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Abstract
Background: The purpose of this study was to review key differences between necrotizing soft tissue
infections (NSTI) and Fournier’s Gangrene (FG) in demographics, comorbidities, laboratory findings, cost,
and clinical course.
Methods: The burn registry of a Level 1 trauma and burn center in Lubbock, Texas was used to identify
and retrospectively review medical records of patients with NSTIs and FG from 2003 to 2012. Bivariate
analysis on the FG subgroup was performed and compared to all other NSTI using Fisher’s exact test for
proportions and Student’s t-test to compare continuous variables with equal variance assumed. A p<0.05
was considered to be significant.
Results: We found that 133 patients met inclusion criteria. Analysis of data revealed that FG had longer
length of hospital stay (p=0.02) and an increased number of operations performed (p=0.01) than other
NSTIs. There was also a higher association with diabetes in FG (p=0.03) and polymicrobial infections
(p=0.01). Intravenous drug abuse was found to be more associated with NSTIs compared to FG (p=0.03).
Conclusion: Our study showed that FG patients have longer length of hospital stay, lower hemoglobin
levels, and increased number of operations. NSTIs were more likely to be associated with intravenous drug
abuse. There is no difference in rates of mortality between the two groups.
Keywords: NSTI, Necrotizing fasciitis, fasciitis, fournier’s gangrene, clinical comparison, soft tissue
infections, cost, treatment differences, polymicrobial, intravenous drug use, diabetes, obesity, surgical
excision, debridement, length of stay

Introduction

FG was a diagnosis limited to males only [21,22], however, it
Necrotizing soft tissue infections (NSTIs) were first described is now also a diagnosis in women as we now realize that the
by Hippocrates in 500 BC. These infections are characterized by pathophysiology of the disease is the same [23-25]. DM2 is a
soft tissue necrosis that occurs very quickly and becomes lethal risk factor that is known to be more strongly linked to FG comif not treated early. In severe disease, there is rapid spread that pared to other NSTIs [26-28]. The treatment of FG is similar to
often leads to systemic shock, sepsis, and ultimately death [1-8]. other NSTIs and includes IV antibiotics, supportive treatment,
Some of the risk factors associated with NSTIs include Type 2 and early debridement [29-32].
Diabetes Mellitus (DM2), obesity, smoking, immobility, alcohol
This study compared clinical differences between FG and
abuse, cirrhosis of the liver, HIV, intravenous drug abuse (IVDA), other NSTIs. We elected to compare the differences in diagnosis,
and malnutrition [9,10]. Treatment typically includes early surgical and medical treatment, microbiota, laboratory results,
broad-spectrum intravenous (IV) antibiotics, fluid resuscitation, treatment, and length of stay in the hospital. Clinical outcomes,
vasopressor support, and extensive debridement [1,11-17].
cost differences, demographics, and co-morbid illnesses were
Fournier’s Gangrene (FG) is a subset of NSTIs. It was initially also compared.
described by the French dermatologist and venerologist JeanAlfred Fournier (1832-1914) in 1883. FG separates itself from Methods
other NSTIs in that it involves the perineum [18-20]. Historically, This retrospective review was approved by the Texas Tech
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University Health Sciences Center Institutional Review Board.
Subjects were identified using the discharge database at
University Medical Center, a tertiary referral hospital which
includes a regional burn center in Lubbock, TX. Patients who
were admitted to the hospital between 2003 and 2012 were
screened for ICD-9 codes of 728 and 785 as discharge diagnoses. The diagnoses were then confirmed to be necrotizing
infections through manual review of medical records. Cases
were subsequently sub-divided into FG and all other NSTIs. FG
was defined as any necrotizing fulminant soft tissue infection
with local tissue destruction in the perineal region in both
men and women. “Other NSTI” was defined as any necrotizing
fulminant soft tissue infection with local tissue destruction
in any other area of the body, without perineal involvement.
For this study, subjects were categorized into one of these
groups based on the clinical description obtained by chart
review matching the above definition, or explicit documentation of the diagnosis in the chart by the treating physicians.
Differences in diagnosis, laboratory results, treatment, length
of stay in the hospital, outcomes, cost differences, demographics, and co-morbid illnesses were assessed between the two
groups. While a significant portion of our patient population
are transferred from smaller regional hospitals, these subjects
were excluded from the study, as initial presenting laboratory data, length of stay, or number of operations could not
accurately be accounted for. Patients who were identified
by discharge diagnosis codes, but whose primary diagnosis
and reason for admission was a different medical or surgical
condition were also excluded from analysis.
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bedside by the operating team at least every 12 hours. Plans
for repeat debridement based on this evaluation rather than
a scheduled operative take-back is the usual practice.
Broad spectrum antibiotic coverage is used on all FG and
NSTI patients. De-escalation of antibiotics after identification
of responsible organisms is routinely applied. Other supportive
care is based on standard protocols for sepsis. Enteral nutrition
is started immediately on both NSTI and FG patients unless
they have escalating vasopressor requirements. Continuous
renal replacement is initiated in cases of renal failure. Low
tidal volume ventilation modes are used in the rare event
that adult respiratory distress syndrome develops secondary
to these infections.
After the infection has been resected and further spread is
not evident on clinical evaluation, a vacuum assisted dressing is applied to all wounds. If this is not feasible due to the
anatomic location or body habitus, then antibiotic-ointment
and non-stick dressing is used as a daily dressing. The patient
is discharged home or to a nursing facility until a healthy
granulation bed has been achieved. Skin grafting or flap
coverage is performed by the same surgical service, which
also follows the patients in the outpatient clinic.

Microbiologic Processing of Specimens at Our Institution

All specimens were processed by the same laboratory using
standard operating procedures derived from the Manual of
Clinical Microbiology (currently 10th ed., ASM Press, Washington
D.C., 2011) and Clinical Microbiology Procedure Handbook
(currently 3rd ed., ASM Press, Washington D.C., 2011). Antibiotic
sensitivities are reported according to CLSI (Clinical and
Treatment of NSTI and FG at Our Institution
Laboratory Standards Institute) M100 document. No significant
The burn and wound care service at Texas Tech University changes in specimen processing or reporting occurred during
Health Sciences Center in Lubbock, a well-established ser- this time period.
vice staffed by general surgeons with specialty expertise in
this field, are routinely consulted for all patients admitted Data collection
to the hospital with known or suspected NSTI. Based on Medical records were reviewed for the following: age; sex; body
the location of infection and status of the patient, medical, mass index (BMI); presenting vital signs; maximal or minimal
orthopedic, urologic, and gynecological services may also laboratory values for indicated values over the course of their
be consulted. All patients requiring intensive care unit (ICU) initial hospital admission; evidence of infection; co-morbid
level care are admitted and managed primarily by the burn illnesses such as hyperlipidemia, heart disease, hypertension,
and wound service. This includes nurses with extensive train- peripheral vascular disease, DM2; substance abuse including
ing and experience in management of these often large and tobacco, IV drugs, and alcohol; length of stay; time to diagdifficult wounds.
nosis and surgery; number of surgeries; specific microbes
Routine initial care includes urgent operative debride- isolated from areas of necrosis; anatomical location of the
ment after initial rapid resuscitation. Patients admitted to infection; number of microbes isolated; and mortality. Time
the ICU usually have their wounds left completely open for to diagnosis was considered the time the patient arrived to
24-48 hours. Lubricant gel is applied over muscle. Bedside the emergency room (ER) to the first chart documentation
spritzing of open areas with antibiotic solution every few of NSTI or FG as a primary diagnosis.
hours to prevent desiccation is performed. These patients
are monitored continuously for signs of recurrence and/or Statistical analysis
disease progression. In anatomic locations where this is not A commercially available statistical software package (SPSS
feasible, such as in obese FG patients where skin folds prevent Inc. Chicago, Ill, USA, Version 22) was used for the statistical
airing of the wound, the wound is packed loosely with wet- analysis. Bivariate analysis on the FG subgroup was performed
to dry dressings instead. Wounds are routinely evaluated at and compared to all other NSTI using Fisher’s exact test for
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proportions and Student’s t-test to compare continuous vari- Table 2. Comparison of clinical data in Fournier’s gangrene to
ables with equal variance assumed. A p<0.05 was considered NSTI in other locations.
to be significant. Due to the FG group comprising only 33
NSTI
FG
P-value
individuals, multivariate analysis was not performed.
Prealbumin
7.6 (2-26)
7.8 (2-27)
0.89

Results

One hundred and thirty-three patients with NSTI were admitted with a primary diagnosis of acute NSTI or FG between
January 1, 2003 and April 30, 2012. Of these patients, 33 (25%)
were diagnosed with FG while 100 (75%) had other NSTIs in
an assortment of anatomic locations. Of the patients with FG,
20 (61%) were male, mean age was 53.0, and BMI was 36.0. In
comparison, of patients diagnosed with NSTI 56 (56%) were
male, mean age was 49.6, and BMI was 32.1 (Table 1).
Table 1. Comparison of demographics in Fournier’s gangrene to
NSTI in other locations.
Age (years)

NSTI
FG
P-value
49.6 (10-85) 53.0 (26-92) 0.24

BMI

32.1 (16-61) 36.0 (19-67) 0.13

Male gender

56.0%

60.6%

0.69

Hyperlipidemia

16%

18%

0.76

Heart disease

21%

26%

0.58

Hypertension

57%

71%

0.34

PVD

12%

5%

0.45

Diabetes mellitus

56%

78%

0.03

IV drug abuse

30%

0%

0.03

Tobacco use

27%

33%

0.34

Alcohol use

24%

16%

0.29

FG: Fournier’s gangrene; NSTI: Necrotizing soft tissue
infection other than Fournier’s; BMI: Body mass
Index; PVD: Peripheral vascular disease; IV: Intravenous

In patients with NSTIs other than FG, the lower extremities
were most frequently affected (50%), followed by the upper
extremity (23%) and the abdomen (16%). In the other 11
patients with NSTI, infection was found on the buttocks (3%),
chest (2%), head (1%), back (1%), or in multiple locations (4%).
By definition, the perineum was infected in all patients with
FG. It was the sole area affected in 15 (45%) patients while in
the remaining 18 (55%) patients the infection spread to the
surrounding tissues including the abdomen, buttocks, and
lower extremity.
Patients with FG and NSTI presented similarly in their initial vital signs and laboratory values except for hemoglobin
levels. The mean hemoglobin of patients with FG was 10.5
while those with NSTI was 11.6 (p=0.03) (Table 2). They also
tended to have similar rates of hyperlipidemia, heart disease,
hypertension, and peripheral vascular disease. In addition,
there were comparable rates of tobacco and alcohol use

Highest CRP

27.6 (1-334)

18.4 (6-42)

Lowest sodium

131.2 (106-145) 132.6 (123-143) 0.18

Highest creatinine

1.9 (0-11)

Highest glucose

237.1 (79-1400) 238.6 (93-484)

Sodium

133.4 (121-154) 135.0 (123-148) 0.18

Creatinine

1.5 (0.3-10.3)

1.3 (0.4-4.4)

0.51

BUN

25.3 (1-102)

27.6 (7-91)

0.58

Glucose

179.4 (29-745)

188.9 (63-449)

0.71

Calcium

8.1 (4-12)

8.2 (6-11)

0.61

Phosphate

3.9 (1-10)

3.6 (1-6)

0.27

WBC (in thousands)

16.7 (1-51)

18.2 (1-45)

0.44

Hemoglobin

11.6 (6-19)

10.5 (4-15)

0.03

1.93(1-6)

0.40
0.65
0.96

Platelets (in thousands) 260.6 (13-804)

321.0 (25-1029) 0.08

Temperature

98.8 (92-105)

98.9 (96-102)

0.83

DBP

70.2 (40-118)

68.5 (38-100)

0.64

Heart rate

45.4 (56-153)

41.1 (68-142)

0.59

Respiratory rate

20.3 (9-106)

20.2 (15-40)

0.97

Oxygen saturation

96.1 (73-100)

97.2 (90-100)

0.21

FG: Fournier’s gangrene; NSTI: Necrotizing soft tissue infection other
than Fournier’s; CRP: C-reactive protein; WBC: White blood cell
count; DBP: Diastolic blood pressure; BUN: Blood urea nitrogen
**Unless otherwise noted the value was obtained at admission

among both groups. However, 78% of patients with FG had
been diagnosed with diabetes mellitus while 56% of NSTI
patients had received a diagnosis (p=0.03). IV drug abuse
was reported in 30% of those in the NSTI group and 0% in
FG group (p=0.03) (Table 1).
There was a greater incidence of poly-microbial infections
in the FG group (64%) than those in the NSTI group (38%)
(p=0.01) (Figure 1). The results of the cultures were available
for all patients except for 5 in the NSTI group. Of those patients
with a poly-microbial infection, 66% of patients with in NSTI
and 73% in FG had a component of Staph species, strep species, or both. There were two patients in the FG group that
had four separate species isolated and one patient in the NSTI
group which had six species isolated (Figure 1). Within the
two groups, we also analyzed the data to see if there was an
association between number of microbes and mortality rate.
There was no difference in number of infectious organisms
in survivors versus non-survivors in either group (p=0.87).
A variety of organisms were isolated within each group but
the most common in NSTI group was a combination (32%),
Staphylococcus aureus (20%), Streptococcus pyogenes
(17%), and gram negatives not otherwise specified (6%). In
FG, a combination of organisms was most common (60%)
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followed by staph aureus (15%), other organisms (9%), and
candida (6%) (Figure 2).

Percentage of group

60

Table 3. Comparison of clinical outcomes in Fournier’s gangrene
to NSTI in other locations.

50
40

NSTI
1.1 (0-19)

FG
1.4 (0-6)

P-value
0.49

Time to first surgery (days) 1.5 (0-38)

1.7 (0-6)

0.45

Time to diagnosis (days)

30

NSTI

20

FG

10
0

higher in NSTI patients. Mortality was 21% in those with FG
and 24% in NSTI patients. However, this was not found to be
statistically significant (p=0.82) (Table 3).

0

1
2
3+
Number of organisms isolated

Figure 1. Comparison of number of organisms isolated from
necrotic tissue.
FG: Fournier’s gangrene; NSTI: Necrotizing soft tissue infection
other than Fournier’s.

Number of surgeries
LOS (days)

3 (0-9)
4 (0-28)
0.01
15.9 (2-56) 23.0 (3-101) 0.01

Mortality

24%

21%

0.82

FG: Fournier’s gangrene; NSTI: Necrotizing soft tissue infection
other than Fournier’s; LOS: Length of stay

Discussion

Percentage of group

NSTIs comprise a broad spectrum of soft tissue infections
which includes FG. NSTIs spread fast, and are life threatening infections with mortality rates reported to be between
15-25% in literature [1,2,4,7-10,20]. Although NSTIs and FG
70
have been extensively researched [1-35], little data exists
60
comparing FG separately from other NSTIs. Only one study
50
compared FG to other NSTIs in terms of clinical outcomes
40
30
similarly to our study [9]. It compared FG and NSTI in terms of
20
successful treatment, survival rate, predisposing risk factors,
10
NSTI
and mortality. The study found that patients with FG do not
0
ne OS reus OS es ther nas cci ida her tion
differ much from other NSTIs and require same treatment
o
o
n
FG
N es N .au h N ge p o mo oc nd Ot ina
S tap yo tre do ter Ca
principles of early recognition, resuscitation, debridement and
b
iv
t
m
S S.p S eu En
ga
Co
broad-spectrum IV antibiotics. Similar to our study, they found
Ps
ne
am
that difference in mortality was not statistically significant.
Gr
Organisms isolated
Unlike our study, they did not make a differentiation between
Figure 2. Comparison of organisms isolated from necrotic
the length of stay or the number of operations between FG
tissue.
and NSTI. In addition, their patient population consisted of
FG=Fournier’s gangrene; NSTI=Necrotizing soft tissue infection
only 55 patients of FG and NSTIs combined, while our study
other than Fournier’s; NOS=Not otherwise specified.
comprised a total of 133 patients.
Our study found that DM2 was more prevalent in FG
Mean time to diagnosis was 1.4 days in FG and 1.1 days in compared to NSTI, which was expected and strongly supNSTI. Both groups were also taken to the operating room (OR) ported by literature [26-28,36]. A proposed explanation for
within a similar length of time; the FG group were brought association with DM2 and NSTIs is the high levels of sugar in
to the OR in a mean of 1.7 days while those with NSTI group blood decreasing phagocytic and intracellular bactericidal
were brought in a mean of 1.5 days. There was, however, a activity and creation of neutrophil dysfunction thus leaving
difference found in the course of treatment following surgery. the patient immunocompromised [27].
Those with FG had a mean of 4.4 operations while those with
Our data did not show a higher mortality rate in FG comNSTI had 2.9 operations (p=0.01). These operations were pared to other NSTIs as is found in literature. In fact, NSTI had
debridements or amputations. As data was only procured a higher mortality rate than FG on average. However, this was
from the original admission, these likely did not include not statistically significant. The overall reported mortality rate
reconstructive surgeries such as skin grafts and flaps. These nationwide from NSTI is 15-25%, which is very close to the data
surgeries are usually performed during subsequent outpatient reported in this study literature [1,2,4,7-10,20]. The mortality
admissions, although this was not specifically noted in the rate at our institution was 21% in those with FG and 24% of
data collection sheet. Patients in FG group had a mean length NSTI patients (p=0.82) (Table 3). FG mortality was reported
of stay (LOS) of 23 days while those in NSTI group had a mean to be as high as 30 to 40% in the past [37], but recent studies
LOS of 16 days (p=0.01). The mortality rate was found to be report mortality rates around 20-25% [38], which is similar to
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the results we obtained in our study. This is likely due to the
fact that treatment with early, aggressive debridement has
become a universal standard of care for FG, and as a result,
morality rate has decreased over the last few decades.
A statistically significant higher rate of intravenous drug
abuse (IVDA) in NSTIs was found compared to FG. The increased incidence of NSTIs in IVDA has been a world-wide
phenomenon in recent years that is supported by several
retrospective studies [39-47]. Methods of injecting drugs into
the subcutaneous region otherwise known as “skin-popping”
may explain this phenomenon. Injection of a contaminated
needle into the subcutaneous space is a perfect nidus for
an NSTI [48]. In addition, there have been recent reports of
increased use of Black Tar Heroin (BTH) associated with NSTIs
[48-50]. BTH is a dense, gummy, coal-colored substance that
is produced from opium grown in the mountainous regions
of northern Mexico. Crude processing techniques lead to the
production of a substance that is contaminated by bacteria.
Injection into the subcutaneous region and muscle of BTH
has resulted in the rise of NSTIs associated with BHT [48-50].
It is still unclear whether the multiple organisms arise from
intrinsic contaminants of BTH, or if they are acquired from
dirty injection needles and skin flora [49]. This does signify
that a higher level of suspicion needs to exist in known IVDAs
and skin infections.
Hemoglobin levels on admission were found to be lower
in FG than in NSTI, as well. However, the difference is minimal (11.6 versus 10.5). Interestingly, decreased hemoglobin
is one of the laboratory tests that is used in the Laboratory
Risk Indicator for Necrotizing Fasciitis Score (LRINEC), a scoring system for NSTIs developed by Wong and associates [51].
The low serum hemoglobin levels are given a higher score to
distinguish necrotizing fasciitis from other soft tissue infections. However, the LRINEC hemoglobin score has not been
established to be lower in FG compared to other NSTIs. This
is of interest, and may need to be further studied.
The average number of operations required was found to
be about one operation higher in FG compared to other NSTIs.
It is established that multiple returns to the operating room
for second, third, and even fourth look is strongly encouraged
as getting ahead of the infection and achieving eradication
through debridement is standard of care. The median number of returns to the operating room nationwide is around
four [4,6,8]. In our study, the average number of trips to the
OR for NSTIs was 2.9 versus 4.4 for FG. This also corresponds
to the finding that the average LOS was longer in FG. This
could be explained by the fact that the location of FG in the
perineum where skin folds and large body habitus can make
it more difficult to achieve clear margins of infection. NSTI
group patients had infections primarily located on extremities or torso which is easier to debride and establish negative
margins. NSTI of the extremities are sometimes treated with
an amputation, which removes the need for further surgical
debridements, as well.

doi: 10.7243/2052-5958-3-1
This study has several limitations beyond those inherent in
a retrospective single-institution review. The reconstructive
operations required and subsequent admissions after the
initial hospital stay were not included in this study. In addition, different medical teams treat FG (General Surgery and
Urology) while different teams treat other NSTIs (Orthopedics,
General Surgery, Urology, Obstetrics and Gynecology) and as
such, the treatment approach might vary from one team to
another. However, most patients received treatment that is
detailed in the methods sections above. In addition, by limiting to a single institution with relatively consistent practice
patterns, the differences caused by variations in practice likely
have limited impact on the results we obtained.
Sampling methods of cultures were not able to be confirmed
for accuracy due to this being a retrospective study, however,
the microbiological processing of samples at our institution
has been standard since 2003. In addition, a limitation of our
study is that it could have been possible that some cultures
were false negatives as the initiation of antibiotics typically
occurs immediately following suspicion of a clinical diagnosis of NSTI or FG at our institution. Furthermore, while it is
preferred that tissue samples be obtained, due to individual
physician variability in practice, some of the cultures may
have been based on swabs of purulent fluid instead or in
addition to the tissue sample. The number of specimens sent
for culture would also have differed since we do not have a
standard method of obtaining specimens. Therefore, there
would have been some variability on number and type of
specimens that were obtained for each patient, which could
have affected the reliability of the culture results. As such, we
cannot reliably state there was a difference in the proportion
of polymicribal infections between the two groups. More
experimental studies may need to be conducted to confirm
such a finding.
It is also worth mentioning that NSTI and FG were diagnosed
retrospectively through chart review, and we considered time
to diagnosis as the first time that NSTI or FG was documented
in the chart. Thus, it is quite possible that the diagnosis was
made earlier than the actual time the physician was able to
document the diagnosis in the chart. Therefore, our mean
times to diagnosis are likely an overestimation for both groups.
However, to the best of our knowledge, there is no reason
to suspect that the delay in documenting a diagnosis would
be different between FG and NSTI groups. In addition, for
each individual patient, the time to diagnosis was expressed
only in whole numbers, thus time was tracked on the scale
of days and not hours, thus providing a wider window for a
suspected diagnosis to not affect the mean time to diagnosis.
In addition, due to the retrospective nature of this study and
the fact that the diagnosis of this disease process is a clinical
one and likely varied from one physician to another, a validation of the assessment on how reliable diagnostic methods
were between 2003 to 2012 was not able to be performed.
In our study, we included two patients who did not undergo
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a surgical intervention, as can be seen in Table 3. One of these
patients died prior to any kind of surgical intervention could
be performed; however, an NSTI was confirmed by culture.
The other was watched in the hospital for six days and subsequently released without needing any surgical intervention.
No patients had undergone a diverting colostomy.

Conclusion

In our retrospective single center review of patients with NSTI
and FG, we found that patients with FG had a longer length of
hospital stay, increased number of operations, and had lower
hemoglobin levels. We found no difference in mortality rate
between the two groups.
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