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Introduction: Caudwell Xtreme Everest was an observational cohort study of 

variation in human adaptation to progressive environmental hypobaric hypoxia 
conducted between England and Nepal in 2007. 

Objectives: To describe the spectrum of adaptive responses in humans exposed 

to graded environmental hypobaric hypoxia and identify factors (physiological and 

genetic) associated with inter-individual variation in these responses.  To explore 

the utility of this approach as a model for disease states where hypoxaemia 

(and/or cellular hypoxia) is a key feature (cause or consequence) of the disease 

and thereby improve understanding, and develop novel therapies in such 

conditions. 

Design: Observational cohort study of progressive incremental exposure to 

environmental hypobaric hypoxia.  

 

Setting: University human physiology laboratory in London, UK (75m) and 7 field 

laboratories in Nepal at 1300m, 3500m, 4250m, 5300m, 4250m, 6400m, 7950m 

and 8,400 (just below the summit of Mount Everest) . 

 

Participants:  198 healthy volunteers and 24 investigators trekking to Everest 

Base Camp (5300m).  A subgroup of 14 investigators studied at altitudes up to 

8400m on Everest. The completion rate for planned testing was more than 99% 

in the investigator group and more than 95% in the trekkers overall. 

 

Main outcome measures: Exercise capacity (VO2 max and lactate (anaerobic) 

threshold) and exercise efficiency (ΔVO2:ΔWork relationship), brain and muscle 

NIRS (at rest and during exercise), plasma inflammatory markers and nitrate 

metabolites, allele frequencies of known or suspected hypoxia responsive genes, 

spirometry, neurocognitive testing, pupilometry.  In nested subgroups: 

microcirculatory imaging (SDF), muscle biopsies with proteomics and 

transcriptomics, continuous cardiac output measurement, arterial blood gas 

measurement, trans-cranial Doppler during exercise, gastrointestinal tonometry, 

thromboelastography and ocular saccadometry. 

 

Results: Of 198 healthy volunteers leaving Kathmandu, 190 reached Everest 

Base Camp (5300m).  All 24 investigators reached basecamp. Unique 

measurements were safely performed at extreme altitude, including the highest 

measurements of exercise capacity, cerebral blood flow and microvascular blood 

flow at 7950m and arterial blood gas measurement at 8400m. In four femoral 

arterial samples taken at 8400 m (27,559 ft), at which altitude the barometric 

pressure was 36.3 kPa, the mean PaO2 in subjects breathing ambient air was 

3.28 kPa (24.6 mm Hg), with a range of 2.55 to 3.93 kPa (19.1 to 29.5 mm Hg). 

The mean PaCO2 was 1.77 kPa (13.3 mm Hg), with a range of 1.37 to 2.09 kPa 

(10.3 to 15.7 mm Hg) (ref below: Grocott et al. N Engl J Med. 2009). 
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Conclusions: This study demonstrates the feasibility and safety of conducting a 

large, controlled, healthy volunteer cohort study of human adaptation to hypoxia 

in this difficult environment. Systematic measurements of a large set of variables 

were achieved with high fidelity in 222 subjects at altitudes up to 5300 metres.   

The resulting dataset is a unique resource for the study of genotype:phenotype 

interactions in relation to hypoxic adaptation. 
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