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Abstract Purpose: To confirm the
pharmacodynamics and evaluate the
efficacy of high-dose selenium (Se)
administered by continuous infusion,
following an initial loading bolus of
selenite, on clinical outcome in criti-
cally ill patients with systemic
inflammatory response syndrome
(SIRS). Methods: Prospective,
placebo-controlled, randomized,
single-blinded phase II study in a
multidisciplinary university hospital
intensive care unit (ICU). Two groups
of patients with SIRS, age[18 years,
and Acute Physiology and Chronic
Health Evaluation (APACHE) II C15
(n = 35) were randomized to receive
either placebo or intravenous selenite
as a bolus-loading dose of 2,000 lg Se
followed by continuous infusion of
1,600 lg Se per day for 10 days.
Blood samples were analyzed before
randomization (day 0) then at days 3,
7, and 10. Clinical outcome was
assessed by Sequential Organ Failure
Assessment (SOFA) score. Hospital-
acquired pneumonia including venti-
lator-associated pneumonia (VAP),
adverse events, and other safety
parameters were monitored as
secondary endpoints.

Results: SOFA score decreased
significantly in the selenite group at
day 10 (1.3 ± 1.2 versus 4.6 ± 2.0,
p = 0.0001). Early VAP rate was
lower in the selenite group (6.7% ver-
sus 37.5%, p = 0.04), and hospital-
acquired pneumonia was lower after
ICU discharge (p = 0.03). Glutathi-
one peroxidase-3 (GPx-3) activity
increased in both groups, reaching a
maximum at day 7 (0.62 ± 0.24 ver-
sus 0.28 ± 0.14 U/mL, p = 0.001) in
the selenite group. No adverse events
attributable to selenite were observed.
Conclusions: Daily infusion of
1,600 lg Se (as selenite), following an
initial bolus of 2,000 lg, is novel and
without short-term adverse events.
High-dose parenteral selenite signifi-
cantly increases Se status, improves
illness severity, and lowers incidence
of hospital-acquired pneumonia
including early VAP for SIRS patients
in ICU.
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Introduction

Systemic inflammatory response syndrome (SIRS)
involves a chain of events culminating in migration of
neutrophils into inflamed tissue to release free radicals. In

the lower respiratory tract SIRS is characterized by cap-
illary congestion, leukocyte and macrophage infiltration
into alveolar spaces. An inflammatory response accom-
panying hospital-acquired pneumonia in intensive care
unit (ICU) patients with acute respiratory failure more
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than 48h after intubation is defined as ventilator associ-
ated pneumonia (VAP) [1]. VAP is a major event
affecting up to 30% of the most vulnerable patients [2],
increasing morbidity, mortality, length of stay (LOS), and
costs [3]. Therapies to counteract the inflammation and
reduce the occurrence of VAP are therefore attractive [4].

The trace element selenium (Se) has antioxidant, anti-
inflammatory, and immunological functions [5, 6]. It is
an important constituent of the glutathione peroxidase
(GPx) selenoenzymes, consisting of eight isoforms that
differ in their substrate specificity. GPx-3 accounts for
20–40% of total plasma Se [7] with a normal value for
our Uruguayan subjects of 0.72 ± 0.16 U/mL [8]. Severe
sepsis/septic shock are characterized by inflammation
with high levels of circulating cytokines, reactive oxygen
species (ROS), and phagocytic hyperactivity from
polymorphonuclear neutrophils (PMN) due to delayed
apoptosis and prolonged NF-jB activation [9]. Intrave-
nous selenite has a biphasic action: firstly as a pro-
oxidant and, after incorporation into selenoenzymes, as
an antioxidant [7]. High concentrations of selenite inhibit
DNA-binding activity of NF-jB in vitro, by reacting
with its thiol groups [10, 11]. As an antioxidant and anti-
inflammatory agent, Se is potentially important in SIRS
[12–15].

Our previous supplementation study [16], showed that
2,000 lg (25.30 lmol) Se, administered as selenious acid
by bolus, followed by daily continuous infusion of
1,600 lg (20.24 lmol) Se for 10 days, normalized GPx-3
activity from day 3 onwards without adverse events or
increased mortality [16].

The purpose of this study is to confirm the pharma-
codynamics and further evaluate the effectiveness of
high-dose Se therapy, as an initial bolus of selenite, fol-
lowed by continuous infusion, on illness severity, adverse
events, and clinical outcome in SIRS patients.

Methods

Study design

This phase II prospective, placebo-controlled, random-
ized, single-center investigation planned to study 40
patients and evaluate the feasibility of a more powerful
phase III safety and efficacy trial. Sample size was cal-
culated on the basis of a type I error of 5% and a power of
80% to detect an increase in GPx-3 activity of 0.5 U/mL
at day 10. Inclusions criteria were: SIRS patients with a
minimal Acute Physiology and Chronic Health Evalua-
tion (APACHE) II score C15 and predicted mechanical
ventilation (MV) for [48 h. Exclusions were: age
\18 years, pregnancy, brain injury after cardiopulmonary
arrest, malignant disease, immune deficiency, chronic
renal failure, participation in another trial, limitation of

care, and refusal. The hospital Ethics Committee for
Medical Research approved the protocol. Informed con-
sent was obtained from all participants or their relatives
before enrolment.

Patients were blinded to the intervention, and ran-
domized within the first 24 h of ICU admission into two
groups, receiving either high-dose selenious acid (Labo-
ratories Rivero�, Buenos Aires, Argentina) in 0.9%
sodium chloride solution (NaCl) or placebo. The selenite
group received a bolus loading dose of 2,000 lg
(25.30 lmol) Se over 2 h within 2 h after enrolment, and
thereafter 1,600 lg/day (20.24 lmol/day) Se as a daily
continuous infusion for 10 days (total dose of Se 18 mg,
227.7 lmol). Selenious acid ampoules, containing 400 lg
Se per 10 ml (40 lg, 0.51 lmol/mL), were aseptically
added to 250-mL bottles of 0.9% NaCl and administered
by 24 h continuous infusion at 10 mL/h. Controls just
received 0.9% NaCl. Serum samples in trace-element-free
polyethylene vials were frozen at -20�C until analysis.
GPx-3 activity was determined on days 0, 3, 7, and 10. Se
measurements were not considered necessary because we
had previously demonstrated that Se levels remained
within the normal range during 10 days supplementation
with this dose [16].

Clinical data

SIRS was diagnosed according to the ACCP/SCCM
consensus [17]. Severity of illness was assessed by
APACHE II and Sequential Organ Failure Assessment
(SOFA) scores. SOFA was used for assessing organ
dysfunction and clinical outcome. Hematological, bio-
chemical, blood gas analyses, PaO2/FiO2 (P/F) ratio, and
cultures from blood and infection sites were routine.

VAP was defined by a new and persistent chest X-ray
infiltrate (unilobar, unilateral or bilateral) in patients
receiving MV for at least 48 h, with two of three of the
following: temperature [38�C or \35.5�C; white blood
cell count [10,000/lL or \4,000/lL; new purulent
respiratory secretions, confirmed with semiquantitative
cultures of tracheal aspirate. According to our routine
criteria, the cutoff point, which selectively excluded any
persisting episodes of community-acquired pneumonia,
was: early VAP B5 days, late VAP [5 days.

The details of organ dysfunction definition and GPx-3
determination are shown in the Electronic Supplementary
Material.

Researchers did not direct medical, surgical or nutri-
tional therapy. Standard protocols for enteral nutrition
(EN) or parenteral nutrition (PN) were utilized within
48 h after admission. Protocol violations were predefined
as: insufficient daily Se dose, interruption of Se admin-
istration for more than 12 h, or loading dose delay more
than 2 h after inclusion.
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Adverse events analysis

In addition to ICU and hospital mortality, adverse events
potentially related to the selenite bolus were recorded and
analyzed independently, including: seizures, brain injury
(ischemic or hemorrhagic), acute brain dysfunction (at
least one episode of an acute and fluctuating disturbance
of consciousness and cognition), anemia, thrombocyto-
penia, severe arterial hypotension, acute respiratory
distress syndrome (ARDS) [18], HD, acute kidney injury
(AKI), and refractory shock [persistent circulatory failure
with mean arterial pressure (MAP)\65 mmHg in spite of
fluid resuscitation and norepinephrine 0.2 gamma/kg/min,
associated with persisting lactic acidosis]. EN intolerance
was defined by gastric residual volume C600 mL/day
(measured every 4 h), vomiting, abdominal distension or
ileus (our standard protocol prior to publication of the
ASPEN-SCCM guidelines) [19].

Statistics

Data analysis was performed on an intention-to-treat
(ITT) basis. Results are expressed as mean val-
ues ± standard deviation (SD) for continuous variables
and as percentages for qualitative variables. Differences
between groups and analysis of nonparametric continuous
variables were assessed using the Mann–Whitney U test.
Changes over time were compared using two-factor
repeated-measures analysis of variance (ANOVA) for the
effect of group, time, and treatment. Post hoc compari-
sons were carried out by Dunnett’s tests (effect of time
versus baseline). Categorical variables were analyzed
with chi-square test. For correlations, linear regression
analysis, nonparametric Pearson correlation coefficient or
Spearman tests were used, and the corresponding r2 was
calculated. Kaplan–Meier curves compared all pneumo-
nias, and the effect of treatment was analyzed using the
log-rank test.

p \ 0.05 was considered to be statistically significant.
Statistical analysis was carried out using SPSS 17.0
software (SPSS, Chicago, IL, USA) for Windows.

Results

Between December 2006 and January 2008, 40 patients
were considered for enrolment, and 35 were randomized.
The mean time between admission and start of interven-
tion was 16 ± 6 versus 13 ± 6 h (p = 0.29) in selenite
and placebo group, respectively. All patients were fol-
lowed up for the entire study (Supplementary Fig. 1)
except one selenite patient and three placebo patients,
later excluded because of errors in enrolment criteria. One
additional placebo group patient, who died within 48 h,

was included in the final analysis according to the ITT
principle. Baseline characteristics and daily EN Se
(77 ± 21 lg versus 73 ± 16 lg, p = 0.85) (Table 1)
were similar.

Clinical

Early VAP was diagnosed in one (6.7%) patient in the
selenite group and six (37.5%) patients in the placebo
group (p = 0.04). Late VAP incidence was similar in the
two groups (13.3% versus 6.3%, p = 0.68), but hospital-
acquired pneumonia at 28 days after ICU discharge was
observed only in the placebo group (three episodes,
p = 0.03) (Table 2). The time to occurrence of hospital-
acquired pneumonia (including VAP) indicates that the
proportion of patients without pneumonia was higher in
the selenite group (p = 0.024, by stratified log-rank test)
(Fig. 1).

There was no significant difference between the
groups (selenite versus placebo, respectively) in terms
of days of antibiotic use (8.8 ± 5.3 versus 9.5 ± 2.5,
p = 0.19), days of catecholamines therapy (2.1 ± 1.4
versus 4.0 ± 4.3, p = 0.69), AKI incidence (44% versus
50%, p = 0.82), days of insulin therapy (1.8 ± 3.4 versus
3.4 ± 4.5, p = 0.42), ICU LOS (14 ± 11 versus 13 ±
6 days, p = 0.56), ICU mortality (20% versus 31%,
p = 0.55) or hospital discharge mortality (33.3% versus
43.5%, p = 0.95). No patients required RRT. The P/F
index and SOFA respiratory scores did not differ between
groups (Table 2).

SOFA score reduced in both groups with a negative,
but not significant, correlation with GPx-3 at admission
(r2 = 0.084, p = 0.09). There was no significant differ-
ence on day 3 (5.7 ± 3.3 versus 5.6 ± 2.9, p = 0.75),
but the mean SOFA score decreased significantly only in

Table 1 Clinical characteristics of the study population at
randomization

Selenite
group

Placebo
group

Number of patients (n) 15 16
Age (years) 58 ± 17 54 ± 17
Sex (M/F) 8/7 7/9
APACHE II (median) 24 h 24 ± 7 22 ± 6
SOFA (mean ± SD) 9.6 ± 3.2 10.2 ± 2.9
ICU admission diagnosis
Severe sepsis 12 10
Trauma 3 6
Weight (kg) 71.8 ± 15 71 ± 11
BMI (kg/m2) 25.0 ± 7.0 24.2 ± 6.0
Enteral energy supply (kcal/day) 1,281 ± 344 1,208 ± 268
Enteral selenium supply (mean daily

dose, lg/day)
77 ± 21 73 ± 16

APACHE II Acute Physiology and Chronic Health Evaluation II,
ARDS acute respiratory distress syndrome, BMI body mass index,
F female, M male, SOFA Sequential Organ Failure Assessment
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the selenite versus placebo group, respectively (1.3 ± 1.2
versus 4.6 ± 2.0, p = 0.0001) at day 10 (Table 3,
Fig. 2).

Pharmacodynamics

At day 3, GPx-3 activity was 0.52 ± 0.28 versus 0.26 ±
0.08 U/mL (p = 0.001), at day 7 it was 0.62 ± 0.24
versus 0.28 ± 0.14 U/mL, (p = 0.001), and at day 10 it
was 0.39 ± 0.09 versus 0.27 ± 0.09 (p = 0.09) for sel-
enite and placebo groups, respectively. Maximum levels
were achieved at day 7 in both groups, but were signifi-
cantly higher and only reached normal in the selenite

Table 2 Clinical outcome of the study patients

Selenite group
(n = 15)

Placebo group
(n = 16)

p-Value

DSOFA (day 0–10) 7.8 ± 3.8 4.7 ± 2.0 0.02
Early VAP, no. of episodes (%) 1 (6.7) 6 (37.5) 0.04
Late VAP, no. of episodes (%) 2 (13.3) 1 (6.3) 0.68
Episodes of HAP after ICU discharge 0 3 0.03
Days of antibiotics 8.8 ± 5.3 9.5 ± 2.5 0.19
Median time of catecholamines therapy (days) 2.1 ± 1.4 4.0 ± 4.3 0.69
P/F index (day 3) 303.0 ± 76.1 260.3 ± 80.0 0.17
P/F index (day 10) 309.7 ± 62.2 295.6 ± 51.9 0.57
SOFA respiratory score
Day 0 2.5 ± 0.5 2.5 ± 0.9 0.90
Day 3 1.3 ± 0.9 1.9 ± 0.9 0.11
Day 10 1.4 ± 0.8 1.6 ± 0.7 0.56
DSOFA respiratory score (day 0–10) 1.1 ± 1.1 0.9 ± 1.2 0.61
AKI, n (%) 7 (44) 8 (50) 0.82
Use of RRT 0 0 –
Insulin therapy (days) 1.8 ± 3.4 3.4 ± 4.5 0.42
Length of mechanical ventilation (days) 10 ± 8 9 ± 4 0.79
ICU LOS (days) 14 ± 11 13 ± 6 0.56
ICU mortality, n (%) 3 (20.0) 5 (31.3) 0.47
Mortality at hospital discharge, n (%) 5 (33.3) 7 (43.5) 0.95

AKI acute kidney injury, DSOFA SOFA variation, HAP hospital-acquired pneumonia, ICU intensive care unit, LOS length of stay,
P/F PaO2/FiO2 index, RRT renal replacement therapy, VAP ventilator-associated pneumonia

Fig. 1 Kaplan–Meier plot for all episodes of hospital-acquired
pneumonia occurring in the first 28 days in both groups. Red line
represents selenium supplemented group, and blue line represents
placebo group. Log rank: p = 0.024

Table 3 Effects of selenite supplementation on SOFA score and
GPx-3 activity profile during the study period

Day 0 Day 3 Day 10

SOFA score
Placebo 9.6 ± 3.0 5.7 ± 3.3* 4.6 ± 2.0*
Selenite 9.4 ± 2.4 5.6 ± 2.9* 1.3 ± 1.2*

GPx-3 (U/mL)
Placebo 0.23 ± 0.11 0.26 ± 0.08 0.27 ± 0.09
Selenite 0.23 ± 0.08 0.52 ± 0.28* 0.39 ± 0.09*

Statistical comparisons were carried out by two-way analysis of
variance (ANOVA) for repeated measures. SOFA score declined
significantly over time (p = 0.0001) with significant group
(p = 0.028), time (p = 0.0001), and treatment effect (group-by-
time interaction, p = 0.027). GPx-3 activity increased significantly
with selenite group (p = 0.037), time (p = 0.006), and treatment
effect (group-by-time interaction, p = 0.045). Normal range for
healthy/non-SIRS patients: 0.61 ± 0.13 to 0.72 ± 0.16 U/mL
GPx-3 glutathione peroxidase-3; SOFA Sequential Organ Failure
Assessment
* Significant difference versus baseline within groups (post hoc
Dunnett’s test)
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group. GPx-3 subsequently decreased between day 7 and
10, despite continued selenite supplementation (Fig. 3).

Adverse events

No adverse events potentially attributable to selenite were
noted (Table 4), and GPx-3 activity never exceeded our
upper normal range (Fig. 3). The incidence of AKI,
refractory shock, severe arterial hypotension, ARDS,
brain injury, seizures, delirium, anemia, thrombocytope-
nia, HD, and EN intolerance were similar during the bolus
or continuous infusion.

Discussion

Our phase II study in SIRS patients has demonstrated that
high-dose selenious acid administered first as a bolus,
providing 2,000 lg (25.3 lmol) Se over 2 h, and there-
after 1,600 lg/day (20.24 lmol) Se as a continuous
infusion, lowered SOFA scores, reduced the occurrence
of early VAP, and decreased the episodes of hospital-
acquired pneumonia after ICU discharge [20]. Se was
efficacious in maximizing serum GPx-3 at day 7, and was
not associated with a higher incidence of adverse events
during 28 days follow-up.

The contribution of VAP to morbidity, mortality, and
ICU costs makes prevention an imperative. Se pharma-
conutrition is now proposed as a new strategy for
incorporation into care bundles for VAP prevention [21].

Pulmonary injury results from an interaction of PMN
with endothelial cells. Within minutes of injury,

macrophages release neutrophils and inflammatory cyto-
kines, which interact with the walls of postcapillary
venules. Lung endothelial cells are stimulated to express
surface adhesion molecules, which bind to circulating
neutrophils, facilitating their migration into the interstit-
ium and the alveolus, whilst concomitantly triggering a
burst of free radicals into the lungs [22].

Immune function is often suboptimal in Se deficiency,
the functions of neutrophils and macrophages are
impaired, and bacteria adhere to the respiratory mucosa,
leading to infection [23] and increased incidence of
multiple organ failure (MOF) and hospital-acquired
pneumonia (16% versus 3.9%) in patients with low Se
(\0.6 lmol/L) [14]. However, can repletion of Se stores
minimize these common complications in the critically
ill? Aggregating results from two randomized supple-
mentation trials, Berger et al. [24] found that enhancing
trace elements status with zinc, copper, and Se
(315–380 lg/day) in burns patients was associated with a
decrease of hospital-acquired pneumonia (80% versus
33%, p \ 0.001) and fewer VAP episodes (13 versus 6,
p = 0.023). Subsequently, they showed that trace
elements reduced infectious complications in the first
30 days, primarily related to a lower number of pul-
monary infections (18 versus 9, p = 0.03) [25].
Additionally, results from the Scottish Intensive Care
Glutamine or Selenium Evaluative Trial (SIGNET) [26]
showed a significant [odds ratio 0.53 (0.30 to 0.93)]
reduction in the incidence of pneumonia when selenite
(500 lg/day) was given in PN for at least 5 days.
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However, none of these trials reduced mortality, and
none utilized the bolus loading dose of selenite that could
stimulate the anti-inflammatory process in SIRS. Evi-
dence supporting this concept comes from the Selenium
in Intensive Care (SIC) study [27], which did incorporate
an initial bolus in the regimen. Per-protocol analysis
confirmed that a bolus of 1,000 lg selenite on the first
day, followed by daily continuous infusion of 1,000 lg Se
for 14 days, reduced 28-day mortality in septic patients,
but as in our study, Se did not reduce length of MV [27].

The first meta-analysis of antioxidant supplementation
trials in ICU revealed a tendency to decreased mortality
with Se doses higher than 500 lg/day [relative risk (RR)
0.52, 95% confidence interval (CI) 0.24–1.14, p = 0.10]
[28]. However, the updated meta-analysis, incorporating a
new study (see below) that did not administer a loading
bolus dose, confirmed that Se decreases mortality but not
significantly (RR 0.84, 95% CI 0.67–1.05, p = 0.13) [29].

Forceville et al. [30] administered 4,000 lg Se as
sodium selenite in the first 24 h by continuous infusion,
but with no initial bolus, followed by 1,000 lg/day for
9 days, but could not reduce mortality nor the incidence
of pneumonia in septic shock (45% placebo versus 55%
Se; p = 0.438). This contrasts with previous achieve-
ments, leading the authors to speculate that the different
results are due to omission of this initial pro-oxidant
bolus-loading dose of selenite [7]. Animal research by the
same investigators [31, 32] adds further weight to this
hypothesis. A Se bolus (2,000 lg), as selenite, was
associated with improved hemodynamics and response to
fluid replacement (p \ 0.05), in a sheep model of septic
shock [31]. Most recently, Schäper et al. [32] reported
that a selenite bolus (0.4 mg/kg) in endotoxemic rats may
have a beneficial effect on leukocyte–endothelium inter-
action by improving microcirculation.

A selenite bolus could have three effects: (a) revers-
ible inhibition of NF-jB binding to DNA [10, 11],
(b) induction of apoptosis and cytotoxicity in activated
pro-inflammatory cells, and (c) a direct virucidal or

bactericidal effect [7], and each could contribute to our
observed reduction in the incidence of early VAP [20].

Our small study did not show any significant differ-
ences in mortality, gas exchange or respiratory SOFA
score. However, the overall reduction in SOFA score
confirms the finding by Mishra et al. [33], albeit using a
lower dose (50 lg per day decreasing to 32 lg per day
over 14 days), suggesting that Se supplementation greater
than the recommended daily amount (RDA), may lead to
more rapid resolution of MOF. The trend towards
increased length of MV and LOS for supplemented
patients, but without any significant difference in the
incidence of respiratory failure, could be due to a higher
(but not significant) incidence of late VAP in the Se group
(13.3% versus 6.3%, p = 0.68) and a trend toward a
decline in ICU mortality (20% versus 31%, p = 0.47).

Our novel data endorse the therapeutic approach
originated by the SIC study [27] and support the theory
that the pro-oxidant effect of a large selenite bolus prior to
continuous infusion may be anti-inflammatory and hence
clinically beneficial. High-dose Se therapy has been
advocated in severe sepsis/septic shock [7, 16, 27, 30, 34],
and recent guidelines support the use of this pharma-
conutrient [19, 35]. However, the safety of
pharmacological doses of an active substrate is of para-
mount importance. It has been suggested that Se doses
greater than 400 lg/day could be harmful [15], but this is
the 1996 World Health Organization (WHO) tolerable
upper intake level (TUIL) for daily oral intake
([3 months) in healthy subjects. Maximum acute doses
up to 800 lg/day have been proposed [36] but without
evidence that higher doses are unsafe. Experimental data
suggest negligible respiratory excretion of Se metabolites
at doses\100 lg/kg, with toxic symptoms only occurring
at doses [1,000 lg/kg [37]. Se toxicosis results from
long-term oral intakes up to 38,000 lg/day by populations
living in seleniferous regions [38], but no selenosis has
been reported from bolus injection or continuous infusion
over 5–14 days to critically ill SIRS patients.

Table 4 Analysis of serious adverse events

Adverse event Selenite group
n (percentage of
patients per group)

Placebo group
n (percentage of
patients per group)

p-Value

Seizures 0 0 –
Respiratory failure 2 (13.3) 1 (6.3) 0.36
Refractory shock 2 (13.3) 2 (12.5) 0.71
Brain injury (ischemic or hemorrhage) 0 0 –
Delirium (hypoactive or hyperactive) 6 (40) 7 (43.8) 0.83
Acute kidney injury 7 (44) 8 (50) 0.82
Enteral tube feeding intolerance 2 (13.3) 1 (6.3) 0.76
Hepatic dysfunction 3 (20) 4 (25) 0.74
Thrombocytopenia 5 (33) 7 (43.7) 0.55
Anemia that requires blood transfusion

(hemoglobin \7 g/dL)
4 (27) 5 (31.2) 0.78
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Supplementing with 1,600 lg/day, following a bolus
of 2,000 lg, and taking into account the EN contribu-
tion, our patients received a total of 19,000 lg over
10 days. Although this amount is five times the TUIL, it
is approximately half the daily intake recorded for
induction of selenosis, and is comparable to the mean
highest doses in half the studies on depleted patients
reviewed by Andrews [39]. We observed no acute tox-
icity symptoms and no higher incidence of adverse
events (Table 4).

Selenite pharmacodynamics in SIRS patients con-
firmed increased GPx-3 activity from day 1 through day 3
to a maximum at day 7, within our previously published
[8, 16] physiological range for non-SIRS and healthy
subjects (0.61 ± 0.13 to 0.72 ± 0.16 U/mL), then
declining to day 10, despite continued supplementation.
Similarly, Valenta et al. [40] report, without comment, a
decrease in whole-blood GPx from day 10, notwith-
standing an initial selenite bolus of 1,000 lg Se on day 1
and 14 days supplementation at 500 lg/day.

This enzyme inhibition or saturation could be due to
insufficient synthesis of precursors such as hydrogen
selenide or selenocysteine, and/or limitation of glutathi-
one (GSH) synthesis by lack of glutamine or cysteine. We
therefore hypothesize that depleted GSH or precursor
stores need to be replenished to maintain GPx-3 intra-
cellular levels in SIRS [34].

Our study has limitations: ICU admissions were het-
erogeneous; small patient sample size means the protocol
was insufficiently powered to show a real benefit on VAP
incidence or mortality; serum Se, biomarkers of oxidative
stress, and pro-inflammatory response were not measured.
Nevertheless, our strategy of administering a bolus-

loading dose, followed by daily continuous infusion, was
free of short-term adverse events, and acute toxicity. The
therapy is capable of decreasing illness severity in SIRS
patients, as evaluated by SOFA score at day 10, can
significantly reduce early VAP, and potentially decreases
the incidence of pneumonia at discharge.

Conclusions

This pilot study demonstrates that an initial loading bolus
of 2,000 lg selenite followed by high-dose selenite as a
continuous infusion providing 1,600 lg selenite per day
was efficacious for critically ill patients with systemic
inflammation. Selenium therapy significantly improved
illness severity and early VAP with no obvious adverse
events indicative of toxicity whilst lowering the incidence
of pneumonia post ICU discharge. In our opinion, this
therapeutic approach is sufficiently robust to seek con-
firmation in a more adequately powered clinical trial and
to evaluate synergistic combinations of pharmaconutri-
ents such as glutamine, cysteine, and selenium that could
prolong GPx-3 levels with potential improvements in
clinical outcome.
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