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Abstract

Background: Our study sought to identify independent risk factors predisposing patients with necrotizing soft
tissue infections (NSTIs) to mortality from among laboratory values, demographic data, and microbiologic
findings in a small population. To this end, a retrospective review was conducted of the medical records of all
patients with NSTI who had been treated at our institution from 2003 to 2012 (n=134).

Methods: Baseline demographics and comorbidities, clinical and laboratory values, hospital course, and the
microbiologic characteristics of surgical incision cultures were recorded. Each variable was tested for associ-
ation with survival status and all associated variables with p<0.15 were included in a logistic regression model
to seek factors associated independently with mortality.

Results: Surprisingly, no demographic or pre-existing condition proved to be a predictor of mortality. Two
laboratory values had an inverse correlation to mortality: High C-reactive protein (CRP) and highest recorded
CRP. Of surgical incisions that grew bacteria in culture, 33.6% were polymicrobial. Mortality rates were
highest with Enterococcus-containing polymicrobial infections (50%), followed by those containing Pseudo-
monas (40%), and Streptococcus spp. (27%). Understanding why so many studies across the literature, now
including our own, find such disparate results for correlation of NSTI mortality with patient data may lie in the
fundamentally dynamic nature of the organisms involved.

Conclusions: This study suggests that no single factor present on admission is a robust predictor of outcome; it
is likely that survival in NSTI is predicated upon a complex interaction of multiple host and microbial factors
that do not lend themselves to reduction into a simple formula. It is also abundantly clear that the well-
established principles of NSTI surgery should continue to be followed in all cases, with an emphasis on early
debridement, irrespective of apparent severity of initial presentation.

NECROTIZING SOFT TISSUE INFECTIONS (NSTIs) are
complicated skin and soft tissue infections associated
with necrotizing changes in the dermis, subcutaneous tissue,
superficial fascia, deep fascia, and muscle. These infections
are characterized by the potential for rapid progression, loss
of limbs, and mortality rates as high as 76% [1], although
most modern series report mortality between 10% and 25%
[2—4]. Patients with NSTIs are often referred to critical care
and burn centers because of their need for complex care,
multiple operations, and reconstruction of large tissue and
skin defects.

Although uncommon compared with other skin infections
such as cellulitis or abscesses, the incidence of NSTI appears
to be increasing, believed to be attributable to increasing
immunosuppression and increases in obesity and type 2 di-
abetes mellitus, all of which may predispose an individual to

NSTI infection [2,5]. The progression of the infection is often
fulminant, and prognosis depends on quick diagnosis and
appropriate treatment. The presenting signs of NSTI can be
quite similar to those of other common soft tissue infections,
such as cellulitis and skin abscesses, making early diagnoses
of the disease challenging [6]. It has been shown that the only
signs presenting in more than 50% of patients with NSTI
were erythema, tenderness, or edema beyond the confines of
apparent infection [7]. The necessity for physicians to grant
this cluster of signs and symptoms a high index of suspicion
for NSTI is crucial to early recognition and to instituting life-
saving intervention without delay [8,9].

The current standard of care for treatment of NSTI
includes prompt identification, early surgical debridement,
antibiotic therapy, and supportive care. It is widely believed
that early surgical debridement improves outcomes, although
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other research has shown that mortality rates are dependent on
patient characteristics and the etiologic microbial pathogens
[10]. Various studies have examined specific sets of parame-
ters to differentiate between necrotizing and non-necrotizing
infections. Wong et al. [11] found six independent variables to
be associated with soft tissue infections and used these vari-
ables to develop a diagnostic tool for scoring (Laboratory Risk
Indicator for Necrotizing Fasciitis, or LRINEC). The purpose
of this work, however, was limited to diagnosis and did not
extend to prediction of patient mortality, with the latter cer-
tainly a desideratum for the practicing surgeon.

Our study sought to identify independent risk factors
predisposing patients with NSTI to mortality from among
laboratory values, demographic data, and microbiologic
findings in a small population. Certainly, there have been
excellent, larger scale investigations conducted [12-14], but
the advantage of smaller studies such as ours is a level of
detail unavailable in larger databases. Despite efforts toward
standardization, larger databases such as the American Col-
lege of Surgeons National Surgical Quality Improvement
Program® (ACS NSQIP®, American College of Surgeons,
Chicago, IL) inherently suffer from internal lack of consis-
tency among contributions from various reporting institutions.
Smaller studies such as ours have the advantage of revealing
some interesting and surprising correlations.

Patients and Methods

An Institutional Review Board-approved retrospective
review was conducted of the medical records of all patients
who had been treated at University Medical Center, Lubbock,
Texas, from 2003 to 2012 with discharge diagnosis of NSTI
identified by International Classification of Diseases, Ninth
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Revision (ICD-9) codes 785 (disorders of muscle, ligament,
and fascia) and 728 (including diagnosis of shock). Necro-
tizing soft tissue infection was defined by the presence of
necrosis of the subcutaneous tissue and fascia, with variable
involvement of the skin and muscle. A list of patients was
also obtained independently from the surgery billing offices
to cross-check records and reduce the possibility of missed
documents. The diagnosis was then confirmed by screening
each patient’s medical record for documentation of NSTI or
related diagnosis (to include Fournier gangrene, clostridial
myonecrosis, or necrotizing fasciitis). Patients with diag-
noses of cellulitis only were excluded, as well as patients
transferred from other hospitals. Baseline demographics and
comorbidities including cardiovascular disease, diabetes
mellitus, smoking, and alcohol and illicit drug use upon ad-
mission were recorded. Clinical and laboratory variables on
admission were also collected, as well as hospital course
including time to diagnosis, time to operation, number of
operations, and overall length of stay (LOS). The microbiologic
characteristics of surgical incision cultures were also recorded.
The primary outcome measured was patient mortality.

Each demographic variable was tested for association with
survival status using the Wald statistic, with the null hy-
pothesis that there was no association between a variable and
survival status. Associated variables where p<0.15 were
included in a logistic regression model to determine factors
associated independently with patient mortality. Forward
selection, backward elimination, and stepwise selection
methods were used for the variable selection, and for our final
parameters, all three of these methods suggested the same
model. Statistical Analysis Software (SAS; SAS Institute,
Cary, NC) was used for these analyses, and ‘‘complete-case’
analysis was used for both univariable and multivariable

TABLE 1. DESCRIPTIVE STATISTICS OF CLINICAL DATA

Mean/ Standard Non- Missing

Variable percent deviation 95% CI SUrvivor Survivor p values [%]
Time to diagnosis [days] 1.1 1.1 (09, 13) 1.0 1.2 0.62 0.75
Time to first surgery [days] 2.0 3.8 (1.3, 2.6) 3.3 1.5 0.10 0.75
LOS [days] 17.6 14.3 (15.2, 20.1) 22.8 16.0 0.09 0.75
Number of operations 3.3 2.9 (2.8, 3.8) 3.5 3.2 0.09 0.00
Location, %

No data 0.8 0.7 (0.0, 2.2) 0 1.0

Extremity 55.2 43 (46.8, 63.6) 43.8 58.9

Body 35.1 4.1 (27.0, 43.2) 56.3 284

Body + extremity 9.0 2.5 (4.1, 13.8) 0 11.8 0.03 0.00
Number of comorbidities, %

0 33.6 4.1 (25.6, 41.6) 31.3 34.1

1 25.4 3.8 (18.0, 32.7) 18.8 27.5

2 20.9 3.5 (14.0, 27.8) 18.8 21.6 0.16 14.93

3 14.9 3.1 ( 8.9,21.0) 21.9 12.8

4 5.2 1.9 (1.5, 9.0 94 3.9
Alcohol, tobacco, drug use, %

Denied 64.2 4.1 (56.1, 72.3) 68.8 62.8

1 substance 194 34 (12.7, 26.1) 94 22.6 0.80 16.42

2 substances 12.7 2.9 (7.1,18.3) 15.6 11.8

3 substances 3.7 1.6 (05, 6.9) 6.3 2.9

For each variable in column 1, column 2 shows percentages for categorical variables and means for numerical variables. Columns 3 and 4
contain standard deviations and 95% confidence intervals (CI), respectively. Columns 5 and 6 have the percentages/means conditioned on
survival status. Column 7 has p values of the Wald statistic, and missing data values are noted in column 8, and when greater than 5% these
present a limitation of the data set because of small sample size.

LOS =length of stay.
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TABLE 2. DESCRIPTIVE STATISTICS OF ADMISSION LABORATORY DATA
Mean/ Standard Non- Missing
Variable percent deviation 95% CI survivor Survivor p values [%]
WBC [k/mcL] 17.3 9.7 ( 15.6, 18.9) 17.8 17.1 0.72 0.00
Hb [g/dL] 11.3 23 ( 109, 11.7) 11.1 11.4 0.51 0.00
Platelets [k/mcL] 275.6 169.8 (246.6, 304.6) 289.0 271.4 0.61 0.00
Hematocrit [%] 33.6 6.7 ( 32.5, 34.8) 32.6 339 0.33 0.00
Na [mmol/L] 133.8 59 (132.7, 134.8) 134.6 133.5 0.35 0.00
Lowest Na [mmol/L] 131.5 5.2 (130.6, 132.4) 131.7 1314 0.81 5.97
CI [mmol/L] 100.9 9.0 (1994, 102.5) 101.6 100.7 0.62 1.49
BUN [mg/dL] 25.6 19.5 ( 22.3, 29.0) 23.5 26.3 0.47 2.99
K [mmol/L] 39 0.6 ( 38, 4.0 4.0 3.9 0.68 0.00
CO, [mmol/L] 20.8 5.6 ( 19.9, 21.8) 21.4 20.7 0.54 0.00
CRP [mg/L] 18.9 14.1 ( 16.0, 21.8) 13.2 20.7 0.03 32.09
Highest CRP* [mg/L] 21.5 15.0 ( 18.2, 24.9) 13.6 23.9 0.01 42.54
Prealbumin [mg/dL] 7.8 55 ( 6.6, 89 7.8 7.7 0.93 35.07
Cre [mg/dL] 1.5 1.5 ( 12, 17 1.3 1.5 0.52 0.00
Highest Cre® [mg/dL] 1.9 1.7 ( 16, 22) 1.81 1.57 0.86 3.73
Glu [mg/dL] 181.4 128.1 (159.5, 203.3) 188.6 179.2 0.72 0.00
Highest Glu® [mg/dL] 237.0 164.1 (208.4, 265.6) 264.8 228.1 0.29 3.73
Ca [mg/dL] 8.2 1.2 ( 8.0, 84 8.1 8.2 0.52 0.00
Ph [mg/dL] 3.8 1.5 ( 35 401 4.0 3.8 0.60 17.91
Mg [mg/dL] 1.9 0.3 ( 18, 19 1.9 1.9 0.53 18.66
Temp [°F] 98.7 1.8 (984, 99.1) 98.7 98.8 0.85 16.42
Systolic BP [mm Hg] 121.9 26.8 (116.9, 126.8) 125.1 120.8 0.46 14.93
Diastolic BP [mm Hg] 69.4 17.3 ( 66.2, 72.6) 71.4 68.7 0.49 15.67
HR [beats/min] 102.0 19.7 ( 98.3, 105.6) 103. 101.4 0.57 14.93
RR [breaths/min] 20.2 9.3 ( 18.5, 22.0) 19.8 20.4 0.75 18.66
02 Saturation [%] 96.4 3.8 ( 95.6, 97.1) 96.7 96.2 0.59 24.63

The means, standard deviations, and 95% confidence intervals (CI) are listed in columns 2-4. Columns 5 and 6 show the means
conditioned on survival status, and column 7 has p values of the Wald statistic. Missing data values are reported in column 8, and when
greater than 5% these present a limitation of the data set because of small sample size.

*Highest values indicate the highest value recorded across patient’s entire hospital stay while under treatment for NSTL.

WBC =white blood cell count; Hb=hemoglobin; Na=sodium; Cl=confidence interval; BUN =blood urea nitrogen; K=potassium;
CO,- carbon dioxide; CRP =C-reactive protein; Cre =creatinine; Glu=serum glucose; Ca=calcium; Ph=phosphate; Mg=magnesium;
BP=blood pressure; HR =heart rate; RR =respiratory rate; O, =oxygen; NSTI=necrotizing soft tissue infections.

modeling. For each demographic and laboratory variable, we
specify in Tables 1 and 2 the percentage of values missing
from the dataset and consider less than 5% missing data to be
negligible. The univariable microbiologic data (Table 3)
were also analyzed using multivariable modeling techniques.
Because of the retrospective nature of data collection, ab-
sence of a positive indication of each microbiologic was
considered a negative result. As such, there were no miss-

ing data in the forward, backward, and stepwise selection
methods that all yielded a single, concordant model (Table 4),
which found non-methicillin—resistant/oxacillin—resistant
Staphylococcus aureus (MRSA/ORSA) Staphylococcus spp.
colonization to be a protective factor (odds ratio [OR]=0.27)
and colonization with Pseudomonas spp. to be a risk factor
(OR =3.51) for mortality. A similar method was attempted
with the admission laboratory values of Table 2, but the

TABLE 3. DESCRIPTIVE AND MORTALITY STATISTICS FOR MICROBIOLOGIC DATA

Percent of
surgical infections Standard Non -

Variable infected deviation 95% CI SUrvivor Survivor p

Staphylococcus, % 35.1 4.1 (27.0, 43.2) 15.6 41.2 0.01
MRSA, % 3.0 1.5 (0.1, 59 3.1 29 0.96
ORSA, % 5.2 1.9 (L5, 9.0 3.1 59 0.55
Pseudomonas, % 9.0 2.5 (4.1, 13.8) 18.8 5.9 0.03
Klebsiella, % 4.5 1.8 ( 1.0, 8.0) 6.3 39 0.58
Fungi, % 9.7 2.6 (47,147 9.4 9.8 0.94
Other gram-positive, % 6.7 2.2 (25,11.0) 6.3 6.9 0.90
Other gram-negative, % 9.0 2.5 (4.1, 13.8) 9.4 8.8 0.92
Polymicrobial, % 33.6 4.1 (25.6, 41.6) 28.1 343 0.45

The percentages, standard deviations and 95% confidence intervals are listed in columns 2—4. Columns 5 and 6 show the percentages
conditioned on the survival status, and column 7 has p values of the Wald statistic.
CI=confidence interval; MRSA = methicillin-resistant Staphylococcus aureus; ORSA = oxacillin-resistant Staphylococcus aureus.
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TABLE 4. MODEL ESTIMATION RESULTS
FOR MICROBIOLOGIC DATA

Selection

criteria Intercept  Staphylococcus Pseudomonas

Backward elimination Forward selection Stepwise selection

Parameter —0.9464 —1.3046 1.2557
estimate

Standard 0.25 0.53 0.64
error

p (0.0001) (0.01) (0.05)

OR 0.27 3.51

95% CI (0.10, 0.77) (1.00, 12.31)
for OR

Note that the presence of Enterococcus spp. within a poly-
microbial NSTI has a strong positive correlation with mortality
whereas non-MRSA Staphylococcus spp. appear to exert a protec-
tive effect.

NSTI=necrotizing soft tissue infections; OR=odds ratio;
CI=confidence interval.

selection methods disagreed on the appropriate model, so no
meaningful results emerged.

Results
Population data and demographics

Of 134 patients with NSTI treated at our institution during
the period under review, 31 did not survive. The mortality
rate of the population is 23.8%. Nineteen patients required
amputation (14.1%), of whom six were non-survivors.

Table 5 shows some descriptive measures of the demo-
graphic variables, including means/percentages, standard
deviations, and 95% confidence intervals. The study popu-
lation had an average age of 51 years (range, 10 to 92 years),
57% were male, and the average body mass index (BMI) was
33. Racial demographics were 50% Hispanic, 40% white, and
7.5% black.

The corresponding measures used for comparison (means/
percentages) and the p values of Wald tests are given in the
last three columns of Table 5. Larger p values in Table 5
suggest that neither gender, age, BMI, nor race could be
linked to patient mortality in the population under study.
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Clinical course

Table 1 shows clinical data associated with our patient
population and association of these data with survival of
NSTI. The only significant association with patient mortality
in comparing anatomic sites of infection is with infection
limited to an extremity predictive of greater survivability
than infection found on the body/trunk or in both body/trunk
plus extremity. Pre-existing conditions considered as co-
morbidities included diabetes mellitus, peripheral vascu-
lar disease, hypertension, heart disease, and hyperlipidemia;
somewhat surprisingly, none of these proved to be a predictor
of mortality. There were associations of mortality with LOS,
number of operations, and time to first operation—with
p values of 0.09, 0.09, and 0.10, respectively—which sug-
gests these variables may have influenced patient outcomes
in a clinically significant way although falling short of the
threshold for statistical significance. Indeed, it is a biolog-
ically plausible supposition that the short time to debride-
ment for all patients in this study might mask variations in
outcome that might otherwise be apparent. Furthermore, in
Figure 1, a Kaplan-Meier plot for non-survivors demon-
strates an abrupt cutoff around the median survival time
(at which 50% of the cohort is still alive) of approximately
17 days.

Laboratory values

Table 2 shows a host of laboratory values gathered on
admission, only one of which has a significant associa-
tion with mortality: High values for CRP and highest re-
corded CRP were both related to increased survival of
NSTI. Interestingly, there were particularly high degrees of
variability for serum sodium, blood urea nitrogen (BUN)/
creatinine, glucose concentrations, temperature, and white
blood cell (WBC) count. Additionally, we have considered
WBC count as both a categorical and a continuous variable
to seek correlation with mortality, dichotomizing based on
values within versus outside normal limits. Even when ab-
normal WBC values (either less than 5,000 per microliter or
greater than 25,000 per microliter) were compared with
values within normal range, still no correlation could be
drawn (as Fisher exact test p=0.82) for a variable predictive
of mortality.

TABLE 5. DESCRIPTIVE STATISTICS OF DEMOGRAPHIC DATA

Mean/ Standard Non- Missing

Variable percent deviation 95% CI survivor Survivor p values (%)
Gender, %

Female 433 4.3 (349, 51.7) 43.8 43.1

Male 56.7 4.3 (48.3, 65.1) 56.3 56.9 0.95 0.00
Age [y] (range, 10-92) 50.6 14.2 (48.1, 53.0) 48.4 51.3 0.32 0.00
BMI 333 10.6 (31.1, 35.8) 35.8 324 0.18 29.10
Race, %

Hispanic 50.0 4.3 (41.5, 58.5) 40.6 40.2

White 40.3 4.2 (32.0, 48.6) 53.1 49.0

Black 7.5 2.3 (3.0,11.9 6.3 10.8 0.70 2.24

For each variable in column 1, column 2 shows percentages for categorical variables and means for numerical variables. Columns 3 and 4
contain standard deviations and 95% confidence intervals, respectively. Columns 5 and 6 have the percentages/means conditioned on
survival status. Column 7 has p values of the Wald statistic, and the percentage of missing data values is indicated in column 8.

CI=confidence interval; BMI=body mass index.
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FIG. 1.

Kaplan-Meier plot for non-survivors. This plot demonstrates an abrupt cutoff around the median survival time (at

which 50% of the cohort is still alive) of approximately 17 days, illustrative of the timing of death in the current study.

Microbiology

Table 3 shows the species of bacteria cultured from surgical
incisions in monomicrobial NSTIs, with polymicrobial infec-
tions indicated separately. Of surgical incisions that grew
bacteria in culture, 66.4% were monomicrobial NSTIs, with a
large portion (65.2%) of these infections attributable to S.
aureus in particular. The most common organism was S. au-
reus, with 18.9% of Staphylococcus infections being MRSA/
ORSA. In 18 cases of 134 (13% of records), no indication in
the medical record of infection was coded as no infection.

Staphylococcus (not MRSA JORSA) H

Pseudomonas

Streptococcus

Enterococcus

In this sample there were 45 polymicrobial infections with
32 different combinations of microbial species represented.
There were 20 such infections containing Staphylococcus
spp. (not MRSA/ORSA), seven containing Pseudomonas spp.,
15 with Streptococcus spp., and 14 with Enterococcus spp..
Mortality rates were highest with Enterococcus-containing
polymicrobial infections (50%), followed by those containing
Pseudomonas (40%), Streptococcus (27%), and non-MRSA/
ORSA Staphylococcus (10%). Breakdown by specific species
involvement is shown graphically in Figure 2. The effect of
bacterial species on mortality is shown in Table 5.

® Survivor

B Non-Survivor

|

I
0 5

10 15 20 25

FIG. 2. Mortality in polymicrobial infections containing certain species. The x-axis indicates the percentage of all
polymicrobial necrotizing soft tissue infections (NSTIs) in the current study in which certain species were found. Mortality
rates varied as illustrated when these four species were detected, with Enteroroccus-containing polymicrobial NSTIs
portending the worst (50% mortality), non-methicillin—resistant Staphylococcus areus (MRSA) Staphylococcus-containing
NSTIs leading to highest survivability (10% mortality), and Pseudomonas spp. and Streptococcus spp. yielding intermediate
values, with mortalities of 40% and 27%, respectively. Note that with respect to the overall mortality rate for this study
(24%), the presence of non-MRSA Staphylococcus spp. appears to exert a protective effect in polymicrobial NSTIL.
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Discussion

Our study showed no significant correlation between
mortality outcomes and either demographics, comorbidities,
or most laboratory values. Although it is possible that this is
simply the result of an underpowered study, the sample size
we utilized is larger than many similar single-center studies
and therefore was a surprising finding. This highlights the
difficulty of using any of these parameters to predict out-
come, and therefore the need for rigorous application of best
practices including early surgical debridement in all these
cases. In fact, the results suggested that the time to operation
was shorter in survivors, although this did not reach statistical
significance. This evidence corroborates the conclusions of
numerous previous studies that have found that swift de-
bridement in cases of NSTI is the single most influential
determinant of patient survival. It is possible that our center’s
focus on early intervention may well have reduced the impact
of other measures on patient mortality leading to the lack
of correlation with parameters previously shown to impact
NSTI outcome.

The conundrum of scoring systems

Historically, NSTIs have been a condition of special in-
terest to clinicians because of the critical dependence of
patient survival on early diagnosis and swift, aggressive in-
tervention. Identification of consistent predictors of patient
mortality focuses not only on guiding clinical decisions but
also would enable us to communicate accurate prognoses
more effectively with patients and their families [13-15].

Necrotizing soft tissue infections are fairly unique, not
only in their emergent nature and serious mortality rate
among other types of infections, but also in the protean
character of the criteria by which they elude consistent
characterization. In fact, it has been suggested there might not
exist a single, simple pattern governing NSTI presentation as
may be found for other types of infections [14,16-18]. Al-
though the LRINEC system [11] has been utilized beyond its
initial diagnostic scope to serve as a predictor of outcomes
[18], even the LRINEC criteria have been known to fall short
of accurate differentiation of NSTIs from other infections
with sufficient sensitivity in more than one reported situation
[19,20] and in at least one case it has been shown to fail
completely [21]. Many data that arouse a high index of sus-
picion for NSTIs come in the form of physical findings such
as crepitus or pain disproportionate to appearance [6,22],
which are not only generally less quantifiable than laboratory
values but also can have low predictive value when consid-
ered alone [11,23]. Many different subsets of laboratory
values and other patient data have been put forth as the rel-
evant cluster of criteria that should be universally predictive
of mortality in patients with NSTI. One group claims that a
combination of leukocytosis and hyponatremia is diagnostic
[24], a statement thereafter directly refuted by a large-scale
retrospective study [13]. Advanced patient age is often cited
as predictive of mortality, whereas proponents of elevated
WBC count [24,25] or serum procalcitonin [26] or lactate
concentrations [27-29] as predictors stand in smaller com-
pany in their assertions. One researcher, citing multiple
studies, admits the influence of NSTI comorbidities such as
diabetes mellitus and hypertension to be a point of general
disagreement [30]. Some note that no scoring system has
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been confirmed universally as a valid predictor of mortality in
cases of NSTI [13], although internal validation of such
paradigms can lead to high positive and negative predictive
values [12]. Regardless, a single surgical solution does
present itself clearly: It is generally agreed that quick and
aggressive surgical intervention consistently correlates with
better prognosis for patients with NSTIs [3,8,9].

Microbiologic considerations

The results of our study did not divide themselves naturally
into the classic patterns of offending organisms by which
Giuliano et al. [31], and later Morgan [32], classify NSTIs,
although our analysis certainly sought possible synergistic
polymicrobial relations. Rather, we believe the results to be
reflective of our patient population and the relative virulence
of various microbial species in our local surroundings.

It can be observed that there is a negative impact of
Pseudomonas on survival compared with Staphylococcus.
The odds ratio of mortality with Pseudomonas spp. present is
3.51 and that for Staphylococcus spp. is 0.27. The fact that the
two species show opposing impacts on mortality can be ex-
plained using the parameter estimates as well. Positive im-
pact of Pseudomonas spp. (1.2557) on mortality is controlled
by the negative impact of Staphylococcus spp. (—1.3046) on
patient mortality.

Results for polymicrobial infections are concordant intui-
tively with these findings as well, with Pseudomonas-
containing infections more likely to result in mortality (40%)
than those containing non-MRSA/ORSA Staphylococcus
spp. (10%). Interestingly although not surprisingly, the
presence of Enterococcus spp. in a polymicrobial infection
has an even stronger association with mortality (50% rate),
which is likely related to the enteral origin of such species. By
nature, infections involving gut flora would most likely arise
either from major trauma involving the intestines or from
bowel perforation because of the NSTI itself, neither of
which conditions especially portend a speedy recovery. The
relative virulence of gut flora would be a difficult variable to
isolate and consider independently, and we shall not attempt
such analysis here.

Whether these results could translate into anything useful
for other groups or regions, however, is questionable. Some
studies have highlighted a possible dependence of NSTI
mortality correlations with local factors—from population
profiles of both the micro-organisms in question and the
patients whose tissues they infiltrate—and thus these factors
are believed to account for the high degree of variability in
prognoses even within smaller geographic regions [10,33].
One researcher, noting mutually contradictory results among
series of investigations similar in scale to our own, cites the
diversity of populations and variables studied as well as small
sample sizes as explanatory of such divergent results [16].
Globally, the datum with the least predictive power for
mortality seems to be whether an infection is monomicrobial
or polymicrobial, with particularly broad variability across
the literature [34,35] and even reports of a shift in prevalence
from one microbial type to the other within a single study of
NSTIs [36]. Therefore, it may even be useful to reframe the
term ‘‘locale’ so as to distinguish not only separate geo-
graphical regions but also multiple investigations of a single
region separated significantly in time.
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Further considerations

What could explain such a divergence of results in our
collective attempt to identify predictors of mortality in
NSTI cases? Initially, it may be puzzling as to why certain
laboratory findings appear in one study as distinctly cor-
relative but in another study may not even merit a statistical
sideways glance. Understanding microfloral populations as
dynamic—key to explaining ailments with etiologies as
straightforward as post-clindamycin Clostridium difficile
colitis [37]—may underlie our quandary. The human mi-
crobiome is a subject of intense study, its scope by definition
to include micro-organisms found within the human system
in the state of health or disease [38,39]. However, we would
propose that investigations of NSTI ultimately will char-
acterize a greater ‘‘microbiosphere,”” the scope of which
would include micro-organisms resident in the immediate
environment of a patient population in a certain locale. Such
virulent species would play a key role in NSTIs whether
such organisms should come into contact with patients
through trauma or contact with an open surgical incision or
mucosal membrane, or by other means.

It also may be useful explicitly to consider hybrid organ-
isms brought about by the exchange of genetic material
between microbiome and microbiosphere within a patient
population as infections develop and progress. The conflu-
ence of these two “‘seas’” of microflora in patients is brought
about, in many cases, through incidents that typically ne-
cessitate surgical intervention: Traumatic introduction of
external microbes into soft tissues in which they do not
normally reside. Especially in cases of NSTI, for which the
doubling time is exceedingly rapid, it is likely that micro-
biospheres (and even microbiomes) routinely undergo isolated
pockets of evolution within themselves, and characterizing
the organisms defining each locale may be the first step to-
ward making sense of a cacophony of disparate results from
multiple retrospective studies.

Making the distinction that may prove decisive in sep-
arating out organisms predictive of mortality, however,
may extend well beyond the scope of simply culturing for
genus and species. As databases from genomic sequencing
platforms have only recently begun to take shape, the
immense depth of microbiologic variability presents a
relatively new frontier in medicine, much of the explora-
tion of which has been confined so far to investigations of
gut flora of the microbiome [40—-42]. However, with in-
creasing technologic ease and advances in throughput, it
also may be possible to draw explicative correlations
among genetically identifiable virulence factors within a
single species, specifically those factors involving plasmid-
dependent transfer of genetic material within each single
species of invasive microflora.

However, this is not to imply that only local factors should
inform the clinician’s evaluation of NSTI, but rather that a
standardized scoring system to predict NSTI mortality,
should one be developed for universal use, ought not to be
the first tool to which the physician should look in making
treatment decisions. Continuing to use well-established prin-
ciples of treatment for NSTI—early aggressive debride-
ment, broad spectrum antibiotic coverage, and aggressive
resuscitation—to treat each and every case and tailoring
antibiotics to the particular microbiome of each case will
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provide each patient with the best possible chance of survival,
regardless of initial laboratory values or presentation.

Study limitations

Limitations of the study in question must be acknowl-
edged, especially with respect to the small sample size of a
single institution study. Effective sample size was signifi-
cantly reduced for some data points (secondary to greater
than 5% missing data values), especially for laboratory
studies not ordered routinely such as CRP, pre-albumin,
phosphorus, and magnesium concentrations. Another im-
portant limitation is that we did not have information on
antibiotic therapy and appropriateness of coverage for or-
ganisms involved in each case and therefore were unable to
judge appropriateness of antibiotic therapy which, of course,
is a significant factor for mortality in NSTIL.

Conclusion

Despite efforts to build algorithms for rapid diagnosis of
NSTI to increase survival rates [11,34], this study suggests
that no single factor present on admission is a robust predictor
of outcome. It is likely that survival in NSTI is predicated
upon a complex interaction of multiple host and microbial
factors that do not lend themselves to reduction into a simple
formula. The best one can do in practice is to take a fairly
inclusive superset of all significant factors reported from
different populations to see which ones apply in one’s own
regional and temporal locales. In our investigations, we have
found a correlation between mortality in patients with NSTI
and two genus of bacteria, which we believe reflective of the
local microbiome and microbiosphere and their effects on the
patients we treat.

Regardless, it is clear that anything delaying early de-
bridement and rapid surgical intervention, such as patient
transfer [13,43], leads to increased mortality in NSTI
[23,27,44,45] and that well-established principles of NSTI
surgery should continue to be followed in all cases, irre-
spective of apparent severity of initial presentation.
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