
Assessing the suitability of Xenon treatment for mass use in cases 

of Neonatal Hypoxic Ischemic Encephalopathy 

1. Abstract 

Xenon has been shown to potentially have neuroprotective properties. This could 

mean that it could be used as a treatment pre/post brain injury. In this case we 

are looking at injuries where the brain is starved of oxygen whilst the baby is in 

the womb. There are many different aspects of suitability that determine a ‘good’ 

medication. It seems that it could be an effective and suitable treatment.  

 

For the purpose of this essay Neonates and Neonatal will refer to anything 

relating to labour and immediately post labour.  

 

2. Introduction 

2.1. Neonatal Hypoxic Ischemic Encephalopathy 

In Antenatal and Postnatal settings there is always a potential for 

complications which could affect the baby and the mother. One of these that 

affects the baby is a Neonatal Hypoxic Ischemic Encephalopathy (HIE), where 

the baby suffers damage to the brain (encephalopathy) due to a lack of 

oxygen (hypoxic) because of a lack of blood flow to brain tissue (Ischemic). [1] 

[2] This can cause many diseases associated with neuro-development such as 

seizure disorders like Epilepsy and Cerebral Palsy. [3] Neonatal HIE occurs in 

20 of every 1000 full term deliveries, however the chances of it occurring in 

premature babies are much higher at 600 of every 1000. [2] There has not 

been an established treatment yet that has a high success rate of minimising 

complications, as well as having general suitability for many cases. [4] 

 

2.2. Xenon as a neuroprotectant  

Xenon is an inert noble gas that 

had its anaesthetic properties 

discovered in 1939 [5] and has 

had other medical uses within 

radiology since 1955. [6] There 

are many means by which 

neurodegeneration occurs and 

one way that this occurs is 

excitotoxicity, which is the death 

or damage of nerve cells due to 

their overstimulation because of 

an excess presence of a Figure 1 - figure showing the mechanisms of how xenon acts as a 
neuroprotectant 



neurotransmitter. [7]Xenon has the ability to inhibit the overactivation of 

NDMA (N-methyl-D-apartate) receptors, which prevents neurodegeneration 

due to excitotoxicity. It also has the ability to open pathways such as TREK-1 

pathways, shown (circled) in Figure 1 along with the other mechanisms of 

neuroprotection, which prevents neuro-inflammation. Opening the TREK-1 

pathways is shown to have an effect on the levels of neurotransmitters, so 

has a similar end result to the protection of cells as in the inhibition of NMDA 

receptor mechanism. [8] Xenon also has the potential to be neurorestorative 

and therefore has the possibility of being used post damage event. [9] There 

have been a number of investigations into this theory within in vitro settings, 

that support Xenon acting through the inhibition of NDMA receptors. [10] 

[11] This is also backed up by computer simulations done at the University of 

Pittsburgh. [12]  

 

3. Suitability 

3.1. Ease of administration and induction speed 

The ability to deliver medication to the needed recipient quickly and 

efficiently is key to the prognosis of the patient. Xenon, being an inhalational 

anaesthetic, would often be delivered by face mask or tracheal tube. 

However simply using these methods would not be economically viable due 

to the lost Xenon and its high cost, see 3.6. You would need to use a closed 

delivery system that recycles the Xenon from exhaled gases. There have been 

multiple systems that recycle the exhaled Xenon, whilst also maintaining the 

gaseous concentration of the Xenon to keep treatment controlled and 

effective. [13] [14]  

 

Xenon takes a relatively short time to anaesthetize a patient, with a study 

concluding that it achieves the anaesthetic effect in 90 seconds. [15] This can 

be explained by its low blood gas partition co-efficient of 0.14 (compared to 

Isoflurane 1.4 which is a commonly used anaesthetic). [16] [17] The lower the 

blood gas partition coefficient the more rapid the induction of anaesthetic 

effects. This is because this co-efficient describes how a gas will split between 

the blood and the alveoli concentration when equilibrium is reached. A gas 

with a lower blood gas co-efficient will require a lower uptake of gas and 

therefore induction of effects will be quicker. Most hospitals would be able to 

use the infrastructure they have already to administer Xenon due to it’s inert 

nature. 

 

 

 



 

3.2. Placental Transfer 

Ideally, drugs being delivered to neonates would be administered through 

the mother during labour, especially when they are inhalational gases like 

Xenon. This is also only possible if the drug has minimal or no side effects for 

the mother, see 3.4. All inhalational drugs are able to cross the placenta 

through diffusion. As long as the agent is able to get into the mother’s blood 

stream placental transfer of that agent can occur. [18] [19] As Xenon and 

other Noble Gases are volatile, [20]they are able to cross the placental barrier 

rapidly due to being highly lipid soluble. This induces anaesthetic effects on 

the neonate quickly and also means the effects can wear off quickly after 

treatment conclusion. The effects need to be induced quickly because of the 

characteristics of an oxygen deprivation injury being very time sensitive.  

 

3.3. BBB Transfer 

Another important factor that needs to be taken into account when assessing 

the suitability of a drug being used to treat anything within the Central 

Nervous system (CNS) is whether it is able to cross the Blood-Brain Barrier 

(BBB). The BBB is a dense layer of mainly Endothelial and Mural cells that 

form a protective barrier between the brain’s blood supply and the brain 

tissue. [21] [22] This barrier carefully regulates the movement of certain ions, 

molecules and cells between the Central Nervous System and the blood 

vessels that supply it. [22] The aim of this controlled system of transport is to 

keep the brain healthy and toxin free. However, in cases when the CNS 

requires an agent to reach its tissue for treatment of a disease or injury, the 

BBB becomes a limitation for what drugs can be effective. 

 

Xenon has been shown to have had anaesthetic effects for a while now and 

therefore we can have confidence that it passes through the BBB. It induces 

the effects rapidly and emergence from the anaesthetic effect is also fast - 

quicker than common anaesthetics like isoflurane and nitrous oxide. [16] 

Xenon is a small and non-polar molecule which means it can diffuse easily 

across the membrane. Xenon, like Oxygen, can avoid transporters that efflux 

them back into the blood. This is the route that is most likely to be the way 

that Xenon reaches the CNS. However, there is another theory that it could 

pass through a nasal route, when inhaled, along the olfactory and trigeminal 

nerve in an anterograde way. This mechanism would skip out the BBB 

altogether. This is only likely in drugs with a low molecular weight like Xenon, 

so this could be possible. [23] 

 



This is based on knowledge of the BBB in adults, as knowledge of the 

neonatal BBB is limited. There have been suggestions that younger BBBs are 

more permeable meaning this would not cause a problem. And with oxygen 

deprivation injuries in adults the BBB becomes more permeable, making it 

easier for more drugs to pass through. However some research has suggested 

the neonatal BBB reacts oppositely and becomes slightly less permeable. [24] 

Despite this suggestion it is likely that due to Xenon’s ability to pass through 

the BBB so easily in normal situations, even if it was slightly less permeable I 

believe it would still be able to pass through efficiently. 

 

3.4. Side effects 

Even if a drug is highly effective at treating the intended problem, if it has 

dangerous side effects it may not be suitable overall. In pre-birth cases there 

is also a special consideration as the intended recipient of the treatment is 

the neonate but the drug is often delivered through the mother so effects can 

occur for her as well.  

 

In neonates there have been no indications of any significant side effects in 

studies. Importantly, in a study done on neonatal piglets no Neuro or Cardio 

damage was seen. [25] Especially with drugs being used to treat the young 

there is emphasis on preventing any developmental side effects, or 

teratogenic effects. Studies have shown that Xenon has none of these effects. 

[26] [27] 

 

For the mother Xenon also does not seem to cause adverse effects. It does 

not seem to cause significant Cardio or Neuro complications. Nor does it 

cause psychotic effects like other similar drugs. It does not irritate airways 

and does not seem to have many interactions with other drugs, due to its 

inert nature. [28] [29] It seems to slow the respiratory rate but increase tidal 

volume so these counter each other out, meaning the overall effect is 

minimal and not dangerous. [30] 

 

3.5. Success of treatment 

Xenon treatment can be used in two scenarios when dealing with Neonatal 

HIE. It can be given during labour, the main focus of this essay, but also after 

delivery to the baby directly. There have been a number of studies 

demonstrating the benefit of the treatment. One study by Nicola J Robertson 

et al looked at a number of different neuroprotective treatments that could 

be used on new-born infants, such as melatonin. It used a scoring system to 

rank different treatments on different aspects of their suitability. It gave 



Xenon a 7/10 score antenatally and 8/10 for postnatal treatment in the 

benefit section, this gave it the second highest and highest score respectively. 

This study used lots of different evidence such as in vitro and in vivo 

investigations. [31] It has the ability to be a preconditioner as well as a post 

incident treatment due to its action on the m-tor pathway, a pathway that 

regulates a cell’s life cycle. [32] [33] There have also been other studies done 

on Xenon’s organoprotective properties in other organs such as the kidney. 

These are similar and relevant as they are also in hypoxia induced injury and 

show benefits to Xenon being used over current alternatives. [34] 

 

Also one of the problems with HIE is the occurrence of seizures and the 

development of a seizure related disease, such as epilepsy. Therefore, it is 

beneficial that Xenon has been shown to have anti-seizure properties. It 

reduced neurodegeneration occurred after seizures as well as minimising the 

severity of the seizure. [35] 

 

However there has been an incidence where Xenon was shown to have 

neither a beneficial, nor detrimental, effect on new-born rats. [36] This study 

seemed to only look at one biomarker and there was no difference in the 

presence of this biomarker between the Xenon group and the control group. 

We do know that there are many mechanisms of injury and therefore many 

ways to measure injury to the brain. So despite this study proving no 

significant benefit I believe that due to the large number of positive studies 

that we can still confidently say that it likely to be beneficial. Yet, it is 

interesting for researchers and would be something to look into as what 

other drugs may have a beneficial impact on this mechanism of injury. 

3.6. Cost  

The ability for a drug to be used widely heavily relies on the cost of 

treatment. Even if a drug is very successful in treatment if it is not 

economically viable for the majority of recipients it becomes a drug for the 

1%. This poses ethical problems with the drug, especially when at the 

moment there does not seem to be alternatives for neonatal HIE. This is a 

problem for Xenon as it is expensive. It costs nearly seven times the amount 

of other anaesthetics such as isoflurane. [37] Xenon needs to be extracted 

from the atmosphere using a air liquification method and then a high purity 

of Xenon can be attained. It is an extremely rare gas which poses problems in 

gaining enough gas to be used within anaesthesiology in a widespread 

manner. Production of Xenon has gone up in recent years but so has the 

demand due to other industries like the aerospace industry. [38] It costs 

about £7 per litre, which is high compared to other volatile gases. [39]  



 

The way around this, as suggested in 3.1, is to use a recycling method within 

a closed system. The reason why cost could be so high is that not all Xenon 

will be used by the patient and there will be a lot escaping back into the 

atmosphere. So more Xenon needs to be used in order to keep up the desired 

concentration. If recycled less Xenon needs to be used in total to keep up 

optimum levels of the gas. There have been a number of systems that have 

been used to scavenge for Xenon in exhaled gases, such as in figure 2. [40] 

Using these systems Xenon treatment seems more viable and cost effective. 

This means it could have the same availability to patients as other common 

anaesthetics.  

Figure 2 - figure demonstrating a Xenon recycling system. 

  

3.7. Use in conjunction with other treatments 

Xenon is often thought as a treatment that can be used in conjunction with 

Therapeutic Hypothermia (TH). This is a treatment where the Neonate’s 

internal body temperature is cooled to about 33 degrees Celsius. This slows 

metabolism and limits damage occurring in the brain. [41] There have been 

mixed results in studies. A 2018 study by Ruegger et al suggested there was 

no reduced morbidity with this conjoined treatment. [42] However another in 

vitro and in vivo study was more promising showing that Xenon and TH 

showed significant improvements. [43] 

4. Conclusion 

4.1. Summary 

Xenon is easy to administer and has a rapid onset of effects for the baby. 

Xenon can cross the placental and Blood-Brain Barrier due to its properties 

such as being lipophilic. It has minimal side effects for the mother and the 

baby, with it seeming to have benefits to the outcome of the neonate. It is 



expensive but with a recycling system to prevent the exhaled Xenon escaping 

then it could be economically viable. Its ability to be used with other 

treatments is still un-known. 

4.2. Verdict 

A new drug, before entering general circulation, requires a lot of testing and a 

high level of confidence in its suitability. It appears to me that Xenon is a 

promising treatment for Neonatal HIE, and on paper has a high level of 

suitability, however it would require more data on studies done on humans. 

There have been plenty of instances where drugs have ticked all the prior 

boxes, such as working in in vitro settings as well as in animal testing, yet 

have not been successful in human trials. Xenon has yet to enter the second 

stage of clinical trials (phase 1) and has therefore only been tested on a few 

small select cases where the probability of a positive outcome is high. There 

needs to be trials involving a large number of patients that have different 

circumstances. If the trials are successful on these large varied groups then 

we would be able to be confident on it’s ability to treat the majority of cases, 

rather then a select few that have to have certain conditions. This would 

make it available for mass use. 

 

Word Count – 2498 

 

Jack Doyle 

 

With thanks to Dr Richard Daneman (Department of Neurosciences and 

Pharmacology at University of California, San Diego) and to Dr Robert 

Dickinson (Department of Surgery and Cancer at Imperial College, London) 

1 Bibliography 
 

[

1

]  

ucsfbenioffchildrens, “Neonatal Hypoxic Ischemic Encephalopathy,” [Online]. Available: 

https://www.ucsfbenioffchildrens.org/conditions/neonatal_hypoxic_ischemic_encephalopathy/. 

[Accessed 8 6 2020]. 

[

2

]  

Birth Injury Guide, “Infant Hypoxic Ischemic Encephalopathy (HIE),” 13 January 2020. [Online]. 

Available: https://www.birthinjuryguide.org/birth-injury/types/hypoxic-ischemic-

encephalopathy-hie/. [Accessed 8 June 2020]. 

[

3

]  

HIE help centre, “What Is Hypoxic-Ischemic Encephalopathy (HIE)?,” [Online]. Available: 

https://hiehelpcenter.org/what-is-hypoxic-ischemic-encephalopathy/. [Accessed 8 June 2020]. 



[

4

]  

1. C. R. W. M. H. J. T. a. J. H. Z. Brandon J. Dixon, “Neuroprotective Strategies after Neonatal 

Hypoxic Ischemic Encephalopathy,” Int J Mol Sci, 15 September 2015. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4613313/. [Accessed 15 May 2020]. 

[

5

]  

B. D. Jordan, “Xenon as an anesthetic agent,” October 2010. [Online]. Available: 

https://pubmed.ncbi.nlm.nih.gov/21067086/#:~:text=Xenon%20is%20used%20in%20many,its%2

0anesthetic%20properties%20were%20discovered.. [Accessed 9 June 2020]. 

[

6

]  

H. N. Wagner, “Radioactive Xenon in the Differential Diagnosis of Pulmonary Embolism,” RSNA, 1 

December 1968. [Online]. Available: 

https://pubs.rsna.org/doi/10.1148/91.6.1168#:~:text=Radioactive%20xenon%20was%20first%20

used,subsequently%20(6%E2%80%938).. [Accessed 9 June 2020]. 

[

7

]  

Farlex Partner Medical Dictionary, “excitotoxicity,” 2012. [Online]. Available: https://medical-

dictionary.thefreedictionary.com/excitotoxicity. [Accessed 9 June 2020]. 

[

8

]  

N. G. C. L. N. B. F. D. M. M. L. L.-L. C. W. M. Z. G. R. a. M. L. C Heurteaux, “TREK-1, a K+ channel 

involved in neuroprotection and general anesthesia,” 7 July 2004. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC449762/. [Accessed 6 June 2020]. 

[

9

]  

M. L. J. P. D. L. N. E. C. H. a. P. P. M. J Lavaur, “Neuroprotective and neurorestorative potential of 

xenon,” 7 April 2016. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4855665/. [Accessed 6 June 2020]. 

[

1

0

]  

S. P. A. R. C.-P. L. K. N. P. F. R. D. Katie Harris, “Neuroprotection Against Traumatic Brain Injury by 

Xenon, but Not Argon, Is Mediated by Inhibition at the N-methyl-D-aspartate Receptor Glycine 

Site,” November 2013. [Online]. Available: https://pubmed.ncbi.nlm.nih.gov/23867231/. 

[Accessed 12 June 2020]. 

[

1

1

]  

M. L. J. P. D. L. N. E. C. H. &. P. P. M. J Lavaur, “Xenon-mediated neuroprotection in response to 

sustained, low-level excitotoxic stress,” 16 May 2016. [Online]. Available: 

https://www.nature.com/articles/cddiscovery201618#Sec17. [Accessed 6 June 2020]. 

[

1

2

]  

Y. X. a. P. T. Lu Tian Liu, “Mechanistic Insights into Xenon Inhibition of NMDA Receptors from MD 

Simulations,” 18 June 2010. [Online]. Available: https://pubs.acs.org/doi/10.1021/jp101687j. 

[Accessed 6 June 2020]. 

[

1

3

]  

F. John Dingley, F. George P. Findlay, F. Bernard A. Foëx, P. John Mecklenburgh and F. 

Mohammed Esmail, “A Closed Xenon Anesthesia Delivery System,” Anesthesiology , vol. 94, no. 1, 

pp. 173-176, 2001.  

[

1

4

]  

J. D. Shilpa Rawat, “Closed-circuit Xenon Delivery Using a Standard Anesthesia Workstation,” 1 

January 2010. [Online]. Available: https://pubmed.ncbi.nlm.nih.gov/19861365/. [Accessed 12 

June 2020]. 



[

1

5

]  

E. Ferrari, G. Natale, F. Giunta and A. Paparelli, “Usefulness of i.v. administration of gas during 

xenon anaesthesia,” European Journal of Anaesthesiology, vol. 17, no. 1, p. 3, 2000.  

[

1

6

]  

H. S. M. S. Y. N. F. I. S. M. T Goto 1, “Xenon Provides Faster Emergence From Anesthesia Than 

Does Nitrous Oxide-Sevoflurane or Nitrous Oxide-Isoflurane,” Anesthesiology , June 1997. 

[Online]. Available: https://pubmed.ncbi.nlm.nih.gov/9197295/. [Accessed 16 June 2020]. 

[

1

7

]  

C. Ray, “Blood gas coefficient,” Open anesthesia, 2015. [Online]. Available: 

https://www.openanesthesia.org/blood-gas-coefficient/. [Accessed 16 June 2020]. 

[

1

8

]  

OpenAnesthesia, “Placental transfer: Anesth drugs,” OpenAnesthesia, [Online]. Available: 

https://www.openanesthesia.org/placental_transfer_anesth_drugs/#:~:text=All%20inhalational%

20agents%20and%20most,of%20the%20induction%20of%20anesthesia.. [Accessed 15 June 

2020]. 

[

1

9

]  

A. Gullo, “Feto-Neonatal effects of anaesthesia,” Anaesthesia Pain Intensive Care and Emergency 

Medicine, vol. 15, p. 663, 2000.  

[

2

0

]  

M. Bernard, “Volatile elements - water, carbon, nitrogen, noble gases - on Earth,” American 

Geophysical Union, December 2017. [Online]. Available: 

https://ui.adsabs.harvard.edu/abs/2017AGUFM.V22A..01M/abstract. [Accessed 15 June 2020]. 

[

2

1

]  

Multiple sclerosis trust, “Blood-brain barrier,” Multiple sclerosis trust, January 2019. [Online]. 

Available: https://www.mstrust.org.uk/a-z/blood-brain-

barrier#:~:text=January%202019,central%20nervous%20system%20(CNS).. [Accessed 16 June 

2020]. 

[

2

2

]  

R. D. a. A. Prat, “The Blood–Brain Barrier,” Cold Spring Harbor perspectives in biology, January 

2015. [Online]. Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4292164/. [Accessed 

16 June 2020]. 

[

2

3

]  

L. R. H. a. W. H. F. I. Neil J. Johnson, “Trigeminal pathways deliver a low molecular weight drug 

from the nose to the brain and orofacial structures,” 7 June 2010. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2892271/. [Accessed 16 June 2020]. 

[

2

4

]  

P. J. F. B. S. L. B. a. N. D. M. a. o. t. U. D. o. N. R. D. P. o. t. U. D. o. A. M. W. P. o. t. U. D. o. R. a. B. 

David Fernandez Lopez, “Blood-Brain Barrier Less Permeable in Newborns than Adults after Acute 

Stroke,” Journal of Neuroscience, 7 July 2012. [Online]. Available: 



https://www.ucsf.edu/news/2012/07/12305/blood-brain-barrier-less-permeable-newborns-

adults-after-acute-stroke. [Accessed 6 June 2020]. 

[

2

5

]  

D. Chakkarapani, “Can xenon help protect against neonatal brain damage?,” Bristol University, 8 

January 2020. [Online]. Available: http://www.bristol.ac.uk/blackwell/funding/case-

studies/2020/xenon-and-neonatal-brain-damage.html. [Accessed 16 June 2020]. 

[

2

6

]  

M. L. N. A. R. T. M. T.-B. P. J. C. A. R. B. G A Lane, “Anesthetics as Teratogens: Nitrous Oxide Is 

Fetotoxic, Xenon Is Not,” 21 November 1980. [Online]. Available: 

https://pubmed.ncbi.nlm.nih.gov/7434002/. [Accessed 16 June 2020]. 

[

2

7

]  

M. Takahisa Goto, M. M. Yoshinori Nakata and M. Shigeho Morita, “Will Xenon Be a Stranger or a 

Friend?: The Cost, Benefit, and Future of Xenon Anesthesia,” January 2003. [Online]. Available: 

https://anesthesiology.pubs.asahq.org/article.aspx?articleid=1943759. [Accessed 16 June 2020]. 

[

2

8

]  

The Conversation, “Science lesson: How anesthetics work, and why xenon’s perfect,” 11 

September 2017. [Online]. Available: https://theconversation.com/science-lesson-how-

anesthetics-work-and-why-xenons-perfect-83744. [Accessed 16 June 2020]. 

[

2

9

]  

1. T. E. I. D. M. S. K. a. V. B. Alexander Dobrovolsky, “Xenon in the treatment of panic disorder: an 

open label study,” 13 June 2017. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5470223/. [Accessed 16 June 2020]. 

[

3

0

]  

Anaesthesia UK, “Xenon,” 4 March 2005. [Online]. Available: 

https://www.anaesthesiauk.com/article.aspx?articleid=100347. [Accessed 16 June 2020]. 

[

3

1

]  

M. C. P. S. T. M. F. G. M. P. F. v. B. M. P. S. E. J. M. P. L. B. P. M. D. M. S. A. B. M. P. R. C. V. M. F. N. 

M. Nicola J. Robertson, “Which Neuroprotective Agents are Ready for Bench to Bedside 

Translation in the Newborn Infant?,” 9 February 2012. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4048707/. [Accessed 22 June 2020]. 

[

3

2

]  

M. P. a. D. M. F. M. Sandra E. Juul, “Pharmacological neuroprotective strategies in neonatal brain 

injury,” 12 December 2013. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3929237/. [Accessed 22 June 2020]. 

[

3

3

]  

B. Jack Davis, “What is the mTOR Signaling Pathway?,” 9 March 2020. [Online]. Available: 

https://www.news-medical.net/life-sciences/What-is-the-mTOR-Signaling-Pathway.aspx. 

[Accessed 22 June 2020]. 



[

3

4

]  

*. T. L. J. X. H. T. Y. W. H. Z. M. H. P. H. M. a. M. M. Daqing Ma, “Xenon Preconditioning Protects 

against Renal Ischemic-Reperfusion Injury via HIF-1α Activation,” April 2009. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2663824/. [Accessed 6 June 2020]. 

[

3

5

]  

Y. Zhang, “Xenon exerts anti-seizure and neuroprotective effects in kainic acid-induced status 

epilepticus and neonatal hypoxia-induced seizure,” September 2019. [Online]. Available: 

https://www.researchgate.net/publication/335672856_Xenon_exerts_anti-

seizure_and_neuroprotective_effects_in_kainic_acid-

induced_status_epilepticus_and_neonatal_hypoxia-induced_seizure. [Accessed 6 June 2020]. 

[

3

6

]  

1. D. O. E. M. T. W. a. M. T. Hemmen Sabir, “Xenon Combined with Therapeutic Hypothermia Is 

Not Neuroprotective after Severe Hypoxia-Ischemia in Neonatal Rats,” 2 June 2016. [Online]. 

Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4890818/. [Accessed 6 June 2020]. 

[

3

7

]  

T. G. Y. N. S. M. Y Nakata 1, “Cost Analysis of Xenon Anesthesia: A Comparison With Nitrous 

Oxide-Isoflurane and Nitrous Oxide-Sevoflurane Anesthesia,” September 1999. [Online]. 

Available: https://pubmed.ncbi.nlm.nih.gov/10526826/. [Accessed 20 June 2020]. 

[

3

8

]  

M. P. Carl Lynch, P. Jan Baum, M. P. Rob Tenbrinck and E. Richard B. Weiskopf, “Xenon 

Anaesthesia,” March 2000. [Online]. Available: 

https://anesthesiology.pubs.asahq.org/article.aspx?articleid=1945725. [Accessed 20 June 2020]. 

[

3

9

]  

A. E. N. M. H. Zornow, “Xenon anaesthesia for all, or only a select few?,” 17 August 2016. 

[Online]. Available: https://onlinelibrary.wiley.com/doi/full/10.1111/anae.13569. [Accessed 20 

June 2020]. 

[

4

0

]  

J. John Dingley, “Closed circuit xenon delivery for 72h in neonatal piglets following hypoxic insult 

using an ambient pressure automated control system: Development, technical evaluation and 

pulmonary effects,” 21 January 2020. [Online]. Available: 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224447. [Accessed 20 June 

2020]. 

[

4

1

]  

Birth Injury Guide, “Neonatal Therapeutic Hypothermia,” 5 January 2020. [Online]. Available: 

https://www.birthinjuryguide.org/birth-injury/treatment/neonatal-therapeutic-

hypothermia/#:~:text=Neonatal%20therapeutic%20hypothermia%20is%20a,and%20slow%20do

wn%20disease%20progression.. [Accessed 20 June 2020]. 

[

4

2

]  

P. G. D. J. L. C. Christoph M Rüegger 1, “Xenon as an Adjuvant to Therapeutic Hypothermia in 

Near-Term and Term Newborns With Hypoxic-Ischaemic Encephalopathy,” 20 August 2018. 

[Online]. Available: 

https://pubmed.ncbi.nlm.nih.gov/30123976/#:~:text=Although%20therapeutic%20hypothermia

%20(cooling)%20has,better%20neuroprotection%20than%20cooling%20alone.. [Accessed 20 

June 2020]. 



[

4

3

]  

A. R. D. E.Oorschot, “Xenon Combined With Hypothermia in Perinatal Hypoxic-Ischemic 

Encephalopathy: A Noble Gas, a Noble Mission,” February 2018. [Online]. Available: 

https://www.sciencedirect.com/science/article/abs/pii/S0887899417312389#:~:text=Combining

%20both%20hypothermia%20and%20xenon,another%20NMDA%20glutamate%20receptor%20a

ntagonist.&text=Xenon%20at%2050%25%20in%20conjunction,three%20hours%20after%20sever

e%20HI. [Accessed 20 June 2020]. 

 

 

 

 

 


