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GENERAL PURPOSE: To review the assessment and management of necrotizing fasciitis.
TARGET AUDIENCE: This continuing-education activity is intended for physicians, physician assistants, nurse practitioners, and
nurses with an interest in skin and wound care.
LEARNING OBJECTIVES/OUTCOMES: After participating in this educational activity, the participant will:
1. Identify the etiologic pathogens for necrotizing fasciitis.
2. Summarize assessment guidelines for patients who present with signs of necrotizing fasciitis.
3. Explain recommended treatment protocols for patients who have necrotizing fasciitis.
ABSTRACT
Necrotizing fasciitis is a rapidly progressive soft-tissue
infection with tissue necrosis and a high mortality rate. This
case-based review provides an overview of an approach to
the diagnosis and management of necrotizing fasciitis for
clinicians.
KEYWORDS: infection, management, mortality, necrosis,
necrotizing fasciitis, soft-tissue infection
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INTRODUCTION
Necrotizing soft-tissue infections are rare but highly lethal
infections. The spectrum of disease encompasses necro-
tizing forms of cellulitis, myositis, and fasciitis. Also known
as “flesh-eating disease,” necrotizing fasciitis (NF) de-
scribes a clinical syndrome in which there is necrosis of
subcutaneous tissue and fascia with relative sparing of
the underlyingmuscle.1 The incidence of NF increases with
age, with NF occurring most often among adults older
than 60 years. Men experience 2.5 times greater incidence
of NF on average than women across all age groups.2,3

PATHOGENESIS
Necrotizing fasciitis is characterized by widespread ne-
crosis of the subcutaneous tissue and fascia. Often, this
is caused by bacterial invasion through the epidermis
due to trauma (eg, injection, cut, chronic wound/boil)
that compromises skin integrity.4,5 Rarely, NF will de-
velop in a healthy individual after a minor traumawith-
out a break in the skin barrier. Organisms spread from
the subcutaneous tissue along the superficial and deep
fascial planes facilitated by bacterial enzymes and
toxins. The infection spreads to involve the vascular
x Pharmaceutical, was a DSMBmember for Oncovir Phase II trial, and is on the Medical
m GSK, ViiV, and Pfizer. All remaining authors, faculty, and staff have no other relevant
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supply to tissue causing vascular occlusion, ischemia,
and tissue necrosis. Superficial nerves are often dam-
aged producing localized anesthesia.
The development of NF is caused by interactions be-

tween virulence factors of pathogenic organisms and pa-
tient comorbidities, predisposing factors, and immune
response. Toxins (ie, superantigens) are released by caus-
ative pathogens and initiate an endogenous cytokine re-
action that ultimately results in hypotension and wide-
spread tissue destruction. Bacteria rapidlymultiplywithin
viable tissue. Fibrous attachments between fascia and sub-
cutaneous tissues limit the spread of bacteria (eg, in the
feet and hands); however, there is a lack of fibrous attach-
ments in the trunk and limbs, allowing the rapid spread of
infection. Edema results from infection-induced cytokine
release locally and from spread into venous and lymphatic
channels. Breaching of the fascia can lead to infection of
the muscle (myositis). Clostridium species can produce
gas and lead to gas gangrene.With toxin-producing bac-
teria (ie, Streptococcus pyogenes and Staphylococcus aureus),
toxic shock-like syndromes can occur.

MICROBIOLOGY
Necrotizing fasciitis is often divided into two classifica-
tions depending on the causative organism(s): type 1
and 2. Type 1 is more common and is caused by a mix-
ture of aerobic and anaerobic bacteria. Causative patho-
gens are usually Gram-positive such as the Bacteroides,
Clostridium, Staphylococcus, and Streptococcus species. Other
less commonly reported causative organisms for type 1NF
include the Enterobacteriaceae and fungal species, spe-
cificallymucormycosis. Risk factors for type 1 disease in-
clude a history of diabetes, peripheral vascular disease,
immune-compromised states, and recent surgery.
Type 2 NF is a monomicrobial infection caused by

group A Streptococcus, Clostridium species, or S aureus.1,6

Group A Streptococcus and Clostridium species share the
ability to infect all the compartments of the soft tissues,
including fascia and muscle. They also cause a rapidly
progressive and severe form of NF medicated through
exotoxins (ie, secreted toxin).
Two lesser-known NF classifications are type 3 NF,

which is generally caused by Vibrio vulnificus, Clostrid-
ium, and Klebsiella species, and type 4 NF, which has a
fungal etiology, including Candida species and Zygomycetes.7

Neither of these classifications is well understood.

CLINICAL MANIFESTATIONS
Clinical manifestations of NF range from localized to
systemic findings. Most studies show a predilection for
infection of the extremities followed by perineal and
truncal infections.5,8 Of note, truncal infections are more
common in children than adults. Predictors of NF include
having a history of recent surgery (past 90 days) or trauma
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at the affected site, IV drug use, alcoholism, comorbidi-
ties (ie, diabetes mellitus, obesity, and peripheral vascu-
lar disease), and the use of immunosuppressive drugs.9

The initial presentation ofNFmay vary: NF can follow
a hyperacute presentation with sepsis and subsequent
multiorgan failure, or, conversely, a subacute course of
progression can occur, with a soft-tissue infection fol-
lowed by sudden deterioration. Initial signs and symp-
toms of NF include localized swelling, erythema, and
pain, as are seen with other types of skin and soft-tissue
infections.10 Notably, pain and systemic symptoms can
be disproportionate to physical findings in NF cases.
Individuals with NFwill often be tachycardic at initial

presentation. As the infection progresses, systemic symp-
toms such as diaphoresis, chills, and rigor can be ob-
served. Hypotension and shock are common in advanced
disease consistent with sepsis. Without intervention, pa-
tientswithNFwill develop severe sepsis and septic shock
with altered mental status and cardiovascular and/or
pulmonary collapse and will require intensive care and
physiologic support. Other organ systems can also be
compromised, including the renal system, as indicated
by decreased urine output and acute kidney injury.
Locally, advanced infection will often manifest as

tense edema outside of the area of compromised skin,
pain disproportionate to the wound appearance, and a
salmon-colored skin discoloration.6,11 Vascular throm-
bosis manifests as a blue discoloration resembling ecchy-
mosis followed by bullae and necrosis of the skin. At this
point in the infection progress, nerve damage also occurs,
and physical examination may reveal areas of hyperes-
thesia combined with anesthetic portions of the skin.

DIFFERENTIAL DIAGNOSIS
Diagnosing NF can be challenging because early disease
may be difficult to differentiate from a simple cellulitis.12

Clinicians must have a high index of suspicion for NF as
a result.13 Distinguishing manifestations in NF include
sites of infection displaying pain out of proportion with
examination findings, skin necrosis, crepitus, and ische-
mia (with hemorrhagic bullae). In addition, the presence
of the following systemic signs and symptoms can indi-
cateNF: tachycardia, fever, hypotension, and tachypnea.
The laboratory risk indicator for NF and finger tests

are important tools for NF diagnosis. The former is
based on laboratory markers, and the latter is a surgical
assessment that can be performed at the bedside or in
the OR. In rare cases where diagnosis is still not clear, a
fascial biopsy can confirm the diagnosis but should not
delay definitive management in cases of NF.
Particularly at the early stages, NF may be mistaken

for other soft-tissue infections such as cellulitis or erysip-
elas. Cellulitis is a soft-tissue infection characterized by in-
flammation extending to the subcutaneous tissues, whereas
WWW.ASWCJOURNAL.COM
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Table. NF CLINICAL FEATURES, SUGGESTED INVESTIGATIONS, TREATMENT, AND FOLLOW-UP CARE
Feature Description

Clinical features
Precipitating triggers Accidental trauma, superficial graze, blunt trauma lacking skin break, burns, lacerations, penetrating injury, insect and animal

bites, skin ulcer, surgery, or childbirth
Type III:
Clostridium: infections via wounds or needles
Vibrio: infected seafood, exposure of open areas to salt/brackish water

Regional manifestations - Pain disproportionate to physical findings
- Red, painful swelling of infected areas of the fascia
- Tissue ischemia followed by skin and soft-tissue necrosis
- Systemic symptoms range from fevers/chills to septic shock and are nonspecific
Common regions of infection:
Extremities (ie, legs, arms), scrotum, perineum (note: Fournier gangrene), abdominal wall, trunk, head, and neck

Suggested investigations
Performing swab or tissue
for culture

Levine technique
Clean the wounded area with saline solution to avoid surface organism contamination. Apply pressure to a 1-cm2 area of
viable tissue near the center of the wound base for 5 s

Laboratory procedures LRINEC
Differentiates NF from other infections; a score of ≥6 indicates NF.
LRINEC scoring considers CRP, white blood cell, hemoglobin, creatinine, sodium, and glucose levels
PCT
PCT is a precursor of calcitonin. During bacterial infection, PCT level will increase (reference value, 0.01 mg/L). Check PCT
levels 2 d postoperation to assess for ongoing tissue damage or worsening of NF
CRP
Although CRP measurements are included in LRINEC scoring, they can also be tested individually; CRP levels greater than
150 mg/L can indicate NF
Blood cultures
Blood cultures are commonly completed in the hospital setting; cultures may be positive for pathogens associated with NF

Surgical procedures for
diagnosis

Finger test
Following application of anesthesia, incise approximately 2 cm in suspected area and visually inspect tissues. The absence of
normal blood flow and presence of dirty (brownish)-colored fluid and fat discoloration favors diagnosis of NF. Perform a finger
sweep at the fascial level. If tissues are readily dissected, this favors an NF diagnosis and indicates the need for
debridement. Tissue and fluid may be obtained at this stage for microbiologic diagnosis

Treatment
Initial treatment Surgical treatment

Immediate aggressive debridement. Conduct daily explorative surgery for further debridement until the affected area is
completely debrided (surgical decision)
Antibiotic Treatment
Prescribe empiric antibiotics to manage infection. Until wound cultures are available, use broad-coverage antibiotics. Adjust
antibiotic treatments to wound cultures and antibiotic sensitivity tests’ results. Nutrition, fluids, and antibiotics can be
provided intravenously

Antibiotic coverage Type 1: Broad coverage of both anaerobic and aerobic bacterial strains can be achieved via vancomycin, linezolid, or
daptomycin along with piperacillin-tazobactam, carbapenem, ceftriaxone and metronidazole, or fluoroquinolone plus
metronidazole
Type 2:
MSSA: cephalosporins or penicillin and clindamycin (for 72 h)
MRSA: vancomycin, linezolid, or daptomycin
Type 3:
Clostridium: clindamycin and penicillin
Vibrio: tetracyclines and cephalosporins
Approximate duration of therapy is 2 wk, although this may be increased based on the extent of infection and presence of
necrotic tissue requiring further surgical debridement. Second-line antibiotics may be considered based on allergy/
intolerance to beta-lactams or known culture results

(continues)
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Table. NF CLINICAL FEATURES, SUGGESTED INVESTIGATIONS, TREATMENT, AND FOLLOW-UP CARE, CONTINUED
Feature Description

Follow-up care
- Perform split skin graft with or without prior vacuum-assisted closure therapy
- Follow-up every 3 to 6 mo to monitor progress
- Physical therapy may assist with pain management and improving function
- In the case of partial or full amputation, patients may experience psychological distress; emotional services, social work, or
counseling may be beneficial

Abbreviations: CRP, C-reactive protein; LRINEC, laboratory risk indicator for necrotizing fasciitis; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus
aureus; NF, necrotizing fasciitis; PCT, procalcitonin.
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erysipelas extends to the dermis. The progression, clinical
symptoms, and systemic signs of illness can help to differen-
tiate these infections fromNF. Other forms of necrotizing in-
fectionswithvaryingdepths includenecrotizing cellulitis and
myositis.However, the former tends tohavea less severepre-
sentation than NF, and the latter is quite rare and tends to
have fewer overlying skin changes.
In subacute presentations, other entities may be con-

sidered on the differential diagnosis, but these disorders
are rare, primarily occur in different clinical contexts,
and do not have the rapid onset and progression seen
with NF. Nonnecrotizing fasciitis has an absence of ne-
crosis but otherwise may have similar symptoms as
NF. Eosinophilic fasciitis, another mimic of NF, involves
infiltration of superficial muscle fascia collagen by lym-
phocytes, plasma cells, and eosinophils14 and can be dis-
tinguished based on clinical and radiographic features.
Proliferative fasciitis is thought to originate from local
stress reactions that result in eventual fibrous prolifera-
tion. Follow-up imaging is helpful to evaluate for tissue
destruction and support the diagnosis.15 Graft-versus-
host disease, which occurs in persons who have under-
gone stem-cell transplants, is a noninfectious entity that
presents with subcutaneous perimuscular/intramuscular
edema and involves donor T lymphocytes damaging the
epithelial cells that line the recipient target organ.16

THERAPY
TreatingNF includes the principles ofmanagement of all
surgical infections: source control, antimicrobial therapy,
and physiologic support as needed (see Table). Early and
complete surgical debridement is essential for reducing
amputation rates and mortality; antimicrobial therapy
is an adjunct to source control in the treatment of NF.
Mortality estimates for NF range from 25% to 35%, largely
due to delays in treatment, and may be even greater in
low-resource settings.17,18 As such, the importance of
early recognition and initiation of treatment cannot be
overemphasized.
Emergent NF treatment involves surgical debride-

ment of necrotic and infected tissue.19 Necrotic tissue lo-
cated on extremities may require amputation based on
ADVANCES IN SKIN & WOUND CARE • NOVEMBER 2023 574
joint involvement and rapidly progressing infection. Re-
peat debridement is often required at frequent intervals
to ensure source control is achieved. Physiologic support
includes adequate fluid resuscitation and oxygenation.
In advanced stages, organ failure may necessitate inten-
sive care with mechanical ventilation and pressor sup-
port with or without renal replacement therapies.
Antimicrobial therapy should be started early and in-

clude broad empiric coverage for Gram-positive, Gram-
negative, and anaerobic species. Therapy targeting
methicillin-resistant S aureus may also be used empiri-
cally based on local rates, risk factors, and clinical pre-
sentation. Specific antimicrobial therapy will differ based
on whether the infection is monomicrobial (type 2) or
polymicrobial (type 1). For polymicrobial infections, ini-
tial therapy can include vancomycin plus piperacillin-
tazobactam or a carbapenem such as meropenem.11 For
patients with penicillin allergies, clindamycin is an ac-
ceptable replacement for piperacillin-tazobactam. Clini-
cians should perform blood cultures but not delay the ini-
tiation of antimicrobial therapy or surgical intervention.
High-dose IV clindamycin may be added to therapy ini-
tially because it can help to reduce toxin production in
cases of group A Streptococcus-associated NF (type 2). In-
travenous immunoglobulin therapy can bind exotoxins
and decrease inflammatory response in NF but is cur-
rently recommended only for critically ill patients who
have streptococci as causative agents.19 Hyperbaric oxy-
gen therapy is not currently recommended in guidelines
for NF management.

CASE REPORTS
Case 1
W.M. is a 26-year-old homeless manwith amphetamine/
opiate/IV drug use and hepatitis C virus who presented
to the EDwith redness and swelling of his left arm and er-
ratic, confused behavior. His temperature was 38.3 °C
with a heart rate of 140 beats per minute; other vital signs
were stable. Blood tests revealed a white blood count of
19.9 � 109/L (reference range, 4.5–11 � 109/L), C-reactive
protein level of 152.5 mg/L (reference range, 0.3–1.0 mg/L),
blood glucose concentration of 5.0 mmol/L (reference,
WWW.ASWCJOURNAL.COM
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Figure 1. CASE 1 CLINICAL PRESENTATION

Figure 2. CASE 1 POSTSURGERY
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<6.9 mmol/L), and creatinine levels of 106 mmol/L (ref-
erence range for men, 61.9-114.9 mmol/L). X-ray imag-
ing of his left forearm identified two small areas of gas
in the tissues, and he was urgently taken for surgery
based on the medical team’s suspicion of necrotizing
infection (Figure 1).
Intraoperatively, the surgeon noted an approximately

10-cm abscess at the patient’s left proximal forearm un-
derlying the brachioradialis, proximally tracking to the
distal lateral and volar forearm. Incision and debride-
ment of the necrotic tissues and a volar fasciotomy were
performed. Repeat debridement was performed 24 hours
later (Figure 2). Gram stain revealed Gram-positive cocci
and Gram-negative bacilli with tissue culture growing
Streptococcus anginosus and an anaerobic Gram-positive
bacillus.
Broadempiric treatmentwasprescribedwithpiperacillin/

tazobactamandvancomycinwith delayedprimarywound
closure. Subsequently, antibiotics were narrowed to ceftri-
axone and metronidazole. The patient received a total
of 10 days of antibiotic therapy prior to being discharged
with ongoing wound care.

Case 2
S.P. is a 59-year-old male smoker who presented with
fever (temperature of 38.5 °C) and a draining left foot
wound of 3 days’ duration (Figures 3 and 4). Left foot
X-ray demonstrated diffuse soft-tissue prominence with
WWW.ASWCJOURNAL.COM 575
subcutaneous gas but no bony changes. He had an ele-
vated white blood cell count of 22.2 � 109/L, C-reactive
protein level of 202 mg/L, blood glucose concentration
of 15.8 mmol/L, and normal creatinine.
Urgent surgery was performed with debridement of

the near-circumferential eschar and necrotic soft tissue,
which extended proximally toward the lateral malleolus.
Gram stain revealed Gram-negative coccobacilli and
Gram-positive cocci, and tissue cultures grew S aureus,
Peptostreptococcus species, and Prevotella species.
The patient was admitted to the ICU for postoperative

care and treated empirically with piperacillin/tazobactam
and clindamycin for his polymicrobial infection. Follow-
up CT imaging revealed progression of the infection to
the distal lower leg and posterior compartment with sig-
nificant occlusive peripheral vascular disease. Because
of a lack of reconstructive options for the left foot,
the patient underwent a below-knee amputation. Fol-
lowing his amputation, he received a new diagnosis
of type 2 diabetes and was transferred to the reha-
bilitation unit.
CONCLUSIONS
Necrotizing fasciitis is an uncommon but rapidly pro-
gressive soft-tissue infection with associated mortality.
Early recognition of NF is crucial to implement appro-
priate management and improve outcomes.•
ADVANCES IN SKIN & WOUND CARE • NOVEMBER 2023
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Figure 4. CASE2CLINICAL PRESENTATION, PLANTARVIEWFigure 3. CASE 2 CLINICAL PRESENTATION, DORSAL VIEW
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 PRACTICE PEARLS

•Necrotizing fasciitis is a rapidly progressive soft-tissue
infection that can lead to death and disability.
• Risk factors for NF include older age, male sex, im-
munosuppression, and a history of trauma or surgery
to an affected site.
• A high index of suspicion is needed to diagnose NF
based on its nonspecific clinical presentation.
• Early surgical debridement of the infected site is
essential in cases of NF to improve outcomes.
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For more than 200 additional continuing professional development articles related to Skin and Wound Care topics,
go to NursingCenter.com/CE.
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Lippincott Continuing Medical Education Institute, Inc., is accredited by the
Accreditation Council for Continuing Medical Education to provide
continuing medical education for physicians.

Lippincott Continuing Medical Education Institute, Inc., designates
this journal-based CME activity for a maximum of 1 AMA PRA Category
1 CreditTM. Physicians should claim only the credit commensurate with
the extent of their participation in the activity.

PROVIDER ACCREDITATION INFORMATION FOR NURSES
Lippincott Professional Development will award 2.0 contact hours and
0.5 pharmacology contact hours for this nursing continuing professional
development activity.

LPD is accredited as a provider of nursing continuing professional development
by the American Nurses Credentialing Center's Commission on Accreditation.

This activity is also provider approved by the California Board of Registered
Nursing, Provider Number CEP 11749 for 2.0 contact hours. LPD is also an
approvedprovider of continuing nursing education by theDistrict of Columbia,
Georgia, West Virginia, New Mexico, South Carolina, and Florida CE Broker
#50-1223. Your certificate is valid in all states.

OTHER HEALTH PROFESSIONALS
This activity provides ANCC credit for nurses and AMA PRA Category 1
CreditTM for MDs and DOs only. All other healthcare professionals

participating in this activity will receive a certificate of participation that
may be useful to your individual profession's CE requirements.

CONTINUING EDUCATION INSTRUCTIONS
• Read the article beginning on page 571. For nurses who wish to take the
test for NCPD contact hours, visit www.NursingCenter.com/ce/ASWC. For
physicians whowish to take the test for CME credit, visit http://cme.lww.
com. Under the Journal option, select Advances in Skin and Wound Care
and click on the title of the CE activity.
• You will need to register your personal CE Planner account before taking
online tests. Your planner will keep track of all your Lippincott Professional
Development online NCPD activities for you.
• There is only one correct answer for each question. A passing score for
this test is 7 correct answers. If you pass, you can print your certificate of
earned contact hours or credit and access the answer key. Nurses who fail
have the option of taking the test again at no additional cost. Only the first
entry sent by physicians will be accepted for credit.

Registration Deadline: October 31, 2025 (physicians); September 5, 2025
(nurses).

PAYMENT
The registration fee for this CE activity is $21.95 for nurses; $22.00 for
physicians.
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