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SUMMARY

Several previous studies of necrotizing fasciitis (NF) have been single-institution investigations
suffering from small samples sizes. This study of 216 NF patients hospitalized in Florida, USA,
during 2001 was designed to identify risk factors for length of stay (LOS), total patient charges
(TC), and mortality, using a statewide database. Robust gamma mixed regression was used to
determine the predictors of LOS and TC while simultaneously accounting for outliers and the
clustering of patients in 87 hospitals. Relative risks (RR) for hospital mortality were calculated
using binomial regression. The NF hospitalization rate in Florida was 1-3/100000. The median
TC was US$54 533 and cumulative charges for all 216 patients were nearly US$20 million.
Patients aged >44 years at the time of admission were five times as likely to expire in the hospital
than patients who were aged <43 years (adjusted RR 5-:08, P=0-03). Unexpectedly, diabetes was
associated with a 61 % reduction in the risk of hospital mortality (adjusted RR 0-39, P=0-04).
Age =44 years was the most powerful predictor of prolonged LOS, elevated TC, and an
increased risk of hospital mortality in patients suffering from NF.

INTRODUCTION

Necrotizing fasciitis (NF) is a rapidly progressing
soft-tissue infection that represents a true medical and
surgical emergency [1]. Case-fatality rates for NF may
exceed 30 % and have remained high despite advances
in the care of these patients [1]. Persons with NF
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are almost uniformly managed in the hospital, often
within a critical care unit, and frequently require
repeated trips to the operating suite for control of the
necrotizing process. The health-care and economic
resources required to care for patients with NF are
significant. The average cost to treat NF approaches
US$50000-100000 per case [2, 3]. A better under-
standing of the factors associated with prolonged
hospitalization, patient mortality, and the cost of care
is required to identify potential targets for improving
patient outcomes and optimizing health-care resource
utilization.

Several studies have evaluated risk factors for
prolonged length of stay (LOS) and mortality
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Table 1. Selected clinico-epidemiological studies of necrotizing soft-tissue infections (including necrotizing

fasciitis) in which multivariate analyses were used

First author Sample

[reference] Years Site of study size Main findings from multivariate analysis

Kaul [5] 1991-1995 Ontario, Canada 77 Age, hypotension, and bacteraemia increased risk of
mortality

Tiu [6] 1997-2002 South Auckland, 48 Delay in surgical intervention and diabetes mellitus

New Zealand associated with increased mortality

Wong [7] 1997-2002 Singapore 89 Delay in surgery of >24 h correlated with increased
mortality

Tillou [8] 2000-2002 Los Angeles, 46 No independent risk factors of mortality or admission

California, USA

into an intensive care unit were identified

among patients hospitalized for NF [4-8] (Table 1).
The majority of these have suffered from small
sample sizes and have tended to be single-institution
studies rather than population-based studies [6—38].
In addition, previous case series have not provided
much information about the impact of hyperbaric
oxygen (HBO) therapy, a treatment modality that
remains a controversial adjunct to standard therapy
for NF [1, 9]. Because the use of HBO is associated
with increased health-care costs [2], its impact on both
LOS and mortality is important.

We conducted a relatively large retrospective
cohort study to address the aforementioned limi-
tations of earlier studies of the clinical epidemiology
of NF. Our goals were to evaluate the impact of
demographic and clinical factors, including HBO, on
total patient charges (TC), LOS, and hospital
mortality among patients hospitalized for NF during
a l-year period. Results from this study are intend-
ed to guide future, prospective investigations and
identify factors that might aid clinicians in making
therapeutic or prognostic decisions in the care of
patients suffering from NF. To our knowledge,
the use of a statewide hospital database represents a
novel approach in the study of necrotizing soft-tissue
infections.

METHODS
Source population and inclusion criteria

A hospital discharge dataset was obtained from the
Florida Agency for Health Care Administration
(AHCA). This public-use database includes discharge
summaries from all non-federal Florida hospitals
except state tuberculosis and state mental health
hospitals. After data are entered into this system,

they are subjected to formatting and logic checks.
The primary hospital submitting patient information
must then certify the data are correct and verify the
accuracy of a summary report before it is released by
the AHCA.

This dataset contained clinical and demographic
information for 2343330 patients who were hospi-
talized for at least 1 day and discharged in calendar
year 2001. The principal discharge diagnosis and
up to nine secondary discharge diagnoses were coded
using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM).
Procedures performed during the hospital stay were
also coded using ICD-9-CM. AHCA allowed for up
to nine secondary procedure codes in addition to the
principal procedure code.

Records were included in our analysis if the
principal discharge diagnosis was NF (ICD-9-CM
code 728.86). The records of patients who were
discharged to another hospital were deleted to mini-
mize the probability of including multiple records
for a single patient in the multivariate analysis.
After deleting records that had missing values
for the dependent and/or independent variables,
there were 216 records available for the statistical
analysis.

Definition of outcomes

Three outcomes were studied. The first dependent
variable was LOS recorded in days. According
to AHCA, discharges on the admission date were
counted as 1 day. The second dependent variable
was also a continuous outcome, TC. This was defined
by AHCA as the amount charged to the patient
(before any discounts) and rounded to the nearest
US dollar. The final outcome was hospital mortality.



Definition of potential risk factors

Several demographic and clinical risk factors were
studied. Age at the time of admission was initially
a continuous variable recorded in years but was
eventually converted to a categorical variable because
the risk of hospital mortality did not increase linearly
with age in our dataset. The binomial regression
model assumes that the logarithm of the probability
of death increases or decreases smoothly in a linear
fashion with the risk factor being studied. Examin-
ation of the risk profile indicated that age should be
dichotomized at 44 years. The new binary variable
compared patients who were aged >44 years to those
aged 043 years.

We created a binary race variable: white non-
Hispanic vs. other race/ethnicity. The majority of the
cases (94 %) were whites of non-Hispanic ethnicity
or African-American. Patient insurance payer was
defined as commercial insurance compared to non-
commercial insurance. Commercial carriers were
defined as non-Medicaid health maintenance organiz-
ations and preferred provider organizations. Non-
commercial carriers included Medicare, Medicaid,
charity, self-pay, Veterans Affairs, etc. Diabetes was
defined as the presence of ICD-9-CM code 250.0—
250.9 in any of the nine secondary discharge diagnosis
positions. A patient was considered to have group A
streptococcal NF if ICD-9-CM code 041.01, group
A Streptococcus, was found in any of the secondary
discharge diagnosis fields. HBO therapy was defined
as ICD-9-CM procedure code 93.59, hyperbaric
oxygenation of wound, or ICD-9-CM code 93.95,
hyperbaric oxygenation (respiratory therapy). Finally,
we examined the impact of debridement which was
defined as ICD-9-CM code 86.22 (excisional debride-
ment of wound, infection, or burn) in any of the ten
procedure fields.

Statistical analysis: LOS and TC

Exploratory analyses revealed that the distributions
of LOS and TC for certain values of the independent
variables were skewed. The residuals were also not
normally distributed. Since LOS and TC were skewed
variables and since patients were clustered in 87 hos-
pitals, the use of conventional linear regression was
not appropriate. To account for the lack of normality
in the LOS distribution and TC distribution and the
possibility of correlated outcome data we used robust
gamma mixed regression [10]. The gamma distri-
bution accommodates outliers while the combination
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of fixed and random effects defines a mixed model
[10]. The seven risk factors listed above and a gender
variable were treated as the fixed effects in our
regression model while hospital was treated as the
random effect. LOS was not included as a predictor
while modelling correlates of TC since it is in the
causal pathway of several of our predictor variables
[11, 12]. For example, HBO or surgery may lead to a
prolonged LOS which would lead to a higher TC.

Robust gamma mixed regression was performed
using the GLimmix macro in SAS (SAS Institute Inc.,
Cary, NC, USA). A logarithmic link function was
adopted to ensure the projection of a positive mean
LOS and TC rather than nonsensical values of LOS
and TC such as a zero or negative value. A result was
considered statistically significant if the P value was
<0-05. Ninety-five percent confidence intervals (CI)
were also calculated. Zero was the null value of no
association.

Statistical analysis: hospital mortality

We performed binomial regression to identify risk
factors for hospital mortality [13]. In the setting of a
cohort study, binomial regression yields relative risk
(RR) estimates while logistic regression would yield
incidence odds ratios. Crude and adjusted RRs for
hospital mortality were calculated using PROC GENMOD
in SAS [I13]. An RR was considered statistically
significant if the 95% CI for the population RR
excluded the null value of 1.

Several of our independent variables may have been
correlated so we calculated tolerances in an attempt to
diagnose collinearity [14]. We did not detect any
multicollinearity. As stated above, the assumption of
independent observations was probably violated since
patients were nested by hospital. Failure to adjust
for this correlation may affect point estimates and
P values. We used generalized estimating equations
to account for potential correlations between patients
treated at the same hospital [15]. An exchangeable
correlation structure was specified [16].

RESULTS

Our initial survey of the AHCA database identified
238 cases coded as NF at the time of discharge or
death who had complete data on the variables of
interest. Twenty-two of these cases were excluded
from further analysis because the patients were dis-
charged to another hospital and were at risk of being
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Table 2. Demographic and clinical characteristics of
patients hospitalized for necrotizing fasciitis (n=216)

Number
(%)
Demographic variables
Age >44 years 157 (72:7)
Male 109 (50-5)
White non-Hispanic 150 (69-4)
Commercial insurance payer 64 (29-6)
Clinical variables
Group A streptococcal 14 (6-5)
necrotizing fasciitis
Hyperbaric oxygenation 19 (8-8)
treatment
Underwent excisional 158 (73-2)
debridement of wound
Diabetic 96 (44-4)

counted twice. Two hundred sixteen cases were
included in subsequent analyses, yielding an annual
period prevalence of NF of ~9:2 cases/100000
hospitalized patients. Of the 216 patients, 209 were
Florida residents at the time of admission. Dividing
the latter figure by the population of Florida in 2001
(16410669) produced an unadjusted hospitalization
rate of 1-3 cases/100 000 population [17].

Selected characteristics of these 216 patients are
shown in Table 2. A large proportion of the cases
were aged >44 years at the time of admission
(72:7%). Group A Streptococcus was noted to be
involved in only 14 cases (65 %).

The distributions of LOS and TC were skewed to
the right (data not shown). The median LOS was
13 days (minimum=1 day, maximum=172 days)
while the median TC was $54 533 (minimum = $5760,
maximum = $550 687). Cumulative TC for the entire
cohort were $18 133445.

Crude and adjusted coefficients from the robust
gamma mixed regression when LOS was the outcome
are shown in Table 3. These parameter estimates
cannot be interpreted as estimates from an ordinary
linear regression model. For example, the parameter
estimate for age >44 years (unadjusted) is 0-347. In
an ordinary linear regression, one could conclude that
older age was associated with an increase in the LOS
of 0-347 days. This interpretation is not possible in
our analysis since a logarithmic link was used (see
Statistical analysis section above). As presented, the
effects of the independent variables can only be
interpreted on the log-scale; however the estimates in
Table 3 do quantify the magnitude and direction of

the association. In both the crude and adjusted
analyses age >44 years was significantly associated
with a prolonged LOS. After adjusting for age, sex,
and the remaining five variables, white non-Hispanics
had a shorter LOS than patients of other races/
ethnicities (P =0-04). Surgical debridement, a marker
of disease severity, was not associated with LOS
(adjusted parameter estimate=0-231, P=0-11).

Table 4 presents coefficients from the robust
gamma mixed regression models where TC was the
outcome. Older age (=44 years) was not associated
with TC in the unadjusted analysis (P=0-06), but
after adjusting for the remaining seven variables
shown in Table 4, patients who were aged >44 years
were more likely to have elevated TC compared to
patients who were aged 0-43 years (P=0-05). The
impact of surgical debridement on TC did not change
appreciably after adjusting for the covariates.

The crude mortality rate was 11-1% (24/216).
Examining hospital mortality by quartiles of age
revealed that the risk of death increased sharply be-
tween the first two age groups but remained approxi-
mately constant thereafter (Fig.). Crude and adjusted
RRs for hospital mortality are shown in Table 5.
Patients in the older age group were five times as likely
to die in the hospital as younger patients (adjusted
RR 5:08, P=0-03). Diabetics were 61 % less likely
than non-diabetics to die in the hospital (adjusted RR
0-39, P=0-04). This protective RR is adjusted for any
confounding effects of surgical debridement, age, and
the other variables shown in Table 5.

The AHCA database did not have information on
the time between hospital admission and the per-
formance of any of the nine secondary procedures.
However, this dataset did contain information on the
number of days that had elapsed between admission
and the performance of the principal procedure (the
procedure that was coded in the first of the ten pro-
cedure fields). Of the 158 patients who underwent
surgical debridement in our study, 135 had this
procedure (ICD-9-CM code 86.22) listed in their
principal procedure field. Among these 135 patients,
51 patients received debridement on the day of
admission. The crude hospital mortality rate among
those who did not receive debridement on the day of
admission was 11-9 % while the mortality rate among
those who were operated on on the day of admission
was 5:9% (Two-tailed Fisher’s exact test P=0-37).
Due to the small number of patients (n=3) who both
underwent debridement on the day of admission and
died we could not perform a multivariate analysis of
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Table 3. Crude and adjusted™ parameter estimates of potential risk factors for length of stay from fitting robust

gamma mixed regression models

Crude Adjusted
Parameter P Parameter P
estimate 95% CI value estimate 95% CI value
Demographic variables
Age >44 years (vs. 0—43 years) 0-347 0-053to 0641  0-02 0-372 0-079 to 0-664 0-01
Male —0-044 —0-314to 0-225 075 —0-056 —0-307 to 0-196 0-67
White non-Hispanic (vs. Other) —0-238 —0-536 to 0-060  0-12 —0-299 —0-579 to —0-:019  0-04
Commercial insurance payer —0-006 —0-303to 0-292 097 0-123 —0-158 to 0-403 0-39
(vs. Other)
Clinical variables
Group A streptococcal NF —0-522 —1:062 to 0-017  0-06 —0-425 —0-945 to 0-095 0-11
Hyperbaric oxygenation treatment 0-085 —0-396 to 0-567  0-73 0-112 —0-332t0 0-556 0-62
Underwent excisional 0-278 —0:015to 0-571  0-07 0-231 —0:053 to 0-516 0-11
debridement of wound
Diabetic —0-068 —0-337t0 0-202  0-62 —0-163 —0-426 to 0-100 0-23

NF, Necrotizing fasciitis; CI, confidence interval.

* Each parameter estimate is adjusted for the remaining variables in the table.

Table 4. Crude and adjusted* parameter estimates of potential risk factors for total patient charges from fitting

robust gamma mixed regression models

Crude Adjusted
Parameter P Parameter P
estimate 95% CI value  estimate 95% CI value
Demographic variables
Age >44 years (vs. 043 years) 0-291 —0-012t0 0-:594  0-06 0-312 0-002 to 0-622  0-05
Male —0-057 —0-336t0 0222 0-69 —0-027 —0-297to 0242  0-84
White non-Hispanic (vs. Other) —0-085 —0-395t0 0-225  0-59 —0-093 —0-400 to 0-215  0-55
Commercial insurance payer —0-052 —0-360 to 0-256  0-74 0-055 —0244t0 0-:354 072
(vs. Other)
Clinical variables
Group A streptococcal NF —0-219 —0-786 t0 0-348 045 —0-141 —0:694 to 0412 0-62
Hyperbaric oxygenation treatment 0-126 —0-374 t0 0-626  0-62 0-131 —0-355to 0-616  0-60
Underwent excisional 0-249 —0-057 to 0-554  0-11 0-226 —0-077t0 0-:529 015
debridement of wound
Diabetic —0-181 —0-457 to 0-096  0-20 —0-224 —0-505to 0-058  0-12
NF, Necrotizing fasciitis; CI, confidence interval.
* Each parameter estimate is adjusted for the remaining variables in the table.
the association between the timing of debridement  DISCUSSION

and hospital mortality.

We considered the possibility that patients who
were admitted for NF who did not undergo debride-
ment may have died rapidly, thereby precluding sur-
gical exploration and the removal of devitalized
tissue. However, among the 58 patients who did not
receive debridement, the median LOS was 10 days,
suggesting that this was not the case.

NF is a serious infection that has rarely been studied
using population-based data. The current analysis of
a statewide database attempted to identify factors
associated with LOS, TC, and mortality among
patients hospitalized for NF in Florida.

The crude hospital mortality rate in our case series
was 11-1%, which is lower than that reported in
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Fig. Mortality rate of hospitalized patients suffering
from necrotizing fasciitis. The percent of patients who died
while hospitalized with necrotizing fasciitis during the 2001
calendar year are shown as a function of age.

other contemporary studies of NF [7, 18]. Whereas
this discrepancy might result from the inclusion
of patients with less severe fasciitis or diagnostic
misclassification, our data accord with a report by
Schnall et al. who noted an 11% mortality rate
among 99 cases of NF treated at their institution in
Los Angeles, California, between 1993 and 1995 [19]
and with Kao et al. who reported an overall mortality
rate of 12% in a study of 59 patients treated between
1995 and 2002 [20]. The overall mortality in our
cohort may also have been lower than other published
reports because of the fewer number of group A
Streptococcus-associated cases. The mortality of NF
is generally higher when group A Streptococcus is
involved [1]. It is possible that we may have under-
estimated the number of cases involving group A
Streptococcus due to diagnostic code misclassifica-
tion. When we broadened the ICD-9-CM code for
group A Streptococcus (041.01) to include any strep-
tococcal species (codes 041.00—041.09), we identified
an additional 20 cases. However, the presence of any
streptococcal species was not associated with death in
a limited multivariate analysis (data not shown).

We detected an increasing risk of hospital mortality
with advancing age, a finding that has been reported
before [S]. Schnall er al. divided their case series
into two age groups using 40 years of age as the
dividing point. They found that the older group was
9-7 times as likely to die than the younger group
(27 % compared to 2-8 %) [19].

We found that after adjusting for seven demo-
graphic and clinical variables, diabetes mellitus
remained strongly associated with survival (adjusted
RR of mortality=0-39, P=0-04). This counter-
intuitive result merits further study, although

potential explanations can be postulated. Because
diabetes mellitus is a well-known risk factor for
necrotizing soft-tissue infections [1], it is quite possible
that diabetic patients were suspected of having NF
at an earlier stage of illness than non-diabetic
individuals. If such a lead time bias existed it would be
expected to result in more rapid diagnosis and treat-
ment of NF in diabetic patients, possibly reducing
their morbidity and mortality compared to the rest
of the cohort. In addition, it has been reported
that chronic conditions such as diabetes may not be
recorded in administrative health-care databases for
patients who die in the hospital since the secondary
diagnosis fields are taken up by acute conditions such
as respiratory and/or cardiac arrest [21]. This bias
against coding chronic conditions on the computer-
ized discharge abstract of patients who die would
make diabetes appear to be associated with a lower
risk of in-hospital death [21]. Although we cannot rule
out a similar effect in our study, it is relevant that
none of the 24 patients who died and none of the 192
patients who were discharged had the ICD-9-CM
code for respiratory arrest (799.1) in any of their nine
secondary diagnosis coding spaces. Only two of the 24
patients (8:3 %) who died in-hospital had a code for
cardiac arrest (427.5) in their record. Furthermore,
several studies of NF have failed to find a higher
mortality rate for diabetics than for non-diabetics (see
[20] and the references cited within). In our previous
study of 195 patients hospitalized for invasive group
A streptococcal disease, of whom 17% had NF, we
discovered that diabetic status was not associated
with hospital mortality (adjusted odds ratio=0-62,
95% CI 0-17-2-18) [22].

Our analysis revealed that HBO was not associated
with increased TC, a result that was surprising given
its expense [2]. Nor did we observe an improvement
in survival with HBO before or after adjustment
for covariates. These results are difficult to interpret
in large part due to the small number of patients
who received HBO treatment (n=19) and the small
number of deaths overall.

It is notable that the patient charges in our study
(median $54 533) were quite similar to other recent
estimates of the expenses involved in caring for
patients with NF [2, 3]. That the annual TC for all 216
NF patients were over $18 million underscores the
importance of identifying determinants of cost that
might represent targets for optimizing health-care
resource utilization. It should be emphasized, how-
ever, that these estimates do not take into account
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Table 5. Crude and adjusted* relative risks for hospital mortality from binomial regression models using

generalized estimating equations

Crude Adjusted
Relative P Relative P
risk 95% CI value risk 95% CI value
Demographic variables
Age >44 years (vs. 0—43 years) 4-41 1-:07-18-24 0-04 5-08 1-16-22-15 0-03
Male 0-89 0-41-1-95 0-77 091 0-43-1-89 0-80
White non-Hispanic (vs. Other) 1-16 0-56-2-41 0-69 0-84 0-41-1-74 0-64
Commercial insurance payer (vs. Other) 0-65 0-26—-1-63 0-36 0-89 0-39-2-01 0-78
Clinical variables
Group A streptococcal NF 0-65 0-104-12 0-65 0-85 0-13-5-57 0-87
Hyperbaric oxygenation treatment 0-45 0-06-3-15 0-42 0-48 0-09-2-56 0-39
Underwent excisional debridement of wound 0-71 0-34-1-49 0-37 0-74 0-36-1-50 0-40
Diabetic 0-46 0-20-1-05 0-07 0-39 0-16-0-94 0-04

NF, Necrotizing fasciitis; CI, confidence interval.

* Each relative risk is adjusted for the remaining variables in the table.

either the costs of post-discharge physical rehabili-
tation for NF patients or the indirect expense to
the community in lost productivity and workforce
reduction.

Our economic analyses are limited by the use of
hospital charges as opposed to actual costs. Although
hospital charges are not reliable measures of cost,
such figures serve as a surrogate cost indicator,
allowing a crude assessment of the relative economic
burden of a particular diagnosis. For example, the
magnitude of the TC for NF can be contrasted with
TC of $7925 associated with a principal discharge
diagnosis of cellulitis (ICD-9-CM code 682.9, n=31
patients) calculated from the same database (data
not shown). This difference in charges probably
relates to the greater number of hospital bed days,
diagnostic tests and surgical interventions needed
to care for patients with fasciitis, as opposed to
cellulitis.

We proposed that the financial burden of NF might
be significantly reduced by diagnosing the disease in
its earliest stages. Clues to the presence of early NF
can be gleaned from epidemiological risk factors
(such as associated comorbidities), physical signs and
symptoms, and/or specific laboratory abnormalities
(reviewed in [l]). Early, aggressive medical and
surgical management of NF is predicted to reduce the
number of bed days and surgical procedures required
to control the spread of infection [4], which would
translate into reduced cost. An investment on the part
of health-care facilities and providers to develop and
institute guidelines or clinical care pathways for the

evaluation and management of patients presenting
with acute skin and soft-tissue complaints might help
achieve this goal.

The present study has several strengths. First, by
examining a large number of cases throughout the
state of Florida, our approach limits the possibility of
institutional bias. Second, the use of a state discharge
database appears to be a novel approach to studying
the outcomes of NF. A search of the PubMed/
Medline database (Bethesda, MD, USA) did not
reveal any similar studies that used a state adminis-
trative health-care database. Furthermore, we per-
formed a comprehensive analysis of LOS using a
multivariate technique. Four previous studies of
NF simply reported the median or mean LOS with
little or no elucidation of risk factors for prolonged
LOS [4, 6, 8, 23]. We accounted for any possible
correlation in the development of the outcomes of
interest among patients within a particular hospital
by either fitting a random- effects parameter for
the hospital identification code or using generalized
estimating equations. Failure to account for this
violation of independence would lead to erroneous
associations. The use of robust gamma mixed
regression also allowed us to avoid transforming the
outcomes of LOS and total charges or arbitrarily
deleting the outliers. This technique appears to be a
suitable alternative to analysing data that are both
skewed and clustered [10].

Our analysis had several limitations. Diagnostic
misclassification could have biased our results
by either failing to identify true NF cases (false
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negatives) or including patients incorrectly classified
as having NF (false positives). Similar problems could
have biased the other variables included in our
analyses (e.g. diabetes mellitus or group A strepto-
coccal infection). The sensitivity and specificity of
the coding of principal and secondary discharge
diagnoses in the AHCA database is unknown;
however, as discussed in the Methods section, each
reporting hospital must certify that their data
are correct. The retrospective nature of our study
prohibited any confirmation of the diagnosis of
NF by conventional means (surgical inspection/
histopathology). We were also unable to differentiate
between community-acquired and nosocomial cases
of NF, which may possess unique determinants of
LOS and/or mortality.

Furthermore, the AHCA database did not have
comprehensive data on the timing of surgery. The
timing of surgery is an important determinant of
survival. Wong et al. reported on the clinical epi-
demiology of 89 patients admitted for NF [7]. They
found that a delay in surgery of greater than 24 h
was correlated with increased mortality (RR =94,
P<005). Information regarding the extent of
debridement, which might also impact on TC and
LOS, was also lacking in our study.

Another limitation of this investigation was the lack
of information on the use of particular antibiotics
during the hospital stay. For example, clindamycin
has been shown to improve outcomes in the setting
of deep infections, such as NF and myositis, caused
by group A Streptococcus in both animal and epi-
demiological studies [22, 24, 25]. As our series
included few documented group A streptococcal
infections, this may not have been relevant. However,
surgery remains the foundation of NF treatment [1]
and our database did contain information on surgical
debridement.

In summary, this large, retrospective investigation
of hospitalized NF patients documents that age >44
years was the strongest correlate of prolonged LOS
and elevated TC. Age >44 years was also clearly
the most powerful predictor of an increased risk of
hospital mortality. As our population ages and the
number of elderly increases, the problem of necrotiz-
ing soft-tissue infections may be expected to rise
proportionally. Our results highlight the substantial
economic toll imposed by caring for patients with
NF and re-emphasize the need for continued
studies aimed at the prevention and treatment of this
devastating clinical syndrome.

ACKNOWLEDGEMENTS

D. M. Aronoff was funded by National Institutes of
Health grant HLO78727.

DECLARATION OF INTEREST

None.

REFERENCES

1. Young MH, et al. Therapies for necrotising fasciitis.
Expert Opinion on Biological Therapy 2006; 6: 155-165.

2. Widjaja AB, et al. The hospital costs of treating
necrotizing fasciitis. Australian & New Zealand Journal
of Surgery 2005; 75: 1059-10064.

3. Faucher LD, et al. Burn center management of necro-
tizing soft-tissue surgical infections in unburned
patients. American Journal of Surgery 2001; 182:
563-569.

4. Sudarsky LA, et al. Improved results from a standard-
ized approach in treating patients with necrotizing
fasciitis. Annals of Surgery 1987; 206: 661-665.

5. Kaul R, et al. Population-based surveillance for group A
streptococcal necrotizing fasciitis: clinical features,
prognostic indicators, and microbiologic analysis of
seventy-seven cases. American Journal of Medicine
1997; 103: 18-24.

6. Tiu A, et al. Necrotizing fasciitis: analysis of 48 cases
in South Auckland, New Zealand. Australian & New
Zealand Journal of Surgery 2005; 75: 32-34.

7. Wong CH, et al. Necrotizing fasciitis: clinical presen-
tation, microbiology, and determinants of mortality.
Journal of Bone and Joint Surgery — American Volume
2003; 85A: 1454-1460.

8. Tillou A, et al. Necrotizing soft tissue infections:
improved outcome with modern care. American
Surgeon 2004 ; 70: 841-844.

9. Jallali N, Withey S, Butler PE. Hyperbaric oxygen
as adjuvant therapy in the management of necrotizing
fasciitis. American Journal of Surgery 2005; 189:
462-466.

10. Lee AH, et al. A robustified modeling approach to
analyze pediatric length of stay. Annals of Epidemiology
2005; 15: 673-677.

11. Szklo M, Nieto FJ. Epidemiology: beyond the
basics. Gaithersburg, MD: Aspen Publishers, 2000,
pp. 180.

12. Rothman KJ, Greenland S. Modern Epidemiology, 2nd
edn. Philadelphia, Pennsylvania: Lippincott Williams &
Wilkins, 1998, pp. 125.

13. Robbins AS, Chao SY, Fonseca VP. What’s the relative
risk? A method to directly estimate risk ratios in cohort
studies of common outcomes. Annals of Epidemiology
2002; 12: 452-454.

14. Allison PD. Logistic Regression using the SAS System:
theory and application. Cary, NC: SAS Institute, Inc.,
1991, pp. 48-51.



15.

16.

17.

18.

19.

20.

Cole SR. Analysis of complex survey data using SAS.
Computer Methods & Programs in Biomedicine 2001
64: 65-69.

Hosmer DW, Lemeshow S. Applied Logistic Regression,
2nd edn. New York: John Wiley and Sons, 2000,
pp. 313.

Florida Vital Statistics Annual Report, Population. 2001.
(http://www.flpublichealth.com/VSBOOK/pdf/2001/
Population.pdf). Accessed 8 March 2006.

Childers BJ, et al. Necrotizing fasciitis: a fourteen-year
retrospective study of 163 consecutive patients. Ameri-
can Surgeon 2002; 68: 109-116.

Schnall SB. Necrotizing fasciitis: clinical presentation,
microbiology, and determinants of mortality [Letter].
Journal of Bone and Joint Surgery — American Volume
2004; 86A: 869.

Kao LS, et al. The impact of diabetes in patients with
necrotizing soft tissue infections. Surgical Infections
2005; 6: 427-438.

21.

22.

23.

24.

25.

Outcomes of necrotizing fasciitis 9

Iezzoni LI, et al. Comorbidities, complications, and
coding bias. Does the number of diagnosis codes matter
in predicting in-hospital mortality? Journal of the
American Medical Association 1992; 267: 2197-2203.
Mulla ZD, Leaverton PE, Wiersma ST. Invasive group
A streptococcal infections in Florida. Southern Medical
Journal 2003 ; 96: 968-973.

Endorf FW, Supple KG, Gamelli RL. The evolving
characteristics and care of necrotizing soft-tissue
infections. Burns 2005; 31: 269-273.

Stevens DL, et al. The Eagle effect revisited: efficacy
of clindamycin, erythromycin, and penicillin in the
treatment of streptococcal myositis. Journal of Infec-
tious Diseases 1988 ; 158: 23-28.

Zimbelman J, Palmer A, Todd J. Improved outcome
of clindamycin compared with beta-lactam antibiotic
treatment for invasive Streptococcus pyogenes infection.
Pediatric Infectious Disease Journal 1999; 18: 1096—
1100.



