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Background: Necrotizing fasciitis is a life-threatening soft-tissue infection primarily involving the superficial fascia.
The present report describes the clinical presentation and microbiological characteristics of this condition as well as
the determinants of mortality associated with this uncommon surgical emergency.

Methods: The medical records of eighty-nine consecutive patients who had been admitted to our institution for ne-
crotizing fasciitis from January 1997 to August 2002 were reviewed retrospectively.

Results: The paucity of cutaneous findings early in the course of the disease makes the diagnosis difficult, and only
thirteen of the eighty-nine patients had a diagnosis of necrotizing fasciitis at the time of admission. Preadmission
treatment with antibiotics modified the initial clinical picture and often masked the severity of the underlying infec-
tion. Polymicrobial synergistic infection was the most common cause (forty-eight patients; 53.9%), with streptococci
and enterobacteriaceae being the most common isolates. Group-A streptococcus was the most common cause of
monomicrobial necrotizing fasciitis. The most common associated comorbidity was diabetes mellitus (sixty-three pa-
tients; 70.8%). Advanced age, two or more associated comorbidities, and a delay in surgery of more than twenty-four
hours adversely affected the outcome. Multivariate analysis showed that only a delay in surgery of more than twenty-
four hours was correlated with increased mortality (p < 0.05; relative risk = 9.4).

Conclusions: Early operative débridement was demonstrated to reduce mortality among patients with this condition.
A high index of suspicion is important in view of the paucity of specific cutaneous findings early in the course of the
disease.

Level of Evidence: Prognostic study, Level Il-1 (retrospective study). See Instructions to Authors for a complete de-

scription of levels of evidence.

ecrotizing fasciitis is a rare, rapidly progressive infec-
| \ | tious process primarily involving the fascia and the
subcutaneous tissue, with thrombosis of the cutaneous
microcirculation. It is a life-threatening infection that has been
recognized for centuries'. A variety of terms have been used to
describe this condition, including phagedena, phagedena gan-
grenosum, hospital gangrene, progressive bacterial synergistic
gangrene (Meleney’s gangrene’), Fournier’s gangrene, and
hemolytic streptococcal gangrene. The term necrotizing fascii-
tis, first coined by Wilson in 1952, is perhaps the most accurate
for describing the key features of this infectious process’.
Necrotizing fasciitis is an uncommon disease, with ap-
proximately 500 to 1500 cases reported in the United States
annually’. The progression of the disease is often fulminant,
and the prognosis hinges on accurate diagnosis and immedi-

ate institution of appropriate treatment. While differentiation
from common soft-tissue infections such as cellulitis and ab-
scesses is critically important, the paucity of cutaneous find-
ings early in the course of the disease makes diagnosis
challenging. The purpose of the present study was to analyze
the clinical presentation and microbiological characteristics of
this condition and to evaluate the determinants of mortality
associated with this uncommon surgical emergency.

Materials and Methods
he medical records of all patients who had been treated at
our institution for necrotizing fasciitis between January
1997 and August 2002 were retrospectively reviewed. Patients
were identified by means of a computer-generated search
through the Medical Records Department for all patients who
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TABLE | Demographic, Clinical, Biochemical, and

Radiographic Data on Patients with Necrotizing

Fasciitis
Categorical variables*
Gender
Male 53 (59.6%)
Female 36 (40.4%)
Comorbidities
Diabetes mellitus 63 (70.8%)
Peripheral vascular disease 20 (22.5%)
Chronic liver disease 3 (3.4%)
Cancer 2 (2.2%)
No comorbidities 12 (13.5%)
Location of infection
Peripheral 71 (79.8%)
Lower limb 62 (69.7%)
Upper limb 9 (10.1%)
Central (trunk) 18 (20.2%)
Parameters on admission
Temperature of >38.0°C 47 (52.8%)
Hypotension 16 (18.0%)
Admitting diagnosis
Necrotizing fasciitis 3 (14.6%)
Cellulitis 52 (58.4%)
Abscess 6 (18.0%)
Other 8 (9.0%)
Amputation performed 20 (22.5%)
Gas on plain radiographs 15 (16.9%)
Multiple organ failure on admission 4 (4.5%)
Mortality 19 (21.3%)
Continuous variablest
Age (yr) 56.0 (27-84)
Biochemical parameters on admission
Total white blood-cell count
(in thousands) 20.4 (2.9-43.8)
C-reactive protein (mg/L) 247 (44-476)
Erythrocyte sedimentation rate (mm/hr) 83 (5-145)
Number of wound débridements 2.7 (0-9)
Duration of hospitalization (d) 40.6 (1-176)
*The data are given as the number of patients, with the percent-
age in parentheses. tThe data are given as the mean, with the
range in parentheses.

had been diagnosed with necrotizing fasciitis (International
Classification of Diseases, Ninth Revision). Eighty-nine con-
secutive records were found. The following operative findings
were used for definitive diagnosis: the presence of grayish ne-
crotic fascia, demonstration of a lack of resistance of normally
adherent muscular fascia to blunt dissection, lack of bleeding of
the fascia during dissection, and the presence of foul-smelling
“dish-water” pus. Permanent histopathological tissue speci-
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mens were examined to confirm the diagnosis when available’.

The variables that were examined in the present study
included age; gender; location of infection; admitting diagno-
sis; number and type of comorbidities; portal of entry of in-
fection; duration and type of symptoms; vital parameters; and
physical, radiographic, and laboratory findings at the time of
admission. The microbiological cultures of the tissue samples
that had been obtained at the time of the first operative dé-
bridement were analyzed. The time from admission to oper-
ative treatment, the number of operative débridements, the
need for amputation, the duration of hospitalization, and the
in-hospital mortality rate were also documented. The ana-
tomical site of infection was defined as either central (trunk,
back, or groin) or peripheral (upper and lower limbs).

Statistical analyses were performed with use of SPSS sta-
tistical software (version 11.0; SPSS, Chicago, Illinois). Bivari-
ate analysis was performed with the chi square test or Fisher’s
exact probability test for comparisons of proportion between
two groups. The possible significant factors influencing mor-
tality were evaluated with the logistic regression approach by
means of a backward stepwise selection procedure. The effects
of age, gender, and associated comorbidities were also ad-
justed for in the model as these variables were known to have a
clinically important effect on the other variables. Then, the fi-
nal model was constructed to determine which variables were
independent predictors of mortality. A p value of <0.05 was
considered significant.

Results
E ighty-nine patients with necrotizing fasciitis were treated at
our institution during the period under review. Table I
summarizes their demographic characteristics and the clini-
cal, biochemical, and radiographic findings on admission. The
group included fifty-three men and thirty-six women with a
mean age of 56.0 years (range, twenty-seven to eighty-four
years). Only thirteen patients (14.6%) had a diagnosis of
necrotizing fasciitis or a suspicion of necrotizing fasciitis on
admission. The majority of patients had a diagnosis of cel-
lulitis (fifty-two patients; 58.4%) or abscesses (sixteen patients;
18.0%) on admission. The portal of entry of infection, which
was identified in only forty-four patients (49.4%), included the
sites of preexisting ulcers and bed sores (twenty-three patients,
25.8%), trauma (twelve patients, 13.5%) and postoperative in-
fection (four patients, 4.5%). Postoperative necrotizing fasciitis
developed in three patients after a contaminated operation and
in one patient after a clean-contaminated operation. Other rare
portals of entry included the site of a strangulated hernia (one
patient), the site of a snakebite (one patient), the site of an
intravenous line (one patient), the site of a burn injury (one
patient), and the site of subcutaneous insulin injection (one
patient).

The infection involved the extremities in seventy-one
patients (79.8%) and the trunk in eighteen (20.2%). The most
common site of infection was the lower limb (sixty-two pa-
tients; 69.7%). Comorbidities predisposing to necrotizing fas-
ciitis included diabetes mellitus (sixty-three patients; 70.8%),
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peripheral vascular disease in (twenty patients; 22.5%), alco-
holism with chronic liver disease (three patients), and cancer
with immunosuppression (two patients). Twelve patients
(13.5%) had no comorbidities. The mean number of associ-
ated comorbidities was 1.5 (range, zero to four).

The majority of patients presented with the triad of ex-
quisite pain (eighty-seven patients; 97.8%), swelling (eighty-
two patients; 92.1%), and fever (seventy-one patients; 79.8%).
As shown in Table II, tenderness beyond the apparent margins
of infection, erythema, and warmth of the skin to palpation
were the most common physical findings on admission. Other
findings included skin induration, crepitus, fluctuance, for-
mation of bullae, skin necrosis, and sensory and motor defi-
cits. Gas in the soft tissues was demonstrated radiographically
in fifteen patients (16.9%).

Cultures of tissue specimens obtained at the time of the
first operative débridement were analyzed (Appendix). A sin-
gle organism was identified in twenty-five patients (28.1%),
multiple organisms were identified in forty-eight patients
(53.9%), and no organism was identified in sixteen patients
(18.0%). Streptococcal species, identified in thirty-one pa-
tients, were the most common isolates. Forty-eight (66%) of
the positive cultures were polymicrobial necrotizing infections
(Type-I necrotizing fasciitis)*’. In these patients, streptococcal
species, staphylococcal species, enterococci, and enterobacte-
riaceae (Escherichia coli, Acinetobacter species, Pseudomonas
species, and Klebsiella species) were very common isolates.
Bacteroides species was the most common anaerobic organ-
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TABLE Il Physical Findings on Admission

No. of Patients

Physical Finding with Finding
Tenderness 87 (97.8%)
Erythema 89 (100%)
Warm skin to palpation 86 (96.6%)
Bullae formation 40 (44.9%)
Skin induration 11 (12.4%)
Skin fluctuance 10 (11.2%)
Crepitus 12 (13.5%)
Skin necrosis 12 (13.5%)
Sensory and motor deficits 8 (9.0%)
Hypotension 16 (18.0%)
Fever (temperature >38.0°) 47 (52.8%)
Tachycardia (pulse >100 beats per minute) 66 (74.2%)

ism, while Clostridium species was an infrequent isolate.
Eight infections (9%) involved Streptococcus pyogenes alone or
in combination with Staphylococcus aureus (Type-II necrotiz-
ing fasciitis)®’".

Amputation was performed to control the infection in
twenty patients (22.5%). Patients undergoing amputation had
a higher prevalence of diabetes mellitus (90% compared with
62%; p < 0.05) but not of peripheral vascular disease (10.0%

Fig. 1

Kaplan-Meier curve showing a de-
crease in the cumulative survival
rate as the time between admission
and the operation increases. The
point estimates and their respective
95% confidence intervals at twenty-
four, forty-eight, seventy-two, and
ninety-six hours are indicated on the
graph. The cumulative survival rate
at twenty-four hours was 93.2% (95%
confidence interval, 99.8 to 86.6).
This rate declined to 75.2% (95%
confidence interval, 88.4 to 62.0)
at forty-eight hours.
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Fig. 2
Kaplan-Meier curve demonstrating a
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decrease in cumulative survival rate
as the time between the onset of

symptoms and the operation in-
creases. The point estimates and
their respective 95% confidence in-
tervals at two, four, six, and eight
days after the onset of symptoms
are indicated on the graph.
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compared with 24.2%; p = 0.170). Survivors underwent a
mean of 2.7 débridements (range, zero to nine débridements)
to control the infective process. While amputation was not
found to reduce mortality, patients who underwent amputa-
tion had to undergo fewer operations to control the infection
and to achieve wound coverage (2.59 compared with 3.45; p <
0.05). The mean duration of hospitalization was 40.6 days
(range, one to 176 days).

Nineteen patients (21.3%) died. Twelve factors were
analyzed for associations with mortality (Appendix): age,
gender, diabetes, the duration of symptoms prior to admis-
sion, group-A streptococcal infection, nutritional status (with
use of an albumin level of <30 g/dL as the indicator), the
presence of two or more associated comorbidities, hypo-
tension on admission, the location of necrotizing fasciitis
(central or peripheral), a delay of more than twenty-four hours
from admission to surgery, the number of débridements, and
the need for an amputation. Bivariate analysis revealed that
age, two or more associated comorbidities, and a delay of more
than twenty-four hours from admission to surgery were sig-
nificantly associated with increased mortality (p < 0.05). Mul-
tivariate logistic regression analysis showed that a delay of
more than twenty-four hours from admission to surgery was
the only independent predictor of mortality after adjusting for
age, gender, diabetes, and hypotension on admission. Kaplan-
Meier survivorship analysis revealed that the survival rate de-
creased with delayed surgery and prolonged symptoms (Figs.

1 and 2). Survival sharply declined with a delay in surgery of
more than twenty-four hours.

Discussion

ecrotizing fasciitis is a surgical emergency. Early recogni-
Ntion and prompt aggressive débridement of all necrotic
tissue is critical for survival and has been demonstrated to im-
prove the rate of survival®". However, since Meleney’s time, the
mortality associated with this condition has remained high,
with a reported cumulative mortality rate of 34% (range, 6% to
76%)". The difficulty of making an early diagnosis is due to the
paucity of cutaneous findings early in the course of the disease.
In our own experience, only thirteen patients (14.6%) were di-
agnosed as having necrotizing fasciitis at the time of admission.
Often, the disease masqueraded as cellulitis or abscesses. In
these patients, the diagnosis was made when the infection pro-
gressed despite treatment with broad-spectrum intravenous
antibiotics.

Patients usually present with the triad of exquisite pain,
swelling, and fever. Tenderness, erythema, and warm skin are
commonly the only signs of early necrotizing fasciitis (Table
II). Pain out of proportion to the physical findings is the most
consistent feature noted at the time of presentation. In our pa-
tients, an intermediate stage characterized by the formation of
small bullae was noted as the condition progressed. The pres-
ence of bullae filled with serous fluid is an important diagnos-
tic clue and should raise the suspicion of this condition. Weiss
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and Laverdiere also noted the formation of bullae early in the
course of this disease”. So-called hard signs of necrotizing
fasciitis became apparent late in the evolution of the disease.
Large hemorrhagic bullae, skin necrosis, fluctuance, crepitus,
and sensory and motor deficits are late signs of this condition.
Gas on plain radiographs was an inconsistent sign, seen only
in 16.9% of our patients.

We found that a regular review of the patient’s condi-
tion (performed every few hours) was very helpful in cases of
suspected necrotizing fasciitis and severe soft-tissue infection.
Rapid progression of the infection with migration of the mar-
gins of erythema and skin induration despite the use of in-
travenous antibiotics is an important clue in cases of early
necrotizing fasciitis.

This condition is characterized by an angiothrombotic
microbial invasion and liquefactive necrosis. Histologically, ne-
crosis of the superficial fascia, polymorphonuclear leukocyte
infiltration of the deep dermis and fascia, thrombosis and sup-
puration of the veins and arteries coursing through the fascia,
and microorganism proliferation within the destroyed fascia
are seen*. Initially, a horizontal phase predominates. As the
condition progresses, ischemic necrosis of the skin ensues with
gangrene of the subcutaneous fat and dermis, manifested as
formation of bullae, skin necrosis, and ulceration. Surgical
débridement of all necrotic tissue is of paramount importance
as antibiotic delivery to the involved area is ineffective because
of the thrombosis of the supplying blood vessels. Débridement
must be aggressive, with removal of all necrotic fascia and fat.
The overlying skin should be excised until healthy-appearing,
bleeding tissue is encountered at the margins of the wound. A
second look should be done within twenty-four to forty-eight
hours to assess the progression of the condition and the need
for further débridement. This process is repeated as frequently
as is necessary until the infective process is controlled.

The use of broad-spectrum antibiotics prior to admis-
sion may modify the clinical picture at the time of presenta-
tion. Sixty-three patients (70.8%) had a history of treatment
with antibiotics prior to admission to the hospital. It has been
reported that many patients present with septic shock and
multiple organ failure’”. In our series, however, only 52.8%
(forty-seven) of the patients were febrile, 18.0% (sixteen) were
hypotensive, and 4.5% (four) had multiple organ failure at the
time of admission. This changing clinical presentation that we
observed has been reported by other authors”* and is pro-
bably due to the increasing use of broad-spectrum antibiotics
at the primary-care level, which reduces the bacterial load and
the frequency of organ failure but has very little effect on the
primary pathology. The antibiotics, however, only serve to
temporarily mask the severity of the underlying infectious
process™"". Regardless of the clinical presentation, all patients
need operative débridement. In fact, we found that a delay in
surgical débridement had a significant (p = 0.02) adverse im-
pact on survival (Figs. 1 and 2). Modulation of this clinical
syndrome by means of prehospital treatment makes early rec-
ognition of this entity increasingly difficult, and a high index
of suspicion is therefore important.
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Necrotizing fasciitis has been divided into distinct
groups on the basis of microbiological cultures”. Type-I infec-
tions are polymicrobial, synergistic infections that usually are
caused by non-group-A streptococci, aerobic organisms, and
anaerobic organisms. Type-II infections usually are caused by
Streptococcus pyogenes alone or with staphylococci. A further
type of infection, caused by marine vibrios (gram-negative
rods), is usually associated with seawater or marine animal
exposure®””. Chronic liver disease is the reported predisposing
factor for this type of infection”. One of our patients with cir-
rhosis of the liver had necrotizing fasciitis caused by Vibrio
vulnificus. While their clinical manifestations are similar, Type-
I and Type-II infections tend to affect different subgroups of
patients. Type-I infections occur in immunocompromised
hosts, whereas Type-II infections tend to occur in individuals
with no underlying comorbidities. Seven of our eight patients
who had a Type-II infection had no underlying predisposing
factors such as diabetes. Polymicrobial synergistic (Type-I) in-
fections were the most common type of infection in the
present study (prevalence, 53.9%). Consistent with other pub-
lished data®®*, the most common organisms isolated were
streptococci and enterobacteriaceae. Only 25% of our patients
who had a polymicrobial infection had anaerobic organisms
isolated. This low isolation rate as compared with data in pre-
vious reports'*** may have been due to a delay in processing
specimens or to imprecise isolation and culture techniques.

Several interesting findings were noted in our patients
who had monomicrobial necrotizing fasciitis. The most com-
mon single causative organism was still Streptococcus pyogenes
(six patients). Compared with the series reported by McHenry
et al.” and Elliot et al.’, in our series we noted some organisms
that are rarely reported to be causative of monomicrobial
necrotizing fasciitis, namely, group-B streptococcus (five pa-
tients) and Klebsiella species (three patients). Necrotizing fascii-
tis caused by group-B streptococcus is rare, with fewer than ten
cases reported in the literature”'. The reported predisposing
factors for this type of infection included obstetrical compli-
cations (in postpartum adult females and in infants) and
diabetes”™. A recent increase in necrotizing fasciitis due to
group-B streptococcus, particularly in nonpregnant adults, has
been noted by several authors. Gardam et al.” speculated that
the increasing ability of group-B streptococcus to cause necro-
tizing fasciitis may represent the emergence of a new clinical
syndrome in adults. All five of our patients who had a mo-
nomicrobial infection caused by group-B streptococcus were
diabetic, but none were recently pregnant. Monomicrobial ne-
crotizing fasciitis caused by Klebsiella species is unusual, with
fewer than ten cases reported in the literature to date’*. The
association of Klebsiella species necrotizing fasciitis with liver
abscesses and endogenous endophthalmitis of the eye has re-
cently been highlighted™?*. Therefore, when Klebsiella species
is a single isolate in a patient with necrotizing fasciitis, the liver
and the eye should be screened and treated as needed.

While Streptococcus pyogenes is a very important causative
organism, particularly in healthy individuals, there recently has
been a disturbing trend toward an increased prevalence of



1459

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 85-A - NUMBER 8 - AUGUST 2003

necrotizing soft-tissue infections caused by non-group-A strep-
tococcal species””. These organisms, particularly in immuno-
compromised hosts (patients with diabetes, chronic liver
disease, or cancer), are very important in necrotizing fasciitis.
The initial choice of antibiotics should therefore be broad spec-
trum and tailored carefully according to the results of culture.

The mortality rate in our series of eighty-nine patients
was 21.3%. We analyzed twelve factors that have been re-
ported to adversely affect outcome (Appendix)>'*"*'*1¢*%* The
three factors that we found to affect survival adversely were
advanced age, the presence of two or more associated comor-
bidities, and a delay from admission to operation of more
than twenty-four hours. On multivariate logistic regression
analysis, the only factor that was found to independently affect
survival was a delay from admission to operative débridement
of more than twenty-four hours (p < 0.05, relative risk =
9.4). The conclusion is clear: while nonmodifiable risk factors
(age and comorbidities) may affect survival, the one modi-
fiable factor that adversely affects survival is how quickly the
patient undergoes operative débridement.

Early diagnosis and aggressive surgical débridement is
the cornerstone principle in the treatment of necrotizing fas-
ciitis. The use of broad-spectrum antibiotics tends to mask the
severity of the underlying infection, modulates the clinical pre-
sentation, and even delays hospital admission. This factor, cou-
pled with the paucity of cutaneous findings early in the course
of the disease, makes early diagnosis difficult. When patients
with severe soft-tissue infections or suspected necrotizing fas-
ciitis are admitted to a nonsurgical unit, early involvement of
an experienced surgical team is important. A high index of sus-
picion is important, and when intravenous antibiotics fail to
adequately control the infective process within twenty-four
hours after admission, emergent operative débridement should
be seriously considered. While doing so may subject some pa-
tients to surgery who would otherwise have responded to non-
operative therapy, this approach may ultimately reduce the
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mortality associated with this dreaded condition. Adjuncts re-
ported to aid in the early diagnosis, such as frozen-section
biopsy™™, computed tomography”, and magnetic resonance
imaging™*’, may be used judiciously to aid in the diagnosis but
should never delay operative intervention.

Appendix

Tables showing the causative organisms and the twelve
@ factors that were analyzed as predictors of mortality are
available with the electronic versions of this article, on our
web site at www.jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). m

Chin-Ho Wong, MBBS (Singapore)

Haw-Chong Chang, MBBS (Singapore), FRCSEd (Ortho), MMed (Sur-
gery), FRCS (Edin, Glas)

Shanker Pasupathy, MBBS (Singapore), FRCS (Edin, Glas)

Jee-Lim Tan, MBBS (Singapore), FRCS (Edin, Glas), FAMS, CASM
(Sport Med)

Cheng-Ooi Low, MBBS (Singapore), FRCS (Glas), FAMS

Departments of Orthopedic Surgery (C.-H.W., H.-C.C., ].-L.T, C.-O.L.)
and General Surgery (S.P.), Changi General Hospital, 2 Simei

Street 3, Singapore 529889. E-mail address for C.-H. Wong:
wchinho@hotmail.com

Lay-Wai Khin, MBBS (Yangon), MSC (Singapore)
Clinical Trials and Epidemiology Research Unit, NMRC, Ministry of
Health, 226 Outram Road, Blk A #02-02, Singapore 169039

The authors did not receive grants or outside funding in support of their
research or preparation of this manuscript. They did not receive pay-
ments or other benefits or a commitment or agreement to provide such
benefits from a commercial entity. No commercial entity paid or
directed, or agreed to pay or direct, any benefits to any research fund,
foundation, educational institution, or other charitable or nonprofit
organization with which the authors are affiliated or associated.

References

[N

. Jones J. Investigation upon the nature, causes and treatment of hospital gan-
grene as it prevailed in the Confederate armies, 1861-1865. In: Surgical
memories of the War of Rebellion. New York: United States Sanitary Commis-
sion; 1871.

2. Meleney FL. Hemolytic streptococcus gangrene. Arch Surg. 1924;9:317-64.
3. Wilson B. Necrotizing fasciitis. Am Surg. 1952;18:416.

4. World Health Organization. Necrotizing fasciitis, United Kingdom. Weekly Epi-
demiological Record. 1994;69:165-6.

5. Stamenkovic I, Lew PD. Early recognition of potentially fatal necrotizing fascii-
tis. The use of frozen-section biopsy. N Engl J Med. 1984;310:1689-93.

6. Elliott D, Kufera JA, Myers RA. The microbiology of necrotizing soft tissue in-
fections. Am J Surg. 2000;179:361-6.

. Fontes RA Jr, Ogilvie CM, Miclau T. Necrotizing soft-tissue infections. J Am
Acad Orthop Surg. 2000;8:151-8.

8. Voros D, Pissiotis C, Georgantas D, Katsaragakis S, Antoniou S, Papadimi-
triou J. Role of early and extensive surgery in the treatment of severe necro-
tizing soft tissue infection. Br J Surg. 1993;80:1190-1.

9. Ward RG, Walsh MS. Necrotizing fasciitis: 10 years’ experience in a district
general hospital. Br J Surg. 1991;78:488-9.

10. McHenry CR, Piotrowski JJ, Petrinic D, Malangoni MA. Determinants of mor-

~

tality for necrotizing soft-tissue infections. Ann Surg. 1995;221:558-63; dis-
cussion 563-5.

11. Wang KC, Shih CH. Necrotizing fasciitis of the extremities. J Trauma. 1992;
32:179-82.

12. Rea WJ, Wyrick WJ Jr. Necrotizing fasciitis. Ann Surg. 1970;172:957-64.

13. Freischlag JA, Ajalat G, Busuttil RW. Treatment of necrotizing soft tissue in-
fections. The need for a new approach. Am J Surg. 1985;149:751-5.

14. Majeski JA, Alexander JW. Early diagnosis, nutritional support, and immedi-
ate extensive débridement improve survival in necrotizing fasciitis. Am J
Surg. 1983;145:784-7.

15. Ault MJ, Geiderman J, Sokolov R. Rapid identification of group A strepto-
coccus as the cause of necrotizing fasciitis. Ann Emerg Med. 1996;28:
227-30.

16. Bilton BD, Zibari GB, McMillan RW, Aultman DF, Dunn G, McDonald JC. Ag-
gressive surgical management of necrotizing fasciitis serves to decrease
mortality: a retrospective study. Am Surg. 1998;64:397-400.

17. Weiss KA, Laverdiere M. Group A streptococcus invasive infections: a re-
view. Can J Surg. 1997;40:18-25.

18. Tang WM, Ho PL, Fung KK, Yuen KY, Leong JC. Necrotising fasciitis of a
limb. J Bone Joint Surg Br. 2001;83:709-14.



1460

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 85-A - NUMBER 8 - AUGUST 2003

Baxter CR. Surgical management of soft tissue infections. Surg Clin North
Am. 1972;52:1483-99.

Hsiao GH, Chang CH, Hsiao CW, Fanchiang JH, Jee SH. Necrotizing soft tissue
infections. Surgical or conservative treatment? Dermatol Surg. 1998;24:243-8.

Jarrett P, Rademaker M, Duffill M. The clinical spectrum of necrotising fascii-
tis. A review of 15 cases. Aust N Z J Med. 1997;27:29-34.

Kingston D, Seal DV. Current hypotheses on synergistic microbial gangrene.
Br J Surg. 1990;77:260-4.

Howard RJ, Pessa ME, Brennaman BH, Ramphal R. Necrotizing soft-tissue in-
fections caused by marine vibrios. Surgery. 1985;98:126-30.

Giuliano A, Lewis F Jr, Hadley K, Blaisdell FW. Bacteriology of necrotizing fas-
ciitis. Am J Surg. 1977;134:52-7.

Brown DR, Davis NL, Lepawsky M, Cunningham J, Kortbeek J. A multicenter
review of the treatment of major truncal necrotizing infections with and with-
out hyperbaric oxygen therapy. Am J Surg. 1994;167:485-9.

Clayton MD, Fowler JE Jr, Sharifi R, Pearl RK. Causes, presentation and sur-
vival of fifty-seven patients with necrotizing fasciitis of the male genitalia.
Surg Gynecol Obstet. 1990;170:49-55.

Holmstrom B, Grimsley EW. Necrotizing fasciitis and toxic shock-like syn-
drome caused by group B streptococcus. South Med J. 2000;93:1096-8.

Gardam MA, Low DE, Saginur R, Miller MA. Group B streptococcal necrotiz-
ing fasciitis and streptococcal toxic shock-like syndrome in adults. Arch
Intern Med. 1998;158:1704-8.

Reyzelman AM, Armstrong DG, Vayser DJ, Hadi SA, Harkless LB, Hussain
SK. Emergence of non-group A streptococcal necrotizing diabetic foot infec-
tions. J Am Podiatr Med Assoc. 1998;88:305-7.

Riefler J 3rd, Molavi A, Schwartz D, DiNubile M. Necrotizing fasciitis in

NECROTIZING FASCIITIS: CLINICAL PRESENTATION,
MICROBIOLOGY, AND DETERMINANTS OF MORTALITY

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

adults due to group B streptococcus. Report of a case and review of the liter-
ature. Arch Intern Med. 1988;148:727-9.

Tang WM, Ho PL, Yau WP, Wong JW, Yip DK. Report of 2 fatal cases of adult
necrotizing fasciitis and toxic shock syndrome caused by Streptococcus aga-
lactiae. Clin Infect Dis. 2000;31:E15-7.

Ho PL, Tang WM, Yuen KY. Klebsiella pneumoniae necrotizing fasciitis asso-
ciated with diabetes and liver cirrhosis. Clin Infect Dis. 2000;30:989-90.

Hu BS, Lau YJ, Shi ZY, Lin YH. Necrotizing fasciitis associated with Kleb-
siella pneumoniae liver abscess. Clin Infect Dis. 1999;29:1360-1.

Dylewski JS, Dylewski I. Necrotizing fasciitis with Klebsiella liver abscess.
Clin Infect Dis. 1998;27:1561-2.

Rouse TM, Malangoni MA, Schulte WJ. Necrotizing fasciitis: a preventable
disaster. Surgery. 1982;92:765-70.

Majeski J, Majeski E. Necrotizing fasciitis: improved survival with early rec-
ognition by tissue biopsy and aggressive surgical treatment. South Med J.
1997;90:1065-8.

Wysoki MG, Santora TA, Shah RM, Friedman AC. Necrotizing fasciitis: CT
characteristics. Radiology. 1997;203:859-63.

Schmid MR, Kossmann T, Duewell S. Differentiation of necrotizing fasciitis
and cellulitis using MR imaging. AJR Am J Roentgenol. 1998;170:615-20.

Rahmouni A, Chosidow O, Mathieu D, Gueorguieva E, Jazaerli N, Radier C,
Faivre JM, Roujeau JC, Vasile N. MR imaging in acute infectious cellulitis.
Radiology. 1994;192:493-6.

Brothers TE, Tagge DU, Stutley JE, Conway WF, Del Schutte H Jr, Byrne TK.
Magnetic resonance imaging differentiates between necrotizing and non-
necrotizing fasciitis of the lower extremity. J Am Coll Surg. 1998;187:
416-21.



