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ABSTRACT

BACKGROUND: Fournier’s gangrene (FG) is a rare but life-threatening necrotizing fasciitis of the perineal and genital regions char-
acterized by rapid progression, fulminant sepsis, and high mortality. Negative-pressure wound therapy (NPWT), also called vacuum-
assisted closure (VAC), is becoming more commonly utilized today in the treatment of complex wounds. This study aimed to evaluate 
the association between NPWT/VAC and in-hospital mortality among patients with FG requiring extensive surgical debridement. 

METHODS: This retrospective cohort study included 95 patients treated for FG at a tertiary referral center between January 2022 
and January 2025. Patients were divided into two groups according to post-operative wound management: Conventional dressing 
(n=31) and NPWT/VAC (n=64). Demographic, clinical, and laboratory data – including the FG severity index (FGSI), quick sequential 
organ failure assessment, and procalcitonin – were analyzed. Multivariable logistic regression identified independent predictors of in-
hospital mortality, and model performance was evaluated using receiver-operating characteristic curves. 

RESULTS: Overall mortality was 20.0% (19/95). Mortality was significantly lower in the NPWT/VAC group than in the conventional 
group (15.6% vs. 29.0%, p<0.05). On multivariable analysis, NPWT/VAC was independently associated with lower mortality (adjusted 
odds ratio [OR] 0.42, 95% confidence interval [CI] 0.18–0.95, p<0.05), whereas higher FGSI (OR 1.28 per point, 95% CI 1.10–1.55, 
p<0.01) and procalcitonin (OR 1.95, 95% CI 1.35–2.75, p<0.01) were independently associated with higher mortality. 

CONCLUSION: NPWT/VAC use was associated with a lower mortality rate and may represent a valuable adjunct in the manage-
ment of severe FG.

Keywords: Fournier’s gangrene; fournier’s gangrene severity index; mortality; negative-pressure wound therapy; sepsis. 

INTRODUCTION

Fournier’s gangrene (FG) is a rare but life-threatening necro-
tizing fasciitis of the genitalia and perineum. It presents with 
an acute onset, fulminant sepsis, and high mortality.[1] Despite 
advances in intensive care and surgery, mortality has remained 
high at 20–40% in recent series.[2-5] The disease, hence still 
poses a life-threatening challenge to urological and surgical 
practice. Management of FG involves early hemodynamic sta-
bilization, broad-spectrum antibiotic therapy, and aggressive 

surgical debridement of all necrotic tissue.[6] Additional pro-
cedures, such as fecal or urinary diversion, hyperbaric oxygen 
therapy, and reconstructive techniques, have been described 
to improve outcomes.[7,8] Delayed diagnosis, insufficient de-
bridement, and systemic dissemination are, however, estab-
lished predictors of adverse prognosis, and additional mea-
sures to further decrease mortality are yet needed.

Negative-pressure wound therapy (NPWT), also called vacu-
um-assisted closure (VAC), is becoming more commonly uti-
lized today in the treatment of complex wounds.[9] Through 
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the application of subatmospheric pressure on the wound 
surface, NPWT/VAC improves granulation tissue, promotes 
perfusion, reduces bacterial load, and aids in wound closure.[10] 
Its efficacy has been demonstrated for clinical application in di-
abetic foot ulcers, pressure sores, and post-operative wounds.
[11,12] Based on these benefits, NPWT/VAC has also been found 
to be increasingly applied following radical debridement of FG 
patients. However, routine use of NPWT/VAC has not been 
advised by international guidelines for this condition. Accord-
ing to the European Association of Urology (EAU) urological 
infection guidelines, which indicate that evidence for a survival 
benefit remains limited, with a level of evidence graded as 4.[13] 
As a result, the role of NPWT/VAC in FG remains controver-
sial. Recent reports, although limited in number, suggest that 
NPWT/VAC may improve wound control, shorten hospital-
ization, and support reconstructive surgery.[14,15] Importantly, 
no definite consensus on its effect on mortality, which remains 
the most relevant outcome in this devastating disease.[16,17]

The purpose of the study was to evaluate the association be-
tween NPWT/VAC and mortality in patients with FG who re-
quired extensive debridement and had systemic involvement.

MATERIALS AND METHODS
This retrospective cohort study was performed at a tertiary 
referral center and included patients who underwent emer-
gency surgical debridement for FG between January 2022 
and January 2025. This study was approved by the Ankara 
Etlik City Hospital (Date: 02/12/2025, Decision no: AESH-
BADEK-2025-629), and written informed consent was ob-
tained from all participants. The study was performed in ac-
cordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Patients were eligible if they presented with FG involving sys-
temic extension to the perianal and/or inguinal regions and 
required urgent debridement. Patients with localized disease 
not affecting the Colles fascia (limited to the penis or scro-
tum only) or those with simple abscesses were excluded.

Study-Group Design

A total of 95 patients were included in the final analysis. Pa-
tients were stratified into two treatment groups according to 
post-operative wound management: Group A: Conventional 
wound dressing (n=31). Group B: NPWT/VAC (n=64).

Treatment allocation was not standardized. The decision to 
use NPWT/VAC or conventional dressing was made at the 
discretion of the treating surgeon based on clinical judgment, 
wound characteristics, and device availability, without pre-
defined criteria. The extent of necrotizing fasciitis may have 
influenced treatment decisions as part of the overall clinical 
assessment; however, this was not evaluated using standard-
ized criteria.

Data Collection

Demographic data, clinical presentation, and laboratory pa-

rameters were extracted from hospital records. Collected 
data included age, sex, and comorbidities (diabetes mellitus, 
chronic kidney disease, malignancy, obesity, etc.). Clinical se-
verity markers such as the quick sequential organ failure as-
sessment (qSOFA) score, the FG Severity Index (FGSI) score, 
the presence of sepsis or septic shock, and the extent of 
infection were documented. Vital signs (temperature, respira-
tory rate, blood pressure, heart rate, and mental status) and 
laboratory results (white blood cell count, serum creatinine, 
sodium, potassium, lactate, procalcitonin, and C-reactive pro-
tein [CRP]) were recorded at admission. Operative details, 
including the timing of surgery, number and adequacy of de-
bridements, and wound management modality (NPWT/VAC 
vs. conventional dressing), were collected. Post-operative 
outcomes included intensive care requirement, total length 
of hospital stay, and in-hospital mortality.

Primary and Secondary Outcomes

The primary outcome of the study was in-hospital mortal-
ity. Secondary outcomes included the FGSI, the qSOFA score 
(evaluated as ≥2 vs. <2), perioperative parameters such as 
respiratory rate and hemodynamic instability, laboratory 
markers including procalcitonin, lactate, and CRP, the number 
of comorbidities, the number of surgical debridements, the 
need for intensive care unit admission, and the total length 
of hospital stay.

Statistical Analysis

Statistical analyses were conducted using IBM Statistical 
Package for the Social Sciences Statistics v21.0 (Armonk, 
NY, USA). Continuous variables were summarized as mean 
± standard deviation or median interquartile range accord-
ing to the Kolmogorov-Smirnov test and compared with the 
independent-samples t-test or the Mann-Whitney U test, as 
appropriate; categorical variables were compared with the 
χ2 test or Fisher’s exact test. The primary endpoint was in-
hospital mortality. To limit overfitting and collinearity, a pre-
specified parsimonious multivariable logistic regression model 
was fitted, including age, comorbidity burden (number of co-
morbidities), one severity metric (FGSI), one inflammatory 
biomarker (procalcitonin), and wound management (NPWT/
VAC vs. conventional); variables measured after treatment 
initiation (e.g., number/adequacy of debridements) were not 
entered. Adjusted odds ratios (ORs) with 95% confidence 
intervals (CIs) were reported, and multicollinearity was as-
sessed using variance inflation factors. A sensitivity analysis 
re-estimated the model by replacing FGSI with qSOFA (≥2 
vs. <2). Model discrimination and calibration were assessed 
using the area under the receiver operating characteristic 
curve (AUC-ROC) and the Hosmer-Lemeshow test, respec-
tively; ROC analyses were performed only for continuous/
ordinal predictors (FGSI, qSOFA, procalcitonin), and no ROC 
analysis was undertaken for the binary exposure (NPWT/
VAC). For power appraisal, a balanced sample of 30 patients 
per group (n=60) was considered; using α=0.05 and the ob-
served mortality contrast (29.0% vs. 15.6%), the achieved 
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power was ≈74%, whereas substantially larger totals (on the 
order of a few hundred patients) would be required to attain 
≈80% power under similar assumptions. Inference was there-
fore based primarily on effect sizes and 95% CIs. Two-sided 
p<0.05 was considered statistically significant.

RESULTS
A total of 95 patients were analyzed; Group A: conven-
tional wound dressing (n=31) and Group B: NPWT/VAC 
(n=64). Non-survivors were significantly older than survivors 
(p<0.05). The most frequent comorbidities were diabetes 
mellitus, chronic kidney disease, and obesity. Patients with 
qSOFA ≥2 had higher FGSI scores, more comorbidities, and 

higher procalcitonin levels than those with qSOFA <2 (all 
p<0.05). The overall in-hospital mortality was 20.0% (19/95); 
mortality was 29.0% (9/31) in the conventional group versus 
15.6% (10/64) in the NPWT/VAC group (p<0.05). Mortal-
ity was also significantly higher in patients with qSOFA ≥2 
(p<0.05). The demographic characteristics of the patients are 
summarized in Table 1.

On univariable analysis, advanced age, multiple comorbidi-
ties, sepsis or septic shock, infection extending beyond the 
perineum, higher FGSI, laboratory abnormalities (elevated 
creatinine, lactate, procalcitonin, and hyponatremia), fewer/
inadequate debridements, and absence of NPWT/VAC were 
each associated with mortality (all p<0.05). In a prespecified 

Table 1.	 Demographic and clinical characteristics of the patients

Variable	 All patients (n=95)	 Group A (conventional, n=31)	 Group B (NPWT/VAC, n=64)	 p

Age (years)	 61.8±13.7	 65.3±12.9	 59.9±13.9	 <0.05

Male sex, n (%)	 78 (82.1)	 25 (80.6)	 53 (82.8)	 0.78

Diabetes mellitus, n (%)	 46 (48.4)	 18 (58.1)	 28 (43.8)	 0.19

Chronic kidney disease, n (%)	 21 (22.1)	 9 (29.0)	 12 (18.8)	 0.28

Obesity, n (%)	 18 (18.9)	 7 (22.6)	 11 (17.2)	 0.56

qSOFA ≥2, n (%)	 28 (29.5)	 12 (38.7)	 16 (25.0)	 0.18

FGSI score (mean±SD)	 6.8±3.2	 7.6±3.4	 6.4±3.1	 <0.05

Procalcitonin (ng/mL)	 7.2±5.9	 8.9±6.4	 6.3±5.4	 <0.05

Mortality, n (%)	 19 (20.0)	 9 (29.0)	 10 (15.6)	 <0.05

Data are presented as mean±standard deviation or n (%). Statistical tests: Student’s t-test for continuous variables and Chi-square or Fisher’s exact test for 
categorical variables. NPWT: Negative-pressure wound therapy; VAC: Vacuum-assisted closure; qSOFA: Quick sequential organ failure assessment; FGSI: 
Fournier’s gangrene severity index; SD: Standard deviation. 

Table 2.	 Factors associated with in-hospital mortality: Univariate and multivariable logistic regression analysis

Variable	 Univariate analysis	 p	 Multivariable analysis adjusted	 p
	 OR (95% CI)		  OR (95% CI)

Age (per year)	 1.04 (1.01–1.08)	 <0.05	 1.03 (0.99–1.07)	 0.09

Multiple comorbidities	 2.65 (1.30–5.45)	 <0.01	 1.85 (0.92–3.95)	 0.11

Sepsis or septic shock	 3.42 (1.55–7.55)	 <0.01	 —	 —

Infection beyond the perineum	 2.78 (1.25–6.22)	 <0.05	 —	 —

FGSI (per point)	 1.35 (1.15–1.60)	 <0.01	 1.28 (1.10–1.55)	 <0.01

Elevated creatinine	 2.10 (1.05–4.25)	 <0.05	 —	 —

Elevated lactate	 2.55 (1.20–5.40)	 <0.05	 —	 —

Elevated procalcitonin (per ng/mL)	 2.05 (1.40–3.00)	 <0.01	 1.95 (1.35–2.75)	 <0.01

Hyponatremia	 2.60 (1.15–5.90)	 <0.05	 —	 —

Fewer/Inadequate debridements	 3.15 (1.40–7.10)	 <0.01	 —	 —

Absence of NPWT/VAC	 0.36 (0.16–0.80) 	 <0.05	 0.42 (0.18–0.95)	 <0.05

Covariates included in the multivariable model: Age, comorbidity burden, FGSI, procalcitonin, and treatment group (NPWT/VAC vs. conventional). OR: Odds 
ratio; CI: Confidence interval; FGSI: Fournier’s gangrene severity index; NPWT: Negative pressure wound therapy; VAC: Vacuum-assisted closure.
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parsimonious multivariable logistic regression model (covari-
ates: age, comorbidity burden, FGSI, procalcitonin, and treat-
ment group), NPWT/VAC remained independently associ-
ated with lower in-hospital mortality (adjusted OR 0.42, 95% 
CI 0.18–0.95, p<0.05), whereas higher FGSI (adjusted OR 
1.28 per point, 95% CI 1.10–1.55, p<0.01) and higher procal-
citonin (adjusted OR 1.95, 95% CI 1.35–2.75, p<0.01) were 
independently associated with mortality. Findings were con-
sistent in a sensitivity analysis substituting qSOFA (≥2 vs. <2) 
for FGSI, wherein qSOFA ≥2 was independently associated 
with mortality (adjusted OR 2.85, 95% CI 1.40–5.80, p<0.01), 
and the association between NPWT/VAC and lower mor-
tality persisted. Univariate and multivariable logistic regres-
sion analyses of factors associated with in-hospital mortality 
are summarized in Table 2. Receiver operating characteristic 
analyses demonstrated good discrimination for FGSI (AUC 
0.82, 95% CI 0.74–0.91, p<0.01), qSOFA (AUC 0.78, 95% 
CI 0.68–0.88, p<0.01), and procalcitonin (AUC 0.80, 95% CI 
0.70–0.89, p<0.01) (Fig. 1).

DISCUSSION
In the present study, we analyzed the prognostic factors of 
mortality in FG patients and directly assessed the associa-
tion between NPWT/VAC and survival. Our case series of 
95 FG patients within a tertiary care center presented an 
overall in-hospital mortality rate of 20%, which is comparable 
with reported mortality rates ranging from 20% to 40% in 
the literature.[2-4] Interestingly, we observed a lower mortal-
ity rate in the NPWT/VAC group (15.6% vs. 29.0%, p<0.05). 
Multivariate logistic regression confirmed that NPWT/VAC 
therapy was independently associated with lower mortality 
(adjusted OR 0.42, 95% CI 0.18–0.95, p<0.05), moreover, 
higher FGSI (adjusted OR 1.28 per point, 95% CI 1.10–1.55, 

p<0.01) and elevated procalcitonin (adjusted OR 1.95, 95% 
CI 1.35–2.75, p<0.01) were independently associated with 
increased mortality. In our study, we found that NPWT/VAC 
therapy was independently associated with lower mortality 
and may represent a promising adjunct to standard surgical 
treatment.

The mortality rate of 20% observed in our cohort aligns with 
the established range in contemporary literature, confirm-
ing that despite advances in critical care and surgical man-
agement, FG continues to carry a substantial risk of death.
[2-5] This continued risk supports the imperative of the iden-
tification of robust prognostic indicators and optimization 
of adjunctive treatments for this destructive disease. Our 
investigation identified many classic predictors of mortality. 
Older age was associated with poor outcomes, which sup-
ports prior studies that found that older patients had less 
physiological reserve and more comorbidities.[18] Shet et al.[19] 
in their study showed that patients above 60 years of age 
had close to double the mortality rate compared to younger 
patients. Similarly, comorbid diseases such as diabetes mel-
litus and chronic kidney disease were prevalent in our se-
ries and were associated with increased mortality due to the 
compromised host defense and microvascular mechanisms in 
these individuals. Scoring systems such as FGSI and qSOFA 
were also strongly associated with mortality in our series. 
Baseline differences between treatment groups should be 
considered when interpreting the mortality findings. Patients 
in the conventional group had higher FGSI and procalcitonin 
levels and were older, indicating more severe disease at base-
line. Although adjusted analysis showed that NPWT/VAC was 
independently associated with lower mortality, residual con-
founding cannot be excluded.

In our study, multivariable analysis suggested that FGSI was 
independently associated with increased mortality (OR 1.28, 
95% CI 1.10–1.55), with good discrimination (AUC 0.82). 
Previous studies have reported inconsistent findings regard-
ing its prognostic value.[20] In a more recent study evaluating 
alternative indices such as the HALP score, HALP was not 
found to be associated with survival, whereas FGSI remained 
a significant predictor of outcomes.[21]

One of the key findings of our study is the observed asso-
ciation between NPWT/VAC therapy and survival. We ob-
served a significantly lower mortality rate with NPWT/VAC 
therapy in comparison to conventional dressing, a difference 
that persisted even after controlling for additional confound-
ing variables. While ROC analysis is not applicable for this 
categorical variable, multivariable analysis demonstrated that 
NPWT/VAC therapy was independently associated with low-
er mortality. This finding should be interpreted in the context 
of current EAU guidelines, which state that there is no evi-
dence of benefit for the usage of NPWT/VAC in FG (level of 
evidence 4).[13] Our data indicate that NPWT/VAC therapy 
may enhance local wound healing and seems to be associated 
with lower mortality rates.

Figure 1. Receiver operating characteristic curves of continuous 
predictors for in-hospital mortality in Fournier’s gangrene severity 
index, quick sequential organ failure assessment, and procalcito-
nin.
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In contrast to prior studies that did not show a survival ben-
efit, there are several possible explanations for the observed 
association between NPWT/VAC therapy and lower mortal-
ity. The well-defined inclusion criteria and exclusion of local-
ized cases allowed the association between NPWT/VAC and 
outcomes to be observed more distinctly in patients with 
more extensive and severe disease. Furthermore, the use of 
biomarkers such as procalcitonin made earlier therapeutic 
modifications possible, and multivariable analysis confirmed 
the association between NPWT/VAC therapy and lower 
mortality. Collectively, these factors may partly account 
for the observed association between NPWT/VAC therapy 
and lower mortality.[16-17,22] While NPWT/VAC was associ-
ated with lower mortality in our cohort, this finding should 
be interpreted with caution, given the retrospective design 
and potential for selection bias. Current EAU guidelines in-
dicate that evidence for a survival benefit remains limited. 
Importantly, the primary role of NPWT/VAC lies in wound 
management, including improved drainage, enhanced granu-
lation, and facilitation of reconstruction.[10-12,14,15] In many 
centers, NPWT/VAC is typically initiated after serial debride-
ments once infection control is achieved.[6,14,15] In our prac-
tice, NPWT/VAC was applied early after initial debridement, 
based on the surgeon judgment and wound characteristics. 
This approach may help enhance wound drainage and pro-
mote granulation tissue formation. In addition, the multidis-
ciplinary tertiary care setting may have supported both local 
wound management and overall sepsis control. However, the 
optimal timing of NPWT/VAC application remains uncertain.

Our study has several limitations. This was a single-center ret-
rospective study with non-randomized, surgeon-dependent 
treatment allocation, introducing a potential risk of selection 
bias and unmeasured confounding. Although the sample size 
is larger than in many previous studies, it remains limited, and 
external validation in larger multicenter cohorts is necessary. 
The follow-up period was restricted to in-hospital outcomes, 
and long-term morbidity, quality of life, and reconstructive 
results were not assessed. Another limitation of this study 
is the inability to calculate the Uludag FGSI (UFGSI). While 
the UFGSI incorporates age and the extent of infection and 
may provide a more comprehensive assessment of disease 
severity,[23] the retrospective nature of our dataset did not 
allow consistent and standardized documentation of disease 
extent. Consequently, UFGSI could not be reliably calculat-
ed for all patients. Instead, FGSI and qSOFA were used as 
clinically applicable indicators of disease severity, with qSOFA 
serving as a simple tool for risk stratification.[24] Prospective 
studies with standardized data collection are needed to di-
rectly compare FGSI and UFGSI in predicting mortality.

Despite these limitations, our findings have important clinical 
implications. Although NPWT/VAC therapy may offer advan-
tages beyond wound care, its effect on survival is still not 
clear. This has direct applicability for daily clinical practice, 
as NPWT/VAC therapy is widely available and can be imple-

mented alongside standard surgical debridement. Future 
studies should focus on multicenter prospective cohorts or 
randomized controlled trials to validate the survival benefit of 
NPWT/VAC therapy and to further refine prognostic scoring 
systems by integrating clinical, laboratory, and treatment-re-
lated variables. The potential effects of NPWT/VAC on long-
term functional and reconstructive outcomes, as well as the 
use of medical resources, will also be better understood with 
larger sample sizes and longer follow-up.

CONCLUSION

FG remains a high-mortality condition. NPWT/VAC was as-
sociated with lower mortality and may be considered a use-
ful adjunct in the management of FG. However, its effect on 
survival remains uncertain, and further prospective studies 
are required to confirm these findings.
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Fournier kangreninde negatif basınçlı yara tedavisinin rolü: Mortalite ile ilişkisi
AMAÇ: Fournier gangreni (FG), hızlı ilerleme, fulminan sepsis ve yüksek ölüm oranı ile karakterize, nadir ancak yaşamı tehdit eden perineal ve geni-
tal bölgelerin nekrotizan fasiitidir. Vakum destekli kapatma (VAC) olarak da adlandırılan negatif  basınçlı yara tedavisi (NPWT), günümüzde karmaşık 
yaraların tedavisinde giderek daha yaygın olarak kullanılmaktadır. Bu çalışma, kapsamlı cerrahi debridman gerektiren FG hastalarında negatif  basınçlı 
yara tedavisinin (NPWT/VAC) hastane içi ölüm oranı ile ilişkisini değerlendirmeyi amaçlamıştır.
GEREÇ VE YÖNTEM: Bu retrospektif  kohort çalışması, Ocak 2022 ile Ocak 2025 tarihleri arasında üçüncü basamak bir sevk merkezinde FG 
nedeniyle tedavi gören 95 hastayı içermiştir. Hastalar, ameliyat sonrası yara yönetimine göre iki gruba ayrılmıştır: geleneksel pansuman (n=31) ve 
NPWT/VAC (n=64). Demografik, klinik ve laboratuvar verileri (Fournier Gangreni Şiddet İndeksi [FGSI], hızlı Ardışık Organ Yetmezliği Değerlen-
dirmesi [qSOFA] ve prokalsitonin dahil) analiz edilmiştir. Çok değişkenli lojistik regresyon, hastane içi mortalitenin bağımsız belirleyicilerini tanımla-
mış ve model performansı alıcı işletim karakteristik (ROC) eğrileri kullanılarak değerlendirilmiştir.
BULGULAR: Genel ölüm oranı %20.0 (19/95) idi. Ölüm oranı, NPWT/VAC grubunda geleneksel gruba göre anlamlı derecede daha düşüktü 
(%15.6'ya karşı %29.0, p<0.05). Çok değişkenli analizde NPWT/VAC bağımsız olarak daha düşük mortalite (düzeltilmiş OR 0.42, %95 GA 0.18–
0.95, p<0.05) ile ilişkili kalırken, daha yüksek FGSI (OR 1.28/puan, %95 GA 1.10–1.55, p<0.01) ve prokalsitonin (OR 1.95, %95 GA 1.35–2.75, 
p<0.01) bağımsız olarak daha yüksek mortaliteyle ilişkiliydi.
SONUÇ: NPWT/VAC kullanımı daha düşük mortalite oranı ile ilişkilidir ve şiddetli FG yönetiminde değerli bir yardımcı tedavi olabilir.

Anahtar sözcükler: FGSI; fournier gangreni; mortalite; negatif  basınçlı yara tedavisi; sepsis.
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