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Background: Necrotizing fasciitis is a rapidly progressive infection with a high mortality rate. Pathogens evade the host
containment and bactericidal mechanisms by hijacking the coagulation and inflammation signaling pathways, leading to
their rapid dissemination, thrombosis, organ dysfunction, and death. This study examines the hypothesis that measures
of immunocoagulopathy upon admission could aid in the identification of patients with necrotizing fasciitis at high risk for
in-hospital mortality.

Methods: Demographic data, infection characteristics, and laboratory values from 389 confirmed necrotizing fasciitis
cases from a single institution were analyzed. A multivariable logistic regression model was built on admission im-
munocoagulopathy measures (absolute neutrophil, absolute lymphocyte, and platelet counts) and patient age to predict
in-hospital mortality.

Results: The overall in-hospital mortality rate was 19.8% for the 389 cases and 14.6% for the 261 cases with complete
measures of immunocoagulopathy on admission. A multivariable logistic regression model indicated that platelet count
was the most important predictor of mortality, followed by age and absolute neutrophil count. Greater age, higher
neutrophil count, and lower platelet count led to significantly higher risk of mortality. The model discriminated well
between survivors and non-survivors, with an overfitting-corrected C-index of 0.806.

Conclusions: This study determined that measures of immunocoagulopathy and patient age at admission effectively
prognosticated the in-hospital mortality risk of patients with necrotizing fasciitis. Given the accessibility of neutrophil-to-
lymphocyte ratio and platelet count measurements determined from a simple complete blood-cell count with differential,
future prospective studies examining the utility of these measures are warranted.

Level of Evidence: Prognostic Level lll. See Instructions for Authors for a complete description of levels of evidence.

infection that is one of the most potentially lethal

infections of the musculoskeletal system. Causative
pathogens evade the host’s protective containment and bacte-
ricidal mechanisms by hijacking the coagulation and inflam-
mation signaling pathways during the survival acute phase
response (APR). This leads to the rapid dissemination of the
infection, eliciting both sepsis-induced coagulopathy (SIC) and
systemic inflammatory response syndrome (SIRS)'. Together,
these 2 pathologic states are principal causes of complications,

N ecrotizing fasciitis is a rapidly evolving and destructive

such as multiple organ dysfunction syndrome (MODS) and
death.

The APR is initiated in proportion to the degree of tissue
damage, directing a coordinated response between coagulation
factors and the survival inflammatory response to temporarily seal
off affected tissue regions with a fibrin and platelet seal**. In
addition to achieving hemostasis, this sealant promotes the ingress
of inflammatory cells, such as neutrophils and lymphocytes, which
help to contain and combat the infection*’. Once survival is
ensured, the APR then transitions to a reparative inflammatory
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response that paves the way for the regeneration of the damaged
tissues™**. In cases of necrotizing fasciitis, pathogens have evolved
virulence factors that hijack components of the APR, evading
containment by fibrin-platelet networks and allowing the path-
ogen to rapidly disseminate throughout the body"*. As the
infection progresses, the recurrent damage to surrounding
tissues continually activates the APR, driving inflammation
and coagulation to pathologic levels that can lead to SIC, SIRS,
MODS, and death'’.

Given that an exuberant APR is central to this pathologic
response, the purpose of this study was to examine if coagu-
lation and inflammation at admission, assessed together as
measures of immunocoagulopathy, are predictive of the prog-
nosis, specifically in-hospital mortality, in patients with nec-
rotizing fasciitis. Specifically, this study examined if admission
measures of inflammation, assessed by the white blood-cell
(WBC) count, absolute neutrophil count, absolute lymphocyte
count, and/or neutrophil-to-lymphocyte ratio (NLR), and
measures of coagulation, assessed by the platelet count, were
predictive of in-hospital mortality.

ICD-9/10 Search for
Necrotizing Fasciitis
N=1213 Patients

openaccess.jbjs.org 2

Materials and Methods
Patient Identification

fter institutional review board approval (#171361), this re-

trospective study exclusively utilized de-identified infor-
mation extracted from the medical records in the Vanderbilt
University Medical Center “Synthetic Derivative” (SD) database.
All patients from February 1982 to December 2020 with the
International Classification of Diseases, 9th Revision (ICD-9) code
728.86 or the ICD-10 code M72.6, indicating necrotizing fasciitis,
were reviewed by the research team, to ensure rigor in the selection
criteria (n = 1,213 patients). Patients were included if they were
219 years of age and met the criteria outlined in Figure 1. Patients
who were admitted for an alternative cause and developed nec-
rotizing fasciitis during hospitalization were excluded from this
study. These criteria resulted in the inclusion of 389 cases of
necrotizing fasciitis across 383 patients in the study.

Data Collection
A database modeled after past large retrospective cohort studies
on necrotizing fasciitis was developed®". Demographic data

INCLUDED (N=383 Patients)

=219 years of age

Positive pathology report
indicating necrotizing fasciitis
Operation performed with
operative findings consistent
with necrotizing fasciitis

TOTAL INCLUDED

EXCLUDED (N=830 Patients)

<18 year of age

No operation performed

No concern for necrotizing
fasciitis upon admission
Diagnosis disputed by the
operating physician
Operation performed without
operative findings consistent
with necrotizing fasciitis

N=383 Patients
(389 Cases)

Fig. 1

CONSORT diagram showing the retrospective identification and validation of patients with necrotizing fasciitis. Utilizing the deidentified synthetic derivative

database, all patients with an ICD-9 or 10 code for necrotizing fasciitis were identified. All charts were individually reviewed to confirm the diagnosis of
necrotizing fasciitis by surgeon notes, operative findings, and/or pathology reports.
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including age, sex, race, and comorbidities were collected from
the SD. Comorbidities were confirmed through individual
chart review and/or the presence of the following disease-
associated ICD-9 and 10 codes listed in Appendix Supple-
mental Index 1. An aggregate comorbidity score of 0 to 7 was
generated for each patient; 1 point each was given for con-
firmed diabetes, hypertension, peripheral vascular disease,
kidney disease, history of cancer, cirrhosis, and heart disease.

Characteristics of the infection, including its initial loca-
tion and cause, were collected. Operational definitions for the
location and mechanism of infection are noted in Appendix
Supplemental Index 2.

The primary outcome of this study was in-hospital
mortality. Laboratory values assessing inflammation and
coagulation were collected from the complete blood-cell
count (CBC) with differential, both at the time of admission
to the tertiary care center and throughout the course of
disease. Inflammation was assessed by the WBC count,
absolute neutrophil count, absolute lymphocyte count, and
neutrophil-to-lymphocyte ratio (NLR). Coagulation was as-
sessed by the platelet count. All of the laboratory values
analyzed in the study were the first values obtained in the
emergency department or on the floor upon admission.

Statistical Analysis

Descriptive statistics for demographics and infection sequelae
were presented using the frequency and proportion. A multi-
variable logistic regression model was built on immunocoagul-
opathy measures (absolute neutrophil, absolute lymphocyte, and
platelet counts) and patient age to predict in-hospital mortality
in cases of confirmed necrotizing fasciitis. Platelet count was
natural-logarithm-transformed to be included in the model. We
initially assumed a nonlinear relationship for all predictors by
including restricted cubic spline terms with 3 knots. The non-
linear term was removed if a Wald test on it gave a p value of
>0.2. In the final model, the nonlinear term was only included
for the natural-logarithm-transformed platelet count. Predictor
importance was measured by degrees-of-freedom-penalized
Wald statistics. The model performance (discrimination and
calibration) in future patients was evaluated using a bootstrap
approach. A sensitivity analysis was performed using multiple
imputation for missing immunocoagulopathy measures. Patient
demographics, medical history, and other laboratory results
were included in the imputation model. Multiple imputation
was done using the areglmpute function from the Hmisc
package in R (R Foundation for Statistical Computing). Ten
imputed data sets were generated, logistic regression models
were fitted on each of the data sets, and coefficients and stan-
dard errors from the 10 models were pooled using the Rubin
rules™. The threshold for significance was set at p < 0.05, and all
statistical analyses were performed using IBM SPSS Statistics
version 27 or R version 4.1.0.

Source of Funding
Funding was provided by the Caitlin Lovejoy Fund, the Van-
derbilt University Medical Center Department of Ortho-
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paedics, and the Vanderbilt School of Medicine Research
Immersion program. Creation of the retrospective database
utilized in this study was supported by the Clinical and
Translational Science Award (CTSA) number UL1 TR002243
from the National Center for Advancing Translational Sci-
ences. Its contents are solely the responsibility of the authors
and do not necessarily represent official views of the National
Center for Advancing Translational Sciences or the National
Institutes of Health.

TABLE | Demographics of the 389 Retrospectively Identified

Cases of Necrotizing Fasciitis

Gender (no. [%])

Male 214 (55.0)
Female 175 (45.0)
Median age (range) (yr) 51 (19-85)
Race (no. [%])
Caucasian 302 (77.6)
African American 52 (13.4)
Asian/Pacific 5(1.3)
Native American/other 12 (3.1)
Unknown 18 (4.6)
Mechanism of infection (no. [%])
Idiopathic 130 (33.4)
Infected wound 131 (33.7)
Postoperative infection 24 (6.2)
Puncture wound 31 (8.0)
Trauma 32 (8.2)
Other 3(0.8)
History unattainable 38 (9.8)
Infection origin (no. [%])
Abdomen 41 (10.5)
Back/flank 6 (1.5)
Chest 5 (1.3)
Extremity 136 (35.0)
Head/neck 31 (7.9)
Pelvis 170 (43.7)
Comorbidities (no. [%])
Diabetes 221 (56.8)
Obesity 238 (61.1)
Hypertension 229 (58.9)
Peripheral vascular disease 29 (7.5)
Kidney disease 59 (15.2)
History of cancer 55 (14.1)
Cirrhosis 21 (5.4)
Heart disease 93 (23.9)
Median comorbidity score 2 (0-6)
(range)
Amputation (no. [%]) 41 (10.5)
Multiorgan dysfunction (no. [%]) 61 (15.7)
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A History Unattainable
N=38 (9.8%)

Other
N=3 (0.8%)

Trauma
N=32 (8.2%)

Idiopathic

Puncture Wounds N=130 (33.4%)

N=31 (8.0%)

Post Operative

N=24 (6.2%) Infected Wounds

N=131 (33.7%)

Chest Head/Neck
B N=5 (1.3%) N=31 (7.9%)

Back/Flank
N=6 (1.5%)

Abdomen
N=41 (10.5%)
Pelvis
N=170 (43.7%)

Extremity
N=136 (35.0%)

C Head/Neck
6.5% Mortality

Chest
40.0% Mortality

Back/Flank
0.0% Mortality

Abdomen
22.0% Mortality

Pelvis
15.3% Mortality

Overall
19.8% Mortality

Extremity
27.9% Mortality

Fig. 2

Iniection characteristics across the cases of necrotizing fasciitis. Diverse
causes of infection (Fig. 2-A) and locations of infection (Fig. 2-B) were
observed among the 389 confirmed cases of necrotizing fasciitis obtained
through retrospective review, resulting in differences in mortality across
anatomical locations (Fig. 2-C).
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Results
Patient Demographics

he retrospective review identified 389 verified cases of

necrotizing fasciitis infections treated at our tertiary care
center (Fig. 1). The primary mechanisms of infection among
these cases were infected wounds (n = 131) and idiopathic
(n=130), accounting for ~67% of all cases (Table I, Fig. 2-A).
The pelvis (n = 170) and extremities (n = 136) were the most
common locations of the infection, accounting for ~79% of
all cases (Table I, Fig. 2-B). The median age of the patients was
51 years, and comorbidities including diabetes, obesity, and
hypertension were common among the study cohort (Table I).
The overall in-hospital mortality rate in this population was
19.8% (Fig. 2-C).

Of the 389 cases of confirmed necrotizing fasciitis, 261
(67.1%) had complete study data obtained from a CBC with
differential measured near the time of admission, including
absolute neutrophil, absolute lymphocyte, and platelet counts,
allowing for assessment of immunocoagulopathy. Univariate
correlation between mortality status and each immunocoagul-
opathy measure is presented in Fig. 3.

Utilizing Measures of Immunocoagulopathy to Predict
In-Hospital Mortality

Guided by the above results, a multivariable logistic regression
model was built including the measures of immunocoagulop-
athy collected from a CBC with differential, specifically absolute
neutrophil count and absolute lymphocyte count evaluated as an
NLR and a transformed platelet count, along with patient age, to
predict in-hospital mortality in cases of confirmed necrotizing
fasciitis. Measures from the 261 cases with complete data led to
the generation of the following model:

Pmortality

Odds of in — hospital mortality =
~ Pmortality

Neutrophil®””

Lymphocyte®12

_ 5.2240.05xage
Transformed platelet

where

Transformed platelet — eZ.ZSXln(platelet) — 0.76x(In(platelet) — 4.64)°.

+1.76x(In(platelet) — 5.45)% — 1.00x(In(platelet) — 6.05)°,

and (x), =x if x> 0,0 otherwise

This model differentiated between survivors and non-
survivors well, with an original area under the receiver oper-
ating characteristic curve (AUC) of 0.829 (Fig. 4-A). In internal
validation, the model has an overfitting-corrected AUC of
0.806 (Fig. 4-B). To facilitate clinical implementation of this
prediction model, a user-friendly online risk calculator was
developed (https://statcomp2.app.vumc.org/NF_Mortality/).

The most important predictor in this model was the
platelet count, which accounted for 66.7% of the total variance
explained by the model, followed by age (27.1%) and
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Correlation between admission immunocoagulopathy measures and mortality. Fig. 3-A Hierarchical clustering, using Spearman correlation coef-
ficients as a similarity measure, of values obtained from a CBC with differential in patients with necrotizing fasciitis. Figs. 3-B through 3-F Univariate
analyses. Smoothed estimates of mortality probability by individual predictor using LOWESS (locally weighted scatterplot smoothing). Circles are
observed values. The number of observations (N) and Someer rank correlation (D,) between mortality and each predictor are also presented.
Absolute lymphocyte count (Fig. 3-B) and platelet count (Fig. 3-C) each had moderate correlation with mortality status, with D,, of —0.275and
—0.350, corresponding to an area under the receiver operator characteristic curve (AUC) of 0.638 and 0.675, respectively. NLR (Fig. 3-D) had a
moderate correlation with mortality status, with D,, of 0.224. Performance was further improved by evaluating the ratio of NLR to platelet count
(Fig. 3-E), resulting in a relatively strong correlation with mortality, with D,, of 0.504 and AUC of 0.752. Increased patient age (Fig. 3-F) strongly
correlated with mortality, with D,, of 0.433 and AUC of 0.717. Absolute neutrophil count and WBC correlated poorly with mortality (D, of —0.044

and —0.144, respectively, data not shown).

neutrophil count (14.7%) (Fig. 4-C). The ratio of NLR to
platelet count (i.e., a measure of immunocoagulopathy) ac-
counted for 69.9% of the total variance. The mortality risk
increased with a decreasing level of platelets (p < 0.001), and
the adjusted odds ratio for mortality was estimated to be 5.43
(95% confidence interval [CI], 2.50 to 11.77) for a patient
with a platelet count of 100 x 103/wL compared with a patient
with a platelet count of 300 x 103. A high level of neutrophils
also increased mortality risk (p = 0.020), with an adjusted odds
ratio of 2.34 (95% CI, 1.15 to 4.76) for 30 x 10® /nL compared
with 10 x 10*/pL neutrophils. Older patients were more likely
to die in the hospital (p = 0.002), and the odds of mortality for a
60-year-old were 170% (95% CI, 42% to 413%), or 2.7 times,
higher than those for a 40-year-old (Figs. 4-D and 4-E).
Because of the retrospective nature of this study, neutro-
phil and lymphocyte counts were available for only 67.4% of the

cases, and the mortality rate was much higher in cases with
missing neutrophil and/or lymphocyte counts (29.9%) than
those with available neutrophil and lymphocyte counts (14.6%).
In the model with multiple imputation, the effects of platelet
count and age on in-hospital mortality remained similar, but the
association between neutrophil count and mortality was no
longer significant (see Appendix Supplemental Figs. 1-A, 1-B,
and 1-C), and the predicted mortality risks in the complete-case
model agreed with those in the model with multiple imputation
(see Appendix Supplemental Fig. 1-D).

Discussion
his retrospective study found that measures of immuno-
coagulopathy at admission effectively prognosticated in-
hospital mortality risk in patients with necrotizing fasciitis and
complete data. Immunocoagulopathy can be sensitively quantified
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Multivariable logistic regression model using a complete-case approach. Fig. 4-A The model discriminated between survivors and non-survivors well, with an original
AUC of 0.829. Fig. 4B A bootstrap overfitting-corrected LOESS (locally estimated scatterplot smoothing) nonparametric calibration curve had an AUC of 0.806. The
curve shows good calibration. Fig. 4-C Predictor importance, measured by degrees-of-freedom (dfHpenalized chi-square statistics. P values are listed on the right.
Fig. 4-D Predicted log odds of inhospital mortality as a function of each individual predictor, adjusted for age = 50 years, In.platelets = 4.8, In.lymphocytes = 0.207, and
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in real time through serial measures of coagulation and
inflammation. For example, coagulation activation can be as-
sessed by the platelet count. In addition to forming a physical
barrier with fibrin, platelets are capable of directly interacting
with bacteria''¢, engulfing bacteria'’, and releasing bactericidal
molecules from their granules. For these reasons, elevated
platelet counts have long been examined as a prognostic indi-
cator for infection'. Conversely, an uncontrolled APR may
result in thrombocytopenia due to consumption (formation
of a fibrin-platelet complex), sequestration (binding to cells
in a tissue depot), or clearance (by macrophages in the spleen)
of platelets from circulation. Therefore, platelet counts have a
bimodal relationship with outcomes, in which both abnormally
high as well as abnormally low platelet counts are associated
with adverse outcomes following infection>"**. In the present
study, we observed that non-survivors had lower platelet counts
and greater proportion of patients had thrombocytopenia at
admission compared with survivors, aligning with recent find-
ings by Chen et al.”".

WBC counts are commonly utilized to assess the pres-
ence of an infection. While the total WBC count can be
nonspecific’, analysis of specific subtypes of leukocytes, such
neutrophils, lymphocytes, and their proportions relative to
each other, has been useful for assessing the presence and/or
severity of infection®. Neutrophils, in cooperation with the
host’s coagulation response, work to trap bacteria in neutro-
phil extracellular traps (NETs) composed of DNA and in
fibrin-platelet webs before releasing chemotoxins to kill the
pathogens™*. An elevated neutrophil count has long been
utilized as a prognostic indicator of infection; however, the
neutrophil count alone does not predict infection severity”,
or the risk of inpatient mortality from necrotizing fasciitis as
seen in this present study. For these reasons, studies have
examined cellular ratios, such as the NLR, as more sensitive
predictors of disease severity and prognosticators of patient
outcomes™**. While frequently utilized as a prognostic indi-
cator for patient outcomes in the fields of cardiology®™,
oncology”*’, and infectious disease****"**, fewer studies to
date have examined the utility of the NLR in cases of mus-
culoskeletal infection or emergency general surgery”*. In a
recent study by Ravindhran et al., a preoperative NLR of >7.5
was reported to be a reliable predictor of poor outcomes of
necrotizing fasciitis”. A study by Yim et al. illustrated that
high NLR (=8) upon admission positively predicted in-
hospital mortality in patients with Fournier gangrene™. In the
present study, while the NLR was predictive of in-hospital
mortality, a model that also included the patient’s age and
platelet count at admission outperformed the simple NLR at
predicting in-hospital mortality for necrotizing fasciitis.

Clinical Algorithms

Prior studies have examined the utility of clinical algorithms to
aid in the diagnosis and prognostication of patients with sus-
pected necrotizing fasciitis. One of the most utilized systems
for aiding in the diagnosis of necrotizing fasciitis, LRINEC
(Laboratory Risk Indicator for Necrotizing Fasciitis), considers
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multiple circulating humoral markers of the APR, including C-
reactive protein (CRP), hemoglobin, sodium, creatinine, glucose,
and WBC count™*”. Thus, to fully calculate a LRINEC score,
patients must have a CBC, a complete metabolic panel (CMP),
and CRP measurement. CRP, a measure of inflammation, has
been demonstrated to be a powerful predictor of disease severity
and patient prognosis in a variety of musculoskeletal infection
studies™*. While the original LRINEC score places marked
weight on CRP values, subsequent versions of this scoring system
have lessened the impact of CRP in exchange for a greater focus
on cellular changes and patient factors®. In this current retro-
spective database study, one limitation encountered was that only
36.9% (115) of the 312 survivors and 28.6% (22) of the 77 non-
survivors had the required CRP values at admission to fully
calculate a LRINEC score retrospectively. With the limited data,
no difference in the LRINEC score was observed between sur-
vivors and non-survivors. Therefore, while a study by El-Menyar
et al. suggests that the LRINEC score may likewise be useful as
a prognostic measure to identify high-risk patients®, this could
not be confirmed in the present retrospective study population.

The lack of available data illustrates a potential limita-
tion to applying the LRINEC score retrospectively. A greater
proportion of patients in the present study possessed a CBC
with platelet counts and leukocyte differentials, allowing
for the assessment of immunocoagulopathy retrospectively:
94.6% (295) of the 312 survivors and 94.8% (73) of the 77 non-
survivors had platelets assessed at the time of admission,
while 71.5% (223) of the 312 survivors and 50.6% (39) of
the 77 non-survivors additionally had the leukocyte dif-
ferential assessed. This single test (the CBC with differen-
tial) can obtain all necessary values to calculate a measure
of immunocoagulopathy at admission, thus representing a
sensitive, time- and cost-effective prognostic indicator of
in-hospital mortality for patients with necrotizing fasciitis.
Given the limited LRINEC scores available retrospectively,
the present study could conclude that measures of im-
munocoagulopathy are equivalent or superior to the LRI-
NEC score; however, the ease and availability of assessing
immunocoagulopathy make this measure advantageous. Thus,
future prospective studies are warranted.

Strength and Limitations

This study analyzed one of the largest retrospective cohorts of
necrotizing fasciitis cases from a single center. As a tertiary referral
center, our population is likely biased toward severe cases and
conditions such as necrotizing fasciitis, thus providing ample
patients to be assessed and analyzed. Given the retrospective
nature of the study, there were limitations in our ability to regulate
the timing and availability of laboratory blood draws, and to assess
the impact of the causative pathogen(s) or medication(s)
administered, such as anticoagulants, on laboratory values and
mortality from necrotizing fasciitis. Furthermore, the missingness
of neutrophil and lymphocyte counts cannot be fully accounted
for by other variables; therefore, the missing-at-random
assumption may not be valid and the model with multiple
imputation could introduce bias". We suggest that our model
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(with a complete-case approach) should only be applied to the
patients with neutrophil and lymphocyte counts measured
under a situation similar to our current clinical settings. Finally,
while all cases of necrotizing fasciitis were confirmed through
evaluation of the medical and surgical records, we likely excluded
some positive cases because insufficient records were avail-
able retrospectively, and we potentially included some cases
involving other forms of necrotizing soft-tissue infections (NSTI).

As part of this study, NLR and the platelet count were
evaluated together as a measure of immunocoagulopathy. How-
ever, alternative clinical laboratory values that can accurately
depict immunocoagulopathy likely exist. Alternative measures of
inflammation include CRP, procalcitonin, and cytokines such as
interleukin (IL)-6, and coagulopathy can be assessed by the pro-
thrombin time or fibrinogen level. Given the retrospective nature
of our data set, alternative measures were not reliably available to
determine which measure of immunocoagulopathy is superior.
Future prospective studies would be required to determine the
most sensitive measures of immunocoagulopathy for predicting
patient morbidity and mortality.

Conclusions

This study determined that, in patients with necrotizing fas-
ciitis, age and measures of immunocoagulopathy at admis-
sion, specifically the NLR and platelet count assessed from the
CBC with differential, can accurately prognosticate a patient’s
in-hospital mortality risk, with an overfitting-corrected AUC
of 0.806. Paralleling these findings, numerous recent studies
have illustrated the utility of similar measures for predicting
severe outcomes and death in cases of COVID-19"**. Given
the accessibility of measures of immunocoagulopathy deter-
mined from a simple CBC with differential, future prospective
studies examining the utility of these measures in cases of
necrotizing fasciitis and other serious musculoskeletal infec-
tions are warranted.

Appendix

@ Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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