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Abstract
Purpose Severe necrotizing soft-tissue infections (NSTIs) require immediate early surgical treatment to avoid adverse 
outcomes. This study aims to determine the impact of early surgery and comorbid conditions on the outcomes of NSTIs.
Methods A retrospective cohort study was performed on all subjects presenting with NSTI at an academic medical center 
between 2005 and 2016. Patients were identified based on ICD codes. Those under the age of 18 or with intraoperative find-
ings not consistent with NSTI diagnosis were excluded.
Results There were 115 patients with a confirmed diagnosis of NSTI with a mean age of 55 ± 18 years; 41% were females 
and 55% were diabetics. Thirty percent of patients underwent early surgery (< 6 h). There were no significant differences 
between groups in baseline characteristics. The late group (≥ 6 h) had prolonged hospital stay (38 vs. 23 days, p < 0.008) in 
comparison to the early group (< 6 h). With every 1 h delay in time to surgery, there is a 0.268 day increase in length of stay, 
adjusted for these other variables: alcohol abuse, number of debridements, peripheral vascular disease, previous infection 
and clinical necrosis. Mortality was 16.5%. Multivariable analysis revealed that alcohol abuse, peripheral vascular disease, 
diabetes, obesity, hypothyroidism, and presence of COPD were associated with an increase in mortality.
Conclusions Early surgical intervention in patients with severe necrotizing soft-tissue infections reduces length of hospital 
stay. Presence of comorbid conditions such as alcohol abuse, peripheral vascular disease, diabetes, obesity and hypothyroid-
ism were associated with increased mortality.

Keywords Necrotizing soft-tissue infection · Time to surgery · Hospital length of stay · Mortality · Peripheral vascular 
disease · Renal insufficiency/failure · Alcohol abuse

Introduction

Necrotizing soft-tissue infection (NSTI) is associated with 
significant mortality and morbidity if surgical debridement 
is not performed adequately and in a timely fashion [1]. 
Based on a Texas population database of 12,172 necrotizing 

fasciitis (NF) hospitalizations between 2001 and 2010, Oud 
and Watkins [2] estimated the incidence of NF hospitali-
zations to be 6.9 per 100,000 patient-years. Moreover, the 
annual frequency of deaths in the US due to NF is approxi-
mately 1000 [3]. Microbiological classification of NSTIs is 
usually according to three or four types based on organism 
and severity of infection is used to guide management [4, 5].

Early diagnosis and intervention of NF are considered 
critical to preventing severe adverse outcomes. The time to 
initiation of first surgical intervention has been found to be 
a predictor of ICU and length of hospital stay [5], as well as 
mortality [6, 7]. Identification and management of factors 
that predict adverse outcomes among patients admitted for 
NSTI may improve the hospital course.

A broad range of retrospective cohort studies published 
in the past 15 years have reported mortality rates among 
NSTI patients between 4.9 and 48.8% [2, 5–44]. Moreover, 
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there has been considerable variation in the independent pre-
dictors of mortality identified by studies with 50 or more 
patients. We found 13 studies that observed age as a signifi-
cant independent predictor [6, 9, 12, 13, 17, 19, 23, 25, 26, 
28, 31, 35, 45]. Seven studies showed that renal dysfunction 
was a significant predictor in multivariable analyses [9, 10, 
12, 17, 18, 24, 26]. Other variables found to be independent 
predictors in isolated studies were generally not confirmed 
by other studies [7, 15, 25].

Timing from presentation and diagnosis to surgery is 
the most important modifiable element in the outcomes of 
patients with NSTI. However, published reports are incon-
sistent with regard to whether time to surgical intervention 
is a significant independent predictor. A large French nation-
wide database study [6] found that day of surgery was a sig-
nificant independent predictor of mortality. A study by Wong 
et al. [7] of 89 NSTI patients found delay from admission to 
surgery to predict adverse outcomes. Four studies also exam-
ined time to intervention but did not find it to be a significant 
predictor of mortality on multivariable modeling, mostly due 
to small sample size [5, 19, 20, 28]. A recent study from our 
group [5] reported that time to surgery was a predictor of 
increased length of ICU and hospital stay, whereas studies 
by Holena et al. [6] and Wong et al. [7] found time to surgery 
to be an independent predictor of mortality. Other studies 
have not confirmed these findings. The objectives of this 
study were to determine whether time to surgical interven-
tion and other factors are predictors of mortality and length 
of hospital stay.

Methods

A retrospective cohort study was carried out in an academic 
tertiary/quaternary medical center with a Level 1 Trauma 
Center. The study was granted ethical approval according 
to the Westchester Medical Center Heath Network research 
committee and New York Medical College Institutional 
Review Board (IRB), project number 12018. Patients were 
identified through ICD codes for NSTI (ICD-9 728.86; ICD-
10 M72.6), gas gangrene (ICD-9, 040.0; ICD-10 N49.3), 
and Fournier gangrene (ICD-9 608.83; ICD-10, A48.0). 
Those under the age of 18 or with intraoperative findings 
not consistent with NSTI diagnosis were excluded. Inde-
pendent variables included patient demographics, such as 
age, sex, and race; clinical findings; anatomical location of 
NSTI; comorbidities; timing of admission to surgery; num-
ber of debridements; and laboratory results such as blood 
glucose, hemoglobin, and creatinine prior to debridement. 
Dependent variables were length of stay in the hospital, days 
to mortality for patients who died, and overall mortality. All 
data were de-identified prior to analysis and abstracted from 

the medical records into Microsoft Excel. Data were stored 
on password-protected hospital computers.

Statistical analysis

Descriptive analyses were conducted and data are presented 
as proportion, mean (± standard deviation), median, and 
range whenever applicable. Student’s t test was performed 
to compare continuous variables and Pearson’s Chi-squared 
(χ2) test was used for categorical variables. The Pearson cor-
relation coefficient was used to assess correlations between 
predictor and outcome variables. Time to surgery was calcu-
lated based on admission and/or initial diagnosis to the time 
of first surgery. This variable was used to divide patients 
into two subgroups based on our previous study [5]. Group 
1 included patients who had time to surgery < 6 h, whereas 
group 2 included patients who had time to surgery ≥ 6 h. 
Baseline characteristics and outcomes were compared for 
these two groups. Univariable analyses were conducted for 
independent variables on outcomes. Candidate variables 
to enter into multivariable models were selected based on 
univariable p values < 0.2. Multivariable analyses were con-
ducted using the backward elimination method beginning 
with all candidate variables and eliminating the variable 
with the highest p value, rerunning the model and repeating 
the procedure until the final model included only predictors 
that were significant at the 0.05 level. Linear regression was 
used for the continuous outcome of hospital length of stay 
and logistic regression was used for the binary outcome of 
mortality. Analyses were performed using the SPSS version 
24 (IBM, Armonk NY).

Results

There were 115 patients identified during the study period 
of 1/1/2005–12/31/2016 (59.1% were male and 40.9% were 
female). The overall average age of patients was 55.15 years 
(SD 17.90). Sixty-five percent of patients were white, 15% 
were black, and 11% were Hispanic. The average BMI 
was 30.45 (SD 9.21). The average time to intervention 
(from diagnosis to surgery) was 27.49 h with a range of 
0.05–141.07. The average hospital length of stay was 33.26 
(SD 39.77), median 24 and range 4–370 days. The aver-
age number of debridement was 3.261 (SD 2.44), median 
3.0 and range 1–14. The majority of patients (65.21%) had 
time to intervention of less than 24 h. Diabetes mellitus was 
reported in 54.8%, while 54.8% had hypertension and 21.7% 
had hyperlipidemia. The majority of patients had lower 
extremity NSTI (52.2%) followed by 24.3% with Fournier 
gangrene.

Table 1 shows comparison of baseline characteristics 
between early and late intervention groups. There were no 
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significant differences between groups in baseline character-
istics; however, there was a significant difference between 
the two groups in hospital length of stay (t = − 2.696, 
p < 0.008). The early intervention group had non-signif-
icantly higher percentages of erythema (93.5 vs. 85.1%), 
induration (20.7 vs. 17.6%), tachypnea (31.0 vs. 14.9%) and 
foul smell (31.0 vs. 25.7%). Fournier’s gangrene was also 
more frequent in the early group (32.4 vs. 21.0%).

Table 2 presents comparison of laboratory test values for 
the two different groups. There were no significant differ-
ences between groups for white blood cell count, platelets, 
sodium, blood glucose, lactate, pH, or albumin; however, 
there were significant differences between groups on cre-
atinine (p = 0.016) and blood urea nitrogen, (p = 0.013), 
showing higher values in the late intervention group. Non-
significant differences were shown between groups in 

Table 1   Patient characteristics 
and outcomes

*Mean (SD)

Variable
No. (%) or *mean (SD)

Early intervention 
(n = 34)

Late intervention (n = 81) p

Male N, % 22 (64.7) 46 (56.8) 0.534
White 18 (64.3) 47 (65.3) 0.756
Black 4 (14.3) 11 (15.3)
Hispanic 5 (17.9) 6 (8.4)
Age* 57.26 (14.37) 54.26 (19.20) 0.147
BMI* 28.58 (7.92) 31.30 (9.67) 0.132
Wound locations, N, %
 Fournier gangrene 11 (32.4) 17 (21.0) 0.236
 Lower extremity 15 (44.1) 45 (55.6) 0.309
 Upper extremity 3 (8.8) 7 (8.6) 1.00
 Buttocks 5 (14.7) 6 (7.4) 0.297
 Torso 3 (8.8) 14 (17.3) 0.388
 Hip 4 (11.8) 3 (3.7) 0.193

Clinical manifestations, N, %
 Erythema 29 (93.5) 63 (85.1) 0.336
 Induration 6 (20.7) 13 (17.6) 0.780
 Tenderness 25 (83.3) 58 (78.4) 0.788
 Swelling 18 (62.1) 34 (45.9) 0.189
 Necrosis 20 (64.5) 43 (58.1) 0.663
 Bullae 1 (3.4) 5 (6.8) 1.00
 Subjective bullae at home 0 (0.0) 2 (2.7) 1.00
 Crepitus 4 (13.8) 4 (5.4) 0.217
 Foul smell 9 (31.0) 19 (25.7) 0.626
 Fever 16 (55.2) 39 (52.7) 1.00
 Subjective fever at home 8 (27.6) 15 (20.3) 0.439
 Tachycardia 14 (48.3) 36 (48.0) 1.00
 Tachypnea 9 (31.0) 11 (14.9) 0.094
 Hypotension 16 (55.2) 31 (41.3) 0.272

Number of debridements* 2.91 (1.48) 3.41 (2.74) 0.214
Hospital LOS* 22.88 (14.38) 38.14 (45.82) 0.008
Mortality 4 (11.8) 15 (18.5) 0.426

Table 2  Laboratory findings

Variable
Mean (SD)

Early intervention Late intervention p value

WBCs count 16.76, 6.59 16.553, 8.59 0.901
Platelet count 284.30, 129.77 271.02, 156.93 0.670
Sodium (mmol/L) 133.61, 6.25 134.78, 5.60 0.331
Creatinine (mg/dL) 1.32, 0.86 1.91, 1.65 0.016
BUN (mg/dL) 25.85, 13.83 35.41, 26.02 0.013
Blood glucose (mg/

dL)
233.38, 169.43 185.36, 104.98 0.144

Lactate (mmol/L) 2.04, 1.06 2.14, 1.58 0.770
pH 7.36, 0.06 7.03, 1.51 0.455
Albumin (g/dL) 2.74, 0.50 2.81, 0.80 0.579



922 R. Latifi et al.

1 3

comorbidities (Table 3) except for renal insufficiency/failure, 
lower in the early intervention group vs. late (3.0 vs 23.7%, 
χ2 = 6.82, p = 0.011).

Length of hospital stay

Significant univariable predictors of length of hospital 
stay included alcohol consumption, number of debride-
ments, peripheral vascular disease, previous infection, time 
to surgery, renal insufficiency/failure, clinical necrosis, 
and white blood cell count (Table 4). Having a history of 

chronic alcohol abuse was associated with increased hos-
pital length of stay by 49.904 added days (β = 49.904, 95% 
CI 26.359–73.448, p < 0.001). Having peripheral vascular 
disease was associated with increased length of hospital stay 
by 33.298 added days (β = 33.298, 95% CI 11.666–54.929, 
p < 0.01). History of previous infection was associated 
with increased length of hospital stay by 25.790 added 
days (β = 25.790, 95% CI 5.916–45.664, p < 0.05). Every 
additional hour until surgery was associated with 0.273 
added days in the hospital (β = 0.273, 95% CI 0.048–0.499, 
p < 0.05).

Mortality

Nineteen (16.5%) patients died. The median day to death 
was 34, with a range of 1–371. Significant univariable pre-
dictors of mortality included renal insufficiency/failure, 
hypothyroidism, blood glucose, location of NSTI on the 
torso, white blood cell count, depression, and clinical ten-
derness (Table 5). Time to surgery (in hours) was not a sta-
tistically significant predictor; the odds ratio (OR) was 1.004 
(95% CI 0.989–1.018). Hypothyroidism had the strongest 
impact among binary variables and was associated with an 
increase in the odds of mortality by 4.914 (OR 4.914, 95% 
CI 1.175–20.556, p < 0.05). Renal insufficiency/failure was 
associated with an increase in the odds of mortality by 4.189 
(OR 4.189, 95% CI 1.359–12.911, p < 0.05). Having NSTI 
on the torso was associated with an increased odds of mor-
tality by 3.566 (OR 3.566, 95% CI 1.126–11.301, p < 0.05).

Table 3  Associated comorbidities

Variable
No. (%)

Early intervention Late intervention p

Chronic lung disease 4 (11.8) 3 (3.7) 0.193
Diabetes 21 (63.6) 42 (54.5) 0.408
Hypertension 22 (66.7) 41 (53.2) 0.214
Injection drug use 2 (5.9) 5 (6.3) 1.00
Alcohol abuse 2 (5.9) 9 (11.4) 0.500
Tobacco use 6 (17.6) 14 (17.7) 1.00
Renal insufficiency/

failure
1 (3.0) 18 (23.7) 0.011

Liver disease 1 (3.0) 4 (5.2) 1.00
Cancer 7 (21.2) 13 (16.9) 0.598
Prior infection, N, % 3 (9.1) 16 (21.1) 0.173
Obesity 12 (35.3) 34 (46.6) 0.272
Hyperlipidemia 10 (31.3) 15 (18.5) 0.214
Hypothyrodism 2 (6.1) 7 (9.2) 0.720
Anemia 0 (0.0) 7 (9.1) 0.100
Peripheral vascular 

disease
2 (6.1) 13 (17.1) 0.224

Table 4  Univariable and 
multivariable analyses hospital 
length of stay (linear regression)

Variable Beta coefficient 95% confidence interval p

Univariable analyses
 Alcohol 49.904 26.359–73.448 < 0.001
 Number of debridements 7.313 4.596–10.029 < 0.001
 Peripheral vascular disease 33.298 11.666–54.929 0.003
 Prior infection 25.790 5.916–45.664 0.011
 Time to surgery 0.273 0.048–0.499 0.018
 Renal insufficiency/failure 22.157 2.122–42.191 0.031
 Clinical necrosis 17.627 1.539–33.715 0.032
 White blood cell count − 0.956 − 1.894 to − 0.018 0.046

Multivariable analyses
 Alcohol 30.098 4.685–55.510 0.021
 Number of debridements 5.102 2.134–8.071 0.001
 Peripheral vascular disease 29.084 8.324–49.844 0.007
 Prior infection 21.104 2.846–41.362 0.025
 Time to surgery 0.268 0.051–0.484 0.016
 Clinical necrosis 16.5 2.205–30.795 0.024
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Multivariable analysis

The final model of independent significant predictors for 
length of hospital stay included history of alcohol abuse, 
number of debridement, peripheral vascular disease, pre-
vious infection, time to surgery, and clinical necrosis. The 
strongest binary predictor of length of hospital stay, while 
taking into account the other predictors in the model, was 
alcohol (β = 30.098, 95% CI 4.685–55.510, p < 0.05). Periph-
eral vascular disease was associated with an increased length 
of stay by 29.084 days (β = 29.084, 95% CI 8.324–49.844, 
p < 0.01) (Table 4). For mortality, the final model of inde-
pendent significant predictors included peripheral vascular 
disease, white blood cell count, blood glucose, obesity, 
hypothyroidism, and COPD. Peripheral vascular disease 
was a strong binary predictor of mortality while taking into 
account the other variables in the model (OR 20.78, 95% 
CI 2.582–167.239, p < 0.01). Hypothyroidism is associated 
with an increase in the odds of mortality by 13.292 (OR 
13.292, 95% CI 1.348–131.067, p < 0.05). COPD increased 
the odds by 12.048 (OR 12.048, 95% CI 1.025–141.632, 
p < 0.05) (Table 5).

Discussion

A necrotizing soft-tissue infection is a surgical emergency 
and should be treated as such by an experienced surgical 
team immediately upon diagnosis. Our study focused on 
whether time to surgery and presence of comorbid condi-
tions were important predictors of adverse outcomes among 
NSTI patients. We found that time to surgery is a significant 
independent predictor of length of hospital stay. With every 
1 h delay in time to surgery, there is a 0.266 day increase 

in length of stay, adjusted for other variables retained in the 
multivariable model. Other significant predictors on mul-
tivariable analysis of hospital length of stay included: his-
tory of alcohol abuse, peripheral vascular disease, previous 
infection, and clinical necrosis. We also found that the odds 
of mortality non-significantly increase slightly with longer 
times to surgery. Significant independent predictors of mor-
tality included peripheral vascular disease, hypothyroidism, 
COPD, obesity, blood glucose and white blood cell count.

Studies of NSTI conducted previously have addressed 
a variety of potential predictive factors. A paper by Jab-
bour et al. [25] assembled data from 331 patients identified 
across 14 years. Age and Sequential Organ Failure Assess-
ment (SOFA) score were found to be significant independent 
predictors of morality on multivariable analysis. El-Menyar 
et al. [15] included 294 NSTI patients and focused on LRI-
NEC score, dividing patients into those with scores < 6 and 
≥ 6. In univariable analyses, age and LRINEC score were 
significant predictors of mortality and septic shock. Al-Thani 
et al. [8] measured inflammation biomarkers in 62 NSTI 
patients as tools for discriminating between patients with 
and without septic shock. They found that procalcitonin had 
a significantly favorable area under the receiver operating 
characteristic (ROC) curve, while C-reactive protein did not. 
Shaikh et al. [37] addressed patterns of patient factors and 
outcomes in males vs. females. Our group’s first examination 
of time to initiation of debridement occurred at the Univer-
sity of Arizona. Hadeed et al. [5] studied 87 NSTI patients, 
finding that time to surgical intervention was a significant 
univariable predictor of both ICU length of stay and hospital 
length of stay.

Our present findings on time to surgery as an independent 
predictor of hospital length of stay agree with our previous 
study [5] and that of Holena et al. [6] We have not found 

Table 5  Univariable and 
multivariable analyses mortality 
(logistic regression)

Variable Odds ratio 95% confidence interval p

Univariable analyses
 Renal insufficiency/failure 4.189 1.359–12.911 0.013
 Hypothyroidism 4.914 1.175–20.556 0.029
 Blood glucose 0.990 0.981–0.999 0.030
 Location of NSTI on the torso 3.566 1.126–11.301 0.031
 White blood cell count 0.921 0.853–0.995 0.036
 Depression 4.000 1.008–15.871 0.049
 Clinical tenderness 0.304 0.094–0.982 0.047

Multivariable analyses
 Peripheral vascular disease 20.78 2.582–167.239 0.004
 White blood cell count 0.891 0.800–0.992 0.036
 Blood glucose 0.984 0.971–0.998 0.025
 Obesity 6.568 1.344–32.103 0.02
 Hypothyroidism 13.292 1.348–131.067 0.027
 COPD 12.048 1.025–141.632 0.048
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other large cohort studies that have addressed time to surgery 
as a potential predictor of hospital length of stay.

Our study and four others [5, 19, 20, 28] have failed to 
find time to surgery to be significant on multivariable mod-
eling to define the predictors of mortality. We believe that 
the retrospective nature of the studies and small sample sizes 
are responsible for these results. The odds ratio of 1.004 
observed in our study for time to surgery predicting mortal-
ity suggests a slight non-significant increase in odds with 
longer time to surgery that could be detected as significant 
by a larger study. Details are missing from the other four 
studies on the magnitude of the association between time to 
surgery and mortality and the width of confidence intervals.

Time to surgery is a complex variable with multiple com-
ponents defying straightforward interpretation. In our study, 
time to surgery was generally defined as the interval from 
presentation at the ED to the beginning of first debridement. 
Other intervals include the point when symptoms arise to the 
point of presentation, the point of presentation to being seen 
by the surgeon, the point of being seen to the decision to 
perform surgery, and the point of the decision to when sur-
gery is performed. The last three intervals are components 
of time to surgery as we measured it in our study, but we did 
not estimate them separately. Time from symptom onset to 
presentation could reflect various factors such as tolerance 
for discomfort, how serious the patient considered symptoms 
to be, insurance status, mobility, and accessibility to medical 
facilities. Time from presentation to first debridement could 
also reflect multiple factors including: the degree to which 
clinicians at the hospital are familiar with diagnosis of NSTI 
or guidelines for managing patients with suspicious findings 
for NSTI; clinician uncertainty of whether the patient fits 
the diagnosis, independent of experience/knowledge; effi-
ciency of management pathways at a facility and availability 
of a surgeon/operating room to perform the debridement. 
The impact of inter-hospital transfer and ED boarding stay 
were found to be associated with increased mortality [6, 46]. 
These two time factors were not addressed in our study.

Severity of infection may not have a simple positive cor-
relation with time to surgery. While some patients with 
severe infections on presentation will be immediately recog-
nized as NSTI and undergo surgery quickly, other difficult-
to-diagnose cases may not be recognized as severe until later 
and would undergo delayed surgery. Thus, the critical factors 
may not be time to surgery but rather time to diagnosis and 
time to decision to perform surgery.

A very recent state-of-the-art review outlines the com-
plexities of etiology, clinical presentations, treatment and 
the effect of delays in surgical intervention on mortality [1]. 
Understanding the role of comorbid conditions, and the need 
for surgical treatment in the timeliest manner should be the 
modus operandi of these complex and deadly infections.
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Clinicians would benefit from risk scoring systems that per-
mit estimation of the probability of adverse outcomes given 
the characteristics of specific patients. Table 6 shows mortality 
scoring systems derived from our study and three other reports 
[17, 19, 44]. Three used multivariable logistic regression and 
one used classification and regression tree (CART) analysis. 
Our study and the Faraklas study reported how well scor-
ing systems discriminated between survival and death using 
area under the receiver operating characteristic curve (AUC). 
Faraklas et al. [17] used data from 1392 patients extracted 
from NSQIP files between 2005 and 2010. Their validated 
logistic model included age, functional dependence, dialysis, 
ASA class, emergent surgery, septic shock and platelet count, 
achieving a development phase AUC of 0.85. Our mortality 
model included peripheral vascular disease, white blood cell 
count, blood glucose, obesity, hypothyroidism and COPD, 
yielding an AUC of 0.904. Our study compares favorably with 
the Faraklas study on discrimination.

Our study has a number of limitations such as retrospec-
tive design with small sample size. A larger sample would 
have permitted addressing potential outcome differences by 
subgroup factors such as site of infection and pathogen. Time 
to surgery in this study was calculated based on available infor-
mation on admission and/or initial diagnosis to time of first 
surgery. More precise measurement of time would have been 
desirable. Moreover, variables such as time of symptom onset, 
time of diagnosis and time from decision to perform surgery to 
actual surgery itself were not recorded. Furthermore, the sub-
specialty of the operating surgeons was not recorded. Analysis 
of length of hospital stay can be problematic, because it can 
be influenced by “non-medical” factors that can prolong stay.

We conclude that time to surgery is a significant inde-
pendent predictor of length of hospital stay. Given conflict-
ing findings on whether time to surgery is an independent 
predictor of mortality and length of hospital stay in NSTI 
patients, prospective studies should be conducted in the 
future to collect detailed measurements of several inter-
vals between time of symptom onset and time of surgery. 
In patients with NSTIs and with other comorbid conditions 
surgical treatment should be performed as soon as possible, 
best within the first 6 h of presentation. This time should be 
used for aggressive resuscitation. Each patient with NSTI 
should be studied prospectively and rigorous multivariable 
statistical procedures should be carried out to help identify 
factors that are significant independent predictors of adverse 
outcomes in NSTI patients.
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