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Introduction To compare earlier and later patient groups with Fournier's gangrene, specifically with the
incidence of rising antibiotic resistance rates in mind. Primary endpoints were to compare therapy, out-
comes, and resistance rates.

Material and methods A multicentric, retrospective, multi-national study was performed. Two groups
with different time frames of treatment were defined: Group 1 (n = 50) and Group 2 (n = 104).
Demographics and outcomes were analysed using Student-t test, chi-square test, or Fisher exact test.
Survival data were estimated using the Kaplan Meier method and compared by Log rank testing.

Results There were no significant demographic differences. Nor was there any significant difference

in therapy or outcomes in the groups except for the duration of intensive care unit treatment, which
lasted a mean 6.3 days in Group 1 and 11.5 days in Group 2 (p = 0.018). Survival time did not improve
over the years (p = 0.268). We fortunately did not observe an increased rate of multi-resistant organisms
(p =1.000). This study's limitations are mainly due to its retrospective study design.

Conclusions Despite increasing antibiotic resistance rates worldwide, it was not apparent in our popula-
tion. But the situation for these patients is alarming, since final outcome failed to improve over the last
ten years despite more intensive critical-care therapy.
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INTRODUCTION

Fournier's gangrene (FG) is a very rare, life-threat-
ening, necrotizing infection affecting the perineum,
perineal region and genitals [1, 2]. As it occurs
so seldom, most of the limited knowledge about FG
arises from retrospective single-institutional stud-
ies with very small patient cohorts [3-15]. Unfortu-
nately, FG also has a poor prognosis. Early studies
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of FG reported a 20 to 88% mortality rate [1; 16-18],
but two studies from 2017 calculated a mortality rate
of 25 to 26% [2, 11].

Multi-drug-resistant organisms, including MRSA,
are emerging pathogens in FG. Chia et al. described
in their retrospective analysis of FG patients that
21% had a multi-drug-resistant organism, with
MRSA being the most common pathogen. Those
with a multi-drug-resistant organism were also more
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likely to have a poor outcome (42% versus 28%) [5].
Since rising levels of antibiotic resistance rates are
a serious problem in urogenital infections world-
wide [19], FG is likely affected by that development
as well, and, therefore, the morbidity and mortality
of FG patients.

In light of rising antibiotic resistance rates and the
paucity of data on FG in general, we performed
a multicentric multi-national retrospective study
comparing an earlier and later patient group. Pri-
mary endpoints were to compare therapy, outcome,
and resistance rates. Secondary endpoints were the
identification of risk factors for death and multi-re-
sistant pathogens.

MATERIAL AND METHODS
Development of the study and study population

This study was designed according to the guidelines
in the synthesis of qualitative research (ENTREQ)
found on the equatornetwork.org, an international
initiative providing robust reporting guidelines [20].
We performed a multicentric retrospective study
at ten centres. Four of these were German Univer-
sity Medical Centres, four German hospitals pro-
viding tertiary care, and two tertiary-care hospitals
in Austria. Patient data were collected retrospec-
tively and consecutively until December 2016. Two
groups with different treatment time frames were
defined: Group 1 was treated between January 2006
and December 2010, and Group 2 between Janu-
ary 2011 and December 2016. All patients treated
in these time frames were included and analysed.
Data from patients' treatment records included age,
sex, body mass index (BMI), human immunodefi-
ciency virus (HIV) status, patient history of diabe-
tes, alcohol abuse, as well as colorectal cancer, usage
of scoring systems for FG, blood count, CRP, serum

urea, HbAlc, sepsis or septic shock (according to
SIRS criteria, see section 2.2. below for definition),
intensive care unit (ICU) treatment and duration
of ICU treatment, surgery data as well as number
of wound toilets and other wound procedures like
vacuum-assisted wound closure (VAC), urinary di-
versions used, all microbiological information in-
cluding antibiotics and antimycotics used, death and
finally, duration of inpatient treatment. The data
was documented with the database program Micro-
soft Excel and then transferred to an SPSS 24.0 data
bank for statistical analysis.

All study procedures followed the ethical standards
of the institutional and/or national research commit-
tee and complied with the 1964 Helsinki Declaration
and its later amendments for comparable ethical
standards. For this type of study, formal consent was
not required.

Definitions and statistical analysis

Sepsis was defined as proven infection in the pres-
ence of systemic inflammatory response syndrome
(SIRS). Its criteria are fever (>38.0 degrees Celsius)
or hypothermia (<36.0 degrees Celsius), tachycar-
dia (=90/min), tachypnea (>20/m in) and leukocyto-
sis (212.000/ul) or leukocytopenia (<4.000/ul). If the
blood culture was negative, all four of the SIRS crite-
ria had to be fulfilled to diagnose sepsis. If the blood
culture was positive, two SIRS criteria sufficed to di-
agnose sepsis. Septic shock meant severe sepsis with
hypotension despite adequate fluid resuscitation.
Mixed flora was defined as presence of two or more
pathogens in the microbiological specimen.

For each numeric variable, the numeric distribu-
tion was preliminarily assessed by the Kolmogorov-
Smirnov test. Descriptive statistics were analysed
with mean and standard deviation for normal dis-
tribution or with median and interquartile range

Table 1. Demographic characteristics of the study population (n = 154)

Group 1 Group 2
01/2006-12/2010 01/2011-12/2016 p value Statistic Test
n=50 n=104
Age (Mean; SD) 59.7;13.5 64.2;13.9 0.672 T test
Sex 50 males 104 males constant -
BMI (Mean; SD) 30.4; 8.01 30.9;8.72 0.351 Chi square
Diabetes mellitus (n; %) 17;34.0 43;41.3 0.719 Fisher exact
HIV (n; %) 0 0 constant -
Alcohol abuse (n; %) 9;18.0 19;18.3 1.000 Fisher exact
Colorectal cancer (n; %) 1;2.0 7,6.7 0.435 Fisher exact

1 — 30 missing concerning body mass index (=BMI); 2 — 48 missing concerning Body mass index; HIV —human immunodeficiency virus
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Table 2. Comparison of therapy and outcome in both groups (n = 154)

Group 1 Group 2
01/2006-12/2010 01/2011-12/2016 p value Statistic Test
n=50 n=104
Number of wound toilets (mean; SD) 3.7;3.5 45;4.7 0.315 T test
VAC therapy 19; 38.0 52;50.0 0.172 Fisher exact
Hyperbaric oxygenation 3;6.0 13;12.5 0.269 Fisher exact
Colostomy 8;16.0 18;17.3 1.000 Fisher exact
Sepsis 26;52.0 66; 63.5 0.810 Fisher exact
Septic shock 13;26.0 36; 34.6 1.000 Fisher exact
ICU treatment 29; 58.0 75;72.1 0.096 Fisher exact
Duration of ICU treatment (mean; SD) 6.3;8.4 11.5; 18.5 0.018 T test
Duration of inpatient treatment (mean; SD) 24.7,19.4 27.5;22.3 0.456 T test

VAC — vacuume-assisted wound closure; ICU — intensive care unit

(IQR) for non-parametric data. For parametric con-
tinuous variables the Student-t test was used and
for parametric categorical variables the chi-square
test or the Fisher exact test was used. To assess
risk factors, the univariate Cox regression method
was used, and significance was tested with the Wald
statistic. Kaplan-Meier plots were used to estimate
median overall survival, and univariate comparisons
were performed using the log rank test. All report-
ed p-values were based on a two-sided hypothesis,
p <0.05 was considered to be significant. All statis-
tical calculations were performed using statistical
package for the Social Sciences 24.0 software (SPSS
Inc., Chicago, Ill., USA).

RESULTS

Demographic characterization of the study
population

We were able to include a total of 154 patients from
ten centres retrospectively. All of these patients were
male and none presented evidence of HIV infection.
Group 1 consists of 50 patients and Group 2 of 104.
Table 1 compares the two groups in terms of demo-
graphics; we observed no significant difference be-
tween the groups.

Comparison of therapy and outcome between
the groups

Table 2 provides an overview of the comparison
of therapy and outcome between groups. Interest-
ingly, the only significant difference was in the du-
ration of intensive care unit treatment, that is,
Group 2 spent significantly longer (p = 0.018; T test)
in critical care. Furthermore, there was no signifi-

Table 3. Comparison of causative organisms in both groups
innand % (n =154)

Group 1 Group 2
Causative organism 01/2006-12/2010 01/2011-12/2016
n=50 n =104
No pathogen detection 10; 20.0 35;33.7
Mixed flora 23;46.0 50; 48.1
Streptococcus spp. 6;12.0 6;5.7
Staphylococcus spp. 5;10.0 5;4.9
Enterococcus spp. 4;8.0 6;5.7
Citrobacter spp. 1;2.0 0;0
Pseudomonas spp. 1;2.0 0;0
Candida spp. 0;0 2,19
1,07
- 1Group 1
SGroup 2
-]4-l—+-l~—-‘1--——‘-¢--++
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Figure 1. Comparison of survival between groups in days dur-
ing inpatient treatment.
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cant difference in the application of urinary diversion
(p = 0.151; Chi-square test). Suprapubic catheterisa-
tion was the most frequent urinary diversion in both
groups (Group 1: 22; 44%; Group 2: 60; 57.7%).
Although Group 2 was treated longer in an inten-
sive care unit, there was no significant difference
in survival, as Figure 1 illustrates. Four patients
in Group 1 died (8%) and 16 in Group 2 (15.4%) dur-
ing inpatient treatment.

Surgical techniques were very heterogenic. Interest-
ingly, only two patients (4%) received an orchiectomy
in Group 1 while 20 patients (19.2%) had an orchiec-
tomy in Group 2.

Causative pathogens and multi-resistant organisms
We tended to detect mixed flora in the wound speci-
mens from both groups. Table 3 shows an overview
of the causative organisms identified microbiologi-
cally in the wound specimens. We fortunately de-
tected no significant difference in multi-resistant
organisms (Group 1: 4; 8%; Group 2: 10; 9.6%;
p = 1.000; Fisher exact test). The initial antibiotic
treatment was resistogram fair in over half of the
patients (Group 1: 26; 52%; Group 2: 59; 56.7%;
p = 1.000; Fisher exact test). On the whole, first-line
antimycotic treatment was seldom applied (Group 1:
2; 4%; Group 2: 9; 8.7%).

Concerning primary antibiotic treatment in Group
1, 22 patients (44%) received a combination therapy,
mostly (n = 15; 30%) with a B-lactamase inhibitor
plus aminoglycoside (n = 7; 14%) or B-lactamase
inhibitor plus fluorchinolone. Nineteen patients
(38%) received therapy with a B-lactamase inhibi-
tor, four (8%) with a cephalosporine, three (6%) with
a flourchinolone and two (4%) with a carbapenem,
respectively. On the whole, in 15 patients (30%)
metronidazole was also added to initial therapy
in Group 1. Furthermore, in Group 2, 75 patients
had initial combination therapy (72.1%), mostly with
B-lactamase inhibitor plus aminoglycoside (n = 60;
57.7%) or B-lactamase inhibitor plus a fluoroquino-
lone (n = 15; 14.4%). Seventeen patients (16.3%) had
antibiotic therapy with a B-lactamase inhibitor, six
(5.8%) with a carbapenem, five (4.8%) with a ceph-
alosporine and one (1.0%) with a fluoroquinolone,
respectively. Metronidazole was added to the initial
therapy in 60 patients (57.7%) in Group 2.

Risk factors for worse outcome

Univariate Cox regression failed to identify a risk
factor for death in either group or in the entire
study population. Nor did the search for risk factors
for multi-resistant pathogens yield any indication.
Our analysis parameters were age, body mass index
(BMI), diabetes mellitus, alcohol abuse, colorectal-

cancer, leucocyte count, CRP, thrombocyte count,
urea, HbAlc, sepsis, septic shock, intensive care
unit treatment, duration of intensive care unit treat-
ment, number of wound toilets, vacuum wound ther-
apy, hyperbaric oxygenation, colostomy and the type
of urinary diversion.

DISCUSSION

We conducted a retrospective multicentric study
of FG including 154 patients. To our knowledge, this
is the largest study population for this rare disease
reported so far. For analysis we defined two groups
who underwent different therapy timeframes, since
our primary study endpoint was to compare them
in terms of therapy and outcome.

Patients with FG are considered to be an absolute
emergency, which must be treated immediately
in an interdisciplinary manner. An immediate radi-
cal operation with accompanying antibiotic therapy
is inevitable for those affected.

Interestingly, we identified no significant differences
in outcome or therapy except for the duration of ICU
treatment, which was significantly longer in the more
recent treatment group. There are two possible con-
clusions: On the one hand, patients in group 2 were
more seriously ill, and thus required more intensive
care. On the other hand, we can assume that critical-
care medicine and ICU therapy were administered
to improve patient outcome. However, although
the two groups' demographics did not significantly
differ, and despite group 2's more intensive care, pa-
tient outcome and mortality rates exhibited no sig-
nificant change. We therefore must conclude that
despite more intensive treatment and progress made
in critical-care medicine, the outcome of FG did not
change over the last several years. FG is a severe
disease; we identified a mortality rate of 15.4% dur-
ing inpatient treatment in group 2 and even higher
mortality rates in more recent investigations [2;, 11].
Therapy of FG needs to be improved. One approach
might be to treat these patients in high volume cen-
tres, e.g., Sorensen et al. reported that hospitals
treating more than one FG per year had an adjusted
42-84% lower mortality rate (p <0.0001) [7] and
Osburn et al. recommend that more acute patients
be transferred to high-volume centres [1]. The high-
volume centre approach makes sense as such institu-
tions are capable of conducting adequately-powered
prospective clinical studies to develop a more ef-
fective management strategy for FG. Yet, there are
still two problems with this solution: Firstly, is the
patient stable enough to be transferred to a centre?
Secondly, would not time be lost for rapid surgi-
cal treatment during the transfer, as we know that
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early surgical debridement is one of the most effec-
tive methods to improve survival rates [11]? It might
seem redundant, but to answer these two questions
and to optimise FG management, further prospec-
tive investigations are mandatory.

Luckily, we observed no significant difference
in multi-resistant organisms (Group 1:4; 8%; Group
2:10; 9.6%; p = 1.000) despite evidence that they
are a growing problem in FG [5]. But due to rising
antibiotic resistance rates especially in urogenital
infections and gram-negative bacteria, the prob-
lem of multi-drug-resistant organisms will continue
to become more evident, e.g. Actinobacter baumanii,
which is very often multi-resistant, was the only mi-
croorganism associated with an increased mortality
rate in a recent study by Yilmazlar et al. [2].
Furthermore, our study population revealed no
significant risk factors for death or multi-resistant
pathogens, however, we assume that no one used
a prognostic scoring system for FG like the Fourni-
er's gangrene severity index (FGSI), Laboratory
Risk Indicator for necrotizing fasciitis (LRINEC)
or neutrophil lymphocyte ratio (NLR) in our study
centres [6]. All of the prognostic scoring systems
for FG are controversial [4, 6, 8, 9, 13]. The main
problem is that these prognostic factors and scoring
systems are all based on retrospective data — thus
the scoring systems in particular require prospec-
tive analysis to determine their efficacy in daily
clinical practice.

Our study is limited by fact that we only addressed
inpatient treatment, but there might have been fur-
ther complications, secondary infections, or mor-
tality during follow up. In their retrospective mul-
ticentre study in northern Germany, Czymek et al.
reported that patients with FG suffer from persistent
physical and mental-health problems for a long time
after their primary hospital stay and must receive
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long-term care from various specialists, as other-
wise the disease leads to an increase in the duration
of morbidity and a decrease in quality of life [10].
Consequentially, further studies should also seek the
most efficient follow-up regimen for managing FG;
an interdisciplinary approach would seem appropri-
ate for addressing all of the different physical and
mental health problems and quality of life issues.
Due to the retrospective study design, the long study
period and multicentric approach, there are some
other limitations to our study, e.g. microbiological
techniques were heterogenic and changed over the
time as well as heterogeneity of surgical techniques.
In closing we must assume that our study has other
limitations too, mainly due to selection bias and its
retrospective study design.

CONCLUSIONS

Despite increasing antibiotic resistance rates world-
wide, we did not detect this phenomenon in one
of the largest study populations of Fournier's gan-
grene in Europe. Nevertheless, the situation is
alarming, since even with more intensive critical-
care treatment, outcome has not improved over the
last ten years. Additionally, this disease's outcome is
difficult to predict. Further prospective multicentre
studies are absolutely essential to optimise the man-
agement of this severe and rare disease. These stud-
ies should also address problems such as the optimal
follow up of FG patients and quality-of-life issues.
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