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Necrotizing Fasciitis*
Ronald J. Green, MD; Donald C. Dafoe, MD; and
Thomas A. Raffin, MD, FCCP

Necrotizing fasciitis is an uncommon soft-tissue in-
fection, usually caused by toxin-producing, viru-

lent bacteria, which is characterized by widespread
fascial necrosis with relative sparing of skin and
underlying muscle. It is often associated with severe
systemic toxicity and is usually rapidly fatal unless
promptly recognized and aggressively treated." 2

Because of differing prognoses and treatment mo-

dalities, it is helpful to distinguish the various skin and
soft-tissue infections. Figure 1 illustrates this spectrum
of skin and soft-tissue infections, which can be best
classified anatomically. The common superficial pyo-
dermas do not extend beyond the skin (epidermis and
dermis), and include erysipelas, impetigo, folliculitis,
ecthyma, furunculosis, and carbunculosis.34 Cellulitis
is a deeper skin infection than erysipelas. Necrotizing

fasciitis primarily involves superficial fascia, subcuta-
neous fat (which contains vascular structures and
nerves), and deep fascia. Myonecrosis (clostridial or
nonclostridial) refers to a condition resulting in rapid
necrosis of muscle, with delayed involvement of over-

lying skin and soft tissues.3
This report focuses on necrotizing fasciitis, an

uncommon but devastating disease managed in ICUs.
After an historic background, we will discuss its epi-
demiology, etiology, clinical presentation, pathophys-
iology, microbiology, histology, and diagnosis. Next, we
will touch on the reported correlation between necro-

tizing fasciitis and the use of nonsteroidal anti-inflam-
matory agents. We will conclude with a discussion of
treatment modalities and mortality.

*From the Divisions ofPulmonary and Critical Care Medicine (Drs.
Green and Raffin) and Transplant Surgery (Dr. Dafoe), Stanford
(Calif) University School of Medicine.
Manuscript received November 7, 1995; revision accepted January
24, 1996.
Reprint requests: Dr. Raffin, Division of Pulmonary and Critical
Care Medicine, Room HM149, Stanford University £chool of Med-
icine, Stanford, CA 94305-5236

HISTORICAL BACKGROUND
Like many diseases that have been "discovered" in

our moderu medical era, necrotizing fasciitis was

actually first described by Hippocrates in the 5th cen-
tury BC. He discussed it as a complication of "erysi-
pelas:"5
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Necrotizing fasciitis is an uncommon soft-tissue infection, usually caused by toxin-producing, viru-
lent bacteria, which is characterized by widespread fascial necrosis with relative sparing of skin and
underlying muscle. It is accompanied by local pain, fever, and systemic toxicity and is often fatal
unless promptly recognized and aggressively treated. The disease occurs more frequently in
diabetics, alcoholics, immunosuppressed patients, IV drug users, and patients with peripheral vas-
cular disease, although it also occurs in young, previously healthy individuals. Although it can oc-
cur in any region ofthe body, the abdominal wall, perineum, and extremities are the most common
sites of infection. Introduction of the pathogen into the subcutaneous space occurs via disruption
of the overlying skin or by hematogenous spread from a distant site of infection. Polymicrobial ne-
crotizing fasciitis is usually caused by enteric pathogens, whereas monomicrobial necrotizing fasci-
itis is usually due to skin flora. Tissue damage and systemic toxicity are believed to result from the
release of endogenous cytokines and bacterial toxins. Due to the paucity of skin findings early in the
disease, diagnosis is often extremely difficult and relies on a high index of suspicion. Definitive di-
agnosis is made at surgery by demonstration of a lack of resistance of normally adherent fascia to
blunt dissection. Treatment modalities include surgery, antibiotics, supportive care, and hyperbaric
oxygen. Early and adequate surgical debridement and fasciotomy have been associated with
improved survival. Initial antibiotic therapy should include broad aerobic and anaerobic coverage.
If available, hyperbaric oxygen therapy should be considered, although to our knowledge, there are
no prospective, randomized clinical trials to support this. Mortality rates are as high as 76%. Delays
in diagnosis and/or treatment correlate with poor outcome, with the cause of death being
overwhelming sepsis syndrome and/or multiple organ system failure. (CHEST 1996; 110:219-29)

Key words: Foumier's gangrene; hyperbaric oxygen; necrotizing fasciitis; review; soft-tissue infection; Streptococcus or-
ganisms

Abbreviations: HBO=hyperbaric oxygen; NSAIDs=nonsteroidal anti-inflammatory drugs
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SYNDROME

Epidermis

Skin

Dermis

Superficial fascia
Subcutaneous

tissue
Subcutaneous fat,
nerves, arteries, veins

Deep fascia

Muscle

Erysipelas
Impetigo
Folliculitis
Ecthyma
Furunculosis
Carbunculosis

Cellulitis

Necrotizing
fasciitis

Myonecrosis
(clostridial and
non-clostridial)

FIGURE 1. Anatomic and clinical classification of soft-tissue infections.

... the erysipelas would quickly spread widely in all directions.
Flesh, sinews and bones fell axvay in large quantities Fever
was sometimes present and sometimes absent ... There vere
many deaths. The course of the disease was the same to
whatever part of the body it spread.

In the early 19th century, necrotizing fasciitis was
variously known as the malignant ulcer, gangrenous
ulcer, putrid ulcer, phagedena ("eating away"), phage-
denic ulcer, phagedena gangraenosa, and hospital
gangrene.6 By the mid- 19th century, hospital gangrene
and phagedena were the preferred names.6
The first detailed descriptions in English were pro-

vided by a British naval surgeon, Leonard Gillespie,
and two British naval physicians, Sir Gilbert Blane and
Thomas Trotter, in the late 18th century.6 In England,
from the 1780s through the 1850s, the disease was
known as one of the most dreaded to befall those
serving in the army and navy.6 Hospital gangrene was
rare in civilian hospitals despite the fact that surgical
wound infections, puerperal fever, and erysipelas were
quite common in the preantiseptic era.6
The first description of necrotizing fasciitis in the

United States occurred in 1871 by Joseph Jones,7 a
Confederate Army surgeon, who called it hospital
gangrene. By the beginning of the 20th century, it was
thought that hospital gangrene was a disease of the
past. As stated by Park in 1908, "Hospital gangrene
so-called ... is now practically never seen."6 In 1924,
Meleney8 described an outbreak of hospital gangrene
in a hospital in Peking, where it was considerably more
common than in the West, calling it hemolytic strep-
tococcal gangrene. The term currently in use, necro-
tizing fasciitis, was first utilized by Wilson9 in 1952 and
most accurately describes the most consistent feature
of the infection, fascial necrosis.

Recent outbreaks, which have been publicized by
the lay press variously as the "Killer Bug," "<Flesh-eat-
ing Bacteria," and "Galloping Gangrene," have once
again piqued people's interest in this uncommon but
often fatal disease.6"10'11 The resurgence ofinterest was
fueled by a 1989 report by Stevens and colleagues'2 of
20 patients with group A streptococcal toxic shock
syndrome, 11 ofwhom had necrotizing fasciitis. From
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1989 to 1991, an estimated 10,000 to 15,000 cases of
invasive group A streptococcal infections occurred
annually in the United States, with necrotizing fascii-
tis developing in 5 to 10% of patients with a case-
fatality rate of 28%.13 Since 1991, there has been no
active surveillance for invasive group A streptococcal
infections in the United States.13 In England and
Wales, the number of laboratory reports of systemic
infection with group A streptococci has remained sta-
ble over the past 3 years.14 Hence, it remains unclear
whether the incidence ofnecrotizing fasciitis is actually
increasing or whether renewed interest has sparked an
increase in published reports.

EPIDEMIOLOGY
There has been confusion in the literature as to the

precise definition of necrotizing fasciitis,15 which has
been compounded by the use of multiple terms,
including hemolytic streptococcal gangrene, progres-
sive synergistic bacterial gangrene, necrotizing erysi-
pelas, suppurative fasciitis, acute dermal gangrene, and
Fournier's gangrene (necrotizing fasciitis of the male
genitalia).3"16'' Postoperative necrotizing fasciitis has
also been called progressive postoperative bacterial
synergistic gangrene, which usually occurs at the edge
of previous wounds and spreads cutaneously, sparing
the deep fascia.18 The presence of clostridial infection
need not exclude a diagnosis of necrotizing fasciitis if
the clinical and histologic picture is otherwise consis-
tent.15 In contrast, clostridial gas gangrene spares the
fascia but produces rapid necrosis of the muscle.18

There is no age or sex predilection for necrotizing
fasciitis. The disease occurs more frequently in dia-
betics, alcoholics, immunosuppressedpatients, IV druX
users, and patients with peripheral vascular disease.4,1
However, necrotizing fasciitis also occurs in young,
previously healthy individuals.12'19 In this population,
the pathogenic organism is commonly a virulent strain
of group A f-hemolytic streptococcus, with the clini-
cal presentation commonly being that of streptococcal
toxic shock syndrome.12,1

ETIOLOGY
Although it can occur in any region of the body,

necrotizing fasciitis most commonly occurs in the ab-
dominal wall, extremities, and perineum (Table
1).4151720-22 Introduction of the pathogen into the
subcutaneous space can occur via any disruption ofthe
overlying skin, such as a cut, abrasion, burm, laceration,
contusion, bite, injection, or surgical incision. Re-
ported etiologies of soft-tissue injury leading to necro-
tizing fasciitis include blunt or penetrating trauma,20-26
postoperative complications,21"22 cutaneous infections
or ulcers,20-23'2527 illicit IV or subcutaneous drug

i21-23,25 p 1 i 21-23 a linjections, perirectal abscesses, animal or

Table 1-Etiology of Necrotizing Fasciitis

Etiology

Soft-tissue injury
General and extremities

Animal or insect bite
Blunt or penetrating trauma
Cutaneous infections or ulcers
Illicit IV, IM, or subcutaneous drug injections
Postoperative complication
Sprained ankle
Subcutaneous insulin injection

Abdominal
Appendicitis
Colocutaneous fistula
Incarcerated hernia
Perforated viscus
Renal calculus

Perineal
Anal dilatation
Fungating rectal carcinoma
Hemorrlboidal banding
Perirectal or ischiorectal abscess
Pilonidal abscess

GenitourinaIy
Bartholin's gland duct abscess
Cervical or pudendal nerve block
Coital injury
Genitourinary infections superimposed on

Urethral stricture
Traumatic instrumentation
Urethral calculus
Neoplasm
Prostatic massage

Postepisiotomy
Septic abortion
Vulvar abscess

Head and neck
Face and neck

Cervical adenitis
Otologic etiologies
Peritonsillar abscess
Salivary gland infections

Scalp and periorbital
Blunt or penetrating trauma
Pruritus

Suppurative dental infections
Percutaneous catheter placement

Abscess drainage catheter
Percutaneous endoscopic gastrostomy tube placement
Tube thoracostomy

Special circumstances
Idiopathic
Hematogenous spread

insect bites,21 incarcerated hernias,21'22 subcutaneous
insulin injection,23 colocutaneous fistula,23 renal cal-
culi,20 and idiopathic causes.2022-25,28,29

In addition to direct inoculation ofthe subcutaneous
tissues from a superficial site, hematogenous spread
from a distant site of infection can probably occur.30
There are numerous reportsi 19 of patients developing
Streptococcus pyogenes necrotizing fasciitis where the
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only identifiable source was an antecedent sore throat,
presumed to be streptococcal pharyngitis.

Involvement of the abdominal wall is usually a
postoperative complication of abdominal surgery.22 In
one series, all instances of postoperative necrotizing
fasciitis occurred after contaminated or clean-contamn-
inated surgery, mainly in patients with extensive fecal
contamination of the abdominal cavity.22

Necrotizing fasciitis of the extremity is most often
secondary to trauma, illicit drug use, or insect bite. It
may even develop at the site of a trivial scratch or
wound or even in seemingly intact skin.19 In the
perineum, it can develop as a postoperative complica-
tion, from a pilonidal abscess22 or a neglected perineal
or ischiorectal abscess. 17,31 Retroperitoneal necrotiz-
ing fasciitis is usually fatal,2 although there are case
reports of survivors.33,34
The overwhelming majority of cases of necrotizing

fasciitis of the vulva occur in obese diabetics and often
begin as a Bartholin's gland duct abscess or a vulvar
abscess.35-39 Other etiologies include development of
necrotizing fasciitis as a postoperative wound infection
following cesarean section,40 episiotomy,41 hysterecto-
my,41 or minilaparotomy for bilateral partial salpingec-
tomy;42 in a previously irradiated area of the pelvis,
often with a fatal outcome;43 after septic abortion;4'
and following cervical or pudendal nerve block.4'
When necrotizing fasciitis involves the male genita-

lia, it is known as Fourmier's gangrene,44 named after
Jean Alfred Foumier, who described cases of scrotal
gangrene in 1843.31 Some authors expand the defi-
nition of Foumier's gangrene to include necrotizing
fasciitis of the perineal region in both men and wom-
en.31'41 The most common causes of necrotizing fasci-
itis of the male genitalia are genitourinary infections
and trauma.41 A urinary tract infection superimposed
on a urethral stricture with or without extravasation of
urine, traumatic instrumentation, urethral calculus,
neoplasm, prostatic massage, surgery, or even coital
injury can lead to necrotizing fasciitis.31'41'46

Necrotizing fasciitis of the head and neck is
rare. 15'21'22'24 Cases can be separated into two groups:
those originating on the scalp or periorbital region and
those originating on the face or neck.47 Blunt or pen-
etrating trauma is the most common etiology of scalp
involvement while the etiology of periorbital involve-
ment is usually trauma, eyelid infection, or pruri-
tus.47'48 Patients with scalp or periorbital involvement
tend to have monomicrobial infections, particularly
with S pyogenes,48-50 and a more benign course,47,48
although there is one case report of a fatality..5' Facial
and cervical necrotizing fasciitis usually results from
progressive, suppurative dental infections.52-55 Other
etiologies include peritonsillar abscess, salivary gland
infections, cervical adenitis, and otologic and derma-

tologic sources.56'57 The infections may easily spread
via natural fascial planes into deep cervical spaces or
vascular compartments.55 Many complications of cer-
vical necrotizing fasciitis have been described, includ-
ing airway obstruction, jugular venous thrombosis,
rupture of the great vessels, aspiration pneumonia,
mediastinitis, empyema, and lung abscess.n57,58 Given
the etiology and anatomic patterns of spread, it is not
surprising that facial and cervical necrotizing fasciitis
tends to be polymicrobial and is associated with
significant mortality..47

Necrotizing fasciitis can occur as a complication of
percutaneous catheter placement. Reported cases in-
clude development of necrotizing fasciitis following
tube thoracostomy for empyema drainage,59 percuta-
neous endoscopic gastrostomy tube placement,60 and
percutaneous drainage ofan intra-abdominal abscess.6'
The inciting event leading to necrotizing fasciitis is

often unknown. In various retrospective case series, an
idiopathic cause was reported in anywhere from 13 to
31% of patients.20'22-25'28'29 In these cases, absence of
an obvious source can make the diagnosis challeng-
ing.30 Idiopathic necrotizing fasciitis is more likely to be
due to S pyogenes and occur in the extremities as op-
posed to necrotizing fasciitis from known etiologies.22
It is thought to result from either inoculation via un-
detected breaks in the epidermis or hematogenous
spread from another source.30

CLINICAL PRESENTATION AND PATHOPHYSIOLOGY
Necrotizing fasciitis usually begins with the devel-

opment of characteristic skin changes within 7 days of
the inciting event.62 An erythematous, tender, swollen,
hot area of cellulitis, accompanied by local pain and
fever, is commonly the first sign.21,25'62 Leukocytosis
with a left shift is usually present at the time of hospi-
tal admission.25'28'63 Early necrotizing fasciitis is very
painful.21'64 In fact, pain out of proportion to physical
findings in a patient who appears to have a systemically
toxic condition should raise the clinical suspicion of
necrotizing fasciitis.4"19'20 Following the initial cellulitic
skin changes, the skin becomes smooth, shiny, and
tensely swollen as the erythema spreads diffusely.62
Induration or distinct margins are absent, with the
diseased area gradually fading into normal skin. In a
few days, the skin darkens to a patclhy, dusky blue as
blisters and bullae develop.65 Initially, the bullae are
filled with serous fluid, which later becomes hemor-
rhagic.66 By this time, the infection is well established
in the subcutaneous space. Necrosis of the superficial
fascia and fat takes place, producing a watery, thin, and
often foul-smelling fluid known as "dishwater pus."62
The precise mechanism resulting in liquefactive ne-
crosis is not known. Some investigators believe it is
caused by bacterial enzymes, including hyaluronidase
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and lipases, which degrade fascia and fat, respective-
ly.62 Normal-appearing skin is undermined while un-
derlying muscle usually remains intact.15 The extent of
fascial necrosis is more widespread than changes in the
overlying skin.20 If thrombosis of the skin's nutrient
arteries occurs, focal areas of necrosis form, appearing
as deep thermal burns.4'9'2' Lymphangitis and lymph-
adenitis are rare.25'67'68 Four or 5 days into the illness,
the purplish skin becomes frankly gangrenous.62 The
subcutaneous nerves are then destroyed by the infec-
tious process and the previously tender skin becomes
hypesthetic or anesthetic.69 As organisms and toxins
are liberated into the bloodstream, the patient devel-
ops signs and symptoms of sepsis syndrome. Hypocal-
cemia can develop from extensive fat necrosis.4 Occa-
sionally, septic emboli can be seen.62 There are reports
of metastatic abscess formation in liver, lungs, spleen,
brain, and pericardium from necrotizing fasciitis.§0'7
During the second week, the skin may slough sponta-
neously. Untreated, the disease is almost invariably
fatal. However, there are a few untreated patients who
spontaneously recovered after sloughing of necrotic
skin.8

MICROBIOLOGY
No single organism is responsible for the fascial ne-

crosis and systemic toxicity seen in necrotizing fascii-
tis.62'63 In fact, the synergistic action of facultative
aerobic and anaerobic bacteria could be responsible for
the often fulminant course ofthe disease.63 Table 2 lists
the organisms that have been implicated in necrotizing
fasciitis.

Giuliano et al72 divided bacteriologic culture results
seen in necrotizing fasciitis into two distinct groups.
Type 1 is polymicrobial and involves non-group A
streptococci plus anaerobes and/or facultative anaer-
obes, often with involvement of enterobacteriaceae. In
type 2, also known as hemolytic streptococcal gan-
grene, the pathogen is group A f3-hemolytic streptc-
cocci alone or in combination with a staphylococcus. As
many as 11 organisms were isolated from each patient
in their series. Of the anaerobic species isolated, none
was present as the sole organism. No differences in
clinical course, morbidity, or mortality were demon-
strated between the groups. Other studies70'7' support
the findings of Giuliano et al.72
The number and type of organisms present in

necrotizing fasciitis tend to depend on the site of
infection. Abdominal and perineal infections, particu-
larly postoperatively, tend to be polymicrobial and
grow enteric pathogens (type 1 in the classification of
Giuliano et al 2).15 22,31 These postoperative infections
grow an average of three bacterial isolates.22'23'73 The
predominant organisms in these polymicrobial infec-
tions are aerobic and anaerobic Gram-negative enteric

Table 2-Organisms Identified in Necrotizing Fasciitis

Organisms

Gram-positive aerobic bacteria
Group A, 1-hemolytic streptococcus
Group B streptococcus
Enterococci
Coagulase-negative staphylococci
Staphylococcus aureus
Bacillus sp

Gram-negative aerobic bacteria
Escherichia coli
Pseudomonas aeruginosa
Enterobacter cloacae
Klebsiella sp
Proteus sp
Serratia sp
Acinetobacter calcoaceticus
Citrobacterfreundii
Pasteurella multocida

Anaerobic bacteria
Bacteroides sp
Clostridium sp
Peptostreptococcus sp

Marine Vibrio sp
Vibrio vulnificus
Vibrio parahemolyticus
Vibrio damsela
Vibrio alginolyticus

Fungi
Candida sp
Aspergillus sp
Rhizopus

bacilli, enterococci, and, less commonly, staphylococ-
cal and streptococcal species.'1525'32 The anaerobes
include Bacteroides and clostridial species.

Extremity lesions more commonly are monomicro-
bial and involve skin flora (type 2 in the classification
of Giuliano et al72).'922 Almost half of the monomi-
crobial infections described by McHenry et al22 were
caused by S pyogenes whereas S pyogenes was isolated
from only 2 of 45 patients with polymicrobical infec-
tions.
A third type of necrotizing fasciitis is caused by the

marine vibrios (Gram-negative rods), particularly
Vibrio vulnificus, Vibrio parahemolyticus, Vibrio dam-
sela, and Vibrio alginolyticus. 474-77 V vulnificus is be-
lieved to be the most virulent.75'77 The usual portal of
entry is a puncture wound caused by a fish, or a cut or
insect bite exposed to sea water, shellfish, or fish in
tropical waters.4'7677 The pathogenic vibrios are be-
lieved to synthesize an extracellular toxin that mediates
much of the soft-tissue damage in necrotizing fascii-
tis.77
Many case reports have described other pathogens.

These include group B streptococcus,27 Pasteurella
multocida,78 and postoperative infection with candidal
species.23,79

There is good correlation between the Gram's stain
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Table 3-Dtagnostic Features

Features

Severe local pain
Paucity of skin findings
Fever
Signs and symptoms of systemic toxicity
Nonspecific results of physical examination findings
Soft-tissue gas is uncommon

of surgical or aspirated matenial from the area of fas-
cial necrosis and organisms eventually cultured.62 The
necrotic center of the lesion is the preferred site for
obtaining culture material and Gram's stain.72'80 This
is in distinction to cellulitis, where the leading edge of
the lesion is aspirated. Anaerobic and aerobic cultures
should be obtained.

Soft-tissue gas almost exclusively occurs in anaero-
bic infections. The notable exception to this is necro-
tizing fasciitis in diabetic patients. In diabetics, small-
vessel disease, altered leukocyte function, and elevated
tissue glucose levels predispose to an environment low
in oxygen tension and rich in substrate for bacterial
growth.62
The tissue damage and systemic toxicity of necro-

tizing fasciitis are believed to be due to the release of
bacterial toxins and endogenous cytokines.8182 Exo-
toxins A and B have been implicated in invasive group
A streptococcal infections." Exotoxin A has been
demonstrated in cases of invasive streptococcal A
infections whereas it was not present in cases of non-
invasive streptococcal A infections.83 In addition, Talk-
ington et al84 found that strains of streptococcus asso-
ciated with necrotizing fasciitis and myositis secrete
abnormally high levels of a cysteine protease dubbed
exotoxin B, an enzyme that destroys tissue by breaking
down protein.

There is a recent debate whether new strains of
more virulent group A streptococcus have evolved,
resulting in an increased number of cases of fatal skin
and soft-tissue infections, such as necrotizing fascii-
tis. 1112'82 As evidence against increased virulence,
McHenry et al22 found mortality rates in those patients
with S pyogenes to be similar to the 20% mortality rate
reported by Meleney8 in 1924. Hence, it is still unclear
whether the recent apparent increase in mortality is
real or simply due to a resurgence of interest in the
disease leading to an increase in published reports.

HISTOPATHOLOGY
The histopathologic features of necrotizing fasciitis

are necrosis of the superficial fascia with blood vessel
thrombosis and suppuration.15'67 Other consistent fea-
tures include the following: severe subcutaneous fat
necrosis; severe inflammation of the dermis and sub-

cutaneous fat; vasculitis, often with endarteritis; and
local hemorrhage.15'67
Umbert and colleagues'5 reported details of the

histopathologic findings in necrotizing fasciitis. In most
cases, the epidermis showed no major changes. Dilated
blood vessels in the papillary dermis were found in
biopsy specimens of acute lesions. In the papillary and
reticular dermis, a perivascular, predominantly lym-
phohistiocytic, infiltrate containing plasma cells was
present as was lobular and septal panniculitis. The re-
ticular dermis, subcutaneous fat, and fascia were
edematous and contained an inflammatory infiltrate.
All levels of tissue contained noninflammatory intra-
vascular coagulation of vessels. Some patients demon-
strated necrosis of eccrine glands and ducts as a result
of thrombosis and infarction. The fasciae were suppu-
rative and edematous, with necrosis and thrombosis of
vessels in advanced lesions. In most patients, micro-
organisms were seen easily between collagen bundles
and in fat lobules. Some specimens showed myone-
crosis of underlying skeletal muscle.

DIAGNOSIS
Owing to the paucity of skin findings early in the

disease, diagnosis is often extremely difficult and relies
on a high clinical index of suspicion. Diagnostic clues
include severe local pain, fever, and signs of systemic
toxicity with otherwise nonspecific history and physical
examination findings (Table 3). If there is a high index
of suspicion, a clinical diagnosis of necrotizing fasciitis
can be made, prompting early surgical exploration to
confirm the diagnosis andperform appropriate debride-
ment. Lack of resistance ofnormally adherent fascia to
blunt dissection is diagnostic of necrotizing fascii-
tis.4"19'27 Some investigators even advocate immediate
surgical exploration with biopsy and frozen section
examination when the diagnosis is suspected but not
accompanied by clinical findings.22 A less invasive
manner in which to make a tissue diagnosis has been
advocated by Stamenkovic and Lew,85 namely full-
thickness biopsy, which, if performed early, has been
shown to significantly improve outcome.

Radiologic studies, including plain radio-
graphs,226386 CT,22, ultrasonography,88 and MR189,90
have been used to aid in diagnosing necrotizing fasci-
itis. Detection of soft-tissue gas by plain radiograph is
more sensitive than by physical examination.22'86 Fur-
thermore, it has been suggested that CT scanning is
more accurate in detecting soft-tissue gas than plain
radiographs.87 CT scanning can also be helpful in de-
lineating the extent of spread of the infection, espe-
cially in cervical necrotizing fasciitis.52'56'58 Ultrasonog-
raphy has been used to aid in delineating the extent of
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Fournier's gangrene and to differentiate it from other
causes of "acute scrotum."41'88

Beyond simply recognizing the less common sign of
soft-tissue gas, MRI is able to demonstrate good tissue
contrast, sensitively detect soft-tissue fluid, and actu-
ally visualize the pathologic process. Using MRI,
Rahmouni et a190 were able to differentiate necrotizing
soft-tissue infections, which warrant immediate surgi-
cal intervention, from nonnecrotizing cellulitis, which
can be treated medically.90 However, their study did
not address whether the use of MRI had a significant
impact on morbidity or mortality. These issues need to
be examined before MRI is adopted as standard ofcare
in the diagnosis and treatment of necrotizing fasciitis.
Furthermore, in this age of cost-conscious medicine,
its use should be reserved for cases where the diagno-
sis is uncertain and the findings would change man-
agement.

USE OF NONSTEROIDAL ANTI-INFLAMMATORY DRUGS
There have been several reports over the past 10

years associating the use of nonsteroidal anti-inflam-
matory drugs (NSAIDs) with the development of ne-
crotizing fasciitis, usually involving group A 13-hemolyt-
ic streptococcus, in previously healthy, young people
who are being treated for minor injuries, aches and
pains, or arthritis.64,91-95 Given their efficacy in treat-
ing such ailments, NSAIDs are some of the most
commonly ingested medications known. There are
millions, if not billions, of instances when these med-
ications were taken for the aforementioned indications
with a benign result. Hence, it is much more likely that
there is simply a correlation, rather than a cause-and-
effect relationship, between the use of nonsteroidal
anti-inflammatory agents (an extremelycommon event)
and the development of necrotizing fasciitis (an ex-
tremely uncommon event). However, given that there
is evidence to support the immunosuppressive nature
ofNSAIDs,40 to be cautious, some have advocated that
they should be used with discretion in cases of
soft-tissue inflammation when infection cannot be
ruled out.92'94

TREATMENT
Treatment modalities include antibiotics, surgery,

supportive care, and hyperbaric oxygen (Table 4).
Antibiotics: The goal ofinitial antibiotic therapy is to

assure broad coverage of aerobic Gram-positive and
Gram-negative organisms and anaerobes. Specific ini-
tial antibiotic recommendations vary. They include the
combination of a penicillin or cephalosporin, an ami-
noglycoside, and anaerobic coverage with either clin-
damycin or metronidazole.4'63'96 Antimicrobial therapy
should then be appropriately tailored to culture and
susceptibility results. High-dose penicillin remains the

Table 4-Treatment Fundamentals

Treatment

Early and definitive surgery
Antibiotics
Supportive care
Hyperbaric oxygen therapy should be considered

drug of choice for necrotizing fasciitis due to S
pyogenes.9

Even with appropriate and early antibiotic use, in-
fection may progress due to the fact that thrombosis of
superficial vessels in necrotizing fasciitis precludes ef-
fective antibiotic penetration to the site of infec-
tion67'69'77 and tissue hypoxia impairs the oxidative
killing mechanism of leukocytes. Accumulation of
bacteria and bacterial toxins occurs, which contributes
to the development of sepsis syndrome and its se-
quelae. Therefore, early surgical intervention is crucial.

Surgery: Treatment of necrotizing fasciitis is first
and foremost surgical. Adequate surgery includes early
debridement of all necrotic tissue and drainage of in-
volved fascial planes via extensive fasciotomy until
healthy fascia is encountered. The goal is to perform
definitive surgery, regardless ofhow radical, at the first
operation.'4 Early and adequate surgical debridement
and fasciotomy have been associated with improved
survival compared to delayed surgical interven-
tion. 17,20,22,25,26,29,98 Survival has been documented af-
ter excision of as much as 45% of a patient's surface
area.14 Postoperatively, because of the potential for
rapid progression, the surgical wound must be reeval-
uated frequently for evidence of disease extension.
Some investigators advocate routine surgical re-
examination of the infected area within 24 h to ensure
adequate debridement of infected and necrotic tis-
sue.2022'73 Extension of fascial necrosis is an indication
for repeated fasciotomy and further debridement. In
many instances, two or more major debridements,
carried out in the operating room under general anes-
thesia, are indicated.21'73 In cases of extremity involve-
ment, amputation is often warranted to control infec-
tion, particularly in patients Awth peripheral vascular
disease and/or diabetes.22 In cases of perineal necro-
tizing fasciitis, diverting colostomy and/or urinary
diversion are often needed to control infection defin-
itively.22'32

Supportive Care: As in any critically ill patient, ad-
equate nutritional support and prompt recognition and
treatment ofnosocomial infections have been shown to
improve outcome.70,98 Aggressive fluid resuscitation,
analgesia, and early intensive care involvement are the
mainstays of therapy.20

After initial debridement, the cooperation of multi-
ple specialists, including intensivists, general surgeons,
and infectious disease specialists, is crucial for optimal
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patient treatment. After the patient's condition is sta-
bilized and the patient begins to recover, plastic
surgery evaluation is almost always warranted for
reconstruction and skin grafting.99

Hyperbaric Oxygen: Hyperbaric oxygen (HBO)
therapy refers to a treatment modality in which the
entire patient is placed in a chamber and breathes
oxygen at increased atmospheric pressure.'00 The fea-
ture of HBO that is believed to be responsible for its
therapeutic efficacy is hyperoxia (elevated partial pres-
sure of oxygen in tissues).'0' The physiologic effects of
HBO at the tissue level have been shown to include
increased killing ability of leukocytes, killing of certain
anaerobes, reduction of tissue edema, stimulation of
fibroblast growth, and increased collagen forma-
tion.10 I02 Justification for its use is based on animal
studies, case reports, and retrospective studies.103 The
Undersea and Hyperbaric Medical Society includes
necrotizing soft-tissue infection as one of only 12
reimbursable indications for the use of HBO.104

In a retrospective analysis, Riseman and colleagues96
reported on 29 patients with necrotizing fasciitis, 12 of
whom received conventional surgical and antibiotic
therapy and 17 of whom received adjunctive HBO.
HBO consisted of 90 min in a monoplace chamber at
2.5 atm every 8 h the first day, then twice daily for a
total of 10 treatments. All HBO-treated patients
received their first treatment within 24 h of hospital
admission. Patient demographics, wound bacteriology,
and antibiotic therapywere similar between the groups.
The HBO group contained more diabetics (47% vs
33%), more patients in shock (29% vs 8%), and more
patients with perineal or truncal infections (71% vs
50%). Mortality was 66% in the non-HBO group vs
23% in the HBO group (p<0.025), and the HBO group
required an average of 1.16 debridements whereas the
non-HBO group required 3.25 (p<0.03). This study
has been criticized because the groups were treated
successively, with all non-HBO group patients being
treated prior to the acquisition of the chamber (before
1980).101 105 The authors themselves state that as the
study progressed, clinicians prescribed earlier and
more extensive debridements.96 Hence, the HBO
group may simply have benefited from the more effi-
cacious therapy of early and extensive debridement.

In another study, Brown et al103 performed a retro-
spective review of the efficacy of HBO. They looked
only at truncal necrotizing infections and identified 30
patients treated with HBO and 24 patients who did not
receive HBO. HBO consisted of 90-min treatments
with 2.5 to 3.0 atm. Eighty percent ofthe HBO-treated
patients received less than five treatments and the re-
mainder received between five and seven, witlh dis-
continuation once patients' conditions stabilized and
there was no evidence for ongoing necrosis. The

HBO-treated group was younger (51 vs 62 years), had
more clostridial infections (50% vs 17%), had longer
ICU stays (7.3 vs 3.5 days; NS), and underwent more
operations (mean of 3.2 vs 1.7; p<0.0002) and more
debridements (mean of 2.4 vs 1.3; p<0.004) than the
non-HBO group. Laparotomy was performed in 20
(66%) of the HBO group vs 10 (41%) of the non-HBO
group (p<0.007). Hence, the HBO group was sicker
and was treated more aggressively than the non-HBO
group. This suggests that HBO was reserved for the
sickest patients and/or that it actually improved patient
outcome. There was a trend toward better survival in
the HBO-treated group (30% vs 42% mortality), but
because of the small study size, it did not reach statis-
tical significance.

In summary, if HBO therapy is available, it should
be considered as a treatment adjunct in patients with
necrotizing fasciitis. Unfortunately, to our knowledge,
there are no prospective, randomized, controlled trials
demonstrating the efficacy of HBO in the treatment of
necrotizing fasciitis. Importantly, whereas HBO treat-
ment for clostridial gas gangrene should be instituted
before surgical intervention,101 its use in necrotizing
fasciitis should not preclude early and definitive sur-
gical debridement. 22,63

MORTALITY
Mortality from necrotizing fasciitis has changed lit-

tle since Meleney8 first recognized the need for early
surgical intervention. Mortality rates are as high as
76%.22 In the largest series to date, the overall
mortality rate was 29%.22 McHenry and colleagues22
found that delays in diagnosis and treatment (particu-
larly adequate surgical debridement and fasciotomy)
correlated with poor outcome. Other risk factors that
have been shown to correlate with increased mortality
include age over 50 years, diabetes mellitus, peripheral
vascular disease and other systemic disorders, poor
nutritional status, and anatomic site of infection in-
volving the trunk.21'23'2670'7'
The proximate cause of death in patients with

necrotizing fasciitis is usually either overwhelming
sepsis or multi le organ system failure with or without
the ARDS.22'2, 3 McHenry and colleagues22 found
that early deaths (defined as within the first 10 days
after initial debridement) were due to the conse-
quences of sepsis syndrome, whereas late deaths were
attributable to multiple organ system failure.

CONCLUSION
Necrotizing fasciitis is an uncommon soft-tissue in-

fection that is characterized by widespread fascial ne-
crosis with relative sparing of skin and underlying
muscle. It is often associated with severe systemic toxic
reactions and is usually rapidly fatal if not promptly
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recognized and aggressively treated. Given the paucity
of initial skin findings, early diagnosis can be very dif-
ficult and relies on a high clinical index of suspicion.
Diagnostic clues include severe local pain, fever, and
signs of systemic toxicity with otherwise nonspecific
history and physical examination findings. Radiologic
procedures such as MRI can sometimes aid in diag-
nosis. If there is a high index of suspicion, a clinical
diagnosis of necrotizing fasciitis can be made, prompt-
ing early surgical exploration to confirm the diagnosis
and perform appropriate debridement. Lack of resis-
tance of normally adherent fascia to blunt dissection is
diagnostic of necrotizing fasciitis. Making the decision
to subject a patient to such an operation can be very
difficult when there is diagnostic uncertainty. This
should be tempered by the fact that early and adequate
surgical debridement and fasciotomy have been asso-
ciated with improved survival in this often fatal disease.
In addition to surgery, other treatment modalities in-
clude antibiotics and supportive care. If readily avail-
able, HBO therapy should be considered, but only af-
ter appropriate surgical intervention. A prospective,
randomized, controlled clinical trial is needed to assess
the efficacy of HBO therapy.
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