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Abstract
(Bion V, Jape D, Niesen R, Angliss M, Bruscino-Raiola F, Mitra B, Devaney B. Validation of necrotising infection clinical 
composite endpoint in a retrospective cohort of patients with necrotising soft tissue infections. Diving and Hyperbaric 
Medicine. 2024 30 September;54(3):155−161. doi: 10.28920/dhm54.3.155-161. PMID: 39288918.)
Introduction: Rapidly progressive necrotising soft tissue infections (NSTIs) are associated with high mortality and 
morbidity. Low incidence and disease heterogeneity contribute to low event rates and inadequately powered studies. The 
Necrotising Infections Clinical Composite Endpoint (NICCE) provides a binary outcome with which to assess interventions 
for NSTIs. Partly with a view towards studies of hyperbaric oxygen treatment in NSTIs we aimed to validate NICCE in a 
retrospective cohort of NSTI patients.
Methods: Eligible patients were admitted between 2012 and 2021 to an adult major referral hospital in Victoria, Australia 
with surgically confirmed NSTI. The NICCE and its constituents were assessed in the whole cohort (n = 235). The cohort 
was divided into two groups using the modified sequential organ failure assessment (mSOFA) score, with an admission 
mSOFA score ≥ 3 defined as high acuity.
Results: Baseline characteristics of the whole (n = 235), the high (n = 188) and the low acuity cohorts (n = 47) were similar. 
Survival rates were high (91.1%). Patients with an admission mSOFA ≥ 3 were less likely to meet NICCE criteria for 
‘success’ compared to the lower acuity cohort (34.1% and 64.7% respectively). Meeting NICCE criteria was significantly 
associated with lower resource utilisation, measured by intensive care unit days, ventilator days, and hospital length of stay 
for all patients and for those with high acuity on presentation.
Conclusions: The NICCE provides greater discriminative ability than mortality alone. It accurately selects patients at high 
risk of adverse outcomes, thereby enhancing feasibility of trials. Adaptation of NICCE to include patient-centred outcomes 
could strengthen its clinical relevance.

Introduction

Necrotising soft tissue infections (NSTI) are a group of 
severe, rapidly progressive infections of subcutaneous 
tissue, fascia or muscle associated with high mortality and 
morbidity. Incidence varies globally with rates as high as 
15 per 100,000 in Thailand1 and as low as 0.3 per 100,000 in 
high income countries such as the USA2 and Norway.3  The 
majority of published mortality rates vary between 20–30% 
with 15% of patients experiencing disability, sequelae and 
amputation.4  At the Alfred Hospital, a quaternary hospital 
in Melbourne, Australia, the mortality rate for patients with 

a diagnosis of NSTI at hospital discharge was reported to 
be 14%.5

Standard treatment of NSTI involves empiric antimicrobials, 
early and repeated surgical debridement of non-viable 
tissue, intensive care support, and use of adjuvant therapies.6  
Patients may require amputation in the early phase of the 
disease, followed by complex reconstructive procedures 
and extensive rehabilitation in nearly half of survivors.7  
Whilst early surgical intervention has been shown to reduce 
mortality and the number of operations required to control 
the disease,8–10 there is limited high level evidence for any 
treatment modality for NSTI.11
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The Alfred Hospital provides a state-wide service for 
hyperbaric oxygen treatment (HBOT). This has become an 
established component of NSTI treatment at many centres. 
Support for HBOT is based on proposed physiological 
mechanisms, case reports, retrospective case-control studies, 
and a systematic review and meta-analysis published in 
2021 which concluded that HBOT reduced the odds of 
dying from NSTI (odds ratio 0.44 [95% CI 0.33–0.58]).12  
Research into the efficacy of HBOT in NSTI has continued 
including a recent Danish nationwide population-based 
observational study that demonstrated a significant 
association between HBOT and improved 30 day survival.13  
There are no randomised controlled trials to support or refute 
use of HBOT for NSTI. A 2015 Cochrane review cited the 
following reasons for insufficient randomised controlled trial 
data; heterogeneity in the disease process, disease severity, 
anatomical location and management of NSTI, as well as 
low disease incidence.14

Given the low incidence of NSTI, randomised controlled 
trials evaluating interventions should include outcome 
measures with higher event rates than mortality alone in 
order to improve the feasibility of successful recruitment 
and to adequately power future studies.  It would also 
be important to include patient-centered and clinically 
important outcome measures.15

In 2017, Bulger et al, developed the Necrotising Infections 
Clinical Composite Endpoint (NICCE) as a standardised 
outcome measure to enable comparison between studies and 
meta-analyses, and as a means of measuring intervention 
efficacy in future randomised controlled trials.16  The NICCE 
criteria incorporate local tissue injury, systemic organ 
dysfunction and mortality to produce a binary measure of 
‘success’ or not. Whilst other diagnostic composite tools 
have been developed and assessed with variable success,17 
to our knowledge, the use of a composite outcome score has 
not been evaluated previously.

The NICCE appears promising in that it demonstrated 
both internal component consistency as well as face and 
criterion validity in the US patient cohort in which it was 
developed and tested. The score has not been validated in an 
Australian patient cohort to date and if valid would provide 
a standardised means of assessing NSTI outcomes in future 
studies. The aim of this study was to validate NICCE in a 
retrospective cohort of patients with NSTI at an adult major 
referral hospital in Victoria, Australia.

Methods

The study protocol was reviewed and approval to proceed 
granted by the Alfred Hospital Human Research and Ethics 
Committee (Project ID 704/20). The requirement to seek 
informed consent from patients or persons responsible was 
waived.

We performed a retrospective cohort analysis of NSTI 
patients admitted to the Alfred Hospital between 2012 
and 2021. Case records were obtained for patients with a 
diagnosis of NSTI from the intensive care and hyperbaric 
services’ database and plastic surgery databases. Inclusion 
criteria required patients to have a diagnosis of NSTI 
confirmed surgically. Cases of clostridial myonecrosis were 
included. Ambiguous cases were reviewed by a minimum 
of two authors to ensure that inclusion criteria were met. 
Cases without a diagnosis of NSTI or where disease control 
was achieved at the primary hospital prior to transfer were 
excluded.

Baseline variables, NICCE components, and outcome 
variables were collected from electronic medical records 
and entered into a standardised data collection tool using 
REDCap software. Baseline variables included age, sex, 
admission weight, site of infection, secondary referral, and 
admission modified sequential organ failure assessment 
(mSOFA). A high acuity subset was identified using an 
admission mSOFA score of three or greater. This subset 
was analysed in the method described by Bulger et al.16  
We also included data for the low acuity group (mSOFA 
< 3) for further comparison as high acuity patients were 
over-represented in the total cohort.  Rationale for use of the 
mSOFA score has been described previously.16

To simplify the data collection process, given that the public 
healthcare system in Victoria utilises multiple different 
electronic medical record systems, we opted to collect 
admission data from the point of admission to the Alfred 
Hospital, regardless of transfer status. We expected a large 
number of cases to have a primary admission elsewhere 
prior to transfer and therefore included primary hospital 
debridements in our analysis. All operative findings, 
including those from the primary hospital, were included 
where available from the Alfred Hospital medical records. 
Patients repatriated to their referral hospital with disease 
controlled and a trend towards recovery, or those that were 
stepped down were assumed to be alive at day 28. Those 
that were repatriated to another hospital’s intensive care unit 
were considered to have an inconclusive outcome.

Outcome variables collected included NICCE components 
(listed below) and resource utilisation as determined 
by number of intensive care unit days, ventilator days 
and hospital length of stay. Intensive care unit-free and 
ventilator-free days were calculated out of 28 for the 
study period. In addition to following the process used by 
Bulger et al.16 we collected data on the use of HBOT and 
number of hyperbaric treatments completed.

The NICCE outcome and resource utilisation measures 
for both the high acuity (mSOFA ≥ 3) and the low acuity 
(mSOFA < 3) subsets were also compared to the whole 
cohort.
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NICCE VARIABLES COLLECTED

•	 Alive at day 28
•	 Three or less debridements before day 14
•	 No amputation beyond first debridement*
•	 Modified SOFA** score at day 14 of one or less
Achievement of the NICCE requires all criteria to be met.
*debridement was defined as removal of necrotic tissue, not just 
operative exploration
**mSOFA components: peripheral oxygen saturation to inspired 
oxygen fraction (SpO

2
/FiO

2
) ratio, blood pressure and use of 

vasopressors or inotropes, Glasgow Coma Scale (GCS), creatinine.

DATA ANALYSIS

Baseline characteristics of the whole cohort and the high and 
low acuity subsets (mSOFA ≥ 3 or mSOFA < 3 respectively) 
were summarised using medians and interquartile ranges 
(IQR). Individual components of NICCE are presented as 
a percentage of the cohort meeting each criterion, as well as 
the percentage meeting all NICCE components.

The Wilcoxon rank test was used to compare indicators of 
resource allocation between cases that met NICCE criteria 
and those that did not in both the whole cohort and the high 
acuity subset. Indicators of resource utilisation presented 
include intensive care unit-free days, ventilator-free 
days, and hospital length of stay. A result was considered 

Variable
Total population

(n = 235)

Population with initial 
mSOFA ≥ 3

(n = 188)

Population with initial 
mSOFA < 3

(n = 47)

Age (years), mean (SD) 55.2 (15.9) 56.0 (15.9) 51.9 (15.6)

Male
Female

147 (62.5%)
88 (37.5%)

119 (63.3%)
69 (36.7%)

28 (59.6%)
19 (40.4%)

Admission weight (kg) 
mean (SD)

93.1 (29.0) 93.7 (29.4) 90.4 (27.1)

Site of infection
Extremity
Perineum
Head and/or neck
Other
Multiple sites

136 (57.9%)
79 (33.6%)
9 (3.8%)

43 (18.3%)
30 (12.8%)

109 (58.0%)
61 (32.4%)
7 (3.7%)

37 (19.7%)
24 (12.8%)

27 (57.4%)
18 (38.3%)
2 (4.3%)
6 (12.8%)
6 (12.8%)

Referred from another 
hospital

210 (89.4%) 171 (91.0%) 39 (83.0%)

Number of days in primary 
hospital, median (range)

1 (1–2) 1 (1–2) 2 (1–6)

Intubated on admission 151 (64.3%) 151 (80.3%) 0

Admission mSOFA, 
median (IQR)

9 (4–12) 10 (7–12) 0 (0–1)

Table 1
Baseline characteristics of the study cohort; IQR – interquartile range; mSOFA – modified Sequential Organ Failure Assessment; 

SD – standard deviation

significant if the P-value was less than 0.05. All analyses 
were conducted using Stata v 15.1 (College Station, TX, 
USA). 

Results

Two hundred and thirty-three cases of NSTI were identified 
from the hyperbaric database, of which 20 were excluded 
due to prior disease control at referral centre (n = 4), absence 
of surgical confirmation of disease or alternate diagnosis 
(n = 14) and administrative error (n = 2). An additional 
23 cases were identified in the plastic surgery database, of 
which one was excluded for having disease control prior to 
transfer to our centre.

An mSOFA score of ≥ 3 was observed in 188 (80%) of 
the cohort, and defined as the high-acuity cohort. Baseline 
characteristics of the whole cohort (n = 235), the high acuity 
cohort (n = 188) and the low acuity cohort (n = 47) are 
presented in Table 1. Age, sex, admission weight, and site 
of infection were similar between the three groups. Most 
patients were transferred from other hospitals (89.4%), and 
64.3% had an endotracheal tube placed prior to admission at 
the Alfred Hospital. Transferred patients were admitted to the 
Alfred Hospital a median of one day after initial presentation 
to the primary hospital. Two hundred and nineteen patients 
(93.2%) received HBOT. The median number of HBOT 
sessions was five (IQR 4–7). Patients who returned to their 
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primary hospital either after reconstruction had begun, or 
with ward level care (79 patients) were assumed not to 
have any further debridements or amputations, and to have 
survived to day 28, whilst two patients repatriated with 
ongoing intensive care unit-level care were considered to 
have insufficient data to determine all NICCE criteria. This 
only resulted in missing data for 11 patients.

Individual NICCE components and those achieving overall 
NICCE criteria for ‘success’ are displayed in Table 2. 
Patients with initial mSOFA ≥ 3 were less likely to meet all 
NICCE criteria compared to the lower acuity cohort (34.1% 
and 64.7% respectively). The differences observed between 
the low and high acuity groups for all NICCE criteria as 
well as the individual component of mSOFA at day 14 
were substantially larger than the individual components of 
debridement, amputation, or 28-day survival.

Meeting all NICCE criteria was associated with lower 
resource utilisation for all patients as well as for those with 
high acuity at baseline (Table 3). Meeting all NICCE criteria 
was associated with reduced intensive care unit length 
of stay, fewer ventilator days, and reduced hospital stay 
(Figures 1–3). This remained significant when comparing 
ICU-free and ventilator-free days which would account for 
deaths prior to the 28-day study period.

Discussion

The NICCE demonstrated good discriminative ability in 
comparison to the individual components of debridement, 
amputation, or 28-day survival. In our analysis, mSOFA 
score at day 14 appears as discriminative as the overall 
NICCE outcome, suggesting that this component may 
perform as well as the composite measure. This could 

Variable
Total population

(n = 235)

Population with initial 
mSOFA ≥ 3

(n = 188)

Population with 
initial mSOFA < 3

(n = 47)

≤ 3 debridements 158 (67.2%) 121 (64.4%) 37 (78.7%)

Amputation beyond first 
debridement † 14 (6.0%) 12 (6.4%) 2 (4.3%)

mSOFA ≤ 1, day 14 ‡ 104 (44.3%) 72 (38.3%) 32 (68.1%)

28-day survival 214 (91.1%) 169 (89.9%) 45 (95.7%)

NICCE composite endpoint – 
all criteria met § 69 (40.1%) 47 (34.1%) 22 (64.7%)

Groups / parameters
All NICCE
criteria met

Did not meet all
NICCE criteria

P-value

All patients (n = 69) (n = 103)

ICU days, median 4 (3–8) 14 (8–19) < 0.001

ICU free days, median 24 (20–25) 14 (9–20) < 0.001

Ventilator days, median 3 (0–6) 9 (5–13) < 0.001

Ventilator-free days, median 25 (22–28) 19 (15–23) < 0.001

Hospital LOS, median, days 21 (17–28) 33 (2–555) < 0.001

Admission mSOFA ≥ 3 (n = 91)

ICU days, median 6 (4–9) 15 (9–23) < 0.001

ICU free days, median 22 (19–24) 13 (6–19) < 0.001

Ventilator days, median 4 (3–7) 9 (6–14) < 0.001

Ventilator-free days, median 24 (21–25) 19 (14–22) < 0.001

Hospital LOS, median, days 21 (18–28) 34 (25–57) < 0.001

Table 2
Components of NICCE endpoint by cohort; † – data missing for 1 patient; ‡ – complete data available for 173 patients; § – complete 

data available for 172 .patients; mSOFA – modified Sequential Organ Failure Asssessment

Table 3
Relationship between NICCE and resource utilisation; data are median (interquartile range); ICU – intensive care unit; LOS – length of 

stay; mSOFA – modified Sequential Organ Failure Asssessment
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indicate that mSOFA at day 14 could provide a less 
complicated, and as effective an endpoint compared to 
NICCE. Conversely, mSOFA at day 14 is likely to be seen 
as less important to patients than other components such as 
operations, amputation, and survival. Among patients with 
mSOFA ≥ 3, the proportion of patients meeting NICCE 
criteria in our cohort was similar to that reported elsewhere 
(33%).16  The NICCE composite endpoint provided greater 
discriminative ability than mortality alone.

The number of cases included from the Alfred Hospital 
was similar to the cohort reported by Bulger et al.16 (235 
and 238 respectively). Eighty percent (188/235) of the 
Alfred Hospital cohort had an admission mSOFA score ≥ 3 
compared with 35% in the Bulger cohort (69/198), indicating 
a higher acuity cohort at the Alfred Hospital. High acuity 
cases in the Bulger cohort were identified from one of the 

trial datasets, not both, resulting in the smaller denominator 
above.

The study by Bulger et al.16 utilised data from two pre-
existing trial datasets with extensive predetermined 
exclusion criteria, including two different age cut-offs, 
comorbidities such as human immunodeficiency virus 
(HIV) infections and end stage organ dysfunction, as well 
as extremis on admission. These criteria exclude patients 
with high acuity on admission.  Whilst the Bulger dataset 
included multiple centres, the extensive exclusion criteria 
limits applicability in NSTI cohorts, who often present with 
organ dysfunction in septic shock. Despite being a single-
centre study, it is likely that with fewer exclusion criteria, our 
study more accurately reflects a real-world NSTI population 
and is more generalisable.

For patients transferred from other centres, the Alfred 
Hospital admission data does not represent the first time-
point of their clinical admission and occurred a median 
of one day after primary admission.  To be considered for 
transfer to our quaternary centre, patients would generally 
be required to demonstrate haemodynamic instability and/
or progressive necrosis, and commonly require intensive 
care unit admission. The Alfred Hospital surgical teams 
generally recommend primary debridement of suspected 
NSTI at the referring centre prior to transfer where possible.  
Whether intubated to facilitate resuscitation or routinely at 
the time of primary surgical intervention at the referring 
hospital, these patients often remain intubated for transfer. 
Presence of an endotracheal tube raises the mSOFA score, 
and may over-estimate the acuity level of our cohort. On the 
other hand, having received initial treatment with surgery 
and antibiotics at the primary hospital and gaining a degree 
of source control, the use of Alfred admission data may 
under-estimate the initial acuity of transferred patients.  
The use of the intensive care and hyperbaric services and 

Figure 1
Intensive care unit (ICU) length of stay (days) among patients 
who met NICCE criteria compared to those that did not in the 

whole cohort

Figure 2
Number of days requiring invasive ventilation out of 28-day period 
among patients who met NICCE criteria compared to those that 

did not in the whole cohort

Figure 3
Hospital length of stay (LOS) (days) among patients who met 
NICCE criteria compared to those that did not in the whole cohort
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the plastics surgery databases for identification of patients 
may have resulted in a number of Alfred NSTI patients not 
being included in the study sample, including those with 
NSTI of the trunk (general surgery or urology) or head 
and neck, who required neither intensive care support nor 
reconstructive surgical intervention. This may result in an 
over-estimate of the acuity level of our cohort. These factors 
did not appear to have a significant impact on the results, 
which remained consistent with those reported in the original 
NICCE validation study.

Meeting NICCE criteria of ‘success’ was associated with 
resource utilisation, and was consistent across all measures 
(ventilator-days, ICU-days, length of hospital stay). The 
NICCE could therefore be used in future studies to assess 
cost-efficacy of study interventions. Once surgical control 
and haemodynamic stability are achieved, and hyperbaric 
treatment is complete, patients often return to their primary 
hospital resulting in missing data for subsequent time-points 
in our analysis. This study demonstrates that NICCE is a 
feasible endpoint to measure with minimal missing data.

The NICCE does not apply weighting to its components.  
The debridements measure provides equivalent value to 
the survival measure, although it seems likely that patients 
and clinicians would place much higher value in the latter 
component. Similarly, NICCE does not measure long term 
comorbidity or functional status to provide a quality-of-
life measure. The NICCE may therefore not be a good tool 
for the study of patient-centered outcomes. The NICCE 
was developed without patient consultation and future 
developments of NSTI outcome scoring might usefully 
include establishment of a patient advisory group to guide 
the inclusion of patient reported outcome measures.

The mortality rate presented in this study of 8.9% at 28 
days appears at first glance to be an improvement from the 
overall mortality of 14.4% reported in a 2015 study at the 
same centre,5 and to our knowledge is the lowest published 
mortality rate for NSTI outside of large-scale registry-based 
studies. This six percent improvement in survival needs to 
be interpreted with caution, however, as survival data was 
not collected beyond 28 days in this study (as required by 
NICCE), whereas in the previous study all known deaths 
at the time of data collection were included.  Survivors 
of NSTI are known to have an ongoing increased risk of 
mortality subsequent to the early phases of the disease, 
as evidenced by all-cause mortality rates of 19% at 30 
days, 25% at 90 days and 30% at one year reported in a 
recent, large, prospective multi-centre study.18  A further 
potential limitation to the survival estimate in our study 
is the assumption that participants who were repatriated 
to their referring hospital with ward level care prior to 28 
days survived. If inaccurate this would falsely elevate the 
survival rate.  A follow up study at our centre could clarify 
this trend toward improved survival over time, which may 
be attributed to better awareness and management of sepsis, 
high performing intensive care support, and consolidation 

of expertise in a high-volume centre. The routine use of 
HBOT in NSTI patients at our centre may also contribute 
to the high survival rates. This hypothesis is strengthened 
by a contemporary (2023) study which demonstrated almost 
identical mortality rates to ours of 9% in a group receiving 
HBOT,13 but this is an area which requires further research. 
Current reporting of survival in NSTI is inconsistent.19  A 
2021 meta-analysis found that whilst mortality outcomes 
were universally reported, the time from admission to death 
was not.12  It is critical that a Core Outcome Set for NSTI 
is developed for consistent reporting.5

The restriction of study populations to higher severity cases 
could further enable assessment of efficacy. In modern 
critical care medicine, improved outcomes of patients 
have paradoxically increased the degree of difficulty to 
demonstrate statistically significant outcomes for individual 
interventions.20  One strategy has been development of 
large, multicentre trials that provide high quality evidence 
for the primary outcomes, but may be affected by limited 
generalisability and exploration of secondary outcomes. For 
example, the CRASH-2 trial enrolled over 20,000 patients to 
demonstrate a relative mortality benefit of 9% in favour of 
patients receiving tranexamic acid after trauma.21  However, 
restricting the population to a clinically relevant cohort of 
patients with acute traumatic coagulopathy enabled power 
to detect a similar relative difference in outcomes using a 
sample size of 1300 patients.22  Similarly, the population of 
patients with mSOFA ≥ 3 would seem to represent the more 
clinically important cohort as evidenced by differences in 
endpoints (Table 2).

Conclusion

The NICCE endpoint of ‘success’ provides a higher event 
rate than mortality alone, particularly among patients with 
higher disease severity as measured by the mSOFA score 
on admission. The resultant higher discriminative ability 
of NICCE should enable more accurate identification of 
patients who had higher risk of adverse outcomes, thereby 
enhancing the feasibility of interventional trials. The NICCE 
endpoint should be considered for future studies in the NSTI 
population. Adaptation of the weighting of components with 
patient input should be considered and evaluated alongside 
addition of specific patient-centered outcome measures to 
further improve correlation of a useful research outcome 
measures with clinically meaningful outcomes.
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