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Abstract

Background: Although the phrase “time is fascia” is well acknowledged in the case of necrotizing soft tissue
infections (NSTIs), solid evidence is lacking. The aim of this study is to review the current literature concerning the
timing of surgery in relation to mortality and amputation in patients with NSTIs.

Methods: A systematic search in PubMed/MEDLINE, Embase, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), and the Cochrane Controlled Register of Trials (CENTRAL) was performed. The primary
outcomes were mortality and amputation. These outcomes were related to the following time-related variables: (1)
time from onset symptoms to presentation; (2) time from onset symptoms to surgery; (3) time from presentation to
surgery; (4) duration of the initial surgical procedure. For the meta-analysis, the effects were estimated using
random-effects meta-analysis models.

Result: A total of 109 studies, with combined 6051 NSTI patients, were included. Of these 6051 NSTI patients, 1277
patients died (21.1%). A total of 33 studies, with combined 2123 NSTI patients, were included for quantitative
analysis. Mortality was significantly lower for patients with surgery within 6 h after presentation compared to when
treatment was delayed more than 6 h (OR 0.43; 95% Cl 0.26-0.70; 10 studies included). Surgical treatment within 6 h
resulted in a 19% mortality rate compared to 32% when surgical treatment was delayed over 6 h. Also, surgery
within 12 h reduced the mortality compared to surgery after 12 h from presentation (OR 041; 95% Cl 0.27-0.61; 16
studies included). Patient delay (time from onset of symptoms to presentation or surgery) did not significantly
affect the mortality in this study. None of the time-related variables assessed significantly reduced the amputation
rate. Three studies reported on the duration of the first surgery. They reported a mean operating time of 78, 81,
and 102 min with associated mortality rates of 4, 11.4, and 60%, respectively.

Conclusion: Average mortality rates reported remained constant (around 20%) over the past 20 years. Early surgical
debridement lowers the mortality rate for NSTI with almost 50%. Thus, a sense of urgency is essential in the
treatment of NSTI.
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Background

Necrotizing soft tissue infections (NSTIs) are notorious
for their acute, aggressive, and rapidly progressive char-
acter. Of all NSTIs, necrotizing fasciitis is the most well
known and most common NSTI; other NSTIs are myo-
necrosis and necrotizing cellulitis [1]. Mortality and
amputation rates for NSTI are considered high, with de-
scribed mortality rates varying between 6 and 33% [2-5].
Factors such as advanced age, female sex, multiple co-
morbidities, and sepsis upon presentation have previ-
ously been linked to increased mortality rates [2, 5, 6].
The bacteria causing NSTI can spread rapidly along the
fascial planes; therefore, the saying “time is fascia” seems
suitable. This resulted in the established belief that
source control with early surgical resection of necrotic
and infected tissue reduces progression of the infection
and improves outcomes [1, 7]. However, the achievabil-
ity of early treatment is sometimes hindered by a pro-
longed interval between the onset of symptoms and the
patient seeking medical care (patient delay), or between
hospital presentation and the eventual diagnosis (doctor
delay) [8]. Furthermore, logistical challenges within hos-
pitals might cause unwanted delays in treatment (system
delay). In these cases, it is interesting to know if the
prognosis can be predicted by the time frame in which
the initial surgery is performed. If such a “golden” time
frame exists, it could also indicate that when the delay
was already too great, a higher mortality or amputation
rate can be expected after initial surgery. There is still
no consensus on a potential cut off point for such a time
frame [9]. Multiple cohort studies have previously
assessed the relation between surgical timing and mor-
tality and amputation; however, a large number of stud-
ies are under-powered and were unable to reject the null
hypothesis [10-14]. Therefore, the aim of this review
was to analyze the current literature concerning the tim-
ing of surgery in relation to mortality and amputation in
patients with necrotizing soft tissue infections.

Review methods

A study protocol was developed a priori and submitted
to PROSPERO for registration. This review is reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.

Search and study selection

Published cohort studies and randomized controlled tri-
als (RCT) reporting on mortality or amputation rates for
NSTIs were included. These studies had to evaluate one
of the following time-related variables: (1) time from on-
set symptoms to presentation; (2) time from onset symp-
toms to surgery; (3) time from presentation to surgery;
and/or (4) duration of the initial surgical procedure.
Studies written in English or Dutch were included.
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Conference abstracts, studies including pediatric pa-
tients, study protocols, reviews, animal studies, case re-
ports, and studies reporting the results for the time
variables for less than five patients were excluded.

Two reviewers (FN and DS) independently conducted a
systematic search in PubMed/MEDLINE, Embase, Cumu-
lative Index to Nursing and Allied Health Literature
(CINAHL), and the Cochrane Controlled Register of Tri-
als (CENTRAL) for articles published from inception of
the databases up to October 29, 2019. The search syntax
is available in Additional file 1. No filters were applied
during the search. Titles and abstract were screened for
potential eligible studies, after which duplicates were re-
moved. The full texts of the potential eligible studies were
screened by one reviewer (FN) for the reporting of one or
more of the time-related variables. If the full-text article
was not available online, attempts were made to request
the article from the library or the authors. After screening
the available full texts, the remaining articles were read in
full to determine eligibility. In the case of uncertainty, the
eligibility of a study was discussed between both reviewers.
Disagreement of eligibility between reviewers was solved
by discussion with a third independent reviewer (FH).

Data extraction

The following data were extracted if available: first author,
year of publication, country in which the study was con-
ducted, study design, inclusion period, number of partici-
pating medical institutions, number of patients included,
mean age of included patients, the anatomical regions af-
fected by NSTI, inclusion and exclusion criteria, diagnostic
criteria used for diagnosing NSTI (e.g., operative findings,
histopathologic results, microbiology results, clinical signs
during physical examination), time onset symptoms to
presentation or surgery, time from presentation to surgery,
duration of first surgery, mortality rate, and amputation
rate. Data was extracted including the available odds ratio
(OR), confidence intervals (ClIs), and p values.

Outcomes

The primary outcomes were mortality and amputation in
NSTI patients. The previous mentioned time-related vari-
ables were assessed in relation to these outcomes. Due to
heterogeneity in the reporting of the time variables, we as-
sumed that time of presentation would be equal to time of
hospital admittance or diagnosis, since NSTI patients
often present septic and require immediate treatment
hence the immediate hospital admission. We assumed
that mortality rates reported in studies were in-hospital
mortality rates, unless reported otherwise.

Quality assessment
The methodological quality of the studies included in the
meta-analysis was independently assessed by two reviewers
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(FN and DS). Since no suitable tool was available for this
non-intervention-non-diagnostic study, a modified quality
assessment tool based on the most applicable criteria from
the Quality in Prognosis Studies (QUIPS) tool and Meth-
odological Index for Non-Randomized Studies (MINORS)
was used (Additional file 2) [15, 16]. Disagreement between
reviewers during the quality assessment was resolved by
discussion with a third independent reviewer (FH).

Statistical analysis

Data management and statistical analysis were performed
using Review Manager software (RevMan, version 5.3;
Cochrane, Copenhagen, Denmark). Studies with data
available for one or more of the time-related variables as
categorical or dichotomous data in relation to either mor-
tality or amputation were identified and included in the
meta-analysis. If there was insufficient quantitative data to
perform a meta-analysis for one or more of the time-
related variables in relation to the outcomes, the time vari-
able was assessed qualitatively. If required, data were
manually categorized or calculated based on the available
text or tables and was converted in the same units.

The stratification of time categories was data-driven. If
the same time category (e.g., 6, 12, and 24 h) was compared
in relation to mortality or amputation by >2 studies, this
time categories were evaluated in a meta-analysis. There-
fore, the available data per time category determined the
stratification of the analyses for mortality and amputation.
For the meta-analysis with amputation as outcome, the
sample size was corrected to only include the patients with
NSTI of the extremity or NSTI affecting multiple body
areas. This was done to prevent underestimating the ampu-
tation rate if also NSTIs involving the trunk or perineum
were included in the calculation of the amputation rate.
The effect estimate for all analyses was an OR with a 95%
CI calculated using the Mantel-Haenszel method. A p
value < 0.05 in the overall effect Z test was considered sta-
tistically significant. Heterogeneity was evaluated using the
following statistical measures: 7%, >, and y*. All analyses
were performed using the random-effects model. Potential
publication bias was assessed by eyeballing the funnel plots.

Subgroup analyses

A priori, the following subgroup analyses were planned
for each time-related variable if >2 studies were found
for the subgroup analyses: (1) high-quality studies (a
quality assessment score of 6 or higher out of a possible
score of 8); (2) studies published in the last decade; (3)
studies assessing NSTI of the entire body without ex-
cluding specific body regions; (4) studies that assessed
all microbial NSTI entities without excluding specific
microorganism.
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Review results

Search

After full text screening, 109 eligible studies were identi-
fied. The studies from Tsai et al. from 2004 [17] and
2009 [18] were excluded based on overlap in patient
populations with a later published study from their
group in 2010 [19]. The studies by Ahn et al., Holena
et al, and Sugihara et al. were excluded, since they in-
cluded patients from nationwide financial code-based
databases without evident review of the included patient
medical charts on content for eligibility [13, 20, 21]. All
109 articles combined; 6051 patients were included. Of
these 6051 NSTI patients, 1277 patients died (21.1%)
and 529 of the 2781 patients with NSTI of the extremity
underwent an amputation (19.0%). Comparing mortality
rates before and after 2000, there was a significant re-
duction in mortality from 28.3 to 20.6% (p =0.004).
However, average mortality rates reported remained
constant (around 20%) over the past 20years (Fig. 1).
The baseline characteristics are summarized in Table 1.
The elaborate baseline characteristics, study inclusion
and exclusion criteria, the time-related variables
assessed, and outcomes can be found in Additional file
3. A total of 33 studies were included for quantitative
analysis. The selection process and reasons for exclusion
can be found in Fig. 2.

Baseline characteristics of studies in quantitative analysis
The 33 studies available for quantitative and thorough
analysis included a combined number of 2123 NSTT pa-
tients with a mean age of 54 years. Of the 2123 patients,
417 patients (19.6%) died due to the NSTI. The number
of patients included per study ranged between 9 and 472
patients. The majority of the studies included NSTT pa-
tients without having exclusion criteria for specific body
regions affected (n = 23, 70%) (Table 1).
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Fig. 1 Historical cumulative mortality rates for necrotizing soft tissue
infections based on included studies
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Table 1 Baseline study characteristics of necrotizing soft tissue infection studies assessing surgical timing
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Eligible studies

Studies in meta-analyses

(n=109) (n=33)
Publication year, n (%)
1989 and older 8 (7) 3(9
1990-1999 7 (6) 4(12)
2000-2009 29 (27) 721
2010-2019 65 (60) 19 (58)
Continent where study was performed?, n (%)
Africa 8(7) 00
Asia 42 (39) 14 (43)
Europe 23 (21) 721
North America 32 (30) 12 (36)
Oceania 3(3) 0(0)
South America 0 (0) 0 (0)
Type of study®, n (%)
Retrospective cohort study 89 (90) 27 (93)
Prospective cohort study 9 (9) 2(7)
Randomized controlled trial (M 0(0)
Study period in years, median (IQR; range) 7 (5-11; 2-24) 6 (5-11; 2-16)
a-r (

Number of participating medical institutions®, median (IQR; range)
Number of included patients per study, median (IQR; range)
Body regions affected by NSTI assed per study, n (%)

Head and/or neck

Extremities

Trunk

Fournier

Full body

35 (20-67; 5-472)

1(1-1;1-2)
33 (20-84; 9-472)

9(8) 103)
88 309
2(2) 13)
32 (29) 4(12)
58 (53) 24 (73)

IQR interquartile range, NSTI necrotizing soft tissue infection
1 missing case
10 missing cases

Time from presentation at hospital to surgery

Surgery within 6 h

Ten (30%) of the 33 included studies reported the num-
ber of patients operated on within and after 6 h after
presentation. The mortality was significantly lower for
surgery within 6 h after presentation compared to surgi-
cal treatment delayed more than 6 h, with an OR of 0.43
(95% CI 0.26-0.70, p < 0.01) (Fig. 3a). Surgical treatment
within 6 h resulted in a 19% mortality rate and surgical
treatment after 6 h in a mortality rate of 32%. Surgery
within 6 h did not result in a significant reduction in the
amputation rate, with an OR of 0.68 (95% CI 0.34—1.39,
p =0.30) (Table 2 and Additional file 4).

Surgery within 12 h

Sixteen (48%) of the 33 included studies reported the
number of patients operated on within and after 12h
after presentation. The mortality was significantly
lower for surgery within 12h after presentation

compared to surgical treatment delayed more than 12
h, with an OR of 0.41 (95% CI 0.27-0.61, p <0.01)
(Fig. 3b). Surgical treatment within 12h resulted in a
19% mortality rate and surgical treatment after 12h
in a mortality rate of 34%. Surgery within 12h did
not result in a significant lower amputation rate, with
an OR of 0.71 (95% CI 0.28-1.82, p=0.48) (Table 2
and Additional file 4).

Surgery within 24 h

Eighteen (55%) of the 33 included studies reported the
number of patients operated on within and after 24 h
after presentation. Analysis showed no significant reduc-
tion in the mortality or amputation rate between surgical
treatment within or after 24 h, with an OR of 0.79 (95%
CI 0.52-1.20, p =0.26) for mortality and an OR of 0.63
(95% CI 0.20-2.05, p=0.45) for amputation (Table 2
and Additional file 4).
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Fig. 2 Flowchart of study inclusion process for meta-analysis of surgical timing of necrotizing soft tissue infections

Time from onset symptoms to presentation at hospital
Forty-three studies included in the qualitative analysis
reported on time from onset symptoms to presenta-
tion. The average time weighted by study sample sizes
was 4.5days (range 1.0-13.3 days). Since continuous
independent variables cannot be used in meta-
analyses, only studies with similar dichotomous vari-
ables were included in this meta-analysis. Eight (24%)
of the 33 studies included for meta-analysis reported
the number of patients presenting to the hospital
within and after 3 days after the onset of the symp-
toms. Presentation to the hospital within 3 days after
the onset of symptoms did not result in significant
lower mortality than patients presenting after 3 days,
with an OR of 0.49 (95% CI 0.16—1.44) (Table 2 and
Additional file 4).

Time from onset symptoms to surgery

Thirteen studies included in the qualitative analysis re-
ported on time from onset symptoms to surgery. The
average time weighted by study sample sizes was 4.6 days
(range 2.1-7.5days). Only studies with similar dichot-
omous variables were included in this meta-analysis.
Three (9%) of the 33 included studies reported the num-
ber of patients operated on within and after 3 days after
onset of symptoms. Surgery within 3 days after onset of
symptoms did not result in significant lower mortality
than patients operated after 3 days, with an OR of 0.40
(95% CI 0.15-1.08) (Table 2 and Additional file 4).

Duration of first surgery
Only three studies reported on the duration of the first
surgery. Corman et al. found a mortality rate of 4% (1
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Surgery within 6h  Surgery after 6h Odds Ratio Odds Ratio
a) Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H,R 95% CI
Boyer et al, 2009 8 12 16 21 9.7% 0.63[0.13,2.99] —
Chaoetal, 2013 4 27 il 94 18.2% 0.35[0.11,1.11] = I}
Coronaetal, 2016 2 9 4 1" 6.0% 0.50 [0.07, 3.67]
Hadeed et al, 2016 3 40 8 47 121% 0.40(0.10, 1.60] —_—
Huang etal, 2008 0 1" 3 5 22% 0.03[0.00,0.81] *
Kaiser etal, 1981 3 13 5 7 55% 0.12[0.01,0.97]
Latifi et al, 2018 4 34 15 81 17.0% 0.59(0.18,1.92] ——r
Nawijn et al, Aug 2019 2 20 1 5  34% 0.44 [0.03,6.19]
Nawijn et al, Feh 2019 8 30 12 27 19.3% 0.45(0.15,1.38] S
Tsaietal, 2015 5 1" 3 7 65% 1.11[0.18, 7.51] pf—
Total (95% Cl) 207 305 100.0% 0.43[0.26, 0.70] <
Total events 39 98
Heterogeneity: Tau®= 0.00; Chi*= 5.53, df= 9 (P = 0.79); F= 0% :g 01 0i1 1?0 100:
Testfor overall effect Z= 3.40 (P = 0.0007) Favours surgery within 6h  Favours surgery after 6h
Surgery within 12h  Surgery after 12h 0Odds Ratio Odds Ratio
b) Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI
Balci et al, 2009 0 6 2 5  18% 0.11[0.00,2.93] +
Boyeretal, 2009 9 16 15 17 54% 0.17[0.03,1.01]
Chaoetal, 2013 g 53 27 68 21.3% 0.27 [0.11, 0.66] ==
Corona et al, 2016 3 14 3 6 41% 0.27 [0.04, 2.11]
Huang et al, 2008 2 13 1 3 21% 0.36 [0.02,6.19]
Kaiser et al, 1981 4 15 4 5 28% 0.08[0.01,1.08 +
Kohayashi etal, 2011 1 22 7 25 36% 0.12[0.01,1.09]
Lee etal, 2014 10 67 8 33 157% 0.55(0.19, 1.55] —_—
Lille et al, 1996 1 17 3 12 3.0% 0.19(0.02, 2.08]
Nawijn et al, Aug 2019 3 24 0 2 18% 0.81[0.03,20.78)
Nawijn et al, Feb 2019 12 42 9 28 159% 0.84 [0.30, 2.38] - f
Pakula etal, 2012 5 35 3 19 71% 0.89(0.19, 4.21] —
Sudarsky et al, 1987 0 i 2 260 1.7% 0.65[0.03,15.16]
Tsaietal, 2010 12 54 6 17 12.2% 0.52[0.16,1.71] —_—
Tsaietal, 2015 7 16 1 2 20% 0.78[0.04,14.75)
Total (95% Cl) 401 268 100.0% 0.41[0.27, 0.61] -
Total events 77 91
Heterogeneity: Tau?= 0.00; Chi*= 9.31, df= 14 (P = 0.81); F= 0% :0 P n=1 150 1uu=
Test for overall effect: Z= 4.27 (P < 0.0001) Favours surgery within12h Favours surgery after12h
Fig. 3 Mortality in a meta-analysis assessing time from presentation to surgery in necrotizing soft tissue patients. a Mortality in a meta-analysis
comparing surgery within and after 6 h after presentation; b Mortality in a meta-analysis comparing surgery within and after 12 h
after presentation

out of 26 patients) with an associated mean duration of
the initial surgery of 78 min; Elskaket et al. reported a
mortality rate of 11.4% (5 out of 44 patients) associated
with a mean duration of the initial surgery of 81 min,
while Hong et al. reported a mortality rate of 60% (9 out
of 15 patients) associated with a mean duration of the
initial surgery of 102 min.

Quality assessment

The elaborate results of the quality assessment for each
study can be found in Additional file 5. The mean qual-
ity score was 5+ 2. Ten (30%) studies scored 6 or higher,
indicating high quality.

Subgroup analyses

The subgroup analyses either using only studies pub-
lished in the last decade, studies assessing NSTI of the
entire body without excluding specific body regions, or
studies that assessed all microbial NSTI entities without
only including a specific microorganism did not result in
new results. No outcomes changed direction or signifi-
cance (Table 2 and Additional file 4).

Assessment of publication bias

The funnel plot for the analysis of time from presenta-
tion to surgery within and after 6 and 12 h in relation to
mortality are presented in Fig. 4. Upon eyeballing the
funnel plots, both showed relative symmetry indicating a
low risk of publication bias in these meta-analyses.

Discussion

This study clearly shows that the average mortality rate
for NSTI did not improve over the past 20 years. Timely
initial surgery after presentation to the hospital for NSTI
cuts mortality almost in half. This stresses the need for
early surgical treatment of all NSTIs.

There is only one similar meta-analysis published that
assesses the time to surgery for NSTIs. Gelbard et al.
pooled the results from six studies and found an OR of
0.43 (95% CI 0.24-0.78) in favor of surgery within 12h
(13% mortality) compared to surgery after 12h from
presentation (26% mortality) [8]. Our study shows a
similar reduction in mortality if the initial surgery is per-
formed within 12 h after presentation (19 vs. 34%), but
even more, also found such an association for surgery
within 6h (19 vs. 32%). Based on our results, initial
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Table 2 Results of meta-analyses assessing influence of surgical timing on outcomes in necrotizing soft tissue infections

Mortality analyses

Subgroup analyses

Outcome Events/total Result High- Studies Studies without limitation on  Studies without limitation based
patients (n)  (OR, 95%  quality published = affected body region by NSTI on specific microbial types of
@) studies®  2009° (OR, 95% CI) NSTI
(OR, 95%  (OR, 95% Cl) (OR, 95% Cl)
Cl)
Surgery within 6 h after 137/512 0.43 0.46 0.49 (0.30- 0.44 (0.25-0.75) 0.45 (0.25-0.79)
presentation (0.26- (0.27- 0.82)
0.70) 0.80)
Surgery within 12 h after 168/669 0.41 0.40 0.43 (0.28- 0.45 (0.29-0.70) 0.41 (0.22-0.74)
presentation (0.27- (0.23- 0.67)
0.61) 0.69)
Surgery within 24 h after 271/1372 0.79 0.63 0.84 (0.52- 0.85 (0.53-1.38) 1.11 (0.77-1.60)
presentation (0.52— (0.29- 1.37)
1.20) 1.34)
Surgery within 3 days after ~ 33/172 0.40 041 0.35 (0.12- 046 (0.16-2.42) 0.13 (0.01-2.42)
onset symptoms (0.15- (0.13- 1.02)
1.08) 1.29)
Hospital admission within ~ 98/326 049 0.66 061 (0.17- 041 (0.08-2.13) 1.01 (0.37-2.74)
3 days after onset (0.16— (0.15- 2.24)
symptoms 1.44) 2.83)
Amputation analyses
Subgroup analyses
Outcome Events/total Result High- Studies Studies without limitation on  Studies without limitation based
patients (n)  (OR, 95% quality published = affected body region by NSTI on specific microbial types of
(@) studies® 2009° (OR, 95% ClI) NSt
(OR, 95%  (OR, 95% Cl) (OR, 95% Cl)
Cl)
Surgery within 6 h after 45/197 0.68 057 065 (0.31- 0.64 (0.30-1.38) 061 (0.28-1.32)
presentation (0.34- (0.23- 1.38)
1.39) 142)
Surgery within 12 h after 26/138 0.71 0.54 0.71 (0.25- 0.71 (0.24-2.11) 0.55 (0.19-1.54)
presentation (0.28- 0.11- 1.98)
1.82) 2.54)
Surgery within 24 h after 21/102 063 025 0.70 (0.19- 041 (0.08-2.26) 0.53 (0.14-2.06)
presentation (0.20- (0.04- 2.58)
2.05) 1.60)

Results in bold are statistically significant results
Cl confidence interval, NSTI necrotizing soft tissue infection, OR odds ratio

?Excluding Bair, Balci, Catena, Corona, Ferretti, George, Huang 2008, Kaiser, Kalaivani, Knutson, Lille, Liu, Mittapalli, Ogilvie, Pakula, Palmer, Park, Stephenson,

Sudarsky, Tsai 2010, Tsai 2015, Wang, Yu

PExcluding Catena, Huang 2008, Kaiser, Knutson, Lille, Ogilvie, Palmer, Stephenson, Sudarsky, Wang, Yu
“Excluding Balci, Boyer, Corona, Ferretti, Huang 2008, Liu, Palmer, Stephenson, Sugihara, Wang

?Excluding Chao, Huang 2008, Knutson, Lee, Tsai 2010, Tsai 2015

surgery within 12 h should be regarded as the minimal
“golden” time frame for operating patients with NSTIs,
while surgery within 6h might be strongly preferred.
However, based on these analyses, it is difficult to give a
prognosis for the patients operated on between 6 and
12h. Based on the analyses comparing surgery within
and after 12 h, these patients were less likely to die (OR
0.41 for surgery within 12 h; 95% CI 0.27-0.61), while in
the analysis comparing surgery within and after 6 h, this
group of patients had worse outcomes (OR 0.43 for sur-
gery within 6h; 95% CI 0.26-0.70). Although surgery
within 12h is essential, surgery within 6 h might be

beneficial. However, to determine a more exact cutoff
point for the “golden” time frame, more research is
necessary.

Patient delay (time from onset of symptoms to surgery)
did not seem to affect mortality, although availability and
robustness of the data for this part of the question was
limited. Nevertheless, based on the presented mortality
data in this review, the time from presentation to surgery
(which encompasses both doctor delay and part of the sys-
tem delay) has significant effect on outcome. On the other
hand, this study did not find an association between tim-
ing of surgery and the amputation rate, indicating that
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other factors, such as comorbidities, the local situation of
the tissue (e.g., the presence of bullae), or the severity of
disease (e.g., severe sepsis), are more predictive for ampu-
tation [22, 23]. However, those factors were outside the
scope of this review.

The goal of the initial surgical procedure for NSTIs is
to gain control and prevent further (trans-fascial and
hematogenous) spreading of the infection by complete
debridement of all the infected and necrotic tissue [1, 9].
Sarani et al. suggested that each hour delay of surgical
treatment can lead to a local spread of the infection as
fast as an inch per hour and results in higher chances of
systematic spread [24]. Early surgical treatment does not
only reduce the mortality rate, but several studies also
found that it can reduce the risk of septic shock, number
of surgical debridement, and the length of hospital stay
[14, 25]. The exact pathophysiology behind the rapid
spread of bacteria across the fascia is still poorly under-
stood. However, it is thought that especially during
NSTIs the microbial virulence caused by the toxins pro-
duced by the involved bacteria outweighs the host
defense system providing the opportunity for rapid
spreading of the infection [24, 26]. Early resection of
necrotic and infected tissue results in a lower microbial
load. As a result, the immune system combined with
broad spectrum antibiotics has better odds at controlling
the infection [1, 27]. Thus, time is of the essence.

However, clinical implementation of the desired ur-
gent debridement is often hindered by multiple factors.
First, patient delay is a problem not easily influenced by
medical personnel. The time a patient waits before seek-
ing medical care is dependent on a wide variety of clin-
ical, economic, and social factors. The physical and
financial access to emergency care, the nature of the
acute illness, the underlying chronic comorbidities, and
understanding of the severity of symptoms all influence
the likelihood of a patient seeking emergency care [28].

Next, doctor delay is a well-known problem for this
disease. Before NSTI can be treated, the accurate diag-
nosis must be made. Awareness of NSTI is frequently
described as low, due to its low incidence, compared to
non-necrotizing soft tissue infections with a higher a
priori chance such as cellulitis and erysipelas [3, 29].
Furthermore, symptoms of NSTI mimic those of cellu-
litis and erysipelas and no pathognomic symptoms for
NSTTI are known [23, 30, 31]. Wong et al. developed the
laboratory risk indicator for necrotizing fasciitis (LRI-
NEC) score to help physicians with identifying NSTIs
[32]. However, a meta-analysis performed by Fernando
et al. showed that this is a suboptimal score for identify-
ing patients with NSTI due to its low sensitivity [30].
The substantial problem of misdiagnosing is illustrated
in a systematic review by Goh et al. They reported that
71.4% of the NSTIs were initially misdiagnosed and that
the mortality rate increased with the percentage of ini-
tially missed diagnoses [23]. Interoperative diagnostic ac-
curacy can be increased by using the method of triple
diagnostics. In the case of ambivalent signs of NSTI
upon intra-operative macroscopic evaluation, samples
should be taken for intra-operative assessment of fresh
frozen sections and Gram stains. Based on those results,
the NSTI diagnosis can be confirmed or waived [7, 33].
A solution for improving pre-operative diagnostics is a
strongly recommended focus for future studies.

Finally, the medical system should be organized with
enough surgical capacity to prevent system delay. After
the accurate diagnosis is made, the logistics needs to be
in place to facilitate urgent surgical debridement. The
initial debridement for NSTI holds the highest surgical
priority. Mclsaac et al. reported that 27% of the urgent
or emergency surgeries at their hospital with the highest
priority were delayed beyond the waiting time appointed
to surgeries with the highest priority. The main reasons
for the delays were unavailability of surgeons, followed
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by unavailability of resources such as operating rooms
[34]. Improving the availability of the appropriate sur-
geons and resources at the presenting hospital is cru-
cial, since transfer, even to a center specialized in
NSTIs, increases the delay and therefore the risk at
mortality [21]. To improve immediate availability of
the appropriate resources, the system using 24/7 in-
house attending surgeon and the 24/7 readiness of an
operating room could significantly decrease the time
to surgery and mortality [35, 36].

Not only the time to surgery influences the outcomes,
but shorter operative times of emergency surgeries are
also associated with less postoperative complications
[37]. Matsuyama et al. reported that the mortality and
morbidity are significantly lower if emergency surgeries
in adults were completed within 120 min, and Kaushal-
Deep et al. reports better outcomes if operative times
are less than 100 min for pediatric emergency surgeries
[37, 38]. In severely physiologically compromised trauma
patients, the damage control strategy is indicated if the
operative time would be longer than 90 min [39]. Unfor-
tunately, our study is unable to comment on the ideal
duration of the initial debridement for NSTI and re-
mains therefore unknown. However, since most NSTI
patients are severely physiologically compromised, short
and efficient debridements might be recommended, as a
major difference in mortality rate was noted between the
published results of patients with an operating time
shorter and longer than 90 min. The risk at more post-
operative complications associated with longer operative
times should be considered when skin-sparing debride-
ment for NSTIs is contemplated [37, 40]. Therefore, the
clinical condition of the patient should determine the
course of actions and surgical strategy.

The limitations of this study need to be kept in mind
during the interpretation of the results. For example, we
were unable to vary between time from diagnosis to sur-
gery and time from presentation to surgery. The time
from presentation to diagnosis is often underreported
and could not be assessed. Furthermore, even though we
used a broad search, there is still a possibility of missing
studies. Finally, for the interpretation of the cumulative
mortality rates, it should be kept in mind that the in-
cluded studies used different and sometimes very spe-
cific inclusion and exclusion criteria, limiting the
generalizability of mortality rates to the entire NSTI
population. For example, eight studies excluded patients
that did not undergo surgery, which indicates that those
patients were unsuitable for surgery (i.e., based on sever-
ity of illness or patients’ wishes) [10, 41-47]. Excluding
these patients from the mortality rate could result in a
seemingly better mortality rate than the reality, since
these patients are likely to have died of NSTIL The
strength of this meta-analysis is the relatively low
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heterogeneity in the meta-analysis, and the risk at publi-
cation bias is estimated to be limited. Furthermore, this
meta-analysis contributes to solving the problem of
underpowered studies, which is especially relevant in the
field of NSTI research. The incidence of NSTI has been
estimated to be 3.64 per 100,000 person years; this sug-
gests that most single-center NSTI study would auto-
matically be underpowered due to the limited incidence
of NSTI to that hospital [3]. Therefore, meta-analyses
remain an efficient way of increasing the body of evi-
dence if only studies with limited sample sizes are
available.

Conclusion

Average mortality rates reported remained constant
(around 20%) over the past 20 years. Surgical debride-
ment as soon as possible lowers the mortality rate for
NSTI with almost 50%. However, early surgical treat-
ment did not reduce the amputation rate. Nevertheless,
this systematic review and meta-analysis show that early
surgical treatment of NSTIs within 12 h is essential for
reducing the mortality rate, while surgical treatment
within 6 h might even further improve outcomes.
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