. This is usually necessary when
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there is contiguous involvement of the
perianal area and the patient is incontinent of stool (10). Orchiectomy is rarely
needed when Fournier’s gangrene is present, since the blood supply to the testicles
is usually preserved (20).
The debrided area should be covered
with a layer of 0.9% normal saline-soaked
gauze and an absorbent dressing such as an
ABD or burn pad. It is recommended that
these patients be re-explored in the operating room under an anesthetic within 24
hrs, which usually allows for completion of
resuscitation and attendance to any abnormal medical conditions. Since it is common to find additional areas of necrosis
that need to be debrided, evaluation in the
operating room is more comfortable for the
patient and allows for more thorough exploration of the involved areas. Subsequently, dressings should be changed two to
three times daily. Dilute sodium hypochlorite
(Dakin’s solution) can be substituted for normal saline if excessive local bacterial contamination develops later. The use of a vacuumassisted closure system can accelerate wound
contraction and time to closure, but this
should not be initiated until the necrosis and
infection are controlled and granulation tissue has appeared (92). The exposed area
should not be covered with skin grafts before
the acute infection has resolved.
Support of Failing Organ Systems. Patients who are hypotensive after appropriate fluid resuscitation should receive vasopressors and should be monitored in an
intensive care unit (77). Norepinephrine
(0.02– 0.08 g/kg/min), vasopressin (0.1–
0.4 IU/min), or dopamine (5–10 g/kg/
min) can be used to improve perfusion.
Monitoring of arterial and central venous
pressures as well as urinary output should
be done. Often, the best way to support
organ systems is by rapidly controlling the
infectious process, which then allows the
physiologic environment to return to normal.
Other Adjunctive Measures. Intravenous immunoglobulin (IVIG) has been
advocated for the treatment of NSTI due
to streptococci and staphylococci (93).
Supporters of its use believe that IVIG
provides antibodies that can neutralize
circulating exotoxins produced by these
organisms and may modulate the systemic inflammatory response induced by
cytokine stimulation. These actions
would potentially reduce the detrimental
effects of exotoxins on tissue necrosis and
negate the effects of cytokines on failing
organ systems. The evidence supporting
the use of IVIG for treatment of NSTI is
controversial, although there are retro2160

spective as well as prospective studies
that have demonstrated some benefit
(93). If IVIG is used, it should be given
selectively to patients with severe sepsis
due to either staphylococcal or streptococcal infections. Plasma exchange therapies have not been demonstrated to be
beneficial to patients with NSTI.
Hyperbaric oxygen (HBO) therapy also
has been proposed for the treatment of
NSTI. HBO results in greater oxygen tensions in perfused body tissues (94). Recommendations for its use are based on
experimental and human studies that
show inhibition of exotoxin production
by clostridia (95). The results of human
studies are conflicting and most prospective studies fail to show a benefit for HBO
in these circumstances. Its use is further
limited by delays in definitive care when
transferring a patient to a facility that has
HBO therapy available. A recent retrospective comparison of outcomes of NSTI
at two hospitals failed to demonstrate a
survival advantage to HBO and there
were actually a greater number of operative debridements done in patients who
received HBO (96). The low mortality in
both HBO-treated and untreated groups
suggests that patients at high risk for
death were not included.
Both IVIG and HBO therapy may be
effective in certain situations; however,
operative debridement should not be delayed to initiate these therapies. Most patients with NSTI have polymicrobial infections, and culture results are usually
unavailable for at least 48 hrs.
Later Treatments. Nutritional support
should be initiated after the infection and
septic response are controlled. Enteral
feeding is preferred; however, parenteral
nutrition can be used when the enteral
route is not possible or practical. Appropriate vitamins (vitamin A, C, and D) and
minerals such as zinc should be provided
since these can promote wound healing.
Split-thickness skin grafts and various
flaps are useful to restore epithelial continuity to the debrided areas. Coverage
should not be done until after the septic
response has abated, the patient is recovering, and there are early signs of healing
over debrided areas. As mentioned above,
the use of vacuum-assisted closure systems
can reduce the area that will need coverage.

Mortality
The mortality for NSTI has declined
from historical reports of 33% to 40%. A
review of ⬎3,000 patients reported be-

tween 1980 and 2008 demonstrated an
overall mortality of 23.5%, with mortality
⬍22% since 1999 (97). A recent presentation of NSTI from the National Surgical
Quality Improvement Program reported a
mortality rate of only 12% (98). The single
most common factor associated with increased mortality was delay to operative
debridement (10, 11, 91, 99). Other parameters that have been associated with worse
mortality in large series of patients include
age ⬎50 yrs, greater extent of body surface
area involved, lactic acidosis, organ dysfunction at admission, hypotension, immune
compromise, and a white blood cell count
⬎30,000/mm3 (10, 11, 91, 92, 99–101).

Long-Term Outcomes
Light et al (102) have reported a large
consecutive single-institution series of
long-term outcomes of patients with NSTI
compared to population-based mortality
rates. Among patients who survived at least
30 days after initial hospitalization, 25%
died over a mean follow-up period of 3.3
yrs. Median survival was 10.0 yrs. The major reasons for late death included cardiopulmonary diseases, diabetes mellitus, malignancies, and infectious causes. Deaths
related to infection among these survivors of
NSTI were considerably greater than those
predicted for the population at large, suggesting that patients who suffer NSTI may have
an inherent defect in host defenses.

CONCLUSION
The mortality for NSTIs appears to be
decreasing over recent years, possibly due
to improved recognition and earlier delivery of more effective therapy. Establishing
the diagnosis and initiating treatment as
soon as possible provides the best opportunity for a good outcome. Continued improvements in the education of healthcare
practitioners about the subtle presenting
signs and symptoms of this disease process
and advancements in the management of
these critically ill patients should result in
improved outcomes in the future.

REFERENCES
1. Descamps V, Aitken J, Lee MG: Hippocrates
on necrotising fasciitis. Lancet 1994; 344:556
2. Jones J: Surgical Memoirs of the War of the
Rebellion: Investigation Upon the Nature,
Causes, and Treatment of Hospital Gangrene
as Prevailed in the Confederate Armies
1861–1865. New York, US Sanitary Commission, 1871

Crit Care Med 2011 Vol. 39, No. 9

3. Fournier JA: Gangre ne foudroyante de la
verge. Med Pract 1883; 4:589 –597
4. Brewer GE, Meleney FL: Progressive gangrenous infection of the skin and subcutaneous tissues, following operation for acute
perforative appendicitis: A study in symbiosis. Ann Surg 1926; 84:438 – 450
5. Wilson B: Necrotizing fasciitis. Am Surg
1952; 18:416 – 431
6. Centers for Disease Control and Prevention:
Group A Streptococcal Disease. Available at:
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/
groupastreptococcal_g.htm. Accessed December 4, 2010
7. Ellis Simonsen SM, van Orman ER, Hatch
BE, et al: Cellulitis incidence in a defined population. Epidemiol Infect 2006; 134:293–299
8. Kaul R, McGeer A, Low DE, et al: Populationbased surveillance for group A streptococcal
necrotizing fasciitis: Clinical features, prognostic indicators, and microbiologic analysis of seventy-seven cases. Ontario Group A Streptococcal Study. Am J Med 1997; 103:18–24
9. Malangoni MA: Necrotizing soft tissue infections: Are we making any progress? Surg
Infect (Larchmt) 2001; 2:145–150, discussion 150 –152
10. McHenry CR, Piotrowski JJ, Petrinic D, et
al: Determinants of mortality for necrotizing soft-tissue infections. Ann Surg 1995;
221:558 –565
11. Elliott DC, Kufera JA, Myers RA: Necrotizing soft tissue infections. Risk factors for
mortality and strategies for management.
Ann Surg 1996; 224:672– 683
12. Sarani B, Strong M, Pascual J, et al: Necrotizing fasciitis: Current concepts and review
of the literature. J Am Coll Surg 2009; 208:
279 –288
13. Salcido RS: Necrotizing fasciitis: Reviewing
the causes and treatment strategies. Adv Skin
Wound Care 2007; 20:288–293, quiz 294–295
14. Guidance for Industry. Uncomplicated and
Complicated Skin and Skin Structure Infections: Developing Antimicrobial Drugs Treatment. US Dept of Health and Human Services, Food and Drug Administration, Center
for Drug Evaluation and Research, 2010.
Available at: www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/
Guidances/UCMO71185.pdf. Accessed December 5, 2010
15. Stevens DL, Bisno AL, Chambers HF, et al:
Practice guidelines for the diagnosis and
management of skin and soft-tissue infections. Clin Infect Dis 2005; 41:1373–1406
16. Elliott D, Kufera JA, Myers RA: The microbiology of necrotizing soft tissue infections.
Am J Surg 2000; 179:361–366
17. Wong CH, Chang HC, Pasupathy S, et al:
Necrotizing fasciitis: Clinical presentation,
microbiology, and determinants of mortality.
J Bone Joint Surg Am 2003; 85:1454 –1460
18. Henry S, Scalea T: Soft tissue infections. In:
Acute Care Surgery. Gracias V, Reilly P,
McKenney M, et al (Eds). McGraw Hill Medical, New York, NY, 2009, p 163
19. Freischlag JA, Ajalat G, Busuttil RW: Treat-

Crit Care Med 2011 Vol. 39, No. 9

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

ment of necrotizing soft tissue infections.
The need for a new approach. Am J Surg
1985; 149:751–755
Eke N: Fournier’s gangrene: A review of
1726 cases. Br J Surg 2000; 87:718 –728
Czymek R, Hildebrand P, Kleemann M, et
al: New insights into the epidemiology and
etiology of Fournier’s gangrene: A review of
33 patients. Infection 2009; 37:306 –312
Boscolo-Rizzo P, Da Mosto MC: Submandibular space infection: A potentially lethal
infection. Int J Infect Dis 2009; 13:327–333
Bansal A, Miskoff J, Lis RJ: Otolaryngologic
critical care. Crit Care Clin 2003; 19:55–72
Mathieu D, Neviere R, Teillon C, et al: Cervical necrotizing fasciitis: Clinical manifestations and management. Clin Infect Dis
1995; 21:51–56
Centers for Disease Control and Prevention
(CDC): Invasive group A streptococcal
infections–United Kingdom, 1994. MMWR
1994; 43:401– 402
Ogilvie CM, Miclau T: Necrotizing soft tissue infections of the extremities and back.
Clin Orthop Relat Res 2006; 447:179 –186
Young LM, Price CS: Community-acquired
methicillin-resistant Staphylococcus aureus emerging as an important cause of
necrotizing fasciitis. Surg Infect (Larchmt)
2008; 9:469 – 474
Moran GJ, Krishnadasan A, Gorwitz RJ, et
al: Methicillin-resistant S. aureus infections
among patients in the emergency department. N Engl J Med 2006; 355:666 – 674
Souyri C, Olivier P, Grolleau S, et al: Severe
necrotizing soft-tissue infections and nonsteroidal anti-inflammatory drugs. Clin Exp
Derm 2008; 33:249 –255
Schrager HM, Albertí S, Cywes C, et al:
Hyaluronic acid capsule modulates M protein-mediated adherence and acts as a ligand for attachment of group A Streptococcus to CD44 on human keratinocytes. J Clin
Invest 1998; 101:1708 –1716
Cywes C, Wessels MR: Group A Streptococcus tissue invasion by CD44-mediated cell
signalling. Nature 2001; 414:648 – 652
Lancefield RC: Current knowledge of typespecific M antigens of group A streptococci.
J Immunol 1962; 89:307–313
Hanski E, Caparon M: Protein F, a fibronectin-binding protein, is an adhesin of the
group A streptococcus Streptococcus pyogenes. Proc Natl Acad Sci U S A 1992;
89:6172– 6176
Alouf JE, Geoffroy C: Structure activity relationships in sulfhydryl-activated toxins.
In: Bacterial Protein Toxins. Freer JH, Jeljaszewicz J (Eds). Academic Press, London,
UK, 1984, p. 165
Nizet V, Beall B, Bast DJ, et al: Genetic
locus for streptolysin S production by group
A streptococcus. Infect Immun 2000; 68:
4245– 4254
Edwards RJ, Taylor GW, Ferguson M, et al:
Specific C-terminal cleavage and inactivation of interleukin-8 by invasive disease iso-

37.

38.
39.
40.

41.

42.
43.
44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

lates of Streptococcus pyogenes. J Infect Dis
2005; 192:783–790
Barsumian EL, Schlievert PM, Watson DW:
Nonspecific and specific immunological mitogenicity by group A streptococcal pyrogenic
exotoxins. Infect Immun 1978; 22:681– 688
May AK: Skin and soft tissue infections.
Surg Clin N Am 2009; 89:403– 420
Panton PN, Valentine FCO: Staphylococcal
toxin. Lancet 1932; 1:506 –508
Hamilton SM, Bryant AE, Carroll KC, et al:
In vitro production of panton-valentine leukocidin among strains of methicillinresistant Staphylococcus aureus causing diverse infections. Clin Infect Dis 2007; 45:
1550 –1558
Diep BA, Stone GG, Basuino L, et al: The
arginine catabolic mobile element and
staphylococcal chromosomal cassette mec
linkage: Convergence of virulence and resistance in the USA300 clone of methicillinresistant Staphylococcus aureus. J Infect
Dis 2008; 197:1523–1530
Hart GB, Lamb RC, Strauss MB: Gas gangrene. J Trauma 1983; 23:991–1000
Present DA, Meislin R, Shaffer B: Gas gangrene.
A review. Orthop Rev 1990; 19:333–341
Weinstein L, Barza MA: Gas gangrene.
N Engl J Med 1973; 289:1129 –1131
Brett MM, Hood J, Brazier JS, et al: Soft
tissue infections caused by spore-forming
bacteria in injecting drug users in the
United Kingdom. Epidemiol Infect 2005;
133:575–582
Cunningham FG, Leveno KJ, Bloom SL, et
al (Eds): Abortion. In: Williams Obstetrics.
Twenty-third Edition. New York, McGrawHill Medical, 2010, pp 215–237
Gilstrap LC, Cunningham FG, VanDorsten
JP (Eds): Episiotomy. In: Operative Obstetrics. Second Edition. New York, McGrawHill Professional, 2002, pp 63– 88
Awad MM, Bryant AE, Stevens DL, et al:
Virulence studies on chromosomal alphatoxin and theta-toxin mutants constructed
by allelic exchange provide genetic evidence
for the essential role of alpha-toxin in Clostridium perfringens-mediated gas gangrene. Mol Microbiol 1995; 15:191–202
Ray D, Cohle SD, Lamb P: Spontaneous
clostridial myonecrosis. J Forensic Sci
1992; 37:1428 –1432
McNee JW, Dunn JS: The method of spread
of gas gangrene into living muscle. Br Med
J 1917; 1:726.4 –729
Bryant AE, Chen RY, Nagata Y, et al: Clostridial gas gangrene. I. Cellular and molecular mechanisms of microvascular dysfunction induced by exotoxins of Clostridium
perfringens. J Infect Dis 2000; 182:799 – 807
Bryant AE, Chen RY, Nagata Y, et al: Clostridial gas gangrene. II. Phospholipase C-induced activation of platelet gpIIbIIIa mediates vascular occlusion and myonecrosis in
Clostridium perfringens gas gangrene. J Infect Dis 2000; 182:808 – 815
Stevens DL, Troyer BE, Merrick DT, et al:
Lethal effects and cardiovascular effects of

2161

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

2162

purified alpha- and theta-toxins from Clostridium perfringens. J Infect Dis 1988; 157:
272–279
Asmuth DM, Olson RD, Hackett SP, et al:
Effects of Clostridium perfringens recombinant and crude phospholipase C and thetatoxin on rabbit hemodynamic parameters.
J Infect Dis 1995; 172:1317–1323
Tilley SJ, Orlova EV, Gilbert RJ, et al: Structural basis of pore formation by the bacterial
toxin pneumolysin. Cell 2005; 121:247–256
Shimizu T, Ba-Thein W, Tamaki M, et al: The
virR gene, a member of a class of twocomponent response regulators, regulates the
production of perfringolysin O, collagenase,
and hemagglutinin in Clostridium perfringens. J Bacteriol 1994; 176:1616 –1623
Hatheway CL: Toxigenic clostridia. Clin Micro Rev 1990; 3:66 –98
Morris JG Jr, Black RE: Cholera and other
vibrioses in the United States. N Engl J Med
1985; 312:343–350
Blake PA, Merson MH, Weaver RE, et al:
Disease caused by a marine Vibrio. Clinical
characteristics and epidemiology. N Engl
J Med 1979; 300:1–5
Dechet AM, Yu PA, Koram N, et al: Nonfoodborne Vibrio infections: An important
cause of morbidity and mortality in the
United States, 1997–2006. Clin Infect Dis
2008; 46:970 –976
Yoder JS, Hlavsa MC, Craun GF, et al: Surveillance for waterborne disease and outbreaks associated with recreational water
use and other aquatic facility-associated
health events–United States, 2005–2006.
MMWR Surveill Summ 2008; 57:1–29
Tacket CO, Brenner F, Blake PA: Clinical
features and an epidemiological study of
Vibrio vulnificus infections. J Infect Dis
1984; 149:558 –561
Chung KJ, Cho EJ, Kim MK, et al: RtxA1induced expression of the small GTPase Rac2
plays a key role in the pathogenicity of Vibrio
vulnificus. J Infect Dis 2010; 201:97–105
Maegele M, Gregor S, Steinhausen E, et al:
The long-distance tertiary air transfer and
care of tsunami victims: Injury pattern and
microbiological and psychological aspects.
Crit Care Med 2005; 33:1136 –1140
Roden MM, Zaoutis TE, Buchanan WL, et al:
Epidemiology and outcome of zygomycosis:
A review of 929 reported cases. Clin Infect
Dis 2005; 41:634 – 640
Cox GM, Kauffman DA, Thorner AR: Mucormycosis (zygomycosis). In: UpToDate. Basow
DS (Ed). UpToDate, Waltham, MA, 2010
McNulty JS: Rhinocerebral mucormycosis:
Predisposing factors. Laryngoscope 1982;
92:1140 –1143
Cocanour CS, Miller-Crotchett P, Reed RL
2nd, et al: Mucormycosis in trauma patients. J Trauma 1992; 32:12–15
Gale GR, Welch AM: Studies of opportunistic
fungi. I. Inhibition of Rhizopus oryzae by human serum. Am J Med Sci 1961; 241:604–612
Boelaert JR, Van Cutsem J, de Locht M, et
al: Deferoxamine augments growth and

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

pathogenicity of Rhizopus, while hydroxypyridinone chelators have no effect. Kidney
Int 1994; 45:667– 671
Kontoyiannis DP: Decrease in the number
of reported cases of zygomycosis among patients with diabetes mellitus: A hypothesis.
Clin Infect Dis 2007; 44:1089 –1090
Greenberg RN, Scott LJ, Vaughn HH, et al:
Zygomycosis (mucormycosis): Emerging
clinical importance and new treatments.
Curr Opin Infect Dis 2004; 17:517–525
Rajagopalan S: Serious infections in elderly
patients with diabetes mellitus. Clin Infect
Dis 2005; 40:990 –996
Yohai RA, Bullock JD, Aziz AA, et al: Survival
factors in rhino-orbital-cerebral mucormycosis. Surv Ophthalmol 1994; 39:3–22
Kauffman CA, Malani AN: Zygomycosis: An
emerging fungal infection with new options
for management. Curr Infect Dis Rep 2007;
9:435– 440
Stone HH, Martin JD Jr: Synergistic necrotizing cellulitis. Ann Surg 1972; 175:
702–711
Phan HH, Cocanour CS: Necrotizing soft
tissue infections in the intensive care unit.
Crit Care Med 2010; 38:S460 –S468
Majeski JA, John JF Jr: Necrotizing soft
tissue infections: A guide to early diagnosis
and initial therapy. South Med J 2003; 96:
900 –925
Wall DB, de Virgilio C, Black S, et al: Objective criteria may assist in distinguishing
necrotizing fasciitis from nonnecrotizing
soft tissue infection. Am J Surg 2000; 179:
17–21
Wysoki MG, Santora TA, Shah RM, et al:
Necrotizing fasciitis: CT characteristics. Radiology 1997; 203:859 – 863
Becker M, Zbären P, Hermans R, et al: Necrotizing fasciitis of the head and neck: Role
of CT in diagnosis and management. Radiology 1997; 202:471– 476
Zacharias N, Velmahos GC, Salama A, et al:
Diagnosis of necrotizing soft tissue infections by computed tomography. Arch Surg
2010; 145:452– 455
Schmid MR, Kossmann T, Duewell S: Differentiation of necrotizing fasciitis and cellulitis using MR imaging. AJR 1998; 170:
615– 620
Hopkins KL, Li KC, Bergman G: Gadolinium-DTPA-enhanced magnetic resonance
imaging of musculoskeletal infectious processes. Skeletal Radiol 1995; 24:325–330
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;
32:1535–1541
Su YC, Chen HW, Hong YC, et al: Laboratory risk indicator for necrotizing fasciitis
score and the outcomes. ANZ J Surg 2008;
78:968 –972
Holland MJ: Application of the Laboratory
Risk Indicator in Necrotising Fasciitis (LRINEC) score to patients in a tropical tertiary

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

referral centre. Anaesth Intensive Care
2009; 37:588 –592
Miller LG, Perdreau-Remington F, Rieg G,
et al: Necrotizing fasciitis caused by community-associated methicillin-resistant
Staphylococcus aureus in Los Angeles.
N Engl J Med 2005; 352:1445–1453
Stevens DL, Ma Y, Salmi DB, et al: Impact of
antibiotics on expression of virulenceassociated exotoxin genes in methicillinsensitive and methicillin-resistant Staphylococcus aureus. J Infect Dis 2007; 195:
202–211
Mok MY, Wong SY, Chan TM, et al: Necrotizing fasciitis in rheumatic diseases. Lupus
2006; 15:380 –383
Anaya DA, McMahon K, Nathens AB, et al:
Predictors of mortality and limb loss in
necrotizing soft tissue infections. Arch Surg
2005; 140:151–158
Huang WS, Hsieh SC, Hsieh CS, et al: Use of
vacuum-assisted wound closure to manage
limb wounds in patients suffering from
acute necrotizing fasciitis. Asian J Surg
2006; 29:135–139
Alejandria MM, Lansang MA, Dans LF, et al:
Intravenous immunoglobulin for treating
sepsis and septic shock. Cochrane Database
Syst Rev 2002; 2:CD001090
Jallali N, Withey S, Butler PE: Hyperbaric
oxygen as adjuvant therapy in the management of necrotizing fasciitis. Am J Surg
2005; 189:462– 466
Kaye D: Effect of hyperbaric oxygen on
Clostridia in vitro and in vivo. Proc Soc Exp
Biol Med 1967; 124:360 –366
George ME, Rueth NM, Skarda DE, et al:
Hyperbaric oxygen does not improve outcome in patients with necrotizing soft tissue infection. Surg Infect (Larchmt) 2009;
10:21–28
May AK, Stafford RE, Bulger EM, et al:
Treatment of complicated skin and soft tissue infections. Surg Infect (Larchmt) 2009;
10:467– 499
Mills MK, Faraklas I, Davis C, et al: Outcomes from treatment of necrotizing softtissue infections: Results from the National Surgical Quality Improvement
Program database. Am J Surg 2010;
200:790 –797
Golger A, Ching S, Goldsmith CH, et al:
Mortality in patients with necrotizing fasciitis. Plast Reconstr Surg 2007;
119:1803–1807
Yaghoubian A, de Virgilio C, Dauphine C, et
al: Use of admission serum lactate and sodium levels to predict mortality in necrotizing soft-tissue infections. Arch Surg
2007; 142:840 – 846
Anaya DA, Bulger EM, Kwon YS, et al: Predicting death in necrotizing soft tissue infections: A clinical score. Surg Infect
(Larchmt) 2009; 10:517–522
Light TD, Choi KC, Thomsen TA, et al:
Long-term outcomes of patients with necrotizing fasciitis. J Burn Care Res 2010;
31:93–99

Crit Care Med 2011 Vol. 39, No. 9

