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Abstract

Purpose: The aim of the INSTINCT trial was to assess the effect of intravenous polyspecific immunoglobulin G (IVIG)
compared with placebo on self-reported physical function in intensive care unit (ICU) patients with necrotising soft
tissue infection (NSTI).

Methods: We randomised 100 patients with NSTI 1:1 to masked infusion of 25 g of IVIG (Privigen, CSL Behring) or
an equal volume of 0.9% saline once daily for the first 3 days of ICU admission. The primary outcome was the physi-
cal component summary (PCS) score of the 36-item short form health survey (SF-36) 6 months after randomisation;
patients who had died were given the lowest possible score (zero).

Results: Of the 100 patients randomised, 87 were included in the intention-to-treat analysis of the PCS score, 42
patients (84%) in the IVIG group and 45 patients (90%) in the placebo group. The two intervention groups had similar
baseline characteristics with the exception of IVIG use before randomisation (1 dose was allowed) and rates of acute
kidney injury. Median PCS scores were 36 (interquartile range 0-43) in the group assigned to IVIG and 31 (0-47) in the
group assigned to placebo (mean adjusted difference 1 (95% confidence interval —7 to 10), p = 0.81). The result was
supported by analyses adjusted for baseline prognostics, those in the per protocol populations, in the subgroups (site
of NSTI) and those done post hoc adjusted for IVIG use before randomisation.

Conclusions: In ICU patients with NSTI, we observed no apparent effects of adjuvant IVIG on self-reported physical

functioning at 6 months.
Trial registration: NCT02111161.
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Introduction
Necrotising soft tissue infections (NSTI) are character-
ised by the rapid progression of infection in any layer of
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Take-home message: Treatment with adjuvant intravenous polyspecific
immunoglobulin G in patients admitted to the intensive care unit with
necrotising soft tissue infections did not improve physical quality of life in
the randomised, blinded, placebo-controlled INSTINCT trial.
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the skin and soft tissue, resulting in tissue necrosis, sep-
sis, high rates of morbidity and mortality, and impaired
quality of life among the survivors [1]. The infection may
be monomicrobial caused by p-haemolytic streptococci,
clostridium species, or Staphylococcus aureus or polymi-
crobial involving a spectrum of anaerobic and aerobic
bacteria [2]. The management of these patients includes
rapid surgical debridement and broad-spectrum antibiot-
ics [3], and in many centres, adjuvant intravenous poly-
specific immunoglobulin G (IVIG) is used [4, 5].
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IVIG inhibits the activity of streptococcal and staphy-
lococcal virulence factors [6—8] and might therefore ben-
efit patients with NSTI. The effects of IVIG vs placebo
have been assessed in one randomised trial in patients
with streptococcal toxic shock syndrome [9], but the
trial was stopped prematurely after the inclusion of only
21 patients as a result of slow patient recruitment. Thus,
the evidence base for the use of IVIG comes mainly
from retrospective studies [10-15] and case reports. The
objective of the INSTINCT trial was to assess the effect
of IVIG vs placebo on self-reported physical function in
intensive care unit (ICU) patients with NSTI. Patient-
reported outcomes are important as they are based on
the patient’s own perceptions, and patients sense changes
in functional status well [16]. Our hypothesis was that
adjuvant IVIG would improve physical function by inhib-
iting bacterial toxins and the inflammatory process and
thereby diminishing the affected area and shortening the
time of critical illness.

Methods

Trial design

We did a randomised, blinded, placebo-controlled trial at
Copenhagen University Hospital, Rigshospitalet, where
the management of patients with NSTI in Denmark is
centralised. The trial was approved by the Regional Eth-
ics Committee of the Capital Region, Denmark, and the
Danish Medicines Agency and was externally monitored
by the Good Clinical Practice Unit, Copenhagen Univer-
sity Hospital. The trial was registered with ClinicalTrials.
gov, number NCT02111161, before the inclusion of the
first patient, and the trial protocol, including the statisti-
cal analysis plan, has been published [17].

Patients

We screened all patients with suspected NSTI who were
18 years of age or older. We only included patients with
confirmed NSTT at surgical exploration who were admit-
ted to, or planned to be admitted to, the ICU. The diag-
nosis of NSTI was determined by the surgeon doing the
initial operation on the basis of findings such as tissue
necrosis, deliquescent tissue and ‘dishwater’ fluid. We
excluded patients who had received more than one dose
of IVIG before randomisation, who had had NSTI for
more than 48 h, who had known hypersensitivity to IVIG
or known hyperprolinaemia, and women who were preg-
nant or breast-feeding. Informed consent was obtained
from two doctors who were independent of the trial
before enrolment followed by written informed consent
as soon as possible from the patient’s next of kin and gen-
eral practitioner, and the patient.

Randomisation and blinding

Patients were randomised 1:1 to IVIG or placebo. Ran-
domisation was stratified according to the presence or
absence of NSTI on either head/neck/extremities to
obtain a subgroup with a presumed higher rate of strep-
tococcal or staphylococcal infections [18]. Two allocation
lists with variable block sizes of 2, 4 and 6 were computer
generated to form two separate boxes that contained
sequentially numbered, opaque and sealed envelopes.
Patients were randomised by dedicated personnel who
drew the next envelope from the box according to the site
of NSTI. The randomisation note was handed to an ICU
nurse not otherwise involved in the care of the patient
who placed both IVIG and 0.9% saline in a black, opaque
plastic bag, inserted an orange-coloured infusion set into
the allocated intervention (IVIG or saline) and sealed
the bag with a plastic strip (more details are given in the
Electronic Supplementary Material (ESM)). Patients,
clinical staff caring for the patients, research staff, the
statistician and the authors when writing the first draft
for the abstract (supplementary results in the ESM) were
all blinded to the intervention.

Intervention and follow-up

Patients received IVIG (Privigen, CSL Behring, Bern,
Switzerland), 25 g/day for three consecutive days, or an
equivalent amount of 0.9% saline. The first dose of trial
medicine was given immediately after arrival to the ICU
or, if appropriate, in the operating room before planned
ICU admittance, and in the following 2 days unless the
patient had a serious adverse reaction or was discharged
from the ICU. All other interventions were given at the
discretion of the treating clinicians in accordance with
the clinical protocols in place at Copenhagen University
Hospital, Rigshospitalet, including those for the treat-
ment of NSTI: repeated surgical revisions, IV antibiotics
(meropenem, clindamycin and ciprofloxacin) and three
sessions of hyperbaric oxygenation; sepsis, and support-
ive intensive care. Patients were followed up for 180 days
after randomisation using hospital notes, the Danish
National Patient Registry and telephone interview.

Outcome measures

The primary outcome was patient-reported physical
function as the physical component summary (PCS)
score of the Medical Outcomes Study 36-item short form
health survey version 2 (SF-36) at day 180 after randomi-
sation. The PCS score ranges from 0 to 100 with a higher
score indicating better physical health [19]; its reliability
and validity were found to be satisfactory in an ICU set-
ting [20], and it has previously been recommended as a
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generic measure in critical care [21]. A printed copy of
the Danish SF-36v2 was mailed to the patients, and Mar-
tin Bruun Madsen conducted the survey by telephone
interview if possible, using the SF-36v2 standard inter-
view script (Danish). The PCS score was calculated using
Scoring Software 4.0 (QualityMetric Health Outcomes"",
Lincoln, USA).

The secondary outcomes were mortality at 28, 90 and
180 days; time to resolution of shock defined as mainte-
nance of a systolic blood pressure of at least 90 mmHg
without vasopressor agents for 24 h [22]; severe bleed-
ing defined as clinical bleeding and use of 3 units of RBC
within 24 h of the episode in the ICU after randomisa-
tion [23]; any bleeding in the ICU after randomisation;
total volumes of blood products used in the ICU after
randomisation; sepsis-related organ failure assessment
(SOFA) scores at days 1-7 after randomisation, excluding
the Glasgow coma scale score [24]; use of renal replace-
ment therapy (RRT), ventilation and vasopressor in
the ICU after randomisation; serious adverse reactions
observed in the ICU after randomisation; days alive off
life support in the 90 days after randomisation; days alive
and out of hospital in the 180-day follow-up period; and
any amputation (yes/no) within the 180 days.

Statistical analysis

A total of 100 patients were needed to show a 7-point
increase (approximately 15% relative increase) in the
PCS score of SF-36 at day 180 on the basis of a mean PCS
score of 42 (SD 11) in the control group, an alpha of 0.05
and a power of 80%. The values for PCS score and stand-
ard deviation were derived from our own follow-up study
of patients with NSTI (unpublished). Patients who died
before day 180 were given the worst possible PCS score
(zero).

The statistician (TL) did the analyses while still blinded
to the intervention according to the statistical analysis
plan (SAP) (the SAP is available in the ESM) [17]. The
primary analysis of the primary outcome was a regres-
sion analysis adjusted for the stratification variable (site
of NSTI) in the intention-to-treat population. In sec-
ondary analyses, the primary outcome was also analysed
with adjustments for age and SOFA score at baseline and
imputed missing PCS scores, in two per protocol popu-
lations, and in the subgroups with and without NSTI of
head/neck/extremities. We did a post hoc analysis of the
primary outcome adjusted for site of NSTI, age, SOFA
score and IVIG use prior to randomisation to estimate
the impact of the observed baseline imbalance in IVIG
use prior to randomisation. Details of the analyses of the
secondary outcomes are described in the statistical anal-
ysis plan (ESM). All analyses were performed in R 3.2.1
using mice package 2.25, Ime4 package 1.1.12 and in SAS

9.4 (SAS Institute Inc., Cary NC, USA). P values less than
0.05 were considered statistically significant.

Results

Patients

From 7 April 2014 to 1 March 2016, 129 patients were
screened, of whom 100 were enrolled; 50 patients were
assigned to the IVIG group and 50 patients to the placebo
group (Fig. 1). The characteristics of the patients at base-
line appeared to be similar between the groups, with the
exception of acute kidney injury and number of patients
who had received IVIG before randomisation (Table 1).
Details on microbiological findings and co-interventions
are presented in Table 1 and Tables S9-S11 (ESM).

Intervention

The patients received a median of three doses of trial
medication (IQR 2-3) in both of the intervention groups;
the reasons for receiving less than three doses were with-
drawal from intervention (Fig. 1), death or ICU discharge.
One patient in the placebo group did not receive any trial
medication on the request of surrogates shortly after ran-
domisation. One patient in the placebo group received
two doses of IVIG after randomisation on the indication
of previous follicular lymphoma and low serum IgG by
request of the haematologist.

Primary outcome measure

The interviews were done around day 190 after ran-
domisation in both groups (Table 2), but the SF-36 could
not be obtained from 13 patients. We thus included 87
patients (87%) in the primary analysis (Fig. 1; Table 2).
In one questionnaire, one item (question) was missing;
in all the remaining questionnaires there were no miss-
ing items. One patient returned the SF-36 after the data
were unblinded and the manuscript was written; data
from this patient were not included in the primary or
secondary analyses, but included in a post hoc sensitivity
analysis.

The median PCS scores were 36 (IQR 0-43) in the
patients assigned to IVIG as compared with 31 (IQR
0-47) in the patients assigned to placebo [mean adjusted
difference 1 (95% CI —7 to 10), p = 0.81; Fig. 2 and
Table 3, analysed by regression analysis]. We observed
no differences between the two groups in the analyses
adjusted for age and SOFA score at baseline (Table S1,
ESM), in the analysis with missing PCS scores imputed
(Table S1, ESM), in the analyses of the per protocol popu-
lations (Table S2, ESM), in the post hoc analyses adjusted
for use of IVIG before randomisation with and without
baseline age and SOFA score (Table S4, ESM), in the
post hoc analyses including the questionnaire received
after the data were unblinded (Table S5, ESM) or in the
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129 patients were
screened for eligibility

29 were excluded
17 did not have NSTI
5 were not admitted to the ICU

A 4

Y

4 had active treatment withdrawn on admission
2 had received >1 dose of IVIG

1 was diagnosed >48 h before screening

1 due to lack of research capacity

1 had previous allergic reaction to IVIG

| 100 patients randomised |

.

50 assigned to the

IVIG group
4 discontinued the trial protocol
1 discontinued on the request of
surrogates *-----------
3 discontinued due to a SAR
In 8 patients SF-36 scores <
were not obtained
H A 4
E 42 (84%) included in the
! analysis of the primary
i outcome
E 50 (100%) included in the
e ____ ] analyses of the secondary
outcomes

soft tissue infection, SAR serious adverse reaction

Fig. 1 Flow of trial participants in the INSTINCT trial including screening of patients suspected for NSTI, those not eligible, and those excluded, ran-
domised and followed up. Two patients fulfilled two exclusion criteria. ICU intensive care unit, IVIG intravenous immunoglobulin G, NST/ necrotising

'

50 assigned to the
placebo group

7 discontinued the trial protocol
3 discontinued on the request
of surrogates
4 discontinued due to a SAR

» In 5 patients SF-36 scores
were not obtained

A
45 (90%) included in the

analysis of the primary
outcome

50 (100%) included in the
analyses of the secondary
outcomes

subgroups of patients with and without NSTI of head/
neck/extremities (Fig. 2 and Table S3, ESM). The details
of the SF-36 scores in the 180-day survivors are presented
in Table S8 in the ESM.

Secondary outcome measures

For the secondary outcomes, 100% follow-up was
achieved for nearly all outcomes (Table 3). No statisti-
cally significant differences between the intervention

groups were observed in any of the secondary outcomes
(Table 3; Fig. 3).

Discussion

In this randomised, blinded, placebo-controlled trial
we observed no difference in physical quality of life at
180 days between patients with NSTI allocated to three
doses of IVIG and those receiving three doses of placebo.

Also, we observed no statistically significant differences
in mortality, organ failures, use of life support or rates of
serious adverse reactions between the two groups. This
is in line with a recent observational study comparing
322 patients with NSTI using propensity score matched
analyses [14].

We chose a difference of 7 points in PCS score as a rele-
vant difference between the two intervention groups. It is
not clear what the minimal important difference in PCS
score in survivors of NSTI is. In randomised controlled
trials (RCTs) in patients with sepsis, minimal important
differences of 5 and 8 in mental component summary
(MCS) score and PCS score have been used [25, 26], and
a similar difference was found in the MCS score between
the two intervention groups in the 6S trial [27]. In less
severe disease states smaller differences have been sug-
gested to be important [19]. To account for death we
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Table 1 Baseline characteristics and microbiological findings

Age, years 59 (50-69) 61 (50-71)
Male gender 30 (60%) 32 (64%)
BMI, kg/m? 26.1 (23.6-33.6) 27.7(24.7-31.3)

Diabetes (type I or Il) 13 (27%) 14 (28%)
Chronic liver disease 0 4 (8%)
Chronic kidney disease 2 (4%) 2 (4%)
Haematological malignancy 2 (4%) 3 (6%)
Other active malignancy 2 (4%) 2 (4%)

Home 47 (94%) 46 (92%)
Nursing home 1 (2%) 2 (4%)
Rehabilitation facility 2 (4%) 1 (2%)
Unknown 0 1 (2%)

Extremities/head/neck 26 (52%) 26 (52%)
Other anatomical site 24 (48%) 24 (48%)
SAPS IIP 43 (34-54) 42 (33-54)
SOFA score® 8(5-10) 7 (4-9)
Septic shock? 20 (41%) 18 (40%)
Mechanical ventilation® 48 (96%) 47 (94%)
Acute kidney injury’ 5 (10%) 1(2%)
Time from admission to primary 18 (6-40) 25 (6-50)
operation, hours®
Time from primary operation to 7 (5-10) 7 (6-10)
randomisation, hours
IVIG before randomisation” 8 (16%) 20 (40%)

31/47 (66%)
4/31 (13%)
5/31 (16%)
29/31 (94%)
18/31 (58%)
Fungi 4/31 (13%)
Monomicrobial infection' 16/47 (34%)
9/16 (56%)

31/44 (70%)
1/31 (3%)
3/31 (10%)
31/31 (100%)
20/31 (65%)
3/31 (10%)
13/44 (30%)
4/13 (31%)

Polymicrobial infection!
Group A streptococcus
S.aureus
Other aerobic bacterial
Anaerobic bacteria®

Group A streptococcus

Table 1 contiuned

S. aureus 0 3/13 (23%)
Other aerobic bacteria 6/16 (38%) 4/13 (31%)
Anaerobic bacteria 1/16 (6%) 2/13 (15%)
Fungi 0 0

Data are median (IQR), n (%) or number of patients/total number in the
group (%). The values for the SAPS II, SOFA score, septic shock, acute kidney
injury and mechanical ventilation pertain to the 24 h before randomisation.
Microbiological results were obtained from tissue samples or blood cultures
drawn within 48 h after onset of diagnosis

BMI body mass index, IVIG intravenous immunoglobulin G, SAPS simplified acute
physiology score, SOFA sepsis-related organ failure assessment

2 Chronic liver and kidney disease were defined as described in the patient files.
Active malignancy was defined as malignancy other than haematological, and
that had not been eradicated. Data on comorbidities are missing for one patient
in the IVIG group

5 SAPS Il is calculated from 17 variables; scores range from 0 to 163, with higher
scores indicating more severe disease. Data regarding one of the 17 variables
were missing for one patient in the group assigned to placebo. The score for this
patient is not included here

¢ The SOFA score includes subscores ranging from 0 to 4 for each of five
components (circulation, lungs, liver, kidneys and coagulation). Aggregated
scores range from 0 to 20, with higher scores indicating more severe organ
failure. The scoring was modified because cerebral failure was not assessed.
One subscore was missing for one patient in the group assigned to placebo; the
score is not included here

d Septic shock at randomisation was defined as the need for ongoing
vasopressor or inotropic agents in the 24 h before randomisation and a lactate
level of 2 mmol/L or above [35]. Data regarding vasopressor agents, inotropic
agents or lactate were missing for five patients in the group assigned to placebo
and one patient in the group assigned to IVIG

¢ Invasive or continuous non-invasive ventilation
f Acute kidney injury was defined as KDIGO stage 3 [36]

9 Time from admission of the hospitalisation where NSTI was diagnosed,
including admissions originally for other reasons

" No patients received more than one dose of 25 g

I For IVIG group, n = 3 without positive microbiology. For placebo group, n = 6
without positive microbiology

J Other aerobic bacteria include streptococci other than group A streptococcus,
staphylococci other than S. aureus, enterococci, gram positive cocci other than
streptococci, staphylococci or enterococci, enterobacteriacae, gram negative
cocci, and vibrio species

k" Anaerobic bacteria include clostridium species, bacteroides species,
fusobacterium, mycobacterium or any other bacteria classified as anaerobic
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Table 2 Administration of the SF-36 questionnaire

Completed questionnaires
Questionnaires not completed
Death
Missing
Time of questionnaire completion, days after randomisation

Telephone interview
Face-to-face interview
Self-administration

31/50 (62%) 31/50 (62%)
19/50 (38%) 19/50 (38%)
11/50 (22%) 14/50 (28%)
8/50 (16%) 5/50 (10%)

190 (182-198) 192 (183-200)
30/31 (97%) 27/31 (87%)
1/31 (3%) 2/31 (6%)
0/31 2/31 (6%)

Data are number of patients/total number in the group (%) or median (IQR)

SF-36 36-item short form health survey

MD with 95% CI 2

All patients, n=87 —
Site of NSTI
Head/neck/extremities, n=44 —t =
Thorax/abdomen/genital area, n=43 _
A T ]

Favours placebo Favours IVIG

Fig. 2 Mean difference in PCS scores between patients who
received IVIG and placebo in the intention-to-treat population, in
the subgroup of patients with presentation of NSTI on head, neck or
extremities, and in the subgroup of patients with presentation of NSTI
on thorax, abdomen or genital area. The individual points denote the
estimated mean difference between groups and the /ines on each
side the 95% confidence intervals. The p value for test of interaction
between the two subgroups was 0.08. °For all patients the mean was
adjusted for site of infection. C/ confidence interval, IVIG intravenous
immunoglobulin G, MD mean difference, NSTI necrotising soft tissue
infection, PCS physical component summary

gave patients dying before the SF-36 follow-up a PCS
score of zero [28, 29]. Using a composite outcome meas-
ure may complicate the interpretation of our results [30],
but we found it important that death was accounted for
in the primary outcome, because it occurs frequently in
patients with NSTL.

In vitro and in vivo studies have shown that IVIG can
neutralise streptococcal and staphylococcal superanti-
gens [6, 7] as well as the staphylococcal pore-forming
toxins [31]. Because the microbiological agent may not
be established on ICU admission in all cases, we strati-
fied randomisation on the basis of NSTI of head/neck/
extremities to obtain a subgroup with a presumed higher
rate of streptococcal or staphylococcal infections. We did
not observe statistically significant interaction between

the two subgroups and the intervention effect on PCS
scores; however, the power of this subgroup analysis was
low and the proportion of patients infected with either
group A streptococcus or S. aureus seemed to be une-
venly distributed between the two intervention groups
(Table S10, ESM). Interestingly, an RCT on IVIG versus
placebo in children with streptococcal toxic shock syn-
drome has been planned [32].

There are still unresolved issues regarding the use of
IVIG in NSTI, including the lack of consensus on the
optimal dosage. We used a fixed dose of IVIG of 25 g/day
for 3 days, which is lower than the doses used in the pre-
vious RCT [9]. In three observational studies, doses var-
ied from 0.2 to 2 g/kg [10—12]; our dose was within this
range. However, we cannot exclude that a higher dose
would increase efficacy of IVIG. We allowed one dose of
IVIG before randomisation because we did not have rea-
son to believe that one dose would be as efficient as three
doses, and to ensure that the trial could be completed.
Almost all patients received clindamycin. Owing to the
ability of clindamycin to inhibit streptococcal virulence
factors [33], one could speculate that the addition of IVIG
might not add beneficial effect. The timing of administra-
tion may also be of importance. In our study, patients
were randomised at a median of 7 h from the start of the
surgical procedure where NSTI was diagnosed, which
was most often performed at the referring hospital.

Our trial has limitations. We had missing data for the
primary outcome in 13 patients and the distribution of
the data was wider than assumed when we did the sample
size calculation, because of our decision to include the
dead with a score of zero in the dataset; these two fac-
tors reduced the power of the trial. We observed imbal-
ances regarding the number of patients who had received
IVIG and who had kidney impairment before randomisa-
tion. These imbalances were likely due to chance. In the
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Table 3 Primary and secondary outcomes

PCS score adjusted for site of infection® 31 (0to 47) 0.81¢

[29] (28]

1(-7t010)

Mortality, day 28 6/50 (12%) 6/50 (12%) 1.00 (0.35 t0 2.89) >0.99
Mortality, day 90 9/50 (18%) 11/50 (22%) 0.82 (0.37 to 1.80) 0.80
Mortality, day 180 11749 (22%) 14/50 (28%) 0.80 (040 to 1.59) 0.65

All serious adverse reactions® 8/50 (16%) 11/50 (22%) 0.72 (0.32t0 1.65) 061
Acute kidney injury 6/45 (13%) 8/49 (16%) 0.82(0.31t02.17) 0.78
Thrombi 2/50 (4%) 3/50 (6%) 0.67 (0.12t0 3.82) >0.99

Mechanical ventilation 49/50 (98%) 50/50 (100%) 0.98 (0.94 to0 1.02) >0.99
Vasopressor/inotrope 46/50 (92%) 47/50(94%) 0.98 (0.88 to 1.09) >0.99
Renal replacement therapy 11/50 (22%) 6/50 (12%) 1.83(0.73t04.57) 0.29

Any bleeding in the ICU 5/50 (10%) 5/50 (10%) 1.00 (0.31 t0 3.24) >0.99
Severe bleeding in the ICU 4/50 (8%) 2/50 (4%) 2.00 (0.38to 10.43) 0.68
Amputation in the 180 days after randomisation 4/50 (8%) 6/50 (12%) 0.67 (0.20t0 2.22) 0.74

SOFA score day 1to 7f NA NA 0.15 (-1.70 to 2.00) 0.909
Blood products given in the ICU, ml 1529 (498 to 2559) 1712 (681 to 2742) -183 (-1641 to 1275) 0.80
Time to resolution of shock in the 28 days after randomisation, daysh 8.4 (6.1t010.8) 87(64t011.1) NA 0.69
Alive and off life-support in the 90 days after randomisation, days 70 (61 to 79) 67 (59 to 76) NA 041
Alive and out of hospital in the 180 days after randomisation, days' 107 (90 to 124) 99 (8210 117) NA 0.50

Data are medians (IQR) [estimated means], number of patients / total number in the group (%) or means (95% Cl)

Cl confidence interval, GCS Glasgow Coma Scale, ICU intensive care unit, /VIG intravenous immunoglobulin G, NA not applicable, PCS physical component summary,
SOFA sepsis-related organ failure assessment

2 Estimated mean of the IVIG group minus estimated mean of the placebo group as assessed by regression analysis adjusted for site of NSTI
b patients who had died at day 180 were given a PCS score of 0 (zero). We had missing scores for 8 patients in the IVIG group and 5 in the placebo group

¢ Due to deviations from the normality of the residuals, the two groups were also compared by the non-parametric Wilcoxon rank sum test, which also gave a p value
0.81

4 One patient was lost to follow-up before day 180. The patient was a foreign citizen and had left the country

¢ Serious adverse reactions included acute kidney injury, allergic reactions, aseptic meningitis syndrome, haemolytic anaemia, thrombi, and transmittable agents.
For the definitions see reference [17]. The total group numbers were below 50 patients for one reaction because 6 patients had this (acute kidney injury) already at
baseline

f SOFA score excluding the GCS score. The analysis was a repeated measures mixed model. If a patient was discharged before day 7, the best possible SOFA score was
given (0), if a patient died before day 7, the worst possible SOFA score was given (20)

9 P value for likelihood ratio test

P Maintenance of a systolic blood pressure > 90 mmHg without vasopressor support for 24 hours as previously defined [22]. Patients still in shock at day 28 were
given a value of 28.The planned Cox proportional hazards model was replaced by Welch two-sample t-test

I We did not have full hospitalisation data for 3 patients up till day 180; all these were foreign citizens

pre-planned analyses adjusted for organ failures at base-
line and in the post hoc analyses adjusted for use of IVIG,
the point estimates were close to those of the primary
analysis of the differences in PCS scores. There is, how-
ever, a possibility that the distribution of IVIG received
before randomisation could have diluted a potential
effect, thereby introducing a type II error. The results of
these secondary analyses should be interpreted with cau-
tion because we did several analyses and adjustments and

some were done post hoc. Also, the trial was performed
at one centre only, which reduces the generalisability of
the results. We did not measure immunoglobulin levels
in plasma, nor did we test the plasma from the patients
for antigens or exotoxins to identify subgroups in which
IVIG may have had more pronounced effect.

The strengths of our trial include low risk of bias as
group allocation was concealed to patients, clinical and
research staff, the statistician and the authors when
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T 40- —— IVIG group
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Log-rank test: p=0.53
0 T T T

0 30 60 90 120 150 180
Days since randomisation

Numbers at risk

IVIG group: 50 42 38

Placebo group: 50 40 36
Fig. 3 Kaplan-Meier plot for the probability of survival in the
intention-to-treat population for the two intervention groups; data
were censored at day 180. One patient in the IVIG group was lost to
follow-up at day 122.The p value given is of the log-rank test; this test
was not predefined. VIG intravenous immunoglobulin G

writing the first draft for the abstract, and we adhered
to our predefined statistical analysis plan. We obtained
acceptable follow-up rates and used multiple imputa-
tion of the missing data [34]. Our trial is the first to be
completed on IVIG vs placebo in patients with NSTI,
the first to systematically collect data on serious adverse
reactions, and the first in patients with NSTT assessing a
patient-reported outcome measure.

In conclusion, we observed no statistically significant
differences in physical quality of life or any of the second-
ary outcome measures between groups of patients with
NSTI allocated to IVIG or placebo in this single-centre,
randomised, blinded trial. Large-scale trials are needed
to determine whether IVIG should be included in the
management of these patients, in particular in subgroups
of patients with suspected or confirmed streptococci or
staphylococci infection or those with low plasma levels of
immunoglobulins.
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