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r Dermatology Groupe Hospitalier La Pitié-Salpétrière Paris France
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A B S T R A C T

Background: Necrotizing soft tissue infections (NSTI) are rare and life-threatening bacterial infections charac
terized by necrosis of subcutaneous tissue, fascia, or muscle. Few prospective studies have been conducted. The 
primary objective is to assess the 90-day mortality rate and to identify prognostic factors in patients with NSTI in 
an international setting. Secondary objectives are i) to characterize the clinical and microbiological presentation 
and management; ii) to assess the risk of limb amputation and associated factors; and iii) to assess functional and 
health-related quality of life (HRQoL) outcomes and associated factors.
Methods: We are conducting a multinational, prospective, non-interventional cohort study. We plan to enroll 
1,033 consecutive patients admitted to 85 hospitals with surgically proven NSTI between November 2021 and 
December 2024 in 17 countries over three continents. Data will be collected prospectively on a secure web-based 
server. The primary outcome measure will be the day-90 mortality. Secondary outcomes include need for limb 
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amputation, the activity of daily living scale and health-related quality of life at day-90 (EQ-5D-5L question
naire). Baseline characteristics associated with outcomes will be identified by multivariable analyses. Explor
atory analyses will be conducted to assess the impact of therapeutic interventions on day-90 mortality and 
secondary outcomes. The study protocol has been approved by an ethics committee in each participating 
country.

1. Introduction

Necrotizing soft tissue infections (NSTI) are rare and life-threatening 
bacterial infections characterized by necrosis of subcutaneous tissue, 
fascia, or muscle. The mortality of NSTIs is high, ranging from 9 % to up 
to 30 % in the most severe forms requiring intensive care unit (ICU) 
admission [1–3].

With an estimated incidence of 4/100,000 persons per year [4], 
initial misdiagnosis is common [5], and there is no reliable diagnostic 
test available, often leading to a delayed surgical debridement of 
infected and necrotic tissue, one of the most important modifiable 
prognostic factors [6,7]. According to international recommendations, 
any cutaneous infection associated with one or more organ failure or 
with a rapid deterioration should raise suspicion of NSTI, even if there 
are no local signs of severe disease (e.g. subcutaneous crepitation, 
bullae, local anesthesia, skin necrosis) [8]. The diagnosis is confirmed by 
the identification during surgery of deliquescent, sometimes necrotic, 
tissue, easily detached by a gloved finger, and by the presence of the 
typical, foul-smelling “dishwasher” exudate. The surgeon will encounter 
necrosis of the dermis and hypodermis, which may be isolated or asso
ciated with necrosis of the fascia or even the muscle.

The early management of NSTIs is challenging and requires a coor
dinated and multidisciplinary approach [2,3,9,10]. Treatment of NSTIs 
consists of early broad-spectrum antimicrobial therapy combined with 
urgent and aggressive surgical debridement including excision of all 
necrotic and infected tissue and management of associated organ fail
ures [8,9]. Few prospective studies have been conducted and our current 
knowledge of NSTIs is largely derived from retrospective single-center 
studies [11]. In addition, the few randomised therapeutic trials testing 
interventions in this setting have been disappointing, partly because of 
the difficulty in identifying subgroups for individualized treatments 
[12]. Indeed, a recent study including patients from four Scandinavian 
centers highlighted the heterogeneity of NSTIs in terms of clinical pre
sentation, localization of infection, microbiological findings, and out
comes [13].

A large international study aimed at collecting detailed data on the 
clinical presentation, microbiology, management, and outcomes of pa
tients with NSTI and involving a large number of centers and countries is 
therefore desirable to improve our knowledge on this devastating con
dition. The primary objective is to assess the 90-day mortality rate and to 
identify prognostic factors in patients with NSTI in the ICU in an inter
national setting. Secondary objectives are i) to characterize the clinical 
and microbiological presentation and management; ii) to assess the risk 
of limb amputation and associated factors; and iii) to assess functional 
and health-related quality of life (HRQoL) outcomes and associated 
factors.

2. Methods

2.1. Study design and setting

SKIN-ICU is a multinational, prospective cohort study of consecutive 
patients with surgically confirmed NSTI. Patient recruitment started on 
November 17, 2021. A total of 17 countries with 92 active centers are 
participating in the study (a full list of participating countries and 
number of centers per country is provided in Appendix 1). Patient 
enrolment ended on December 31, 2024, and the last enrolled patient 
will be followed up until March 30, 2025. National coordinators were 

recruited by academic communication and consecutively enrolled local 
centers.

The study protocol does not introduce any specific procedure, 
neither diagnostic method, nor treatment or monitoring.

2.2. Patients and eligibility criteria

Patients are included if they meet the following inclusion criteria: 
age ≥ 18 years and surgically confirmed NSTI (i.e., macroscopic 
appearance of tissue during surgery showing swollen, dull grey tissue 
with a thin, brownish exudate with or without necrosis).

Exclusion criteria include deprivation of liberty by judicial or 
administrative decision or guardianship and expressed opposition to 
participation by patient or their relatives.

2.3. Outcome measures

The primary outcome measure is mortality at day 90.
Secondary outcome measures include limb amputation during hos

pital stay, functional outcomes (activity of daily living scale) and 
HRQoL, assessed by the EQ-5D-5L (EuroQol Research Foundation, 
Rotterdam, The Netherlands) [14]) at day 90.

2.4. Sample size

Based on an expected day-90 mortality rate of 20 % (primary 
outcome measure), with a bilateral alpha risk of 5 % and an accuracy of 
estimation of 2.5 %, 984 patients would need to be enrolled. Allowing 
for a 5 % loss to follow-up or unanalyzable observations, a total of 1,033 
patients would eventually need to be included.

Furthermore, the recent literature advocates considering 20 events 
per variable in predictive variables [15,16], therefore, considering 20 % 
mortality, and 1,033 patients included, we estimate that 207 events will 
occur, leading to 196 events with the 5 % of lost to follow-up assump
tion. Taking into account known and potential prognostic factors, and 
the need to consider center-level variables in the model, we anticipated 
that a sample size of 1,033 and 207 events would allow us to build a 
robust predictive model with 15 covariates, consistent with the number 
of potential predictors estimated a priori.

2.5. Data collection and follow-up

Data are collected prospectively from the patient’s medical record 
and entered anonymously into a secure web-based server (REDCap 
system). The data system includes password protection and internal 
quality checks, to identify data that appear inconsistent, incomplete, or 
inaccurate. Data are centrally monitored by data managers who regu
larly query inconsistent or missing data. Data from hospital admission, 
on the day of first surgery confirming NSTI (day 0), day 3, and day 7 
after surgery, at hospital discharge and/or death are collected. Finally, 
on day 90, vital status, functional outcomes and health-related quality of 
life questionnaires are collected by phone interviews.

The main data collected in the SKIN-ICU study are summarized 
below (for the complete list of collected variables, see Appendix 2):

2.5.1. Center data

• Type of hospital (primary; tertiary; teaching; private)
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• Type of ICU (Medical; Surgical; Medical and Surgical; Burn center)
• Number of ICU beds
• Written protocol for managing NSTI (Yes/No)
• Infectious diseases specialist / Dermatologist availability (Yes/No)
• Surgical specialty involved in NSTI patients’ management (Ortho

pedic; Plastic; General; Burn; Trauma; Other), surgeon available 24/ 
7 (Yes/No)

2.5.2. Patient data

• size and weight,
• comorbidities (diabetes requiring medications for glycemic control; 

peripheral arterial disease; immunosuppression, defined as active 
cancer requiring chemotherapy or hematological malignancy, 
immunosuppressive drugs, AIDS, solid organ transplant or hemato
poietic stem cell transplant; cirrhosis, evidenced by liver biopsy, 
fibroscan or overt signs of portal hypertension and/or liver failure 
with remodeled liver; chronic kidney disease, defined as glomerular 
filtration rate < 60 mL/min; chronic alcohol abuse; homelessness)

• ICU severity scores (SAPS II and SOFA score)
• Organ support (invasive/non-invasive mechanical ventilation sup

port; vasopressor support and dose; renal replacement therapy)
• NSTI characteristics: 

o anatomic site (limbs upper or lower; abdomino-perineal; neck/ 
head; other), portal of entry,

o body surface area involved (Wallace rule of nine),
o periarticular/circumferential involvement,
o local cutaneous signs,
o time between first symptoms and admission,
o Non-steroidal anti-inflammatory drug exposure,
o imaging performed (CT scan, MRI, other)

• Microbiological data 
o type of sample (tissue; blood culture; cutaneous biopsy or subcu

taneous punction aspiration)
o techniques used (standard culture, molecular biology)
o results, antibiotic resistance patterns

2.5.3. Therapeutic interventions during hospital stay

• Surgical management: time to first surgery (i.e., time interval be
tween hospital admission and the first surgery), total number of 
surgeries performed, limb amputation, extent of skin resection (% 
body surface area measured using Wallace rule of nine), articular 
involvement, intra-operative findings

• Antibiotic treatments: empirical treatment (molecules used, dosage, 
administration methods, combined therapies), combination with 
clindamycin (Yes/No), antibiotic de-escalation strategy (Yes/No), 
total duration, plasma concentration measurements if available

• Other aspect of management: intravenous immunoglobulins (Yes/ 
No), hyperbaric oxygen therapy (Yes/No), negative pressure wound 
therapy (Yes/No), skin graft (Yes/No), limb amputation (Yes/No)

• ICU admission during hospital stay (Yes/No)

2.5.4. Follow-up

• Mortality 
o In-ICU
o In-hospital
o 90-day mortality (primary outcome measure)

• Functional outcomes 
o Activity of Daily Living (ADL) score
o HRQoL

3. Statistical analysis

Analysis will be reported according to STROBE guidelines for 

observational cohort studies [17]. The flow of patients will be displayed 
in a Consolidated Standard of Reporting Trials (CONSORT) diagram. 
Descriptive analyses of baseline clinical, microbiological, and surgical 
characteristics will be performed: categorical data will be expressed in n 
(%), continuous data in mean (standard deviation) or median (quartile 1 
− quartile 3).

3.1. Primary outcome measure

Mortality within 90 days will be expressed in terms of survival rate 
and presented in Kaplan-Meier survival curve. The baseline character
istics of survivors at day-90 will be compared with those of non- 
survivors at day-90 using log-rank test. Adjustment strategy will be 
conducted based on established prognostic factors (detailed below), the 
event-per-variable rule [15,16], and variables associated with day-90 
mortality with a p value < 0.20. Interactions and collinearity will be 
tested. A multivariable mixed Cox model will be fitted with the center at 
level 1 and the patient at level 2. The inter-class coefficient will be 
estimated in the null model and with subsequent adjustment for cova
riates at level 2 and level 1. Calibration and discrimination (C-index) of 
the models will be estimated. A priori adjustment variables for the main 
outcomes are the following: i) At the patient level: Age [2,3,13], 
immunosuppression [18], time from hospital admission and first surgery 
[6,19], Sequential Organ Failure Assessment (SOFA) score at day 1 
[3,6,13,20], monomicrobial vs polymicrobial NSTI (based on pathogens 
cultured from operative tissue samples and blood cultures), NSTI site 
[13,21], patient transferred from another hospital of not [7,22,23], 
adequacy of empirical antibiotics (adequacy is defined as an antibiotic 
regimen to which all the identified pathogens are susceptible on in vitro 
antibiotic susceptibility testing) [24], skin defect area (%, measured by 
the Wallace rule of nine) [25], homelessness; ii) At the center level: 
volume of patients [23], country World Bank income group (low-middle 
versus high income country).

3.2. Secondary outcome measures

Multiple linear regression will be performed for factors associated 
with activity of daily living and HRQoL.

The multivariable mixed Cox model will be fitted for variables 
associated with limb amputation in a sub-analysis only including pa
tients with limb NSTIs.

Adjustment strategy will be conducted based on the event-per- 
variable rule [15,16] and variables associated with day-90 mortality 
with a p value < 0.20. No prognostic factors are defined a priori for 
secondary analyses because the aim of such analyses is to identify 
prognostic factors. However, explicative variables to be included in the 
multivariable analyses will include variables reflecting the patient’s 
demographic and comorbidities, the severity of NSTI, and center level 
variables. Interactions and collinearity will be tested.

3.3. Exploratory analyses

To illustrate differences in phenotypes of NSTI patients, we will 
perform an exploratory unsupervised clustering analysis using Koho
nen’s self-organized map (SOM) methodology [26], allowing us to build 
two-dimensional maps from multidimensional datasets. In a nutshell, 
each map will be divided into districts, in which patients will be located 
by the SOM algorithm based on their characteristics: patients with 
similar features will be closely located on the maps, while patients with 
distinct profiles will be farther from each other, hence allowing to 
identify key differences or similarities among them. The SOMs will be 
obtained with the Numero package framework for the R statistical 
platform after principal component analysis adapted for mixtures of 
qualitative and quantitative variables will be applied [27–29]. Once the 
clusters are determined, we will study their prognostic value for 
outcomes.
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Exploratory analysis will be conducted in order to assess the impact 
of therapeutic interventions (e.g., time to surgery, combined empirical 
antibiotic treatment, duration of antibiotic treatment, hyperbaric oxy
gen therapy, negative pressure wound therapy) on patient outcomes (i. 
e., day-90 mortality and HRQoL day-90). Due to the observational 
design, we will take into account indication biases associated with 
several therapeutic interventions (e.g., clindamycin, intravenous im
munoglobulins, hyperbaric oxygen therapy, negative pressure wound 
therapy), and adjust for confounding variables (e.g., age, Group A 
streptococcus NSTI, center effect, NSTI site, immunosuppression, 
severity of illness). To this end, propensity scores assessing the proba
bility of receiving these treatments will be built and included in the 
multivariate models.

3.4. Missing data

Analyses will be performed on the population with complete data 
regarding baseline factors and mortality endpoints. Sensitivity analysis 
will be done with multiple imputation by chained equation for variables 
with more than 5 % of missing data.

All tests will be two-tailed and a p-value < 0.05 will be considered as 
significant.

3.5. Patient and public involvement

Patients and/or the public were not involved in the design, conduct, 
reporting, or dissemination plans of this research.

3.6. Study oversight

This study is planned and designed by a Steering Committee con
sisting of physicians affiliated with academic institutions and hospitals 
(full list of members is provided in Appendix 1). The Steering Committee 
oversees all aspects of the study, including protocol development, study 
operations, data collection, statistical analysis, and reporting.

National Coordinators (NCs) are appointed by the Steering Com
mittee and have a key role in the conduction of the study in the indi
vidual countries as leaders of the project (see Appendix 1 for the full list 
of NCs). There is one local investigator per study site.

The study has methodological (Prof F. Canoui Poitrine) and logistical 
support from the Public Health Department, Henri Mondor Hospital, 
Créteil, France. Statistical analyses will be run by an independent 
biostatistician/data scientist (Richard Layese). A data manager is in 
charge of centrally monitoring the data throughout the study period 
(Léo Graca).

There was no patient or public involvement in study protocol 
development. All investigators should try to incorporate patient and 
public opinions or knowledge when reporting the study.

3.7. Timeline

The study was approved by the institutional review board of the 
French Intensive Care Society (FICS) (registration number CE 20–22) on 
April 16, 2020. Regulatory approval was then obtained in each 
participating country or hospital, depending on local requirements, after 
submission by the national coordinator. The study was registered on 
Clinicaltrials.gov on November 11, 2021 (ClinicalTrials.gov Identifier: 
NCT05116956). The first patient was included on November 17, 2021.

The duration of a patient’s participation in the study is 90 days, from 
enrolment (day of surgery) to day 90 survival status and health-related 
quality of life and functional assessment. Inclusions have ended in 
December 2024. Follow-up of the last enrolled patient will therefore end 
in March 2025. Data quality control and database closure are planned 
for April 2025, with data analysis of the core epidemiological descrip
tion of the database in June 2025.

3.8. Ethics and dissemination

The investigators will ensure that this study is conducted in full 
compliance with the Declaration of Helsinki, ICH E6, and national 
legislation. The protocol has been approved by the Ethics committee of 
the French Intensive Care Society on September 21, 2011 (# CE SRLF 
20–22). The protocol and informed consent form has been submitted by 
the national coordinator in each participating country to the Ethics 
Committee (EC) for review and approval in accordance with local 
legislation. Approval of both the protocol and consent (or “non-oppo
sition”) form (if required by local authorities) must be obtained before a 
participant is enrolled. Any amendments to the protocol or to the non- 
opposition form must be reviewed and approved by the EC before 
being implemented in the trial.

All participants or their next of kin receive a verbal explanation or, if 
required by local authorities, a non-opposition or informed consent 
form, with language appropriate to their understanding, of the study 
purposes, the nature of the data collected, and their rights as research 
participants, as required by local authorities. The non-opposition pro
cess may differ between participating countries. Compliance with local 
regulations will be respected. Participants may withdraw their non- 
opposition/consent at any time during the study, and patient with
drawal will not affect the quality of care provided.

Each participating site will maintain appropriate medical and 
research records for this trial, in accordance with ICH E6 and regulatory 
and institutional requirements for the protection of participant confi
dentiality. Each site will allow authorized representatives of the regu
latory authorities to review the clinical records for quality assurance 
reviews, audits, progress, and data validity.

Reports of the study will be published in scientific journals and at 
international or national meetings of scientific societies.

4. Discussion

NSTIs occur worldwide. The current data available is very sparse and 
from very homogeneous regional cohort studies [13,18,30]. Obtaining 
large-scale data of the clinical presentation, microbiology, and out
comes, including mortality and functional outcomes, at the international 
level is crucial to improve our knowledge of the disease and stratifying 
patient’s management and follow-up.

SKIN-ICU aims at being the largest multicenter multinational pro
spective cohort study on NSTIs. The main objective of the study is to 
identify variables associated with day-90 mortality. Such variables will 
be identified among a robust list of explicative factors established a 
priori, but variables significantly associated with outcomes will be 
included in the model, allowing for potential unknown predictors to be 
discovered. Such analysis might allow for identifying new potentially 
modifiable prognostic factors, which could help design future inter
ventional studies.

The collection of HRQoL and functional outcomes at day 90 will 
allow for assessing the long-term burden of disease. Few data are 
currently available regarding these important outcomes [31].

The data generated will also help delineate the clinical presentation 
and provide granular data on patient-centered outcomes, microbiology, 
and management of patients with NSTI. Clinical presentation data will 
allow for delineating clinical phenotypes potentially associated with 
different outcomes and thus potentially eligible to personalized in
terventions. Accurate data on the functional outcomes of NSTI survivors 
will also be collected and help improve their long-term management.

The study will certainly have limitations inherent to its purely 
observational design and the large heterogeneity of participating cen
ters. We also cannot exclude that some patients will be lost to follow-up 
at the day 90 endpoints.
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5. Conclusions

A large amount of high-quality prospectively-collected data from 
multinational centers will allow for filling important gaps in our current 
knowledge on this devastating disease.

6. Consent for publication

Not applicable for the current article. Consent for publication will be 
obtained for all subsequent publications derived from the SKIN-ICU 
dataset.

7. Availability of data and material

Available on reasonable request to the corresponding author.
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