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Necrotizing fasciitis is a soft tissue infection that habitually originates from the fascial
sheaths, expands at a volant pace, leads to extensive necrosis of the subcutaneous
tissues, and eventually ends up in a life-threatening condition with notably elevated
amputation and mortality rates. Factors that induce interruption of skin integrity, such as
trauma or intravenous drug use, are the most common inciting events. Specific clinical
signs heralding its presence are usually absent in the early stages, often resulting in
misdiagnosis. Early recognition, prompt and aggressive surgical debridement, antibiotic
use, and supportive care constitute the fundamental principles to lean on for a better
prognosis. Necrotizing fasciitis of the upper extremity is relatively rare and consequently
holds a limited place in the literature. Only a few studies assess it as a separate entity,
with most of them being case reports or small case series. We, therefore, performed a
review of the current literature, to assemble the dispersed results of different studies and
clarify the various aspects of upper limb necrotizing fasciitis. In this systematic review,
we present the epidemiological data, the causative events, the most frequent underlying
diseases, the risk factors, the amputation and mortality rates, the pathogenic
microorganisms, the clinical characteristics, the diagnostic tools, the medical and
surgical management concerning necrotizing fasciitis of the upper limb. Finally, the
results indicating its differentiation compared to necrotizing fasciitis of other anatomic

sites are remarkably highlighted.

1. INTRODUCTION

The term necrotizing fasciitis (NF) refers to a group of rel-
atively uncommon, rapidly progressive, and potentially fa-
tal soft-tissue infections. NF usually spreads across the fas-
cial planes expeditiously and extensively, resulting in the
necrosis of superficial and deep fasciae and subcutaneous
fat. Skin and muscles are usually spared in the early stages,
clinical manifestations are nonspecific at the time of ad-
mission, prompt diagnosis and appropriate treatment are
usually delayed, and the infection quickly aggravates and
evolves into an emergent, life-threatening condition.1>2
The earliest report of the disease dates to the fifth cen-
tury BC when Hippocrates first described “erysipelas” in
patients with quickly spreading and highly lethal soft-tis-

sue infections.3# The first clear description of “modern” NF
was given by Dr . Joseph Jones, a military surgeon of the
Confederate Army during the U.S. Civil War. In 1871, he
used the term “hospital gangrene” to describe 2.642 cases
of soldiers that developed “virulent” infections with “gray-
ish and greenish slough”, having a mortality rate of 46%.2-5
In 1883, Jean Alfred Fournier reported five cases of necro-
sis of the perineum; consequently, this type of NF is named
after him as “Fournier’s gangrene”.4 In 1924, Meleney first
found a correlation between NF and Beta-Haemolytic
Streptococcus Group A in a series of 20 patients in a hos-
pital in Beijing, calling the disease “acute hemolytic strep-
tococcal gangrene”.45 Since then, the condition has been
known under different terms, such as “phagedema”, “non-
clostridial gas gangrene” and “necrotizing erysipelas”.® Fi-
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nally, the term “Necrotizing Fasciitis” was introduced in
1952 by Dr. B. Wilson noticed in a series of 22 patients that
the infection affected the fascial planes but seemed to spare
the underlying muscles.2=5 Over the years, this term was
further expanded, becoming known as NSTIs (Necrotizing
Soft-Tissue Infections), to include cases of cellulitis and su-
perficial skin infections, as they may be early presentations
of necrotizing fasciitis.3

NF is usually triggered by a puncturing event that breaks
off skin integrity (trauma, animal or insect bites, invasive
medical procedures) or even by hematogenous spread,
chronic wounds, and abscesses. The most frequent inciting
factor, particularly in the United States, is intravenous drug
use (IVDU). However, approximately 11%-20% of cases are
idiopathic.8 NF demonstrates a wide variety of causative
microorganisms, depending on geographical region and de-
mographics. Mixed flora cases predominate over single or-
ganism infections and the most recurrent pathogens are
gram-positive organisms (usually Streptococcus and
Staphylococcus species).’

Early recognition of the disease is crucial, and any delay
can lead to a worse prognosis with higher amputation and
mortality rates.* NF is notably challenging to diagnose, as it
has an unpredictable clinical course, often quite subtle with
nonspecific symptoms in the early stages. This can lead to
a false impression of less serious conditions like celluli-
tis, misdiagnosis, delay of diagnosis, and inadequate treat-
ment. The paramount sign is pain disproportionate to the
physical findings. As many as 50% of cases may initially
present without skin changes. The classic “hard signs” of
skin necrosis and crepitus can be absent in the majority of
cases.”9-11 Although diagnosis is usually clinical, the use
of imaging and laboratory tools is essential. Gas in soft tis-
sue planes can be seen in plain X-ray studies. LRINEC score
(Laboratory Risk Indicator for Necrotizing Fasciitis) can de-
tect clinically early cases of necrotizing fasciitis, using rou-
tinely measured variables (C-Reactive Protein, Total White
Cell count, Hemoglobin, Sodium, Creatinine, Glucose).12

The progression of the disease is usually fulminant, and
NF quickly deteriorates to a life-threatening condition, po-
tentially leading to septic shock, SIRS (Systemic Inflamma-
tory Response Syndrome), concomitant multisystem organ
failure, and eventually death.28 High clinical suspicion,
prompt diagnosis, and immediate and aggressive surgical
intervention remain the cornerstones in the treatment of
NF. A multidisciplinary approach is often mandatory.
Emergent interventions such as airway protection, hemo-
dynamic support, and early intravenous initiation of broad-
spectrum antibiotics, followed as quickly as possible by ex-
tensive debridement and excision of the affected necrotic
tissue are the “gold standard”. Repeated surgical debride-
ment may be required.l,2.11,13,14 Unfortunately, even with
optimal treatment, NF retains significant morbidity and has
mortality rates of 25% - 35%.1

All body parts can be affected by NF, but the extremities
remain the most frequent site of infection, making up 45% -
74% of all cases, according to different studies. About two-
thirds of these cases concern the lower extremities, while
NF of the upper limb is less common, being involved in ap-

proximately 6% - 27% of the patients.3%715-20 Because of
its rarity, few studies assess upper limb NF, with most of
them being limited to case reports, small case series, series
of mixed anatomic sites, or big national database studies
with an absence of extensive details relating to certain pa-
rameters of upper extremity NF.

We have therefore performed a review of the literature
to investigate the various features of the disease, quote
the epidemiological and microbiological data, analyze the
comorbidities and the predisposing factors, highlight the
clinical signs indicating its presence, underline the labo-
ratory and imaging findings and focus on the appropriate
conservative and invasive treatment that is recommended
to be followed.

2. MATERIAL AND METHODS

This study provides a review of the published literature re-
ferring to the Necrotizing Fasciitis of the upper extremity.
Publications relating to this subject were identified using
different electronic resources, including PubMed, Scopus,
and Web of Science. The keywords used have been ‘‘necro-
tizing fasciitis”’, "upper extremity” and “upper limb”. The
results returned 359 published papers. Studies written in
other languages than English, cases of underage patients,
reports dealing with NF affecting sites other than the upper
extremity, papers with the wrong subject matter, and dupli-
cations were excluded.

3. EPIDEMIOLOGY

3.1. DEMOGRAPHICS AND ANATOMIC SITE OF
INFECTION

Among different studies, the annual incidence of NF varies
between 500 and 1.500 cases reported in the United States
each year, and its prevalence globally is estimated to be
around 0,40 — 0,53 cases per 100.000 population annually.
Its incidence is believed to be increasing over the last
decade, mostly thanks to the amelioration of the reporting
system, the augmentation of the diagnostic accuracy, and
consequently the decrease of the formerly several misdiag-
nosed cases. Additionally, this can be attributed to the in-
creased age and number of comorbidities in the population,
as well as to the antibiotic abuse and its negative impact on
the virulence of the pathogens.1:416,18

Although NF can affect all body parts, the extremities
are the most common site of infection, described to be af-
fected in 45 — 74% of all cases, with the lower extremities
being most prevalent. NF of the upper extremities is less
frequently reported, presenting frequencies varying be-
tween 6% and 27%.3%715-20 According to Anaya et al., in
a large series of 166 patients with established NF, the ex-
tremities were the most common site of infection (57.8%),
followed by the abdomen and the perineum.!9 In a system-
atic review by Angeles et al., consisting of 12 studies in-
cluding 317 limbs, the upper extremity was involved in 32%
of the cases.20 Nevertheless, NF of the upper extremity is
believed to be under-reported and is expected to become
more frequent, due to the increasing intravenous drug use.
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Table 1. Demographics and Anatomic site of infection

Value

Total
(data from 35 surveys)
n=379 (100%)

Total
(data from 30 surveys)
n=208 (100%)

Age, y, mean (range) 56,4 (20 - 86)

Gender

Male 257 (67,8%)

Female 122 (32,2%)

Affected side

Right 105 (50,5%)
Left 99 (47,6%)
Both 4(1,9%)
Anatomic site involved

Shoulder 43(20,7%)
Arm 99 (47,6%)
Forearm 119 (57,2%)
Hand and fingers 146 (70,2%)

Although NF can affect all age groups, the elderly, and mid-
dle-aged people (over 50 years old) are more susceptible to
it. While a male-to-female ratio of 3:1 has been reported
for the total of NF cases, mainly associated with the preva-
lence of Fournier’s Gangrene in men, as far as the upper
extremity is concerned, a gender predilection has not been
proved.4

From the reviewed literature, 35 articles provide infor-
mation about patients’ gender and age.>68,10,15-18,21-45
On a total of 379 patients with NF of the upper extremity,
257 were male (67,8%) and 122 were female (32,2%). The
average age of these patients was 56,4 and ranged between
20 and 86 years old (underage patients were excluded from
the data selection). A sum of 30 articles, presenting the
cases of 208 patients suffering from upper limb NF, gave in-
formation concerning the affected side and the sites of the
upper extremity that were involved. No statistically impor-
tant difference was found between the right (n=105 cases,
50,5%) and the left (n=99 cases, 47,6%) upper limb, while
4 cases (1,9%) developed bilateral infection. The most fre-
quently affected site was the forearm (n=146, 70,2%), fol-
lowed by the hand (n=119, 57,2%). The epidemiologic data
of the reviewed articles are presented in Table 1.

3.2. MORTALITY AND AMPUTATION RATES

The average mortality rate of NF remains a controversial
issue. It is generally accepted that without treatment, the
mortality rate can reach 100% and that despite the ad-
vances in critical care management, antibiotics, and surgi-
cal treatment, mortality rates remain elevated and compa-
rable to these of 46%, observed by Dr. Joseph Jones at his
first description of NF back in 1871. Among different stud-
ies, NF presents a remarkably wide range of mortality rates,
varying from 6% to 76%.46,12,19,46

It seems that in NF that is affecting the extremities, mor-
tality rates are lower compared to these of other anatomi-
cal regions (e.g., head, neck, trunk, perineum) since NF at

these locations is commonly more widespread upon pre-
sentation and tends to be more difficult to treat, while
NF of upper extremity frequently appears in intravenous
drug users; hence in younger patients with fewer comor-
bidities.1” Pessa and Howard demonstrated a mortality rate
of 18% in NF of extremities, significantly lower compared to
these of abdominal (44%) and perineal (33%) infections.”
Angeles et al. in their systematic review consisting of 324
limbs reported 71 deaths, attributing to NF of the extremi-
ties a mortality rate of 21,9%.20 According to Anaya et al.,
out of 96 patients suffering from NF of the extremities, 21
deceased (mortality rate 21,9%) and 25 lost a limb (ampu-
tation rate 26%), while Ogilvie et al. found that the mortal-
ity rate of NF of the extremities was only 9,3% (14 deaths
among 150 cases).1948

As far as NF of the upper extremity is concerned, retro-
spective studies report mortality rates of 10% to 36%, while
rates of amputation range from 11% to 38%. Nawijn et al.
conducted a retrospective cohort study consisting of 122
patients with upper extremity NF and observed a 30-day
mortality rate of 11% and an amputation rate of 14% (13
patients died and 17 underwent an amputation).1” Simi-
larly, a database study led by Uehara et al. pointed to a
mortality rate of 15,5% and an amputation rate of 11,2%
(18 patients died and 13 patients underwent upper limb
amputation from a total of 116 patients affected by NF
of the upper extremity).!8 Table 2 illustrates the number
and the percentage of patients with upper extremity NF
that eventually died or lost a limb, among different stud-
jes.6:10,15,17,18,44-46 The combined results extracted from
the reviewed literature give a mean death rate of 15,9% and
an average amputation rate of 14,7%, significantly smaller
compared to these of NF involving other anatomic sites.
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Table 2. Death and amputation rates of upper extremity NF reported in different studies

Author/Year Patients Amputation (%) Death (%)
Nawijn et al. 2019 122 17 (13,9%) 13 (10,7%)
Coronaetal.2016 7 1(14,3%) 2(28,6%)
Ueharaetal. 2014 116 13(11,2%) 18 (15,5%)
Yeungetal. 2011 29 11(37,9%) 8(27,6%)
Espandaretal. 2011 9 1(11,1%) 2(22,2%)
Cheng et al. 2008 14 0 (0%) 5(35,7%)
Tanget al. 2001 10 5(50%) 3(30%)

Schecter et al. 1982 33 2(6,1%) 3(9,1%)

Total 340 50(14,7%) 54 (15,9%)

4. AETIOLOGY

NF of the upper extremity is usually attributed to the in-
oculation of the pathogen into the subcutaneous tissue,
which can occur via any break in an epithelial or mucosal
surface. A skin lesion may be found in up to 80% of the
cases. Skin traumas, lacerations, burns, bites (from ani-
mals, insects, or even humans), iatrogenic invasive causes
(venipuncture, percutaneous catheter injections, intra-ar-
ticular injections, insulin injections, postoperative compli-
cations), chronic skin infections, fistulas, neglected
wounds, ulcers, and abscesses have been incriminated as
causative factors.! In Asia, the consumption of raw or un-
dercooked seafood and fish fin injuries are often the source
of the infection.**° However, the most reported triggering
cause, especially in the United States, is intravenous drug
use (IVDU). According to Angoules et al., in a group of
392 patients suffering from NF of the extremities, multiple
punctures in the affected site due to intravenous drug use
were observed in 129 patients (32,9%) and trauma in 45 of
them (11,5%).20 Schecter et al. found that the entry por-
tal was intravenous drug injection in 22 out of 33 patients
with NF of the upper extremity (66,7%) and similarly, Gon-
zalez et al. pointed out the same in 10 out of 12 patients
(83,3%).510 Finally, Nawijn et al. in their retrospective co-
hort study consisting of 122 patients with upper extrem-
ity NF demonstrated that the main causes were intravenous
drug use (35 cases, 28,7%), open wound (21 cases, 17,2%),
blunt trauma (14 cases, 11,5%), bite (10 cases, 8,2%) and
operative procedures (4 cases, 3,3%).17

Nevertheless, many times there is an absence of an ob-
vious external portal of entry for pathogens. Idiopathic
necrotizing fasciitis accounts for 11%-20% of all cases in
various studies. This form has been assumed to arise from
microbial entry through unrecognizable lesions of the epi-
dermis. Blunt trauma may presumably be the cause; contact
sports athletes can, therefore, be a susceptible group to this
condition. Remote infections are another suggested aetio-
logic mechanism for idiopathic necrotizing fasciitis, possi-
bly through hematogenous spread from distant sites (e.g.,
in cases with streptococcal pharyngitis).1,7:8

5. ASSOCIATED CONDITIONS

NF often occurs in patients predisposed to infection be-
cause of some underlying chronic disease. Some conditions
are remarkably more often associated with the develop-
ment of NF, especially diabetes mellitus, which is a risk
factor that appears in 21% - 71% of the cases.!720,34,44,50
Other frequently encountered medical conditions include
immunodeficiency, malignancy, chronic heart failure, pe-
ripheral vascular disease, pre-existing hypertension, liver
cirrhosis and failure, chronic renal failure, respiratory in-
sufficiency, an altered state of consciousness. The notable
frequency and the great participation of intravenous drug
use at the outset of NF of the upper extremity have already
been underlined. As evidenced in several articles, some co-
morbid conditions such as smoking, chronic alcoholism,
malnutrition, and obesity are also significant risk factors
for the development of NF.3433 Uehara et al. in their data-
base study containing 116 patients with upper extremity NF
described the presence of diabetes mellitus in 38 patients
(32,8%), renal failure in 22 patients (19%), lung dysfunction
in 13 patients (11,2%), and liver cirrhosis or failure in 5 of
them (4,3%).18 It is worth mentioning that in up to 30% of
all cases, NF can be manifested in previously healthy pa-
tients, without any predisposing factors.

The role of Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs) has also been pointed out, though the exact way
in which they contribute to the emergence of NF remains
somehow controversial. It is mainly believed that they act
in two distinctive ways; on the one hand with their im-
munosuppressive effect, thus inhibiting the antibacterial
defenses of the patient, and on the other hand by impeding
some clinical manifestations of NF, like fever, obstructing
that way the prompt diagnosis of NF.4

6. PATHOPHYSIOLOGY

The infection usually begins at the level of hypodermis and
in the superficial fascia, as the outermost layers (dermis
and epidermis) are not affected in the early stages. The de-
velopment of NF is the result of the synergistic action be-
tween the virulence factors of the causative pathogens and
the specific factors of the host (comorbidities, predisposing
factors, level of the immune response). The offending or-
ganism(s) release toxins and initiate a cascade of endoge-
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nous cytokine reaction that contributes to widespread tis-
sue destruction. The speed at which the disease settles, the
extension of the infection, and the concomitant necrosis
are defined by the different bacteria and the enzymes they
produce. The presence of a hypoxic environment favors the
growth of anaerobic bacteria. The resulting necrosis of the
hypodermis and the superficial fasciae is mainly related to
the direct effect of the bacterial enzymes that destroy the
tissues and the fat and secondarily to vascular reasons. In-
vasive pathogen(s) cause thrombosis to the nutrient ves-
sels that are in the epidermis, leading to extensive tissue
ischemia, aggravated by the presence of oedema. Subse-
quently, tissue ischemia promotes infectious dissemination
that eventually leads to skin necrosis at a later stage. This
is also one of the reasons that explain the intense pain phe-
nomena that are usually observed, as well as the signs of
regional hypoesthesia and anesthesia that sometimes are
manifested, especially when some cutaneous or subcuta-
neous nerve branches are also affected. The existing fascial
and hypodermic necrotic spread is nearly always greater
than the apparent overlying skin changes, which are usually
confirmed later in the operating room. Additionally, during
the surgical cleaning, there is an effusion of a stinky, vis-
cous fluid, commonly described as “dishwater pus” which is
the result of the action of bacterial toxins and massive tis-
sue destruction. Even though in most the cases the under-
lying muscles are spared, sometimes they are also affected,
particularly when there is a delay in the surgical proce-
dures and in the commencement of the debridement. Lym-
phangitis and lymphadenopathy are rarely encountered due
to thrombosis of the lymphatic vessels. The gas formed by
anaerobic bacteria may lead to crepitus.4

7. MICROBIOLOGY

Cultures obtained from the site of injury in the operating
room during surgical debridement are indispensable, tend
to give positive results in 80% of the cases, and remain
the key to the microbiological diagnosis of NF, which is
achieved in approximately 75% of all cases. Blood cultures
turn out to be positive only in 25% of the cases. From
a microbiological point of view, NF can be classified into
four types based on microbiological findings and culture re-
sults.3:4,6,24,29,51

Type 1, also known as the polymicrobial/synergistic
type, is the most encountered type, constituting 70% to
90% of all cases. It tends to affect elderly and chronically ill/
immunocompromised patients or patients with several co-
morbidities, such as diabetes mellitus, often after surgical
procedures. It results from a mixed aerobic and anaerobic
flora with two or more pathogens being implicated (on av-
erage 4,4 different species are found).

Type 2, also known as the monomicrobial type caused
by Gram-positive organisms, comes second in terms of fre-
quency, accounting for 10% to 15% of all cases, but is the
most recurrent type in upper limb NF. It tends to affect
previously healthy individuals of any age without under-
lying illness, presents a predilection for the extremities,
typically occurs after small incisions, and is believed to

be highly correlated with the use of NSAIDs. It is pre-
dominantly due to group-A beta-hemolytic Streptococcus
(Streptococcus pyogenes) and occasionally to Staphylococ-
cus aureus. By secreting toxins that cause leukocyte de-
struction and tissue necrosis, S. aureus is usually found in
the fulminant form of NF, is associated with an elevated
risk of the toxic syndrome, and is difficult to manage, es-
pecially when methicillin-resistant S. aureus (MRSA) is in-
volved. Unfortunately, the incidence of monomicrobial in-
fections caused by S. aureus has increased over the past
decade.

Type 3 includes single organism infections involving the
Clostridium species or Gram-negative bacteria. Clostridium
species are anaerobic bacteria with C. perfringens being the
most common of them. Clostridium infections are more fre-
quent among drug addicts, usually result from external in-
juries (deep wounds or crush injuries causing local devas-
cularization) or surgical wounds, and are related to higher
mortality and amputation rates if not properly treated. This
Type also includes marine-related organisms, such as Vib-
rio vulnificus which is frequently isolated in Asia and is
linked to the consumption of raw or undercooked seafood
and fish fin injuries. Aeromonas hydrophilia, usually found
in freshwater or low salinity water and in the soil, also pro-
duces infections that belong to this group. They tend to
spread extremely rapidly and typically include hemorrhagic
blisters, lesions, and purpuric necrosis.

Type 4 includes fungal infections, commonly from Can-
dida spp. and Zygomycetes. These infections usually occur
after trauma, mainly affect immunocompromised patients,
and demonstrate an aggressive and rapidly extensive clini-
cal course.

It is essential to highlight that there is a big discrepancy
between different studies depending on their country of
origin, because of the variation of the endemic microbial
flora of each geographic area and the nonidentical habits
of each people. Therefore, in studies from countries where
people tend to contact contaminated seawater, raw or un-
dercooked seafood, and are susceptible to fish fin injuries,
we observed a prevalence of marine-related pathogens such
as Vibrio vulnificus and other Gram-negative organisms.
Indeed, in a retrospective study from Hong Kong by Yeung
et al., 8 out of 29 patients (27,6%) were infected by Vibrio
spp. and in total 12 of them (41,4%) developed Type 3 NF
of the upper limb.## Similarly, Tang et al. in a retrospective
study containing 10 patients with upper extremity NF com-
ing from Hong Kong, found 5 infections from Vibrio spp.
(50%) and a total of 6 cases with Type 3 NF (60%).4> Kuo
et al. conducted a retrospective study consisting of 67 cases
from Taiwan with NF of the limbs caused by Vibrio vulnifi-
cus, which is quite rare in other areas.4?

From the reviewed literature, 30 studies including 255
patients with upper limb NF provided detailed information
about culture results.>68:10,13-17,21-24,26-33,35-39,41,43-45
The cultures obtained were positive in 232 patients (91%).
An explicit predominance of Type 2 NF can be noticed, con-
firming the divergence of upper extremity NF compared to
NF affecting other anatomic sites in terms of microbiol-
ogy. Group A beta-hemolytic Streptococcus was the most
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Table 3. Culture results, sorting based on NF Types
and isolated pathogens from patients with upper
extremity NF

Total n=255

(100%)
Patients with specific organisms isolated 232(91,0%)
(positive cultures), n (%)
Type 1 60(25,9%)
Type 2 126 (54,3%)
Type 3 43(18,5%)
Type 4 3(1,3%)
Group A beta-haemolytic Streptococcus 98 (42,2%)
Other Streptococcus species 48 (20,7%)
Staphylococcus aureus 45 (19,4%)
Of which Methicillin-resistant 21(9,1%)
Staphylococcus aureus (MRSA)
Other Staphylococcus species 16 (6,9%)
Bacteroides spp. 10 (4,3%)
Enterococci spp. 11 (4,7%)
Escherichia coli 3(1,3%)
Clostridium spp. 10 (4,3%)
Vibrio spp. 17 (7,3%)
Klebsiella spp. 7 (3,0%)
Pseudomonas spp. 4(1,7%)
Aeromonas spp. 3(1,3%)
Other 38(16,4%)
Patients without specific organisms 23(9,0%)

isolated (negative cultures)

cultured pathogen, grown in 98 cases (42,2%), followed by
other Streptococcus species (20,7%) and Staphylococcus
aureus (19,4%). Other aerobic and anaerobic microorgan-
isms were less often noticed. Table 3 exhibits the aggregate
culture results collected, concerning upper limb NF.

8. DIAGNOSIS
8.1. PHYSICAL EXAMINATION FINDINGS

A review of the literature reveals a variety of different clini-
cal presentations, mainly depending on the development of
the infection. Consequently, two groups of signs and symp-
toms may be considered: the early and the advanced. As
the pathological process begins in the deep tissue and fas-
cia, early clinical findings may be subtle. Thus, the clini-
cal diagnosis of necrotizing fasciitis remains challenging,
especially in the early stages, as it can mimic other in-
fections such as cellulitis, abscess, tenosynovitis, or gout
arthritis.416,33,52

Angoules et al. In a systematic review including 317 ex-
tremities (102 upper limbs) with necrotizing fasciitis re-
ported that erythema (73%), pain (63%), and oedema (49%)
were the most common clinical findings followed by indura-
tion of the skin, purulence, fluctuance, local warmth and
bullae.20

In another study, Yeung et al. retrospectively reviewed
29 patients with upper extremity necrotizing infections and
reported that erythema, tenderness, and pain out of pro-
portion to the clinical findings, were the most prevalent
symptoms in the early stages. Later, as the disease devel-
ops, hemorrhagic bullae, skin anesthesia or crepitus, and
gangrenous changes may appear (the classical “hard signs”
of the disease).44

Furthermore, Schecter et al. In a study of 33 cases of
upper extremity necrotizing fasciitis concluded that all pa-
tients had erythema, oedema, tenderness, and warmth
while bullae, crepitus, and skin necrosis were less common
findings.10

Gonzalez et al. also described similar physical exami-
nation findings in 12 cases of upper extremity necrotizing
infection while Singh et al. in a series of 48 cases (14%
involving the upper extremity) reported pain, erythema,
swelling, and tenderness as the most common signs and
symptoms. 2>

Systemic manifestations should not be overlooked, al-
though in cases of upper extremity necrotizing infections,
they are not common, and the patients may be systemati-
cally well. Fever, tachycardia, and hypotension are alarming
signs. Symptoms of septic shock or multiple organ failure
may appear in the late stages and as a result, the patient
demonstrates hypotension, elevated white blood cell count,
coagulopathy, weakness, changes in mental status, and
metabolic acidosis.2444

Extreme awareness is required in cases of the acute/
fulminant type of the disease because of the subtle early
course and the rapid progress. Iwata et al. described 5 cases
of fulminant type, with a lack of skin inflammatory signs
such as redness and warmth, while purpura was the only
initial clinical sign.32 Kato et al. have also described a case
of the fulminant type with petechiae as the first clinical
sign.>3 Therefore, it is important to suspect necrotizing
fasciitis when the patient presents with purpura or pe-
techiae and a lack of inflammatory skin signs at the onset.

8.2. BEDSIDE AND LABORATORY TESTS

Laboratory results during the process of this disease may
not always be specific. However, certain laboratory findings
can help the clinical doctor to differentiate necrotizing
fasciitis from other skin infections. Leukocytosis is a com-
mon finding in these patients and a white blood cell count
>20000/L is strongly suggestive of the disease. Pathological
laboratory values that represent the failure of one or more
organs is also typically present in these patients. Elevated
blood urea and serum creatinine reflect renal failure while
high levels of serum creatine kinase are noted in severe sep-
sis or Multiple Organ Dysfunction Syndrome. 252

Some laboratory-based scoring systems have been pro-
posed for establishing the early diagnosis of necrotizing
fasciitis and determining the prognosis. Laboratory Risk In-
dicator for Necrotizing Fasciitis score (the LRINEC score),
proposed by Wong et al., is one of them.12 This model uses
the laboratory values of c-reactive protein, white blood
cells count, hemoglobin, creatinine, glucose, and sodium. A
score of at least 6 should raise the suspicion of necrotizing
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fasciitis while a value of 8 or more suggests that there is
a 75% chance of having the disease. On the other hand, a
meta-analysis performed by Bechar et al. assessing the va-
lidity of the LRINEC score showed that clinical cases of NF
involving the extremities have a more subtle presentation
and delayed onset of sepsis compared to the cases of groin
or trunk.>4 Another prospective cohort study by Hsiao et al,
including 106 patients with NF and 825 patients with cel-
lulitis, concludes that the LRINEC score may not be an ac-
curate tool to detect the NF and differentiate this disease
from cellulitis.>5 Another system that was used by Yeung et
al. in their study is the ALERTS (Abnormal Liver Function,
Extent of infection, Renal impairment, Thrombocytopenia,
and Shock) numerical score, which is effective in predicting
associated mortality.#4 Fournier’s Gangrene Severity Index
(FGSI) is another scoring system that is effective in deter-
mining the mortality risk and the need for immediate sur-
gical debridement.*

Two bedside tests that can be used by the clinicians, as
supplementary diagnostic tools, in cases of ambiguous di-
agnosis are the “finger test” and the frozen section biopsy.

The finger test, as proposed by Andreasen et al., is per-
formed under local anesthesia, by which, a 2cm incision is
made down to the deep fascia followed by exploration with
the index finger. The presence of “dishwater pus”, along
with the lack of bleeding and lack of tissue resistance in
blunt dissection are findings associated with NF.5¢ Frozen
section biopsy may also be a reliable diagnostic tool that
can be performed by local anesthesia and can promote early
diagnosis of necrotizing fasciitis. Stamenkovic et al., in
their study of 19 cases of NF, described the procedure and
the histological criteria for establishing the NF diagnosis
which includes polymorphonuclear infiltration, thrombosis
of the perforating vessels, necrosis of the fascia, and ab-
sence of muscle involvement.57 It is also highlighted, in the
same study, that this method is of value only early in the
development of the infection before the necrotizing process
extends to all the soft tissue layers.

8.3. IMAGING

Plain radiographs have low specificity and sensitivity in
recognizing NF and are unremarkable until the infection is
advanced, but they can show the gas formation and soft tis-
sue swelling.58 Care must be taken to differentiate necro-
tizing fasciitis from an extensive subcutaneous emphy-
sema.>?

Advanced imaging is an important adjunct to clinical
and laboratory examination and can provide invaluable in-
formation to establish the diagnosis and plan the surgical
treatment. Wysoki et al., in a retrospective study of 20 pa-
tients with necrotizing fasciitis, reported that the hallmarks
of necrotizing fasciitis are asymmetrical thickening of deep
fascial layers and soft tissue gas. Furthermore, fat infil-
tration, focal fluid collections, and muscle enhancement
can be appreciated.43 In another study, McGillicuddy et al.
noted several CT findings that suggest necrotizing fasci-
itis, which included fascial air, muscle/fascial oedema, fluid
tracking, lymphadenopathy, and subcutaneous oedema.®0

MR imaging can also help determine the extent of necro-
sis and differentiate necrotizing from non-necrotizing
fasciitis.! Intravenous administration of gadolinium-based
contrast material can distinguish whether a muscle is viable
or necrotic and delineate abscesses. Schmid et al. in their
study highlight the high sensitivity of MRI regarding the
diagnosis of NF with its characteristic findings of thick-
ening and fluid collections along deep fascial sheaths.52
In other studies, the sensitivity and specificity of MRI in
diagnosing necrotizing fasciitis have been reported up to
100% and 86% respectively.63 From another perspective, al-
though MRI scans have high sensitivity and specificity in
detecting NF, they consume a considerable amount of time
and may further delay the appropriate treatment.3

Ultrasound imaging, which has rarely been reported in
the literature, is a less expensive diagnostic tool that can
aid in the early diagnosis of the disease. Shyy et al. present
two cases of upper extremity NF and report that the main
sonographic findings are thickening of the subcutaneous
tissue, perifascial fluid, air within the soft tissue, and deep
fascia with an irregular or distorted appearance.3’ In an-
other case report of upper extremity NF, Wronski et al. note
that increased echogenicity of subcutaneous fat tissue, per-
ifascial fluid, and a gas layer just above the deep fascia con-
sists of the main sonographic findings.34 Yen et al. in a
prospective observational review of 60 patients with clin-
ically suspected NF conclude that ultrasonography has a
sensitivity of 88.2% and specificity of 93.3% regarding the
diagnosis of NF.64 However, there is no perfect imaging
modality that has been validated to date that can be used to
establish the diagnosis of necrotizing fasciitis.

9. TREATMENT

The goal of treatment is the eradication of the infection
while maintaining the maximum possible function of the
extremity. Early recognition, appropriate antibiotic treat-
ment, and surgical intervention are mandatory.

9.1. MEDICAL MANAGEMENT

Because of the destruction of soft tissue structures, that
characterizes necrotizing fasciitis, the adequate delivery of
antibiotics in the infection site is compromised. Therefore,
treatment with antibiotics alone is of little value in the
management of the disease. However, they play an impor-
tant role combined with surgical debridement and that is
the reason why the immediate administration of broad-
spectrum antibiotics in patients with suspected necrotizing
fasciitis is justified.# The empirical antibiotic treatment de-
pends on the microbiological classification of the disease
and is based on history, Gram stain, and cultures.®> One
study by Elliot et al. assessing 198 patients reported an av-
erage of 4.5 microorganisms per infection and they con-
cluded that the initial regimen should include antibiotics
effective against aerobic gram-positive cocci, gram-nega-
tive rods, and a variety of anaerobes.%¢

An update of the guidelines for the treatment of skin
and soft tissue infections published by the Infectious Dis-
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eases Society of America (IDSA) in 2014, states that the
best choice for a mixed infection is a combination of ampi-
cillin-sulbactam plus ciprofloxacin plus clindamycin. For
monomicrobial necrotizing fasciitis, caused by group A
streptococci, they report that both clindamycin and peni-
cillin should be used.6”

Yeung et al., assessing 29 patients with upper limb
necrotizing fasciitis, recommend the administration of
quinolones and Augmentin as empirical treatment for
necrotizing fasciitis, and penicillin for group A streptococ-
cus infections.#4 In another study, which included 20 pa-
tients with extremity NF (2 upper limbs), the most common
empiric antibiotic treatment was Meropenem plus clin-
damycin.6

For type I infections (polymicrobial/synergistic) anaer-
obic coverage is very important; metronidazole, clin-
damycin, or carbapenems are effective. For type II infec-
tions antibiotics against Staphylococcus aureus and
Streptococcus pyogenes should be administrated; there-
fore, penicillin, first or second-generation cephalosporins,
and macrolides can be used, while some researchers pro-
pose the additional usage of clindamycin along with the
beta-lactam agent.30 Type III infections can be managed
with penicillin and clindamycin, which cover the Clostrid-
ium species and finally, type IV infections should be treated
with anti-fungal agents such as amphotericin B and fluoro-
conazoles. If infection by Vibrio species is suspected, com-
bination therapy with third-generation cephalosporins and
doxycycline is recommended.4?

The empirical antibiotic treatment can always be read-
justed according to the results of tissue/blood cultures and
sensitivity patterns and should be continued until the in-
fection is controlled. Elliot et al. in their study state that
most patients received antibiotic therapy for an average of
12.8 days while other studies propose the administration of
the antibiotic agents for up to 5 days after local signs and
symptoms have resolved.#6¢ Clinicians should not neglect
the fact that patients with NF often present in a condition
of sepsis or septic shock; therefore, analgesia, aggressive
fluid replacement, nutritional support, and blood pressure
support are of utmost importance.20

Intravenous immunoglobin (IVIG) as antitoxin therapy
has also been described recently in literature but there is no
strong evidence, to our knowledge, that suggests their ben-
eficial effect in the management of the disease.31

9.2. SURGICAL MANAGEMENT

Appropriate and early surgical debridement remains the
cornerstone of treatment in cases of necrotizing fasciitis.
The goal is to remove all the necrotic tissues while preserv-
ing the motor and sensory function of the extremity. Many
studies support that early and aggressive surgical debride-
ment increases the rate of survival and that delay in surgi-
cal treatment greater than 24h since admission, affects the
mortality rate. Kuo et al., studying 67 cases of necrotizing
fasciitis (74.7% regarding upper extremities), report that
delay of more than 24h from injury to surgery was signif-
icantly associated with increased mortality.!5 Sunderland
and Friedrich, after reviewing a series of studies, conclude

that delay in surgical debridement greater than 24h from
admission is the most important predictor of mortality.” In
another study of 65 patients with NF (40% concerning up-
per and lower limbs) McHenry found that those who died
in hospital had a longer mean time interval (90 hours) from
admission to surgery than those who survived (25 hours).68
All these findings demonstrate the important role of early
and aggressive surgical management.

Often, a series of debridement and close monitoring of
the progression of the disease is mandatory to control the
infection, and not so rarely do surgeons end up amputating
the limb. Cheng et al., in a retrospective review, identified
14 patients with upper limb NF that underwent an average
of two surgical debridements and reported a mortality rate
of 35,7%. None of the patients was submitted to amputa-
tion but a split-thickness skin-graft reconstruction was re-
quired in 7 out of 9 survivors.!5 In another study, regarding
31 patients with upper extremity NF, Hankins and Southern
found that the median number of operations for each pa-
tient was 2,04 (range 0-7) while Singh et al., report an av-
erage number of 2,57 procedures per patient in their study
of 48 cases (14% upper extremity infections).%30 In a pre-
viously reported study, Yeung et al. stated that the mean
value of debridement per patient was 2 and the mortal-
ity rate 28%. In all, 11 amputations were performed: three
above-elbow, two below-elbow, and six entailed digits. 10
patients had their wounds treated with skin grafts and 4
with flap coverage.#4

Sharma and colleagues proposed a risk-adjusted scoring
system that surgeons can use to anticipate which infections
may require additional debridement and plan their opera-
tive schedule. This scoring system is based on the infec-
tion’s known characteristics- patient factors, microbiology,
infection site- and the researchers recommend additional
wound debridement with a score of a total of 12 points or
greater.69

The risk factors for increased mortality rate and extrem-
ity amputation have been also described in the literature.
Anaya et al., in a retrospective review of 166 patients (58%
extremity infections), identified WBC >30000, creatinine
>2mg/dl, heart disease, and clostridial infection as inde-
pendent predictors of mortality. Independent predictors of
limb loss were found to be clostridial infections, heart dis-
ease, and shock.! Tang et al., studying 12 patients with
upper limb NF, suggested the criteria for possible amputa-
tion that included high anesthesia risk, necrotic underly-
ing muscles, extensive infection with a large area of necro-
sis, septic shock requiring ionotropic support, and vascular
insufficiency. Considering these criteria were performed 5
amputations, ranging from digital amputation to shoulder
disarticulation.#> In another retrospective cohort study of
122 patients with upper extremity NF, Nawijn and col-
leagues found that ASA (American Society of Anesthesiol-
ogists) classification and base deficit at admission can pre-
dict the prognosis of patients, while a necrotizing infection
of the non-dominant arm is a risk factor for amputation.
They also stated that necrotizing infections of the upper
limb have a relatively low mortality rate, but a relatively
high amputation rate compared with cases of NF regarding
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other anatomical sites.!7 Uehara et al. in their study of 116
patients with upper extremity NF report that sepsis and di-
abetes mellitus are associated with a higher rate of ampu-
tations, while renal dysfunction and advanced age are asso-
ciated with higher rates of in-hospital mortality.18

Management of the large, complex wounds that often re-
sult after surgical debridement of upper limb necrotizing
fasciitis, can pose serious challenges even for experienced
surgeons. Especially in patients who will be submitted in
reconstruction with flaps or free tissue transfers, maintain-
ing the wound clean and protecting it from desiccation is
of utmost importance. The use of negative pressure wound
therapy (NPWT) has been widely reported in the literature
and many studies support its beneficial effect on wound
healing. Corona et al., in their study of 20 patients with
extremity NF (40% upper limb) used the above-mentioned
technique for surgical wound management in 75% of the
cases and reported a mortality rate of 30% and four ampu-
tations. Although they could not prove a clear improvement
in results, they support the application of NWPT for three
reasons: improved wound isolation, reduced nursing time,
and patient comfort.® In another study, Huang assessed the
efficacy of NPWT in patients with limp NF. They compared
two groups of 12 patients. The first group was treated with
vacuum-assisted wound closure (VAC) and the other group
with conventional wet-to-dry dressings. They noticed that
although the patient cost was not significantly different,
the VAC technique could decrease the morbidities asso-
ciated with wound care.”® In another case report, Collins
presents the successful, concomitant use of NWPT, ciNPT
(closed incision negative pressure therapy), and hydro poly-
mer foam dressings for wound management of an upper ex-
tremity necrotizing infection.l4

Reconstruction of the soft tissue deficits post debride-
ment using free tissue transfers is poorly mentioned in the
literature. Gawaziuk et al., in a retrospective review of 12
patients with NF (58,8% involving upper extremity) treated
with FTT and 212 patients (18,9% upper extremity) treated
with no FTT, concluded that FTT was not associated with
worse outcomes such as increased rate of amputation, pro-
longed hospital stay or more operations and remains a fea-
sible option.28 The main flaps that have been described
are anterolateral thigh, latissimus dorsi, radial forearm, and
groin.zsf28

From another perspective, Mattison et al., studied the
clinical and economic benefits of single-specialty manage-
ment of upper extremities NF. The researchers, retrospec-
tively reviewed 54 cases with upper extremity necrotizing
fasciitis, concluded that patients managed primarily by the
plastic surgery team demonstrated higher APACHE II scores
compared to patients managed by multiple services. In ad-
dition, they noted that the patients admitted directly to a
plastic surgery team had shorter average lengths of hospi-
tal and ICU stays, and decreased the total number of pro-
cedures, resulting in decreased hospital charges. Therefore,
they advocate the single-specialty management of NF, and
in cases that is not possible, they propose

improved communication between the teams initially
managing the patient and the reconstructive team.”!

10. CONCLUSION

Necrotizing fasciitis is a rare but, potentially, life-threat-
ening condition with high mortality rates. Upper limp is
a relatively uncommon site of infection and the literature
pertaining to their management is limited in case reports,
small case series, and small retrospective studies. For this
reason, we conducted a review of the current literature,
to gather the findings of various studies, exhibit its basic
characteristics, and subline the differences that necrotizing
fasciitis of the upper extremity presents compared to other
anatomic sites. First, the relatively lower mortality rates of
upper limb NF were confirmed. Interruption of the skin in-
tegrity from events, such as trauma, constitutes the most
common causative factor and if the upper extremity is con-
cerned, intravenous drug use (IVDU) is the most frequent
among them. Moreover, the increasing intravenous use of
recreational substances explains the resultant growth in
the incidence of upper limb NF. Numerous conditions are
associated with this pathology, such as diabetes mellitus,
immunodeficiency, malignancy, renal and liver failure, and
peripheral vascular disease. Depending on the pathogenic
microorganism that is responsible for this type of infection,
NF can be categorized into four distinct types. Contrary to
NF of other anatomic sites that are usually due to mixed
polymicrobial flora, NF of the upper extremity is most at-
tributed to monomicrobial infection from Gram-positive
pathogens (predominantly Group A beta-hemolytic Strep-
tococcus and secondarily Staphylococcus aureus). The clin-
ical course of the disease may vary and, especially, the cases
involving the upper extremities may have the more subtle
presentation and delayed onset of sepsis. A delay in diag-
nosis may prove to be fatal, hence, the clinicians must have
a high index of suspicion and must be able to differenti-
ate this condition from other necrotizing soft tissue infec-
tions. Laboratory-based scoring systems, imaging modal-
ities, and histological examination can be useful tools in
establishing the diagnosis, which may be secured by explo-
rative surgery. Antibiotics administration and early and ag-
gressive surgical debridement have been proven to affect
the mortality rates and remain the cornerstone of treat-
ment. In some cases, a series of debridement is mandatory
to control the disease and, not rarely, the surgeon may be
obliged to amputate the limp to preserve the life of the pa-
tient. Postoperative management of the surgical wound is
another important matter and many new promising tech-
nologies have been proposed in literature. Despite the sur-
gical advances, the pharmacological improvement and the
intensive care developments, necrotizing fasciitis remains a
condition with high mortality and morbidity rates and im-
plementation of new management technologies does not
seem to affect the outcome. Consequently, necrotizing
fasciitis of the upper extremity remains a field still investi-
gated in a relatively low level, and we hope that this study
could function as a stimulus for new studies.
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