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Selenium and cardiac surgery

selenase®

• prevents massive decline in selenium level

• cardiomyopathy – a possible consequence  
of severe selenium deficiency

• eliminates selenium deficiency
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Significance of selenium in cardiac surgery

•  An intraoperative decrease of selenium is associated with the post
operative development of multiorgan failure [1]

•  The postoperative decrease of selenium concentration is not attributed 
to the use of a heartlung machine [2]

•  Perioperative administration of selenase® prevents the strong post
operative decrease of selenium concentration [3]

selenase® for cardiac surgery

Day 1

Bolus ideally within 30 minutes after 
administration of anesthesia; termination 
of the bolus before initiation of the 
cardiopulmonary bypass

Intraoperatively  
as bolus  
(for about 30 min.)

2,000 [A, B] µg Se

Bolus directly after  
admission to ICU 2,000 [A, B] µg Se

From day 2  
of the ICU stay Maintenance therapy 1,000 [A, B] µg Se / day

[A] Stoppe C et al. Nutrition. 2013 Jan; 29(1): 15865. Selenium blood concentrations 
in patients undergoing elective cardiac surgery and receiving perioperative sodium 
selenite.

[B] Stoppe C et al. Trials. 2014 Aug 28; 15: 339. SodiUm SeleniTe Adminstration 
IN Cardiac Surgery (SUSTAIN CSXtrial): study design of an international 
multicenter randomized doubleblinded controlled trial of high dose sodiumselenite 
administration in highrisk cardiac surgical patients.

http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
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Compatibility

Yes No

• 5 % glucose solution
• Ringer solution
• Carbohydrate solutions
• Electrolyte solutions  

with increased potassium 
concentration

• Crystalloid electrolyte  
solutions

• Cytostatic agent solutions [I]

• Amino acid solutions  
that contain cysteine [II]

• Solutions that contain  
glutathione (GSH) [III]

• Vitamin solutions  
that contain vitamin C [IV]

[I] selenase® should generally be 
administered considerably before  
the cytostatic agent.
[II, III] SH groups react with sodium 
selenite; sodium selenite can no longer 
satisfy its task as a radical scavenger. [A]

[IV] Selenium (Se+IV) in sodium 
selenite is reduced by vitamin C to the 
elementary selenium (Se0) and is thereby 
ineffective. [B – D]

[A] Tsen CC et al. J Biol Chem. 1958 Nov; 233(5): 12302. Catalytic oxidation of 
glutathione and other sulfhydryl compounds by selenite.

[B] Robinson MF et al. N Z Med J. 1985 Aug 14; 98(784): 6279. Effect of a megadose 
of ascorbic acid, a meal and orange juice on the absorption of selenium as sodium 
selenite.

[C] Ip C. J Natl Cancer Inst. 1986 Jul; 77(1): 299303. Interaction of vitamin C and 
selenium supplementation in the modification of mammary carcinogenesis in rats.

[D] Summary of product characteristics selenase®, biosyn Arzneimittel GmbH, as of 
November 2017.

https://www.ncbi.nlm.nih.gov/pubmed/13598767
https://www.ncbi.nlm.nih.gov/pubmed/13598767
https://www.ncbi.nlm.nih.gov/pubmed/3861972
https://www.ncbi.nlm.nih.gov/pubmed/3861972
https://www.ncbi.nlm.nih.gov/pubmed/3861972
https://www.ncbi.nlm.nih.gov/pubmed/3088312
https://www.ncbi.nlm.nih.gov/pubmed/3088312
https://www.gelbe-liste.de/produkte/selenase-Tperoral_354493/fachinformation
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At a glance

Ischemia and reperfusion (I/R) cause tissue damage

Reactive oxygen species play an important role in I/R

Ischemia / reperfusion

Tissue damage with ischemia / reperfusion

Ischemia and reperfusion (I/R) are characterized by an initial restriction of 
the blood flow to an organ followed by the re-establishment of the blood 
circulation and associated reoxygenation. This reestablishment of the 
blood flow and the oxygen supply is often accompanied by a worsening 
of the tissue damage (“oxygen paradox”), a comprehensive inflammatory 
response, and can lead to organ failure (Table 1).
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Examples of ischemia and reperfusion damage

Affected organ Example for clinical manifestation

Ischemia and reperfusion in an individual organ

Heart Acute coronary syndrome

Kidney Acute renal damage

Intestine Intestinal ischemia and reperfusion,  
multiorgan failure

Brain Stroke

Ischemia and reperfusion with several organs

Trauma and  
resuscitation

Multiorgan failure, acute renal damage, 
intestinal damage

Circulatory arrest Hypoxic brain damage, multiorgan failure, 
acute renal damage

Sicklecell anemia Acute chest syndrome, pulmonary  
hypertonia, priapism, acute renal failure

Sleep apnea High blood pressure, diabetes

Ischemia and reperfusion during major surgery

Cardiac surgery Acute heart failure after cardiopulmonary 
bypass

Thorax surgery Acute lung damage

Peripheral vascular 
surgery

Compartment syndrome of the extremities

Major vascular surgery Acute renal damage

Organ transplantation Acute transplantation failure,  
early rejection of transplanted organs

Eltzschig HK, Eckle T. Nat Med. 2011 Nov 7; 17(11): 1391401. Ischemia and 
reperfusionfrom mechanism to translation.

Table 1

http://www.ncbi.nlm.nih.gov/pubmed/22064429
http://www.ncbi.nlm.nih.gov/pubmed/22064429
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Impact of ischemia / reperfusion at a cellular level

Ischemia Reperfusion Reperfusion
(repair)

Hypoxia

ATP Anaerobic
glycolysis

NO/superoxide
interactions

+
leucocyte

and platelet
activation /
infiltration

Lipid 
peroxidation 

+
DNA damage

+
protein

modification

Proliferation
differentiation

migration

Remodeling
angiogenesis

ROS

Ca2++ Na+ Inflammation Capillary No-
Reflow effekt

Cell
change

ROS

Necrosis, apoptosis

Modified according to: Kalogeris T et al. Redox Biol. 2014 Jun 2; 2: 702-14.  
Mitochondrial reactive oxygen species: a double edged sword in ischemia/reperfusion 
vs preconditioning.

Fig. 1

Important role of ROS in I/R

Many factors are involved in the pathogenic mechanisms which contribute 
to I/R-induced damage and infarct. The significance of the individual fac
tors has not yet been fully clarified. However, there is increasing evidence 
that Reactive Oxygen Species (ROS) play a critical role in the damage to 
cellular components and initiation of the apoptosis (Fig. 1).

http://www.ncbi.nlm.nih.gov/pubmed/24944913
http://www.ncbi.nlm.nih.gov/pubmed/24944913
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At a glance

Serious complications in cardiac surgeries despite major 
advances

Affects up to 16 % of the patients

Responsible mechanisms: ischemia, reperfusion and  
perioperative inflammation

Selenium acts at the same site of action as established 
pharmacological strategies

Challenges posed  
by complications  
in cardiac surgery
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Increased severe complications

Roughly one million patients per year require cardiac surgery. This num
ber will probably further increase in the next 10 years because of an 
aging society. [4] Despite great advances in the strategies for protecting the 
heart, cardiac surgery is still associated with serious complications. These 
include death, myocardiac infarction, cardiac arrest and failure, renal 
failure, stroke, gastrointestinal complications and respiratory arrest for up 
to 16 % of the patients. [5] Most of these systemic complications are asso
ciated with three pathophysiological mechanisms: ischemia, reperfusion 
and perioperative inflammation. [6]

In the case of cardiac surgery using a heartlung machine, the patient is 
exposed to numerous ischemic stimuli: [6]

1. Induction of a cardioplegic cardiac arrest
2. Microembolic events
3. Reperfusion of the myocardium through surgical revascularization
4. Termination of the cardioplegic cardiac arrest

All this leads to an inflammatory response associated with fever, leuco
cytosis, tachycardia, hypotension, fluid accumulation in tissue, and organ 
failure. [7] Diverse procedures are applied in practice to reduce these 
causal mechanisms or effects, such as the reduction of oxidative stress 
and organ failure, to improve chances of the patient’s survival. There are 
both pharmacological as well as nonpharmacological strategies that bind 
at various points in the pathophysiological mechanisms. Selenium can 
advantageously act at all of these points (Fig. 2). [6]

The comparison of pharmacological strategies for avoiding complications 
and the therapeutic action of selenium show the immense role that sele
nium can play in cardiac surgeries (Fig. 3). [7]
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Complications in cardiac surgery, treatment approaches 
and the positive influence of selenium

Coagulopathy,
formation of

ROS, apoptosis
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activation

Selenium
i.a. inhibitors
of adhesion
molecules
or integrins

Selenium
i.a. insulin,

glucocorticoids,
statins,

aprotinin,
phospho-
diesterase
inhibitors

Selenium
i.a. N-acetyl-

cysteine,
methylthioninium

chloride

Release of
inflammatory

and
antiinflammatory

mediators

Selenium
i.a. monoclonal

antibody,
receptor
blocker

Stimulus
e.g.

Hypoxia, I/R

Selenium,
coated systems,
surgery without

heart-lung
machine

Change of
intracellular
signal paths,

NF-κB
activation,
release of
adhesion

molecules and
integrins

Multi-organ
failure

Death

treatment approaches

damage

biochemical processes

Modified according to:
Benstoem C et al. Nutrients. 2015 Apr 27; 7(5): 3094118. Selenium and Its 
Supplementation in Cardiovascular DiseaseWhat do We Know?
Hall R. J Cardiothorac Vasc Anesth. 2013 Oct; 27(5): 9831033. Epub 2012 Dec 29. 
Identification of inflammatory mediators and their modulation by strategies for the 
management of the systemic inflammatory response during cardiac surgery.

Fig. 2

http://www.ncbi.nlm.nih.gov/pubmed/25923656
http://www.ncbi.nlm.nih.gov/pubmed/25923656
http://www.ncbi.nlm.nih.gov/pubmed/23276596
http://www.ncbi.nlm.nih.gov/pubmed/23276596
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Model of drug targets to avoid complications in cardiac surgery
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of NF-κB
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Negative regulation
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release of
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Created according to:
1.  Spallholz JE. Biomed Environ Sci. 1997 Sep; 10(23): 

26070.
2.  Yun CH et al. Int Immunopharmacol. 2007 Sep; 7(9): 

11928.
3.  Park HS et al. J Biol Chem. 2000 Jan 28; 275(4):  

252731.
4.  KretzRemy C et al. J Cell Biol. 1996 Jun; 133(5): 

108393.

5.  KretzRemy C, Arrigo AP. Biofactors. 2001; 14(14): 
11725.

6.  Fu Y et al. Free Radic Biol Med. 1999 Sep; 27(56): 
60511.

7.  Schnabel R et al. Am Heart J. 2008 Dec; 156(6): 1201.
e111.

8.  Mattmiller SA et al. J Nutr Sci. 2013 Aug 29; 2: e28.
9.  Huang Z et al. Antioxid Redox Signal. 2012 Apr 1; 

16(7): 70543.

Hall R. J Cardiothorac Vasc Anesth. 2013 Oct; 27(5): 9831033. Epub 2012 Dec 29. Identification of inflammatory 
mediators and their modulation by strategies for the management of the systemic inflammatory response during 
cardiac surgery.

Fig. 3

http://www.ncbi.nlm.nih.gov/pubmed/9315319
http://www.ncbi.nlm.nih.gov/pubmed/9315319
http://www.ncbi.nlm.nih.gov/pubmed/17630198
http://www.ncbi.nlm.nih.gov/pubmed/17630198
http://www.ncbi.nlm.nih.gov/pubmed/10644709
http://www.ncbi.nlm.nih.gov/pubmed/10644709
http://www.ncbi.nlm.nih.gov/pubmed/8655581
http://www.ncbi.nlm.nih.gov/pubmed/8655581
http://www.ncbi.nlm.nih.gov/pubmed/11568448
http://www.ncbi.nlm.nih.gov/pubmed/11568448
http://www.ncbi.nlm.nih.gov/pubmed/10490281
http://www.ncbi.nlm.nih.gov/pubmed/10490281
http://www.ncbi.nlm.nih.gov/pubmed/19033020
http://www.ncbi.nlm.nih.gov/pubmed/19033020
http://www.ncbi.nlm.nih.gov/pubmed/25191577
http://www.ncbi.nlm.nih.gov/pubmed/21955027
http://www.ncbi.nlm.nih.gov/pubmed/21955027
http://www.ncbi.nlm.nih.gov/pubmed/23276596
http://www.ncbi.nlm.nih.gov/pubmed/23276596
http://www.ncbi.nlm.nih.gov/pubmed/23276596
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At a glance

Selenoproteins play a major role

Selenium deficit increases the risk of cardiovascular diseases

Least risk of cardiovascular disease at 150 – 160 μg/l selenium  
in the serum

A selenium deficiency negatively influences Keshan disease and 
infectious myocarditis

Positive effect of selenium supplementation on existing cardio
vascular diseases

Selenium reduces the cardiotoxicity of doxorubicin

Selenium in the 
cardiovascular system

Selenoproteins influence  
the cardiovascular system

Oxidative stress is connected to several cardiovascular diseases. The 
selenoprotein glutathione peroxidase limits oxidative stress by degrada
tion of hydroperoxides (Fig. 4). The cell is thus protected from lipoprotein 
and/or DNA damage. Thioredoxin reductases induce changes in the 
redox status and thereby regulate functions in the cardiovascular sys
tem. A subfamily of selenoproteins, SelW, SelV, SelT and SelH among 
others, form mixed disulfides with substrate proteins and bind DNA in 
a redoxsensitive manner. [6] Selenoprotein T (SelT) is probably involved 
in calcium mobilization and glucose metabolism. [6] In contrast to that, 
the selenoproteins SelM and Sep15 are oxidoreductases in the lumen of 
the endoplasmic reticulum. Selenoprotein K, an endoplasmic reticulum 
protein, is involved in the antioxidant defense system of cardiomyocytes, 
while selenoprotein R is overexpressed in the myocardium during hyper
trophy. [8]
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Selenoprotein K

Overexpression reduces 
intracellular ROS and protects 
cardiomyocytes

Regulates CD36 expression  
in macrophages

Contributes to foam cell formation 
and atherogenesis

Selenoprotein R

Involved in dynamic actin 
reorganization during cardiac 
stress

Protects cardiomyocytes stressed 
by ROS

Upregulated during hypertrophy 
and I/R

Thioredoxin reductase 1

Regulates remodeling through 
signaling

Trx1 reduces hypertrophy and 
oxidative stress

TrxR1 overexpression during 
hypertrophy

Deiodinase 2

Involved in the regulation of the 
thyroid hormones

Main isoform in the heart

Overexpression enhances 
contractile function

Overexpression normalizes 
genes involved in pathological 
remodeling

Glutathione peroxidase 1

Knockout → infarct size ↑

Overexpression protects the heart

Glutathione peroxidase 4

Mitochondrial overexpression 
protects from I/R injuries

Protects cellular lipids from 
oxidative damage

Glutathione peroxidase 3

Prevents LDL oxidation, vascular 
inflammation and atherogenesis

Upregulated during hypertrophy

Selenoprotein S

Involved in the development of 
subclinical cardiovascular disease 
in type2diabetes patients

Functions of selenoproteins in the cardiovascular system

Fig. 4

Overexpression Knock-out, deficiency 
or malfunction

Physiological quantity 
of selenoproteins

Benstoem C et al. Nutrients. 2015 Apr 27; 7(5): 3094118. Selenium and Its Supplementation in Cardiovascular 
DiseaseWhat do We Know?

http://www.ncbi.nlm.nih.gov/pubmed/25923656
http://www.ncbi.nlm.nih.gov/pubmed/25923656
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Cardioprotective effect  
of administrating selenium to subjects  
with low selenium status

Animal experiments with rats that received either a seleniumpoor or 
a seleniumrich diet furthermore showed that selenium reduces the 
cardiac content of TNFα. [9] A low TNFα level indicates reduced inflam
mation. In addition, seleniumrich diet reduced the dephosphorylation of 
Connexin43. Connexin43 is an important ventricular gapjunction pro
tein that is a decisive factor both for the myocardiac infarct size as well 
as for cardiac remodeling. The phosphorylation of Connexin43 inhibits 
the intracellular communication of gap junctions. This indicates that the 
cardioprotective effect of selenium is at least partially attributed to the 
prevention of dephosphorylation of Connexin43. An additional effect 
of the seleniumenhanced diet was the increased activity of antioxidant 
selenoproteins, whereby oxidative stress was reduced (Fig. 5). Taken 
together, this result shows that the quantity of selenium consumed influ
ences remodeling after a cardiac infarct.

Model of the cardioprotective effect of selenium  
in the physiological range

Ischemia /
reperfusion

Oxidative stress

Infarct
size

TNFα Connexin-43
dephosphorylation

Loss of gap
junction control

Cell-to-cell
propagation
of damage

Inflammatory
response

Selenium
status

Modified according to: Tanguy S et al. Mol Nutr Food Res. 2011 Apr; 55(4): 522-9. 
Dietary selenium intake influences Cx43 dephosphorylation, TNF-α expression and 
cardiac remodeling after reperfused infarction.

Fig. 5

http://www.ncbi.nlm.nih.gov/pubmed/21462319
http://www.ncbi.nlm.nih.gov/pubmed/21462319
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Selenium deficit increases the risk  
of cardiovascular diseases

Both animal experiments as well as human studies have shown an 
inverse association between the selenium status and cardiovascular 
diseases. An observation trial from 2009 moreover proposes a Ushaped 
association with a minimum at 150 – 160 μg/l selenium in the serum 
(Fig. 6). [10]

A metaanalysis of 25 observational trials could show that a 50 % increase 
in the selenium concentration can be associated with a 24 % reduction in 
risk of coronary heart disease. [11]

Ushaped association between the selenium status  
and cardiovascular diseases

120 140 160 180 200100
0.25

0.5

1.0

R
el

at
iv

e 
ris

k 
of

 a
 p

er
ip

he
ra

l a
rte

ria
l d

is
ea

se

2.0

Selenium in serum [µg/l]

Reference range
in Germany
80 – 120 µg/l

Modified according to: Bleys J et al. Am J Epidemiol. 2009 Apr 15; 169(8): 996-1003. 
Serum selenium and peripheral arterial disease: results from the national health and 
nutrition examination survey, 20032004.

Fig. 6

http://www.ncbi.nlm.nih.gov/pubmed/19221120
http://www.ncbi.nlm.nih.gov/pubmed/19221120
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Connection of selenium with Keshan disease 
and infectious myocarditis

Keshan disease is probably the bestinvestigated human disease in con
nection with a selenium deficit. This disease is a dilatative cardiomyopa
thy that primarily occurs in children in Keshan Province in China, and is 
characterized by multifocal myocardial necrosis and calcification. Preven
tive selenium supplementation can protect against Keshan disease. [12] 
While a selenium deficit represents a predisposing pathogenic factor 
for the incidence of Keshan disease, in all probability an infective agent 
also plays an additional role. The Coxsackie virus B3 could be isolated in 
patients affected by the disease. Animal experiments were able to show 
that selenium deficiency increases the aggressiveness of the Cosackie 
virus and thus the severity of the Cosackie virusinduced myocarditis. [13] 
Furthermore, mice that by nature are resistant against viralinduced myo
carditis become susceptible to the disease when on a selenium-deficient 
diet.

Selenium plays a major role not only for Keshan disease but also for 
Chagas disease. Chagas disease is a tropical cardiomyopathy caused 
by an infection with the parasite Trypanosoma cruzi. Clinical studies have 
shown that a lower selenium status worsens the heart dysfunction of 
these patients. [14] Moreover, animal experiments have demonstrated that 
a selenium supplementation reduces heart damage and improves survival 
rates. In the meantime, a randomized doubleblind controlled trial is being 
conducted to examine the influence of selenium therapy on the progres
sion of Chagas cardiomyopathy. [15]
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Selenium concentration: prognostic marker 
for acute coronary syndrome

The socalled AtheroGene trial determined the selenium concentration 
of 1,731 patients suffering from either a Stable Angina pectoris (SAP) 
or an Acute Coronary Syndrome (ACS). [16] Within a median followup of 
6.1 years, 190 patients died due to cardiovascularrelated causes. Of the 
ACS patients, the selenium level for the deceased was significantly lower 
than for the survivors (61.0 μg/l vs. 71.5 μ/l selenium in serum; p < 0.0001). 
A Cox regression model showed that the probability to die from cardio
vascular disease after adjustment for age and sex declines by 58 % for 
a selenium concentration of more than 80 μg/l selenium in the serum 
compared to a selenium concentration of below 62 μg/l selenium (HR 0.42 
[95 % CI 0.24 – 0.72]; p = 0.002) (Fig. 7). For patients with SAP, there was 
no association between the selenium level and the cardiovascular out
come.

Overall survival for patients with Acute Coronary 
Syndrome depends on the selenium level
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Modified according to: Lubos E et al. Atherosclerosis. 2010 Mar; 209(1): 271-7. Serum 
selenium and prognosis in cardiovascular disease: results from the AtheroGene study.

Fig. 7

http://www.ncbi.nlm.nih.gov/pubmed/19836749
http://www.ncbi.nlm.nih.gov/pubmed/19836749
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Positive effect of a selenium supplementation 
for existing cardiovascular diseases

This effect is clearest for patients who are fed parenterally. Several case 
studies described pathological changes in parenterally fed patients who 
have symptoms similar to Keshan disease. Selenium supplementation 
was able to reverse this cardiomyopathic process. [17] A trial conducted 
in 2012 evaluated the causes of cardiomyopathy in 18 adipose patients 
who showed both a cardiomyopathy as well as a case history of malab
sorption after intestinal bypass surgery. [18] None of the cardiac biopsies 
showed evidence of a viral infection. However, the cardiac selenium level 
and the glutathione peroxidase activity were significantly reduced com
pared to idiopathic cardiomyopathy patients and controls. The 18 patients 
were randomized and assigned to an intervention group (selenium + zinc) 
(n = 10) or a placebo group (n = 8). After a sixmonth treatment, the myo
cardiac selenium content and the glutathione peroxidase activity in the 
intervention group had normalized. This was accompanied by an improve
ment in myocytic degeneration, autophagy as well as cardiac function.

A similar trial, though not associated with malabsorption, of 30 patients 
showed a significant reduction of the left ventricular volume (p = 0.03) 
after 9 months and thereby an improvement of the left ventricular function 
compared to the placebo group (Fig. 8). [19] Furthermore the quality of life 
of the patients in the intervention group improved by 9.5 points (p = 0.02) 
and worsened slightly in the placebo group (Fig. 9).
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Reduction of the left ventricular volume compared  
to the placebo group
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chronic heart failure.

Fig. 8

Improvement of the quality of life in the intervention 
group with cardiomyopathy
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Modified according to: Witte KK et al. Eur Heart J. 2005 Nov; 26(21): 2238-44. The 
effect of micronutrient supplementation on qualityoflife and left ventricular function in 
elderly patients with chronic heart failure.

Fig. 9

http://www.ncbi.nlm.nih.gov/pubmed/16081469
http://www.ncbi.nlm.nih.gov/pubmed/16081469
http://www.ncbi.nlm.nih.gov/pubmed/16081469
http://www.ncbi.nlm.nih.gov/pubmed/16081469
http://www.ncbi.nlm.nih.gov/pubmed/16081469
http://www.ncbi.nlm.nih.gov/pubmed/16081469
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Lower cardiovascular mortality in elderly 
people receiving selenium supplements

In a five-year comprehensive prospective randomized double-blind 
placebo controlled trial with Swedes between 70 – 88 years of age, the 
effect of a combined supplementation of selenium and coenzyme Q10 
or a placebo was examined for cardiovascular mortality. [20] In total, 443 
elderly Swedes participated who were examined every six months 
using echocardiography and the cardiac biomarkers Nterminal proBNP 
(NT-proBNP). During the follow-up period of 5.2 years, a significant reduc
tion of the cardiovascular mortality in the intervention group compared to 
the placebogroup (5.9 % vs. 12.6 %; p = 0.015) was demonstrated. The 
NT-proBNP level in the selenium/Q10-supplemented group was signifi
cantly lower (214 ng/l vs. 302 ng/l after 48 months; p = 0.014). In addition, 
the echocardiography results showed significantly better cardiac func
tions in the intervention group (p = 0.03). An invariant proportional hazard 
regression analysis found a 55 % reduction of cardiovascular mortality in 
the selenium/Q10supplemented group (HR 0.46 95 % CI [0.24 – 0.90]; 
p = 0.02) (Fig. 10).

Selenium reduces cardiotoxicity  
of doxorubicin

Doxorubicin is used to treat a large group of cancer diseases. The most 
serious side effect of doxorubicin is lifethreatening damage to the heart. 
Numerous studies have demonstrated that oxidative stress plays a deci
sive role in the cardiotoxicity of doxorubicin. Several animal experiments 
showed that both a selenium deficit as well as reduced glutathione perox
idase activity leads to an increase of the cardiotoxicity of Doxorubicin. [21, 22] 
In additional animal experiments, the effect of a coadministration of sele
nium and doxorubicin compared to a sole administration of doxorubicin 
was examined. The results showed an attenuation of the leftventricular 
dysfunction with a coadministration as well as prevention of oxidative 
stress by an increase of antioxidants and reduction of oxidants. [21, 23]
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Lower cardiovascular mortality in the selenium / Q10
supplemented group
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Cardiovascular mortality and NterminalproBNP reduced after combined selenium 
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placebocontrolled trial among elderly Swedish citizens.

Fig. 10

http://www.ncbi.nlm.nih.gov/pubmed/22626835
http://www.ncbi.nlm.nih.gov/pubmed/22626835
http://www.ncbi.nlm.nih.gov/pubmed/22626835
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At a glance

The selenium status is correlated with the extent of cardiac 
damage caused by myocardial infarction

Sodium selenite protects from I/R damage

Intraoperative decline of selenium correlates with the 
postoperative development of multiorgan failure

The postoperative decrease of selenium concentration is not 
attributed to the use of a heartlung machine

Perioperative administration of selenase® prevents a massive 
postoperative decline in selenium status

selenase®  
for cardiac surgery
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Selenium status correlates with the extent  
of cardiac damage

In a trial from 2005, the examination of 70 patients with myocardiac 
infarct showed that the selenium concentration declines significantly with 
increasing damage of the cardiac tissue (p = 0.004). [24] In order to deter
mine the damage of the cardiac tissue, the following biological markers 
were determined: cardiac Troponin T (cTNT), cardiac Troponin I (cTNI) 
and creatine kinaseMBmass (CKMBm) (Fig. 11).

Negative correlation of the selenium status with the 
extent of cardiac damage after myocardial infarction
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Modified according to: Altekin E et al. J Trace Elem Med Biol. 2005; 18(3): 235-42. The 
relationship between trace elements and cardiac markers in acute coronary syndromes.

Fig. 11

http://www.ncbi.nlm.nih.gov/pubmed/15966572
http://www.ncbi.nlm.nih.gov/pubmed/15966572
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A high degree of cardiac damage is characterized by 
massive oxidative stress and high inflammation levels
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Modified according to: Altekin E et al. J Trace Elem Med Biol. 2005; 18(3): 235-42. The 
relationship between trace elements and cardiac markers in acute coronary syndromes.

Fig. 12

As a prognostic marker of myocardiac infarction, troponins were used in 
connection with the C-reactive protein (CRP), a marker for inflammation. 
Increased CRP levels correlate with a higher risk of a cardiological inci
dent for patients with coronary disease. This trial also showed a signifi
cant positive correlation of CRP with increasing cardiac damage. Simul
taneously, the glutathione peroxidase correlated negatively with these 
prognostic markers (Fig. 12).

http://www.ncbi.nlm.nih.gov/pubmed/15966572
http://www.ncbi.nlm.nih.gov/pubmed/15966572
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Reduction of the ischemia damage with increasing 
sodium selenite quantity
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Modified according to: Venardos K et al. J Trace Elem Med Biol. 2004; 18(1): 81-8. 
Effects of dietary selenium on glutathione peroxidase and thioredoxin reductase activity 
and recovery from cardiac ischemiareperfusion.

Fig. 13

Sodium selenite protects from I/R damage

Venardos et al. examined the impact of sodium selenite treatment on rats 
with I/R damage. [25] The animals were administered either 0, 50, 240 or 
1,000 µg selenium/kg added to their feed for 5 weeks before being sub
jected to global ischemia and reperfusion. The sodium selenite group 
administered with 240 µg selenium/kg was the control group. The isch
emic contraction at the end of the ischemic phase was determined to 
identify the extent of ischemic damage. The contraction was significantly 
greater in the selenite-free group (p < 0.05 vs control) and reduced with 
increasing sodium selenite concentration (Fig. 13). This suggests that the 
heart has a greater tolerance for ischemia at higher selenium levels.

http://www.ncbi.nlm.nih.gov/pubmed/15487768
http://www.ncbi.nlm.nih.gov/pubmed/15487768
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Better recovery of cardiac function after I/R  
with increasing sodium selenite concentration
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Modified according to: Venardos K et al. J Trace Elem Med Biol. 2004; 18(1): 81-8. 
Effects of dietary selenium on glutathione peroxidase and thioredoxin reductase activity 
and recovery from cardiac ischemiareperfusion.

Fig. 14

In order to determine the damage by reperfusion, the extent of the recre
ated cardiac function was compared. Administration of 1,000 µg selenium/
kg improved the recovery of cardiac function to 57 % of the preischemic 
level (p < 0.05). In comparison, the recovery of cardiac function for the 
sodium selenite-free group or the group with 50 μg sodium selenite/kg diet 
were significantly reduced to 38 % and 44 % respectively (p < 0.05). Thus 
these data indicate a positive effect of sodium selenite.

http://www.ncbi.nlm.nih.gov/pubmed/15487768
http://www.ncbi.nlm.nih.gov/pubmed/15487768
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Intraoperative decrease of selenium  
correlates with the postoperative development  
of multiorgan failure

Cardiac surgery using a cardiopulmonary 
bypass induces I/R mediated oxidative stress. 
A prospective observational trial with 60 patients 
undergoing cardiac surgery investigated 
whether the intraoperative decrease of circula
tory trace elements is involved in this reaction. [1] 
Already before the operation, 50 patients (83 %) 
showed a significant selenium deficit, while the 
copper and zinc concentrations were in the 
reference range. In all patients, the selenium 
concentration (89.05 ± 12.65 to 70.84 ± 10.46 μg/l 
selenium in whole blood; p < 0.001) as well 

as the copper and zinc concentrations after 
conclusion of the surgery had significantly 
decreased (Fig. 15). During their stay in the 
ICU, 12 patients developed multiorgan failure. 
A multilogistic regression analysis showed that 
the selenium concentration at the end of the 
surgery is an independent predictor for the post
operative appearance of multiorgan failure (HR 
0.85 [95 % CI 0.76 – 0.94]; p = 0.026).

Significant postoperative reduction of selenium status
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Stoppe C et al. Crit Care Med. 2011 Aug; 39(8): 187985. The intraoperative decrease 
of selenium is associated with the postoperative development of multiorgan dysfunction 
in cardiac surgical patients.

Fig. 15

http://www.ncbi.nlm.nih.gov/pubmed/21460705
http://www.ncbi.nlm.nih.gov/pubmed/21460705
http://www.ncbi.nlm.nih.gov/pubmed/21460705
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The postoperative decrease of selenium  
concentration is not attributed to the use  
of a heartlung machine

These results were supported by an addi
tional trial from 2014. In this prospective ran
domized interventional trial with 40 patients, 
it was examined whether the selenium level 
in connection with an “OffPump Coronary 
Artery Bypass” procedure (OPCAB), where no 
heartlung machine is necessary, declines less 
strongly compared to an “OnPump” procedure, 
since the oxidative stress for this procedure 
should be small. [2] More pronounced than in 
the trial by Stoppe et al., all patients displayed 
a selenium deficit already before the surgery. 

After conclusion of the surgery, both groups 
showed a significant decline of selenium con
centration (p < 0.001), whereby the decrease 
in the on-pump group was more significant 
(31.2 ± 13.6 vs. 20.2 ± 16.3 %; p = 0.04) (Fig. 16). 
Of the measured values (myocardiac-specific 
creatine kinase, asymmetrical dimethylarginine, 
glutathione peroxidase), only the postoperative 
selenium concentration showed a correlation 
with the development of a postoperative organ 
dysfunction both for all patients (p = 0.037) as 
well as for the OPCAB group (p = 0.023).

Decreased selenium status after cardiac surgery  
is independent of the method
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Modified according to: Stevanovic A et al. PLoS One. 2014 Aug 13; 9(8): e104222.  
The importance of intraoperative selenium blood levels on organ dysfunction in patients 
undergoing offpump cardiac surgery: a randomised controlled trial.

Fig. 16

http://www.ncbi.nlm.nih.gov/pubmed/25118980
http://www.ncbi.nlm.nih.gov/pubmed/25118980
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Perioperative administration of selenase® 
prevents massive postoperative decline  
in selenium status

In a prospective observation trial, the effect of perioperative administra
tion of selenase® was examined in approx. 100 patients. Similar to the 
two other studies described, 75 % of the patients already had a sele
nium deficit before surgery. The perioperative administration of 2,000 μg 
selenium as selenase® achieved a normalization of the selenium level 
at ICU admission (Fig. 17). Moreover, this bolus injection prevented a 
post operative decrease of the selenium concentration below the periop
erative selenium value. The daily administration of 1,000 μg selenium as 
selenase® during the stay in the ICU stabilized the selenium level in the 
high reference range. Both the selenium concentration at ICU admis
sion as well as four hours later were significantly lower in patients, who 
developed an organ dysfunction in the observation period, compared to 
patients without complications during this time period (Table 2). A ROC 
curve analysis showed that the selenium concentrations at ICU admission 
and four hours after admission predicted an organ dysfunction, while the 
perioperative selenium value and the selenium concentration on the first 
postoperative day had no predictive value.
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selenase® during and after cardiac surgery improves  
the selenium status
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Modified according to: Stoppe C et al. Nutrition. 2013 Jan; 29(1): 158-65. Selenium 
blood concentrations in patients undergoing elective cardiac surgery and receiving 
perioperative sodium selenite.

Fig. 17

Significantly lower selenium concentrations for patients 
with organ dysfunction

Patients with 
organ dysfunction

Patients without 
complications p value

Selenium 
concentration at 
ICU admission

118.47 ± 16.38 127.16 ± 17.69 0.030

Selenium concent
ration 4 hours after 
ICU admission

103.47 ± 13.45 110.84 ± 14.41 0.025

Selenium concentration in μg/l in whole blood

Modified according to: Stoppe C et al. Nutrition. 2013 Jan; 29(1): 158-65. Selenium 
blood concentrations in patients undergoing elective cardiac surgery and receiving 
perioperative sodium selenite.

Table 2

http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
http://www.ncbi.nlm.nih.gov/pubmed/23010420
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Daily administration of selenase®  
after cardiac surgery corrects selenium 
deficiency

In a matchedpair analysis of 42 patients each, 
who showed no perioperative differences, the 
selenase®-group revealed a significantly higher 
selenium value at ICU admission (Fig. 18). 
While the selenium level in the control group 
declined further during the stay in intensive 
care, the selenium concentration increased 
from the first postoperative day, whereby the 
difference from the second postoperative day 
was highly significant (p < 0.001) (Fig. 19). On 
the first postoperative day, the selenase®group 
showed a significantly lower SAPS II and SOFA 
value (p = 0.005 or p = 0.007). The selenase® 
group moreover revealed fewer respiratory 
organ dysfunctions (p = 0.040). The control 
group more frequently developed severe 
thrombo cytopenia (p = 0.035) (Table 3).

No side effects at high dosages

No side effects occurred during the trial 
which could be brought in correlation with the 
selenase® application. The dosage regime 
proved to be safe. In order to better confirm 
these results, a largescale international multi
centric randomized doubleblind controlled 
trial (SUSTAINCSX) for the use of highdose 
selenase® for patients undergoing cardiac sur
gery was initiated in 2015. [26]

Significantly higher selenium status after surgery  
in the selenase® group
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Fig. 18
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Improvement in selenium status in the days after 
cardiac surgery
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Fig. 19

Significant differences between the selenase®group 
and the control group on the first postoperative day

selenase®group Control group p value

SAPS II 23 ± 7 29 ± 8 0.005

SOFA 4 ± 2 7 ± 2 0.007

Respiratory organ 
dysfunction 0 4 0.040

Severe 
thrombocytopenia 3 10 0.035

Modified according to: Stoppe C et al. Nutrition. 2013 Jan; 29(1): 158-65. Selenium 
blood concentrations in patients undergoing elective cardiac surgery and receiving 
perioperative sodium selenite.

Table 3
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http://www.ncbi.nlm.nih.gov/pubmed/15966572
http://www.ncbi.nlm.nih.gov/pubmed/15487768
http://www.ncbi.nlm.nih.gov/pubmed/15487768
http://www.ncbi.nlm.nih.gov/pubmed/15487768
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
http://www.ncbi.nlm.nih.gov/pubmed/25169040
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Selenium in guidelines

Clinical nutrition in intensive care / in risk situations*
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Clinical Nutrition in Critical Care 
Medicine
S2kGuideline of the DGEM [A] ×
Clinical Nutrition in Surgery
S3Guideline of the DGEM [B] × ×
Enteral and Parenteral Nutrition  
in Patients with Kidney Disease
S1Guideline of the DGEM [C] ×
Clinical Nutrition in the 
Gastroenterology (Part 1) – Liver
S3Guideline of the DGEM [D] ×
Parenteral Nutrition in Paediatrics 
S3Guideline of the DGEM [E] × ×
ESPEN / ESPGHAN Guidelines  
on paediatric parenteral nutrition [F] ×
ESPEN Guidelines on Parenteral 
Nutrition: Intensive Care [G] ×
ESPEN endorsed 
recommendations: Nutritional 
therapy in major burns [H] ×
ASPEN Guidelines  
in the Adult Critically Ill Patient [I] × × ×
*  This table provides an overview. Please refer to the respective guideline for detailed information on dosage, 
application and conditions of use.

[A] Elke G et al. Aktuel Ernahrungsmed 2018; 43: 341408.
[B]  Weimann A et al. Aktuel Ernahrungsmed 2013; 38: e155e197.
[C] Druml W et al. Aktuel Ernahrungsmed 2015; 40: 2137.
[D] Plauth M et al. Aktuel Ernahrungsmed 2014; 39: e1e42.
[E]  Jochum F et al. Aktuelle Ernährungsmedizin 2014; 39; e99e147.

[F]  Koletzko B et al. J Pediatr Gastroenterol Nutr. 2005 Nov;  
41 Suppl 2: S187.

[G]  Singer P et al. Clin Nutr. 2018 Sep 29. pii: S02615614(18)324324.
[H] Rousseau AF et al. Clin Nutr. 2013 Aug; 32(4): 497502.
[I]  McClave SA et al. JPEN J Parenter Enteral Nutr. 2016 Feb; 40(2): 

159211.

https://www.dgem.de/sites/default/files/PDFs/Leitlinien/518ll_10-1055-a-0713-8179-compressed.pdf
https://www.dgem.de/sites/default/files/PDFs/Leitlinien/S3-Leitlinien/073-005l_S3_Klinische_Ern%C3%A4hrung_Chirurgie_Transplantationen_2014-02.pdf
https://www.dgem.de/sites/default/files/PDFs/Leitlinien/S1-Leitlinien/073-009l_S1_Ern%C3%A4hrung_enteral_parenteral_Niereninsuffizenz_2015-01.pdf
https://www.dgem.de/sites/default/files/PDFs/Leitlinien/S3-Leitlinien/073-024l_S3_Klinische_Ern%C3%A4hrung_Gastroenerologie_Leber_2014-04.pdf
https://www.dgem.de/sites/default/files/PDFs/Leitlinien/S3-Leitlinien/073-023l_S3_Parenterale_Ernährung_Pädiatrie_Kinder_Jugendmedizin_2014-08.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16254497
https://www.ncbi.nlm.nih.gov/pubmed/16254497
https://www.ncbi.nlm.nih.gov/pubmed/30348463
https://www.ncbi.nlm.nih.gov/pubmed/23582468
https://www.ncbi.nlm.nih.gov/pubmed/26773077
https://www.ncbi.nlm.nih.gov/pubmed/26773077
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Products for injection therapy

selenase® 100 µg pro injectione

100 μg selenium 
in 2 ml solution for 
injection

10 and 50 ampoules

selenase® T pro injectione

500 μg selenium  
in 10 ml solution for 
injection

2, 10, 30 (3 × 10) and 
50 (5 × 10) glass vials

1.000 μg selenium 
in 20 ml solution for 
injection

2, 10 (N2), 30 (3 × 10) 
und 50 (5 × 10) glass 
vials

Active substance: Sodium selenite pentahydrate. Prescription only

selenase® 50 Mikrogramm Injektionslösung*

50 μg selenium in 1 ml 
solution for injection

10 and 50 ampoules

* selenase® 50 microgram injection solution

Active substance: Sodium selenite pentahydrate. Subject to sale in pharmacies

http://biosyn.de/produkte/arzneimittel/selenaser/selenase-100-mg-pi/
http://biosyn.de/produkte/arzneimittel/selenaser/selenase-t-pro-injectione/
http://biosyn.de/produkte/arzneimittel/selenaser/selenase-50-mikrogramm-injektionslösung/
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selenase®

Active substance: Sodium selenite pentahydrate. selenase® 100 µg pro injectione, selenase® T pro injectione, selenase® 50 Mikrogramm Injektionslösung: 50 µg selenium per ml. Indications: selenase® 100 µg pro 
injectione, selenase® T pro injectione, selenase® 50 Mikrogramm Injektionslösung: Confirmed selenium deficiency that cannot be corrected by diet. Selenium deficiency can occur in conditions of maldigestion or malab-
sorption, as well as in malnutrition (e.g. total parenteral nutrition). Composition: selenase® 100 µg pro injectione: 1 ampoule of 2 ml solution for injection contains: 0.333 mg sodium selenite pentahydrate, corresponding 
to 100 µg (micrograms) selenium. selenase® T pro injectione: 1 injection vial of 10 ml / 20 ml solution for injection contains: 1.67 mg / 3.33 mg sodium selenite pentahydrate, corresponding to 500 µg / 1000 µg (micrograms) 
selenium. selenase® 50 Mikrogramm Injektionslösung: 1 ampoule of 1 ml solution for injection contains as active substance 0.167 mg sodium selenite pentahydrate corresponding to 50 µg selenium in an 0.9 % aqueous 
NaCl-solution. Excipients: Sodium chloride, hydrochloric acid, water for injections. Contra-indications: Selenium poisoning. Undesirable effects: None known to date if the medicinal product is administered according to 
prescription. For selenase® 100 µg pro injectione, selenase® T pro injectione: General disorders and administration site conditions: Frequency not known (cannot be estimated from the available data): after intramuscular 
administration local pain at the site of administration has been reported. Form of administration, size of packages: selenase® 100 µg pro injectione: 10 or 50 ampoules of 2 ml solution for injection. selenase® T pro 
injectione: 2 or 10 injection vials of 10 ml solution for injection, hospital-size pack 30 (3 × 10) or 50 (5 × 10) injection vials of 10 ml solution for injection, 2 or 10 injection vials of 20 ml solution for injection, hospital-size pack 
30 (3 × 10) or 50 (5 × 10) injection vials of 20 ml solution for injection. selenase® 50 Mikrogramm Injektionslösung: 10 and 50 ampoules respectively of 1 ml solution for injection. selenase® 100 µg pro injectione, selenase® T 
pro injectione: Subject to prescription. selenase® 50 Mikrogramm Injektionslösung: Subject to sale in pharmacies. 09/17 e

Information on biosyn Arzneimittel GmbH

Brochures

We gladly offer you extensive information  
on the following topics:
• Overview of intensive care trials
• Selenium after resuscitation
• Selenium and burns
• Selenium and sepsis
• Selenium and stroke

Order by email at: information@biosyn.de  
(please specify the desired topics)

Newsletter

Subscribe to our online newsletter “biosynNews 
international” to obtain current information.
Order by email at: information@biosyn.de  
(keyword “biosynNews international”)

Further information

If you have specific questions on this topic, 
please call us at: + 49 (0) 711 575 32  00

Overview  
of intensive care 
trials

•  Clinical intervention trials with sodium 
selenite (N = 30)

•  The biosyn Arzneimittel GmbH 
selenium drug product selenase®  
was used in most of these trials  
(19/30 = 63 %)

•  biosyn Arzneimittel GmbH is the 
worldwide market leader in the field of 
high-dose selenium drug products

we are
research

Overview of intensive care trials
Folder for medical experts
Size: A4, 20 pages

Literature for medical experts

Selenium and burns

selenase®

• reduces the number of infections

•	 eliminates	selenium	deficiency

we are
research

Selenium and burns
Folder for medical experts
Size: A4, 16 pages

Selenium and stroke

we are
research

selenase®

•	 eliminates	selenium	deficiency

• stroke deteriorates the selenium status

•	 high	selenium	status	correlates	 
with	good	outcome

we are
research

Selenium and sepsis

selenase®

• reduces nosocomial infections

• shortens the hospital stay

•	 corrects	selenium	deficiency

Selenium and stroke
Folder for medical experts
Size: A4, 40 pages

Selenium and sepsis
Folder for medical experts
Size: A4, 84 pages

Selenium after resuscitation

selenase®

• improves selenium status

• early administration of selenase® improves the 
neurological outcome of patients after cardiac arrest

•	 eliminates	selenium	deficiency

we are
research

Selenium after resuscitation
Folder for medical experts
Size: A4, 16 pages

mailto:information%40biosyn.de?subject=
mailto:information%40biosyn.de?subject=biosynNews%20international
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Selenium and cardiac surgery

Managing Director: Dr. Thomas Stiefel and Ortwin Kottwitz
Commercial Register: County Court Stuttgart HRB 262712
Place of performance: Fellbach, Legal venue Stuttgart

biosyn Arzneimittel GmbH
Schorndorfer Straße 32
70734 Fellbach
Germany

information@biosyn.de
www.biosynpharma.com
www.biosyncorp.com 
www.biosyn.de

More information about us  
on our Facebook page

mailto:information%40biosyn.de?subject=
http://www.biosynpharma.com
http://www.biosyncorp.com
http://www.biosyn.de
http://www.facebook.com/biosynarzneimittel

