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Abstract: Fournier’s gangrene (FG) is a rare form of necrotizing fasciitis of the perineal, genital, or
perianal region. It is characterized by an aggressive course and high mortality rate, over 20%. FG
demands immediate treatment including resuscitation maneuvers, intravenous antibiotic therapy and
early surgical debridement. Background/Objectives: The gold-standard treatment for FG is surgical
reconstruction. However, up to date, no precise guidelines exist. Thus, we decided to systematically
review the literature, focusing on FG contemporary approaches to reconstructive surgery, aiming to
analyze the various reconstructive strategies and their specific indications. Methods: A systematic
review was carried out according to the PRISMA statement by searching various databases from
April 2014 to April 2024, using the terms “Fournier Gangrene OR Fournier Gangrene Reconstruction
OR Fournier Gangrene Treatment OR Fournier Gangrene Plastic Surgery OR Necrotizing Fasciitis
OR Necrotizing Fasciitis AND Reconstruction”. The eligibility criteria included original studies
aimed at discussing FG reconstruction with at least three clinical cases. Results: The final synthesis
included 38 articles, and 576 reconstructions were described. Of these, 77.6% were minimally invasive
strategies (direct closure, secondary healing, grafts, and local random flaps), while more invasive
reconstructions (loco-regional flaps based on known vascular anatomy) were adopted in 22.4%. No
free flaps were reported. Conclusions: FG requires immediate medical interventions including
broad-spectrum antibiotic therapy, surgical debridement, adjuvant therapies, and reconstructive
surgeries. Taking into account the anatomical characteristics of the inguinal-crural region, skin grafts
and local random flaps could offer versatile and effective reconstructions for most FG cases, while
the more invasive strategies should be reserved for very few cases. Future research is warranted to
define an FG dedicated reconstruction protocol.

Keywords: Fournier gangrene; Fournier gangrene reconstruction; Fournier gangrene treatment;
Fournier gangrene plastic surgery; necrotizing fasciitis; necrotizing fasciitis and reconstruction

1. Introduction

Fournier’s gangrene (FG), first documented by Jean-Alfred Fournier in 1883 [1], is
a rare form of necrotizing fasciitis of the perineal, genital, or perianal region [2]. FG
commonly affects males above 50 years old. Less frequently, at a ratio of 10:1, it occurs in
children and females [3]. The latter experience a significantly higher mortality rate due
to the different anatomy and greater susceptibility to peritonitis and retroperitonitis [4].
Indeed, female sex is a recognized independent negative prognostic factor, together with
cardiovascular disease, diabetes, and overall patient frailty [5-7].

FG is characterized by an aggressive course and a high mortality rate of over 20% [8].
It requires immediate intervention, including resuscitation maneuvers, intravenous antibi-
otic therapy, and early surgical debridement [8]. Various reconstructive surgeries can be
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considered, aiming to cover the testicles, preserve testicular function, and restore acceptable
cosmetic results, while minimizing morbidity and mortality. Surgery is the gold standard
for FG treatment. However, the appropriate timing and surgical strategy are still debated,
and no precise guidelines exist [9,10].

In the present review, we electively focus on FG contemporary approaches to recon-
structive surgery, aiming to analyze various reconstructive strategies and their specific
indications. Brief reports on etiopathogenetic factors, medical treatments, and regional
anatomy are also mentioned.

2. Materials and Methods
2.1. The Data Sources and Search Strategy

Following the PRISMA statement for Systematic Reviews [11], the recent literature
was searched on the PubMed (MEDLINE), EMBASE, Cochrane, Web of Science, and Scopus
databases from April 2014 to April 2024 using the terms “(Fournier Gangrene) OR (Fournier
Gangrene Reconstruction) OR (Fournier Gangrene Treatment) OR (Fournier Gangrene
Plastic Surgery) OR (Necrotizing Fasciitis) OR (Necrotizing Fasciitis AND Reconstruction)”.
An extensive list of terms to describe the target population based on the PICO acronym
was formulated:

P (population)—Fournier’s Gangrene syndrome;

I (intervention)—surgery and surgical reconstruction;

C (comparator)—control group, non-surgical strategy, and medical treatment;

O (outcomes)—reconstruction outcomes and complications assessment.

This systematic review was registered in the International Prospective Register of
Systematic Reviews (PROSPERO), ID: CRD42024555882.

2.2. Study Selection

The inclusion criteria were original studies (observational studies or randomized
controlled trials) discussing the surgical treatment of FG. Case series were included if
they reported a minimum of three FG cases. Studies were excluded if they were animal
studies, review articles or meta-analyses, books and documents, case reports, letters to the
editor, and papers not written in English. Inconclusive or descriptive evidence was not
included. Following title and abstract screening, we established whether publications met
the selection criteria. Furthermore, when title and abstract screening alone was unclear,
the full text was reviewed and compared to the selection criteria. The bibliographical
references were also screened. The included articles were then subjected to a full-text
review and tested with the selection criteria. After study selection, data extraction, and
critical appraisal, the collected data were brought to the attention of the senior author (LG)
for final approval and any disagreement resolution. Accordingly, the selected papers were
re-examined and finally included to present the information in this review.

3. Results

Based on the established keywords, the primary research revealed a total of 5531 articles
(Figure 1). These were compared with selection criteria. By using PubMed’s automatic
search tools and manual screening, 2656 case reports, 1008 articles not written in En-
glish, 808 reviews and meta-analyses, 504 letters to the editor, 153 animal studies, and
20 books/documents were excluded. Seventeen duplicates were also excluded, and
365 remaining articles were assessed for relevance based on their titles and abstracts; as a
result, 95 potentially eligible original articles were selected and fully reviewed. Of these,
59 articles that were not relevant to the aim of this study were excluded. Finally, 38 articles
met the selection criteria and were included in this review (Table 1).
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Figure 1. PRISMA 2020 flow diagram summarizing research results.

Overall, we identified 719 cases of FG subjected to surgical treatment: 478 males
(92.6%) and 37 women (7.4%). Data on comorbidities were available for 510/719 patients
(71.4%). Of these, diabetes mellitus was observed in 207/510 (40.5%), cardiovascular
disease in 31/510 (6.0%), obesity in 23/510 (4.5%), smoking in 22 /510 (4.3%), alcoholism
in 21/510 (4.1%), renal failure in 19/510 (3.7%), immunosuppression in 15/510 (2.5%),
cirrhosis in 13/510 (2.5%) paraplegia in 6/510 (1.1%), and neoplasm in 6/510 (1.1%). The
extension of FG defect was specified for 370/719 (51.5%). Of these, 212 (57.8%) were limited
to the penile, scrotal, or vulvar region, 58 (15.7%) were perineal lesions, 100 (27.0%) had
extra-perineal extension.

The reconstructive strategy was available for 593/719 (82.5%). Of these, reconstruction
involved direct closure in 35/593 (5.9%), healing by secondary intention in 113/593 (19.1%),
skin grafts in 219/593 (37.4%), and loco-regional flaps in 223/593 (37.9%). None of the
studies reported the use of free flaps: 0/593 (0%). Loco-regional flaps included random
flaps in 90/223 (40.4%) and flaps based on known vascular anatomy in 133/223 (59.6%).

Overall, a minimally invasive reconstructive strategy (including direct closure, sec-
ondary healing, grafts, and local random flaps) was achieved in 460/593 (77.6%), while
more invasive strategies represented by loco-regional flaps based on known vascular
anatomy or free flaps were used in 133/593 cases (23.4%).

Data on complications were reported for 272/719 (37.8%). Of these, complications
occurred in 21.3%, mostly local complications, such as wound dehiscence, distal flap
necrosis, and wound infection (Table 2).
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Table 1. Clinical evidence for the appropriate surgical treatment for Fournier’s gangrene. N/A: not applicable.
Authors, Year N. Patients N.Males N. Females Mean Age, y Defect Comorbitidies Surgical Treatment Complications
1 Primary closure
12 Penile/Scrotal / Vulvar 5 Secondary intention
Biju et al., 2023 [12] 34 27 7 58 22 Pernieal 18 Diabetes mellitus 25 Skin grafts N/A
0 Extra-perineal 3 Loco-regional flaps
0 Free flaps
18 Diabetes mellitus
10 Alcoholism .
. 0 Primary closure
8 Smoking 30 Secondary intention
Chen et al., 2023 [13] 36 31 5 53 (range 28-74) N/A 4 Chronic renal failure 0 Sk.eco ?ty entio N/A
4 Cirrhosis 6L n ira 'Snal fla
4 Obesity oco-reglo ps
3 Immunological diseases
0 Primary closure
0 Secondary intention
. ) 0 Skin grafts
Meuli etal, 2023 [14] 7 7 0 N/A N/A N/A 7 Tocosegional flaps (pedicled N/A
antero-lateral thigh flaps)
0 Free flaps
0 Primary closure
0 Secondary intention
1 Skin grafts 3 Wound infection
Maurya et al., 2022 [15] 6 N/A N/A N/A N/A N/A 5 Loco-regional flaps (scrotal flap, medial =~ 3 Wound dehiscence
thigh flap, antero-lateral thigh flap, 2 Distal flap necrosis
groin flap)
0 Free flaps
0 Primary closure
0 Secondary intention
1 Skin grafts
Puranik etal, 2022[16] 15 N/A N/A N/A N/A N/A 5 Loco-regional flaps (scrotal flap, super

medial thigh flap, pudendal thigh flap,
medial circumflex artery perforator flap,
gracilis flap)

0 Free flaps.
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Table 1. Cont.
Authors, Year N. Patients N.Males N. Females Mean Age, y Defect Comorbitidies Surgical Treatment Complications
0 Primary closure
5 Penile/Scrotal S Contiovmmenlar discases  OSkmpmatr
Ociik et al., 2022 [17] 15 15 0 63 (range 32-87) 7 Pernieal grats . 4 Wound dehiscence
. 2 Neoplasm 15 Loco-regional flaps (superomedial
3 Extra-perineal . . . .
1 Immunological disease fasciocutaneous thigh flap)
0 Free flaps
0 Primary closure
0 Secondary intention
Tripodi et al., 2022 [18] 23 23 0 44 (range 2-65) N/A N/A 23 Skin grafts N/A
0 Loco-regional flaps
0 Free flaps
0 Primary closure
Mortada et al 10 Penile/Scrotal 11 Diabetes mellitus 0 Secondary intention
2021 [19] v 16 16 0 42 (range 20-61) 6 Pernieal 3 Cardiovascular diseases 16 Skin grafts 8 Wound dehiscence
0 Extra-perineal 2 Obesity 0 Loco-regional flaps
0 Free flaps
. . 0 Primary closure
29 Penile/Scrotal ESCE;Z?;&ZSSZ?E;T;;%S% 0 Secondary intention
Dadaci et al., 2021 [20] 29 29 0 64 (range 47-80) 0 Pernieal . . 0 Skin grafts 4 Seromas
. 2 Chronic renal failure . .
0 Extra-perineal 29 Loco-regional flaps (Limberg flap)
1 Neoplasm
0 Free flaps
0 Primary closure
0 Secondary intention
Beecroft et al., 2021 [21] 31 25 6 N/A N/A N/A NA Skin grafts N/A
NA Loco-regional flaps (gracilis flaps)
0 Free flaps
16 Primary closure
10 Secondary intention
Agwu et al., 2020 [22] 35 N/A N/A N/A N/A N/A 7 Skin grafts N/A

2 Loco-regional flaps (advancement flaps)

0 Free flaps




J. Clin. Med. 2024, 13, 4085 6 of 22

Table 1. Cont.

Authors, Year N. Patients N.Males N. Females Mean Age, y Defect Comorbitidies Surgical Treatment Complications

1 Primary closure
8 Penile/Scrotal / Vulvar . . 4 Secondary intention
Zhangetal, 2020 [23] 12 10 2 60 (range 45-66) 4 Pernieal 8 Diabetes mellitus 4 Skin grafts
. 1 Neoplasm .
0 Extra-perineal 3 Loco-regional flaps
0 Free flaps

2 Sepsis

2 Pneumonia
1 Renal failure
1 Heart failure

0 Primary closure

0 Secondary intention

0 Skin grafts

16 Loco-regional flaps (bilateral
pudendal flaps)

0 Free flaps.

Khanal et al., 2020 [24] 14 14 0 41 (range 28-60) N/A 3 Diabetes mellitus 1 Flap necrosis

14 Scrotal
14 14 0 41 (range 28-60) 0 Pernieal 3 Diabetes mellitus 14 Loco-regional flaps 1 Flap necrosis
0 Extra-perineal

Khanal, Bhawani et al.,
2020 [24]

0 Primary closure
0 Secondary intention
Garg et al., 2019 [25] 16 16 0 N/A N/A N/A 16 Skin grafts N/A
0 Loco-regional flaps
0 Free flaps

0 Primary closure

0 Secondary intention

7 Skin graft

9 Loco-regional flaps (5 random flaps, 2 Flap dehiscence
2 internal pudendal artery flaps, 2 Flap necrosis

1 McGregor propeller flap, 1 medial

femoral circumflex artery perforator flap)

0 Free flaps

6 Diabetes mellitus

1 Chronic renal failure
Louro et al., 2019 [26] 15 14 1 67 (range 46-86) N/A 1 Cirrhosis

1 Neoplasm

1 Hematological disease

0 Primary closure
0 Secondary intention
10 N/A N/A N/A N/A N/A 9 Skin grafts N/A
1 Loco-regional flap (rotational Flap
0 Free flaps

Heijkoop et al.,
2019 [27]
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Table 1. Cont.
Authors, Year N. Patients N.Males N. Females Mean Age, y Defect Comorbitidies Surgical Treatment Complications
0 Primary closure
. 0 Secondary intention
. . 13 Penile/Scrotal .
Unverdi et al., X 0 Skin grafts 1 Hematoma
2019 [28] 13 13 0 54 (range 32-80) 0 Pernieal . N/A 13 Loco-regional flaps (internal pudendal 1 Distal flap ecrosis
0 Extra-perineal
artery perforator flap)
0 free flaps
15 Primary closure 1 Generalized sepsis
0 Penile/Scrotal/Vulvar 29 Diabetes mellitus 0 Secondary intention 1 Wound infection
Lin et al., 2019 [29] 60 56 4 53 0 Pernieal 4 Chronic renal failure 45 Skin grafts 1 Massime
60 Extra-perineal 2 Paraplegia 0 Loco-regional flap hemorrhage
0 Free flaps 1 Septic death
0 Primary closure
0 Secondary intention
0 Skin grafts .
Mello et al., 2018 [30] 15 15 0 48 (range 28-66) N/A N/A 15 Loco-regional flaps 3 Wound dehiscence
(superomedial fasciocutaneous thigh flap)
0 Free flaps
4 Primary closure
20 Penile/Scrotal 9 Dlabetes. mellitus 0 Segondary intention 2 Wound infection
El-Sabbagh et al., - 7 Bad hygiene 2 Skin grafts
5 20 20 0 48 (range 37-59) 0 Pernieal . . . . 1 Seroma
018 [31] 0 Extra-perineal 2 Chronic renal failure 8 Loco-regional flaps (pudendal thigh 1 Flap necrosis
p 1 Cirrhosis flap: 4 bilateral, 4 unilateral) p
0 Free flaps
. . 0 Primary closure
2 Penile/Scrotal / Vulvar ;%?)zk;ftes mellitus 0 Secondary intention
Perry et al., 2018 [32] 17 11 6 49 (range 20-73) 5 Pernieal "y . 2 Skin grafts N/A
. 3 Cardiovascular diseases .
10 Extra-perineal L 15 Loco-regional flaps (advancement flap)
3 Urologic disease
0 Free flaps
13 Primary closure
Sockkalingam et al 0 Secondary intention
& v 17 N/A N/A N/A N/A N/A 2 Skin grafts N/A

2018 [33]

2 Loco-regional flaps (prepucial skin flap)
0 Free flaps
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Table 1. Cont.

Authors, Year

N. Patients  N. Males

N. Females

Mean Age, y

Defect

Comorbitidies

Surgical Treatment

Complications

Hahn et al., 2018 [34]

13 N/A

N/A

N/A

N/A

N/A

0 Primary closure

0 Secondary intention

8 Skin grafts

5 Loco-regional flaps (2 perforator flaps,
3 antero-lateral thigh flaps)

0 Free flaps

N/A

Hong et al., 2017 [7]

49 (range 40-63)

1 Penile/Scrotal
0 Perineal
3 Extra-perineal

N/A

0 Primary closure

0 Secondary intention
4 Skin grafts

0 Loco-regional flaps
0 Free flaps

1 Flap congestion
1 Wound dehiscence

Joon P. Hong et al.,
2017 [35]

N/A

N/A

N/A

0 Primary closure

0 Secondary intention

0 Skin grafts

4 Loco-regional flaps (multiple pedicled
perforator flaps)

0 Free flaps

1 Flap congestion
1 Wound dehiscence

Djedovic et al.,
2017 [36]

57 (range 32-81)

3 Penile/Scrotal/Vulvar
5 Pernieal
0 Extra-perineal

5 Smoking

4 Diabetes mellitus

4 Cardiovascular diseases
3 Alcoholism

0 Primary closure

0 Secondary intention

0 Skin grafts

8 Loco-regional flaps (bilateral medial
thigh lift)

0 Free flaps

2 Wound infection
1 Hematoma
1 Flap necrosis

Orhan et al., 2017 [37]

13 13

56 (range 46-72)

9 Penile/Scrotal
0 Perineal
4 Extra-perineal

22 Diabetes mellitus
7 Obesity
2 Chronic renal failure

0 Primary closure

0 Secondary intention
13 Skin grafts

0 Loco-regional flaps
0 Free flaps

N/A

Fatih Yanaral et al.,
2017 [38]

20 20

N/A

N/A

N/A

0 Primary closure

0 Secondary intention
NA Skin grafts

NA Loco-regional flaps
0 Free flaps

N/A
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Table 1. Cont.
Authors, Year N. Patients N.Males N. Females Mean Age, y Defect Comorbitidies Surgical Treatment Complications
0 Primary closure
. 0 Secondary intention
. 12 Penile/Scrotal .
Okwudili et al, 12 12 0 38 0 Perineal N/A 0 Skin grafts N/A
2016 [39] 0 Extra-perineal 12 Loco-regional flaps (temporary
P subcutaneous thigh pouch)
0 Free flaps
8 Dibetes mellitus 0 Primary closure
1 Penile/ Scrotal 2 Cordiovascular diseases  0Skingrafs
Lin et al., 2016 [40] 10 10 0 59 (range 39-82) 8 Pernieal 5 Alpole oLl fl lateral 1 Hematoma
1 Extra-perineal coholism 0 Loco-regional flaps (antero-latera
2 Chronic renal failure thigh flaps)
1 Paraplegia 0 Free flaps
1 Penile/Scrotal .
Ludolph, Ingoetal, 5 3 0 48 (range 39-60) 2 Perineal 1 Aleoholism 3 Skin grafts No complications
2016 [41] . 1 Smoking
0 Extra-perineal
0 Primary closure
Konofaos et al 6 Penile/Scrotal 0 Secondary intention
v 6 6 0 N/A 0 Perineal N/A 2 Skin grafts No complications
2015 [42] . .
0 Extra-perineal 0 Loco-regional flaps
0 Free flaps
0 Primary closure
0 Secondary intention
Alwaal etal., 2015 [43] 13 N/A N/A N/A N/A N/A 13 Skin grafts N/A
0 Loco-regional flaps
0 Free flaps
0 Primary closure
8 Smoking 0 Secondary intention
Di Summa et al 5 Alcoholism 0 Skin grafts
2015 [44] etal, 4 4 0 50 N/A 2 Diabetes mellitus 4 Loco-regional flaps (combined pedicled 2 Wound dehiscence
1 Obesity antero-lateral thigh and vastus

1 Chronic kidney failure

lateralis flap
0 Free flaps




J. Clin. Med. 2024, 13, 4085 10 of 22
Table 1. Cont.
Authors, Year N. Patients N.Males N. Females Mean Age, y Defect Comorbitidies Surgical Treatment Complications
0 Primary closure
o 66 Penile/Scrotal / Vulvar . . 64 Secondary intention
Ie’th;llhpz%h [i};?lya 84 82 2 43 (range 15-76) 4 Pernieal ;‘iggﬁiﬁgﬁgﬁzzse 14 Skin grafts N/A
v 14 Extra-perineal & 5 Loco-regional flaps (rotation flap).
0 Free flaps.
0 Primary closure
0 Secondary intention
Chao Lietal., 2015 [46] 20 20 0 N/A N/A N/A 13 Skin grafts N/A
7 Loco-regional flaps (scrotoplasty)
0 Free flaps
18 Diabetes mellitus N/A Primary closure
3 Paraplegia N/A Secondary intention
Oguz et al., 2015 [47] 43 34 9 52 (range 26-90) N/A 3 Cirrhosis N/A Skin grafts N/A
3 Chronic renal failure N/ A Loco-regional flaps
1 Neoplasm N/A Free flaps
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Table 2. Fournier’s gangrene reconstruction.

Demographics

N. patients 719

N. males 478 (92.6%)
N. females 37 (7.4%)

Average age

51 (range 15-90)

Comorbidities Data available for 510/719 (71.4%)
Diabetes mellitus 207 (40.5%)
Cardiovascular disease 31 (6.0%)
Obesity 23 (4.5%)
Smoking 22 (4.3%)
Alcoholism 21 (4.1%)
Renal failure 19 (3.7%)
Immunosuppression 15 (2.5%)
Cirrhosis 13 (2.5%)
Paraplegia 6 (1.1%)
Neoplasm 6 (1.1%)

Defect extension

Data available for 370/719 (51.5%)

Penile/scrotal /vulvar

212 (57.8%)

Perineal 58 (15.7%)
Extra-perineal 100 (27.0%)
Reconstructions Data available for 593/719 (82.5%)
Direct closure 35/593 (5.9%)
Healing by secondary intention 113/593 (19.1%)

Skin grafts 222/593 (37.4%)
Loco-regional flaps 223/593 (37.6%)
Random flaps 90/223 (40.4%)

Flaps based on known vascular anatomy 133/223 (59.6%)

Free flaps 0/593 (0%)
Ninimaly v st st it w5057
ow vasclr anetomy s e Gape) | 198/59B caes (2%
Complications Data available for 272/719 (37.8%)
Wound dehiscence 27 (9.9%)

Flap necrosis 9 (3.3%)

Wound infection 8 (2.9%)

Seroma 5 (1.8%)

Hematoma 3 (1.1%)

Flap congestion

Renal failure 2 (0.7%)

Pneumonia

Generalised sepsis 4 (1.4%)

No complications 214 (78.7%)
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4. Discussion

FG is a serious clinical condition that typically occurs in frail patients. The source of
infection may be genital, perineal, or genitourinary, but atypical onset has been documented,
such as after acute pancreatitis [4,48]. Commonly reported risk factors include male sex,
immunosuppression, chronic alcoholism, and prolonged immobilization [5,6]. Moreover,
cardiovascular disease, obesity, and diabetes mellitus play a central role [5,6]. Thus, the
control and treatment of these are once again crucial in improving a patient’s prognosis.

In such a scenario, a new class of drugs, the Sodium-glucose Cotransporter-2 (SGLT2)
inhibitors, has recently become a topic of debate. First introduced as antidiabetic drugs,
SGLT?2 inhibitors such as canaglifozin, empaglifozin, and dapaglifozin now represent one
major option for the treatment of heart failure. They represent class I recommendation
drugs according to the most recent European Society of Cardiology (ESC) guidelines,
regardless of the presence or absence of diabetes mellitus [49,50]. Notably, a particular
relationship between SGLT2 inhibitors and FG has been reported [51]. Specifically, in 2019,
the U.S. Food and Drug Administration (FDA) identified 55 cases of FG in patients treated
with SGLT2 inhibitors [52]. Due to the FG onset, serious consequences occurred, and three
patients died [52].

Since these drugs lower glycemia by preventing urine glucose reabsorption, glyco-
suria may occur, possibly promoting genital mycotic infections. This latter may trigger
FG [53-55]. There is still uncertainty on this topic; however, given the relevance of these
drugs, future research on SGLT inhibitors and FG should be carried out.

4.1. Clinical Presentation and Diagnosis

FG manifests as a wide range of clinical symptoms that initially consist of localized
pain, swelling of the affected area, redness, and warmth. As the infection spreads, fever,
chills, and general weakness may occur, up to septic shock. Atypical onset such as isolated
penile edema with normal skin appearance has also been documented [56]. Therefore, it is
crucial to consider FG in various scenarios of swelling, fever, leukocytosis, or dispropor-
tionate pain during examination, particularly in elderly patients. Additional signs such as
bruising, crepitus, and bullae in the genital region are also reported [57].

Due to the urgency of the condition, FG diagnosis primarily relies on clinical judgment,
and any suspicion justifies a prompt surgical consultation [58]. Laboratory findings include
leukocytosis, increased serum creatinine levels, and metabolic acidosis [59]. Blood cultures
are crucial to identify the polymicrobial etiology and guide an effective antibiotic treatment.
Imaging methods like CT scans may offer detailed visualization of the perineal structures,
allowing for retroperitoneum examination, where FG may extend [60]. Among the various
scoring systems used for FG assessment of severity and outcomes, the Fournier Gangrene
Severity Index (FGSI) and the Sequential Organ Failure Assessment (SOFA) are the most
reliable to predict in-hospital mortality [61]. Continuous research has led to progressive
improvements in FG management, with the mortality rate decreasing to 7.3% in the last
20 years [27,62].

4.2. Medical Treatment

Medical treatment plays a central role in FG, and it should be initiated as soon as
possible, considering the exponential course of FG and the life-threatening complications.
Appropriate initial management includes prompt resuscitation, administration of broad-
spectrum antibiotics, and surgical debridement [8].

4.2.1. Antibiotic Coverage

FG infection is typically polymicrobial, requiring extended coverage for Staphylococ-
cus, Enterococcus, and E. coli, as well as other Gram-negative pathogens and anaerobes,
including Bacteroides and Clostridium species. Occasionally, FG may be caused by atypi-
cal pathogens. Thus, antibiotics should be adjusted based on Gram staining and culture
results [63].
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4.2.2. Early Surgical Debridement

Early debridement results in improved clinical outcomes, including shorter hospital
stays, fewer debridement sessions, and reduced reliance on skin grafting, when com-
pared to conservative approaches of delayed debridement [23,47,64]. Yuki et al. [65]
documented the use of ultrasonic debridement as an effective and painless approach for
treating chronic wounds containing biofilm, morbid granulation tissue, soft necrotic areas,
and, in some cases, hard necrotic tissues resulting from FG. This treatment operates via
a cavitation effect: the waves emitted from the device generate numerous microscopic
bubbles, promoting emulsification and breakdown of necrotic tissues and biofilms, result-
ing in effective soft tissue debridement [66]. Despite the limited experience, it could offer
considerable advantages.

4.3. Adjuvant Therapies

Appropriate FG management includes adjuvant therapies such as Vacuum-Assisted
Closure (VAC) and Hyperbaric Oxygen Therapy (HBOT). The term adjuvant refers to their
deferred application to the first debridement surgery. These strategies should be considered
in cases of delayed response to conventional therapy or severe infections [8]. In addition,
they could offer results both in preparation for and following reconstructive surgery.

4.3.1. Vacuum-Assisted Closure (VAC)

VAC therapy, also known as Negative-Pressure Wound Therapy (NPWT), involves
the application of negative pressure to a wound with a sealed dressing trough a vacuum
pump. The technique has been related to several advantages, including increased tissue
granulation, wound healing, and limited infections [37,67]. It should represent a core
strategy in preparation for FG surgical reconstruction.

4.3.2. Hyperbaric Oxygen Therapy (HBOT)

HBOT involves placing the patient within a pressure vessel or chamber, where they
breathe 100% oxygen at atmospheric pressure. HBOT has been used as adjuvant treatment
for infectious diseases as it alleviates tissue hypoxia, decreases pathological inflammation,
mitigates ischemia-reperfusion injury, and promotes a bactericidal effect [68]. Although its
efficacy remains a subject of discussion, studies by Feres et al. [69] and Rizandha et al. [70]
indicated a significantly lower mortality rate in FG patients who received adjuvant HBOT
compared to those undergoing conventional therapy [70]. In addition, HBOT could have
an adjuvant role after reconstructive surgery by improving tissue oxygenation, possibly
reducing ischemic complications on surgical flaps and promoting healing [46,70]. Given
its promising benefits, HBOT is expected to become increasingly available in hospitals,
especially in FG-dedicated medical centers.

4.4. Inguinal-Crural Region Anatomy

When considering FG reconstruction, the fasciae and anatomical planes of the inguinal-
crural anatomical region play specific roles [71]. The cutaneous and subcutaneous planes
including skin, Camper’s superficial fascia, Scarpa’s fascia, and the underlying adipose
tissue, accommodate the axial vasculature that nourishes the skin. This latter should be re-
spected to avoid necrosis and failure of any local flaps [71,72]. The muscular, preperitoneal,
and peritoneal planes should then be spared to avoid vascular-nervous lesions [71,72].
Notably, surgical dissection on the subcutaneous-supramuscular plane is safe and reli-
able. It allows for extended recruitment of skin and soft tissues in local flaps, even with
random circulation.

Concerning the scrotum, beneath the skin, there is a thin layer of smooth muscle fibers
known as the dartos fascia, followed by three distinct fascial layers derived from the struc-
tures of the abdominal wall during embryonic development: the external spermatic fascia
(from the external oblique), the cremasteric muscle and fascia (from the internal oblique),
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and the internal spermatic fascia (from the transversalis fascia) [73,74]. Below these protec-
tive coverings resides the tunica vaginalis, directly enveloping each testis [75,76].

To reconstruct FG testicular exposure, a reliable and versatile scrotal local advancement
flap can be harvested by dissecting between the skin—dartos complex and the underlying
external spermatic fascia. This latter should be maintained below, revealing an almost
avascular surgical plane.

4.5. Reconstructive Surgery

FG surgical reconstruction varies depending on several factors, such defect size,
location, depth, and availability of local tissues [8]. Treatment should be initiated as
quickly as possible to cover exposed areas, avoid testicular scarring retraction, and penile
deformation [8]. Although extremely complex surgeries are reported in the literature,
our analysis reveals that most FG reconstructions are feasible with minimally invasive
techniques, while more invasive strategies should be reserved for the most challenging
cases. Specifically, out of the 593 highlighted reconstructions, a minimally invasive strategy
(including direct closure, secondary healing, grafts, and local random flaps) was achieved
in 469/593 (77.6%), while more invasive strategies represented by loco-regional flaps based
on known vascular anatomy or free flaps were used in 133 /593 cases (23.4%).

These findings were unexpected. Indeed, FG consequences are particularly severe, up
to penile degloving and testicle exposure. In the first instance, these could be misjudged
as serious reconstructive challenges due to both extended loss of substance and proximity
to the genitourinary apparatuses and related bacterial counts, possibly responsible for
infections. Indeed, most surgeons avoid FG reconstruction because of the fear of complica-
tions and technical difficulties. However, the inguinocrural anatomical region has a good
vascular supply and reliable surgical planes, allowing for satisfactory direct closure, skin
grafts, and local random flaps.

4.5.1. Primary Closure Approach

Primary intention closure involves directly bringing together the edges of the wound
when the surrounding tissue is healthy and viable, avoiding extensive tissue removal or
manipulation. When dealing with minor FG defects, direct suturing of the remaining scrotal
tissue yields the most favorable functional and cosmetic results, and the effectiveness of
this procedure is cited in multiple studies [31,33,59]. From our analysis, this strategy was
adopted as the sole treatment in 35/593 reconstructions (5.9%). The direct closure approach
is relatively easy to perform and should always be considered as a first-line treatment for
defects that are limited in size and extension. To improve outcomes, the procedure should
be deferred to debridement, considering the increased risk of infections for simultaneous
procedures [77].

4.5.2. Secondary-Intention Healing

In healing by secondary intention, the wound is left open to granulate and epithelialize
without surgical intervention [13,22]. Over 113 cases have been reported in the present
literature, accounting for 19.6% of all reconstructions. Specifically, Chalya et al. [45] obtained
wound closure by secondary intention in 65 FG patients (77.4%), reporting optimal results
with this strategy. It should be considered for loss of substances of limited extent and
depth. Despite the limited indications, it allows for minimally invasive and, sometimes,
unnecessary interventions.

4.5.3. Skin Grafts

Skin grafting involves transplanting healthy skin from a donor area to cover tissue
defects. When considering FG, the technique may involve the use of split-thickness or
full-thickness grafts. These are commonly employed as deferred procedures, following
surgical debridement, when primary intention or secondary healing approaches are not
feasible (Figure 2). The inguinal-crural anatomic region has a good vascular supply when
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compared to other areas, such as the distal leg or the foot [72]. Therefore, grafting represents
an excellent and relatively simple strategy. Indeed, in the current literature, it accounts for
over 222 procedures and 38% of all reconstructions [12,18,19,22,25,29,38,41-43]. Of course,
this strategy is inadequate for bone or tedineous exposure, but it is still suitable for most
FG cases.

(A) ' (B) - ©

Figure 2. Seventy-two-year-old man with testicular exposure and penile degloving following FG. The
patient was first subjected to surgical debridement. After 25 days, the loss of substance was covered
with a split-thickness graft. (A) preoperative; (B) graft inset; (C) 1-month follow-up.

In addition, porcine and bovine xenografts could be considered [8]. In the field
of FG, xenografts are typically regarded as a temporary measure, followed by deferred
autografting or reconstruction by flaps [21]. These templates seem promising for direct
closure of FG deep perineal, tendinous, and bone lesions, which cannot be reconstructed
by direct grafting [8,21]. To date, experience is still limited, but future research should be
carried out.

4.5.4. Locoregional Flaps

Local flaps are required in cases of extensive defects, which cannot be managed with
primary closure or skin grafting alone. The inguinal-crural region has valuable vasculariza-
tion, considerable redundancy and good tissue elasticity, ultimately resulting in several
reconstructive options [16,39]. When considering FG, over 223 local flaps were described,
accounting for 37.6% of all reconstructions. Various local flaps have been described, in-
cluding both random flaps (90/223—40.4%) and flaps based on known vascular anatomy
(133/223—59.6%).

e Random flaps

Through advancement, rotation, and transposition flaps, it is possible to mobilize
tissues with good results [12,13,32,33]. The most commonly reported are local advancement
flaps (Figure 3). In FG, these are easy to perform and reliable to cover extended losses of
substance, including scrotal reconstructions [12,13,32,33].

Moreover, the Limberg flap has been unconventionally described in this anatomical
area to provide tension-free transposition closure. Specifically, Dadaci et al. [20] reported
29 FG scrotal reconstructions (including defects in over 50% of the scrotal surface) effectively
managed by either double-sided or unilateral Limberg flaps [20]. Despite the limited appli-
cations, this unconventional strategy should be considered among the surgeon’s options.
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(A) ‘®) (©) (D)

Figure 3. Sixty-five-year-old male patient with testicular exposure following FG. Twenty-one days
after surgical debridement, the extensive loss of substance was covered with a bilateral advanced local
flap (random vascular anatomy). (A) preoperative; (B) flap dissection; (C) immediate postoperative
result; (D) one-year follow-up.

e  Locoregional flaps based on known vascular anatomy

The inguinal-crural region has a well-known and constant vascularization that allows
for local flaps based on known vascular anatomy [15,35,36]. This represents an effective
strategy to manage the major losses of substance. Operations are complex, with long
surgeries and serious risks, and must be reserved for well-selected cases. They also require
greater surgical training and must be performed in specialized centers. The most commonly
used flaps include the anterolateral thigh flap, medial circumflex femoral artery flap,
superomedial thigh flap, pudendal thigh flap, groin flap, and McGregor propeller flap.

1 Anterolateral Thigh Flap

The anterolateral thigh flap is a reconstructive option that provides multiple tissue
components, including muscle, fascia, skin, or any combination of these [78]. It is effective
for covering extensive defects in the lower abdomen, hip regions, groin, perineum, and
genital anatomy, including FG consequences [14,15,34,40,44]. It is based on septocutaneous
and musculocutaneous perforator branches of the descending branch of the lateral femoral
circumflex artery [78]. The pedicle length ranges from 8 to 16 cm, allowing for both pedicled
and free-flap reconstructions. Moreover, the flap can be made sensate by including the
lateral femoral cutaneous nerve. This latter can be anastomosed to a sensory nerve at the
recipient site, possibly restoring tactile and erogenous sensitivity, which might be relevant
for these patients [78].

2 Medial Circumflex Femoral Artery Flap

The medial circumflex femoral artery is the first branch of the profunda femoris
artery [79]. The vascular pedicle can be included in a local flap, suitable for various recon-
structions, including scrotal or femoral triangle reconstructions [80,81]. When attempting
FG reconstruction, this flap offers a moderately to large skin paddle while allowing for
immediate closure at the donor site. Regrettably, for many individuals, the medial thigh
region has a thicker adipose pannus than other parts of the thigh, resulting in bulky recon-
structions. Immediate debulking should be avoided, but it may be considered as a deferred
procedure. Nevertheless, the medial circumflex femoral artery is also the dominant source
vessel to the Gracilis muscle [79,82]. Consistently, a myocutaneous flap can be harvested,
suitable for reconstruction of FG deep perineal loss of substances [82].

3  Superomedial thigh flap

The superomedial thigh flap is supplied by three vessels: the superficial branch of the
deep external pudendal artery, which constitutes the main blood supply to the flap, the
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musculocutaneous perforators of the medial circumflex femoral artery, and the branches
of the common or superficial femoral artery [17,30]. The flap design should be realized at
the upper inner thigh, with the baseline running over and parallel to the tendinous origin
of the adductor longus muscle and the upper limit positioned at the origin point of the
adductor longus muscle tendon on the pubic tubercle [17,30].

The rationale for its use in FG is linked to the anatomical proximity to the defect
site. However, given the relatively less constant pedicle, this flap is usually chosen as the
second line, when the anterolateral thigh flap or the medial circumflex femoral artery flap
is insufficient or unavailable.

4 Pudendal thigh flap

The pudendal thigh flap involves harvesting a fasciocutaneous flap from the upper
thigh region to reconstruct damaged or missing tissue of the perineum or genital area [24,83].
It is based on the terminal branches of the superficial perineal artery, from the internal
pudendal artery of the internal iliac artery [83]. Specifically, the lateral branches of the
perineal artery supply the posteromedial surface of the upper thigh [84], allowing for a
local flap that is particularly relevant for FG neo-scrotum reconstructions [24,28]. The main
limitations of this technique include the defect site and extension. Indeed, extended and/or
FG deep perineal defects may benefit from alternative strategies, such as anterolateral or
medial circumflex femoral artery flaps, including myocutaneous variants.

5  Groin flap

The groin flap is vascularized by the superficial circumflex iliac artery [85,86]. The
artery originates from the superficial femoral artery 2-3 cm downstream of the inguinal
ligament, one-third above the relief of the iliac crest and two-thirds below [85,86]. The flap is
designed as an elliptical axial flap, centered on the presumed vessel course. It is rarely used
in FG. Indeed, the groin flap has considerable limitations with regard to FG reconstruction,
including the variable origin, limited length, and inconsistent caliber of the vascular pedicle.
Excessive bulk has also been described in obese patients, possibly impairing penile or vulvar
reconstruction. However, it is still valuable for scrotal reconstruction, especially when
pudendal thigh flaps are unavailable.

6  McGregor propeller flap

The McGregor propeller flap, first described it in the 1970s by Ian McGregor, is a local
flap suitable for extended tissue defects in the inner thigh [87,88]. The flap is designed as a
fasciocutaneous propeller flap [88]. In the current literature, only one study reported the
McGregor propeller flap for FG genital anatomy reconstruction [26]. The limited evidence
is probably related to technical difficulties and severe complications, including constriction
and congestion of the vascular pedicle of the surgery, limiting its indications. Furthermore,
the elasticity of the tissues in this region often does not justify a propeller flap.

4.5.5. Free Flaps

Free flaps represent an additional reconstructive strategy for FG, and various recon-
structive alternatives could be considered. However, free flaps involve invasive surgery,
require prolonged interventions, and incur considerable costs for the healthcare system.
They are also technically difficult, require a highly specialized team, and should not rep-
resent first-line treatment. To the best of our knowledge, these are poorly adopted in FG.
Only a case report of a fascia lata-free flap in pelvic exenteration for FG due to advanced
rectal cancer is described in the present literature [89]. Despite the author’s valuable
results, most FG patients often present with serious comorbidities, preventing invasive
treatments [90,91]. Moreover, the inguinal-crural anatomical region offers versatile and ef-
fective reconstructions with less invasive strategies. Therefore, free flaps should be limited
to selected cases, after excluding less invasive strategies. Their use should also be limited
to highly specialized plastic surgery units.
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5. Future Prospects

Three-dimensional (3D) printing is emerging as a revolutionary technology for burn
wounds and tissue reconstruction [92]. Specifically, it allows for a layer-by-layer deposition
of cells and support materials, directly onto the injured areas, creating a 3D bioprinted
graft [92]. This method could replace existing synthetic skin products, providing a more
efficient and personalized solution for wound healing. Despite the limited experience, it
could be extended to FG patients, especially in cases of extended loss of substance and
limited skin availability.

6. Study Limitations

Study limitations include a limited focus on the recent literature. We only examined
articles published between April 2014 and April 2024. However, this deliberate focus on
recent studies was intentional, aiming to offer physicians a quick reference to the latest
trends and developments in FG treatment, rather than a historical summary. Moreover,
the included studies were considerably different from each other, preventing a true direct
comparison. Precise data on epidemiological, clinical, and prognostic features were not
extracted; moreover, no statistical analysis was performed. Nevertheless, the present review
aimed to focus on FG reconstructive surgery options and recent trends, rather than assessing
the feasibility and safety of each individual approach. Overall, we described the various
therapeutic options available, based on the most recent scientific evidence and personal
experience of the authors, aiming to improve its medical and surgical management.

7. Conclusions

FG remains a significant challenge in medical practice, primarily due to its diagnos-
tic complexity, rapid progression, and considerable mortality rates. Comprehensive and
immediate medical interventions, including broad-spectrum antibiotic therapy, surgical
debridement, adjuvant therapies, and reconstructive surgery, appear to offer favorable
results. The consequences of FG are particularly severe, up to penile degloving and testicu-
lar exposure. In the first instance, these are considered serious reconstructive challenges.
However, the recent literature underscores a rising tendency towards the utilization of local
random flaps or skin grafts as reconstructive treatments, when compared to more invasive
locoregional flaps or free flaps. In this specific anatomical area, the former techniques are
preferred for their versatility, feasibility, and reduced invasiveness. Indeed, the linguino-
crural anatomical region has a good vascular supply and reliable surgical planes, allowing
for minimally invasive surgical procedures, ultimately resulting in positive outcomes with
limited complications.

Overall, although FG consequences seem catastrophic, they can be mostly managed
with simple solutions, such as skin grafts and local random flaps. Several reconstructive
options are available, but less invasive strategies should be preferred, starting with skin
grafts and local random flaps. To date, no precise guidelines exist, but it is hoped that this
study will represent a starting point for future research towards a recognized and approved
protocol for the medical and surgical management of FG.
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