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Abstract
Introduction: Severe sepsis and septic shock is characterized by inflammation and oxidative stress. Selenium levels have been reported
to be low due to loss or increased requirements during severe sepsis and septic shock. We investigated the effect of high‑dose parenteral
selenium administration in septic patients. Methods: A prospective, randomized control clinical trial was performed in septic patients. After
randomization, patients in selenium group received high‑dose parenteral sodium selenite (2 mg intravenous [IV] bolus followed by 1.5 mg
IV continuous infusion daily for 14 days) plus standard therapy and the control group received standard therapy. The primary endpoint was
mortality at 28 days. Changes in the mean levels of high mobility group box‑1 (HMGB‑1) protein and superoxide dismutase (SOD), duration
of vasopressor therapy, incidence of acute renal failure, and 60 days’ mortality were secondary endpoints. Results: Fifty‑four patients were
randomized into selenium group (n = 29) and control group (n = 25). There was no significant difference in 28‑day mortality. No significant
difference between the two groups with respect to the average levels of HMGB‑1 protein and SOD at any point in time over the course of 14 days
had observed. Conclusion: In early administration within the first 6 h of sepsis diagnosis, our study demonstrated that high‑dose parenteral
selenium administration had no significant effect either on 28‑day mortality or the mean levels of HMGB‑1 and SOD (Trial Registration:
IRCT201212082887N4 at WHO Clinical Trial Registry, August 29, 2014).
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Introduction
The incidence of sepsis was high and in the United States
it is estimated to be 300/100,000 population per year.[1] The
spectrum of disease is a major cause of morbidity and mortality
globally, with mortality in severe sepsis ≥5‑fold higher than
that for acute coronary syndrome or stroke.[2] With advances
in health‑care services and technology, appropriate organ
support, and treatment of the underlying inciting pathogens,
the mortality rate is still 20%–50%.[3]
During infection, pathogens or cellular components are
recognized by receptors expressed on the surface of the innate
immune cells known as pattern recognition receptors. The
same receptors often recognize damage‑associated molecular
patterns (DAMPs) indicating that the similarities between
pathogen‑induced and inflammatory responses to cellular
stress, injury, or necrosis.[4] Trauma or injury generates
danger‑associated molecular patterns (i.e., high mobility
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group box‑1 [HMGB‑1], heat shock proteins, and S100
proteins) that augment toll‑like receptors expressions such as
pathogen‑associated molecular patterns.[5] HMGB‑1, one of
the most extensively studied DAMPs, is a protein involving
in nuclear stabilization and gene transcription which, if
released in large quantities into the extracellular environment,
becomes a lethal mediator of systemic inflammation. [6,7]
A significant amount of HMGB‑1 levels have observed in
majority of patients up to a week after the diagnosis of sepsis
or septic shock and are correlated with the degree of organ
dysfunction.[6]
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The surviving sepsis campaign (SSC)[8] guidelines recommended
early goal‑directed therapy (EGDT) as a strategy to reduce
mortality in severe sepsis and septic shock patients since
the work of Rivers and colleagues.[9] However, new studies
revealed that EGDT versus standard therapy has not changed
mortality.[10‑12] That tells us other than fluid and antibiotics,
other treatment alternatives may have survival benefits. These
potential interventions could be immunomodulator therapies
since sepsis is characterized by early hyperinflammatory
state and late immunosuppression.[13] Because the immune
mechanisms play a key role in vascular dysfunction, it
seems that improvement in immune function concedes with
hemodynamic improvement and hence immunomodulators
help the standard therapy to be effective.[14] Selenium is an
essential trace element for the biosynthesis and function of
about 25 known selenocysteine‑containing selenoproteins,
located on the catalytic center of most selenoenzymes. [15]
One of the best known and characterized redox systems is
glutathione complex consisting of the selenium‑dependent
peroxidases and the thioredoxin reductases.[16,17]
A study showed that the level of selenium in critically ill
patients decreased due to loss into interstitial compartment,
hemodilution, previous insufficient intake, and continuous renal
replacement therapy that is incompletely replaced.[18] In addition,
selenium requirements may increase during inflammatory
conditions because of the increase in oxidative stress and
production of reactive oxygen species.[19] As a result, low
levels of selenium have been associated with oxidative stress,
infectious complications, worsening organ failure, and higher
mortality rate,[18] although meta‑analyses[20‑22] and controlled
clinical trials in diverse groups of critical illness have
failed to demonstrate consistent benefit in terms of clinical
outcomes.[23‑29] To date, we have two groups of information
on the effect of selenium in critically ill patients: studies with
promising results of improvement in clinical outcomes[30,31]
and trails with no effect.[26,28,32,33] A number of meta‑analysis
also reported conflicting results about the survival benefits
of selenium in critically ill patients.[34‑37] Hence, currently
we do not have clear evidence whether parenteral selenium
supplementation should be routinely administered to critically
ill patients with sepsis or not. The aim of the current study
was, therefore, to evaluate the possible impact of high‑dose
intravenous (IV) selenium supplementation on 28‑day
mortality, 60‑day mortality, the average plasma levels of
HMGB‑1 protein and superoxide dismutase (SOD), duration of
vasopressor therapy, and incidence of renal failure in critically
ill patients following sepsis.

Methods
Study design and patient selection

This was a prospective, single‑centered, single‑blinded,
randomized control clinical trial (RCT) conducted on septic
patients admitted to the Intensive Care Unit (ICU) to determine
the effect of selenium in septic patients. Patients were
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recruited from 2012 to December 2014 whereby 54 patients
with sepsis, severe sepsis, or septic shock were eligible for
inclusion and were prospectively enrolled. The study was
conducted in accordance with the Declaration of Helsinki
and was approved by the Ethics Committee (code of ethical
approval: 1‑1: 90‑3‑29). Oral and written informed consent was
obtained from the patients or their close relatives. Moreover,
an identification code assigned to each patient was used instead
patient’s name to protect the patient’s identity when reporting
trial‑related data.

Inclusion and exclusion criteria
•

•
•
•

Patients were included if at least with two of the following
four criteria plus infection:
1. Body temperature >38°C or hypothermia <36°C
2. Heart rate >90 beats/min, respiratory frequency >20,
and arterial pressure of carbon dioxide (PaCO2)
<32 mmHg
3. Leukocytes >12,000/µL or <4000/µL or
4. >10% immature leukocytes
Age ≥17 years
Enrollment into the study after diagnosis within 6 h
Informed consent either from the patient or the relative
obtained.

The exclusion criteria were
• Age <17 years
• Pregnancy
• Missing informed consent either from the patient or the
relative
• Prior participation in this clinical trial
• Chronic kidney disease
• Discharged before 48 h of ICU admission
• Cancer as the cause of systemic inflammatory response
syndrome or sepsis and if medical staff decided to limit
care.

Randomization and protocol

Consecutive eligible patients were recruited and randomized
via block randomization into four blocks in which a random
selection was done using a list of numbers generated using
statistical software. Half of the patients in each block were
allocated to selenium and the remaining half to control
group. Boxes containing the whole treatment for each patient
were delivered to the investigator by the hospital pharmacist
following the order of the randomization list. All patients
remained blinded throughout the study period. Standard
treatments for severe sepsis and septic shock were given
according to the SSC.[8] Patients in selenium group received
2000 µg of sodium selenite in 100 mL of normal saline within
the first 6 h of diagnosis of sepsis during 1 h intravenously
followed by 1500 µg of sodium selenite in 250 mL of normal
saline during 12 h continuously for 14 days. The control groups
received standard therapy without selenium. Patients otherwise
were treated according to the best practice of the hospital,
including parenteral or enteral nutrition together with vitamins
and trace elements as necessary. The intervention drug was
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supplied by Biosyn Arzneimittel GmBH (Fellbach, Germany).
All hemodynamic data were monitored during the infusion,
and in case of any negative hemodynamic deterioration or any
reaction, the infusion was discontinued. We defined sepsis
according to criteria proposed by the American College of
Chest Physicians/Society of Critical Care Medicine.[38]

Data collection

Individual clinical data were registered for the patients on
structured questionnaire. Sociodemographic data (age and
gender), time between admission to the ICU and enrollment
into the study, Sequential Organ Failure Assessment (SOFA),
and Acute Physiologic and Chronic Health Evaluation
II (APACHE II) score on the day of admission, admission
diagnosis, comorbidities, site of infection, severity of sepsis,
and type of pathogens were also recorded.

Follow‑up

Patients were followed up for 90 days or till they died,
depending on which happened first. The average plasma levels
of HMGB‑1 protein and SOD analyzed on days 0, 3, 7, 10, and
14 were recorded. 28‑ and 60‑day mortality was also registered.
Any adverse outcome from infusion of selenium was noticed.

Study endpoints

The primary endpoint was 28‑day mortality. The average
changes in the plasma levels of HMGB‑1 and SOD over the
course of 14 days, 60 days mortality, and incidence of renal
failure and duration of vasopressor therapy were the secondary
endpoints. Acute renal failure was defined by increased
levels of creatinine at least twice normal and/or urine output
of <0.5 mL/kg/h for ≥12 h.

Sample collection, handling, and laboratory analysis

Blood samples (5 mL each) were taken from central venous
catheters and arterial lines that all patients had. The first
samples were obtained upon diagnosis of sepsis, but before
initiation of the therapy (designated as day 0). Other samples
were obtained on days 3, 7, 10, and 14 of sepsis diagnosis. The
blood samples were collected into vacutainer tubes containing
EDTA and spun these samples at 3000 ×g for 10–15 min to
remove cells and cellular debris. The cell‑free supernatant and
plasma were stored at −80°C until the time of the analyses.
The levels of HMGB‑1 and SOD were analyzed through
automated enzyme‑linked immunosorbent assay kit (Human
Cu/ZnOD, Affymetrix eBioscience, Vienna, Austria) according
to the manufacturer’s instructions. The other routine laboratory
analyses including microbiological findings were done as per
the attending physician prescription in the hospital laboratory
from day 1 of inclusion till the patient discharged or died.
Blood cultures and cultures of specimens drawn from the site
of infection were routinely obtained.

Sample size calculation

The sample size was calculated on the base of 5% significance
level and 80% power to detect a 20% reduction in 28‑day
mortality in the study population based on the result of previous
study.[33] The calculated sample size based on this information

was 92 patients; 46 patients in each arms. However, the
recruitment process was slow and we included only 54 patients
in the final analyses.

Statistical analysis

Discrete variables are expressed as counts (percentage) and
continuous variables as means ± standard deviation and
categorical data were compared using the Chi‑square test,
Fisher’s exact test, or the Cochran–Mantel–Haenszel test as
appropriate for categorical variables. The Kolmogorov–Smirnov
test was used to verify the normality of distributions of
continuous variables. Continuous variables conforming to
a normal distribution were compared using Student’s t‑test
otherwise the Mann–Whitney U test was applied. Changes
in HMGB‑1 protein and SOD levels over time as a function
of group were analyzed by performing the repeated measures
of variance. P < 0.05 was considered statistically significant.
The data were analyzed using SPSS 22.0 for Windows
software (SPSS, Chicago, IL, USA).

Results
Patients’ selection and recruitment

We assessed 364 patients for eligibility, of which 310 patients
were excluded for the following reasons: 257 patients were
excluded for not fulfilling the inclusion criteria, 2 patients
decline not to participate, and 51 patients for different
reasons [Figure 1]. Finally, 54 patients fulfilling the inclusion
criteria were recruited over a 2‑year period were included in
the final analysis.

Patient characteristics at randomization

There were no significant differences between the two patient
groups for the general characteristics at randomization as
shown in Table 1. The median (range) age of patients included
was 35 (17–82) years in selenium group and 41 (19–82) years
in the control group, of which 44 patients (86.3%) were male.
The majority of patients included within 7 ± 6 days after ICU
admission. The mean SOFA and APACHE II score on the day
of admission were similar in both groups. The majority of
patients included in the study were trauma patients (33, 61%)
with equal randomization to both groups. The most common
comorbidity in this study was hypertension (11, 20.3%)
followed by diabetes mellitus (4, 7.4%). The site of infection
and the type of organism involved did not significantly differ
between the two groups at baseline.

Clinical outcomes

There was no significant difference between the two groups
in 28‑day mortality: 9 (31%) in the selenium group versus
10 (40%) in the control group (P = 0.69). There was a trend
toward reduced in 60‑day mortality in the selenium group
compared with the control group, with mortality rate of
10 (38.5%) in the selenium group versus 16 (64%) in the
control group (P = 0.07) [Figure 2 and Table 2]. The mean
time to vasopressor therapy withdrawal was 3 and 5 days (95%
confidence interval; 1–5 and 3–7 in the selenium and control
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Assessed for eligibility (n=364)

Enrollment

Randomized (n= 54)

Allocated to selenium plus standard therapy (n= 29)
Received allocated intervention (n=29)
Did not receive allocated intervention (n=0)

Allocation

Excluded (n= 310)
Not meeting inclusion criteria (n=257)
Sepsis ruled out (n = 160 )
Age < 17 years (n = 52)
Discharged before 48 hours of ICU
admission(n= 45)
Declined to participate (n= 2 )
Other reasons (n= 51)
Therapy limitation (n=21)
Prior participation in similar trial (17)
Chronic kidney disease (n=7)
Brain tumor (n=6)

Allocated to standard therapy alone (n=25)
Received allocated intervention (n=25 )
Did not receive allocated intervention (n=0)

Follow-Up
Lost to follow-up (n=0)

Lost to follow-up (n=0)

Discontinued intervention due to increase in serum
creatinine after 2 days of selenium infusion (n= 3)

Discontinued intervention (n=0)

Analysis
Analyzed (n= 29) by applying the intension-to
treat principle

Analyzed (n=25)

Mortality (%)

Figure 1: Study design and patient selection
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
28 days

60 days

90 days

Study day
selenium

control

Figure 2: Bar chart shows the mortality rate in study patients at different
time in point in study patients

groups, respectively, P = 0.09). There was no statistically
significant difference between the two groups with regard to
renal failure.

Changes in the levels of biomarkers

There was no significant difference between the mean plasma
levels of either HMGB‑1 protein or SOD at any point in time
over the course of 14 days between the two groups as shown
in Table 3.

Discussion
The result of this RCT indicated that high dose of selenium
supplementation has no effect on 28‑ and 60‑day mortality
in patients with severe sepsis and septic shock. The most
important feature in this study was the inclusion of younger
patients compared to previous studies.[23,28,32,33] Our hospital
290

is a level 1 trauma center. Most of these patients were
admitted to the ICU after car/motorcycle injury, of which
traumatic brain accidents was the most common. This group
of patients stayed in the hospital for longer time and died
because of recurrent hospital‑acquired infections such as
pneumonia and sepsis despite adequate resuscitation and
appropriate antibiotic therapy. According to new studies,[10‑12]
EGDT versus standard therapy has not changed 90‑day
mortality. That tells us other than fluid and antibiotics, other
treatment alternatives may have survival benefits. Against
this background this RCT was performed that involved
administration of a bolus dose of 2 mg over 1 h followed
by 1.5 mg continuous infusion over 24 h for 14 days
with a total dose of 23 mg in 14 days. The finding of this
study indicated that there was an increase in the levels of
glutathione peroxidase‑3 as reported elsewhere[39] without the
expected reduction of mortality. This dose was selected based
on a previous study,[33] in which high‑dose sodium‑selenite
supplementation was found to be beneficial beneficial in
sepsis and septic shock.
It was reported that selenium administration had no beneficial
effects in case of low dose therapy in case of low dose therapy,
absence of loading dose, and short‑term administration. Based
on this information, we used a high loading dose IV sodium
selenite followed by continuous infusion for 14 days. In this
study we found that does not improve the 28‑day mortality as in
the largest trial ever done (n = 1089) on selenium monotherapy
and procalcitonin‑guided antibiotic therapy (n = 1089) in
patients with severe sepsis and septic shock. After giving
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Table 1: Baseline characteristics of study patients
Characteristics

Selenium (n=29)

Control (n=25)

P

Age (year), media (IQR)
35 (17-82)
41 (19-82)
22 (84.6)
22 (88)
Male, n (%)
The time between the ICU admission and
7±7
7±6
enrollment to study (day) (mean±SD)
SOFA on admission (mean±SD)
8±2.7
8.3±2.98
APACHE II score admission (mean±SD)
17±4.3
16.4±4.0
Admission diagnosis, n (%)
Trauma
18 (62)
15 (60)
Abdominal surgery
3 (10.3)
2 (8)
Other surgery
3 (10.3)
3 (12)
Unfiled
2 (6.8)
2 (8)
Cerebrovascular accidents
0
1 (4)
Hemorrhagic shock
0
1 (4)
Pancreatitis
0
1 (4)
Comorbidities, n (%)
Chronic obstructive pulmonary diseases
0
1 (4)
Atrial fibrillation
0
1 (4)
Heart failure
0
1 (4)
Hypertension
5 (17.2)
6 (24)
Ischemic heart diseases
2 (6.8)
1 (4)
Diabetes mellitus
2 (6.8)
2 (8)
Types of infection, n (%)
Pneumonia
15 (51.7)
19 (76)
Peritonitis
7 (24.1)
3 (12)
Skin and soft tissue infections
3 (10.3)
2 (8)
Central nervous system infections
0
1 (4)
Central line related infections
1 (3.5)
0
Severity of sepsis, n (%)
Sepsis
6 (20.7)
6 (24)
Severe sepsis
7 (24.1)
7 (28)
Septic shock
13 (44.8)
12 (48)
Pathogens, n (%)
Gram‑positive
4 (13.8)
1 (4)
Gram‑negative
6 (20.7)
9 (36)
No growth
16 (55.2)
15 (60)
*Mann-Whitney U‑test. IQR: Interquartile range; SD: Standard deviation; ICU: Intensive Care Unit; SOFA: Sequential Organ Failure Assessment;
APACHE II: Acute Physiologic and Chronic Health Evaluation II

0.18*
0.53
0.92
0.69
0.71
0.56

0.490
0.490
0.490
0.470
0.575
0.967
0.373

0.990

0.299

Table 2: Study outcomes
Variable
Duration of vasopressor therapy, mean (95% CI for mean)
Incidence of acute renal failure, n (%)
28 days mortality, n (%)
60 days mortality, n (%)
OR: Odds ratio; CI: Confidence interval

Selenium group (n=29)

Control group (n=25)

3 (1-5)
5 (17)
9 (31)
10 (34.5)

5 (3-7)
7 (28)
10 (40)
16 (64)

an IV loading dose of 1000 µg sodium selenite followed by
continuous infusion of 1000 µg for no longer than 21 days,
Bloos et al.[40] found that selenium administration had no
beneficial effect on 28‑day mortality as well as on preventing
secondary infection. On top of this, Bloos et al. also did not find
any risk of increased renal failure. Our study was also unable
to find any significant deleterious adverse renal outcome of
selenium in critically ill patients following sepsis. Although

OR (95% CI)

P

0.82 (2-9)
0.8 (0.255-2.48)
0.35 (0.113-1.10)

0.09
0.80
0.69
0.07

not investigated elsewhere yet, we found that there was no
beneficial effect of selenium on biomarkers such as HMGB‑1
protein and SOD. In general, the current understanding of why
high‑dose selenium administration lacks beneficial effects in
patients with severe sepsis and septic shock remains vague.
Indeed, we cannot draw valid conclusion based on this study
since we included small sample size. Nevertheless, it is not
possible to extrapolate lack of beneficial effects in critically
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Table 3: Levels of high mobility group box‑1 and
superoxide dismutase at different times in study patients
Levels of biomarker**

Mean±SD
Selenium
group (n=29)

3.

P

Control
group (n=25)

4.

HMGB‑1 on day 0
3.1±2.0
3.4±2
0.58
HMGB‑1 on day 3
1.4±0.5
2.6±2
0.08
HMGB‑1 on day 7
2±2
3.9±4
0.67
HMGB‑1 on day 10
1.7±1
2.5±1
0.097
HMGB‑1 on day 14
3.7±6
3.2±3
0.70
SOD day 0
0.6±0.3
0.4±0.4
0.35
SOD day 3
0.4±0.4
0.5±0.2
0.47
SOD day 7
0.5±0.3
0.7±0.4
0.59
SOD day 10
0.5±0.4
0.7±0.4
0.68
SOD day 14
0.6±0.3
0.5±0.3
0.51
**Repeated measures of variance (ANOVA) was used. Levels of HMGB‑I
measured in pg/mL, activities of SOD measured in (U/mL). SD: Standard
deviation; HMGB‑1: High mobility group box‑1; SOD: Superoxide
dismutase

ill patients to other population as IV selenium after cardiac
surgery showed beneficial effects.
One of the strengths of our trial was the fact that we administered
selenium within the first 6 h of diagnosis of sepsis to observe
its effect early in sepsis and a larger trial is indicated to exclude
effects of the small sample size in this study. Moreover, we
analyzed the effect of selenium on HMGB‑1 protein, the effect
never studied before to our knowledge. However, our study
was not without limitations. The sample size as noted above
was too small to detect the expected differences between
the two groups in terms of outcomes. Second, the study was
single centered which did not include diverse population and
lacked external validity. Furthermore, the current study was
single‑blinded study its attendant bias.

5.
6.

7.
8.

9.
10.
11.

12.
13.
14.
15.
16.
17.

Conclusion
With early administration of high‑dose IV sodium selenite this
study demonstrated that neither mortality (28 and 60 days) nor
the mean levels of HMGB‑1 and SOD is reduced as compared
to controls. In this underpowered study, high dose Selenium
supplementation in septic shock does not improve clinical or
measurable inflammatory response.
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