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What is the Optimal Dose of Selenium and Other Antioxidants in Critically 
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Dear Editor,
Sepsis is an uncontrolled systemic host response to in-

vasive infection that leads to multiple organ failure and 
is characterized by unacceptably high mortality and 
morbidity due to organ failure. Despite advances in med-
ical science and care, unfortunately, sepsis has remained 
the principle cause of death in critically ill patients. It is 
caused by excessive secretion of proinflammatory media-
tors such as tumor necrosis factor alpha (TNF-α) as well as 
reactive oxygen species (ROS) and low endogenous anti-
oxidative capacity (1).

 Sepsis is associated with the generation of oxygen free 
radicals and decrease in plasma selenium concentra-
tion. Forceville et al. (2) investigated 134 consecutive ad-
mitted patients to intensive care unit (ICU) and showed 
that plasma selenium levels were decreased by up to 40%, 
especially in those with septic shock. Furthermore, sele-
nium concentrations of less than 0.7 µmol/L (0.1 μmol/L) 
were associated with a fourfold increase in mortality and 
threefold increase in new organ failure and ventilator-
associated pneumonia. Selenium is an essential trace 
mineral that plays an important role in host defense (3, 
4). Selenium has two modes of action that may be dose 
dependent: antioxidant action via incorporation into 
selenoenzymes, and pro-oxidant action through the di-
rect effects of seleno-compounds (5). As an antioxidant, 
selenium may limit free radical damage to host cells. 
As a pro-oxidant, it may provide a transient anti-inflam-
matory effect by inducing apoptosis of reactive inflam-
matory cells and potentially damage invading microor-
ganisms. Although the optimum safe dose and method 
of administration remains controversial, the greatest 
efficacy in critically ill patients with systemic inflamma-
tory response syndrome (SIRS) has been reported from 
very high selenium doses, administrated by bolus and 

followed by continuous infusion. A loading dose given 
as a bolus in early phase of septic shock and SIRS could 
have the following effects: a) direct reversible inhibi-
tion of NF-ĸ B binding to DNA through a rupture of the 
disulfide bridging bond controlling gene expression and 
thus, down regulating the synthesis of proinflammatory 
cytokines (at selenium concentrations > 5 µmol/L) (6, 7); 
b) induction of apoptosis and cytotoxicity in activated 
proinflammatory circulating cells at the microcircula-
tion level; and c) a direct virucidal and bactericidal effect 
(8). In patients with septic shock, the combined effect 
of intravenous bolus followed by continuous infusion 
is thought to stimulate the synthesis of selenoprotein 
P, which protects against endothelial dysfunction and 
leads to decreased organ failure (9).

Current evidence suggest that in critically ill patients, 
low selenium levels are associated with higher risk of 
death, multiple organ failure, and higher markers of oxi-
dative stress (10). On the other hand in a prospective co-
hort study enrolling critically ill patient, those with SIRS 
and sever sepsis were found to have 40% lower selenium 
levels than patient without SIRS did. Increasing levels of 
selenium are correlated with increased glutathione per-
oxidase, a key endogenous antioxidant defense mecha-
nism (11).

The recommended daily dietary requirement for 
healthy adult patients ranges from 60 to 100 mcg/day 
(12). However, the ideal dose, duration, and route of sele-
nium supplementation in patients in ICU have not been 
established yet. In the last two decades, several clinical 
trials have evaluated the role of seleno-compounds (espe-
cially sodium selenite) as part of an antioxidant strategy 
for critically ill patients with SIRS and multiple organ dys-
function syndrome. Nonetheless, sometimes the results 
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have been contradictory and inconclusive and the opti-
mal dose, the best mode of administration, and duration 
of this intervention for patients in ICU are still unknown.

The toxicity of selenium is clearly dose dependent and 
varies depending on the type of selenium compound, 
and route of administration (13). The toxicity involves a 
pro-oxidant effect from replacement of sulfur with a se-
lenium atom in key molecules, leading to neurotoxicity, 
anemia, liver dysfunction, and pancreatic changes (9). In 
a clinical trial, a continuous infusion of high doses of so-
dium selenite, 4 mg of selenium during the first day and 1 
mg/day for the following nine days, led to no obvious tox-
icity (5). In our study, we gave 2000 μg of selenium as bo-
lus dose during an hour, followed by 24-hour infusion of 
1500 μg in 50 mL of normal saline for 14 days, and we did 
not observe any obvious toxicity. Daily doses of sodium 
selenite providing between 1000 to 1600 μg or even more 
for 10 to 14 days after an initial intravenous bolus appear 
to be safe without any adverse effects (9). Further studies 
should aim to confirm the benefit of high dose intrave-
nous selenite, alone or in combination, on antioxidant 
capacity and mortality of the critically ill patients. Due 
to many changes in hemodynamics such as severe reduc-
tion of glutathione reserves in patients with sepsis, high 
amounts of selenium can be given to treat this disorder. 
In our study, blood samples were collected in order to ob-
tain more information about the effect of selenium in the 
human body, and further information will be published 
in the near future.
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