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Chapter 1 : Introduction

STRATEGIES FOR ORGAN PROTECTION

Abrogated blood supply due to obstruction of a blood vessel causes downstream organs to 

become ischemic. Prolonged organ ischemia eventually results in cell death, with increasing 

of the damage as the ischemic period continues.1 Ischemic tissue can be salvaged when blood 

obtain reperfusion of the tissue as quickly as possible. However, it was demonstrated that in 

myocardial infarction, reperfusion - while essential for recovery - contributes to irreversible 

cell damage.2 About 40% of the injury following organ ischemia and subsequent reperfusion 

may be due to reperfusion itself.2

Timely reperfusion can be achieved either by surgical or intravascular interventions (such as 

coronary artery bypass graft surgery or percutaneous coronary interventions, respectively) or 

by thrombolysis. Other strategies to limit ischemia-reperfusion injury are currently explored, 

Conditioning phenomena: preconditioning

-

conditioning.1 Preceding non-lethal repetitive periods of ischemia and reperfusion protected 

the heart against prolonged ischemia.1

and a second phase of protection, late preconditioning, that starts 12 -24 hours after the initial 

stimulus and lasts for 48-72 hours.  illustrates the timing of events in all of the condi-

tioning phenomena. Preconditioning is a powerful strategy to attenuate ischemia-reperfusion 

arrhythmias, the need for high-dose inotropic support and postoperative length of stay in the 

ICU.3 While ischemic preconditioning is a promising concept, protection of the heart by this 

method requires interventions at the level of the aorta or the heart itself, a procedure that is 

-

tioning is limited to scheduled inevitable organ ischemia, followed by planned reperfusion, as 

occurs during vascular surgery, organ transplantation and cardiac surgery.
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Ischemia/Reperfusion Ischemia/reperfusion injury:
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Figure 1: conditioning phenomena
Gray boxes represent ischemia, followed by normal arrows representing reperfusion. Preconditioning is giv-
en before the event of ischemia/reperfusion, postconditioning after the event of ischemia/reperfusion, and 
remote conditioning is given in another organ/tissue before the event of ischemia/reperfusion.

Postconditioning

Another mechanism to protect organs against ischemia-reperfusion damage is postcondition-

ing. In postconditioning, the ischemic stimulus is not applied before but after ischemia, during 

start of reperfusion. Postconditioning reduced myocardial damage by protecting the tissue 

against reperfusion injury.4 Transfer to the clinical situation was made when short ischemic 

interventions just before release of the aortic cross clamp reduced myocardial damage in 

coronary artery bypass graft surgery patients.5, 6 Postconditioning can be applied after the 

onset of (unplanned) ischemia and has therefore probably even more clinical relevance than 

preconditioning. Postconditioning might be useful for patients with acute and recent ischemia 

(e.g. stroke, myocardial infarction, angina pectoris).

Remote preconditioning

also can protect remote tissues, a phenomenon known as remote ischemic preconditioning.7, 8 

Because remote preconditioning does not require ischemia-reperfusion of the target organ it-

on either an upper or lower limb, protected against ischemia-reperfusion injury in children9 

and adults undergoing cardiac surgery.10



13

Chapter 1 : Introduction

Conditioning by inhalational gases

11, 12 Clinical 

decreased troponin release after cardiac surgery,13

of stay in the intensive care unit or in hospital.14

preconditioning was nearly only shown in patients subjected to cardiac surgery, and more re-

search is needed to make a conclusion regarding non-cardiac surgery.15 Xenon, an anesthetic 

noble gas, was shown to induce preconditioning and protection against ischemia reperfusion 

injury in various organs such as the heart,16 the brain,17 the kidney18 and the endothelium.19 

On a mechanistical level, xenon protection shares many mechanisms with preconditioning by 

volatile anesthetics.20-22 Unfortunately, xenon is expensive and its anesthetic qualities make it 

The time for noble gas preconditioning changed when it was proven that all of the noble 

gases induce preconditioning, including the non-anesthetic noble gas helium. 23 Because of its 

low density, helium reduces work of breathing and is therefore used in patients with airway 

diseases.  Helium is not expensive and easy to apply to patients, and could therefore be 

an excellent alternative for organ protection in clinical ischemia-reperfusion situations. Initial 

experimental data showed that helium inhalation in rats and rabbits elicited cardioprotection 

by inducing both early and late preconditioning26, 27 as well as postconditioning.28 The question 

arises whether helium is the perfect preconditioning agent? Could helium induce precondi-

tioning in humans and patients, and protect against ischemia reperfusion injury in a clinical 

setting? Could helium preconditioning be translated from bench to bedside?

AIMS OF THIS THESIS

The main aim of this thesis is to investigate whether the noble gas helium has the ability to 

induce preconditioning in humans and in human tissue, and whether helium preconditioning 

could be translated from an experimental setting to a clinical setting. The second aim of this 

helium conditioning.

OUTLINE OF THIS THESIS

Part 1 (Chapters 1-3) comprises the main introduction to this thesis. In chapter 2 we sum-

marize the current knowledge of organ protection by noble gases. In chapter 3

focus on helium and the underlying mechanisms involved in pre- and postconditioning.
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In Part 2 (Chapters 4-6) of this thesis we investigated whether helium can induce organ 

protection in healthy human volunteers and patients. As preconditioning agent, helium would 

be possibly administered to all kind of patients, including patients with active infections. 

Although helium has been widely used for treatment of airway diseases, no data regarding 

chapter 4, we inves-

innate human immune system and the ability to respond to pathogens in vitro.

Experimental data demonstrate that helium induces preconditioning in various types of ani-

mals, but can helium induce the same protection also in humans? In chapter 5 we investigated 

whether helium induces both early and late preconditioning in healthy human volunteers by 

measuring post-ischemic endothelial dysfunction after ischemia-reperfusion of the forearm.

After demonstrating that helium can indeed induce tissue protection in healthy volunteers 

patients with co-morbidities against clinical ischemia-reperfusion injury. In chapter 6 we 

present a randomized clinical trial investigating whether helium pre- and or postconditioning 

-

going coronary artery bypass grafting.

In Part 3 (Chapters 7-10) of this thesis we aimed to elucidate the mechanisms behind 

helium conditioning. Helium protected against post-ischemic endothelial dysfunction in 

reperfusion injury, and in chapter 7

models in vitro, focussing on microparticle formation.

Some forms of conditioning have the ability to protect remote organs and cells, not only 

the circulating blood. It might therefore be possible to provide cell protection of endothelial 

cells in vitro using plasma of volunteers undergoing a conditioning protocol. In chapter 8 and 

10 we investigated whether plasma from healthy volunteers undergoing helium or ischemic 

conditioning, respectively, protects endothelial cells against hypoxia in vitro, focussing on the 

role of caveolin-1.

After demonstrating that helium induces preconditioning in endothelial cells in vivo and 

in vitro by increasing microparticle formation, we investigated whether exposure to helium 

causes alterations of the integrity of the cytoskeleton? In chapter 9, we focussed on the ef-

fect of helium treatment on the structural integrity of the cell and cellular permeability in 

endothelial cells in vitro.
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