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Case Report

Necrotizing fasciitis (NF) is, primarily, an infection of the 
fascia and may spread rapidly to other subcutaneous tissue 
as well as to the skin. It is the currently accepted generic 
term to encompass into a single category of diverse syn-
dromes of progressive gangrenous infections of the skin 
and subcutaneous tissues.1 While NF is commonly caused 
by Streptococcus type A or Staphylococcus aureus,2 most 
bacteria are, in fact, capable of causing the disease,3,4  
and polymicrobial infections also may occur.5 Although 
more common in adults, NF also affects the pediatric 
population.6,7

Typical (initial) clinical symptoms of NF include (seri-
ous) pain, erythema, and skin necrosis with or without bul-
lae. Systemic symptoms include those commonly associated 
with an infection but often rapidly progress to the symp-
toms of septic shock.

Because of the rapid progression of the disease, with 
infection and necrosis swiftly spreading from one anatomi-
cal structure to another, radical, urgent, and often extensive 
surgical debridement is required—the timing of interven-
tion is directly linked to morbidity and mortality.8 
Reconstruction is challenging, particularly when large exci-
sions were necessary.

This article describes the treatment and outcomes of 2 
patients with NF, treated with (sequential) excision, an 
esterified hyaluronic acid (HA) matrix (eHAM), and partial 
thickness skin autografts (STSGs). The article also dis-
cusses diagnostic and treatment options and guidelines, as 
well as risk factors.

Cases

Patient 1 (Figures 1-4)

Patient 1 is a 55-year-old female, without any preexisting 
conditions. Seventy-two hours after a motor vehicle acci-
dent, she presented to the emergency room with a very pain-
ful contusion of the left foot and symptoms of (septic) shock 
(temperature = 98.3°F [36.8°C], pulse rate = 109 beats per 
minute, respiration rate = 18 breaths per minute, blood 
pressure = 75/47 mm Hg, C-reactive protein = 412, and 
white blood cell count = 21.6 × 109/L) and the clinical 
signs of NF of the left foot and lower extremity. Shock 
treatment was initiated, and the patient underwent radical 
excision with Bovie cautery (Bovie Medical Corp, 
Clearwater, FL)—in total, 200 cm2 of necrosis was removed 
from the foot and 900 cm2 from the lower leg. Cultures 
were positive for Streptococcus Group A, which was treated 
with intravenous antibiotics. Further debridement was nec-
essary on day 7 postinjury and on day 9 when excision to 
the left adductor muscles of the thigh was performed. In 
total, an additional 2.200 cm2 of tissue was excised.
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Abstract
Necrotizing fasciitis is the generic term for a series of progressive gangrenous infections of the skin and subcutaneous 
tissues. Typically, necrotizing fasciitis start with an, often small, infected lesion with atypical symptoms, which then quickly 
develops into a rapidly spreading, massive infection. The primary therapy is excision of all necrotic tissue in combination 
with treatment of systemic symptoms such as shock. The defects resulting from rigorous excision are often very large. 
Once they are clean, they require closure with an autograft. This article reviews the symptoms and treatment of necrotizing 
fasciitis. In addition, it illustrates, with 2 cases, how a hyaluronic-based extracellular matrix can be used to “fill in” with 
neodermis for the lost dermis and can create a wound bed most suitable for grafting.
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Washouts with saline were performed until the wound 
bed was ready to be grafted with eHAM on the 24th day 
postinjury. eHAM was covered with conventional, bulky 
dressings, which were changed every second day.

Thirty-eight days after the accident, with pre-albumen at 
20 mg/dL, eHAM was completely incorporated into the 
wound: the silicone top layer was removed, and the lesion 
was covered with an STSG, procured from both medial 
thighs and the abdomen. The graft was meshed 1.5:1 to 
allow for drainage. Both the recipient site and the donor site 
were dressed with Xeroform (DeRoyal, Powell, TN).

The donor sites healed within 7 days. At 44 days after the 
accident, graft take was 100% (6 days after the grafting pro-
cedure), and the patient was discharged. At 94 days after the 
incident, the lesion was judged to be completely healed and 
cosmetically acceptable.

Patient 2

Patient 2 is a 53-year-old male, suffering from lymphedema, 
varicosis on both legs, hypertension, super-obesity (body 
mass index = 55 kg/m2), and a small venous ulcer on the 
right lower leg, which was licked by his cat. Sixteen days 
after the licking incident, the patient presented with a painful, 
draining wound and a temperature of 98.2°F (36.7°C). The 
heart rate was 131 beats per minute, respiration was 17 
breaths per minute, the blood pressure was 145/64 mm Hg, 
and white blood cell count was 11.1 × 109/L. The patient was 
admitted under the suspected diagnosis of NF for observation 
and the administration of IV antibiotics. The wound and the 
patient’s general condition deteriorated, and on day 19 “post 
licking incident,” 247 cm2 of necrosis was excised from the 
right lower leg. Re-resections were performed on each of the 
next following 5 days: in total, 9.297 cm2 of necrosis were 
excised. Blood cultures were positive for Pasteurella multo-
cida and methicillin-resistant Staphylococcus aureus; these 
were treated with IV antibiotics.

Figure 1. Patient 1. Initial aspect of infected left foot. Often, 
the subcutaneous infected area is significantly larger than the 
infected skin shows.

Figure 2. Patient 1. Radical excision (day 9; second excision) is 
necessary.

Figure 3. Patient 1. Esterified hyaluronic acid matrix in situ.

Figure 4. Patient 1. Postinjury day 94. Complete 
reepithelialization after STSGs were applied over esterified 
hyaluronic acid matrix. Acceptable cosmetic results.
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The patient and his wound condition gradually improved, 
and on the 32nd day after the first excision, eHAM was 
applied on a granulating wound bed. The matrix was treated 
topically with Prontosan gel.

When the eHAM was incorporated (day 47), the top 
layer was removed, and the wound was covered with an 
STSG, meshed at 1:1.5, taken from the contralateral thigh, 
with a second STSG applied on day 81 because of incom-
plete take of the first graft. Both the donor site(s) and recipi-
ent site(s) were covered with Xeroform. On day 87, the 
donor sites had completely reepithelialized and graft take 
was 100%. Donor sites and recipient sites were judged to be 
cosmetically acceptable.

Discussion

Symptoms and Diagnosis

Necrotizing fasciitis usually starts as a painful, but otherwise 
unsuspicious, lesion. Early diagnosis is critical, however, so 
that the preferred therapy, excision of all dead and infected 
tissues, can start as early as possible. Early symptoms are not 
very specific, however, and may include pain, erythema, and, 
somewhat later in the course of the infection, skin necrosis 
with or without bullae. Initial fever usually becomes serious 
within the first few days. Painful cellulitis (44/46), skin 
necrosis (26/46), skin blistering (8/46), and subcutaneous 
emphysema (3/46) were the most common symptoms in a 
study performed in the United Kingdom.9 Another study 
showed skin erythema and swelling at the affected site 
(97.6%), pyrexia (61.9%), hypotension (33.3%), altered con-
sciousness (28.6%), bullous lesions (26.2%), and crepitus 
(9.5%) as the most common clinical manifestations within 
the first 48 hours after the initial (suspected) diagnosis.10

Systemic symptoms include those commonly associated 
with an infection and septic shock with laboratory tests 
characteristically showing results typical for an infection.

NF is commonly caused by Streptococcus type A: in a 
Swedish study, 87% of infections were monomicrobial and 
mostly caused by Group A streptococci. In this setting, the use 
of the rapid antigen-detection test for Group A streptococci 
was shown to help in shortening the time to surgical interven-
tion.11 Staphylococcus aureus infections2 also are a very com-
mon cause for NF but many (monomicrobial or polymicrobial) 
bacterial infections may lead to the diseases.5

Gram stain and, in some doubtful cases, frozen-section 
tissue biopsy may assist in confirming the bacteriological 
diagnosis.1,12 Different ways of imaging (ultrasound,13 mag-
netic resonance imaging14) are very useful not only to con-
firm the diagnosis of the disease but also to assess the extent 
of the disorder, plan the surgical excision, as well for the 
detection of underlying etiologies. The presence of gas 
within the necrotized fasciae is characteristic but may be 
lacking. The main finding is the thickening of the deep 

fasciae due to fluid accumulation and reactive hyperemia, 
best seen on magnetic resonance imaging.14

Risk Factors and Prognosis

In one US-based study, ethnicity was shown to play a role 
with regard to NF-related mortality, which, according to the 
authors, merits further investigation.15 Patients with diabe-
tes mellitus show a higher complication rate and increased 
mortality.5,16 Obesity was also found to contribute to mor-
tality,5 although interestingly enough, another study showed 
a low body mass index (as well as a preexisting chronic 
kidney disease) to be associated with increased mortality 
rates.17

A higher LRINEC (Laboratory Risk Indicator for 
Necrotizing Fasciitis) severity score18 (>4 points), hypo-
tension, altered consciousness, respiratory failure requiring 
ventilator support, elevation of alanine aminotransferase 
levels >2-fold, serum creatinine >177 µmol/L, thrombocy-
topenia (<100 × 109/L), and worsening symptoms and 
signs within 48 hours of admission were also associated 
with higher fatality rates (P < .05).10

An important aspect of the high mortality risk is caused by 
initial misdiagnosis or delayed but proper diagnosis.19 The 
diagnosis is primarily a clinical one: it often is missed in the 
early stages of the disease because of the difficulty in differen-
tiating it from more common soft tissue infections such as cel-
lulitis or erysipelas.20,21 Time from admission to operation 
was shown to be critical: the average time to operation was 90 
hours in nonsurvivors versus 25 hours in survivors (P = 
.0002).22 In another study, it was shown that more than one 
comorbidity, thrombocytopenia, anemia, more than 24-hour 
delay from onset of symptoms to surgery, and age greater than 
60 years were independently associated with mortality.23 
Among IV drug users, the incidence of NF also is on the rise.24

The mortality rate of NF in the United States between 
2003 and 2013 was found to be 4.8/1 000 000 person-
years.15 Mortality in another US study published in 1996 
was as high as 73% and, depending on the type of NF, may 
still reach up to that percentage.25 In a single study in 
Australia, the most commonly involved sites were the 
perineum (33.7%), lower limb (29.9%), and trunk (18.2%).5 
In a study from New Zealand, the amputation rate in patients 
with NF of a limb was quoted as high as 16%.26

Fournier’s gangrene is a specific type of NF where the 
genitalia and peritoneum are involved. It has an even higher 
mortality rate27: case series analyses have shown a mortality 
rate of 20% to 40% with an incidence of as high as 88% in 
some reports.28

Treatment

Because of the complexity of the disease itself as well as the 
required treatment of both the necrosis and the systemic 



4 The International Journal of Lower Extremity Wounds 00(0)

complications of the disease, many NF patients, as well as 
patients with other necrotizing soft tissue infections, are 
now being treated in burn centres.8,29,30

The initial administration of wide-spectrum IV antibiotic 
therapy followed by a more specific therapy, guided by the 
outcomes of bacterial cultures,1,11 is an essential part of 
treatment, as is shock prevention and treatment, treatment 
of complications (ie, kidney failure), and restoration of 
electrolyte and fluid balance.

Early recognition and surgical intervention are of crucial 
importance: the single most important treatment step is 
removal of all necrotic tissues.12,30-33

The results of hyperbaric oxygen treatment during the ini-
tial excisional stages of the disease are not conclusive,5,34,35 
but negative-pressure wound therapy has been used success-
fully after the excision stages to optimize wound healing and 
facilitate application and fixation of skin grafts.36,37

Patients who survive the infection require extensive treat-
ment of the excised area and the resulting full-thickness 
lesion, including reconstructive surgery with sometimes 
marked sequelae related to the extent of fasciitis and 
debridement.19 The use of extracellular matrix (ECM)-type 
products may play an important role in the reconstruction 
phase: replacement of a lost ECM serves both the speed as 
well as the overall quality of healing, as proven in many 
indications.38,39 Several distinct types of ECMs, based on 
different compounds obtained or derived from natural or 
bioengineered ECM, some of them populated with cells, 
have become available.40-43 Many have been shown to pro-
vide fast recovery and better skin quality after being used 
after massive excisions.8,12,44

HA (hyaluronan) is an anionic, non-sulfated glycosami-
noglycan compound, present in the normal ECM. It plays 
an essential role in wound healing by facilitating and direct-
ing cell proliferation,45 as well as fibroblast migration,46 
stimulation of angiogenesis,47 and many other processes 
involved in healing.45 HA is difficult to handle and has a 
short half-life. Esterification, a modification, facilitates 
handling and practical usage of the product by increasing 
the half-life.48

eHAM, a soft, nonwoven mat of fine fibers, is a biode-
gradable dermal matrix contact layer, made of Hyaff 
(Medline Industries, Northfield, IL), a specific type of 
esterified HA. eHAM has a semipermeable silicone outer 
layer for physical protection of the wound and controlling 
water vapor. The matrix acts as a scaffold for cellular colo-
nization (eg, by fibroblasts) and capillary ingrowth. Once 
granulation tissue has developed, the silicone layer is peeled 
off and the resulting wound bed can be grafted. The matrix 
has been used successfully as an ECM in a number of dif-
ferent indications.46,49-55

In the 2 cases described here, full-thickness excisions 
were performed and eHAM was used successfully to create 
a wound bed, suitable for coverage with a split skin 

autograft. This shows that massive excisional lesions can be 
treated in such a way that cosmetically acceptable results 
can be obtained.

Case histories do not provide scientific proof for the effi-
cacy of a treatment and only a limited amount of informa-
tion is available on the role of commercially available 
ECMs in the treatment of excised NF necrosis.8,44,56 This 
article is not meant to provide such proof, however. Rather, 
it demonstrates how systemic treatment of NF, in combina-
tion with massive excision of all necrosis and followed by 
the application of eHAM, may lead to relatively rapid heal-
ing with acceptable cosmetic results.

Proper treatment of NF consists of antibiotic therapy, 
prevention or treatment of the systemic effects of the infec-
tion, i.e., shock, and rapid removal of all necrosis and 
infected tissue. This creates a full-thickness (or even deeper) 
lesion. Once the wound and the patient have recovered to a 
healthier status, reconstruction of the excised areas can be 
initiated. In the 2 patients described here, eHAM was shown 
to contribute to a wound bed, appropriate for grafting, as 
indicated by the graft take, and to acceptable cosmetic 
results on complete reepithelialization.
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