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Abstract

Background Fournier’s gangrene (FG) is a rare life-threatening form of necrotizing fasciitis. The risk factors for septic shock
in patients with FG are unclear. This study aimed to identify potential risk factors and develop a prediction model for septic
shock in patients with FG.

Methods This retrospective cohort study included patients who were treated for FG between May 2013 and May 2020 at the
Sixth Affiliated Hospital, Sun Yat-sen University (Guangzhou, China). The patients were divided into a septic shock group

and a non-septic shock group. An L1-penalized logistic regression model was used to detect the main effect of important
factors and a penalized Quadratic Discriminant Analysis method was used to identify possible interaction effects between
different factors. The selected main factors and interactions were used to obtain a logistic regression model based on the
Bayesian information criterion.

Results A total of 113 patients with FG were enrolled and allocated to the septic shock group (n=24) or non-septic shock
group (n=389). The best model selected identified by backward logistic regression based on Bayesian information criterion
selected temperature, platelets, total bilirubin (TBIL) level, and pneumatosis on pelvic computed tomography/magnetic
resonance images as the main linear effect and Na* x TBIL as the interaction effect. The area under the ROC curve of the
probability of FG with septic shock by our model was 0.84 (95% confidence interval, 0.78-0.95). The Harrell’s concordance
index for the nomogram was 0.864 (95% confidence interval, 0.78-0.95).

Conclusion We have developed a prediction model for evaluation of the risk of septic shock in patients with FG that could
assist clinicians in identifying critically ill patients with FG and prevent them from reaching a crisis state.
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Introduction

Fournier’s gangrene (FG), as a form of necrotizing fasciitis (NF),
is a rare, rapidly progressing, and life-threatening subcutaneous
infection of the external genitalia and/or perineum [1, 2]. FG can
lead to septic shock and multiple organ dysfunction syndrome
in a short time in the absence of prompt and adequate treat-
ment [3]. Despite the advances made in understanding the etiol-
ogy and pathophysiology of FG, the associated mortality rate
does not appear to have reduced over the past 25 years [4].

Although FG is a rare disease with a reported incidence of
only 1:7,500 to 1:750,000, its overall mortality is high, in the
range of 3%—67% [5]. Moreover, sepsis accounts for substantial
mortality in patients with FG [6, 7] and the mortality goes up to
78% in patients who develop sepsis [8]. Accurate assessment of
the risk of developing septic shock, corresponding source con-
trol, and prompt aggressive treatment are essential for improv-
ing the outcomes in critically ill patients with FG [9, 10].
Identification of the risk factors for septic shock in patients with
FG is of tremendous importance for early risk assessment and
reduction of mortality.

The risk factors for development of septic shock in patients
with FG have not been clearly identified [11-13]. Therefore, the
aim of this study was to identify clinical characteristics that
could be used to predict septic shock in these patients.
Awareness and prevention of septic shock may potentially re-
duce the mortality of FG. Our findings will be helpful for clinical
evaluation and risk assessment in patients with FG in the
future.

Patients and methods
Study design and participants

We retrospectively reviewed 116 patients who were treated for
FG between May 2013 and May 2020 at the Sixth Affiliated
Hospital, Sun Yat-sen University (Guangzhou, China). The inclu-
sion criteria were as follows: (i) a diagnosis of FG, defined as
necrotizing soft tissue infection, where necrosis of the subcuta-
neous tissue involves part of the external genitalia and/or peri-
neum without muscle involvement [2] and (ii) treated in our
gastrointestinal surgery department. The exclusion criteria
were incomplete case data and abandonment of treatment.
Patients with FG who developed septic shock were allocated to
a septic shock group and those who did not to a non-septic
shock group. Septic shock was defined as sepsis that presented
with hypotension and required vasopressors to maintain a
mean arterial pressure of >65mmHg and a serum lactate level
of >2mmol/L despite adequate volume resuscitation [14].

The study protocol was approved by our institutional ethics
committee of the Sixth Affiliated Hospital, Sun Yat-sen
University (2021ZSLYEC-111). A waiver for informed consent
was allowed by the ethics committee in view of the retrospec-
tive nature of the research and the anonymity of the data.

Collection of clinical and biochemical data

All data for the study participants were collected from the elec-
tronic medical records in the hospital information system. The
clinical and biochemical parameters on the day of admission
were analysed. The patient demographics included sex, age,
and body mass index. Co-morbidities, vital signs, smoking
status, and alcohol consumption were recorded. Laboratory

variables and the presence of pneumatosis on computed to-
mography/magnetic resonance images (CT/MRI) were analysed.
We also calculated the Laboratory Risk Indicator for Necrotizing
Fasciitis (LRINEC) score. The day of presentation, surgical proce-
dure, time from admission to starting on antibiotic therapy,
types of antibiotics administered, days of antibiotic use, and use
of continuous renal replacement therapy were recorded. We
also recorded the time from onset of symptoms to admission,
time from admission to surgery, length of stay in the intensive
care unit (ICU), and length of hospital stay, and calculated the
mortality rate. In total, we recorded 35 features (i.e. indepen-
dent variables) for each patient.

Statistical analysis

Numerical variables are expressed as the mean =+ standard devi-
ation. The Shapiro-Wilk test was used to check for normality of
distributions. Variables passing the normality test were com-
pared using the two-sample t-test and those that were rejected
by the Shapiro-Wilk test were compared using the nonparamet-
ric Mann-Whitney U test. Categorical variables are expressed as
the percentage and were compared using the chi-squared test.
Fisher’s exact test was used for contingency tables to examine
the significance of the association between two categorical vari-
ables. We used logistic regression analysis to assess the risk of
patients with FG developing septic shock. To reduce the curse of
dimensionality in our analysis, we first used an L1-penalized lo-
gistic regression model to detect the main (linear) effect of im-
portant factors. The optimal cut-off value for each selected
factor was calculated using receiver-operating characteristic
(ROC) curves with the Youden’s J-statistic. The area under the
ROC curve (AUROC) was also used to evaluate the predictive
value of each selected factor. To allocate possible interaction
effects between different factors, we used a penalized Quadratic
Discriminant Analysis classifier to detect an interaction [15].
The predictive effect of the selected interaction term (sodium
[Na*] x total bilirubin [TBIL]) was further evaluated using an em-
pirical probability/risk function. The selected factors and inter-
actions were then used to obtain a final logistic regression
model. The optimal model was selected by backward selection
via the Bayesian information criterion (BIC). A lower BIC score
indicated a better fit of the corresponding model to the data.
Harrell’s concordance index and the AUROC were used for inter-
nal validation, and a nomograph was generated based on the
fitted model for manual prediction. All hypothesis tests were
two-sided with a significance level of 0.05 at 95% confidence in-
terval (CI). All statistical analyses were performed using IBM
SPSS version 23.0 (IBM Corp., Armonk, NY, USA) or Microsoft R
version 4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

A total of 116 patients were treated for FG between May 2013
and May 2020 and enrolled. There were three exclusions,
leaving 113 patients for inclusion in the analysis. These patients
were divided into a septic shock group (n=24) and a non-septic
shock group (n=89) (Figure 1).

There was no significant between-group difference in
demographic characteristics (Table 1). Patients in the septic shock
group were more severely ill than those in the non-septic shock
group, with a lower platelet count (179.8+ 103.8x 10%L vs
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116 patients with Fournier's
gangrene enrolled

26 patients presented with
septic shock

Exclusion:
Abandonment of treatment
(n=2)

24 patients included in septic
shock group

Figure 1. Flow chart showing the patient enrolment process

286.4 = 140.5 x 10%/L, P=0.001), hematocrit (0.32 = 0.07 vs 0.35 * 0.06,
P=0.024), and albumin (24.9*7.3 vs 30.4+6.9g/L, P=0.001),
and a higher temperature (37.7 = 1.2 vs 36.9=0.7°C, P=0.001),
longer prothrombin time (15.5*3.7 vs 13.7 +2.0s, P=0.026),
and higher TBIL (46.9+67.5 vs 16.5+ 14.5 umol/L, P=0.030).
Pelvic CT/MRI was performed in all patients, and the presence
of pneumatosis was more common in the septic shock group
than in the non-septic shock group (83.3% vs 49.4%, P =0.003).
Overall, the mortality rate was higher in the septic shock group
than in the non-septic shock group (25.0% vs 1.1%, P <0.001)
(Table 2).

There was no significant between-group difference in time
from onset of symptoms to admission or in any of the other
time intervals (P>0.05) (Table 2). We also compared the time
from admission to start of infusion of antibiotics and the types
of antibiotics initially used between the groups and found no
significant difference between the two groups (P>0.05).
Twenty-one patients in the septic shock group and 87 in the
non-septic shock group underwent a surgical procedure; the
between-group difference was not statistically significant
(P>0.05). Patients with septic shock were more likely to receive
continuous renal replacement therapy (20.8% vs 1.1%, P =0.001)
and to require colostomy (37.5% vs 14.6%, P=0.013) than those
in the non-septic shock group. Median ICU stay was longer in
the septic shock group (5.7 = 7.0 vs 0.8 = 1.9 days, P < 0.001).

Variable selection

Linear effect

We used L1-penalized logistic regression to detect factors with
linear effects. The following features were chosen for further
analysis: sex, temperature (T), pulse (P), systolic blood pressure
(SBP), mean arterial pressure (MAP), Na+, platelet count (PLT),
prothrombin time (PT), activated partial thromboplastin time
(APTT), creatinine (Cr), albumin (ALB), TBIL, pneumatosis on
CT/MRI, diabetes mellitus, heart disease, liver disease, smoking,
and/or alcohol consumption, hyperlipidaemia, and malignancy.
The AUROC for each selected factor was as follows: PLT 0.73

90 patients had no septic
shock

Exclusion:
Insufficient information

(n=1)

89 patients included in non-
septic shock group

(95% CI, 0.62-0.84), T 0.72 (95% CI, 0.59-0.84), ALB 0.71 (95% CI,
0.59-0.83), PT 0.69 (95% CI, 0.57-0.82), pneumatosis on CT/MRI
0.67 (95% CI, 0.58-0.76), TBIL 0.65 (95% CI, 0.50-0.79), Na* 0.63
(95% CI, 0.48-0.78), MAP 0.62 (95% CI, 0.48-0.77), and SBP 0.61
(95% CI, 0.47-0.75). More details are shown in Figure 2.

Interactions

Interaction effects were selected via the penalized Quadratic
Discriminant Analysis method. The selected interaction effect
was Na* x TBIL, and the corresponding AUROC was 0.65. The
marginal distributions of Na* and TBIL in the two groups are
presented in Figure 3A and B, respectively, while the joint distri-
bution for samples in both groups is shown in Figure 3C. The
two lines in Figure 3C are the log of the optimal cut-off values
for Na* (138.95) and TBIL (17.36) obtained from the ROC curves
of Na* and TBIL using the Youden'’s J-statistic. It can be seen
that plots allocated in the first quadrant (meaning that the Na™*
and TBIL are higher than the optimal cut-off values) were
mostly from the septic shock group, suggesting that patients
with both high Na* and high TBIL values might have a higher
risk of developing septic shock. To further evaluate this interac-
tion effect on risk prediction, we computed the empirical risk of
developing septic shock when log (Na* x TBIL) was larger than
any given threshold. Specifically, for any threshold t, the empir-
ical probability was defined as:

Number of FG patients with septic shock and log(Na® x TBIL) > t
Number of FG patients with log(Na* x TBIL) > t

The empirical probability of having septic shock is plotted in
Figure 3D, in which we can observe that nearly half of all patients
with FG and a log (Na™ x TBIL) of >8 developed septic shock.

Logistic regression model

We combined all the selected factors with the linear effect
and interaction effect identified in the previous subsections and
fitted a logistic regression model with BIC-based backward
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Table 1. Demographic and clinical characteristics of patients with Fournier’s gangrene

Characteristic Total Septic shock Non-septic shock P-value
(n=113) group (n=24) group (n=2389)
Age, years 49.6 +14.9 495+ 16.5 49.6 +14.5 0.975
Male, n (%) 101 (89.4) 21(87.5) 80 (89.9) 0.716
BMI, kg/m? 24740 245+33 24.7 +4.2 0.834
Co-morbidities, n (%)
Pulmonary disease 1(0.9) 0(0) 1(1.2) 0.619
Hypertension 25(22.1) 5(20.8) 20 (22.5) 0.868
Diabetes mellitus 63 (55.8) 12 (50.0) 51(57.3) 0.527
Heart disease 5(4.4) 2(8.3) 3(3.4) 0.301
Acute renal injury 6(5.3) 2(8.3) 4 (4.5) 0.464
Neurological disorder 3(2.7) 0(0) 3(3.4) 0.371
Liver disease 9(8.0) 1(4.2) 8(9.0) 0.445
Hyperlipidemia 2(1.8) 1(4.2) 1(1.1) 0.325
Immunosuppression 4(3.5) 1(4.2) 3(3.4) 0.861
Malignancy 8(7.1) 3 (12.5) 5 (5.6) 0.249
Smoking and/or alcoholism, n (%) 11(9.7) 1(4.2) 10 (11.2) 0.305
Vital signs
T,°C 37.1x09 37.7*12 36.9+0.7 0.001
P, bpm 93.5+18.0 99.5+22.7 91.8+16.3 0.063
RR, bpm 20.1 35 20.7 5.9 19.9+25 0.551
SBP, mmHg 123.9+18.5 117.5+24.9 125.7+16.1 0.056
DBP, mmHg 75.2*11.5 70.1=14.5 76.6 £10.2 0.050
MAP, mmHg 91.5x12.7 85.9+16.9 92.9+11.0 0.064
Laboratory examinations
WBC count, x 10%/L 14.7 £ 6.8 14.0+6.9 14.9+6.8 0.582
Neutrophil percentage 0.80 +0.09 0.82 +0.08 0.79 +0.09 0.153
PLT, x 10%/L 263.8 +140.2 179.8 =103.8 286.4 +140.5 0.001
Hb, g/L 117.3+24.9 110.1+29.0 1193235 0.109
HCT 0.34+0.06 0.32+0.07 0.35+0.06 0.024
Na’, mmol/L 136.6 =5.6 138.9+9.4 136.0 = 4.0 0.056
K*, mmol/L 3.8+0.5 3.8+05 39+05 0.622
Lymphocyte, x 10%/L 1.3+07 1.2+06 14+07 0.287
PT,s 14.1x25 15.5*37 13.7x20 0.026
APTT, s 320+11.2 323*6.6 31.9+12.2 0.505
Glucose, mmol/L 11.3+7.1 99+6.0 11.7+74 0.305
Cr, pmol/L 914=*57.4 98.8 +49.2 89.4+59.5 0.446
ALB, g/L 29.3*7.3 249+7.3 304+6.9 0.001
TBIL, pumol/L 23.0x354 46.9 = 67.5 16.5 +14.5 0.030
LRINEC score 45+24 55+19 42+25 0.137
CT/MRI pneumatosis, n (%) 64 (56.6) 20 (83.3) 44 (49.4) 0.003

ALB, albumin; APTT, activated partial thromboplastin time; BMI, body mass index; Cr, creatinine; CT/MRI, computed tomography/magnetic resonance images; DBP,
diastolic blood pressure; Hb, haemoglobin; HCT, hematocrit; LRINEC, Laboratory Risk Indicator for Necrotizing Fasciitis; MAP, mean arterial pressure; P, pulse;
PLT, platelet count; PT, prothrombin time; RR, respiratory rate; SBP, systolic blood pressure; T, temperature; TBIL, total bilirubin; WBC, white blood cells.

selection. The best model selected by backward logistic regres-
sion with BIC was the one with the following features:

T + PLT + TBIL + pneumatosis on CT/MRI + Na* x TBIL

Moreover, the AUROC of the fitted logistic regression model
was 0.84 (95% CI, 0.78-0.95). The ROC curves for the selected var-
iables and the logistic regression model are plotted in Figure 4.
We also performed an in-sample validation via the leave-one-
out cross-validation procedure for the logistic regression model
with a probability of 0.5 as the cut-off point. Specifically, by
selecting a sample from the 113 observations, we fitted a logistic
regression model with the proposed factors using the rest of the
samples and used the fitted model to classify the selected

sample. This was repeated for all the samples, and the resulting
classification accuracy was 82.3%, indicating that the proposed
model had promising performance. Based on the risk factors in-
cluded in the logistic regression model, we further compared
the numbers and proportions of patients in the two groups who
had the following complications: fever (T > 37.3°C), thrombocy-
topenia (PLT <100 x 10%/L), hypernatremia (Na* > 145mmol/L),
hyponatremia (Na®<135mmol/L), and hyperbilirubinemia
(TBIL > 21 umol/L). A higher proportion of patients in the septic
shock group developed fever, thrombocytopenia, hyperbilirubi-
nemia, and hypernatremia. However, nearly half (49.4%) of the
patients in the non-septic shock group had hyponatremia,
whereas the proportion in the septic shock group was only
29.2% (Table 3).
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Table 2. Clinical interventions and findings

Variable Total Septic shock Non-septic shock P-value
(n=113) group (n=24) group (n=2389)
Admission time, n (%)
Weekdays 69 (61.1) 14 (58.3) 55 (61.8) 0.757
Weeknights 21(18.6) 3(12.5) 18 (20.2) 0.570
Weekend days 16 (14.1) 6 (25.0) 10 (11.2) 0.166
Weekend nights 7(6.2) 1(4.2) 6(6.7) 1.000
Surgery
Number of receiving surgical service, n (%) 108 (95.6) 21 (87.5) 87 (97.8) 0.108
Number of surgical debridement 1.1x05 1.1x0.38 1.2x04 0.534
Colostomy, n (%) 22 (19.5) 9 (37.5) 13 (14.6) 0.013
Vacuum-assisted closure, n (%) 6(5.3) 1(4.2) 5(5.6) 0.786
Antibiotics
Time from admission to antibiotics infusion, hours 24+20 25+25 24+18 0.830
Types of antibiotics initially used, n (%)
Second-generation cephalosporins 19 (16.8) 3(12.5) 16 (18.0) 0.817
Three-generation cephalosporins 27 (23.9) 4(16.7) 23 (25.8) 0.506
Third-generation cephalosporin plus enzyme inhibitor 42 (37.2) 9 (37.5) 33(37.1) 0.970
Penicillin plus enzyme inhibitors 14 (12.3) 4(16.7) 10 (11.2) 0.713
Carbapenem antibiotics 11(9.7) 4(16.7) 7(7.9) 0.367
Antibiotic-days during hospital stay, days 11.5+7.6 13.6+£9.2 10.9+7.0 0.180
The use of CRRT, n (%) 6(5.3) 5 (20.8) 1(1.1) 0.001
Clinical findings
Time from symptoms onset to admission, days 13.5+18.1 9.3%75 14.7 +19.8 0.193
Time from admission to surgery, hours 244+354 21.4+38.9 39.1+62.0 0.225
ICU stay, days 1.8x4.1 57x7.0 08*1.9 < 0.001
Hospital length of stay, days 22.8+16.0 22.7+123 22.8+16.9 0.294
In-hospital mortality, n (%) 7 (6.2) 6 (25.0) 1(1.1) < 0.001
CRRT, continuous renal replacement therapy; ICU, intensive care unit.
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Figure 2. The AUROCs for selected factors and the ROCs for factors with an AUROC of >0.6. (A) The AUROCs for selected factors. (B) ROCs for selected factors with an
AUROC of >0.6. ALB, albumin; APTT, activated partial thromboplastin time; AUROC, area under the receiver-operating characteristic curve; Cr, creatinine; CT/MRI, com-
puted tomography/magnetic resonance images; MAP, mean arterial pressure; P, pulse; PLT, platelet count; PT, prothrombin time; ROC, receiver-operating characteristic
curve; SBP, systolic blood pressure; T, temperature; TBIL, total bilirubin.
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A nomogram containing five predictors (T, PLT, TBIL, pneu-
matosis on CT/MRI, Na* x TBIL) was developed by our logistic
regression model (Figure 5). Note that TBIL not only appears in
the logistic regression model as a linear effect but is also one of
the main components for the interaction effect Na* x TBIL. To
reduce the confounding in the nomogram, we combined the
two predictors (TBIL and Na' xTBIL) and defined a new
predictor:

Na _TBIL = (Na* — 135.74) x TBIL
where —135.74 represents the ratio of the coefficients of TBIL

and Na* x TBIL in the fitted logistic regression model (Table 4).
Interestingly, the value of 135.74 is very close to the lower

reference range of blood Na™ (135 mmol/L). A calibration curve
of the nomogram is presented in Figure 6, which shows that the
probability of septic shock in patients with FG predicted by the
nomogram agreed well with the actual probability. The predic-
tive accuracy of the nomogram quantified using Harrell’s con-
cordance index via 1,000 bootstrap resamples was 0.864 (95% CI,
0.78-0.95).

Discussion

Our logistic regression model identified four factors (i.e. T, PLT,
TBIL, and pneumatosis on CT/MRI) with linear effects and one
interaction factor (i.e. the product of Na* and TBIL) that could
be used to assess the risk of septic shock in patients with FG.
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Table 3. Numbers and proportions of patients who developed
complications

Complication Non-septic Septic shock P-value?®
shock group group
(n=89) (n=24)
Fever 18 (20.2%) 13 (54.2%) 0.002
Thrombocytopenia 6 (6.7%) 6 (25.0%) 0.028
Hyperbilirubinemia 12 (13.5%) 11 (45.8%) 0.001
Hyponatremia 44 (49.4%) 7 (29.2%) 0.077
Hypernatremia 1(1.1%) 4(16.7%) 0.006
Hypernatremia and 0 (0%) 2(8.3%) 0.044
hyperbilirubinemia

2p-value of chi-square test.

We also constructed a practical nomogram for prediction of the
risk of septic shock in patients with FG that incorporated readily
available clinical data. This nomogram had good optimal dis-
crimination and internal validity (Figures 5 and 6).

Our FG-associated in-hospital mortality rate was 6.2%, which
is far lower than those reported in most studies [4, 6] and may
reflect early radical debridement and prompt aggressive treat-
ment [16]. However, the mortality rate in our septic shock group
was high at 25%. Our patients with FG who developed septic
shock had a higher rate of organ dysfunction, including a lower
PLT, longer PT, and a higher TBIL than patients without septic
shock (Table 1). Moreover, patients with FG who developed sep-
tic shock had a longer ICU stay and a higher in-hospital mortal-
ity rate (Table 2). Therefore, it is essential for surgeons,
especially intensivists, to be able to identify the specific charac-
teristics of patients with FG who develop septic shock and

establish better management protocols to reduce complications
and mortality.

Most of the previous studies have investigated risk factors
for FG or predictors of mortality in patients with FG. However,
we focused on identifying the risk factors for septic shock in
patients with FG. The risk factors identified in our model have
several implications.

Fever in this study was found to be an important risk factor for
septic shock in patients with FG. In previous studies, fever in
patients with FG was related to the progression of septic shock
[17, 18]. In our study, fever was identified in a greater proportion of
patients in the septic shock group (54.2% vs 20.2%). Temperature
not only serves as an important component of the Fournier’s
Gangrene Severity Index score but also as a marker of disease
severity in patients with FG [19]. Therefore, we should be more vigi-
lant when treating patients with FG who develop a high tempera-
ture in view of their higher risk of developing septic shock.

We also found that a marked decrease in PLT was an inde-
pendent risk factor for septic shock in patient with FG. This
finding is consistent with other reports describing an associa-
tion between a decline in PLT and occurrence of severe sepsis
[20, 21]. A retrospective propensity-matched cohort study by
Menard et al. [22] found a decline in PLT in 45% of patients with
septic shock. A study by Demir et al. [23] in patients with FG sug-
gested that PLT was negatively associated with the mortality
rate. Multiple mechanisms contribute to a low PLT in patients
with septic shock and are mediated mainly by an increase in
consumption or destruction of platelets [21]. This should be a
reminder to clinicians that a decreased PLT in patients with FG
may indicate a higher risk of septic shock.

We also confirmed that the presence of pneumatosis on
pelvic CT/MRI could be used as a predictor of septic shock in
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Figure 5. Nomogram established for predicting Fournier’s gangrene with septic shock. CT/MRI, computed tomography/magnetic resonance image; PLT, platelet count;
T, temperature; TBIL, total bilirubin; Na_TBIL = (Na" — 135.74) x TBIL.

Table 4. Coefficients for the selected logistic regression model

Variable Estimate Standard error z-value Pr(>|z|)
(Intercept) —37.04 13.06 —2.84  0.005
Temperature 0.96 0.35 2.75 0.006
Platelet count —-0.01 0.00 —2.24 0.025
Total bilirubin —-0.56 0.30 -1.84 0.066
CT/MRI pneumatosis 1.94 0.74 2.63 0.009
Na™' x TBIL 0.00 0.00 1.87 0.062

CT/MRI, computed tomography/magnetic resonance imaging; Na*, sodium;
TBIL, total bilirubin. Na* x TBIL, product of the total bilirubin value and the so-
dium value. Bayesian information criterion: 88.52.
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Figure 6. Calibration curve for our internal validation nomogram model

patients with FG. Fernando et al. [24] found that CT and MRI had
strong accuracy in the diagnosis of NF, with a sensitivity of
88.5% and a specificity of 93.3%. Some researchers have pointed
out that the appearance of gas on CT/MRI is a late phenomenon
in NF [25]. It should be noted that pneumatosis is often absent
in the earlier stages of the disease and manifests as the
patient’s condition deteriorates [10]. This may explain why the
presence of pneumatosis on pelvic CT/MRI could be a predictor
for occurrence of septic shock in patients with FG.

We found that elevated bilirubin was also suggestive of de-
velopment of septic shock in patients with FG. Ertl et al. [26]
reported that elevated bilirubin was a significant risk factor for
a poor prognosis in patients with NF. Elevated bilirubin levels
are typically encountered in patients with sepsis and are caused
by hypoxemia/liver hypoperfusion, which may impair the steps
in bile synthesis [27, 28].

In our study, the blood sodium level was 136.6 + 5.6 mmol/L
in patients with FG, which is very close to the lower reference
range (135mmol/L). Previous studies have reported that hypo-
natremia is a useful parameter for distinguishing NF from
non-NF infection and that hyponatremia is more common in NF
infection than in non-NF infection [29, 30]. However, in the pre-
sent study, hyponatremia was found in 49.4% of patients with
FG in the non-septic shock group but in only 29.2% of those in
the septic shock group. We also observed that hypernatremia
was significantly more common in our septic shock group
(16.7% vs 1.1%, P=0.006). A possible explanation for this finding
is that fever and impaired renal function are more common in
patients with septic shock [31]. In addition to the above linear
effects, the product of Na*t x TBIL was selected as an indicator
for occurrence of septic shock in patients with FG. Such an in-
teraction effect suggests that simultaneous occurrence of
hypernatremia and hyperbilirubinemia is also a critical risk fac-
tor for developing septic shock; this finding has not been
reported previously. We observed that none of the patients in
our non-septic shock group developed both complications



simultaneously, while 8.3% of those in the septic shock group
experienced both complications at the same time (P=0.044).
Simultaneous occurrence of hypernatremia and hyperbilirubi-
nemia might be caused by hypoxemia and hypoperfusion in
these patients.

Our focus in this study was to establish a logistic regression
model and develop a nomogram to predict occurrence of septic
shock in patients with FG. The nomogram developed in this
study had good internal validation and performed well in terms
of discrimination and calibration. On the one hand, the nomo-
gram could be used to assist clinicians in identifying critically ill
patients as soon as possible and establish better management
protocols, including prompt debridement, early use of advanced
antibiotics, and close monitoring of vital signs, so as to prevent
these patients from reaching a crisis state. On the other hand,
patients at higher risk of developing septic shock (previously de-
fined as severe sepsis) are usually treated more aggressively in
clinical practice than other patients with sepsis. For example,
according to the Surviving Sepsis Campaign guideline, broad-
spectrum antibiotics should be used within 1hour after diagno-
sis in patients with FG who develop septic shock but can be
used within 3hours of diagnosis in those without sepsis. The
risk of developing septic shock when calculated by our method
could be used further to help clinicians make a better decision
on whether targeted therapy should be used earlier.

This study has some limitations. First, the nomogram devel-
oped for the purposes of this study was based on a small sample
of patients from a single centre. Therefore, it is possible that
some factors with relatively weak effects on the risk of develop-
ing septic shock were not identified owing to a relatively small
signal-to-noise ratio. Second, although the nomogram model
was found to have good performance in discrimination and cali-
bration in internal validation, the predicting nomogram model
still lacks external validation in other populations. Therefore,
further research is needed to verify the accuracy and efficacy of
our nomogram.

In conclusion, we have developed a prediction model to
evaluate the risk of development of septic shock in patients
with FG. The findings of this study could potentially provide
new insights into the development of septic shock in patients
with FG, assist clinicians in identifying critically ill patients, and
help to establish better management protocols to reduce com-
plications and mortality in these patients if they develop septic
shock.
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