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necrotizing fasciitis: a systematic review and case report
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Purpose: A patient presented to a regional surgical center with Fournier gangrene (FG) and concurrent multifocal necrotizing fasci-
itis (NF). Given the rarity, it was decided to undertake a systematic review to investigate the incidence and prevalence of FG with mul-
tifocal NF and consequently determine the treatment and approach to management of such presentation.

Methods: Firstly, the report of the 56-year-old male patient is discussed regarding his surgical management. Secondly, a systematic
review was undertaken according to PRISMA guidelines using MEDLINE, Scopus, and Embase databases. Searches used the follow-
ing MeSH terms: (“fournier’s gangrene”) AND ((necrotising fasciitis) OR (necrotising soft tissue infection)). Once the search results
were obtained, duplicate articles were removed. Titles, abstracts, and articles were reviewed by 2 authors.

Results: The search strategy using the 3 databases revealed a total of 402 studies. Fifty-seven studies were removed due to duplication.
A total of 345 records were screened via title and abstract, of which 115 were excluded. Two hundred and thirty studies were reviewed
for eligibility. A total of all 230 studies were excluded; 169 were excluded as they included the incorrect patient population (patients
suffered from FG or NE but not both collectively), 60 studies were excluded due to incorrect study designs, and 1 report occurred in
the wrong setting.

Conclusion: This highlights that while being a relatively known, uncommon infection both FG and NF are well documented sepa-

rately within the literature. However, FG with concurrent multifocal NF has not been documented within the literature.

Keywords: Fournier gangrene; Necrotizing fasciitis; Multifocal

INTRODUCTION

Necrotizing fasciitis (NF) or necrotizing soft tissue infection is a
rapidly progressive infection of skin, fat, fascia, and muscle, typi-
cally involving the limbs and groin [1]. Fournier gangrene (FG) is
a form of NF affecting the perineum, perianal and genital regions
[2]. Both are life-threatening infections that involve rapid necrosis
of bodily tissue. Mortality rates of NF and FG have been reported

at 21.1% [3] and 12.5% [4], respectively, in recent meta-analyses.

While dozens of reports have documented multifocal NF [5], to
our knowledge, there are no reports of FG with concurrent multi-
focal NF in the literature. Multifocal NF is defined as 2 or more
areas of noncontiguous and noncommunicating areas of necrosis
[5]. The primary risk factors identified for multifocal NF included
male sex, lower limb involvement, and marine gram-negative
bacterial organisms [6]. Patients with multifocal NF have been
deemed to have a high mortality rate (62% vs. 30%) compared
with a single-site infection [6]. Two theories currently exist for the
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development of multifocal NF: either the development of septic
embolization metastatically or concurrent multifocal inoculation
and thus development of further NF [7]. The primary risk factors
identified for FG include diabetes, alcoholism, poor nutritional
state, malignancies, and recent trauma to the perineum [8].
Firstly, we present a case of scrotal FG with multifocal NF of the
extremities. Secondly, we conduct a systematic review of the liter-

ature to determine if similar cases have been reported in the past.

METHODS

Ethics statement

Ethical approval was obtained from the local health services Hu-
man Ethics Review Committee-Institutional Review Body (No.
LNR/65474/BHCG-2020-217550 [v1]) on June 1, 2021. Written
informed signed consent was obtained from the patient for his

anonymized information to be published in this article.

Study design

This review was conducted according to PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses) guide-
lines. An electronic literature review was conducted using MED-
LINE, Scopus, and Embase databases for publications between
1980 and 2021 in the English language. Initial searches used the
following MeSH (Medical Subject Headings) terms: (“fournier’s
gangrene”) AND ((necrotising fasciitis) OR (necrotising soft tis-
sue infection)). Once the search results were obtained, duplicate
articles were removed. If authors/groups with multiple papers
studying the same patient cohort were identified, we included
only the most recent study to avoid duplication. Titles, abstracts,
and full articles were reviewed by 2 authors (JAP and CHAL).
This was used to determine that articles addressed inclusion crite-
ria. To assess eligibility for the systematic review, PICO (popula-
tion, intervention, comparison, outcome) criteria were used. The
PICO criteria were as follows: population, case reports or case se-
ries of FG and NF; intervention, none; comparison, none; and

outcome, clinical presentations, treatment strategies, and survival.

Case report

A 56-year-old male patient presented to a rural Victorian Urgent
Care Center with 4 days of scrotal pain, myalgia, and inability to
walk. His medical history consisted of alcohol abuse and 40 pack-
year smoking history. He worked as a fruit picker and had previ-
ously been a pig farmer. Examination revealed fulminant necrosis
of the scrotum, in addition to the dorsum and heels of both feet,
and the left middle finger. He was commenced on intravenous

benzylpenicillin and flucloxacillin and transferred to the nearest
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regional center. On arrival at the regional center, his examination
findings were consistent were concerning multifocal NF with FG
as shown in Fig. 1. A diagnosis of scrotal FG with concurrent
multifocal NF was made at the regional center.

On arrival at the regional center, antibiotic therapy was changed
to intravenous clindamycin, meropenem, and vancomycin. He
was urgently transferred to the operating room for surgical explo-
ration and debridement. Intraoperative findings included global
necrosis of scrotum associated with copious purulent discharge
and bilateral nonviable testes. He underwent scrotal debridement,
bilateral orchiectomy, and debridement of necrotic tissue from
both feet and left middle finger. Postoperatively, he was admitted
to the intensive care unit (ICU) of the regional center for 1 day
before being transferred to a metropolitan tertiary institution. The
patient remained intubated during this time while receiving intra-
venous vasopressor support (noradrenaline) and antibiotics.
Pathological analysis of scrotal tissue was consistent with FG and
tissue culture revealed polymicrobial growth including Streptococ-
cus intermedius, Escherichia coli, Klebsiella oxytoca, and Staphylo-
coccus aureus. Histological examination of limb tissue was consis-
tent with NE

At the metropolitan center, the patient spent a further 6 days in
ICU (and a further 4 days on noradrenaline vasopressor support),
24 days on the surgical ward, and underwent 3 further operations.
On day 2, he underwent scrotal debridement, left medial thigh
exploration, and insertion of bilateral middle ear ventilation tubes
(to prevent middle ear barotrauma) with general surgery, plastic
surgery, urology, and otorhinolaryngology teams. On day 8, he
underwent scrotal wound reexploration and closure, and further
debridement of limb wounds with urology and plastic surgery. On
day 16, he underwent further debridement and received split skin
grafts from the left thigh to bilateral heel wounds. It is not clini-
cally perceived that the use of vasopressors contributed to the de-
velopment of the multifocal NF; however, the ongoing use of va-
sopressors may have delayed the skin’s inflammatory and healing
response.

The patient was discharged on day 30 of his tertiary admission
to a regional rehabilitation facility. His scrotal wound had stabi-
lized and bilateral skin grafts showed good uptake. He was down-
graded to oral ciprofloxacin and amoxicillin/clavulanate on dis-
charge. Following bilateral orchiectomy, he was commenced on
lifelong testosterone replacement therapy. He was discharged
home after 60 days of inpatient rehabilitation after making a full
recovery. The focus of FG was believed to be genitourinary, given
the extent of scrotal involvement with necrotic testes, the multifo-
cal involvement, and the patient’s otherwise good preexisting
health.
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Fig. 1. Patient images of Fournier gangrene (FG) with multifocal necrotizing fasciitis (NF). (A-E, G) The patient’s multifocal NE (F) The patient’s
FG.

He is well 5 months on from his initial presentation and plans
to return to fruit picking in the summer.

RESULTS

The search strategy using the 3 databases revealed a total of 402
studies. Fifty-seven studies were removed prior to screening due
to duplication. A total of 345 records were screened via title and
abstract, of which 115 were excluded. As shown in Fig. 2, 230
studies were reviewed for eligibility. A total of 230 studies were
excluded: 169 were excluded as they included the incorrect patient
population (patients suffered from FG or NEF, but not both collec-
tively); 60 studies were not included as they were the incorrect
study designs; and 1 report occurred in the wrong setting. Of the
230 studies excluded, 127 studies purely discussed patient’s suffer-
ing from FG without multifocal NE A further 42 studies purely
discussed patient’s suffering from NF not involving the perineum
(FG). Of these 169 studies reviewed, none reported any patients
diagnosed with FG and multifocal NE Furthermore, of these 169
studies, 62 were case reports, 104 were case series, and 3 were co-
hort studies. In total, 61 full studies were irrelevant as detailed in
the PRISMA flowchart below in Fig. 2. One study [9] which was
performed within the wrong setting included a report assessing

the biomarkers as the association of NF severity and the incidence

https://doi.org/10.3393/ac.2022.00192.0027

of FG with second-line antidiabetic drugs.

DISCUSSION

This systematic review reviewed 230 studies for full review. Of
these 230 studies, none reported FG with multifocal NE All case
reports, case series, or cohort studies discussed FG or NF as sepa-
rate entities while not presenting simultaneously with each other.
This highlights the rarity of such combined presentations.
Multifocal NE while rare, has been reported in the literature.
El-khani et al. [5] performed a systematic review of multifocal NF
with 33 individual cases over 50 years. They hypothesized that
multifocal NF appears to be underestimated and underreported
due to the lack of local registries and it is omission as a reportable
disease in many nations. Therefore, the true incidence of multifo-
cal NF is not unknown. Furthermore, their review highlighted
time delays between the appearances of multifocal NF lesions im-
pacting diagnosis of the condition. Individual lesions can occur at
different times, acute and subacute, often with extended time de-
lays [5]. For example, Toledo et al. [10] report a case of multifocal
NF developing 48 hours after the initial lesion was identified. A
pediatric patient initially developed right lower extremity NF, fol-
lowed 48 hours later by the left upper extremity developing NF.
Lee et al. [6] also reported multifocal NF 48 and 120 hours after
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Fig. 2. PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flowchart of the systematic review investigating
Fournier gangrene with multifocal necrotizing fasciitis.

initial presentation. Three additional articles also highlighted this
time delay [11-13] emphasizing the importance of frequent reex-
amination of patients with FG or NF to ensure early detection of
multifocal involvement.

El-khani et al. [5] hypothesized that delayed presentation of sec-
ondary lesions may occur from metastatic septic embolization or
hematologous spread. This was suggested from the theory that NF
commonly affects the abdominal wall, extremities, and perineum;
however, the limited multifocal NF reported commonly occurs in
the extremities, suggesting a systemic spread, rather than local ex-
pansion. This was further supported by Herrod et al. [14], who re-
ported a case presentation of multifocal NF; they hypothesized that
instead of the classic NF spreading by direct invasion along fascial
planes, it is disseminated by septic emboli in systemic circulation.
The 81-year-old patient developed both right thigh and left fore-
arm NF following the diagnosis of ischemic colitis.

Several risk factors for the development of multifocal NF have
been described including male sex, lower limb involvement, liver
cirrhosis, end-stage renal disease, and marine gram-negative bac-
terial infection [6]. Noncontiguous multifocal NF has been at-
tributed to a high frequency of gram-negative marine bacteria
[15]. Both Park et al. [15] and Lee et al. [6] reported an overall

424

Paynter JA, et al.

higher mortality rate of multifocal NF compared to monofocal
NE Park et al. [15] reported a mortality of 62%, and Lee et al. [6]
reported 67%, which is higher than the cumulative average mor-
tality rate of 34% reported for monofocal NF within the literature.
This has been further identified by Hua et al. [16] who stated that
multifocal NF was an independent risk factor for NF mortality.

The presence of multifocal NF reports within the literature, but
no documentation of concurrent FG emphasizes the rarity and
seriousness of the presentation experienced within this case re-
port. Furthermore, it could be explained that authors within the
literature may not provide sufficient case detail on multifocality
when reporting on large case series. It is very likely that the true
number of multifocal NE, and multifocal NF with concurrent FG
is much higher in the clinical setting than reported within the lit-
erature.

Novel risk factors have been reported in the literature, including
sodium-glucose cotransporter-2 (SGLT2) inhibitors and immu-
nosuppression [16-23]. SGLT?2 inhibitors are a recent introduc-
tion to oral hypoglycemic agents. They decrease glucose reabsorp-
tion and the promotion of glucosuria which consequently reduces
plasma glucose independently of insulin. It is hypothesized that
SLGT?2 inhibitors can potentiate the risk of urogenital tract and
genital infections, and therefore predispose to greater surround-
ing infections of the perineum [17]. Immunosuppression is a
theme reflected by Creta et al. [2] determining that patients suf-
fering from hematological malignancies are at increased risk of
developing FG. Patients suffering from malignancies have multi-
ple hospital encounters and admissions; therefore, they are at
higher risk of exposure to nosocomial, multidrug-resistant organ-
isms which are commonly encountered in FG. It should also be
highlighted that NF can often represent the first clinical indication
of malignancy [18-20].

Surgical scrotal reconstruction techniques post-FG also feature
predominantly in the literature [19, 21-26]. The loss of skin and
the subsequent layers of perineal tissue following necrotizing in-
fection poses a reconstructive challenge. The challenges that re-
quired large tissue coverage, combined with the prior need for
radical debridement and intensive care support for the patient,
create a difficult surgical situation. This emphasizes the extensive
multidisciplinary team required for treating multifocal NF and
FG, who all need to be cognitive of the need for reexamination of
the patient to ensure no further lesions have developed.

An additional consideration in our case was the use of vaso-
pressors and inotropes in the intensive care setting. NF or FG pa-
tients are often hemodynamically unstable and require pharma-
cological support for blood pressure and cardiac output. There is,

however, evidence that the use of vasopressors or inotropes is a
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predictive risk factor for mortality of NF or FG patients in the
ICU as discussed by Peetermans et al. [27]; however, it does not
seem to worsen NF or FG.

This systematic review highlights that while multifocal NF has
been reported throughout the literature, nil documentation of FG
with multifocal NF has been documented within the literature.
While it is anticipated that this has occurred within the clinical
setting, due to the lack of documentation within the literature this
cannot be proven.

This systematic review highlights that while being a relatively
known, uncommon infection both NF and FG are well docu-
mented separately within the literature. However, no reports of
FG with concurrent multifocal NF have been documented within
the literature. Despite its rare presentation, this highlights the
need for comprehensive and frequent reexamination of such pa-
tients to monitor for the development of multifocal NF with FG
or multifocal NE
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