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Abstract

Background: Necrotizing soft tissue infections (NSTIs) are associated with a high mortality rate; however, there
is no uniform way to categorize the severity of this disease early in its course. The goal of this study was to
develop a clinical score based on data available at the time of initial assessment to aid in stratifying patients
according to their risk of death.

Methods: A cohort of all 350 patients admitted with NSTI to two institutions over a nine-year period was
examined retrospectively. Using random split sampling, two datasets were created: Prediction (PD) and vali-
dation (VD). Multivariable stepwise regression analysis of the PD identified independent predictors of death
using data available at the time of admission. Model performance was evaluated for accuracy, discrimination,
and calibration. A clinical score to predict death was created, and using the Trauma and Injury Severity Score
(TRISS) methodology, the score was validated on the VD (z-statistic).

Results: Six admission parameters independently predicted death: Age >50 years, heart rate >110 beats/min,
temperature <36°C, white blood cell count >40,000/mcL, serum creatinine concentration >1.5mg/dL, and he-
matocrit >50%. The accuracy of this model was 86.8%; the area under the receiver-operating characteristic curve
was 0.81, and the Hosmer-Lemeshow statistic was 11.8. Additionally, the score had excellent performance in
evaluation on the VD (z-score/statistic 0.23 to — 0.83).

Conclusion: A clinical score that categorizes patients with NSTI according to the risk of death was created. It uses
simple variables, all available at the time of first assessment. It stratifies patients according to disease severity and
can guide the use of aggressive or novel therapeutic strategies and selection of patients for clinical trials.

ECROTIZING SOFT TISSUE INFECTIONS (NSTIs) were first

described in 1871 by Joseph Jones, a Confederate Army
surgeon, who reported 2,642 cases of “hospital gangrene”
with a mortality rate of 46% [1]. Since then, multiple reports
and classification systems have been published in an at-
tempt to define this disease better and achieve lower mor-
tality rates with better outcomes [2-13]. The principles of
management, including early diagnosis with prompt and
repeated surgical debridement, aggressive resuscitation
and physiologic support, broad-spectrum antimicrobial
drugs, and nutritional support, have been well described

[14-19]. Despite this well-accepted management approach,
the mortality rate remains between 16-34% in most major
published series [2-13].

Over the last decade, there has been an interest in under-
standing NSTI better. Some investigators have focused on
methods that aid in early diagnosis so that surgical debride-
ment can be accomplished promptly [20,21], whereas other
researchers have focused on identifying patients at higher risk
of death [4,6,7,10-13]. Although several predictors of death
have been identified, differences in patients across series limit
their broad applicability.
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The primary objective of this analysis was to create a simple
clinical score to aid in the prediction of death in patients with
NSTI at the time of first assessment. In contrast to prior works,
we expanded the scope of our cohort beyond that of a single
center to incorporate a wider range of etiologies and clinical
practice strategies, thus allowing the development of a pre-
diction rule that will have broader utility.

Patients and Methods
Subjects

Patients with NSTIs who were admitted to Harborview
Medical Center (HMC) in Seattle, WA, or to Lyndon Baines
Johnson General Hospital (LBJGH) in Houston, TX, over a
nine-year period (1995-2003) were included in the study. Both
HMC and LBJGH are county hospitals and tertiary referral
centers serving patients from a wide area, including Wa-
shington, Wyoming, Alaska, Montana, and Idaho (HMC); and
Texas. In both centers, patients with NSTI were treated using
a standardized approach that included early and scheduled
repeated debridements in concert with aggressive physiologic
and nutritional support in the intensive care unit. Empiric
broad-spectrum antibiotics were initiated on all patients, with
de-escalation once the predominant organism(s) was identi-
fied. Hyperbaric oxygen therapy was not used routinely.

Subjects were identified by first screening administrative
discharge data in each institution. Discharges (or deaths) with
any one of several ICD-9 discharge codes (040.0, 728.86, 785.4,
608.83, 682.9, 686.0) underwent formal medical record review
to establish eligibility. Patients were deemed to have an NSTI
if there was necrotic tissue at the time of surgery (as docu-
mented by the operating surgeon) or necrotic tissue (fascia or
muscle) in pathology specimens. If the patient was eligible,
the medical record was abstracted using a standardized case
report form. This study was approved by the Institutional
Review Board at each hospital.

Patient and disease-specific parameters

A detailed chart review was carried out by trained abstrac-
tors to capture information on baseline patient characteristics,
including co-morbidities, the degree of physiologic derange-
ment, and the primary site and cause of the infection. The
physiologic parameters retrieved were systolic blood pressure
(SBP), heart rate (HR), and temperature (°C) at the time of
initial presentation to the emergency department. Laboratory
values included admission white blood cell (WBC) count; he-
matocrit (or hemoglobin); serum bicarbonate, sodium, glucose,
and creatinine concentrations; and the anion gap. The site of
infection was classified as head and neck, chest, abdomen,
perineum, buttocks, or extremities, whereas the cause of in-
fection was classified as chronic wound/ulcer, injection during
intravenous drug use, boil/furuncle, bite, idiopathic, trauma,
postoperative incisional infections, perirectal abscess, or other.

The primary endpoint of interest was mortality status at the
time of hospital discharge. Subjects were not followed beyond
discharge.

Data analysis

Data from the two participating centers were pooled into a
single dataset, and one-half of the 350 subjects were selected
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randomly to form the prediction dataset (PD), whereas the
remaining half comprised the validation dataset (VD). We
specifically elected not to perform model development on all
data from one institution and validation on data from the
other. When comparing the baseline characteristics of the
patients at the different institutions, the main difference was a
higher proportion of patients with polymicrobial and clos-
tridial infections at HMC, as well as a higher proportion of
staphylococcal infections at LBJGH. Baseline and physiolog-
ical variables were evenly distributed among the two groups,
and on initial analysis (results not shown), there was no
hospital effect on the mortality rate. These institutions were
selected because each has a significant volume of disease, yet
the distribution of etiologies and microbiology differ consid-
erably. Thus, the combined cohort provides a more repre-
sentative sample of NSTI, enhancing the ability to use the
clinical prediction rule in other centers.

Prediction model development. Using the PD, we first
evaluated the relation between several admission variables and
death using the 5 test for categorical variables and the t-test for
continuous variables. All variables with o < 0.2 on univariable
analyses and those found important in prior analyses were
submitted to multivariable analyses. A backward, stepwise
logistic regression model identified the variables most strongly
associated with death. Model parameters for entry and exit into
the model were o=0.1 and o =0.2, respectively. To identify
discrete thresholds for many of the continuous parameters
(age, SBP, HR, temperature, WBC count, hematocrit, bicar-
bonate, sodium, glucose, creatinine, and anion gap), we al-
lowed a series of thresholds to compete in the model. For
example, binary variables representing each age (>30, >40,
>50, >60 years) were assessed for the strength of their associ-
ation, and only the variable meeting the parameter selection
criteria specified above was retained. The performance of the
model was then evaluated by calculating its discrimination and
calibration. Discrimination is the ability to distinguish between
those who survive and those who die and was estimated using
the concordance index, also known as the c-statistic or the area
under the receiver-operating characteristic (ROC) curve. Cali-
bration was measured by the Hosmer-Lemeshow statistic
(goodness-of-fit test) and represents the model’s ability to
classify outcomes across all risk strata accurately.

Development and validation of the score. An ordinal
scale was created by converting the exponential regression
coefficients of the model parameters into integers and then
taking their sum. For simplicity and easy bedside use, the
score was categorized into three strata, each associated with a
progressive increase in the mortality rate.

Despite the good performance of the model from the da-
taset in which the score was derived, we wanted to evaluate
the performance (validity) of the actual score. To validate the
score, we tested it on the VD using a previously described
approach comparing observed and expected outcomes using
the z-statistic (22), defined as follows:

actual deaths — predicted deaths
\/(predicted death x predicted survivors)

Z-statistic =

In essence, the z-statistic allows one to assign a probability
that the difference in observed and expected results is attrib-
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TABLE 1. RELATION BETWEEN BASELINE PATIENT CHARACTERISTICS AND DEATH IN THE PREDICTION DATASET (n=175)

All patients Survivors Non-survivors P value, survivors
(n=175) (n=146) n=29) vS. NON-SUTVIvOTS
Mean age (standard deviation) 46.4 (15) 44.6 (14) 55.1 (17) 0.0007
Male sex (%) 105 (60) 85 (58) 20 (69) 0.28
Comorbidity(s) (%)*
None 106 (60.6) 91 (62.3) 15 (51.7) 0.28
Diabetes mellitus 48 (27.4) 41 (28.1) 7 (24.1) 0.66
Immunosuppression 5 (29 4 (27 1 (35) 0.83
Chronic obstructive pulmonary disease 8 (46) 5 (34) 3 (10.3) 0.10
Heart disease 18 (10.3) 13 (89 5 (17.2) 0.18
Cerebrovascular disease 6 (34 5 (34) 1 (35) 0.99
Malignancy disease 6 (34 4 (27 2 (69 0.26
Renal insufficiency 5 (29 4 (2.7 1 (35 0.83
Site of infection (%) 0.19°
Head and neck 11 ( 6.3) 10 (6.9 1 (35 -
Chest 6 (34) 6 (4.1 0 -
Abdomen 24 (13.7) 19 (13) 5 (17.2) -
Perineum 20 (11.4) 19 (13) 1 (35) -
Buttocks 18 (10.3) 12 (82 6 (20.7) -
Extremity 96 (54.9) 80 (54.8) 16 (55.1) -
Cause of infection (%) 0.37°
Chronic wound /ulcer 20 (11.4) 17 (11.6) 3 (10.3) -
Injection 41 (23.4) 33 (22.6) 8 (27.8) -
Boil /furuncle 10 (5.7) 7 (4.8 3 (10.3) -
Bite 7 (4 7 (438 0 -
Idiopathic 38 (21.7) 31 (21.2) 7 (24.1) -
Trauma 28 (16) 23 (15.8) 5 (17.2) -
Postoperative incisional infection 19 (10.9) 19 (13) 0 -
Perirectal abscess 2 (11 2 (14 0 -
Other 10 (5.7) 7 (438) 3 (10.3) -

?Some patients had more than one comorbidity.

PEvaluation of the distribution of either site or cause of infection and death.

utable to chance alone. If the z-statistic is in the range of —1.96
to 1.96, this probability is greater than p > 0.05, permitting the
inference that the observed and expected results are no dif-
ferent [22]. All statistical analyses were performed using Stata
version 8 (Stata, College Station, TX).

Results

The prediction dataset (PD) consisted of 175 patients with a
hospital mortality rate of 16.6% (29 patients). Of these, 141

patients (80.1%) were treated at HMC. Tables 1 and 2 describe
the baseline clinical and physiologic characteristics of the co-
hort and the relation of these characteristics to death. Table 3
lists the microbiological findings in patients for whom there
was information regarding cultures.

Prediction model development

On the basis of the results of the univariable analyses
and the approach described in Patients and Methods, we

TABLE 2. RELATION BETWEEN BASELINE PHYSIOLOGIC PARAMETERS AND DEATH IN THE PREDICTION DATASET (n=175)

All patients Survivors Non-survivors p value, survivors
Variable® (n=175) (n=146) (n=29) vS. NON-SUTVIvOTS
Physiologic variables
Systolic blood pressure (mm Hg) 120.5 ( 23) 120.1 ( 20) 122.8 ( 34) 0.59
Heart rate (bpm) 106 ( 22) 106 ( 21) 105 ( 23) 0.77
Temperature (°C) 372 ( 1) 373 ( 1) 366 ( 1) 0.01
Laboratory variables
White blood cell count/mcL 18.8 ( 10) 18.3 ( 10) 21.4 ( 13) 0.16
Hematocrit (%) 358 ( 8) 352 ( 7) 38.7 ( 10) 0.03
HCO; (mEq/L) 233 ( 4) 237 ( 4) 21.7 ( 5) 0.04
Serum sodium (mEq/L) 133 ( 6) 133 ( 5) 132 (9 0.23
Serum creatinine (mg/dL) 15( 1) 15( 1) 19( 1) 0.07
Serum glucose (mg/dL) 187 (139) 182 (129) 216 (183) 0.24
Anion gap (mEq/L) 102 ( 6) 9.7 ( 6) 124 ( 6) 0.06

“Results are given as mean (standard deviation).
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TABLE 3. MICROBIOLOGY RESULTS OF 313 PATIENTS
WITH NECROTIZING SOFT TISSUE INFECTION
AND PosiTtive CULTURES

ANAYA ET AL.

TABLE 5. NUMBER AND PERCENTAGE
OF PATIENTS PRESENTING WITH IDENTIFIED
PREDICTORS OF DEATH, BY DATASET

Monomicrobial ~ Polymicrobial
Microorganism n=145; 46%) M =168; 54%)
f-hemolytic Streptococcus 61 46
Staphylococcus aureus 46 94
Clostridium spp. 22 29
Gram-negative bacilli 4 90
Anaerobes (non-Clostridium) 2 46
Fungi 2 9
Other 8 104

evaluated the association of age, chronic obstructive pulmo-
nary disease (COPD), heart disease, site of infection, HR,
temperature, WBC count, hematocrit, serum bicarbonate and
creatinine concentrations, and anion gap with death in a
backward stepwise logistic regression model. Six parameters
were associated independently with death: age >50 years,
HR > 110 bpm, temperature <36°C, WBC >40,000/mcL, serum
creatinine concentration >1.5mg/dL, and hematocrit >50%.
The strength of the association between each parameter and
death is represented as an odds ratio (OR) with 95% confi-
dence intervals (CI) in Table 4. The Hosmer-Lemeshow sta-
tistic was 11.8, and the area under the ROC curve was 0.81,
suggesting good calibration and discrimination, respectively.
Table 5 illustrates the number of patients in each dataset
presenting with these independent predictors of death.

Development of the clinical prediction rule

The score was then derived by converting into integers the
coefficients of each variable from the regression model. Three
minor and three major predictors were identified (Table 6).
The presence of any of the minor predictors (HR >110bpm,
temperature <36°C, and creatinine concentration >1.5mg/
dL) added one point to the total score, whereas the presence of
any major predictor (age>50 years, WBC count >40,000/
mcL, and hematocrit >50%) added three points to the total
score, yielding a possible range of 0 to 12. To simplify the score
for clinical use, three strata were created, each associated with
a given risk of death.

Model validation

As expected after random split sampling, the mortality rate
in the validation dataset was similar to that in the prediction

TABLE 4. INDEPENDENT PREDICTORS
OF DEATH DERIVED FROM LOGISTIC REGRESSION
UsING THE PREDICTION DATASET (n=175)

Odds ratio
(95% confidence

Independent predictor interval)

Age >50 years 6.5 (2.3, 18.4)

Heart rate >110bpm 2.2 (09, 5.9)
Temperature <36°C 29 (0.9, 8.3)
White blood cell count >40,000/mcL 5.0 (0.9, 27.9)
Serum creatinine >1.5mg/dL 2.6 (09, 7.7)

Hematocrit >50% 5.0 (0.9, 27.5)

Prediction Validation
dataset dataset
Predictor m=175) (%) (m=175) (%)
Age >50 years 55 (31.4) 62 (35.4)
Heart rate >110bpm 78 (44.5) 74 (42.2)
Temperature <36°C 30 (17.1) 31 (17.7)
White blood cell count 14 ( 8.0) 11 ( 6.2)
>40,000/mcL

Serum creatinine >1.5mg/dL 110 (62.8) 108 (61.7)
Hematocrit >50% 9(51) 9(51)

dataset (PD 16.6%, VD 18.8%; p = 0.58). To validate our score,
we compared the numbers of predicted and observed deaths
using the validation dataset. As demonstrated in Table 7, the
number of deaths observed in each risk stratum was not dif-
ferent statistically from that predicted.

Discussion

This is the first clinical score designed to predict death in
patients with NTSL. It is derived from a large cohort of pa-
tients from two tertiary referral institutions. It uses simple
variables, all available at the time of admission, and is able to
stratify patients accurately according to disease severity. The
score incorporates six parameters: HR >110 bpm, temper-
ature <36°C, serum creatinine concentration>1.5mg/dL,
age >50 years, WBC count >40,000/mcL, and hematocrit >
50%. Three risk strata were identified on the basis of mortality
risk and validated using a split sample technique.

Many reports have described predictors of poor outcome in
patients with NSTI. These include parameters related to
baseline characteristics, extent of physiologic derangement,
culture results, site of involvement, and treatment strategies
(time to and number of procedures, body surface area of de-
bridement, and use of hyperbaric oxygen) [2-19,23]. However,
many of these factors are not predictive in all series, and some
of them are not available until the course of the disease has
already been established. For example, in our prior work, we
demonstrated the adverse prognostic importance of clostrid-
ial infections [13]. However, in many cases, the organism may

TABLE 6. CLINICAL SCORE PREDICTIVE OF DEATH
FOR PATIENTS WITH NECROTIZING SOFT TISSUE INFECTIONS

Variable (on admission) Number of points

Heart rate >110bpm

Temperature <36°C

Serum creatinine >1.5mg/dL

Age >50 years

White blood cell count >40,000/mcL
Hematocrit >50%

W W WER =

Group category Number of points Mortality risk (%)

1 0-2 6
2 3-5 24
3 >6 88
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TABLE 7. PERFORMANCE OF CLINICAL SCORE
IN VALIDATION DATASET AND CORRESPONDING
Z-Scores FOR EAcH CATEGORY

Score  No. of No. of Mortality Predicted Predicted

group patients deaths rate (%)  deaths  survivors z-score®
1 102 12 11 6.2 95.8 0.23
2 58 12 21 13.6 44.4 —-0.06
3 15 9 60 13.1 19 —-0.83

2A z-score between 1.96 and —1.96 assumes no statistical differ-
ence between the two datasets when assigning death, which is
interpreted as adequate performance after internal validation.

not be isolated, or if it is isolated, the information is unavail-
able for the first 24-48 h after admission, limiting the potential
impact on early decision making. These observations and the
value of being able to identify high-risk patients early in the
course were the primary motivation for the development of
our clinical prediction rule.

This score allows early classification of patients according
to disease severity and uses simple, readily available param-
eters. The advantages of the use of this prediction rule are
several. First, it provides an opportunity to identify patients at
high risk of death who, when evaluated at a center with
limited resources, might best be transferred to a center where
adequate critical care support is available. Such is the case for
patients classified as having stage II or III NSTI, although
these recommendations may differ according to the hospital’s
volume and the clinician’s experience. These data also can be
used to identify a subset of high-risk patients in whom sur-
gical decision making may present the challenge of competing
options such as primary amputation for definitive source
control or attempts at limb salvage with repeat operative
debridements. Identification of this subset of patients enables
better-focused research efforts that can be designed to eval-
uate this question specifically. With the availability of novel
interventions (e.g., hyperbaric oxygen), a prognostic score
will allow the physician to weigh the relative risks and ben-
efits of an intervention better, particularly when considering
an additional invasive procedure or transporting the patient
to another institution where these novel interventions are
available. Finally, and equally important, the score can be
used for comparisons across institutions and over time, pro-
viding a more formal means to assess the impact of inter-
ventions.

Mortality rates across series differ markedly [2-13], an ef-
fect likely attributable to the heterogeneity of the patient
populations studied. For example, the pooled mortality rate
from a large series of patients with perineal infections (Four-
nier gangrene) was 16% in a recently published literature re-
view [24], which is lower than that of a large published series
of patients with predominantly extra-perineal NSTIs [6,11].
Another example is the difference in the mortality rate in
series with a high percentage of patients using intravenous
drugs or populations with a high incidence of diabetes mel-
litus (28% vs. 12%, respectively) [7,25]. The generalizability of
our score is improved significantly by including a large cohort
of patients from different institutions. This causes the demo-
graphic and clinical characteristics (co-morbidities, site and
cause of infection) to be distributed more evenly, so that our
results become more applicable to patients cared for at other
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centers. It should be noted, however, that the generalizability
of these results also depends on management by the same
standards herein described. Specifically, early debridement
(within 24 h of admission) was achieved in many of our pa-
tients (73%), and when surgical treatment was not performed
until later, this was related to delay in diagnosis and time to
surgical consultation by other admitting services.

The score derived from this study fulfills many of the
standard criteria required for adequate scoring systems. Not
only is it relevant and generalizable, as stated above, but it is
simple and practical because it uses straightforward variables,
all of which are readily available at the time of first admission
in most centers. This finding compares favorably with prog-
nostic scores that, although widely validated, are derived
from multiple variables, some of which are not obtained
routinely at first assessment, making their use cumbersome
outside clinical trials. Most importantly, the model has good
performance and is able to classify patients accurately when
tested using a split sample validation technique [26-28].

This study has several limitations. Because of its retro-
spective nature, it is difficult to distinguish results from NSTI
and those from other complicated skin and soft tissue lesions
such as diabetic foot infections. Additionally, our ability to
identify patients with an NSTI using ICD-9 codes derived
from administrative discharge data might provide a biased
sample of subjects. However, our selection of ICD-9 codes
was overly inclusive, with patients not meeting the criteria
being excluded by chart review. Also, there is a strong cor-
relation between our data and the diagnostic criteria pro-
posed by Wall et al. [20], providing further evidence that we
are capturing a population highly representative of those with
NSTI. This analysis also suffers from the limitations associ-
ated with internal validation of the prognostic model. Clearly,
this model requires external validation in other series, ideally
through multicenter experience, and we welcome future ef-
forts in this area. Further, many of the prognostic variables are
relatively extreme, and it is possible that these data add little
to an experienced physician’s impression of prognosis.
However, the strength of this tool derives from the interac-
tions between the presence of more than one variable (some
more common than others) rather the presence of one isolated
and maybe uncommon characteristic. Additionally, many of
these patients might first be assessed in environments where
no such expertise exists; thus, this prognostic score provides
an objective means to assess prognosis and might affect the
decision to transfer a patient.

In summary, we present a simple score to help stratify risk
in patients with NSTI. As always, the use of prediction models
should supplement, rather than replace, clinical expertise.
Nevertheless, this simple scheme identified patients at risk for
an adverse outcome who might benefit from transfer to an
institution with adequate resources; more aggressive surgical
debridement; and the use of alternate strategies where
weighting of the risks and benefits is complex.
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