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Science Beyond the Boundaries is a network of science centers, large and small, reaching over 10 million visitors annually 
throughout the United States and Canada. The network’s purpose is to connect science center visitors with the advancing 
frontiers of science and facilitate the connection between scientific research and their lives. There are no costs associated 
with membership in the network or materials created for network projects. For information about joining the network, email 
boxer@slsc.org. Network members submitted these questions to the scientists from: Headwaters Science Center, Bemidji, MN, 
Ontario Science Center, Toronto, ON, Saint Louis Science Center’s YES Teen program, Reuben H. Fleet Science Center, San Diego, 
CA and Rosa Parks Elementary School, San Diego, CA.
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What is the goal of the Caudwell Xtreme Everest Expedition? 
As an intensive care doctor, every day of my working life, I struggle with patients who are exposed to 
low oxygen levels, some of whom, sadly, die.  What we learn on Everest could help us to treat these 
patients better. Our goal is to learn more about how the body copes with low oxygen levels. Intensive 
care patients have low oxygen levels for a number of different reasons; for example, with pneumonia, 
their lungs are not working properly. The healthy volunteers in our study, the trekkers on the expedi-
tion, will be exposed to low oxygen levels.  Some will cope with this much better than others, as often 
happens with our patients in the hospital.  We want to identify what it is about the star performers that 
allows them to do so well.  My research in particular asks the questions:  “Are the star performers using 
oxygen more efficiently than the poor performers?  Like a fuel-efficient car, are they getting more 
energy from each molecule of oxygen (more miles to the gallon)?”  If we identify what it is that allows 
them to perform so well, we may, in the future, be able to use this knowledge to design drugs and 
treatments to help our patients. – Dr. Denny Levett (DL)
 
Why are you doing the study on Everest instead of in the hospital or lab?  
Firstly, the patients on intensive care are a very varied bunch.  If we want to look at the response to low 
oxygen levels alone, it is often difficult to tease this out when there are a lot of other interacting effects 
due to their different illnesses.  Secondly, a lot of our patients are sedated and essentially asleep.  It is 
therefore difficult to ask them if they want to take part in research, and it is important that individuals 
understand that they are going to be involved in an experiment and that they agree to this.  It is 
possible to simulate low oxygen levels in specially-designed, low-pressure chambers but these only fit 
a few people, not the large group of 208 trekkers that we need to investigate the response to low 
oxygen levels thoroughly.  In the chambers, they would have to spend a long acclimatizing, just as our 
trekkers do on the way to Everest Base Camp. It's a lot less fun sitting in a chamber for two weeks 
though, and we are not sure we would have had many volunteers!  Finally, chambers are actually very 
expensive to run, so contrary to some people’s belief, it is actually most cost effective to do the study in 
the field. (DL)

Do some people cope better with low oxygen than others? 
The simple answer is “yes”. There’s no question that some people do cope better with low oxygen levels 
than others, but we don’t really know why in most situations. The best indicators we’ve got so far are 
genetic and they’re still quite sparse. So if you want to predict who out of a group of people will do 
well, the only real predictor we have is how they’ve done previously. It’s also not clear whether people 
who go repeatedly to altitude actually get better at it. There is a small amount of data that suggests 
that some genes are associated with doing better at altitude and, interestingly, the same genes seem 
to be associated with doing better in intensive care. – Dr. Mike Grocott (MG)
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How do our bodies become modified to cope better in low oxygen environments? 
The story that we as scientists and doctors have always told is that the body responds to low oxygen levels 
by improving the flow of oxygen from the atmosphere, down to the cells.  People breathe more and their 
heart pumps more strongly. They get more hemoglobin so they can carry more oxygen in the blood. They 
develop more small blood vessels in the muscles, for example, so that they can get more oxygen down into 
the muscles. Now, that story is true and it explains what happens in any particular individual. But the 
problem is that it doesn’t explain differences between people. Some people do really well at altitude and 
others really struggle. (MG)

Why can Sherpas tolerate the low oxygen environment so well? 
The Sherpas are a group of people who live high in the mountains. They’re Tibetan in origin. They form an 
incredibly important part of any Himalayan expedition. Some are very skilled climbers and they tolerate 
high altitudes very well. The reasons behind this are not clearly understood although it’s almost certainly 
due to their genetic makeup. For generations these people have lived in the mountains and their genes 
that help them tolerate low oxygen have been passed on. We’re not really sure what that translates to in a 
physiological sense. If you look at groups of Sherpas, they’ll often have less oxygen going around in their 
blood than Western people at the same altitude but, despite that, they still perform much better than we 
do. Perhaps they’re just much better able to extract oxygen from their blood and use it. The cells of their 
body may be able to use oxygen in a much more efficient manner than we can. But I think there’s a lot 
more research to be done in that area. – Dr. Daniel Martin (DM)

Please clarify why an extra couple of meters of altitude would make the ascent impossible without 
supplementary oxygen? 
It seems a very strange coincidence that the height of Mt. Everest is pretty much at the absolute limit of 
human tolerability without oxygen. People have now been able to climb Mt. Everest without oxygen, but 
it’s only very, very few people who are able to do this. Those that have done it have terrible descriptions of 
it, and they are really almost breathing their last breath when they get to the summit. If the summit were 
any higher, then we certainly would not be able to reach it because there would not be enough oxygen in 
our blood stream to supply our organs, our brain, our muscles and our heart. Any further ascent would lead 
to unconsciousness and, unfortunately, death. It’s quite bizarre that Mt. Everest is just at the “peak”, if you 
like, of what we can do physiologically without oxygen. (DM)

What kinds of animals and plants do you expect to see this spring? 
When we’re high on Everest there are very few animals and plants at all. It’s a harsh landscape with rocks 
and snow and ice and the only animals we see are the birds. There are some birds that fly up above 8,000 
meters. There are some rook-like birds called goracks that sometimes come and tear up our tents on the 
South Col which can be very disappointing. There are also some geese that actually fly over the top of Mt. 
Everest. Lower down, there is some wonderful wildlife in Nepal. There are snow leopards that, unfortu-
nately, I’ve never seen. I think it’s very rare that anybody sees them. The yaks are amazing beasts. Some of 
them are used for carrying loads from the bottom of the mountain to the base camp. Yaks are kind of like 
huge, hairy cows with big horns. (MG)

What’s the temperature difference between the top and the bottom? 
Usually there’s about a six-degree celsius drop in temperature for every 1,000 meters in altitude gain and 
it’s very roughly 4,000 meters between Everest base camp and the top. So, we’re looking at at least a 24-
degree celsius drop in temperature between Everest base camp and the top of the mountain. Quite a lot of 
time it’s freezing at base camp, especially early in the season, so we expect it to be very cold on top. Having 
said that, on a really clear day when it’s sunny and not too windy and there’s lots of sun being reflected 
back off the snow it can be above freezing on the top of Everest. (MG)
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Is it harder to breathe at the top of the mountain? 
Because the air is thinner, it is actually easier to get the breath into your lungs, but, because you’re so 
short of oxygen, you end up breathing very hard because you have to move a lot of air to get enough 
oxygen into your lungs. Although it is easier to take a single normal breath, you end up having to take 
many, many breaths. People take big breaths and they breathe very, very fast. Breathing becomes very 
hard work up there.  (MG)

Do you feel less energized because the mitochondria have less oxygen to create energy? 
Certainly many people feel tired at altitude. There’s a shortage of oxygen so the mitochondria are going 
to be struggling a little bit. One of the key questions that we’re trying to investigate is whether the mito-
chondria become more efficient. The usual story explains how people perform better at altitude by 
getting more oxygen from the air to their cells, to the mitochondria, by breathing more and pumping 
more blood around the body. We’re very keen to investigate whether, in addition to that, the mitochon-
dria get more efficient in the same way a car engine can be tuned to run more efficiently. (MG)

How will the data gathered by the scientists help critically ill patients? 
About 95% of patients who become critically ill have problems with low oxygen levels and we’ll be able 
to take back the information we gain from the mountain into the intensive care unit and better under-
stand what happens to people there. One of the problems with doing research on patients who are 
critically ill is that it’s very difficult to tease out what is causing the patient to have a problem -- whether 
it’s actually due to their illness or whether it’s due to low oxygen levels. So if you take a group of people 
who are normally fit and well and expose them to lower and lower levels of oxygen, you’re better able to 
determine what that low oxygen level is doing to a person. – Kay Mitchell (KM)

How difficult will it be to set up laboratories at such high altitudes? 
How will the team get the equipment up the mountain? It is incredibly difficult to set laboratories up at 
such high altitudes because the environment is extremely harsh. In some of the locations where we’re 
putting the labs we’re having to dig out a flat piece of ground to put the tents on and then put the equip-
ment into them. That’s really hard work, but also, you’ve got to get the equipment up there and the only 
way to get the equipment up there is to carry it. We’ll be working with a team of extremely strong Sher-
pas. They’re an incredible group of people and they’ll be carrying everything up for us. A piece of equip-
ment may weigh 2 kilograms but at 5,000 meters, it feels a lot less heavy than 2 kilograms feels at 8,000 
meters. The higher and higher you go, the less and less you are able to carry. The rules are that you don’t 
let porters carry more than 20 kilos above 7 thousand meters but 20 kilos is a huge amount to carry and 
certainly something I wouldn’t want to try to attempt at any stage. (KM)

How much oxygen do you need to climb Mt. Everest? 
We’re going to be giving our climbers, including the scientists, 2 liters of oxygen a minute from the time 
they get to the altitude of about 7,500 meters. Because it takes you about 14 hours to get to the top from 
your last camp and then back down again, we reckon that will be around about 12 hundred liters per 
person. (KM)

What would happen if you were climbing up to the top and you ran out of oxygen? 
First of all, we’ve planned this expedition very carefully and we’re confident that we’ve done the math 
right so that no one will run out of oxygen. We’ll have lots of Sherpas carrying spare bottles of oxygen so 
that, if anyone uses more oxygen than we anticipated they would, we’ll be able to resupply them with no 
problem. However, if, worse case scenario, someone did run out of oxygen and they didn’t have a Sherpa 
next to them with a spare cylinder, then our rules of engagement are that they turn back around and go 
back down the mountain. Our absolute primary goal is to make sure that people are as safe as they can 
be while they are up there, and safety takes a higher priority than getting to the summit. We don’t want 
them ever to run out, but if they do, they’ll head straight back down the mountain. (KM) 
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