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Early therapy with IgM-enriched polyclonal
immunoglobulin in patients with septic shock

Abstract Purpose: To determine
whether there was an association
between adjunctive therapy with
IgM-enriched immunoglobulin (IgM)
and the 30-day mortality rate in
patients with septic shock. Meth-
ods: In 2008 we introduced IgM as
a possible adjunctive therapy to be
provided within 24 h after shock
onset in the management protocol for
patients with septic shock. In this
retrospective study we included the
adult patients suitable for IgM ther-
apy admitted to our ICU from
January 2008 to December 2011. An
unadjusted comparison between
patients who did or did not receive
IgM therapy, a multivariate logistic
model adjusted for confounders and
propensity score-based matching
were used to evaluate the association
between early IgM treatment and
mortality. Results: One hundred and
sixty-eight patients were included in
the study. Of these, 92 (54.8 %)
received IgM therapy. Patients who
did or did not receive IgM were
similar with regards to infection
characteristics, severity scores and
sepsis treatment bundle compliance.

Introduction

Despite recent advances concerning the pathophysiolog-
and treatment options,
mortality rates in patients admitted to the intensive care
unit (ICU) with septic shock remain high [1]. The high

ical mechanisms of sepsis

Patients who received IgM were more
likely to have blood cultures before
antibiotics and to attain a plateau
inspiratory pressure less than

30 cmH,0 (p < 0.05). The 30-day
mortality rate was reduced by 21.1 %
(p < 0.05) in the group that received
IgM compared to the group that did
not. The multivariate adjusted
regression model (OR 0.17; CI 95 %
0.06-0.49; p = 0.001) and the pro-
pensity score-based analysis (OR
0.35; CI1 95 % 0.14-0.85; p = 0.021)
confirmed that IgM therapy was
associated with reduced mortality at
30 days after the onset of septic
shock. Conclusions: Our experience
indicates that early adjunctive treat-
ment with IgM may be associated
with a survival benefit in patients with
septic shock. However, additional
studies are needed to better evaluate
the role of IgM therapy in the early
phases of septic shock.

Keywords Sepsis - Immunoglobulin -
Shock - Sepsis bundles -
Intensive care

mortality rate is attributable to several factors including
challenges with early identification of severe sepsis

symptoms, limited resources and incorrectly applied
treatment guidelines [2, 3]. The use of sepsis treatment
bundles has been consistently associated with improved
patient outcome. However, it is not clear whether the
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success of sepsis treatment bundles is due to individual
elements of the bundle or to synergistic effects of the
bundle as a whole [4].

In addition to standard sepsis bundles, novel therapies
have been tested for patients with severe sepsis and septic
shock [5]. Immunoglobulin (Ig) preparations are a
promising treatment option owing to their pleiotropic
effects on bacteria and the host response to infection. The
mechanism of action for Ig therapy is likely multifaceted
and could include direct antibacterial and anti-endotoxin
activities; reducing the expression of inflammatory
mediators or directly scavenging these molecules; and
other complex immunomodulatory effects [6]. Clinically,
the serum Ig concentrations are generally low in patients
with septic shock, and the level and kinetics of serum Ig
are related to patient outcome [7, 8].

Despite the promise of Ig therapy, the recent revision
of the Surviving Sepsis Guidelines [3] does not suggest
using intravenous Ig in adults with severe sepsis or septic
shock, because the only randomised trial with an adequate
sample size found no benefit to the 28-day mortality rate
after adjunctive therapy with polyclonal IgG [9]. How-
ever, several meta-analyses suggest that adjunctive
treatment with intravenous Ig, particularly IgM prepara-
tions, could have beneficial effects for patients with
severe sepsis, but the evidence remains insufficient to be
conclusive [10-13].

In 2004, we started an in-hospital stewardship sepsis
program to improve the treatment of patients with severe
sepsis [14]. The program included a systematic review of
the clinical protocols for diagnosing and treating septic
patients. In 2008, on the basis of published meta-analyses
[10-13], we began treating patients with septic shock
using IgM preparations as possible adjunctive therapy
within 24 h of the onset of shock.

The purpose of the current retrospective cohort ana-
lysis was to determine whether early treatment with IgM
as an adjunctive therapy to evidence-based treatment
affected the 30-day mortality rate of patients with septic
shock. We hypothesised that patients treated with IgM in
conjunction with standard sepsis bundles would have a
lower mortality rate than patients treated only with the
sepsis bundles.

Subjects and methods
Study Population

This retrospective cohort study included all adult patients
with septic shock (n = 246) admitted to the ICU of
Modena University Hospital from January 2008 to
December 2011. Septic shock was defined using the
International Sepsis Definitions Conference criteria [15]:
(a) documented or suspected infection; (b) two or more

systemic inflammatory syndrome criteria (e.g. body
temperature greater than 38 °C or less than 36 °C;
tachycardia, tachypnoea, leukocytosis or leukopenia;
(c) systolic arterial pressure less than 90 mmHg or mean
arterial pressure (MAP) less than 60 mmHg despite ade-
quate fluid resuscitation (infusion of more than 20 mL/kg
of crystalloids or synthetic colloids) and (d) signs of tissue
hypoperfusion (e.g. oliguria, acidosis or worsening of
mental status). Patients less than 18 years of age with
end-stage liver disease, do-not-resuscitate orders or end-
of-life decisions during the ICU stay were excluded from
the study. This study was reviewed and approved by the
ethics committee of Modena (n°251/12, approved 4
September 2013). Because the study was retrospective
and did not require any active intervention apart from
standard medical care, the ethics committee deemed
informed consent unnecessary.

Treatment protocol

A sepsis stewardship program (SSP) has been active since
2004 in our hospital coordinated by the “Soppravvivere
alla Sepsi” group [14]. The SSP continuously educates
the healthcare staff, systematically revises and promotes
local protocols for managing patients with severe sepsis
and septic shock, and provides a biannual analysis of the
SSP results. During the study period (2008-2011), the
standard ICU treatment protocol for patients with septic
shock did not change. The standard of care is a combi-
nation of five resuscitation interventions (6-h bundles)
and four management interventions (24-h bundles). The
components of the 6-h bundles included collecting blood
cultures before administering antibiotics, adequate
empirically based antibiotic therapy within 3 h of diag-
nosis, controlling the source of the infection within 6 h,
adequate fluid resuscitation before administering vaso-
pressors, and attaining a central venous oxygen saturation
(Scv0y) above 70 % within 6 h. The 24-h bundles
included attaining a median glucose concentration of less
than 150 mg/dL in the first 24 h, administering low dose
hydrocortisone to patients on vasopressor support,
reaching a plateau inspiratory pressure below 30 cmH,O
in patients with acute lung injury/adult respiratory distress
syndrome (ALI/ARDS), and administering recombinant
human activated protein C (thAPC) when indicated.
Adequate empirically based antibiotic therapy is defined
as the use of appropriate targeted antibiotics in patients
with an infection caused by an identified microorganism
or the use of broad-spectrum antibiotics in patients where
the microorganism was not identifiable. The term ade-
quate fluid resuscitation indicated a central venous
pressure greater than 6 or greater than 8§ mmHg if the
patient was mechanically ventilated, or a global end-
diastolic volume by transpulmonary thermodilution
(PiCCO system, Pulsion, Germany) greater than 700 mL/m?.
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Cristalloid and 20 % albumin (when serum albumin
level was less than 2.0 g/dL) solutions were used for fluid
resuscitation. All of the patients received noradrenaline as
vasopressor therapy, and dobutamine or levosimendan as
inotropic drug when indicated. IgM was administered
within 24 h of the onset of shock, as a part of the 24-h
bundles, and was administered at the discretion of the
attending physician on the basis of personal scientific
opinion. All of the ICU medical staff (eight intensivists)
participated in a 4-h meeting regarding the scientific
rationale for early administration of IgM in septic shock
patients in 2007. The frequency of IgM administration
was audited yearly by the ICU staff during the study
period. When IgM was prescribed, it was administered
through a dedicated intravenous line at a dosage of
250 mg/kg per day (20 mg/kg/h) for three consecutive
days [16, 17].

Data collection

Two of the authors (C.I. and S.G), who were not involved
in the management of the patients, collected information
from the clinical charts pertaining to the use of each
standard sepsis bundle (6 and 24 h) and IgM adminis-
tration. Any data that was unclear was audited by the
attending physician. The interventions were classified as
completed and not completed. An intervention that was
not applicable to an individual patient (e.g. low plateau
inspiratory pressure in a patient without ALI/ARDS) was
reported as completed. Time zero for the bundles was
defined as the time at which the study inclusion criteria
were documented in the clinical notes. The type of
admission, relevant pre-existing diseases (i.e. heart fail-
ure, chronic obstructive pulmonary disease, end-stage
renal disease and history of cancer), the primary site of
infection, microbiology lab results, SAPS II and SOFA
scores when sepsis was diagnosed [18, 19], the use of
inotropic drugs, duration of vasopressor administration
and mechanical ventilation, adverse events possibly
related to IgM therapy (e.g. anaphylactic reaction, severe
hypotension and exanthema), the length of stay in the ICU
and 30-day mortality rate were recorded for each patient.
Patients discharged to home within 30 days of septic
shock occurring were considered survivors. Multidrug-
resistant bacteria were defined as previously described by
Magiorakos et al. [20].

Statistical analysis

The patients that received adjunctive IgM therapy were
compared to the patients that did not receive IgM. Dif-
ferences between the groups were assessed using the
Mann—-Whitney U or Fisher’s exact test, as applicable.
The 30-day mortality rate was compared between the two

groups using Kaplan—Meier curves and log-rank tests. To
estimate the association between IgM therapy and the
30-day mortality rate, univariate unadjusted analysis,
multivariate logistic regression modelling and propensity
score-based matching were used. IgM therapy and vari-
ables that differed (o level less than 0.1) between patients
who were or were not treated with IgM therapy were
included as independent covariates in the multivariate
regression model. Variables for which a biological effect
was highly likely (age, type of admission, pre-existing
diseases, site of infection, infection by multidrug-resistant
bacteria, and SOFA and SAPS II scores) were also
included in the model.

A propensity score was also established using the
following covariates: age, year of admission, type of
admission, primary site of infection, pre-existing dis-
eases, SOFA and SAPS II score, and 6- or 24-h bundle
compliance. This score was then used to match patients
with and without IgM treatment. For the matching pro-
cess, 1:1 matching (5 — 1 digit) was used with no
replacements for previously matched patients allowed
[21]. The 30-day mortality rate was then compared
between patients who received IgM and patients who did
not receive IgM using a logistic regression model strat-
ified to matched pairs.

P < 0.05 was considered significant. The goodness of
fit was assessed by the Hosmer-Lemeshow test. The
statistical software package SPSS version 20.0 (SPSS
Inc., Chicago, IL, USA) was used for statistical analysis.

Results

During the study period, 246 patients with septic shock
were admitted to the ICU. Twenty-nine patients with do-
not-resuscitate orders or end-of-life decisions and 49
patients with end-stage liver disease were excluded from
the study. The lung and abdominal cavities were the most
common infection sites, and gram-negative bacterial
infections were the cause of shock in the majority of our
patients (Table 1). Each individual intervention in the
management protocol was completed in at least 70 % of
patients, except optimising ScvO, within 6 h, which was
only achieved in 49 % of patients. Ninety-two patients
(54.8 %) received IgM therapy and all patients completed
the 3 days of IgM preparation. All of the patients who
received IgM therapy were treated within 24 h of the
onset of shock. There were no adverse events attributable
to IgM treatment identified.

Patients treated with I[gM were similar to patients who
did not receive IgM with regards to age, sex, type of
admission, pre-existing diseases, primary site of infection,
the type of microorganisms identified, SOFA score
and treatments provided. However, the patients that
received IgM had a greater percentage of unidentified
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microorganisms (p > 0.05), significantly higher SAPS II
(p < 0.05), were more likely to have their blood collected
for culture before receiving antibiotic therapy (p < 0.05),
and in patients with ALI/ARDS, the plateau inspiratory
pressure less than 30 cmH,0 was more frequently com-
pleted (p < 0.05) than the patients that did not receive
IgM (Table 1). The 30-day mortality rate was reduced by
21.1 % in the patients that received IgM compared to the
patients who did not receive IgM (Fig. 1). The causes of

death were refractory shock in 15 patients (five in the [gM
group), multiple organ dysfunction in 38 patients (16 in
the IgM group) and other causes such as myocardial
infarction and major bleeding in five patients (two in the
IgM group). The unadjusted regression analysis indicated
that the presence of pre-existing diseases, pneumonia as
the site of infection, SAPS II and SOFA scores, compli-
ance with the 24-h bundle, empirically based antibiotic
therapy within 3 h of diagnosis, a median glucose

Table 1 Main characteristics of the studied patients subdivided into treated and non-treated with IgM preparation

All patients (N = 168) No IgM (N = 76) IgM (N = 92) P value*
Age, years; mean (SD) 70.2 (13.6) 71.7 (13.4) 68.9 (13.7) 0.19
Female; N (%) 71 (42.3) 34 (44.7) 37 (40.2) 0.56
Surgical admission; N (%) 83 (49.7) 38 (50.0) 45 (49.5) 0.94
Elective 27 (16.1) 11 (14.5) 16 (17.3) 0.522
Emergency 56 (33.3) 27 (35.5) 29 (31.5)
Pre-existing condition; N (%) 0.12
None 64 (38.1) 30 (39.5) 34 (37.0)
Heart failure 30 (17.9) 12 (15.8) 18 (19.6)
Chronic obstructive pulmonary disease 8 (4.8) 4(5.3) 4 (4.3)
End-stage renal disease 8 (4.8) 3 (3.9 5054
Cancer 41 (244) 24 (31.6) 17 (18.5)
Diabetes 17 (10.1) 339 14 (15.2)
Site of infection; N (%) 0.31
Pneumonia 79 (47.0) 39 (51.3) 40 (43.5)
Intra-abdominal 72 (42.9) 36 (47.4) 36 (39.1)
Blood 45 (26.8) 19 (25.0) 26 (28.3)
Other 42 (25.0) 18 (23.7) 24 (26.1)
Microorganisms; N (%) 0.40
Gram negative 92 (54.8) 37 (48.7) 55 (59.8)
Gram positive 35 (20.8) 16 (21.1) 19 (20.7)
Candidemia 2 (1.2) 1(1.3) 1(1.1)
No identification 39 (23.2) 22 (28.9) 17 (18.5)
Multidrug resistant bacteria 71 (42.3) 30 (39.5) 41 (44.6)
SOFA; mean (SD) 9.1 3.4) 8.6 (3.6) 9.5 (3.3) 0.12
Respiratory 1.7 (1.3) 1.6 (1.4) 1.8 (1.3)
Cardiovascular 4.0 (0.2) 3.9 (0.2) 4.0 (0.2)
Coagulation 1.3 (1.2) 1.2 (1.2) 1.4 (1.3)
Liver 0.9 (1.0) 0.8 (0.9) 0.9 (1.0)
Renal 1.3 (1.3) 1.2 (1.3) 1.4 (1.4)
SAPS II; mean (SD) 56.1 (17.4) 53.1 (18.7) 58.5 (15.9) 0.04
6-h bundle; N (%)
Blood cultures 149 (88.7) 62 (81.6) 87 (94.6) 0.008
Infection source control 157 (93.5) 73 (96.1) 84 (91.3) 0.22
Adequate antibiotic therapy 138 (82.1) 60 (78.9) 78 (84.8) 0.33
SvcO, optimization 83 (49.4) 39 (51.3) 44 (47.8) 0.65
Adequate fluid resuscitation 128 (76.2) 54 (71.1) 74 (80.4) 0.16
24-h bundle; N (%)
Glycaemia control 111 (66.1) 52 (68.4) 59 (64.1) 0.56
Steroids 122 (72.6) 58 (76.3) 64 (69.6) 0.33
rhAPC 142 (84.5) 62 (81.6) 80 (87.0) 0.34
PiP < 30 cmH,0 152 (90.5) 65 (85.5) 87 (94.6) 0.047
Mechanical ventilation free-days; median (IQR)* 19 (2-27) 12 (0-26) 22 (5-28) 0.12
Vasopressor therapy free-days; median (IQR)* 23 (3-27) 23 (1-27) 24 (12-27) 0.37
Use of inotropes; N (%) 18 (10.7) 709.7) 11 (11.9) 0.65
Renal replacement therapy; N (%) 45 (26.8) 17 (22.4) 28 (30.4) 0.29
ICU stay free-days; median (IQR)? 7 (0-22) 5 (0-22) 13 (0-22) 0.16
30 days mortality; N (%) 58 (34.5) 35 (46.1) 23 (25.0) 0.004

SOFA Simplified Organ Failure Assessment, SAPS II Simplified Acute Physiology Score II, 72APC recombinant activated protein C, PiP

plateau inspiratory pressure
* Comparison between non-IgM and IgM groups

# Mechanical ventilation, vasopressor therapy and ICU stay free-days refer to a 30-day period
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Fig. 1 Probability of cumulative 30-day survival in patients with
and without polyclonal IgM therapy

concentration less than 150 mg/dL in the first 24 h,
receiving thAPC when indicated and IgM treatment were
significantly associated (p < 0.05) with the 30-day mor-
tality rate. The multivariate adjusted analysis confirmed
that IgM treatment was associated with a reduced prob-
ability of death 30 days after the onset of septic shock
(Table 2). The median values of free days from
mechanical ventilation and ICU stay in the 30 days after
shock onset were slightly larger (p > 0.05) in patients
treated than in patients not treated with IgM (Table 2).
One hundred and eighteen of the 168 study patients
(70 %) were included in the propensity score-based
analysis (IgM, n = 59; no IgM, n =159), all of the
variables were balanced after 1:1 matching between the
groups. In the propensity score-based analysis, the
30-day mortality rate (25.4 % vs 45.8 %; OR 0.35; CI

95 % 0.14-0.85; p = 0.021) was significantly different
between patients who were or were not treated with IgM
therapy (Table 3).

Discussion

This study was a retrospective cohort study assessing the
efficacy of adjunctive therapy with IgM for reducing the
30-day mortality rate of patients with septic shock. IgM
administration within 24 h of the onset of shock, in
conjunction with the standard of care recommended by
evidence-based guidelines, appears to be safe and may
improve patient survival.

For over 20 years, Ig has been used as adjunctive
therapy in patients with sepsis despite the lack of robust
evidence of its efficacy [10, 22]. Ig has many immuno-
modulatory effects including neutralising endotoxins,
stimulating opsonic and bactericidal activity, reducing
pro-inflammatory mediators and increasing anti-inflam-
matory mediators [6]. Moreover, patients with
hypogammaglobulinemia have a high incidence of
infections, and a high proportion of patients with severe
sepsis and septic shock have low serum levels of Ig,
which seems to be associated with a significantly higher
mortality rate [7-23]. However, it is not clear whether
patients with sepsis and hypogammaglobulinemia would
benefit from the administration of Ig at the currently
recommended doses. A recent multicentre observational
study by the Hellenic Sepsis Study Group demonstrated
that a significant decrease in IgM serum concentrations
occurs when severe sepsis progresses to septic shock, and
that IgM distribution over time is lower in patients who
do not survive [8].

Table 2 Odds ratios obtained by unadjusted univariate and adjusted multivariate logistic regression analysis for 30-day mortality

Unadjusted Adjusted

OR CI 95 % p OR CI 95 % p
Age 1.01 0.99-1.04 0.30 1.02 0.98-1.06 0.41
Female 1.62 0.85-3.08 0.14 2.11 0.75-5.96 0.16
Pre-existing diseases 2.78 1.35-3.86 0.006 3.49 1.41-7.81 0.012
Surgical admission 0.60 0.31-1.14 0.12 0.90 0.29-2.79 0.85
Site of infection: pneumonia 2.85 1.48-5.52 0.002 1.41 0.49-4.07 0.52
Multidrug-resistant bacteria 0.95 0.50-1.80 0.87 0.74 0.27-2.04 0.57
SOFA score 1.17 1.06-1.29 0.003 1.13 0.96-1.33 0.13
SAPS 1I score 1.03 1.01-1.05 0.003 1.04 1.01-1.06 0.040
6-h bundle 1.07 0.52-2.23 0.85 1.28 0.25-6.53 0.76
24-h bundle 0.42 0.21-0.84 0.014 0.36 0.12-1.25 0.10
Adequate antibiotic therapy 0.45 0.20-1.01 0.052 0.37 0.08-1.71 0.20
Glycaemia control 0.54 0.28-1.05 0.07 0.47 0.13-1.66 0.24
rhAPC 0.46 0.20-1.08 0.08 0.90 0.26-3.10 0.87
IgM therapy 0.39 0.20-0.75 0.005 0.17 0.06-0.49 0.001

SOFA Simplified Organ Failure Assessment, SAPS II Simplified Acute Physiology Score 1I, rhAPC recombinant activated protein C

Hosmer-Lemeshow test: P = 0.321
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Table 3 Main characteristics of the studied patients subdivided into treated and non-treated with IgM preparation after matching based

on propensity score

No IgM (N = 59) IgM (N = 59) P value*
Age, years; mean (SD) 69.7 (14.1) 70.9 (12.5) 0.77
Female; N (%) 29 (49.2) 22 (37.3) 0.11
Surgical admission; N (%) 28 (47.5) 28 (47.5) 1.0
Elective 9 (15.2) 8 (13.6)
Emergency 19 (32.2) 20 (33.9)
Pre-existing condition; N (%) 0.77
None 22 (37.3) 21 (35.6)
Heart failure 12 (20.3) 13 (22.0)
Chronic obstructive pulmonary disease 4 (6.8) 4 (6.8)
End-stage renal disease 3(5.1) 2(5.4)
Cancer 15 (25.4) 14 (23.7)
Diabetes 3(5.1) 5 (8.5)
Site of infection; N (%) 0.53
Pneumonia 30 (50.8) 29 (49.2)
Intra-abdominal 28 (47.5) 25 (42.4)
Blood 17 (28.8) 14 (23.7)
Other 13 (22.0) 10 (17.0)
Microorganisms; N (%) 0.43
Gram negative 27 (45.8) 35 (59.3)
Gram positive 13 (22.0) 12 (20.3)
Candidemia 1(1.7) 1(1.7)
No identification 18 (30.5) 12 (20.3)
Multidrug-resistant bacteria 23 (39.0) 27 (45.8)
SOFA; mean (SD) 9.1 (3.6) 9.1 (3.3) 0.56
Respiratory 1.6 (1.4) 1.8 (1.4)
Cardiovascular 4.0 (0.3) 4.0 (0.2)
Coagulation 1.3 (1.2) 1.2 (1.2)
Liver 0.9 (1.0) 0.9 (0.9)
Renal 1.4 (1.4) 1.2 (1.4)
SAPS II; mean (SD) 56 (19) 57 (16) 0.37
6-h bundle; N (%)
Blood cultures 49 (83.0) 55 (93.2) 0.10
Infection source control 56 (94.9) 51 (86.4) 0.11
Adequate antibiotic therapy 47 (79.7) 49 (83.1) 0.63
SvcO, optimization 33 (55.9) 30 (50.8) 0.58
Adequate fluid resuscitation 45 (76.3) 48 (81.4) 0.50
24-h bundle; N (%)
Glycaemia control 42 (71.2) 35 (59.3) 0.17
Steroids 45 (76.3) 38 (64.4) 0.16
rhAPC 46 (78.0) 52 (88.0) 0.14
PiP <30 cmH,O 55 (93.2) 54 (91.5) 0.72
Mechanical ventilation free-days; median (IQR)* 10 (0-26) 20 (5-27) 0.22
Vasopressor therapy free-days; median (IQR)* 22 (0-27) 24 (10-27) 0.46
Use of inotropes; N (%) 5(8.5) 7 (11.9) 0.54
Renal replacement therapy; N (%) 12 (20.3) 17 (28.8) 0.29
ICU stay free-days; median (IQR)* 4 (0-22) 13 (0-20) 0.19
30-day mortality; N (%) 27 (45.8) 15 (25.4) 0.021

SOFA Simplified Organ Failure Assessment, SAPS II Simplified Acute Physiology Score II, 7hAPC recombinant activated protein C, PiP
plateau inspiratory pressure, /CU LOS intensive care unit length of stay

* Comparison between non-IgM and IgM groups
# Mechanical ventilation, vasopressor therapy and ICU stay free-days refer to a 30-day period

Recently published reviews and meta-analyses are
based on small, outdated, heterogeneous, randomised
studies; however, they suggested that patients with
severe sepsis may have a lower mortality rate after

treatment with IgM rather than standard polyclonal Ig
[12, 24]. In contrast, the only large (n = 653) random-
ised trial to treat patients with severe sepsis with
adjunctive polyclonal IgG did not show an effect on the
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28-day mortality rate [9]. The difference between IgM
and standard polyclonal IgG could stem from intrinsic
factors, such as IgM polyreactivity, IgM more rapidly
activates complement to neutralise bacteria, or the
higher titre of bacteria-reactive antibodies in IgM prep-
arations that recognize a broad spectrum of bacterial
pathogens [25-27]. The capacity of IgM to facilitate the
removal of apoptotic cells also seems to have an
important role in modulating the immune response dur-
ing sepsis, and in facilitating the resolution of
inflammation [26]. In animal models, impaired micro-
circulatory perfusion during sepsis is attenuated more by
the use of IgM than IgG, and an infusion of IgM pro-
tects the lungs from histological changes that occur
during endotoxemia [28, 29]. In septic patients, IgM
therapy also seems to have a positive effect on muscular
microcirculation when used early after the onset of
shock [30]. However, a recent meta-analysis of ran-
domised control trials using Ig to treat adults with severe
sepsis demonstrated that when measures of study quality
(e.g. choice of control) and dosing regimen (e.g. dura-
tion of Ig therapy) were considered, all-cause mortality
was not reduced with IgM compared to standard poly-
clonal Ig [22].

The reduced 30-day mortality rate in our study follow-
ing treatment with IgM is consistent with previous clinical
studies [16, 31, 32] and a recent meta-analysis [12]. In a
multicentre, randomised, double blind study of patients
with abdominal sepsis, Rodriguez et al. [33] observed a
25 9% reduction in 30-day mortality among patients treated
with appropriate antibiotic therapy and high doses of IgM
or albumin. Berlot et al. [34] demonstrated in a retrospec-
tive study of 129 patients that the effectiveness of Ig
depends on the time elapsed between the occurrence of
sepsis and administration of the IgM preparation. This
study showed that the risk of death increased by approxi-
mately 3 % for each day IgM treatment was delayed. Taken
together with animal model studies [35], Berlot et al. [34]
indicates that IgM treatment likely has an important role in
the early stages of the inflammatory and immune response
to infection. The early administration of IgM in our study,
within 24 h of the onset of shock, may also explain the
beneficial effects observed in our population. It must also
be emphasized that this is the first study where IgM therapy
was used as adjunctive therapy in patients with consistent
and monitored application of evidence-based treatment
guidelines [2, 3], and that this may not be the case in pre-
vious studies [16, 17, 31-33].

The primary limitations of our study are the retro-
spective observational design, and the limited number

of patients. Although age, sex, type of admission, and
pre-existing diseases were similar between patients
who were and were not treated with IgM, selection
bias based on the attending physician for each case
cannot be excluded given the retrospective nature of
the data collection. Thus, it is interesting to note that
the SAPS II and SOFA scores were higher in patients
who received IgM therapy. This was first observed in
an internal data audit in 2009. We postulated that the
medical staff was more likely to use IgM as adjunctive
therapy in complicated cases given the cost of the
treatment. In addition, because IgM had to be started
within 24 h patients treated with IgM may have
received more aggressive treatment overall, which
might partially explain the better outcome. In fact, two
of the nine treatments included in the 6- and 24-h
bundles were more frequently completed in patients
who received IgM. Finally, retrospective analysis of
medical charts does not allow an accurate identification
of adverse events such as anaphylaxis or hypotension,
particularly in patients with multiple organ dysfunc-
tion or receiving vasopressor therapy. For these
reasons, the current results should be read with care
and may not be applicable to contexts other than those
of the study.

Conclusions

The exact role that Ig may have in the immune and
inflammatory response of patients with sepsis is still
unclear. It is possible that Ig plays different roles based on
the pathophysiological context of the patient, the type of
Ig and the dose used. Our experience suggests that early
adjunctive treatment with IgM at a dose of 250 mg/kg per
day for 3 days results in an approximately 20 % reduction
in the absolute risk of 30-day mortality in patients with
septic shock treated according to guidelines. However,
additional studies are needed to confirm these results and
better evaluate the use of IgM therapy early on in patients
with septic shock.
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