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Introduction 

- George E. Koch. MD 

Fournier’s gangrene (FG) has long been the bane of the surgeon on call. Patients present

critically ill, or with the potential to become so, requiring urgent surgery. The surgery itself is no

one’s favorite and is followed by serial debridement, intensive care unit (ICU)-level care, wound

care, and reconstruction. Academic interest in the topic has historically been robust but focused

on risk factors and prognostic indicators. 

Some argue that this is the old disease archetype, however. Interest in improving the stan-

dard of care in FG is on the rise, both academically and clinically, and with that interest has

come recent evidence supporting multiple disease states over a more protracted course. This de-

scription of prodromal FG opens the door to prevention and early intervention while the advent

of skin-sparing debridement strategies is shifting the reconstructive landscape. The potential for

more functional reconstructions has inspired advancements in wound care to both optimize sur-

gical outcomes as well as cost-effectiveness. 
From the a Department of Urology, University of Washington, Seattle, WA; b Department of Urology, University of Cali- 

fornia San Francisco, San Francisco, CA; c Department of Surgery, University of Washington, Seattle, WA; d Departments 

of Urology and Epidemiology and Biostatistics, University of California San Francisco, University of California San Fran- 

cisco, San Francisco, CA; e Division of Plastic Surgery, Department of Surgery, University of Washington, Seattle, WA; 
f Department of Surgery & Perioperative Care, Dell Medical School, Austin, TX; and g Department of Surgery, Brooke Army 

Medical Center, Fort Sam Houston, TX 
∗ Address reprint requests to: George E. Koch, MD, Department of Urology, University of Washington, Ninth & Jefferson 

Building, 908 Jefferson St., 9th floor, Seattle, WA 98104. 

E-mail address: Kochge@uw.edu (G.E. Koch). 

https://doi.org/10.1016/j.cpsurg.2024.101499 

0011-3840/© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar 

technologies. 

https://doi.org/10.1016/j.cpsurg.2024.101499
http://www.ScienceDirect.com/science/journal/00113840
http://www.elsevier.com/locate/cpsurg
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cpsurg.2024.101499&domain=pdf
mailto:Kochge@uw.edu
https://doi.org/10.1016/j.cpsurg.2024.101499


2 G.E. Koch, B. Abbasi and L. Agoubi et al. / Current Problems in Surgery 61 (2024) 101499 

 

a  

c  

t  

I  

i  

f

T

-

 

i  

l  

p  

a  

u  

c

E

 

s  

e  

n  

c  

o  

p  

d  

s  

1  

i  

w  

i  

k  

m

E

 

fi  

g  

v  

s

 

r  

u  

a  

d  

t  

(  

m  
This monograph is intended to give the reader an in-depth view into these advancements,

lmost all of which can be implemented by most urologists nationwide as they see this rare

ondition on call. The contributing authors bring a deep fund of knowledge and experience to

heir work in FG and offer cutting edge perspectives and techniques for treating these patients.

t is our sincerest hope that this work will not only serve as foundational material for quality

mprovement initiatives, research, residency training, and clinical practice, but also as inspiration

or others to take up the mantle of leadership in treating this life-altering disease. 

he epidemiology, pathogenesis, and risk factors for Fournier’s gangrene 

Behzad Abbasi, MD and Benjamin N. Breyer, MD, MAS 

FG is a necrotizing soft tissue infection of the genital tissues seen in both men and women. It

s most often a result of poorly managed chronic medical conditions which lead to microvascu-

ar compromise, creating a milieu in which patients’ immune systems are unable to effectively

rotect them against severe cellulitis, leading to a gangrenous infection. These infections are di-

gnosed clinically, although computed tomography (CT) is very sensitive and specific and can be

seful in prognostication. The mortality rate for FG has dropped significantly from 50% histori-

ally to less than 10% in contemporary cohorts. 1 

pidemiology 

In 1883, Jean-Alfred Fournier described FG as an idiopathic necrotizing infection of soft tis-

ues exclusive to young men. 2 FG occurs in both genders and across age groups. The available

vidence on FG primarily comprises case series from tertiary centers and there is a scarcity of

ationwide and worldwide studies sufficient to ascertain the epidemiology of the condition. FG

onstitutes 0.02% of total hospital admissions in the United States, with a male incidence rate

f 1.6 per 10 0,0 0 0, peaking between 50 to 79 years of age. 3 Within the United States, most

atients are White, followed by Black and Hispanic, and no disparity in susceptibility among

ifferent ethnicities is noted. 3 , 4 Presently, the epidemiology of FG in women is lacking, and sub-

tantial large studies are absent. A review of the literature by Eke and colleagues, encompassing

726 cases, revealed a male-to-female ratio of 10:1. 5 Nonetheless, a nationwide study compris-

ng 1680 cases documented a mere 39 women with FG, however the administrative data upon

hich this study is based may be biased towards reporting male cases. 3 More recently, a large

nstitutional series by Beecroft and colleagues reported a 3:1 male predominance. 6 Given the

nown gaps in coding for female FG cases, institutional series may have an advantage over ad-

inistrative datasets in elucidating the true incidence of FG in women. 

tiology and microbiology 

FG was initially deemed idiopathic. Currently, the origin of the infection remains unidenti-

able in 26% to 36% of cases. 5 , 7 The preliminary infection can arise from skin as well as the

astrointestinal or genitourinary tract. 5 Although evidence on predominant etiological factors

aries, urethral strictures, indwelling catheters, genital trauma, and perianal abscesses are con-

idered risk factors for FG. 8 , 9 

FG infections are predominantly polymicrobial and consist of aerobic and anaerobic bacte-

ia. 10 , 11 Anaerobes spread consequent to tissue hypoxia and lead to gas formation and crepitus

pon physical examination. A recent study showed that polymicrobial infections were associ-

ted with higher inflammatory indices as well as longer hospital stays and the need for fecal

iversion. 12 Monobacterial infections are predominantly caused by group A β-hemolytic Strep-

ococcus (GAS) or Staphylococcus aureus , as well as methicillin resistant Staphylococcus aureus

MRSA) and extended-spectrum beta-lactamase bacteria (eg, Escherichia coli ) and are more ful-

inant than polymicrobial infections. 13 Lately, an increase in MRSA cases and the discovery of
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multiple instances of FG caused by multi-drug resistant organisms have been observed, poten-

tially postulating higher mortality rates. 14 Gram-negative pathogens, specifically Vibrio species,

and fungal infections caused by Candida species, can also lead to FG. Vibrio infections are more

common in Asia, in those who work closely with marine organisms, like fisherman. 15 , 16 Candida

species can be cultured from infections in individuals with a history of trauma and those who

are immunocompromised. 13 

Pathophysiology 

In FG patients, infections initiate within the deeper skin layers, primarily the hypodermis,

with superficial layers being involved in later phases. 16 This explains why the extent of damage

surpasses what is initially apparent on the skin surface. The course of the infection can vary

from a slow smoldering presentation to more fulminant one. Bacterial toxins cause tissue break-

down, promoting infectious spread and necrosis. The infection advances rapidly along fascial

planes, reaching a velocity of 2 cm per hour, particularly in cases with streptococcal involve-

ment. 17 Over time, arterial endarteritis and venous thrombosis develop, further contributing to

tissue ischemia, necrosis, and gangrene due to ongoing breakdown. Chronic conditions like dia-

betes mellitus (DM) that impact microvasculature exacerbate arterial damage, promoting anaero-

bic bacterial proliferation and fascial necrosis. 18 Hypoxia triggers pain that gradually resolves, as

damage to the neurovascular structures of the skin and soft tissues progresses. 16 In later stages,

causative organisms, directly or via toxins, induce systemic toxicity and organ hypoperfusion

from distributive shock, precipitating multiple organ failure and eventually death. 19 

Risk factors 

Disease development 

Conditions that cause impaired microcirculation and immunosuppression are shown to pre-

dispose to FG, namely, DM, chronic alcohol use, smoking, obesity, human immunodeficiency

virus (HIV), renal/liver failure, and malignancy, of which DM and obesity are the most com-

mon. 13 Approximately 36% to 56% of individuals with FG exhibit DM and 51.5% of them are

characterized as overweight. 4 , 7 Several studies have suggested that low socioeconomic status

may predict FG. 5 , 20 Nevertheless, it remains uncertain whether socioeconomic status serves as

an independent predictor or if its influence is mediated by factors such as alcoholism and obe-

sity. 

Length of stay 

A large study showed that the median length of stay is 9 days (interquartile range 5-17

days). 4 However, a recent review of FG literature exhibited a mean length of stay of 18.5 days. 21 

Factors such as older age, teaching hospital affiliation, greater comorbidity count, suprapubic

tube insertion, fecal diversion, complicated wound closure, delay in transfer to a high volume

center, and complications (eg, skin defects and orchiectomy) have been linked to longer hospital

stays. 4 , 22 , 23 

Mortality 

Nationwide studies have reported contemporary FG mortality rates ranging from 4.7% to

7.5%. 3 , 4 Research suggests that medical centers with greater patient caseloads exhibit better

mortality outcomes among patients with severe infection. 23 Predominant patient factors linked
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Table 1 

Summary of mortality predictors for Fournier’s gangrene (adopted from Bowen et al., 2022 21 ). 

Year N N, Female Predictors 

Creta et al. 207 2020 161 Unknown Higher FG Severity Index 

Tenório et al. 208 2018 124 25 extension to abdomen, raised potassium and 

creatinine, SFGSI > 2, 

Furr et al. 4 2017 9,249 0 Age, hospital volume > 10 cases/year, Medicaid 

insurance, renal failure, coagulopathy 

Lauerman et al. 61 2017 168 Unknown Increased serum WBC and lactate 

Kim et al. 209 2015 636 Unknown Age, BMI 

Sugihara et al. 210 2012 379 77 Age, CCI score, Sepsis/DIC at admission, debridement 

area ≥ 3,0 0 0 cm 2 

Yilmazlar et al. 31 2010 80 23 UFGSI ≥ 9 

Sorensen et al. 3 2009 1680 39 Age, CCI score, admission via transfer, heart failure, 

renal failure, and coagulopathy 

BMI, body mass index; CCI, Charlson comorbidity index; DIC, disseminated intravascular coagulation; FG, Fournier’s 

gangrene; SFGSI, simplified Fournier’s gangrene severity index; UFGSI, Uludag Fournier’s gangrene severity index; WBC, 

white blood cells. 
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o mortality in FG patients include advanced age, impaired coagulation, renal failure, and con-

estive heart failure ( Table 1 ). 7 , 21 , 24-26 Other studies highlight that deviations in homeostasis

re predictive of death among FG patients, including increase in leukocyte count, serum levels

f creatinine and lactate, and reduced hematocrit and serum albumin measure. 21 Moreover, the

equirement for mechanical ventilation or dialysis, along with delayed patient transfer, time to

nitial surgical debridement, extent of surgical debridement, and treatment approach, have been

hown to predict mortality in patients with FG. 21 These findings collectively suggest that poorer

ealth status, the extent of the disease, lack of access to care, and lack of experience with the

anagement of FG contribute to adverse outcomes and mortality in FG. 

everity indexes 

Laor and colleagues introduced the Fournier’s Gangrene Severity Index (FGSI), a numerical

coring system based on 9 physiological variables at admission, to assess patient outcomes

nd mortality risk. 27 These parameters include body temperature, heart rate, respiratory rate,

erum levels of sodium, potassium, creatinine, bicarbonate, hematocrit, and leukocyte count,

ach graded 0-4, with summed scores producing the FGSI score. 27 A score > 9 indicated a

5% probability of death, while scores ≤9 suggested a 78% probability of survival. 27 Although

he accuracy of the FGSI in outcome prediction is debated, multiple studies have associated

igher scores with increased mortality risk. 28-30 To enhance predictive capacity, the Uludag FGSI

UFGSI) was introduced, incorporating age and disease extent into FGSI parameters. 31 UFGSI pre-

icted death in 94% of cases with scores > 9 and 84% survival for scores ≤9, providing more

ensitivity but less specificity compared with FGSI. 32 A simplified version of the FGSI (simplified

GSI [SFGSI]), has been introduced and validated with only 3 physiological variables including

ematocrit and blood potassium and creatinine levels. 33 SFGSI has been demonstrated to be

on-inferior to FGSI in predicting mortality. 32 However, the choice of tool depends on physician

reference and the clinical context as these scoring systems may not be useful in the emergency

etting. 21 , 33 , 34 FG’s diverse presentation requires clinical judgment for timely intervention, as it

emains an unpredictable disease entity. 

maging 

Radiography, ultrasonography (US), CT, and magnetic resonance imaging (MRI) are valuable

djuncts to the clinical evaluation for FG cases. Cross-sectional imaging can indicate whether

erineal disease has tracked to the retroperitoneum. Plain film radiography offers cost-effective

nd accessible visualization, detecting gas formation prior to crepitus but has a limited role in
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Fig. 1. Axial computed tomography (CT) image of induration in left scrotal contents (narrow arrow) and gas formation 

(thick arrow) due to Fournier’s gangrene that extends to the left inguinal canal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FG imaging. 35 US is optimal for scrotal content assessment, indicating testicular FG involvement

and potential intra-abdominal or retroperitoneal source. CT surpasses plain films and US in con-

firming FG and for surgical planning. 35 , 36 CT exhibits the highest diagnostic specificity for FG

( Fig. 1 ). 37 Radiologists have devised and validated a CT scoring system that assigns numeric val-

ues to findings, including fascial air, muscle/fascial edema, tracking fluid, lymphadenopathy, and

subcutaneous edema. 38 , 39 A cumulative score of ≥6 on this system indicates the presence of

necrotizing fasciitis. 39 Nonetheless, MRI surpasses US and CT due to its heightened soft tissue

contrast and comprehensive assessment of disease extent and initial infection site. 40-42 It may

even be necessary if results from other imaging methods are inconclusive, particularly in cases

of FG coupled with perianal fistulae and abscesses. 41 , 43 However, deferring operative interven-

tion for an MRI examination is discouraged when CT is readily accessible, cheap, and faster. 35 , 43 

These modalities support FG diagnosis but must not replace clinical assessment. Imaging should

not delay surgery if clinical suspicion is high. Examination of genitalia, perineum, anorectal ar-

eas, and overall patient health remains pivotal. 

Medical management in Fournier’s gangrene 

-Nina Clark, MD, Alexandra Hernandez, MD, MCR, Lauren Agoubi, MD, MA, and Rebecca Maine MD,

MPH 

The mainstay of initial care of the patient with FG is timely surgical debridement; however,

these patients also require excellent perioperative medical care for good outcomes. A multidis-

ciplinary team approach is often needed for these patients, especially when they present with

systemic illness. For many, this care team should include the expertise of an intensivist familiar

with managing critically ill surgical patients. The medical care of the FG patient should focus on

several key aspects: 1) controlling and treating infection, 2) managing fluids and electrolytes, 3)

addressing the systemic inflammation associated with sepsis, 4) managing medical conditions

associated with the both preexisting comorbidities and acute in-hospital complications, and 5)

controlling pain and managing complex wound care needs. 

Infection control 

The primary focus of infection control for FG is early and complete debridement of infected

tissue. Studies and guidelines recommend initial debridement within 6 to 12 hours of presenta-

tion. 44 , 45 Even hospitals without the capacity to provide definitive long-term critical care, recon-

struction, and rehabilitation for FG should strongly consider performing an initial debridement



6 G.E. Koch, B. Abbasi and L. Agoubi et al. / Current Problems in Surgery 61 (2024) 101499 

o  

c  

e  

o  

s  

m  

m  

c  

c  

a  

s  

F  

s  

t  

T

A

 

e  

o  

e  

g  

a  

i  

p  

t  

F  

a  

a  

I  

a

 

f  

B  

I  

i  

H  

o  

M  

a  

w  

s  

h  

b  

o  

t  

i

 

i  

S  

S  

a  
f infected tissue prior to transfer. 46 This is especially true if transferring to another facility

ould lead to delays in operative intervention. General surgeons and/or urologists with limited

xperience with FG can still effectively perform an initial debridement to decrease the burden

f infected tissue, therefore helping to reduce the systemic effects of the infection. At our in-

titution, we often arrange for immediate transfer to a higher level of care after initial debride-

ent, sometimes directly from the OR at the presenting institution. Ideally, the initial debride-

ent will 1) remove all infected tissue, 2) minimize operative time, 3) be performed with some

onsideration of the eventual reconstruction, and 4) avoid diversion procedures like suprapubic

atheter placement or fecal diversion, especially in an unstable patient. Although all infected

nd necrotic tissue should be resected, several authors have demonstrated the safety of skin-

paring procedures during initial debridement when the skin itself is not frankly necrotic. 47-50

or more details on reconstruction, please see the section below on post-debridement recon-

truction following Fournier’s gangrene. Another critical component of the initial debridement is

he collection of wound cultures, which includes both swabs of wound/pus and bacterial tissue.

hese cultures are critical to guide antibiotic de-escalation during the patient’s care. 

ntibiotics 

Along with timely and complete debridement, early initiation of appropriate antibiotics is

ssential for the treatment of patients with FG. 51 Antibiotic selection is based on the typical

rganisms responsible for FG infections. An understanding of the different etiologies of FG is

ssential to choosing the right antimicrobials. There are 3 primary routes of infection in the

enital region that can result in FG, including urogenital, anorectal, and dermatologic. Injury to

ny of these areas can result in infections that lead to FG. Several other conditions, along with

nterventions involving the urogenital or anorectal tracts can cause FG, including strictures or

erforations, as can gynecologic procedures including episiotomies for vaginal deliveries. Infec-

ions in the groin such as Bartholin’s abscess, perirectal abscess, and furuncles can progress to

G. Finally, radiation, cancer, immunosuppression, and implanted devices have also been associ-

ted with the development of FG. Although dermatologic sources of FG are more likely to have

 single causative organism like S treptococcus spp. or Staphylococcus spp. , polymicrobial or type

 necrotizing infections are most common in the groin . 52 , 53 Understanding that urogenital and

norectal etiologies are common in this disease explains this pattern. 

As early initiation of antibiotics is a cornerstone of the management of sepsis and severe in-

ections, parenteral antibiotic therapy should not be delayed until culture data are available. 54

road spectrum antibiotics should be initiated as quickly as possible when FG is suspected.

nitial antibiotic selection should target the 4 primary causes of necrotizing infections includ-

ng MRSA, GAS, gram negative organisms, and anaerobic organisms, especially Clostridium spp.

istorically, our institution used a combination of 3 antibiotics to adequately cover each group

f organisms. Vancomycin, dosed by weight and managed by monitoring serum levels, covers

RSA. Clindamycin provides coverage both for GAS and for Clostridium spp. as well as other

naerobic infections. Piperacillin-tazobactam, a third-generation cephalosporin, treats GAS as

ell as the gram negatives organisms common in FG infections. These recommendations are

ummarized in Figure 2 and Table 2 . Institutional guidelines for empiric antibiotics for FG can

elp ensure more patients receive appropriate antibiotics early in their disease course. It should

e noted, however, that even in high volume institutions with published recommended antibi-

tics regimens, up to 25% of patients do not receive the appropriate recommended empiric an-

ibiotics. 51 Thus, it is imperative that the team managing the patient in the perioperative period

s vigilant about initial antibiotic selection. 

Clindamycin, which acts by inhibiting ribosome function, provides an additional advantage

n the early treatment of severe infections with toxin-producing organisms like Clostridium spp.,

taphylococcus spp. and GAS by inhibiting protein synthesis and therefore toxin production. Both

taphylococcus and Streptococcus produce superantigens, while Clostridium spp . produce alpha

nd theta-toxins which contribute to the physiologic shock state in patients infected with these
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Fig. 2. Antibiotic coverage in necrotizing soft tissue infection. 

Table 2 

Antibiotic regimen for necrotizing soft tissue infections based on culture results. 

Polymicrobial Piperacillin/tazobactam and vancomycin or linezolid∗

Methicillin resistant S. aureus Vancomycin or linezolid ∗

Streptococcus pyogenes Penicillin and clindamycin or linezolid ∗

Clostridia spp Penicillin or linezolid∗ , clindamycin 

Vibrio vulnificus Doxycycline and ceftazidime 

Aeromonas hydrophilia Doxycycline and ciprofloxacin 

∗ Consider sife-effect profile and antibiotic duration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

organisms. Thus, inhibition of these toxins can improve the course of the patient with FG. Al-

though higher-dose clindamycin was a central part of the treatment regimen at our institution,

recent studies have demonstrated increased resistance of GAS to clindamycin in different re-

gions. 55 , 56 There are also increasing rates of clindamycin resistance in Clostridium spp . 57 , 58 Ox- 

azolidinones (linezolid and tedizolid) demonstrated positive results in the treatment of severe

GAS infections in mice and have similar abilities to inhibit the protein synthesis needed for

toxin production. 59 Linezolid is also active against MRSA, and may be an alternative to van-

comycin, which has been associated with increased risk of acute kidney injury (AKI) in critically

ill patients when used alongside piperacillin-tazobactam. 60 

With rising resistance rates in our local population, as well as the concern for AKI in patients

treated with both vancomycin and piperacillin-tazobactam, we recently updated our antibiotic

regimen for FG to linezolid and piperacillin-tazobactam. This regimen provides both excellent

coverage of the major causative organisms and protein synthesis inhibition to decrease bacterial

toxin productions associated with shock syndromes. Linezolid, however, can have severe side

effects, including bone marrow suppression, and should be narrowed to another antibiotic as

soon as possible, as described below. 

De-escalation and discontinuation of antibiotics 

While early initiation of broad-spectrum antibiotic coverage is essential, it is equally impor-

tant to de-escalate antibiotic therapy as soon as possible. This both avoids adverse effects asso-

ciated with antibiotics and minimizes the development of antibiotic resistance. This is especially

important if the empiric regimen includes antibiotics with higher risk profiles, such as line-

zolid or the combination of vancomycin and piperacillin-tazobactam. Limited data are available

to help guide the de-escalation process for antibiotics in FG and other necrotizing soft tissue

infections (NSTI). Even in high volume centers with established NSTI or FG management pro-

tocols, there is significant variability in antibiotic duration. 51 Authors analyzed a group of 360
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atients with NSTI (150 with FG) treated during a 3-year period whose only antibiotic ther-

py during admission was for the treatment of their soft tissue infection. Half of the patients

ompleted 9.8 days of total antibiotics, with a median of 7 days of antibiotic therapy after fi-

al debridement. 51 This is despite guidelines that suggest antibiotics can be discontinued when

here is no additional need for debridement in stable patients. 59 Patients with perineal infec-

ions (FG) had slightly shorter overall duration of antibiotics, at 8.3 days vs 10.6 days, in this

tudy. 51 The specific pattern of de-escalation was not analyzed. A 2017 study of 168 FG pa-

ients at a single institution also found significant variation in the duration of antibiotic therapy

rescribed for FG, with only 16.7% of patients with a duration of therapy ≤7 days, a majority

63.4%) receiving between 8 and 14 days of antibiotics, and a median of 4.85 days of antibi-

tics after the final debridement. 61 In this study, the duration of antibiotics did not appear to

e associated with spread of the infection and/or debridement area or the ability to close the

ound. 

De-escalation of antimicrobials relies upon close communication between the surgical, and

f applicable, the critical care team. Depending on the patient’s physiology, de-escalation, and

essation of antibiotics immediately or within 24 hours of the final debridement may be appro-

riate. 61 Thus, knowing when the surgeons deem debridement complete guides that decision.

ntibiotics should be narrowed as soon as surgical cultures are available. For patients debrided

t another institution prior to transfer, this may require ongoing communication with the refer-

ing hospital to obtain the initial culture results. Negative cultures occur in a minority of NSTI

nd FG cases, and likely represent anaerobe infections, like Clostridium . In the setting of neg-

tive cultures, selective de-escalation of antibiotics should be initiated as soon as possible. For

xample, if there is no MRSA in the wound and the patient is not MRSA positive on nasal or

ther screening, removal of vancomycin or linezolid should be considered. Persistent fevers, on-

oing need for debridement, and persistent leukocytosis are reasons to consider ongoing antibi-

tic therapy, but in general most patients can have antibiotics de-escalated soon after operative

ebridement is complete to minimize complications from antibiotic therapy. In 1 study, each

dditional day of clindamycin therapy was associated with an 6% greater odds of developing a

lostridium difficile infection of the intestine while hospitalized. 51 

As discussed above, clindamycin or oxalinates are included in recommended regimens not

nly for their ability to treat key causative organisms, but also to decrease toxin production and

educe the inflammatory response of the host. In general, this effect is most beneficial in the

nitial 72 hours of care. 58 Typically, final culture results are available within 48 to 72 hours, thus

he timing of de-escalation usually aligns with the duration of the anti-toxic effect. However,

f antibiotics are narrowed earlier, providers should consider completing 72 hours of therapy of

hese agents. 

evel of care 

Patients suspected of having any NSTI, including FG, should be strongly considered for close

onitoring in an ICU. Historically, mortality in these patient populations has reached up to 40%;

ore recent data suggest that access to critical care resources and early surgical intervention

as improved the mortality to between 10% and 20%. 62-64 In addition to local wound infec-

ions, NSTIs, including FG, are characterized by a severe, systemic inflammatory response that

s frequently associated with multi-organ dysfunction. Retrospective studies evaluating this in-

ammatory response have identified a trend toward systemic worsening of markers of sepsis

ver the first 24 hours, followed by gradual improvement. 65 In particular, patients with higher

aseline modified Sequential Organ Failure Assessment (mSOFA) scores in that study had ele-

ated risk of multi-organ dysfunction in addition to mortality. In addition to baseline indica-

ors of sepsis and systemic inflammatory response, suspicion for clostridial infection should also

rompt strong consideration of ICU admission, as patients can rapidly deteriorate. Clostridial

STIs, which frequently manifest as “gas gangrene”, have been associated with mortality in 70%

o 100% of patients, typically in the first several days of hospitalization. 66 For most patients with
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suspected or confirmed FG, an ICU level of care is likely appropriate to facilitate close hemody-

namic monitoring, active resuscitation, and rapid surgical re-exploration in the event of clinical

deterioration. 

The physiologic derangements, high-volume fluid resuscitation requirements, and wound care

needs common across many patients with NSTI and FG have been compared with the resources

utilized by patients with severe burns. Studies suggest improved outcomes for patients trans-

ferred to burn centers for management of NSTI. 67 Thus, providers caring for patients with FG

should determine if their institution has adequate resources for monitoring and surgical man-

agement of the patient and, if not, consider transfer to a burn center capable of providing a high

level of surgical critical care. 

Because FG patients frequently develop sepsis and require ICU admission, they are at high

risk to develop complications during long hospital stays. No guidelines exist that are unique

to the FG population to avoid complications like ventilator-associated pneumonia, acute res-

piratory distress syndrome, catheter-related infection and other organ failure that are com-

mon and can be prolonged in patients with sepsis and critical illness from all causes. As

such, general best practice guidelines for ICU care should be applied to FG patients as

well. 

Monitoring of volume status and resuscitation 

Several factors contribute to a need for aggressive fluid resuscitation, hemodynamic moni-

toring, and metabolic support among patients with FG. Postoperative patients frequently have

large, open surgical wounds that can result in fluid shifts and insensible losses. Circulating bac-

terial toxins and immune mediators contribute to capillary leak and loss of intravascular vol-

ume; in addition, sepsis from NSTI is associated with the development of severe hypoalbumine-

mia, which can worsen capillary leak. 68 , 69 Finally, the impacts of both operative blood loss and

hemolysis mediated by bacteria can contribute to anemia. Intensivists caring for patients with

NSTIs must pay diligent attention to volume status and hemodynamic changes that may indicate

inadequate source control and prompt a return to the operating room. Aggressive fluid resuscita-

tion, including blood products when appropriate, supports end-organ perfusion in these critically

ill patients. 

Little to no data have been published assessing the appropriate strategy for fluid resusci-

tation specifically for NSTI or FG patients. Although the choice of resuscitative fluids must be

tailored to individual patients; crystalloids are generally accepted as appropriate first-line flu-

ids in patients with FG. 70 Current guidelines generally support an initial crystalloid bolus of 30

cc/kg for patients with suspected or confirmed sepsis; additional fluids will likely be neces-

sary for patients in septic shock. Ongoing assessment of volume status, volume responsiveness,

and need for adjuncts to crystalloid resuscitation to maintain appropriate mean arterial pres-

sure must be pursued aggressively. The balance between adequate restoration of intravascular

volume and avoidance of volume overload is critical and has prompted investigation into colloid

solutions. Albumin is the primary driver of intravascular oncotic pressure; given concerns for

capillary leak in sepsis, it has been proposed as an alternative to crystalloids that may main-

tain intravascular volume. 71 Unfortunately, several studies comparing albumin versus crystalloid

fluids for resuscitation have failed to demonstrate consistent mortality benefits in patients with

severe sepsis. 72-74 Plasma has also been proposed as a colloid that may be useful in sepsis;

however, few studies have evaluated its potential impact on morbidity and mortality in human

subjects. 

One critical consideration in the early resuscitative phase of NSTI management includes the

monitoring and treatment of electrolyte and glycemic derangements. Electrolytes should be cor-

rected initially and monitored serially, especially given the higher rate of renal dysfunction and

its association with mortality. In addition, close monitoring and management of elevated blood

glucose levels are important during resuscitation. DM is very common in FG patients, although

many non-diabetic patients with FG also have hyperglycemia related to infection and sepsis. In-
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ravenous insulin is frequently required to control blood glucose early in the patient’s course.

n aggressive approach to volume resuscitation, electrolyte and metabolic derangements, and

eed for additional intervention are why ICU admission is justified for the majority of patients

ith FG. 

djuvant treatments in necrotizing soft tissue infections 

Several adjuncts, including hyperbaric oxygen therapy (HBOT), intravenous immunoglobulin

IVIG), and pharmacologic treatments have been proposed for use in severe NSTIs. Although

one have been shown to consistently improve outcomes, there are some studies that suggest

enefit to some patients, particularly those with severe sepsis. However, these resources are not

vailable at most hospitals, even high volume NSTI centers; thus, availability is another factor in

he utility of these interventions. 

HBOT theoretically functions by increasing local oxygen concentration in areas where im-

aired blood flow to infected tissues has created an optimal environment for anaerobic bacte-

ia to grow. HBOT may also improve the neutrophilic response to infections, promote fibroblast

roliferation and angiogenesis, and improve the delivery and function of antibiotics. 75 Numer-

us studies have sought to leverage these benefits in patients with NSTI including FG. These

ave demonstrated between a 64% and 100% absolute risk reduction in mortality compared

o patients who did not receive HBOT. However, these data are limited to retrospective, pre-

ominantly single-center studies with small sample sizes and between-group differences that

ere frequently not accounted for in statistical analyses. 76-81 Furthermore, these results are

ontradicted by several other small studies that demonstrate no significant difference in sur-

ival for patients undergoing HBOT. 81-86 No randomized study has been performed evaluating

he impact of HBOT as an adjunct treatment for NSTI of FG. A Cochrane review performed in

014 did not demonstrate clear evidence that HBOT is effective in improving outcomes for pa-

ients with NSTI and current guidelines do not recommend its routine use patients with FG

verall. 87 

Pooled IVIG has also been proposed as a potential adjunct treatment for NSTI as it can bind

irculating antigens and bacterial toxins that contribute to the worsening physiology in some

atients. Similarly to HBOT, the available data are from smaller, observational studies. 85 , 86 A

tudy of patients with toxic shock syndrome caused by GAS infection found that IVIG infu-

ion reduced the duration of organ failure. However, studies of patients with NSTI have not

ound similar benefit. This includes a single trial comparing IVIG versus placebo in NSTI treat-

ent which randomized patients to placebo or IVIG, 25 g/day, for 3 consecutive days, begin-

ing immediately after patient admission to an ICU or operating room. 53 In the IVIG group

4% of patients died within 30 days compared to 12% in the placebo group, which was not

tatistically different. IVIG may benefit patients with GAS infections and can be considered

n FG caused by this organism, but is less likely to benefit other types of infections. Recent

STI guidelines align with this approach, while noting that IVIG does not clearly improve

ortality. 45 

The goal to decrease the inflammatory response to minimize end organ injury led to the

evelopment of a novel agent, Reltecimod (AB103). 88 This agent blocks superantigen binding

n T-cells, specifically at the CD28 receptor. A 2014 phase 2a safety trial of this drug in pa-

ients with NSTI found that, at 2 weeks, the drug decreased the modified mSOFA compared

o placebo. The authors also found that cytokine levels were decreased in the patients re-

eiving the drug. 88 A subsequent multicenter randomized control trial phase 3 study evalu-

ted a composite outcome of alive at 28 days, no amputation after first operation, < 3 de-

ridements by day 14, mSOFA ≤1 at day 14, and mSOFA with reduction of ≥3 points. NSTI

atients who received the drug were significantly more likely to achieve the composite end

oint compared to placebo (54.3% vs 40.3%). They also found patients that received Reltec-

mod experienced shorter duration of organ dysfunction and a more favorable disposition
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at discharge. 88 This drug has not yet been approved by the United States Food and Drug

Administration. 

Management of medical comorbidities 

Acute kidney injury 

Baseline renal impairment has been identified as a risk factor for development of FG, and has

been associated with worse morbidity, mortality, and more frequent discharge to a higher level

of care. 1 , 89 In the setting of active infection, AKI impacts from one quarter to more than one

half of all patients with FG. 1 The incidence of AKI in this population is associated with severity

of early sepsis; in fact, renal impairment is a component of several measures of the severity of

NSTIs. 65 , 90 In a review of 38 studies with nearly 20 0 0 patients, renal failure was associated with

an increased risk of mortality from FG. 1 

Early recognition of renal impairment is essential. Urinary catheterization should occur soon

after the initial evaluation to monitor renal function and guide fluid resuscitation. Early coun-

seling of patients and families should discuss the possible need for renal replacement therapy

when multi-organ dysfunction develops. One study estimated renal recovery at 39% for patients

with mSOFA scores greater than 1 at day 14 in their clinical course, although this was not spe-

cific to FG patients. 65 Management of fluids and electrolytes, treatment of sepsis, and avoidance

of nephrotoxic agents and drug combinations are the foundation of initial treatment. Ultimately,

early engagement of nephrology consultants for considering renal replacement therapy in the

setting of persistent decline in renal function is necessary. 

Diabetes mellitus 

DM is a frequent comorbidity for patients with FG, and poorly controlled DM is a risk factor

for the development of FG. Rates of DM in FG and other NSTIs range from 30% to 76% of pa-

tients. 61 , 91 , 92 Poor diabetic control is a major risk factor for the development of NSTI and con-

tributes to poor prognosis among patients with FG. 91 , 93-96 Patients with DM may present with

direct complications of this disease, including diabetic ketoacidosis and hyperosmolar hyper-

glycemia. In one series of patients presenting with FG, the majority of patients with poorly con-

trolled DM presented in a state of diabetic ketoacidosis. 97 Importantly, ongoing elevated blood

glucose, or a worsening of glycemic control after initial improvement, may represent a progres-

sion of infection. 98 , 99 This distinction is critical, and rising blood sugars should be communicated

to the surgical team as quickly as possible to facilitate wound inspection and potential further

debridement. 

Close glucose monitoring, especially in the initial stages of resuscitation and debridement,

is required for all patients with FG, not only those with a known history of DM. Insulin infu-

sions are frequently used and are often more effective than an insulin sliding scale at control-

ling a patient’s blood glucose. Hemoglobin A1C levels should be checked on admission for all

patients with FG, as this may represent an opportunity both to diagnose DM and to modify out-

patient management strategies at discharge. All patients with FG, with or without DM, are at

risk for hyperglycemia in the setting of severe infection. One study that evaluated the impact

of poor glucose control on clinical outcome in FG did not demonstrate a difference in mortality,

or number of debridements among patients who achieved early glucose control, but did note

a reduction in length of stay. However, the investigators did note that patients with DM were

significantly less likely to achieve glucose control than those without DM. 91 , 99 A systematic re-

view of 38 articles describing 1990 patients did find that DM was associated with an increased

risk of mortality from FG. 1 In summary, blood glucose is an important marker for infection and



12 G.E. Koch, B. Abbasi and L. Agoubi et al. / Current Problems in Surgery 61 (2024) 101499 

e  

t

C

 

r  

p  

6  

e  

d  

d  

b  

t

 

c  

t  

t  

z  

a  

t  

n  

h

I

 

o  

t  

s  

w  

t  

t  

t

M

 

t  

t  

t  

f  

p  

t  

A  

o  

p  

a

 

s  
arly glucose control may reduce length of stay, although this is understandably more difficult

o achieve among patients with DM. 

ardiovascular 

Unfortunately, cardiovascular comorbidities are also common among patients with FG. Like

enal dysfunction, FG patients can have both chronic and acute cardiac concerns. After DM, hy-

ertension is the most common comorbidity for patients with FG ( ∼25%), with approximately

% of patients presenting with preexisting heart failure, coronary artery disease, and/or periph-

ral arterial disease. 11 Preexisting heart disease is a risk factor for in-hospital complications and

ischarge to higher level of care among patients with NSTI. 89 For patients with preexisting car-

iovascular disease, early resumption or continuation of home medications—particularly statins,

eta blockers and aspirin—may help minimize the risk of myocardial ischemia in the periopera-

ive and critically ill period. 100 

Acute cardiac dysfunction can arise from sepsis induced by FG and can be mediated by

ytokines from different organisms. Streptolysin O, a protein produced by streptococcal bac-

eria common in necrotizing infections, is directly cardiotoxic and impairs myocardial con-

ractility. 57 Targeting production of bacterial antigens by treatment with clindamycin or line-

olid is an important adjunct in minimizing these effects, but the primary management of

cute myocardial dysfunction is close monitoring of hemodynamic status, especially in pa-

ients with sepsis, and maintaining a broad differential when assessing shock etiology. This

ecessitates reassessment of volume status and cardiac function in the event of worsening

emodynamics. 

mmunosuppression 

Immunocompromised patients often have an atypical presentation (mild erythema, lack pain

ut of proportion to findings) of NSTI and therefore a high index of suspicion is imperative when

hese patients present with sepsis and concern for soft tissue infection. One retrospective cohort

tudy found that patients who were immunocompromised tended to have lower glucose and

hite blood cell count, important laboratory markers for diagnosis. This cohort had delayed time

o diagnosis and initial operative debridement and higher in-hospital mortality. 101 Adherence

o the principles of gaining rapid surgical control of infection and early initiation of antibiotic

herapy is especially important for this group of patients with FG. 

onitoring for disease progression 

A key component of the initial postoperative care after debridement is early detection of pa-

ients who require additional debridement to achieve source control. Most patients with necro-

izing infections warrant monitoring in the ICU after initial debridement. The exception is pa-

ients with small wounds, excellent initial surgical debridement, and no signs of end organ dys-

unction like acute kidney injury or sepsis. ICU monitoring facilitates several goals in the early

ostoperative period, most of which are focused on identifying patients who may need to return

o the operating room for additional debridement prior to their planned second-look operation.

 planned second-look is typically scheduled 6 to 24 hours after the initial debridement. Timing

f planned re-exploration is largely dependent on the extent of debridement, the concern for

roximal and/or retroperitoneal extension at the initial operation, and the patient’s physiology,

nd response to treatment. 

Especially in patients who present with septic physiology, continuous monitoring of vital

igns and renal function are essential to guide postoperative resuscitation. Patients who do not
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respond to intravenous volume or who have increasing vasopressor requirements should be ur-

gently and serially re-evaluated by the surgical team to determine whether earlier operative

wound exploration is required. 

Visual inspection of the wound at regular intervals is an important part of the initial early

management as well. The resources of the institution, experience of the nursing team with

wound assessment and treatment, and the patient’s condition should guide who performs

wound assessments and care. Initial postoperative wound care should be within 6 to 12 hours

at most after initial debridement to ensure early detection of disease progression. 102 Thus, our

practice is to avoid the placement of wound VACs (ie, negative pressure wound therapy [NPWT])

during initial debridement to facilitate early and repeat assessment. We also commonly use

Dakin’s or chlorhexidine solution as part of our wet-to-dry wound care therapy in the early

postoperative hospital course. Additional tissue necrosis noted during wound care prompts rapid

evaluation by the surgical team to determine if additional operative debridement is needed.

Our NSTI protocol also includes serial monitoring of biochemical markers, specifically leukocyte

counts, lactate trends, renal function, and blood glucose. As with the other monitored param-

eters, failure to improve or worsening despite appropriate resuscitation in any of these labora-

tory values prompts urgent re-evaluation by the surgical team and consideration of operative

re-exploration to ensure adequate debridement. Rapid elevation of the white blood cell count,

especially to very high values and in the setting of physiologic deterioration, raises concern for

Clostriudium spp. infection. In these cases, emergent re-exploration and aggressive debridement

is required. 

Pain management and wound care 

Pain management 

Although the extent of debridement varies, large wounds in the perineum with extension

to the abdominal wall and lower extremities are common in FG. The high density of nerves in

the region and large wound beds can be very painful. Thus, the perioperative care team must

develop strategies to help address pain while supporting the wound care imperative for healthy

granulation tissue to develop, facilitating eventual closure, and reconstruction. 

Pain can be conceptualized as breakthrough, procedural, and background pain, with each

type requiring a specific approach. 103 In the acute and immediate postresuscitative phases,

short acting opioids such as fentanyl, hydromorphone, and oxycodone are central to the treat-

ment of breakthrough (eg, with mobilization, pain crises) and procedural pain (eg, postopera-

tive, wound care). Providers should work with patients to develop an appropriate dosing strat-

egy. Patients whose comorbidities or complications (eg, AKI) do not preclude the use of ac-

etaminophen and/or nonsteroidal anti-inflammatory drugs (NSAIDs) are typically treated with

these as baseline scheduled medications, given their opioid-sparing and potentially synergis-

tic effects. 104 Other opioid-sparing adjuncts include gabapentin or pregabalin and anxiolytics. 105 

Gabapentin is a well-established treatment for neuropathic pain and has also been demonstrated

to be effective as an opioid-sparing agent in the acute setting. 106 Additionally, procedural pain

related to debridements, wound care, and physical therapy may be augmented by significant an-

ticipatory anxiety for some patients. 107 Relieving periprocedural anxiety with short acting anx-

iolytics such as midazolam or lorazepam can be critical to the pain control strategy for these

patients. 

Finally, heightened levels of background pain may be due to preexisting chronic pain condi-

tions or opioid tolerance, whether as a function of substance use disorder or due to protracted

wound care. Substance use disorders are commonly seen in patients with necrotizing infections,

with studies reporting up to 80% of NSTI cases related to injection drug use. In these popula-

tions, background pain may be managed with long-acting opioids. Several studies have demon-

strated the use of methadone for acute pain management to mitigate opioid tolerance or coun-
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eract progressive difficulty with pain control despite opioid escalation. 108-112 In these cases, ad-

iction specialists and experienced pharmacists are integral components of the multidisciplinary

eam. For all patients, a detailed weaning protocol should be provided upon discharge, with

ollow-up scheduled as needed. 

ound care 

Our institution typically approaches early wound care with frequent wet-to-dry dressing

hanges using dilute Dakin’s solution (0.0125%-0.025% concentration) or chlorhexidine solution.

wice or 3 times daily dressing changes both facilitate wound healing and ensure frequent

ound assessments to identify infectious spread early on and expedite additional debridement

s needed. The use of Dakin’s solution in the resuscitative and immediate postresuscitative

hases provides an antiseptic wound environment with low cytotoxicity to fibroblasts. 113 Al-

hough little literature exists to support chlorhexidine solution, its cytotoxicity is extremely low.

nce granulation has begun and there are no further signs of infection, we transition to wet-

o-dry dressings using normal saline at a lower frequency or use a negative-pressure wound

ressing. Wound care typically continues for days to weeks until the wound shows no evidence

f ongoing infection and is ready for either secondary or delayed primary closure, depending on

he available soft tissue, flaps, or skin grafts. In care environments where it is possible, we rec-

mmend working closely with reconstructive surgeons in order to determine the need for and

iming of reconstruction for large wounds. 

stablishing goals of care and palliation 

Surgical palliative care is another important adjuvant for caring for the critically ill patient

ith FG. 114 Palliative care, either by the primary team or with the support of specialty-trained

alliative care experts, provides essential support to patients and families who must try to make

are decisions that best align with the FG patient’s overall goals of care and specific values for

heir quality of life. In these discussions, it is important to give patients and family members a

ealistic impression of the best case scenario, the worst case scenario, and the most likely sce-

ario given the patient’s clinical course. 115 Patients and families should be informed of the mor-

ality rates (between 10% and 20%), prolonged hospitalizations (an average 2-3 weeks), frequent

ischarge to non-home destinations, need for multiple operative procedures to achieve cure and

econstruction, and the possibility of needing urinary or fecal diversion. 51 , 91 , 99 If clinical find-

ngs suggest potential disease extension into the retroperitoneum, we discuss the anatomical

imitations of extensive debridement in this area and the low likelihood of achieving surgical

ontrol of for this type infectious spread. Because comorbidity rates are high, these discussions

hould be informed by how pre-existing conditions may impact the patient’s course. As with

ll palliative care discussions, the underlying goal is to engage the patient, if possible, and the

amily members in shared decision making that ensures care is aligned with the patient’s values

nd can actually help them achieve their stated goals for returning to a meaningful quality of

ife. 114 When complications arise, critical illness is prolonged, or there are additional interven-

ions needed, these are good points both for the care team and the family to assess whether

are continues to be aligned with the patient’s goals. 

As the majority of patients with FG transfer institutions for care, an appropriate time to ini-

iate conversations with the family and patient, if possible, may be prior to initial transfer. 51

lthough it can be difficult to fully assess a patient remotely, providers who receive transfer

equests frequently have a sense of the severity of illness, and often an initial expectation of

hat the patient’s overall course may be. Especially when patients have significant preexisting

onditions or are not interested in prolonged critical care, multiple operations, or diversion pro-

edures, conversations prior to transfer may help both family and provider determine whether
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transfer is appropriate and establish expectations for post-transfer care. Given the challenges in

remote assessment and no well-validated tools to predict outcomes with FG, true prognostica-

tion, especially without a physical evaluation, may be very challenging. When there is hesitancy,

significant uncertainty, or patients or family prefer evaluation at a center with more expertise,

the best course of action remains rapid initial debridement with transfer. In our experience, hav-

ing these conversations prior to transfer can greatly improve the post-transfer communication

and expectations of families. 

Conclusion 

Although the cornerstone of initial treatment of FG is surgical debridement, appropriate early

initiation of antibiotic therapy, active resuscitation for patients with sepsis, early recognition of

disease progression, management of comorbidities and complications, diligent wound care and

pain management, and the use of palliative care to support patients and families are also essen-

tial to ensure that patients achieve the best possible outcomes, aligned with their priorities and

goals of care. 

Surgical therapy for fulminant Fournier’s gangrene 

-Capt. Tarah Woodle, MD, USAF and E. Charles Osterberg, III, MD 

The surgical management of fulminant FG has always been driven by the mantra “time is

fascia.” Although that focus on timely debridement remains a foundational principle in the man-

agement of this disease process, radical debridement is quickly giving way to skin-sparing tech-

niques that facilitate earlier and less complex reconstruction. Furthermore, adjunctive procedures

like orchiectomy and fecal diversion are becoming historic considerations in a vast majority of

contemporary cases. Although time is still fascia, the current focus of FG debridement centers

more around preservation than excision. 

Timing of The initial debridement 

FG necessitates immediate surgical intervention, requiring timely and thorough surgical de-

bridement of necrotic tissue. Timing is critical as early and urgent surgical debridement has been

shown to significantly reduce patient morbidity and mortality. 116-118 The importance of debride-

ment reflects the pathophysiology of the condition whereby necrotic, infected tissue serves as

a reservoir for bacteria that cause systemic illness via toxin production. As this tissue has been

devitalized by infectious thrombosis of its bloody supply, it is not salvageable with antibiotic

therapy because these medications have no tissue penetration without blood supply. Therefore,

the only means by which to control the infection is excisional debridement of necrotic tissue. 

Previous retrospective studies have attempted to determine the optimal timeframe for surgi-

cal debridement from the onset of patient symptoms. In a large single institution retrospective

analysis, patients who underwent surgical debridement after 7 days of symptom onset had a

40% higher mortality rate compared to those who were promptly taken for surgical debride-

ment within one week. 117 In their multivariable model, the authors found time to debridement

to be an independent predictor of mortality when age and diabetes status were accounted for

( P = 0.001). 

More contemporary series support surgical debridement within a smaller window. In a se-

ries of 379 cases of FG, Sugihara and colleagues demonstrated that debridement within 2 days of

hospital admission, compared to a delay of 3 to 5 days, led to 38% reduction in patient mortality

(odds ratio [OR] = 0.38; P = 0.031). 118 Furthermore, a meta-analysis of all NSTIs showed that in

10 included studies, surgical debridement within 6 hours was associated with a mortality rate of
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9% compared to 32% for patients undergoing surgery after 6 hours from presentation (OR 0.43;

5% CI 0.26–0.70). 119 Specifically in FG, a retrospective review of 118 cases over 30 years deter-

ined that surgical intervention within 14 hours from presentation led to the highest reduction

n mortality ( P = 0.039). 116 Patients receiving early surgical intervention, within 14.35 hours, had

 significant reduction in mortality, from 68% to 23%. These findings highlight the need for early

nd prompt surgical management to achieve improved patient outcomes, which again, is con-

istent with the pathophysiology of the disease process. No amount or duration of antibiotic

herapy will salvage the necrotic tissue in an NSTI; therefore, as soon as a patient is resuscitated

nough to undergo anesthesia, he should be taken to the operating room for debridement. 

However, while numerous studies have shown time to be of the essence when debriding

STIs, including FG, studies that report time from onset of symptoms to presentation have

ot shown an association with patient outcomes. 119 This may be a reflection of the difficulty

n obtaining an accurate or precise time of onset in many studies, but it also speaks to the

merging concept of a prodromal state in FG. In a landmark article by Erickson and colleagues,

he authors described the pre-FG course of more than 80 0 0 patients who would eventually

o on to present with FG. 120 In this cohort, 50% of patients presented with a symptomat-

cally similar diagnosis (cellulitis, genital swelling, urinary tract infection) within 21 days of

heir FG admission ( Fig. 3 ). Furthermore, patients had an average of 1.8 health care visits for

ymptomatically similar diagnoses within 90 days of FG diagnosis, with more than 10% of pa-

ients having at least 3 such visits. Therefore, while expediting debridement upon presenta-

ion with fulminant FG is essential in decreasing mortality and improving clinical outcomes,

here is clearly a poorly understood prodromal disease state which is still being explored in the

iterature. 

echniques for surgical debridement 

Surgical debridement is the primary treatment necessary for source control to halt active

nfection, prevent the local spread of necrosis, and decrease the systemic showering of tox-

ns and inflammatory mediators in FG. Wide radical surgical debridement was historically rec-

mmended, and is often still used outside of specialized centers, and includes removal of all

ecrotic subcutaneous tissue and fascia as well as the skin overlying it. Blunt dissection has

een described as an effective means of determining the extent of debridement, as often there

s easy separation of involved necrotic tissues from underlying viable deep fascia. 13 

Although radical debridement has long been the standard, there is currently debate regarding

hether the boundaries of debridement should be made based on underlying fascia or the over-

ying skin ( Fig. 4 ). Although some authorities advocate for surgical debridement until bleeding

s encountered, there has been a rising interest in reducing the amount of tissue removed dur-

ng debridement. 13 , 49 , 121 This “skin-sparing” strategy prioritizes the initial resection of necrotic

issue but aims to preserve borderline tissue that may declare itself to be ischemic during se-

ial debridements, due to devitalization from loss of its vascular supply, but not overly necrotic

nd thus not contributing to the systemic illness of the patient ( Fig. 5 ). Skin-sparing technique

deally avoids large, wide excisions which often require multiple debridements, more painful

ound care, increased lengths of hospitalization, and result in the need for extensive and often

omplex surgical reconstruction including skin grafting. 49 In an attempt to reduce the morbidity

f patients undergoing treatment of FG, several authors have proposed strategies to reduce the

xtent of resection at the time of initial debridement by utilizing skin-sparing incisions. 49 , 50 , 121 

Skin-sparing techniques were first developed by classifying tissues into 3 “zones” according

o the degree and location of skin infection and necrosis. 121 The 3 zones of tissue were defined

s: zone 1, containing necrotic tissue that is non-salvageable and is at the epicenter of the in-

ection; zone 2, characterized by tissue that displays erythema and initial signs of infection but

ay be salvageable; and zone 3, described as healthy, viable tissue that remains uninvolved by

he infection. 
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Fig. 3. (A) Symptomatically similar diagnosis (SSD) visits prior to index diagnosis of necrotizing soft tissue infection 

of the genitalia (NSTIG) with expected trend observed SSD-associated visits (blue) vs the expected trend (red). (B) SSD 

visits prior to index diagnosis by SSD category. Adapted from Erickson et al. 2021). 
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Fig. 4. Radical debridement of scrotal Fournier’s gangrene. 

Fig. 5. Skin-sparing debridement of scrotal Fournier’s gangrene. 
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Wong and colleagues advocated for performing a blunt dissection along the deep fascia to

elineate the perimeters of infected fascia and demarcate the overlying tissue that should be

emoved. In the experience of these authors, the edges of the debridement often fall within the

rea between zone 2 and zone 3. Ideally, this technique allows for the preservation of a greater

mount of surrounding tissue, which can later facilitate delayed primary closure of the wound. 

Describing a similar technique, Perry and colleagues reported on a retrospective cohort of 17

atients who underwent skin-sparing debridement. 48 Their surgical approach involved assessing

he skin and soft tissue for gross evidence of microvascular thrombosis. If present, the tissue

as resected, however, if bleeding vessels were identified, even in tissue that appeared to have

ellulitis, the overlying skin was salvaged. A NPWT device was then placed over the wound and

he patient was later returned to the operating room for delayed primary closure. The authors

ound that by utilizing this technique, 100% of patients could be closed prior to discharge with

nly 2 of 17 (11.8%) requiring skin grafting. 

Skin-sparing techniques have also been validated histologically. Alyanak and colleagues ex-

mined histologic changes between the deep subcutaneous tissues and the overlying epidermal

kin layer at the edges of skin-sparing debridements in 15 patients diagnosed with FG. 122 This

nalysis revealed that the outermost layer of the skin remained unaffected, in contrast to the

ecrotic subcutaneous tissue beneath. This is the only pathologic evidence to date supporting
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Fig. 6. Skin-sparing incision maps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the validity of skin-sparing techniques, but coupled with the ever-growing clinical results, is a

reassuring basic science correlate for the technique. 

Further refinements in skin-sparing techniques for NSTIs have been developed by Tom and

colleagues. 49 These authors, in collaboration with plastic surgery and general surgery colleagues,

created incisional diagrams designed to both preserve vascular perforators on initial debride-

ment as well as to minimize radical debridement of difficult to cover areas like flexor surfaces

and bony prominences ( Fig. 6 ). These incisional maps allow for debridement of underlying tis-

sue while preserving skin that can then be used for delayed primary closure rather than neces-

sitating skin grafting. The authors argue that the vascular arcades within the skin have shunting

mechanisms that allow for blood flow redistribution, even when main vascular pedicles are com-

promised. This “choke vessel” phenomenon takes up to 48 hours to redistribute vascular flow, 

meaning that skin spared using this technique can be reassessed during repeat debridements to

ensure viability. 49 The authors do acknowledge that there must be special care taken to evalu-

ate patients for worsening infection in the instance that preserved tissues develop necrosis and

result in worsening clinical condition. In the initial case series presented by this group, the au-

thors were able to perform delayed primary closure in 10 of 11 patients without skin grafting.

In a follow-up study, the authors compared 230 patients undergoing traditional radical debride-

ment of NSTIs with 257 patients who underwent skin-sparing debridement. 50 In this large se-

ries, the authors found huge improvements in the ability to close wounds primarily (0% vs 50%,

P < 0.0 0 01) as well as to avoid skin grafts (90% grafted vs 20% grafted, P < 0.0 0 01) both fa-

voring the skin-sparing group. Equally impressive was the similar mortality rate of 10% for both

groups, signifying equivalent infectious outcomes with vastly improved wound outcomes. These

results have been validated in both NSTIs overall, and in FG specifically. Most recently a meta-

analysis by Suijker and colleagues showed improved rates of delayed primary closure (75% vs

38%, P = 0.002) and decreased length of stay (26 vs 46 days, P = 0.02) in favor of skin-sparing. 123 

Overall, skin-sparing has consistently proven to be a viable strategy for debriding FG and should

be utilized at high volume centers with the resources needed for close monitoring and serial

debridement. 

Executing a successful skin-sparing debridement centers around understanding the difference

between necrotic tissue and infected tissue. In FG, necrotic tissue serves as a nidus for dissem-

inated infection and sheds bacterial toxins which compromise patient stability. Necrotic tissue

is not salvageable with antibiotic therapy. By contrast, infected tissue still receives blood flow

and thus antibiotics, and may still survive after the necrotic nidus has been excised. A good

skin-sparing debridement therefore starts with excision of the necrotic skin ( Fig. 7 ). The skin

incision is then extended longitudinally in order to access any necrotic subcutaneous tissue,

muscle, or fascia without having to remove any potentially viable skin. It is important to re-

member that skin-sparing technique should not be an incision-sparing technique. A wide inci-

sion is often necessary to attain source control and can easily be closed in the future once the

infection has been treated ( Fig. 8 ). Furthermore, it is essential to be mindful of the potentially

distorted anatomy that large skin-sparing incisions can cause. Finally, skin-sparing technique re-

lies on thoughtful debridement and incisions should be designed with the final reconstruction in

mind. 
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Fig. 7. How to perform skin-sparing debridement. 

Fig. 8. Closed skin-sparing incision. 
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epeat debridement 

Serial debridement is an essential part of the surgical treatment of FG. The “second look”

ebridement is usually performed within 24 to 48 hours of the initial one. While the initial

ebridement is focused on removal of necrotic, nonviable tissue, repeat debridements provide

he surgeon with an opportunity for aggressive wound care and wound inspection, as well as

ebridement of ischemic tissue that has declared itself as nonviable and prepping the wound

ed for closure. In the case that some necrotic tissue was missed during the initial debridement,

t should be excised during serial debridement. 

In the era of skin-sparing debridements, serial debridement also allows the surgeon the abil-

ty to remove only what is necrotic or overtly ischemic during each procedure. With traditional

adical debridement, viable tissues were removed if they were overlying the infected tissue due

o the concern that they would not survive because of a compromised blood supply. In contrast,

fter a skin-sparing debridement, all potentially viable tissue can be left in place because it can

e serially inspected during repeat debridements. In this fashion, the most possible skin can be

eft at each debridement until final closure is attempted. 

The number of debridements required for each patient varies, with some studies report-

ng as few as 2 debridements prior to closure whereas others report as many as 5 debride-

ents. 124 , 125 However, most studies report an average of 2 to 3 debridements. 126 Higher num-

ers of reported debridements may reflect more aggressive NSTIs, but they may also reflect uti-

ization of the operating room for vacuum-assisted wound closure device application and re-

lacement. Chawla and colleagues found that within their cohort, patients who survived were

ore likely to undergo fewer debridements compared to patients who did not survive. 124 Specif-

cally, survivors had an average of 2.4 debridements, whereas non-survivors underwent an av-

rage of 5.2 debridements. The authors speculated that either the survivors benefited from an
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aggressive initial debridement, resulting in decreased need for subsequent interventions or that

non-survivors may have had a more severe disease process, involving larger surface areas, ne-

cessitating a greater number of debridements. Although serial debridements do offer the op-

portunity for more thorough wound care and facilitate the use of vacuum-assisted wound clo-

sure devices, they are associated with an increased length of stay. Yucel and colleagues demon-

strated that patients who underwent a vacuum-assisted wound closure had a higher number

of debdriements (2.8 vs 1.7, P = 0.004) as well as longer hospital length of stay (26.4d vs 12.6d,

P = 0.048). 

Clearly the number of debridements a patient undergoes is influenced by disease severity

and surgeon preference and aggressiveness, as well as wound care strategy, making this statistic

a difficult one to draw conclusions from in the literature. At our institution, the goal of serial

debridements is not just for wound cleaning, but to progress the patient’s wound forward. For

example, during the first serial debridement we may begin a staged closure whereby we close a

portion of the wound over a vacuum-assisted closure device or drain. The strategy can help cre-

ate a “landing zone” of skin, facilitating a better seal with the vacuum-assisted closure device.

We may also raise tissue flaps or place the testicles in thigh pouches. By using each debride-

ment as a step in a staged closure, even if the entire wound is not ready for closure, we have

found that we are able to incrementally reduce the size of patient wounds without negatively

impacting our secondary wound infection rate. 

Adjunctive procedures 

There are a variety of adjunctive surgical procedures that may be required at the time of

the initial or serial debridements. Although these procedures are often not necessary in mod-

ern practice, they may be considered for severe, aggressive infections with profound tissue loss.

These include orchiectomy, urinary diversion, and fecal diversion. 

Orchiectomy 

The rates of orchiectomy performed during surgical debridement are variable. From patho-

physiologic and anatomic standpoints, it should rarely be necessary as the testicles and their

blood supply reside within a distinct fascial layer not in direct continuity with infected super-

ficial fascia. Although some particularly aggressive infections will penetrate deeply and affect

testicular tissue, this is rare. A systematic review of 11,096 patients with FG reflected this prin-

ciple, with only 2.6% of patients undergoing orchiectomy. 11 Orchiectomy is typically not asso-

ciated with increased risk of mortality in most studies, however in a large population-based

database, interestingly, it was associated with a 70% decreased risk in mortality (OR 0.31, 95%CI

0.61-0.58). 117 , 118 , 127 

Smaller studies report much higher rates of orchiectomy, reaching up to 35%. 128 It is pos-

sible that this adjunctive procedure is more commonly performed at smaller local hospitals

than at tertiary referral centers or teaching hospitals, secondary to a relative lack of exposure

to FG at these institutions. 125 , 127 It also may be possible that orchiectomy is being used to

decrease the reconstructive burden of patients not treated by a urologist, plastic surgeon, or

general surgeon comfortable with thigh pouch creation, tissue flap coverage, or skin grafting

in the perineum. Regardless, multiple recent small series of patients who underwent orchiec-

tomy during debridement for FG found that 100% of testicles removed were viable and free of

necrosis on pathologic analysis. 129 , 130 In the rare event that testicular tissue is involved, this

represents retroperitoneal spread of infection and repeat imaging, wound reassessment, and de-

bridement may be required ensure complete excision of all necrotic tissue. Although no current

clinical guidelines recommend orchiectomy, given the typically unaffected nature of the testic-

ular tissue, data show that it is being utilized in some capacity. We would, however, advocate
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or sparing the testicles in all cases of FG with transfer of the patient to a high volume center

or reconstruction in cases in which the testicles represent a significant obstruction to wound

losure. 

rinary diversion 

Urinary diversion can be achieved by either urethral catheterization or suprapubic cys-

ostomy, at the time of initial debridement procedure or during subsequent debridements. 126

his adjunctive procedure was historically thought to aid in maintaining the hygiene of the re-

ently debrided surgical field as well as facilitate dressing changes. In the cases where infection

s secondary to urethral stricture, suprapubic cystotomy can also be used to bypass the obstruc-

ion if urethral catheter placement isn’t feasible. 13 Rates of cystostomy in the literature range

reatly from 2% to as high as 61% and the decision to perform cystostomy is often driven by

urgeon preference. 130 , 131 A retrospective analysis identified cystostomy as a significant predic-

ive factor of mortality, indicating that this procedure is more likely performed in patients with

xtensive disease. Although it may be necessary in some cases, it is our institutional practice

o utilize urethral catheterization for urinary tract management in FG whenever possible, and

o reserve cystostomy tube placement for severe cases in which a urethral catheter provides

nadequate drainage or is unable to be placed, as in urethral necrosis or obliterative urethral

trictures. 

ecal diversion 

The benefit of fecal diversion is controversial in the treatment of FG. The rationale behind

onsidering fecal diversion as a preventative measure is to reduce the level of fecal contamina-

ion of the debrided wound. However, a retrospective review comparing debridement without

ecal diversion to colostomy in fecally continent patients found that there was no difference in

ortality, surgical complications, or number of required debridements. 132 In contrast, several

ther retrospective studies have found that there is a significant correlation between diverting

olostomy and poor prognosis. 133 Korkut and colleagues reported a significant univariable in-

rease in mortality in up to 38% of patients who underwent fecal diversion versus 7% in those

ithout diversion. Yet on multivariate analysis, fecal diversion was no longer significantly asso-

iated with mortality when controlled for diabetes and time to intervention. 117 This may indi-

ate that fecal diversion in these patients is simply a surrogate for disease severity and not an

ndependent predictor of outcomes. Furthermore, patients who undergo colostomy for fecal di-

ersion often do not have colostomy reversal in long-term follow-up. 134–136 Thus, the possibility

f permanent stoma should be discussed with patients, especially in individuals with many co-

orbidities. When bowel diversion is necessary, a laparoscopic diverting loop colostomy is often

 feasible option. 

Given this heterogeneity in the data, and in patient presentation with FG, careful considera-

ion should be given to the decision to perform fecal diversion. Bowel diversions are associated

ith their own complications including prolonged ileus, parastomal hernias, stomal stenosis, and

ound infections. 137 However, bowel catheters are a less morbid option for fecal diversion with-

ut the need for a major surgical intervention. In a retrospective study by Eray and colleagues,

here was no difference in mortality between patients who underwent bowel catheter placement

ersus colstomy. 138 However, it was observed that patients who underwent surgical diversion

xperienced prolonged hospital courses, resulting in increased overall cost. These findings were

ubstantiated by a recent meta-analysis conducted by Sarofim and colleagues, which concluded

hat there was no association between colostomy creation and mortality, however surgical di-

ersion was associated with an increased number of operations and cost of hospitalization. 139 In

ummary, with little data to support its practice, our institutional standard is to avoid colostomy
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creation except in cases of necrosis of the rectum, but with a low threshold for bowel diversion

with a bowel catheter in patients with recurrent fecal stooling of their debrided wounds. 

Conclusion 

Patients should be debrided as soon as possible upon presenting with FG. Skin-sparing tech-

niques with excisional debridement of only overtly necrotic tissue should be attempted during

the first debridement. Surgeons should have a low threshold to return to the operating room for

a second-look debridement in patients who may not have had adequate source control when

skin-sparing techniques are utilized. Repeat debridements should progress wounds toward clo-

sure whenever possible. Orchiectomy is almost never indicated in FG and bowel and urinary

diversion should be accomplished with minimally invasive catheters whenever possible. 

Novel adjuncts to wound care in Fournier’s gangrene 

-Lindsay A. Hampson, MD, MAS and Brian P. Dick, MD 

The mainstays of FG treatment are rapid initiation of resuscitation, broad-spectrum antibi-

otics, and surgical debridement. 140 However, the importance of good wound care cannot be

overstated as it helps prepare patients for closure and reconstruction. In this section, we review

some novel techniques in the management of FG wounds that aim to decrease the morbidity

and mortality for these patients. 

Skin-sparing debridement 

FG is a necrotizing soft tissue infection that usually spreads along fascial planes. Skin be-

comes infected and then secondarily necrotic due to microvascular thrombosis with resultant

local bacterial spread into compromised tissue. En bloc debridement is the most common sur-

gical approach and consists of removing all infected subcutaneous, fascial, and muscle tissue, as

well as all overlying skin, which often leaves broad defects that may require skin grafting or

prolonged wound management. Although skin-sparing techniques have been discussed above,

we will quickly review this topic here as it has major implications on patient wound care. 

Skin-sparing debridement is an approach by which skin is only resected if grossly necrotic,

with the hope that limiting the skin defect will reduce the complexity of future reconstruc-

tion. 123 The feasibility of this approach has borne out on histologic examination. Alyanak and

colleagues retrospectively reviewed tissue histology from 15 patients treated with skin-sparing

debridement for FG at their institution, looking specifically at tissue necrosis in subcutaneous

and epidermal layers. 122 These investigators found that histology slides from macroscopically

intact skin had preservation of the epidermis. Additionally, they noted preserved epidermal lay-

ers overlying areas with subcutaneous necrosis which supports the idea that skin can be spared

even if the underlying tissue is dead. The authors note that progressive ischemia in spared skin

can always be removed at future debridements. 122 

This approach may raise the concern that skin-sparing debridement does not provide ade-

quate source control and could lead to increased morbidity and mortality, however the literature

suggests that this is a safe approach. Suijker and colleagues identified 10 studies in their sys-

tematic review of skin-sparing debridement for necrotizing soft tissue infections. 123 They found

that skin-sparing debridement had no increased risk of mortality, length of stay, or complication

when compared to en bloc debridement. Furthermore, skin-sparing debridement was associated

with higher rates of delayed primary closure compared to en bloc debridement (75% vs 38%,

P = 0.002), and may result in the decreased need for skin grafting. 
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Table 3 

Cytotoxic and bactericidal properties of medicated dressings. 

Author 

1% 

povidone- 

iodine 

0.001% 

povidone- 

iodine 

0.5% 

Dakin’s 

solution 

0.025% 

Dakin’s 

solution 

0.005% 

Dakin’s 

solution 

0.25% 

acetic 

acid 

3% 

hydrogen 

peroxide 

0.003% 

hydrogen 

peroxide 

Lineaweaver 16 

(1985) 

Fb = Bac Вас only Fb = Bat NT Вас only Fb Bar Fb > Вac Bar > Fb 

Bennett 14 

(2001) 

Fb = Bac NT NT Fb > Вас NT Fb Вас Bac > Fb NT 

Heggers 15 

(1991) 

NT NT NT Вас only NT NT NT NT 

Bac, Bacterial toxicity; Fb, Fibroblast toxicity; NT, Nontested. 
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Following skin-sparing debridement, wound care adjuncts may improve tissue viability and

acilitate reconstruction. The 3 most well-studied adjuncts are medicated wet-to-dry dressings,

PWT, and HBOT. 

edicated wet-to-dry dressings 

Dakin’s solution (0.012%-0.5% sodium hypochlorite) was first introduced as a wound care ad-

unct in 1915 by Henry D. Dakin and Alexis Carrel because of its bactericidal effects on Staphy-

ococcus aureus in their research on battlefield wounds. 141 Between World War I and World War

I, Dakin’s solution became a common wound irrigation solution in United States hospitals, but

t quickly fell out of favor as the antibiotics sulfanilamide and penicillin became widely used.

fter the 1960s it made a resurgence with surgeons for wound care. 

Dakin’s solution continues to play an important role in wound care for NSTIs. Although some

uthors argue that it may be cytotoxic, most believe that at currently used concentrations it

timulates fibroblast recruitment to the wound while also killing bacteria. A review of Dakin’s

olution by Ueno and colleagues reported the cytotoxic and bactericidal properties of various

oncentrations of Dakin’s, solution povidone-iodine, acetic acid, and hydrogen peroxide showing

hat even dilute concentrations of Dakin’s solution retain bactericidal properties while protecting

issues from cytotoxic effects ( Table 3 ). 141 

Acetic acid and hydrogen peroxide are not routinely used in modern practice, and mafenide

s used mainly in burn patients. However, povidone-iodine and Dakin’s solution are both com-

only used in the post-debridement wound care regimens of NSTI patients. 142 However, very

ew studies have examined the efficacy of these adjuncts compared to saline for NSTIs. Altunoluk

nd colleagues compared outcomes in a series of 14 patients with FG, 6 of whom were dressed

ith povidone-iodine and 8 of whom were dressed with Dakin’s solution. These authors found

hat the length of stay was significantly less (13 vs. 8.9 days, P < 0.05) for patients treated with

akin’s solution compared with povidone-iodine. 142 Chlorhexedine irrigation solutions have also

ecome more utilized in FG as they become commonplace in urologic surgery as a whole, al-

hough there is little evidence to support this practice. 143 Although most surgeons argue that the

isk vs. benefit favors medicated dressings for FG, more research is still needed as these adjuncts

an be easily and cheaply integrated into the care of FG patients if found to be effective. 

egative-pressure wound therapy 

NPWT has emerged as another wound care adjunct that may help optimize FG wounds

or reconstruction ( Fig. 9 ). NPWT both encourages vascularization and wound healing and re-

uces the frequency of wound care, and thus, the pain and anesthetic requirements associated

ith dressing changes. 144 , 145 NPWT relies on the combination of suction, a foam dressing to
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Fig. 9. Negative-pressure wound therapy in Fournier’s gangrene. 

Table 4 

Negative-pressure wound therapy effects on healing tissue. 

Physical Effects Macro-deformation 

Micro-deformation 

Fluid removal 

Environmental protection 

Physiologic Effects Cell proliferation 

Granulation tissue formation 

Inflammation modulation 

Protein and peptide synthesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

evenly distribute negative pressure across a wound, and a tape or barrier to keep the foam in

place and create a vacuum seal. 146 There are several types of foam that can be used. The most

common foam used for subcutaneous wounds is “black foam,” which is made of hydrophobic

polyurethane and is typically lighter (pore size of 40 0-60 0 μm). “White foam” is used for deeper

wounds and is made of hydrophilic polyvinyl and is typically denser. 147 The increased density of

white foam limits growth of tissue into the dressing and is recommended for use in tunneling

tracts, painful wounds, and in areas where there is concern for hypergranulation. 148 

NPWT is thought to work by using physical forces to induce physiologic changes in heal-

ing tissue ( Table 4 ). These changes include macro-deformation of the tissue, in which edges of

the wound are brought closer together, micro-deformation of the tissue in which cells undergo

stretching, fluid removal from the wound, and maintenance of a warm, moist, and insulated

wound environment. 149 , 150 These physical effects induce a variety of physiologic responses in-

cluding granulation tissue formation, cell proliferation, inflammation modulation, peptide for-

mation, and changes in bacterial levels. 146 The majority of these effects are driven by mechan-

otransduction, however the physiologic details of wound healing are outside the scope of this

review and well-reported elsewhere in the literature. 151 

NPWT is initiated after surgical debridement of the necrotic tissue, once disease progression

has been halted and the wound is overall stable. This can sometimes be performed even after

the initial debridement. It offers several benefits over conventional wet-to-dry dressings. Ozturk

and colleagues compared 5 patients treated with NPWT to 5 patients undergoing conventional

treatment and reported that NPWT was associated with less pain, fewer skipped meals, greater

mobility, and decreased hands-on physician treatment time. 152 A retrospective study by Yanaral

and colleagues reported on 54 patients who underwent treatment for FG and grouped them

based on whether they had conventional dressings or vacuum assisted closure (VAC), a type of

NPWT. Compared to the conventional group, the VAC group had less pain, less analgesic use,

and increased mobilization. 153 
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Fig. 10. Complex negative-pressure wound therapy placement. 
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Franco-Buenaventura and colleagues reviewed these studies, and several others in a 2021

ystematic review of FG and NPWT. 145 Of the studies that reported mortality, 2 reported signifi-

antly higher mortality in patients treated with conventional bandaging compared to the NPWT

roup and one reported no difference. Of note, NPWT was not superior to standard dressing

hanges in any measured variable. NPWT was, however, associated with longer hospital stays,

onger ICU stays, more surgical debridements, and a longer time from initial debridement to

ound closure. The authors were unable to perform a meta-analysis due to methodologic het-

rogeneity between the studies. Additionally, many of the reviewed studies were limited by their

etrospective nature. As of now, there are no randomized controlled trails for NPWT in FG treat-

ent registered with clinicaltrials.gov. 

Although the accumulated retrospective data regarding NPWT in FG are low-quality and in-

onclusive, difficulties in consistent successful placement of NPWT device in the perineum likely

ontributes to decreased utilization and efficacy at centers that do not frequently treat patients

ith FG. Applying a leak-free NPWT device is difficult in FG because of the complex tissue sur-

aces and creases around the penis, scrotum, and perineum as well as the need from effective

rainage of urine for the penis and stool from the anus. Stoma paste and barrier dressings, skin

arrier and adhesive solutions, iodine impregnated wound barrier tape, and urethral and bowel

atheters can all be used to help attain and maintain an effective NPWT seal ( Fig. 10 ). Further-

ore, cutting the VAC sponge into a more versatile shape like a long strip, stapling it in place,

nd creating a large flat surface for the VAC tubing to adhere can also help with NPWT device

lacement. Finally, temporary skin closure of a large wound over NPWT foam can give increased

urface area for tape to be placed and maintain a good seal ( Fig. 11 ). 

yperbaric oxygen therapy 

HBOT is a treatment in which patients breathe 100% oxygen in a pressurized environment in

rder to increase the partial pressure of oxygen dissolved in the blood. There are single-patient

monoplace” chambers, as well as “multiplace” chambers which accommodate more than one

erson at a time ( Fig. 12 ). Pressures in these chambers range between 1.4 and 3 atmospheres. 154

he increased atmospheric pressure raises the amount of oxygen that is dissolved in the liquid

hases of blood and body fluids. HBOT is thought to benefit wounds and wound healing via

ncreased oxygen delivery to tissues. Animal studies offer insight into possible additional mech-

nisms through which HBOT may reduce inflammation and enhanced white cell activation. 155-157

Outside of oxygen delivery, the increased pressure experienced by the body during HBOT

dives” has additional beneficial effects on wound healing. These include peripheral vasocon-

triction, slowed heart rate, release of red blood cells sequestered in the spleen, and mobilization
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Fig. 11. How to place a scrotal wound VAC. 

Fig. 12. Hyperbaric oxygen chamber. 

 

 

 

 

 

 

 

 

 

 

 

of third-spaced fluid back into circulation. 154 Clinicians should be aware of this fluid shift as it

may exacerbate congestive heart failure due to increased cardiac load. Other practical consider-

ations include lowered blood glucose during HBOT, increased seizure risk, and complications re-

lated to air pockets in the lung (ie, pneumothoraces, blebs, or bullae) ( Table 5 ). In addition to use

in NSTIs, HBOT can be used to treat decompression sickness, carbon monoxide poisoning, severe

anemias, chronic osteomyelitis, delayed radiation wounds, burn injuries, and crush injuries. 154 

Urologists may be most familiar with HBOT as a treatment for radiation cystitis/hematuria. 

Although HBOT should not delay surgical debridement of FG patients, it can be offered as an

adjuvant wound treatment following, and between, debridements. A growing body of evidence

suggests that HBOT may be associated with decreased mortality in FG. Hung and colleagues re-

viewed records from 2007 to 2015 and identified 60 patients who were treated at their facility

for FG, 12 of whom underwent HBOT. 158 The mortality rate was 0% among patients who under-

went HBOT vs. 33.3% among patients who did not get HBOT ( P = 0.025). All patient deaths were
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Table 5 

Considerations for hyperbaric oxygen therapy (HBOT). 

HBOT effect Precautions 

Increased cardiac load from third-space fluid 

re-entering vascular system 

EKG, ECHO, cardiac clearance in patients with CHF 

Decreased blood sugar and seizure threshold Interrupt use of oxygen every 5-10 minutes during 

treatment 

Complication of air collections in lung Screening CXR 

CHF, congestive heart failure; CXR, chest radiograph; ECHO, echocardiogram; EKG, electrocardiogram. 
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ue to septic shock. Although detractors of this analysis argue that there is a high likelihood

f selection bias in this retrospective study as less critically ill patients can more easily undergo

BOT, neither the age nor the FGSI was statistically different between those groups who did and

id not undergo HBOT. Interestingly, 7 of the HBOT patients experienced septic shock with a sur-

ival rate of 100% vs a 22% survival rate of 18 non-HBOT patients who developed septic shock

emonstrating that these critically ill patients were still able to undergo HBOT treatments in

is study. 158 However, although HBOT may have offered some benefit via its ability to modulate

nflammation, these results require prospective validation. Furthermore, as most HBOT facilities

re not easily accessible from inpatient units, this treatment may be impractical for critically ill

atients at most centers. 

Raizandha and colleagues performed a systematic review and meta-analysis of the use of

BOT in FG and identified 10 retrospective studies with a total of 268 patients who underwent

BOT and 389 who had not. 140 Compared to non-HBOT patients, the HBOT group had signifi-

antly lower mortality (11% vs 32%, P = 0.005). There were no significant differences in length

f hospital stay or number of debridements. As noted with individual studies, the meta-analysis

as limited by the retrospective, observational nature of the studies included. 140 Although there

re 2 clinical trials listed on clinicaltrials.gov based in Denmark designed to examine the role of

BOT in FG, no results are currently published in the literature. 

onclusion 

Wound care adjuncts such as medicated dressings, NPWT, and HBOT all hold the potential for

ptimized wound care in FG. The aim of theses adjunct therapies is to expedite wound cleaning

nd wound bed health in order to allow for earlier primary wound closure, minimizing the need

or skin grafting. As the data for all of these therapies are low-quality, more research is sorely

eeded in this space in FG. Innovations in wound care remain an excellent potential research

andscape in FG. 

ostdebridement reconstruction following Fournier’s gangrene 

Lindsey Teal, MD, MPH and Jeffrey B. Friedrich, MD, MC 

After the infection has been adequately controlled, the next step is coverage of the remaining

ound. There are several techniques used to close a surgical wound after debridement, including

rimary closure, local tissue rearrangement, skin grafting, and flap reconstruction. Given that

hese patients are at high risk of complication due to multiple comorbidities, the simplest option

hat provides adequate coverage and function is preferred. 159 Single-stage reconstruction is also

referred, if possible. Smaller defects are amenable to healing by secondary intention, delayed

rimary closure, or local tissue rearrangement. Larger defects require skin grafting or a flap for

econstruction. 
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Healing by secondary intention 

Small defects and patients at high anesthetic risk are amenable to healing secondarily. Scrotal

defects that involve less than 50% of the scrotum can heal by secondary intention. 160 , 161 How-

ever, these wounds take longer to heal and result in longer hospitalizations when compared to

delayed primary closure. 162 Aesthetically, healing with secondary intention also results in higher

rates of contracture. A 10-year study in the United Kingdom found that 15% of wounds from FG

were able to successfully heal by secondary intention. 163 In the authors’ experience, secondary

healing of the perineal body specifically is preferred, both due to its healing capacity, and the

difficulty with pressure and shearing in the area that can compromise soft tissue reconstruction.

To facilitate healing by secondary intention, we recommend using NPWT as an adjunct. This

results in fewer dressing changes for the patient and a shorter hospital stay. 164 NPWT can also

be used after initial debridement to promote granulation tissue prior to reconstruction. An ad-

equate seal in the perineum can be challenging to maintain given the risk of soiling, therefore

foley catheter and fecal management systems may be necessary. 

Primary closure 

Both the complex angles of the perineum and genital organs as well as their variable func-

tionality can make primary closure difficult. Primary closure is preferred if there is no tension

over the wound and closure does not distort the anatomy. 165 Patients who undergo delayed

primary closure report higher quality of life compared to those who undergo healing by sec-

ondary intention. 166 The wound should be closed in layers with appropriate approximation of

muscle, fascia, and subcutaneous tissue to avoid dead space. Closed suction drains can also help

to suction down potential dead space under tissue flaps. If the wound cannot be closed without

tension, more advanced coverage techniques should be employed. An algorithm that can be used

to cover perineal defects when primary closure is not feasible is shown in Figure 13 . 

Local tissue rearrangement 

Local tissue rearrangement recruits healthy tissue adjacent to the wound to close the de-

fect. Due to the elasticity of the scrotum, scrotal advancement flaps can be used for coverage

of scrotal defects when the defect involves less than 50% of the scrotum ( Fig. 14 ). 167 , 168 Local

tissue rearrangement is a simple technique that replaces “like with like,” can be performed as

a single-stage procedure, and has minimal donor site morbidity. This is accomplished by under-

mining the subcutaneous tissue around the scrotum and advancing the elastic scrotal skin until

a tension-free closure is achieved. It is imperative the closure is without tension to prevent scro-

tal skin necrosis. Additionally, scrotal advancement flaps can be used for penile reconstruction

in the setting of an isolated penile defect without involvement of the scrotum. 

Skin grafting 

Skin grafting, particularly split thickness skin grafting, is a popular option for coverage of

genital/perineal wounds, as it is a relatively simple procedure and can be performed in a single-

stage approach. Skin grafting should only be undertaken in wound beds with healthy granu-

lation tissue that are cleared of infection. This procedure carries minimal donor site morbidity

and yields adequate functional and aesthetic outcomes. Risks associated with the use of skin

grafting include contraction over time and potential for skin graft loss due to infection, seroma,

hematoma, or shearing. 160 However, given the simplicity of the procedure and minimal donor

site morbidity, skin grafting is a key component of reconstruction for FG. 
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Fig. 13. The algorithm for reconstruction of perineal, penile, and scrotal defects resulting from Fournier’s gangrene. 
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In scrotal reconstruction, skin grafting is an appropriate reconstruction option for scrotal de-

ects greater than 50% ( Fig. 15 ). The thin skin from a split thickness skin graft is similar to the

crotal skin, contours well to the surface of the testes, and maintains the lower temperature

eeded by the testes. However, there is concern for pain due to tightness and lack of mobiliza-

ion between skin graft and testes. 169 Some have reported that tunica vaginalis and ideally some

artos muscle must be preserved in order for the skin graft to appropriately take, although this

s not a universal experience. 170 Many surgeons will mesh scrotal grafts to decrease donor site

orbidity with improved coverage. Of note, midline orchiopexy is recommended to allow graft-

ng of the testicles as a unit. The orchiopexy can be undertaken at the same time as skin grafting

r even during prior debridements once the infection around the testicles has been controlled. It

s important not to wait too long for the orchiopexy because the testicles can retract superiorly

nd become very difficult to bring back down to a normal anatomic position below the penis

 Fig. 16 ). 

In penile reconstruction, full or split thickness skin grafts may be used. When compared to

ull thickness grafts, split thickness skin grafts have a lower incidence of graft failure and cause

ess donor site morbidity, and therefore are used more frequently. 171 Penile skin grafts tend not

o be meshed in order to improve cosmesis, but if donor site morbidity is of importance then

eshing is acceptable. 172 Ideally, these grafts are placed on dartos muscle overlying Buck’s fascia

s opposed the fascia itself, as they may have improved sexual function and pliability if not

irectly on the fascia. 
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Fig. 14. Local tissue rearrangement. 

Fig. 15. Skin grafting after Fournier’s gangrene. 

Fig. 16. The importance of orchiopexy. 
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In perineal reconstruction, skin grafting is not optimal given the high bacterial load in the

erineal body area with high risk of infection leading to loss of skin graft. 173 Additionally, due

o pressure from sitting and shearing forces from walking, graft take can be poor. However, when

he defect extends superiorly to the abdomen, skin grafting can be used to cover defects in this

rea. 

lap reconstruction 

Larger scrotal wounds and perineal wounds are often treated with flap reconstruction. For

reas without dead space, thinner fasciocutaneous flaps are chosen. If the infection caused sig-

ificant soft tissue loss creating a dead space, myocutaneous flaps can be used to add bulk to

eplace the soft tissue defect. Pedicled or free flaps can be used to cover the defects, depending

n the tissue involvement and the area that must be covered. 

In scrotal reconstruction, scrotal wounds greater than 50% can be treated with local (non-

crotal) flap reconstruction as opposed to skin grafting, specifically if the tunica vaginalis has

een removed. If there is no dead space present, fasciocutaneous flaps, such as medial thigh

aps or pudendal thigh flaps can be used. A benefit of these flaps compared to skin grafting

nd local tissue rearrangement is the recruitment of well vascularized and often sensate tissue

utside the area of infection to replace the defect. Although the tissue recruited for fasciocuta-

eous flaps is more similar to scrotal skin than a myocutaneous flap, it is still bulkier than native

crotal skin. Additionally, the increased subcutaneous tissue recruited with these flaps increases

he temperature of the testes and can impair spermatogenesis. 169 If dead space must be filled,

racilis flaps or pedicled anterolateral thigh flaps may be used. 

In perineal wounds, flaps are needed for wounds that cannot be closed primarily or with

ocal tissue rearrangement. There are multiple options to consider based on the location. For

edial defects without dead space, fasciocutaneous flaps can be used, such as the medial thigh

aps and pudendal thigh flaps. If dead space is present, medial defects can be closed by us-

ng thigh-based flaps (gracilis flaps, anterolateral thigh flaps) or abdominal-based flaps (vertical

ectus abdominis myocutaneous flaps, deep inferior epigastric perforator flaps). Lateral and pos-

erior defects can also be present, often in conjunction with medial defects. Therefore, coverage

f these defects is often combined with previously mentioned flaps for medical coverage. For

ateral hip/groin defects, tensor fascia lata flaps can be used. For posterior defects, such as the

uttock, gluteal flaps can be used, such as inferior gluteal artery perforator flaps. 

ocal fasciocutaneous flaps 

Local fasciocutaneous flaps are based on local perineal perforators that should be assessed

reoperatively with Doppler ultrasound. Local flaps require more advanced surgical techniques

han skin grafting or primary closure, but they can be used in a single-stage approach and often

esult in minimal donor site morbidity. The medial thigh is a common donor site for fasciocuta-

eous flaps used for perineal and scrotal reconstruction. 

edial thigh fasciocutaneous flaps 

The medial thigh fasciocutaneous flaps are based on the external pudendal, superficial

emoral, and medial circumflex femoral perforators and can be used to cover scrotal or perineal

efects. The flap is elevated longitudinally along the medial thigh in a distal to proximal direc-

ion along the subfascial plane ( Fig. 17 ). The flap can be rotated 90 degrees medially to cover

he defect. The thin fasciocutaneous flaps resemble the scrotal tissue more than bulkier flaps. 174

he donor site is primarily closed and hidden along the medial thigh. 
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Fig. 17. Medial thigh fasciocutaneous flaps. 

Fig. 18. Lotus petal flap. 

 

 

 

 

 

 

 

 

Pudendal thigh flaps 

There are 2 common sensate flaps used for perineal and scrotal reconstruction based on the

internal pudendal artery, the lotus petal flap and the Singapore flap. The Singapore flap is tra-

ditionally a true fasciocutaneous flap, whereas the lotus petal flap is raised in a suprafascial

plane. 175 In a Singapore flap, tissue is raised in a subfascial plane lateral to the labia majora or

scrotum from anterior to posterior direction, being mindful to keep the internal pudendal perfo-

rators intact. The lotus petal flap is also based on the internal pudendal artery but can be raised

in multiple different axes. When all possible axes are drawn together, it resembles a lotus petal.

As this flap does not include the fascia, it is thinner and more malleable, making it an optimal

choice for scrotal reconstruction ( Fig. 18 ). 176 
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Fig. 19. Gracilis myocutaneous flap. 
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high flaps 

Gracilis flap . The gracilis flap is a workhorse myocutaneous flap in perineal and scrotal re-

onstruction ( Fig. 19 ). This flap allows for coverage of large and deep wounds. 177 The gracilis flap

s a reliable flap that has one dominant pedicle based on the medial femoral circumflex vessels
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and several minor vascular pedicles arising from the superficial femoral artery. The muscle is

released from its distal musculotendinous junction and elevated longitudinally along the medial

thigh in a distal to proximal direction. This can be used to cover scrotal and perineal defects

when there is dead space present. The gracilis muscle is expendable and most patients do not

notice a functional deficit. The site is also able to be closed primarily and therefore there is little

donor site morbidity. 

Anterolateral thigh flap . The anterolateral thigh (ALT) flap is a robust flap that can be used

for large perineal and scrotal defects. The ALT flap is a versatile flap with a large cutaneous

skin paddle, covering defects up to 8 × 25 cm. 97 , 178 The blood supply is from the descending

branch of the lateral circumflex femoral artery, and it can be raised as a fasciocutaneous or a

myocutaneous flap, depending on the level of volume needed to close the defect. It can also be

harvested as a pedicled flap or a free flap, depending on the location of the defect. When used

as a pedicle flap for scrotal or perineal reconstruction, the ALT flap almost always should be

passed deep to the rectus femoris muscle in order for it to adequately reach the defect without

pedicle tension. Even though it is robust in size, the donor site at the anterolateral thigh can be

often closed primarily and causes low donor site morbidity. This is one of the more complex and

technically demanding procedures offered for perineal reconstruction but can be accomplished

in a single stage. The primary disadvantage of this flap is its bulkiness, thus myocutaneous flaps

should only be used in areas where there is significant soft tissue loss. 169 

Tensor fascia latae . The tensor fascia latae flap incorporates skin, muscle, and fascia from

the lateral thigh and can be used for lateral defects, including the inguinal region. 179 It is large

and can be raised to cover a 10 × 30 cm defect. 180 The blood supply is based on the ascending

branch of the lateral circumflex femoral artery. It is elevated along the longitudinal lateral thigh

from a distal to proximal direction. ALT flaps are often used in conjunction with tensor fascia

latae flaps to provide medial coverage for perineal reconstruction. 181 

Gluteal flaps 

Inferior gluteal artery perforator flap . The inferior gluteal artery perforator flap (IGAP) is a

simple perforator flap harvested from the lower buttock for posterior perineal reconstruction. It

is dissected from lateral to medial and the gluteus maximus muscle is spared, therefore there

is low donor morbidity. 182 These flaps are typically raised bilaterally and advanced medially and

the donor sites are closed in a V-Y fashion. Intraoperative positioning should be considered, as

a patient will need to be placed in either the prone or lateral decubitus position for harvest-

ing. The primary disadvantage to this flap is it requires patients to lie flat for several weeks

postoperatively to prevent dehiscence. 180 

Abdominal flaps 

Vertical rectus abdominis myocutaneous flaps . The vertical rectus abdominis myocutaneous

(VRAM) flap or oblique rectus abdominis myocutaneous (ORAM) is the primary abdominal flap

used for perineal reconstruction. The vertical or oblique terminology refers to the orientation of

the skin paddle in relation to the rectus abdominis muscle. This is an ideal flap to use when bulk

and a large skin paddle are needed. The flap can be raised on a vertical or oblique cutaneous

skin paddle, covering up to 10 × 20 cm ( Fig. 20 ). 180 The flap consists of skin, subcutaneous tissue,

and rectus abdominus muscle based on the deep inferior epigastric vessels. The flap is harvested

by transecting the rectus abdominus muscle superiorly at the costal margin and tunneling the

rectus inferiorly through the perineum to cover the defect. The primary disadvantage of this flap

is the donor site defect, with an abdominal wall hernia rate of 15.6%, with 3.8% requiring repair

for symptomatic hernias. 183 Donor site bulges have also been found at a rate of 12%, with 6%

being symptomatic and requiring surgery. 184 
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Fig. 20. Vertical rectus abdominis myocutaneous flaps. 
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Deep inferior epigastric perforator flap . The pedicled or free deep inferior epigastric perfo-

ator (DIEP) flap is another abdominally based flap that offers similar cutaneous coverage as the

RAM flap, but with less donor site morbidity as it spares the rectus muscle. 185 The DIEP flap is

lso based on the deep inferior epigastric vessels but spares the rectus abdominis muscle itself.

he dissection for this flap can be challenging, as the perforators often course through tendinous

nscriptions in the rectus muscles. The main disadvantage to the DIEP flap is the bulkiness of the

ap, which may ultimately require debulking. 186 

onclusion 

In summary, source control of FG often requires extensive debridement resulting in open

ounds to the external genitalia and perineum. There are many factors to consider when se-

ecting the best reconstructive option, including patient comorbidities, size and location of the

efect, volume of dead space, patient preference, and surgeon expertise. There are many options

or reconstruction spanning the entirety of the reconstructive ladder, from delayed primary clo-

ure to free flaps. A single-stage reconstruction that replaces the soft tissue defect with similar

issue and creates minimal donor site morbidity should be prioritized. 

onsiderations for special populations in Fournier’s gangrene 

George E. Koch, MD and Judith C. Hagedorn, MD, MHS 

Although a majority of FG cases are diagnosed in men and associated with obesity and poorly

ontrolled DM, several conditions like immunosuppression from malignancy or its treatment and

pinal cord injury can present unique challenges and considerations in the care of FG patients.

imilarly, FG in female patients is less common and delays in diagnosis can lead to more fulmi-

ant cases. 

pinal cord injury 

There are very few reports in the literature of spinal cord injury patients developing FG,

resumably because the differentiation and management of a super-infected chronic pressure
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Fig. 21. Urethral involvement in Fournier’s gangrene secondary to a pressure ulcer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ulcer and a severe skin and soft tissue infection of the perineum is not clinically meaningful.

However, the disease process in this population can differ significantly from typical FG. 

There is only one published comparative study of spinal cord injury patients with FG, a retro-

spective cohort study which describes a strong association between preexisting pressure ulcers

and the development of FG for these patients. 187 Backhaus and colleagues reported that in a

group of 3991 spinal cord injury patients, the relative risk of developing FG was 2.9 (95% CI 2.1-

3.4) for patients with a pressure ulcer compared to those without. Interestingly, the FG patients

in this study did not resemble classic FG patients. Spinal cord injury patients that developed FG

were younger (median age of 43 years, range 23-67) than the 50 to 60 years described by most

epidemiological FG studies. 7 , 127 Furthermore, only 2 of the 16 FG patients described had co-

morbid DM. Finally, there were no mortalities in the 16 patients described. Therefore, although

pressure ulcers may put spinal cord injury patients at risk for FG, their relative age and different

comorbidities may also contribute to a lower mortality rate. 

Although pressure ulcers may replace local skin trauma as the gateway insult for the de-

velopment of a NSTI in spinal cord injury patients, they may also cause a divergence from the

typical fascial spread of the infection. Classically, these NSTIs spread along the fascia, deep to the

dermis and epidermis, causing secondary injury to those superficial structures by thrombosing

perforating blood vessels. This results in the preservation of deeper structures of the perineum

like the penis, deep to Buck’s Fascia, and the testicles, deep to the tunica vaginalis. However,

it has been observed in spinal cord injury patients that deeper structures may be infected and

necrotic, potentially due to preexisting erosive damage through the fascia from pressure ulcers

( Fig. 21 ). Spinal cord injury patients, therefore, require a thorough examination of the urethra

and may require debridement deep to traditionally spared boundaries. 

Although little has been published about FG in spinal cord injury patients, better understood

aspects of their physiology can inform medical and surgical management. Spinal cord injury

patients often require either intermittent or indwelling catheterization for neurogenic bladder

management with resulting colonization by different organisms than neurologically intact pa-

tients. 188-190 Furthermore, patients with neurogenic bladder secondary to spinal cord injuries

and requiring catheterization in some form are also at risk for traumatic catheterization, which

has been identified as a potential inciting injury in some case reports on FG in the spinal cord
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njury population. 191 , 192 Even outside of a traumatic catheterization, spinal cord injury patients

an suffer from bladder neck and urethral erosions from long-term pressure from a catheter,

hich can further lead to urine extravasation and subsequent soft tissue infection. 193 Although

his is most often described in women, we have seen erosions at our institution in men as well.

n 1 patient who had undergone a previous sphincterotomy abroad, his bladder neck erosion led

o constant urine leakage into his perineum, precipitating infection of sacral ulcers. 

Spinal cord injury patients are not only more susceptible to infection due to decreased or

amaged physical barriers, but they are also immunosuppressed secondary to their injury. 192 , 194

lthough immunosuppression thought to be caused directly by neurologic dysfunction and hy-

ofunction in spinal cord injuries patients is not yet well understood, it likely plays a role in the

usceptibility of this population to infection. Both of these risk factors, chronic catheterization

nd immunosuppression, must be considered when triaging spinal cord injury patients who may

ave a NSTI. 

Following the debridement and source control for spinal cord injury patients, the integrity

f the lower urinary tract needs to be evaluated when planning reconstructions. Equally as im-

ortant, the functionality of the bladder, urethra and sphincter complexes must be assessed. For

atients with large urethral or sphincteric injuries, but with a functional bladder, bladder neck

losure and suprapubic cystostomy should be considered. For patients with a non-functional

ladder, urinary diversion should be strongly considered. 

omen 

FG in women is comparatively more rare, although the exact rate of FG and even the defini-

ion are debated. A 2009 review of United States Inpatient Databases by Sorenson and colleagues

eported that only 39 of 1,680 cases of FG occurred in women in their sample, representing 2.3%

f the entire cohort. 127 Notably, this analysis identified patients using the ICD-9 diagnosis coding

ystem, under which the code specific to FG is found under the “male genital organs” section.

iven this limitation, examining FG in female patients using large administrative datasets re-

ains difficult. 

Maybe the most granular and comprehensive data on female FG patients comes from a com-

arative analysis of male and female patients with FG that was described by Beecroft and col-

eagues in 2021. 6 In this study, female patients had a larger body mass index (42.1 vs 33.7,

 = 0.003) but similar age, FGSI, length of hospital stay, and number of debridements. Interest-

ngly, wound culture results did not differ between sexes, although this may be due to the anal-

sis being broken down only by gram stain as opposed to specific bacterial species. There was

lso no statistical difference in the percentage of men (23%) versus women (18%) who under-

ent definitive reconstruction during their index hospitalization. Given that the scrotum theo-

etically offers more abundant tissue for reconstruction, this lack of a difference in outcomes

s surprising, however the lack of testicles requiring coverage may balance the advantage of

ore scrotal skin. Although this analysis by Beecroft was only a single institution series, it pro-

ides a great deal of detailed data that is likely much more precise than the large administrative

atasets that had previously been used to describe the prevalence of FG in women. 

A scoping review of FG in women written in 2023 by Khalid and colleagues included 134

emale patients from 22 studies published between 2004 and 2022. 195 Similar to Beecroft and

olleagues, the age and comorbidities of female patients was similar to that of male patients,

owever the authors identified a much higher mortality rate among women at 20% than the 5%

o 10% reported in most contemporary series of FG patients. 6 , 196 Unfortunately, it is difficult to

ccount for the causes of such a difference in mortality rate in this systematic review, however

he authors postulate that it may be secondary to delayed diagnosis given that FG in women is

ess common and may be underrecognized. At our institution, the urology service treats most

ale FG patients whereas the general surgery and gynecology services treat the female FG pa-

ients. Therefore, it is possible that there are systematic differences in the way the 2 different

atient cohorts are treated at varying institutions around the county. 
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Malignancy 

Patients with concomitant malignancy and FG represent another population with special

considerations. Creta and colleagues described 44 patients with hematologic malignancy pre-

senting with FG from 1983 to 2021. 197 Fifty percent of patients in this series were un-

dergoing either chemotherapy or a stem-cell transplant, signaling that immunosuppression

may have played a role in the progression of the infection for these patients. Although the

mortality rate reported for this cohort was 11.3%, the average hospitalization for these pa-

tients was 81.6 days. Therefore, although immunosuppression likely predisposes these pa-

tients to fulminant infection, it also inhibits wound healing in massive skin and soft tissue

loss. 

Unlike hematologic malignancy in which patients are predisposed to FG from immunosup-

pression, colorectal malignancy has also been associated with FG in multiple series, with the in-

fection heralding the diagnosis of malignancy. These patients often present with superinfection

of the mass or a skin and soft tissue infection secondary to locally invasive bowel cancer. 198 , 199 

Regardless of the malignancy, this patient population requires antibiotic therapy and prompt de-

bridement as in other cases of FG with a multidisciplinary approach to each patient’s individual

malignancy after stabilization. 

The need for a multidisciplinary approach for these patients cannot be overstated because

they not only require reconstruction after stabilization, but they also require a reconstruc-

tive plan that takes into account their potential need for additional extirpative surgery, ra-

diation, or chemotherapy. Engagement with the surgical oncology and/or oncology services

is essential and a patient’s final reconstruction should be delayed until this multidisciplinary

plan is finalized. NPWT can be used to manage wounds while final pathology and treatment

plans are obtained and formulated. Skin grafts and complex reconstructions should be avoided

for patients who will require short interval chemotherapy, immunotherapy, or radiation and

wound simplification with thigh pouches or even orchiectomy may be indicated in these special

circumstances. 

Medication-associated and deep penetrating Fournier’s gangrene 

Two other special populations that require mention, but without much published data are

medication-associated FG and invasive FG. The most common medications associated with FG

are the sodium-glucose transport protein 2 (SGLT2) inhibitors, which are used to treat DM. 200 

SGLT2 inhibitors work by blocking glucose reabsorption in the kidney, thus lowering blood glu-

cose levels via increased urine glucose levels. 201 This increase in urine glucose helps create a

more favorable environment for bacterial overgrowth and has been associated with both urinary

tract infections and skin and soft tissue infections of the perineum. Although this sub-type of FG

should be treated like any other, it is important to take these patients off this antihyperglycemic

medication during their recovery. 202 

Classically, FG infections do not invade into the deeper tissues of the penis or testicles, how-

ever isolated case reports of penile involvement do populate the literature ( Fig. 22 ). 203–205 These

case reports often involve patients with end-stage vascular disease that compromises deeper tis-

sues, or even dry gangrene like penile calciphylaxis that serves as a nidus of infection prior to

the development of FG. 206 Although these cases are not typical, they serve as a reminder to

carefully and serially examine deeper structures during FG debridements as these patients of-

ten have severe and end-stage contributing comorbidities. For patients with these deeper tissue

infections, more complex reconstructions may be necessary, but it is important to understand

the patients’ comorbidities and appropriateness for complex reconstructive procedures. For ure-

thral erosion, a suprapubic tube, with or without urethral closure, may be more judicious than

an augmentation urethroplasty. Urinary diversion is sometimes required instead of attempting

major salvage reconstructions. 



40 G.E. Koch, B. Abbasi and L. Agoubi et al. / Current Problems in Surgery 61 (2024) 101499 

Fig. 22. Penile and urethral involvement of Fournier’s gangrene. 
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onclusion 

Although much about the diagnosis, treatment, and reconstruction of FG is consistent across

he literature, the special cases and considerations described above remind the treating urolo-

ist and general surgeon that there is more nuance to FG than often appreciated. These special

atient populations require further study and individualized approaches to care. 
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