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A B S T R A C T

Fournier’s gangrene is a life-threatening necrotizing soft tissue infection of the perineal and genital regions that 
often results in extensive tissue loss and complex reconstructive challenges. While initial management relies on 
aggressive debridement and source control, the subsequent reconstruction of perineoscrotal defects is critical to 
restore function, protect exposed structures, and preserve aesthetic and psychological well-being. Flap-based 
techniques, including fasciocutaneous and musculocutaneous options, are increasingly favored over skin grafts or 
secondary healing, particularly in the setting of exposed testes, urethra, or bone. We conducted a systematic 
review of 107 studies published between 1967 and 2024, encompassing 619 patients and 625 flaps, to 
comprehensively evaluate the types, indications, and outcomes of flap reconstruction following Fournier’s 
gangrene. Medial thigh, pudendal thigh, anterolateral thigh (ALT), and gracilis muscle flaps emerged as the most 
commonly utilized, with regional flaps overwhelmingly preferred over free tissue transfer. The primary in
dications included coverage of exposed vital structures (52 %), functional restoration (39 %), and cosmesis (4 %). 
Despite the high-risk nature of the patient population, complication rates were low, with flap loss reported in 
only 1.6 % of cases. Functional and aesthetic outcomes were generally satisfactory, though standardized 
reporting tools were rarely used. Our findings highlight the apparent reliability, versatility, and safety of regional 
flaps in Fournier’s gangrene reconstruction and underscore the need for greater standardization in outcome 
assessment and flap selection algorithms. This review serves as the most comprehensive synthesis to date and 
provides an evidence-based foundation for flap reconstruction decision-making in this devastating condition.

1. Introduction

Fournier’s gangrene (FG) is a fulminant necrotizing soft tissue 
infection (NSTI) of the perineal, genital, and perianal regions. Originally 
described by Alfred Fournier in 1883 as a rapidly progressive idiopathic 
gangrene in young males, it is now recognized to affect patients of all 
ages, often with significant underlying comorbidities such as diabetes 
mellitus, obesity, malignancy, immunosuppression, and chronic kidney 
disease [1–6]. FG is typically polymicrobial in origin, involving syner
gistic infection with both aerobic and anaerobic organisms, most 
commonly Escherichia coli, Klebsiella species, Staphylococcus aureus, 
and Bacteroides fragilis [3,6]. The infection rapidly spreads along fascial 
planes, with the potential for systemic toxicity, multi-organ dysfunction, 
and death.

Early diagnosis and aggressive management are paramount. 

Mortality rates range from 7 % to 45 % in various series, with delays in 
debridement, comorbid burden, and elevated Fournier’s Gangrene 
Severity Index (FGSI) scores all associated with worse outcomes [1–4]. 
Emergent surgical debridement remains the cornerstone of therapy, 
often requiring multiple operations to achieve source control. However, 
the resultant soft tissue defects are frequently complex and extensive, 
involving critical structures such as the testes, urethra, pubic symphysis, 
and anus.

Traditional wound management strategies, such as healing by sec
ondary intention, negative pressure wound therapy (NPWT), or skin 
grafting, may suffice in minor cases. However, when vital structures are 
exposed or when defect coverage must restore complex functional 
anatomy, flap-based reconstruction is preferred. The ideal reconstruc
tive strategy in FG should address not only durable wound closure but 
also thermoregulation (e.g., in scrotal wounds), urinary continence, 
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sexual function, and psychological wellbeing. Moreover, in cases with 
irradiated or infected tissue beds, well-vascularized flap tissue may 
reduce infection risk and promote durable healing and quality of life 
[7–10].

Flaps commonly used in this setting include the pudendal thigh flap, 
medial thigh fasciocutaneous flap, anterolateral thigh (ALT) flap, gra
cilis muscle flap, and, more rarely, free tissue transfers [7–10]. Despite a 
growing body of literature on their use, clinical decision-making re
mains highly individualized. There exists no consensus on flap selection, 
timing of reconstruction, or long-term outcome evaluation. The litera
ture is marked by small single-centre case series, limited follow-up, and 
inconsistent reporting of complication rates and functional outcomes.

To address these knowledge gaps, we conducted a systematic review 
of the global literature on flap reconstruction for Fournier’s gangrene. 
Our objectives were to (1) characterize the range and frequency of flap 
types used; (2) assess surgical indications, outcomes, and complications; 
and (3) identify gaps in evidence to inform future reconstructive 
strategies.

2. Methods

This systematic review was designed in alignment with the PRISMA 
2020 guidelines to ensure methodological transparency, reproducibility, 
and rigor throughout the research process [10]. A structured review 
protocol was developed in advance, defining eligibility criteria, search 
strategy, data extraction methods, and quality assurance procedures to 
mitigate potential selection and reporting bias. The review protocol was 
not registered with the International Prospective Register of Systematic 
Reviews (PROSPERO).

A comprehensive search of the biomedical literature was undertaken 
using EMBASE, MEDLINE via PubMed, Cochrane Library, CINAHL, and 
Google Scholar to identify all relevant studies published up to 30 June 
2024. The search strategy incorporated both Medical Subject Headings 
(MeSH) and relevant free-text keywords such as “Fournier’s gangrene,” 
“necrotizing soft tissue infection,” “NSTI,” “gas gangrene,” “scrotal ne
crosis,” “perineal reconstruction,” “flap,” “graft,” “local flap,” “regional 
flap,” and “reconstructive surgery.” Boolean operators and truncation 
symbols were employed to optimize sensitivity and specificity. No date 
restrictions were applied, allowing for the inclusion of both historical 
and contemporary literature to evaluate longitudinal trends in recon
structive approaches. For reproducibility, the complete search strategies 
(including full Boolean queries and exact search dates for each database) 
have been provided in Supplementary Table S1. In the Google Scholar 
search, we reviewed the first 200 results (sorted by relevance) for 
potentially eligible records, since this platform does not allow compre
hensive export of results; no additional filters were applied to the Google 
Scholar search beyond language (English) and date (up to June 30, 
2024). This approach yielded several unique references that were not 
identified in the other databases.

Supplementary studies were identified by manually reviewing the 
reference lists of included articles and related reviews through backward 
citation tracking. The review excluded non-peer-reviewed preprints, 
grey literature, and conference abstracts without accompanying full 
texts. Only articles published in English were included due to limitations 
in translation resources.

Eligibility criteria required that studies report on human patients 
diagnosed with Fournier’s gangrene or related necrotizing soft tissue 
infections involving the perineum or genitalia, and that they include 
cases where flap-based reconstruction was used to manage the resulting 
soft tissue defects. To be eligible, articles needed to provide sufficient 
detail regarding the type of flap used, the reconstructive technique, and 
the reported clinical, functional, or aesthetic outcomes. Studies of all 
designs - including case reports, case series, retrospective reviews, and 
prospective analyses - were included, consistent with the exploratory 
aims of the review.

Exclusion criteria included studies focused exclusively on split- 

thickness skin grafts or healing by secondary intention, articles 
involving soft tissue loss due to trauma, congenital conditions, or 
oncologic resections unrelated to necrotizing infections, and reports 
limited to negative pressure wound therapy without definitive surgical 
reconstruction. Non-English articles, duplicates, abstracts lacking full 
texts, and studies for which full text access could not be obtained were 
also excluded despite interlibrary efforts.

All citations retrieved through the database search were imported 
into a secure systematic review platform, and titles and abstracts were 
screened in duplicate by two independent reviewers. Full-text articles 
deemed potentially eligible were assessed in detail according to the pre- 
established inclusion and exclusion criteria. Disagreements at any stage 
of the screening process were resolved by discussion or by a third 
reviewer when consensus could not be reached. Inter-reviewer agree
ment was high at both the title/abstract and full-text screening stages 
(Cohen’s κ not formally calculated). We also cross-checked studies for 
potential overlapping patient cohorts from the same institutions; in 
cases of suspected overlap, the most comprehensive or latest report was 
used to avoid double-counting patients.

A standardized data extraction tool was developed and piloted to 
ensure consistency in data capture. For each included study, the 
extracted variables included authorship and publication year, study 
design and sample size, country of origin, institutional setting, patient 
demographics and comorbidities, site and extent of tissue loss, type and 
number of flaps used, timing of reconstruction relative to debridement, 
indications for flap selection, reported complications, and clinical, 
functional, or psychosocial outcomes. Classification of flaps was con
ducted based on tissue composition (fasciocutaneous, musculocuta
neous, or muscle-only) and anatomical category (local, regional, or free) 
depending on donor site location and pedicle length.

To maintain reliability, data extraction was performed indepen
dently and in duplicate by two reviewers, with all discrepancies adju
dicated through consensus or resolved with third-party arbitration. Due 
to the substantial heterogeneity across study designs, patient pop
ulations, and outcome reporting, a narrative synthesis approach was 
adopted rather than quantitative meta-analysis. Descriptive statistics 
were calculated to identify patterns and frequencies, and categorical 
data were organized into thematic tables to facilitate qualitative com
parison. Missing or inconsistently reported outcome data were handled 
by including only available cases, and we explicitly noted the de
nominators for all reported percentages to ensure clarity.

All studies meeting the inclusion criteria were retained for analysis, 
regardless of methodological rigor or risk of bias, in keeping with the 
comprehensive and exploratory intent of the review. Furthermore, we 
performed a formal quality assessment of included studies using the 
Methodological Index for Non-Randomized Studies (MINORS) criteria. 
Two reviewers independently evaluated each study against the 8-item 
MINORS checklist for non-comparative studies (maximum score 16), 
resolving any differences through discussion. Overall, the methodolog
ical quality of the literature was low: the median MINORS score was 
approximately 7 (range 4–12) out of 16. Common limitations included 
retrospective study designs, absence of control groups, small sample 
sizes, and inconsistent outcome reporting. No study achieved the 
maximum score, confirming a high risk of bias across studies. The results 
of this appraisal were used to inform the interpretation of findings, but 
no study was excluded on the basis of quality.

3. Results

Our search yielded 4565 records. After removal of 805 duplicates, 
3760 unique titles/abstracts were screened, leading to 513 full-text ar
ticles reviewed. Ultimately, 107 studies met the inclusion criteria for 
qualitative synthesis (see PRISMA flow diagram in Fig. 1). These 107 
studies were published between 1967 and 2024, representing 26 coun
tries. Most were single-centre case series or retrospective analyses (no 
randomized or multicentre trials were found). The median sample size 
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was 5 patients per study (interquartile range 2–12), with only six studies 
including more than 20 patients. Table 1 provides a summary of 
included studies and their key characteristics [7–9,11–116].

In total, these studies reported on 619 patients who underwent flap 
reconstruction for Fournier’s gangrene or similar perineal necrotizing 
infections. The patients were predominantly male (>90 %) with ages 
generally in mid-50s (range reported across studies ~42–67 years). 
Comorbid illnesses were common: over half of patients had diabetes 
mellitus, and many had other risk factors such as hypertension, obesity, 
chronic renal insufficiency, malignancy, or HIV infection. Mortality 
rates varied widely (7–45 %), reflecting differences in disease severity 
and patient comorbidity among series.

A total of 625 flaps were utilized across the 619 patients (some pa
tients required more than one flap). We were able to classify 495 flaps 
(79 %) by type from the information provided. The vast majority were 
pedicled flaps of either local or regional variety. Only two instances of 
free flap transfers were reported in the entire cohort, indicating that free 
tissue transfer is rarely employed in this setting, likely due to patient and 
logistical factors as discussed later. Table 2 summarizes the types of flaps 
used for reconstruction.

Fasciocutaneous flaps were the most commonly reported. These 
included the medial thigh (anteromedial thigh) flap in 177 cases, the 
pudendal thigh flap in 69 cases, the anterolateral thigh (ALT) flap in 66 
cases, and the scrotal advancement flap in 65 cases. Together, these four 
flap types represented the majority of reconstructions and were mainly 
used for scrotal and perineal defects. Advantages noted for these flaps 
included robust vascular supply, local availability (allowing quick 
transfer without microsurgery), and acceptable donor site appearance. 
Less frequently used fasciocutaneous options were Limberg or other 
rhomboid flaps (29 cases), groin flaps (14 cases), inferior gluteal artery 
perforator flaps (5 cases), posterior thigh flap (1 case), and a preputial 
flap (1 case). These were usually selected based on specific defect 
location/geometry or surgeon preference.

Musculocutaneous and muscle-only flaps also played a role, 

particularly for deeper or more extensive defects. A total of 66 muscle- 
based flaps were reported. The gracilis muscle flap was by far the 
most common muscle flap (54 cases); it was often used for perineal or 
ischiorectal defects where its bulk helped fill dead space and its arc of 
rotation allowed reach into the perineum. Other muscle flaps included 
rectus abdominis (6 cases, usually as pedicled myocutaneous flaps for 
suprapubic or perineal coverage), tensor fasciae latae (4 cases), and 
sartorius (2 cases, primarily for groin or thigh-based coverage). In 
general, muscle flaps were chosen when the goals included filling dead 
space or improving vascularity in an infected wound bed.

The primary indications for employing flap reconstruction were (in 
descending order of frequency): to cover exposed vital structures (e.g., 
exposed testes, spermatic cords, urethra, bone): this was cited in 52 % of 
reported flaps (271 of 525 flaps where indication was specified); to 
restore functional anatomy (particularly for urinary and sexual func
tion): 39 % of flaps (203/525); and to improve cosmesis or psychosocial 
outlook: 4 % (22/525). In about 5 % of cases (24 flaps), no specific 
rationale was stated beyond general wound closure. Thus, the decision 
to use a flap was most often driven by the presence of critical structures 
that could not be left uncovered or by the need to reconstruct three- 
dimensional tissue loss in a way that grafts or secondary healing could 
not achieve.

Reporting on timing was inconsistent across studies. Most authors 
indicated that definitive flap coverage was performed after the acute 
infection was controlled and repeated debridements were complete. 
Many cases used a “delayed” approach (often a week or more after initial 
debridement). Only 11 cases (across the literature) were clearly reported 
as having an “early” or immediate reconstruction within 48 h of pre
sentation. A few authors described using negative pressure wound 
therapy as a temporary measure to optimize the wound bed prior to flap 
surgery. Because many papers did not explicitly state timing, it is diffi
cult to draw firm conclusions; however, the prevailing practice seems to 
favor waiting until the patient is stabilized and the wound is clean, 
rather than immediate reconstruction during the initial emergency 

Fig. 1. PRISMA 2020 flow diagram summarizing the study selection process. A total of 4565 records were identified through database searches. After removal of 
duplicates and exclusions during title/abstract and full-text screening, 107 studies met inclusion criteria and were included in the qualitative synthesis.
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Table 1 
Summary of included studies reporting flap-based reconstruction following Fournier’s gangrene.

Author Year Title Study Design Flap 
Complications

Sample 
size

Number 
of FG

Number 
of flaps

Type of Flap Mean age

Biju et al. [9] 2023 Fournier’s gangrene 
reconstruction: A 10-year 
retrospective analysis of 
practice at Guys and St 
Thomas’s NHS Foundation 
Trust

retrospective N/A 34 34 3 3 Loco-Regional 58

Chen et al. 
[11]

2023 Vacuum sealing drainage 
to treat Fournier’s 
gangrene

retrospective N/A 36 36 6 6 Loco-Regional 53.5

Meuli et al. 
[12]

2023 Impact of etiology leading 
to abdominoperineal 
resection with 
anterolateral thigh flap 
reconstruction: A 
retrospective cohort study

retrospective 8 wound 
dehiscence 
2 major necrosis 
1 venous 
congestion 
1 hematoma 
1 dead space

40 7 44 ALT 63.5

Öcük et al. 
[13]

2022 Effectiveness of 
Fasciocutaneous 
Superomedial Thigh Flap 
in Reconstruction of 
Fournier Gangrene Defects

Retrospective 4 wound 
dehiscence

15 15 15 15 Superomedial 
fasciocutaneous thigh 
flap

67

Puranik et al. 
[14]

2022 An Innovative Technique 
of Testicular 
Preservation in Fournier’s 
Gangrene: Surgical Details 
and Illustration

Case series N/A 5 5 5 Scrotal 
Super medial thigh flap 
Pudendal flap 
Medial circumflex 
artery perforator flap 
Gracilis flap

N/A

Maurya et al. 
[15]

2022 Various Options for Scrotal 
Reconstruction: A 
Prospective Observational 
Study

Prospective 
Observational 
Study

3 Wound 
infection 
3 Wound 
dehiscence 
2 Distal flap 
necrosis

35 6 28 7 ALT 
10 Scrotal 
8 Medial thigh 
3 Groin flap

48.5

Beecroft et al. 
[16]

2021 Fournier’s Gangrene in 
Females:Presentation and 
Management 
at a Tertiary Center

retrospective 
chart review

N/A 143 143 31 30 Local 
1 Gracilis flaps

55

Dadaci et al. 
[17]

2021 Assessment of Outcomes 
After Limberg Flap 
Reconstruction for Scrotal 
Defects in Patients With 
Fournier's Gangrene

Retrospective, 
single-center 
study

4 Wound 
Dehiscence 
4 Seroma

29 29 29 Limberg flap 64

Insua-Pereira 
et al. [18]

2020 Fournier's gangrene: A 
review of reconstructive 
options

Review ​ ​ ​ ​ Scrotal flap 
Local advancement 
flap 
Fasciocutaneous flap 
Myocutaneous flap 
Perforator flap 
Superomedial thigh 
fasciocutaneous flap 
Anterolateral thigh flap 
Pudendal thigh flap 
TRAM flap 
Perforator flap

​

Odusanya 
et al. [19]

2020 Fournier's Gangrene: 
Management in a Poor 
Resource Setting

Retrospective No 
complications

1 patient 
-1 flap (Not 
specified)

​ ​ Not specified 47

Brielle et al. 
[20]

2020 Bilobed Gracilis Flap: A 
Novel Alternative for 
Pelvic and Perineal 
Reconstruction.

Retrospective No 
complications in 
NSTI patient

1 patient 
-1 flap

1 1 Bilobed gracilis flap (1) 50

Graham et al. 
[21]

2020 Penile reconstruction after 
Fournier's gangrene

Case Report No 
complications

1 patient 
-1 flap

1 1 Skin flap (1) Not 
reported

Zhou et al. 
[22]

2019 Fournier's Gangrene With 
Septic Shock and Multiple 
Organ Dysfunction 
Syndrome

Case Report No 
complications

1 patient 
-2 flaps

1 2 Groin flap (1) 
Local freestyle skin flap 
(1)

58

Unverdi et al. 
[23]

2019 A Reliable Technique in 
the Reconstruction of 
Large Penoscrotal Defect: 
Internal Pudendal Artery 
Perforator Flap.

Retrospective 1 hematoma 
1 partial 
necrosis

13 patients 
-13 flaps

13 13 Internal pudendal 
artery perforator flap 
(13)

54.3

(continued on next page)
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Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

Selvi,et al. 
[24]

2019 A different perspective for 
morbidity related to 
Fournier's gangrene: 
which scoring system is 
more reliable to predict 
requirement of skin graft 
and flaps in survivors of 
Fournier's gangrene?.

Retrospective No 
complications

10 patients 
-10 flaps

10 10 Not specified 62.93

Onder et al. 
[25]

2019 Fournier's gangrene in a 
patient on dapagliflozin 
treatment for type 2 
diabetes

Case Report No 
complications

1 patient 
-1 flap

1 1 Fasciocutaneous flap 
(1)

64

Louro et al. 
[26]

2019 Fournier's gangrene: 10- 
year experience of a plastic 
surgery and burns 
department at a tertiary 
hospital

Retrospective 2 dehiscence 
1 partial 
necrosis

9 patients 
-12 flaps

9 12 Internal pudendal 
pedicled flap (2) 
Contralateral 
rotational flap (1) 
Internal thigh bilateral 
fasciocutaneous 
transposition flaps (2) 
McGregor propeller 
flap (1) 
Pedicled anterolateral 
thigh flap (1) 
Local sliding flap (1) 
Medial femoral 
circumflex artery 
perforator (1) 
Fasciocutaneous 
transposition flap (1) 
Internal thigh 
rotational flap (1) 
Biloped internal thigh 
flap (1)

66.9

Kadota, et al. 
[27]

2019 Simultaneous deep inferior 
epigastric and bilateral 
anterolateral thigh 
perforator flap 
reconstruction of an 
extended perineoscrotal 
defect in Fournier's 
gangrene: A case report.

Case Report 1 Epidermal 
necrosis DIEP

1 patient 
-3 flaps

1 3 Anterolateral thigh flap 
(2) 
DIEP flap (1)

52

Ghahestani, 
et al. [28]

2019 A new technique of 
scrotoplasty following 
total scrotal destruction by 
raised rotated perineal 
flaps with de epithelialized 
borders.

Case Report No 
complications

1 patient 
-flap 
number not 
specified

​ Not 
reported

Rotational perineal 
flap

2

Hoang, et al. 
[29]

2018 Phalloplasty Following 
Penectomy for Fournier's 
Gangrene at a Tertiary 
Care Center.

Case Report 1 distal flap 
necrosis

1 patient 
-1 flap

1 1 Radial forearm free 
flap (1)

60

Mello et al. 
[30]

2018 Scrotal reconstruction 
with superomedial 
fasciocutaneous thigh flap.

Retrospective 4 wound 
dehiscence

15 patients 
-30 flaps

15 30 Superomedial 
fasciocutaneous thigh 
flap (30)

48.9

Wang et al. 
[31]

2017 Bilateral femoral posterior 
neurocutaneous perforater 
flap successfully treating 
Fournier gangrene: A case 
report.

Case Report No 
complications

1 patient 
-2 flaps

1 2 Femoral posterior 
neurocutaneous 
perforator flap (2)

61

Scaglioni et al. 
[32]

2017 Bilateral pedicle 
anterolateral thigh (ALT) 
flap combined with 
bilateral sartorius muscle 
flap for reconstruction of 
extensive perineoscrotal 
and medial thigh defect 
because of Fournier's 
gangrene.

Case Report No 
complications

1 patient 
-4 flaps

1 4 Pedicle anterolateral 
thigh flap (2) 
Sartorius muscle flap 
(2)

61

Sawayama 
et al. [33]

2017 A fascia lata free flap in 
pelvic exenteration for 
Fournier gangrene due to 
advanced rectal cancer: a 
case report.

Case Report No 
complications

1 patient 
-1 flap

1 1 Fascia lata flap (1) 66

(continued on next page)
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Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

Ikramullah 
et al. [34]

2017 Fournier's gangrene: 
Management experience of 
39 cases

Retrospective No 
complications

4 patients 
-4 flaps

4 4 Medial thigh flap (4) 46.2

Hong et al. 
[35]

2017 Perineal reconstruction 
with multiple perforator 
flaps based on anatomical 
divisions.

Retrospective 1 wound 
dehiscence 
3 flap 
congestion

4 patients 
-9 flaps

4 9 Internal pudendal 
artery perforator flap 
(8) 
Superficial external 
pudendal artery 
perforator flap (1)

49.25

Hagedorn 
et al. [36]

2017 A contemporary update on 
Fournier's gangrene

Review ​ ​ ​ ​ Thigh flap 
Rotational 
fasciocutaneous thigh 
flaps 
Anterolateral thigh flap

​

Fang et al. 
[38]

2017 A rare etiology of 
Fournier's gangrene: Pubic 
tubercle fracture 
complicated with 
hematoma and acute 
osteomyelitis

Case Report No 
complications

1 patient 
-1 flap

1 1 Local flap (1) 68

Djedovic, et al. 
[38]

2017 The versatility of the 
medial thigh lift for defect 
coverage in the genito- 
perineal region.

Retrospective 2 wound 
infection 
3 hematoma 
1 partial flap 
necrosis 
1 wound 
dehiscence

8 patients 
-16 flaps

8 16 Medial Thigh Lift (16) 54.6

Baek, et al. 
[39]

2017 Peri-vulvar reconstruction 
using internal pudendal 
artery perforator flap in 
female Fournier's 
gangrene.

Case Report No 
complications

1 patient 
-1 flap

1 1 Internal pudendal 
artery-based perforator 
flap (1)

57

Abd-Al 
Moktader, 
et al. [40]

2016 Anteriorly based pudendal 
thigh flap for scrotal 
reconstruction based on 
the deep external 
pudendal artery (DEPA) 
flap

Retrospective 1 wound 
infection 
1 wound 
dehiscence

15 patients 
-20 flaps

15 20 Anteriorly-based 
pudendal thigh 
fasciocutaneous flap 
(20)

45.3

Daigeler, et al. 
[41]

2016 Bilateral pedicled gracilis 
flap for scrotal 
reconstruction.

Correspondance No 
complications

1 patient 
-2 flaps

1 2 Bilateral pedicled 
gracilis flap (2 flaps 
total)

Not 
reported

Han et al. 
[42]

2016 Scrotal reconstruction 
using a superficial 
circumflex iliac artery 
perforator flap following 
Fournier's gangrene.

Case Report No 
complications

2 patients 
-2 flaps

2 2 Superficial circumflex 
iliac artery perforator 
flap (2)

48.5

Moore et al. 
[43]

2016 Primary metastatic 
squamous cell carcinoma 
of the male urethra 
presenting with scrotal 
abscess and subsequent 
development of Fournier's 
gangrene

Case Report Flap failed 1 patient 
-1 flap

1 1 Anterolateral thigh 
skin flap (1)

40

Mopuri et al. 
[44]

2016 Scrotal reconstruction 
with modified pudendal 
thigh flaps.

Retrospective 1 flap 
congestion

5 patients 
-5 flaps

5 5 Pedicled pudendal 
thigh flap (5)

59

Namkoong 
et al. [45]

2016 Fournier's gangrene: a 
surgical emergency

Case Report No 
complications

1 patient 
-1 flap

1 1 Gracilis myocutaneous 
flap (1)

61

Singh et al. 
[46]

2016 Fournier's gangrene. A 
clinical review

Review ​ ​ ​ ​ Scrotal advancement 
flap 
Fasciocutaneous flap 
Superomedial thigh 
flap 
pudendal flap 
Anterolateral thigh flap 
Gracilis muscle flap

​

Sung et al. 
[47]

2016 Reconstruction of large 
defects in the perineal area 
using multiple perforator 
flaps

Retrospective 1 partial flap 
necrosis

1 patient 
-3 flaps

1 3 Internal pudendal 
artery perforator flap 
(2) 
Superior gluteal artery 
perforator flap (1)

74

Scaglioni, et al. 
[48]

2015 Posteromedial thigh 
(PMT) propeller flap for 
perineoscrotal 

Case Report No 
complications

1 patient 
-1 flap

1 1 Pedicled posteromedial 
thigh propeller flap (1)

58
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Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

reconstruction: A case 
report.

Onyekwelu 
et al. [49]

2015 Reconstruction of perineo- 
scrotal defects from 
Fournier's gangrene with 
the adipofascial 
anterolateral thigh flap

Case Report No 
complications

3 patients 
-3 flaps

3 3 Anterolateral thigh flap 
(adipofascial) (3)

49.3

Kalra et al. 
[50]

2015 Keystone flap for staged 
urethroplasty: 
Reconstruction in a 
complex case of 
panurethral stricture 
disease

Case Report No 
complications

1 patient 
-2 flaps

1 2 Bilateral perineal 
keystone design 
perforator island flaps 
(2)

65

di Summa 
et al. [51]

2015 The Combined Pedicled 
Anterolateral Thigh and 
Vastus Lateralis Flap as 
Filler for Complex Perineal 
Defects.

Retrospective 1 partial flap 
necrosis

5 patients 
-6 flaps

5 6 Anterolateral thigh - 
vastus lateralis 
conjoint flap (6)

60

Lin et al. [52] 2014 Reconstruction of 
perineoscrotal defects in 
Fournier's gangrene with 
pedicle anterolateral thigh 
perforator flap.

Retrospective 1 hematoma 10 patients 
-10 flaps

10 10 Anterolateral thigh 
perforator flap (10) 
-Pedicled

59.1

Ahn, et al. 
[53]

2014 Reconstructive strategy 
and classification of 
penoscrotal defects.

Retrospective 2 wound 
dehiscence

12 patients 
-12 flaps

12 12 Perforator-based island 
flap (10) 
Anterolateral thigh flap 
(2)

59.7

Bhadkamkar 
et al. [54]

2014 The ultra-thin, fascia-only 
anterolateral thigh flap

Retrospective No 
complications in 
NSTI patients

1 patients 
-1 flap

1 1 Anterolateral thigh 
fascia-only free flap (1)

47

El-Shazly et al. 
[55]

2014 Fournier's gangrene: 
Outcome analysis of 62 
consecutive cases

Prospective 
-Observational

No 
complications

9 patients 
-9 flaps

9 9 Skin flap (9) Not 
specified 
-for flap 
only

Pagnotta et al. 
[56]

2014 Superficial circumflex iliac 
artery perforator flap in a 
case of Fournier's gangrene

Case Report No 
complications

1 patient 
-1 flap

1 1 Propeller superficial 
circumflex iliac artery 
perforator flap (1)

72

Sliwinski, et al. 
[57]

2014 Fournier's gangrene - 
delayed pedicle flap based 
upon the anterior 
abdominal wall.

Case Report No 
complications

1 patient 
-1 flap

1 1 Random pattern 
abdominal flap (1)

24

Ziypak et al. 
[68]

2013 Our experiences of 
Fournier's gangrene: 71 
cases

Retrospective No 
complications

8 patients 
-8 flaps

8 8 Not specified 62.1

Yarze et al. 
[59]

2013 Fournier's gangrene after 
sigmoidoscopy in a patient 
with distal rectal cancer

Case Report No 
complications

1 patient 
-1 flap

1 1 Not specified 73

Spyropoulou, 
et al. [60]

2013 Reconstruction of 
perineoscrotal and vaginal 
defects with pedicled 
anterolateral thigh flap.

Case Report No 
complications

9 patients 
-9 flaps

9 9 Anterolateral thigh flap 
(8) 
Anteromedial thigh 
flap (1)

Not 
specified 
for NSTI

Park et al. 
[61]

2013 Single-stage 
reconstruction of extensive 
defects after fournier's 
gangrene with an exposed 
iliac crest and testes

Case Report No 
complications

1 patient 
-4 flaps

1 4 Pedicled anterolateral 
thigh flap (2) 
Gracilis myocutaneous 
flap (2)

55

Oufkir et al. 
[62]

2013 The superomedial thigh 
flap in scrotal 
reconstruction: Technical 
steps to improve cosmetic 
results

Case Report No 
complications

4 patients 
-8 flaps

4 8 Superomedial thigh 
flap (7) 
Grafted gracilis muscle 
flap (1) 
-donor areas closed 
with posterior thigh 
flaps

39

Mughal et al. 
[63]

2013 Reconstruction of perineal 
defects.

Review ​ ​ ​ ​ Local Flap 
Regional flap 
Singapore flap 
VRAM flap 
Thigh flap 
Gracilis myocutaneous 
flap 
Tensor fascia lata flap 
Gluteal flap 
Perforator flap 
Inferior gluteal artery 
perforator flap 

​
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Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

Anterolateral thigh flap 
Free flap

Khan et al. 
[64]

2013 Scrotal reconstruction: A 
review and a proposed 
algorithm

Review ​ ​ ​ ​ Fasciocutaneous flap 
Groin flap 
Pudendal thigh flap 
Myofasciocutaneous 
flap 
Omental flap 
Short gracilis flap 
TRAM flap 
Latissimus dorsi flap

​

Crane et al. 
[65]

2013 Urethral reconstruction 
using a prefabricated 
pedicled gracilis flap.

Case Report No 
complications

1 patient 
-1 flap

1 1 Pedicled gracilis flap 
(1)

43

Aliyu et al. 
[66]

2013 Fournier's gangrene as 
seen in university of 
maiduguri teaching 
hospital

Retrospective No 
complications

20 patients 
-20 flaps

20 20 Rotation flap (20) 37.82

De Souza et al. 
[67]

2012 Puerperal sepsis with 
Furnier's syndrome

Retrospective No 
complications

1 
-flap 
number not 
specified

N/A 
-1 patient

Not 
reported

Muscle-aponeurotic 
flap

23

Hsu, et al. 
[68]

2012 Expanding the 
applications of the 
pedicled anterolateral 
thigh and vastus lateralis 
myocutaneous flaps.

Retrospective No 
complications in 
NSTI patient

3 patients 
-3 flaps

3 3 Anterolateral thigh flap 
(3)

68

Lee et al. [69] 2012 Penoscrotal reconstruction 
with gracilis muscle flap 
and internal pudendal 
artery perforator flap 
transposition.

Retrospective No 
complications

6 patients 
-12 flaps

6 12 Gracilis muscle flap (6) 
Pudendal artery 
perforator flap (6)

52.6

Karsidag, et al. 
[70]

2011 Perineoscrotal 
reconstruction using a 
medial circumflex femoral 
artery perforator flap.

Retrospective 1 flap 
congestion

4 patients 
-5 flaps

4 5 Medial circumflex 
femoral artery 
perforator flap (5)

47

Dogan et al. 
[71]

2011 Bilateral super thin groin 
island flap for penile, 
scrotal, and pubic 
reconstruction after 
Fournier's gangrene

Case Report No 
complications

1 patient 
-2 flaps

1 2 Bilateral super thin 
groin island flap (2 
flaps total)

54

Djedovic, et al. 
[72]

2011 Re: Scrotal reconstruction 
by testicular apposition 
and wrap-around skin 
grafting.

Correspondance No 
complications

1 patient 
-2 flaps

1 2 Medial Thigh Lift (2) 17

Coskunfirat, 
et al. [73]

2011 Superiority of medial 
circumflex femoral artery 
perforator flap in scrotal 
reconstruction.

Case Report 2 wound 
dehiscence

7 patients 
-8 flaps

7 8 Medial circumflex 
femoral artery 
perforator flap (8)

51.9

Chen et al. 
[74]

2011 Reconstruction of scrotal 
and perineal defects in 
Fournier's gangrene.

Retrospective 1 partial 
necrosis 
2 wound edge 
necrosis 
1 hematoma

23 patients 
-23 flaps

23 23 Pudendal thigh flap (5) 
Gracilis myocutaneous 
flap (2) 
Gracilis muscle flap (1) 
Pedicle anterolateral 
thigh flap (3) 
Scrotal advancement 
flap (12)

53.6

Callaghan 
et al. [75]

2011 Septic shock due to 
Fournier's gangrene of the 
scrotum.

Case Report No 
complications

1 patient 
-1 flap

1 1 Pedicled gracilis flap 
(1)

57

Aydin et al. 
[76]

2010 Reconstruction of wide 
scrotal defect using groin 
fasciocutaneous island flap 
combined with a strip of 
deep fascia.

Correspondance No 
complications

1 patient 
-1 flap

1 1 Groin fasciocutaneous 
flap (1)

62

Chen et al. 
[77]

2010 Fournier gangrene: a 
review of 41 patients and 
strategies for 
reconstruction.

Retrospective 2 Partial flap 
loss

17 patients 
-17 flaps

17 17 Scrotal advancement 
flap (9) 
Pudendal thigh 
fasciocutaneous flap 
(4) 
Gracilis myocutaneous 
flap (2) 
Gracilis muscle flap (2)

57.2

Maguina, et al. 
[78]

2010 Medial thigh 
fasciocutaneous flaps for 

Correspondance ​ ​ ​ ​ Medial thigh 
fasciocutaneous flap

​
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Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

reconstruction of the 
scrotum following 
Fournier gangrene.

Ng et al. [79] 2010 Scrotal reconstruction 
with a free greater omental 
flap: A case report.

Case Report No 
complications

1 patient 
-1 flap

1 1 Greater omental flap 
(1)

43

Tomar, et al. 
[80]

2010 Fournier's gangrene - Not a 
stigma for surgery with 
newer surgical 
reconstruction of scrotum

Case Report No 
complications

1 patient 
-2 flaps

1 2 Superomedial thigh 
flap (2)

34

Spyriounis 
[81]

2009 Scrotum reconstruction 
with the anterolateral 
(ALT) thigh flap

Case Report 1 wound 
dehiscence

2 patients 
-2 flaps

2 2 Anterolateral thigh flap 
(2)

65.5

Rajan, et al. 
[82]

2009 Testicular torsion 
following a skin graft for 
Fournier's gangrene.

Case Report ​ 1 patient 
-0 flaps 
-1 graft

​ ​ None 73

Isken et al. 
[83]

2009 A novel application for 
repair of skin defects of the 
penis: Anterior scrotal 
artery flap

Correspondance No 
complications

1 patient 
-1 flap

1 1 Anterior scrotal artery 
axial flap (1)

27

Bhatnagar, 
et al. [84]

2008 Fournier's gangrene: a 
review of 110 cases for 
aetiology, predisposing 
conditions, 
microorganisms, and 
modalities for coverage of 
necrosed scrotum with 
bare testes.

Retrospective 16.9 % of flap 
patients had 
complications

12 patients 
-12 flaps

12 12 Fasciocutaneous 
rotation thigh flap (12)

36.4

Al-Fadhli et al. 
[85]

2008 The versatility of the 
medial thigh flap for 
coverage of large 
perineoscrotal defects in 
Fournier's gangrene.

Retrospective 3 Partial 
necrosis

7 patients 
-9 flaps (5 
unilateral, 2 
bilateral)

7 9 Medial thigh 
fasciocutaneous flaps 
(9)

42

Lee et al. [86] 2007 Penoscrotal reconstruction 
using groin and bilateral 
superomedial thigh flaps: a 
case of penile vaselinoma 
causing Fournier's 
gangrene.

Case Report No 
complications

1 patient 
-3 flaps

1 3 Superomedial thigh 
flap (3)

42

Karacal, et al. 
[87]

2007 Scrotum reconstruction 
with neurovascular 
pedicled pudendal thigh 
flaps.

Case Report No 
complications

8 patients 
-8 flaps

8 8 Posteriorly based 
neurovascular pedicled 
pudendal thigh flap (8)

Not 
reported 
-two cases 
were 41 
and 37

Hsu, et al. 
[88]

2007 Unilateral gracilis 
myofasciocutaneous 
advancement flap for 
single stage reconstruction 
of scrotal and perineal 
defects.

Case Report 1 Hematoma 
1 abscess

8 patients 
-8 flaps

8 8 Gracilis 
myofasciocutaneous 
advancement flap (8)

60.5

Ferreira et al. 
[89]

2007 Fournier's gangrene: a 
review of 43 
reconstructive cases.

Retrospective 5 partial 
dehiscence

43 patients 
-71 flaps

43 71 Superomedial thigh 
flaps (46) 
Scrotal 
musculocutaneous 
flaps (17) 
Gracilis 
musculocutaneous 
flaps (2) 
Local advancement 
flaps (6)

56.6

Carvalho et al. 
[90]

2007 Relation between the area 
affected by Fournier's 
gangrene and the type of 
reconstructive surgery 
used. A study with 80 
patients.

Retrospective 2 wound 
infection

21 patients 
-21 flaps

21 21 Rotation flap (21) 51.18

Atik, et al. 
[91]

2006 Reconstruction of wide 
scrotal defect using 
superthin groin flap.

Case Report No 
complications

3 patients 
-3 flaps

3 3 Lateral groin flap (3) 49

Hallock, [92] 2006 Scrotal reconstruction 
following fournier 
gangrene using the medial 
circumflex femoral artery 
perforator flap.

Case Report No 
complications

1 patient 
-1 flap

1 1 Medial circumflex 
femoral artery 
perforator flap (1)

68
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Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

Morris et al. 
[93]

2006 Fibrin sealant as tissue 
glue: preliminary 
experience in complex 
genital reconstructive 
surgery.

Retrospective 1 wound 
dehiscence

4 patients 
-4 flaps 
(types of 
flaps' 
number not 
specified)

​ ​ Thigh flap 
Scrotal flap 
-numbers not specified

Not 
reported

Gravvanis, 
et al. [94]

2005 Penile resurfacing with 
vascularized fascia lata.

Case Report No 
complications

3 patients 
-3 flaps

3 3 Anterolateral thigh flap 
(2) 
Tensor fascia lata flap 
(1)

43.7

Ellabban [95] 2004 Single stage muscle flap 
reconstruction of major 
scrotal defects.

Correspondance ​ ​ ​ ​ Rectus abdominis 
muscle flap 
Gracilis myocutaneous 
flap

​

Kayikcioglu, 
[96]

2003 A new technique in scrotal 
reconstruction: short 
gracilis flap.

Case Report No 
complications

2 patients 
-2 flaps

2 2 Short gracilis flap (2) 48.5

Ellabban, et al. 
[97]

2003 Single-stage muscle flap 
reconstruction of major 
scrotal defects: report of 
two cases.

Case Report No 
complications

2 patients 
-2 flaps

2 2 Rectus abdominis 
muscle flap (1) 
Gracilis myocutaneous 
flap (1)

58

DeCastro et al. 
[98]

2002 Fibrin sealant for the 
reconstruction of 
fournier's gangrene 
sequelae.

Case Report No 
complications

2 
-1 thigh 
skin flap 
-Scrotal 
rotational 
flaps not 
specified

1 1 Scrotal rotational flap 
Thigh skin flap (1)

65.5

Maharaj, et al. 
[99]

2002 The scrotal reconstruction 
using the "Singapore 
Sling".

Case Report No 
complications

1 patient 
-1 flap

1 1 Pudendal thigh flap (1) 65

Monteiro et al. 
[100]

2002 "Inner thigh lift flap" for 
Fournier gangrene of the 
scrotum

Correspondance No 
complications

1 patient 
-1 flap

1 1 Inner thigh lift flap (1) Not 
reported

Yu et al. 
[101]

2002 Anterolateral thigh 
fasciocutaneous island 
flaps in perineoscrotal 
reconstruction.

Case Report 1 wound 
dehiscence

4 patients 
-4 flaps

4 4 Anterolateral thigh 
fasciocutaneous island 
flaps

40.5

Murakami 
et al. [102]

2001 Scrotal reconstruction 
with a thinned flap based 
on both inferior epigastric 
arteries. Case report.

Case Report No 
complications

1 patient 
-1 flap

1 1 Inferior epigastric 
artery flap (1) 
-Tensor fasica lata flap 
used for hernia repair 
defect a year later

62

Kilic, et al. 
[103]

2001 Fournier's gangrene: 
etiology, treatment, and 
complications.

Retrospective No 
complications

5 patients 
-5 flaps

5 5 Local advancement 
flap (5)

52.04

al-Shaham 
[104]

2001 Prepucial skin flap for 
reconstruction of the 
scrotum in Fournier's 
gangrene.

Case Report No 
complications

1 patient 
-1 flap

1 1 Prepucial skin flap (1) Not 
reported

Beckenstein, 
et al. [105]

1996 Muscle flap reconstruction 
aids in urethral 
regeneration.

Case Report No 
complications

1 patient 
-1 flap

1 1 Proximally pedicled 
gracilis muscle flap (1)

56

Hallock [106] 1996 Synchronous penile 
urethra onlay patch and 
scrotal reconstruction after 
Fournier's gangrene using 
medial thigh flaps

Case Report No 
complications

1 patient 
-1 flaps

1 1 Medial thigh 
fasciocutaneous flap 
(1)

60

Kamei, et al. 
[107]

1994 Composite gastric 
seromuscular and omental 
pedicle flap for urethral 
and scrotal reconstruction 
after Fournier's gangrene.

Case Report No 
complications

1 patient 
-2 flap

1 2 Composite gastric 
seromuscular and 
omental pedicle flap

58

Hallock, 
[108]

1990 Scrotal reconstruction 
following Fournier's 
gangrene using the medial 
thigh fasciocutaneous flap.

Case Report 1 wound 
dehiscence

1 patient 
-1 flap

1 1 Medial thigh 
fasciocutaneous flap 
(1)

67

Banks et al. 
[109]

1986 Gracilis musculocutaneous 
flap scrotal reconstruction 
after Fournier gangrene.

Case Report No 
complications

1 patient 
-2 flaps

1 2 Musculocutaneous 
gracilis flap (2)

32

DiGeronimo 
[110]

1982 Scrotal reconstruction 
utilizing a unilateral 
adductor minimus 
myocutaneous flap

Case Report No 
complications

1 patient 
-3 flaps

1 3 Adductor minimus 
myocutaneous flap (1) 
Gracilis myocutaneous 
flap (2)

59
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surgery.
Reconstructive outcomes were generally positive, though follow-up 

durations were limited in many reports. Wound healing was achieved 
in the vast majority of cases with relatively few major complications. 
Total or near-total flap loss was reported in 17 cases (approx. 1.6 % of 
flaps). Partial flap necrosis or minor flap loss was uncommon as well. 
Infection of the flap or surgical site occurred in 25 cases (~4 %). Wound 
dehiscence was reported in 39 cases (~2.7 %). Seroma formation 
occurred in 8 cases and hematoma in 4 cases (each representing <2 % of 
flaps). Donor site morbidity (such as donor wound infection, hematoma, 
or gait disturbance from thigh flaps) was reported in roughly 7 % of 
patients (around 43 patients), although this was likely underreported in 
many studies. Importantly, no perioperative mortality was attributed to 
the reconstructive surgery itself in any report (deaths, when they 
occurred, were due to the underlying disease severity).

Functional outcomes (such as restoration of urinary continence or 
sexual function) and aesthetic outcomes were described in qualitative 
terms by some authors. Over 90 % of patients were said to have “satis
factory” or “acceptable” results from the surgeon’s or patient’s 
perspective in the subset of studies commenting on this. Commonly 
mentioned benefits of flaps included the ability to urinate normally 
(avoiding perineal urinary diversion), protection and normalization of 
testicular position and temperature (when scrotal reconstruction was 
done), and overall improved body image and confidence. However, 
objective measurements of these outcomes were almost never used. Only 
two studies applied a validated instrument (the International Index of 

Erectile Function in those two cases) to assess functional recovery. No 
study employed formal quality of life questionnaires or patient-reported 
outcome measures.

A general pattern could be discerned wherein certain flaps were 
favored for specific defect locations. For instance, medial thigh (ante
romedial) flaps and pudendal thigh flaps were most often used for 
scrotal reconstruction, effectively replacing the scrotal skin. Gracilis 
muscle flaps were frequently chosen for deeper perineal defects, espe
cially those extending into ischiorectal fossa or involving significant 
dead space. Large defects spanning the perineum to lower abdominal 
wall or thigh were sometimes addressed with ALT flaps or other thigh 
flaps (including, in one case, a combined bilateral ALT and abdominal 
flap). Penile shaft skin loss was relatively uncommon, but a few cases 
were managed with local shaft skin flaps or skin grafts; one case reported 
a preputial flap for penile reconstruction. When the abdominal wall or 
groins were involved, some authors used groin flaps or pedicled rectus 
abdominis myocutaneous flaps. Free flaps were essentially a last resort 
and were rarely needed given the availability of closer tissue.

4. Discussion

Fournier’s gangrene remains a formidable clinical challenge, not 
only because of its rapid progression and life-threatening sepsis, but also 
due to the complex reconstructive demands following source control. 
This systematic review, the largest synthesis to date focusing specifically 
on flap reconstruction in Fournier’s gangrene, demonstrates that 

Table 1 (continued )

Author Year Title Study Design Flap 
Complications 

Sample 
size 

Number 
of FG 

Number 
of flaps 

Type of Flap Mean age

Goldan, et al. 
[111]

1982 Penile skin flap for 
reconstruction of the 
scrotum in Fournier's 
gangrene.

Case Report No 
complications

1 patient 
-1 flap

1 1 Rotation-advancement 
penile skin flap (1)

Not 
specified

Hirshowitz, 
et al. [112]

1980 One-stage reconstruction 
of the scrotum following 
Fournier's syndrome using 
a probable arterial flap.

Case Report No 
complications

1 patient 
-2 flaps

1 2 Superiomedial-based 
thigh flap (2)

61

Sonoda et al. 
[113]

1980 Spontaneous gangrene of 
the scrotum and penis 
(Fournier's gangrene)

Case Report No 
complications

1 patient 
-1 flap

1 1 Inner thigh 
transposition flap (1)

43

Tiwari, et al. 
[114]

1980 Reconstruction of the 
scrotum by thigh flaps.

Case Report No 
complications

1 patient 
-2 flaps

1 2 Medial thigh flap (2) 52

Biswas et al. 
[115]

1979 Necrotizing infection of 
scrotum

Retrospective No 
complications

2 patients 
-2 flaps

2 2 Skin flap (2) 63.5 (flap 
patients)

Moustafa 
[116]

1967 Gangrene of the scrotum: 
An analysis of ten cases

Case Report No 
complications

1 patient 
-3 flaps

1 3 Thigh flap (2) 
Rectangular abdominal 
flap (1)

51

Table 2 
Summary of flap types used for reconstruction following Fournier’s gangrene.

Flap Type Tissue Type Typical Indications Number of 
Cases (n)

Key Advantages Notes

Medial Thigh Flap Fasciocutaneous Bilateral scrotal defects, exposed 
testes

177 Reliable vascularity, good 
color/texture match

Most frequently used flap

Pudendal Thigh Flap Fasciocutaneous / 
Myocutaneous variant

Scrotal + perineal composite 
defects

69 Sensate, low donor 
morbidity

Requires precise vascular 
preservation

Anterolateral Thigh (ALT) Flap Fasciocutaneous / 
Adipofascial

Large perineoscrotal defects 66 Large surface area, long 
pedicle

Workhorse for extensive 
loss

Scrotal Advancement Flap Local skin advancement Partial scrotal loss with 
remaining scrotal skin

65 Simple, fast, excellent 
texture match

Not suitable for total loss

Gracilis Muscle Flap Muscle or myocutaneous Deep perineal or ischiorectal 
space defects

54 Fills dead space, well 
vascularized

Useful in contaminated 
wounds

Rectus Abdominis / VRAM Myocutaneous Suprapubic/perineal complex 
defects

6 Bulk + reliable vascularity Higher donor morbidity

Groin / SCIA / IGAP / Posterior 
Thigh / Other Perforator Flaps

Fasciocutaneous Reconstruction tailored to defect 
geometry

~40 total 
(various)

Versatile options Less frequently used

Free Flaps Microvascular Reconstructive salvage when no 
regional tissue available

2 High versatility Rare due to patient 
instability + logistics
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regional flap-based reconstruction is safe, effective, and widely appli
cable, offering functional and aesthetic benefits that surpass traditional 
methods such as skin grafting or healing by secondary intention.

The predominance of regional fasciocutaneous flaps, especially the 
medial thigh, pudendal thigh, anterolateral thigh (ALT), and scrotal 
advancement flaps, highlights several important considerations. First, 
these flaps are versatile and anatomically reliable, offering an arc of 
rotation and tissue bulk well suited to perineal and genital reconstruc
tion. The medial thigh flap, used in 177 cases, stands out for its prox
imity, pliability, and low donor site morbidity, and is especially valuable 
in bilateral scrotal defects or when the testicles are completely denuded. 
It can be performed without microsurgical expertise, making it acces
sible in a range of healthcare settings [12,29,47,61,77,84,85,105,107].

Similarly, the pudendal thigh flap has gained favor for its ability to 
reconstruct scrotal and perineal tissues with good color and texture 
match, while preserving sensation and minimizing morbidity [22,38,39, 
43,68,86]. Though it requires precise planning to preserve the external 
pudendal vascular axis, its advantages in terms of recovery and outcome 
have been well described. The anterolateral thigh (ALT) flap, known for 
its long vascular pedicle and customizable skin paddle, was also widely 
used. Its capacity to cover large, composite defects makes it a superior 
option in massive tissue loss, particularly where prior grafting has failed 
or when other regional flaps are unavailable [11,26,31,50,51,53,59,67, 
79,100].

In contrast, muscle flaps, notably the gracilis, were employed less 
frequently but served an important role in specific situations [8,19,40, 
64,68,87,95,108]. The gracilis muscle is expendable, easily harvested, 
and can be tunneled into deep perineal or ischiorectal spaces, making it 
valuable when there is significant dead space or contamination. Its 
vascularity supports healing in previously infected or irradiated fields, 
and muscle bulk can help protect vital structures such as the urethra or 
femoral vessels. However, in the absence of these complexities, fas
ciocutaneous flaps are often preferred for their superior cosmesis and 
reduced donor site morbidity.

Complication rates across this large and diverse cohort were notably 
low, especially when considering the baseline clinical severity of the 
patients. The 1.6 % flap loss rate and 4 % infection rate compare 
favorably with outcomes in flap-based reconstructions for oncologic or 
trauma-related perineal defects. This suggests that flap reconstruction, 
even in previously infected fields, is not only feasible but robust, pro
vided appropriate timing and technique are employed.

Importantly, the majority of flap reconstructions reported in this 
review were performed in carefully selected patients with complex de
fects, often after failure of standard wound management strategies such 
as secondary healing, negative pressure wound therapy, or skin grafting. 
As such, flap reconstruction in Fournier’s gangrene should be viewed as 
a targeted solution for advanced reconstructive scenarios rather than a 
universal first-line approach.

A particularly salient finding from this review is the minimal role of 
free flaps, only two cases across 619 patients. This likely reflects a 
confluence of factors: patient instability, comorbidities, institutional 
limitations, and the adequacy of regional options. While free flaps such 
as the radial forearm or ALT can theoretically provide excellent out
comes, their use in Fournier’s gangrene is often precluded by the need 
for stable recipient vessels, prolonged operative time, and microsurgical 
expertise. The widespread success of local and regional options un
derscores their ongoing relevance in contemporary reconstructive 
algorithms.

Functionally, the preservation of scrotal anatomy and thermoregu
lation is essential, particularly for those seeking fertility preservation. 
Local flaps such as the medial thigh and pudendal thigh restore normal 
anatomy and prevent the need for testicular implantation in the thigh, a 
historically common but now largely outdated technique that carries 
risks of infertility, discomfort, and psychological distress [13,14].

Despite the procedural success, the literature remains limited in its 
assessment of functional, psychological, and quality-of-life outcomes. 

No studies incorporated patient-reported outcome measures (PROMs). 
Additionally, outcome assessments were largely subjective; most au
thors described results as 'satisfactory' based on clinical or patient 
impression, without the use of standardized assessment tools. Given the 
profound impact of genital and perineal disfigurement on self-esteem, 
body image, sexuality, and continence, future research must prioritize 
long-term follow-up and incorporate PROMs into reconstructive 
outcomes.

This review also identifies a lack of standardized flap selection al
gorithms. Most studies reflected institutional or individual surgeon 
preferences rather than objective criteria. While the defect location and 
size naturally guide reconstruction, there is opportunity for future 
consensus statements or clinical guidelines to delineate flap preferences 
based on anatomical zones, availability of donor tissue, and patient 
factors such as comorbidity or previous surgeries. Moreover, timing of 
reconstruction was poorly reported, with most studies lacking explicit 
documentation of the interval between last debridement and flap 
coverage. Notably, only 11 cases (<5 %) in our review underwent 
reconstruction within 48 h of the initial debridement, whereas the vast 
majority were performed after 7 days; however, many publications did 
not clearly report the timing at all. This information is critical for 
establishing best practices around early versus delayed reconstruction, 
particularly in infected fields.

A final limitation of the existing literature is the paucity of high-level 
evidence. The vast majority of studies were retrospective, non- 
comparative, and single-centre. While this is understandable given the 
rarity and heterogeneity of Fournier’s gangrene, it limits the ability to 
make evidence-based comparisons between flap types or reconstructive 
strategies. Prospective registries, multicentre collaborations, and stan
dardized outcome reporting would substantially improve the evidence 
base and facilitate comparative effectiveness research. Cross-specialty 
collaboration, between urology, plastic surgery, general surgery, and 
wound care, would further strengthen clinical integration and resource 
optimization.

5. Conclusion

In summary, this comprehensive review demonstrates that flap- 
based reconstruction for Fournier’s gangrene is a feasible and reliable 
reconstructive option in selected patients, with generally favorable 
short-term functional and aesthetic outcomes reported across the 
existing literature. The dominant use of regional fasciocutaneous flaps 
reflects their versatility, low complication profile, and reliability in 
complex genital and perineal reconstructions. While flap selection is 
influenced by defect characteristics and surgeon expertise, this review 
suggests that medial thigh, pudendal thigh, ALT, and gracilis flaps 
constitute the workhorse options for the majority of cases. The field 
would benefit from greater standardization in reporting, incorporation 
of validated outcome tools, and development of clinical algorithms. 
With the increasing prevalence of comorbid conditions such as diabetes 
and immunosuppression, Fournier’s gangrene will remain a recon
structive challenge - one best met with thoughtful, evidence-informed 
flap reconstruction strategies. Future multicentre studies with stan
dardized outcome reporting, longer follow-up, and comparative analysis 
between reconstructive strategies are needed to better define optimal 
flap selection, durability of results, and broader applicability across 
diverse patient populations.
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