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INTRODUCTION 

Fournier’s gangrene (FG) is a rare but serious bacterial infection that affects the genital and 

perineal regions of the body [1]. It is also known as necrotizing fasciitis of the perineum and 

can be life-threatening if left untreated. This condition is more common in men than in wom-

en [2], and usually occurs in people with weakened immune systems or other underlying 

health conditions [3]. It is often caused by bacteria such as Escherichia coli, Klebsiella, and 

Pseudomonas aeruginosa [4]. 

The symptoms of FG typically begin with pain, swelling, redness in the genital or perineal 

Background: The use of biomarkers to predict patient outcomes may be crucial for patients ad-
mitted to the intensive care unit (ICU) following surgery because biomarkers guide clinicians in 
tailoring treatment plans accordingly. Therefore, we aimed to identify potential biomarkers to pre-
dict the prognosis of patients with Fournier’s gangrene (FG) admitted to the ICU after surgery.
Methods: We enrolled patients with FG admitted to our hospital between January 2013 and De-
cember 2022. We retrospectively analyzed patient characteristics, factors related to management, 
scores known to be associated with the prognosis of FG, and laboratory data.
Results: The study population included 28 survivors and 13 nonsurvivors. The initial serum lactate 
level taken in the emergency department; white blood cell, neutrophil, and platelet counts; delta 
neutrophil index and international normalized ratio; albumin, glucose, HCO3, and postoperative 
lactate levels; and the laboratory risk indicator for necrotizing fasciitis differed between survivors 
and nonsurvivors. Postoperative lactate and initial albumin levels were independent predictors of 
mortality in patients with FG. The postoperative lactate level was the best indicator of mortality 
(area under the curve, 0.877; 95% confidence interval, 0.711–1.000). The optimal cutoff postoper-
ative lactate level for predicting mortality was 3.0 mmol/L (sensitivity, 80.0%; specificity, 95.0%).
Conclusions: Postoperative lactate and initial albumin levels could be potential predictors of mor-
tality in patients with FG admitted to the ICU after surgery, and the optimal cutoff postoperative 
lactate and initial albumin levels to predict mortality were 3.0 mmol/L and 3.05 g/dl, respectively.

Key Words: albumin; biomarkers; Fournier gangrene; intensive care unit; neutrophil

Biomarkers to predict mortality in patients with Fournier’s 
gangrene admitted to the intensive care unit after surgery 
in South Korea

In Sik Shin, Seong Chan Gong, Sanghyun An, Kwangmin Kim

Department of Surgery, Yonsei University Wonju College of Medicine, Wonju, Korea

Received: June 2, 2023
Revised: August 3, 2023
Accepted: August 30, 2023

Corresponding author
Kwangmin Kim 
Department of Surgery, Yonsei 
University Wonju College of Medicine, 
20 Ilsan-ro, Wonju 26426, Korea 
Tel: +82-33-741-0570
Fax: +82-33-741-0574 
E-mail: lukelike@yonsei.ac.kr

Original Article

Acute and Critical Care 2023 November 38(4):452-459
https://doi.org/10.4266/acc.2023.00766

https://doi.org/10.4266/acc.2023.00766
http://crossmark.crossref.org/dialog/?doi=10.4266/acc.2023.00766&domain=pdf&date_stamp=2023-11-30


453https://www.accjournal.orgAcute and Critical Care 2023 November 38(4):452-459

Shin IS, et al. Biomarkers of mortality in Fournier’s gangrene

areas, and fever. As the infection progresses, the affected tissue 

may become necrotic, leading to skin and muscle death and 

the formation of pus and gas in the affected area. If left untreat-

ed or delayed, FG can lead to various complications such as 

sepsis, shock, organ failure, and even death [5]. Patients with 

FG and critical illnesses typically require prompt and aggres-

sive treatment, including antibiotics, surgical debridement, 

and intensive care management. 

Although many studies have evaluated biomarkers to pre-

dict disease prognosis [3,6-8], relatively fewer studies have 

evaluated patients admitted to the intensive care unit (ICU) 

after surgery. Although patients admitted to the ICU receive 

medically advanced management, the mortality rate associ-

ated FG is still high. The use of biomarkers to predict patient 

outcomes may be particularly crucial for patients admitted to 

the ICU following surgery. Therefore, we conducted this study 

to identify possible biomarkers that can predict the prognosis 

of patients with FG admitted to the ICU after surgery. 

MATERIALS AND METHODS 

This retrospective study was approved by the Institutional 

Review Board of Wonju Severance Christian Hospital (No. 

CR323018). Since the data were analyzed retrospectively and 

the identities of the patients were hidden, the requirement for 

informed consent was waived.

Patient Selection 
A total of 84 patients (age ≥18 years) with FG were admitted 

via the emergency department in Wonju Severance Christian 

Hospital between January 2013 and December 2022. Medical 

records and initial computed tomography scans of these pa-

tients were reviewed retrospectively. Thirty-three patients who 

did not undergo surgery and/or were not admitted to the ICU 

were excluded. Patients with isolated scrotal and perianal ab-

scesses without necrotizing fasciitis of the perineal or inguinal 

areas were also excluded. Thus, after excluding a total of 43 pa-

tients, the remaining 41 patients with FG were included in this 

study (Figure 1). 

Management of FG in Wonju Severance Christian Hospital 
Surgical intervention and medical resuscitation were per-

formed to manage the patients with FG. Medical management 

included initial fluid resuscitation, since patients may present 

with septic shock. Vasopressors may be added when patients 

with low blood pressure are unresponsive to fluid resuscita-

tion. The initiation of empirical broad-spectrum antibiotic 

treatment while awaiting the culture sensitivity results is also 

important. Targeted antibiotic therapy to cover the organisms 

associated with FG should be initiated after obtaining the 

antibiotic-sensitivity results. Radical wide excision of necrotic 

tissue was performed as an essential element of surgical in-

tervention for patients with FG. Irrigation and drainage were 

also performed. Patients with suspected significant sphincter-

ic involvement underwent stoma formation to prevent fecal 

wound contamination. The stoma site was determined intra-

operatively. 

Definitions and Data Collection 
The medical charts of the enrolled patients were retrospec-

tively reviewed. Patient characteristics, including clinical data 

(age, sex, body mass index, underlying diseases, mean blood 

pressure, pulse rate, body temperature, septic shock at the 

initial presentation, surgical treatment, stoma formation, cys-

tostomy formation), laboratory findings (initial lactate level 

taken in the emergency department, postoperative lactate 

■ The use of biomarkers to predict patient outcomes may 
be particularly crucial for patients admitted to the inten-
sive care unit (ICU) following surgery.

■ Postoperative lactate and initial albumin levels could be 
potential predictors of mortality in patients with Fourni-
er’s gangrene admitted to the ICU after surgery.

KEY MESSAGES

Figure 1. Flowchart of the study.

84 Patients (age ≥18 years) with Fournier’s gangrene

Excluded
33  Patients who did not undergo surgery and/or 

were not admitted to the intensive care unit 
10  Patients with isolated scrotal and perianal 

abscesses without necrotizing fasciitis of the 
perineal or inguinal areas

28 Survivors 13 Nonsurvivors
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level and lactate clearance; white blood cell [WBC], neutro-

phil, lymphocyte, and platelet counts; delta neutrophil index 

[DNI] and international normalized ratio [INR]; and C-reactive 

protein [CRP], procalcitonin, creatinine, and albumin levels), 

hospital length of stay (LOS), ICU LOS, and overall mortality. 

The Fournier’s Gangrene Severity Index (FGSI) was calculated 

using the formula described by Laor et al. [9]. Data for nine 

parameters, including body temperature, pulse rate, respira-

tory rate, hematocrit, leukocyte counts, and serum sodium, 

potassium, creatinine, and bicarbonate levels, were collected 

for calculation. The Uludag Fournier’s Gangrene severity index 

(UFGSI) proposed by Yilmazlar et al. [10] was also calculated. 

Age and disease dissemination scores were added to the FGSI 

to calculate UFGSI. Scoring was performed during initial pre-

sentation at the emergency department. The total WBC count 

and the hemoglobin, sodium, glucose, serum creatinine, and 

CRP levels were used to calculate the laboratory risk indicator 

for necrotizing fasciitis (LRINEC) [11]. The neutrophil-to-lym-

phocyte ratio was calculated. 

Statistical Analysis 
Continuous variables are presented as mean (standard devia-

tion) or median (interquartile range), and a comparative anal-

ysis was performed using Student t-test or the Mann-Whitney 

test. Categorical variables were analyzed using the chi-square 

test with Yates’ correction for continuity and Fisher’s exact 

test. Multivariate analysis was performed using logistic regres-

sion to identify independent risk factors. A receiver operating 

characteristic (ROC) curve was constructed and the Youden 

Index method was used to determine the optimal cutoff val-

ues for predicting mortality. Statistical analyses were per-

formed using R statistical software (ver. 4.1.0; R Foundation 

for Statistical Computing, Vienna, Austria). Statistical signifi-

cance was set at P<0.05. 

RESULTS 

Patient Characteristics in the Survivor and Nonsurvivor 
Groups 
There was a significant difference in the mean age observed 

between the survivor group and the nonsurvivor group 

(59.9±13.5 vs. 63.7±14.2, P=0.421). The proportion of male 

patients did not differ between the two groups (25 [89.3%] 

vs. 10 [76.9%], P=0.361). The nonsurvivor group showed 

significantly more patients with liver diseases (6 [10.3%] vs. 

9 [33.3%], P=0.015). A significant difference was observed in 

the initial lactate level (2.1±1.6 vs. 7.0±4.8 mmol/L, P=0.004), 

postoperative lactate level (1.8±0.9 vs. 5.8±4.3 mmol/L,  

P=0.016), initial WBC count (16.1±9.4 vs. 9.0±6.0 ×109/L,  

P=0.006), initial neutrophil count (14.5±9.0 vs. 7.9±5.5 ×109/L,  

P=0.006), initial platelet count (208.9±128.7 vs. 112.2±111.3 

×109/L, P=0.020), DNI (7.9%±10.1% vs. 27.6%±24.4%, 

P=0.014), albumin level (3.2±0.8 vs. 2.4±0.5 g/dl, P<0.001), 

INR (1.2±0.2 vs. 1.7±0.7, P=0.043), glucose level (209.9±141.0 

vs. 128.3±48.0 mg/dl, P=0.009), and HCO3 level (22.6±4.4 vs. 

17.1±6.9 mmol/L, P=0.018) between the survivor and non-

survivor groups. The nonsurvivor group demonstrated a sig-

nificantly higher LRINEC score (7.5±2.8 vs. 5.7±1.5, P=0.010) 

compared to the survivor group. Table 1 provides a compre-

hensive description of all the details. 

Identification of Independent Risk Factors for 
Predicting Mortality in Patients with FG 
A logistic regression analysis was conducted to assess indepen-

dent risk factors, which encompassed variables such as age, 

sex, body mass index, initial lactate level, postoperative lac-

tate level, WBC count, neutrophil count, platelet count, DNI, 

albumin level, INR, glucose level, HCO3 level, and LRINEC. 

The following risk factors were independently correlated with 

mortality: postoperative lactate level (odds ratio [OR], 2.87; 

95% confidence interval [CI], 1.18–7.02; P=0.021), and initial 

albumin level (OR, 0.07; 95% CI, 0.01–0.49; P=0.007) (Table 2). 

Microbial Pathogens Identified in Cases of FG 
In this study, E. coli was the predominant organism identified 

among the enrolled patients (n=15, 21.1%). Additionally, oth-

er organisms such as Klebsiella species (18.3%), Streptococci 

(15.5%), and Enterococci (14.1%) were also detected (Table 3). 

Optimal Cutoff Values of the Postoperative Lactate and 
Initial Albumin Levels 
ROC curves were generated for postoperative lactate and ini-

tial albumin levels to predict mortality in patients diagnosed 

with FG. The area under the curve (AUC) for postoperative lac-

tate was 0.877 (95% CI, 0.711–1.000), while for initial albumin, 

it was 0.827 (95% CI, 0.738–0.997). The optimal cutoff value for 

postoperative lactate was determined as 3.0 mmol/L, with a 

sensitivity of 80.0% and specificity of 95.0%. Similarly, the opti-

mal cutoff value for initial albumin was 3.05 g/dl, with a sensi-

tivity of 92.3% and specificity of 57.1%. Detailed results can be 

found in Table 4 and Figure 2. 
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Table 1. Patient characteristics in the survivor and nonsurvivor groups
Variable Survivor (n=28) Nonsurvivor (n=13) P-value
Age (yr) 60±14 64±14 0.421
Male 25 (89.3) 10 (76.9) 0.361a)

Body mass index (kg/m2) 25.1±5.9 21.7±3.5 0.028
Underlying disease
 Hypertension 15 (53.6) 3 (23.1) 0.136
 Diabetes mellitus 12 (42.9) 7 (53.8) 0.749
 Liver disease 5 (17.9) 6 (46.2) 0.073a)

 Renal disease 4 (14.3) 1 (7.7) 0.998a)

 Pulmonary disease 0 1 (7.7) 0.317a)

Blood pressure (mm Hg) 82.5±18.9 77.1±16.9 0.366
Pulse rate 101.6±23.0 111.8±26.1 0.239
Body temperature (°C) 37.5±0.9 37.2±1.2 0.379
Septic shock at the initial presentation 5 (17.9) 3 (23.1) 0.692
Stoma formation 15 (53.6) 7 (53.8) 0.999
Cystostomy 2 (7.1) 0 0.999a)

Laboratory finding
 Initial lactate (mmol/L) 2.1±1.6 7.0±4.8 0.004
 Postoperative lactate (mmol/L) 1.8±0.9 5.8±4.3 0.016
 Lactate clearance 0.5±1.6 2.0±3.2 0.168
 Initial WBC count (×109/L) 16.1±9.4 9.0±6.0 0.006
 Initial neutrophil count (×109/L) 14.5±9.0 7.9±5.5 0.006
 Initial lymphocyte count (×109/L) 0.7±0.4 0.5±0.2 0.067
 Initial hemoglobin (g/dl) 11.7±2.2 10.9±2.6 0.367
 Initial platelet count (×109/L) 208.9±128.7 112.2±111.3 0.020
 Initial DNI (%) 7.9±10.1 27.6±24.4 0.014
 Initial CRP level (mg/dl) 21.7±9.6 20.0±16.4 0.731
 Initial PCT level (ng/ml) 5.4±7.0 13.8±12.8 0.119
 Initial albumin level (g/dl) 3.2±0.8 2.4±0.5 <0.001
 Initial INR 1.2±0.2 1.7±0.7 0.043
 Initial creatinine level (mg/dl) 2.1±2.1 2.6±2.0 0.439
 Initial glucose level (mg/dl) 209.9±141.0 128.3±48.0 0.009
 Initial HCO3 level (mmol/L) 22.6±4.4 17.1±6.9 0.018
FGSI 7.0±3.6 8.6±5.0 0.301
UFGSI 9.7±3.7 11.9±6.2 0.250
LRINEC 5.7±1.5 7.5±2.8 0.010
Neutrophil-lymphocyte ratio 24.5±19.0 16.5±14.0 0.142
Hospital length of stay (day) 55.9±52.0 37.2±43.2 0.240
ICU length of stay (day) 5.0±4.2 22.5±40.7 0.149

Values are presented as mean±standard deviation or number (%).
WBC: white blood cell; DNI: delta neutrophil index; CRP: C-reactive protein; PCT: procalcitonin; INR: international normalized ratio; FGSI: Fournier’s gangrene 
severity index; UFGSI: Uludag Fournier’s gangrene severity index; LRINEC: laboratory risk indicator for necrotizing fasciitis; ICU: intensive care unit.
a) Fisher’s exact test.

DISCUSSION 

Our results showed that the postoperative lactate and preop-

erative albumin levels were major predictors in ICU patients 

with FG. The optimal cutoff values for serum postoperative 

lactate and initial albumin levels were 3.0 mmol/L (sensitivi-

ty, 80.0%; specificity, 95.0%) and 3.05 g/dl (sensitivity, 92.3%; 

specificity, 57.1%), respectively. 
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Table 2. Multivariate analysis using a logistic regression model to predict mortality

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Male 2.50 (0.43–14.54) 0.308
Initial lactate (mmol/L) 1.71 (1.16–2.54) 0.007
Initial WBC count (×109/L) 1.00 (1.00–1.00) 0.027
Initial neutrophil count (×109/L) 1.00 (1.00–1.00) 0.028
Initial platelet count (×109/L) 0.99 (0.99–1.00) 0.034
Initial DNI (%) 1.07 (1.02–1.12) 0.007
Initial INR 31.02 (1.54–622.99) 0.025
Initial glucose level (mg/dl) 0.99 (0.98–1.00) 0.083
Initial HCO3 level (mmol/L) 0.83 (0.71–0.96) 0.012
Age (yr) 1.02 (0.97–1.08) 0.401 0.99 (0.92–1.07) 0.856
Postoperative lactate (mmol/L) 2.87 (1.18–7.02) 0.021 2.87 (1.18–7.02) 0.021
Initial albumin level (g/dl) 0.09 (0.02–0.48) 0.005 0.07 (0.01–0.49) 0.007
LRINEC 1.41 (1.01–2.00) 0.044 1.47 (0.97–2.22) 0.066

HR: hazard ratio; CI: confidence interval; WBC: white blood cell; DNI: delta neutrophil index; INR: international normalized ratio; LRINEC: laboratory risk indicator 
for necrotizing fasciitis.

Table 3. Causative bacterial organisms for Fournier’s gangrene
Bacterial organism Total (n=71)
Escherichia coli 15 (21.1)
Klebsiella species 13 (18.3)
Streptococci 11 (15.5)
Enterococci 10 (14.1)
Staphylococci 10 (14.1)
Acinetobacter species 3 (4.2)
Pseudomonas 2 (2.8)
Candida species 2 (2.8)
Gram positive rods 1 (1.4)
Others 4 (5.6)

Values are presented as number (%).

The serum lactate level is a widely utilized biomarker in 

critically ill patients that indicates the degree of tissue hypox-

ia and anaerobic metabolism [12]. Under conditions such 

as sepsis, shock, and respiratory failure, inadequate oxygen 

supply to tissues triggers anaerobic metabolism, resulting 

in lactate accumulation in the bloodstream [13]. Significant 

differences were observed in the initial lactate levels between 

survivors and nonsurvivors during the univariate analysis, but 

not in the multivariate analysis. In contrast, the postoperative 

lactate levels can be influenced by resuscitation after initial 

evaluation and surgical excision. Therefore, the postoperative 

lactate level may be a more accurate biomarker to predict 

mortality than the initial lactate level because the postoper-

Table 4. Characteristics of postoperative lactate and initial albumin 
levels

Variable Optimal 
cutoff value

Sensitivity 
(%)

Specificity 
(%) AUC (95% CI)

Postoperative lactate 
(mmol/L)

3.00 80.0 95.0 0.877 
(0.711–1.000)

Initial albumin (g/dl) 3.05 92.3 57.1 0.827 
(0.738–0.997)

AUC: area under the curve; CI: confidence interval.

Figure 2. Receiver operating characteristics curves for the lactate 
level and the albumin level between the survivors and nonsurvivors.
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ative lactate level reflects the patient’s condition after initial 

treatment. 

Although the AUC of the serum albumin level was lower 

than that of the postoperative lactate level, the serum albu-

min level emerged as an independent predictor of mortality 

in patients diagnosed with FG. Hypoalbuminemia can occur 

in critically ill patients and is influenced by various factors, 

including physiological responses triggered by infection [14]. 

Serum albumin levels can be affected by changes in albumin 

synthesis and catabolism as well as increased endothelial per-

meability leading to albumin loss into the extravascular space 

[14]. The latter mechanism seems to play a substantial role in 

hypoalbuminemia observed in patients with metabolic stress, 

leading to the redistribution of albumin from the intravascular 

to the interstitial compartment. Additionally, serum albumin 

levels can reflect a patient's nutritional status and immune 

function [15]. Therefore, hypoalbuminemia may contribute 

to disease progression and, conversely, a worsened disease 

course may further reduce serum albumin levels. A previous 

study indicated that hypoalbuminemia could serve as a pre-

dictive factor for mortality in patients diagnosed with FG [16]. 

In this study, despite the significant difference observed in 

LRINEC scores between survivors and nonsurvivors during 

the univariate analysis and its inclusion in the regression 

model, LRINEC was not identified as an independent pre-

dictor of mortality. Wong et al. [11], who constructed the 

LRINEC, demonstrated that it is considered a robust scoring 

system that can effectively identify even clinically early cases 

of necrotizing fasciitis. The LRINEC includes six laboratory 

markers that are important for critically ill patients. However, 

the patients enrolled to construct this scoring system may be 

not systemically ill patients with severe necrotizing fasciitis. 

Insufficient information was available to understand the pa-

tient’s condition. Because our study was based on critically ill 

patients admitted to the ICU, the LRINEC may not be accurate 

for predicting mortality. Previous studies have identified oth-

er scores for FG, such as the FGSI and the UFGSI, as possible 

predictive markers of poor outcomes [4,17-20]. However, in 

this study, FGSI and UFGSI scores did not differ between sur-

vivors and nonsurvivors. The observed differences in results 

between our study and previous studies are likely influenced 

by the combination of low FG prevalence, small sample sizes 

in both our study and previous studies, and the specific pa-

tient selection criteria focusing on ICU-admitted patients in 

our research. Data from 80 patients were used to construct 

the UFGSI, but mortality occurred in only 17 patients. In ad-

dition, only 21 of these 80 patients were admitted to the ICU 

[18]. Therefore, the UFGSI may show limited ability to predict 

outcomes in critically ill patients. 

The DNI is a laboratory parameter that examines leukocyte 

differentials by utilizing two independent channels, namely 

the myeloperoxidase channel and the lobularity/nuclear 

density channel [21]. The DNI is derived by quantifying the 

variance between leukocyte differentials measured in the my-

eloperoxidase and lobularity/nuclear density channels, pro-

viding an indication of the proportion of immature granulo-

cytes present in the bloodstream [21]. Numerous studies have 

demonstrated that the DNI can serve as a valuable biomarker 

in predicting disease severity and prognosis in patients with 

diverse infectious conditions or sepsis [3,22,23]. However, the 

DNI was not an independent predictor in this study, although 

it was significantly higher in nonsurvivors in the univariate 

analysis. In this study, because the target patient group was 

analyzed only for patients admitted to an ICU, we assumed 

that the difference in DNI between patients was not signifi-

cant. 

Several limitations need to be considered in this study. 

Firstly, there was a possibility of selection bias due to its ret-

rospective nature. Secondly, the sample size was relatively 

small since only patients from a single center were included, 

which may have affected the representativeness of the en-

rolled patients. Thirdly, potential variations in the timing and 

approaches to patient management might have been present 

due to the involvement of different physicians treating the 

enrolled patients throughout the study period. Lastly, as the 

analysis encompassed patient data collected over an extend-

ed duration, certain confounding factors, such as advance-

ments in ICU care over time, may not have been adequately 

addressed. 

In conclusion, the postoperative lactate and initial albumin 

levels could be potential predictors of mortality in patients 

with FG who were admitted to the ICU after surgery, and the 

optimal cutoff postoperative lactate and initial albumin levels 

to predict mortality were 3.0 mmol/L and 3.05 g/dl, respec-

tively. To validate our findings, it is essential to conduct large-

scale multicenter prospective studies. 
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