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Introduction

e Introduction to Xtreme Everest
e Some views on teamwork in science and research

e Caudwell Xtreme Everest 2007 — a case study of
critical care research teamwork

* What can we learn from Xtreme Everest ten years
on



Introduction to Xtreme Everest

Xtreme Everest Oxygen Research Consortium — a
collaboration between (founding partner) University
College London, University of Southampton and
Duke University, North Carolina, USA



CASE Medicine

UCL Centre for Altitude, Space and Extreme
Environment Medicine

Founded at the end of the nineties

Clinicians and scientists with specialist interests and
training in medicine and the physiology of extreme
environments.

Aimed to use the study of human systems exposed to
these environments to increase our understanding of
critically ill patients.



One approach
= to critical care
/7 research

(Image shown with permission)






Use models

Laboratory Healthy volunteers







Why research at high altitude?

* Model for understanding critical illness

« EXxercising volunteers at high altitude are
experiencing similar physiological
challenges to critically ill patients
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Acute hypoxia
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Why Research on Everest?

 Traditional explanation of adaptation to
altitude fails to explain differences in
performance between individuals
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Some views on teamwork in
science and research



Teamwork in healthcare

A systematic concept analysis in 2008 concluded
teamwork to be "a dynamic process involving
two or more healthcare professionals with
complementary backgrounds and skills, sharing
common health goals and exercising concerted
physical and mental effort in assessing,
planning, or evaluating patient care”

Xirychis et al 2008



“The Scientist”, Culotta 1993

* No single person is able to contribute all the
necessary expertise to solve increasingly
complex problems

* Research teams need a shared mission, a good
organisational structure, and plenty of
interpersonal interactions, says John Kutzbach

e Collaborations with an element of fun are
most productive



Science of team science (SciTS)

“Mapping a research agenda for the science of
team science”, Research Evaluation, 2011

“An increase in cross-disciplinary, collaborative team science
initiatives over the last few decades has spurred interest by
multiple stakeholder groups in empirical research on scientific
teams, giving rise to an emergent field referred to as the
science of team science (SciTS).”

NIHR and NIH supported



Improving teamwork in anaesthesia and
critical care - BJA, Brindley 2014

Five teamwork principles

“To create a high-
performing team we must
understand the reality of
the multidisciplinary
team, how human factors
impact on their
performance, and the
nature of how the
different disciplines work,
interact, and train.”

Leadership

e Coordination

Mutual support
Situation monitoring
Communication



Caudwell Xtreme Everest 2007 — a
case study of critical care research
teamwork

Using Brindley’s five teamwork principles



Leadership




Coordination (Project

Management)
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Investigators — 45

Medics, anaesthetists,
surgeons and GPs

Nurses,
physiotherapists and
dieticians
Physiologists
Research scientists
Medical students

Gap year students




Subjects — 222

* 24 investigators

* 198 trekkers included:
v’ Record producer

v’ Dry stone waller

v’ Retired fighter pilot




Sherpa colleagues

Climbing Laboratory and trekking
| B 4‘
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Logistics team




Equipment

e >26 metric tonnes
e >1000 containers
e >Im items

Including
Devices

1 Disposables
Medical kit

TONNE | [
". Generators and inverters

(METRIC TON) Food treats
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Situation Monitoring

Safety

Science

(Summit)

Expedition Management Group

* +/- Climbing Management Group

Laboratory
Management

Medical management
Publicity

Use of photographs
Scientific publications



Delivering robust
data

o Feam

b|||ty

. Valldatlo\
— Pilot dat2 '\

e Sea- Ievel studies
— Physiology laboratory
: 'onmental chamber

Alps. 005 & 2006
o Oyu 2005
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Communication

Internal External

* Set up and project * Website (using BGAN)
development * Press and public relations

* Inter-laboratory * Journal articles

communications —using
satellite phones and two
way radios

 Overcoming isolation from
family and friends



Study groups

I _ CXE =
‘Trekkers’ ‘Investigators’
n=198 n=24

Healthy volunteers Volunteer Investigators

13 treks of 16 subjects Study length 75 days
Study length 14 days

London 50m - EBC 5300m

EBC Staff Climbers
n=10 n=14
London - EBC London - EBC

+ EBC (week 9) + 5300-8400m
+ EBC (week 9)




Phenotypic Variables

B

Trekkers (n = 7198 Investigators (n =24)
VO, max and AT In addition...

Oxygen efficiency Arterial blood gases
Hb and Hct Skeletal muscle biopsies
Inflammatory markers Sublingual microcirculation
Muscle NIRS Gastric tonometry / DO,
Brain NIRS Cerebral Doppler
Spirometry Body composition change

Neurocognitive testing Resting metabolic rate
Weight change Nutritional studies
Sleep studies Structural brain MRI
Smell and taste MR spectroscopy
Retinal Photography Eye saccades
Laryngoscopy
Thromboelastography

[Pulmonary vascular response]




Research expedition model

Repeated measures of a core data set
as environmental oxygen decreased
on ascent to Everest Base Camp,

and in sub group, to Summit
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Success?

« Safety
« All significant iliness evacuated safely with good outcome
« 8 turned back, 4 evacuations

e Sclence

« >93% of planned testing completed

* Reliable and valid measurements

 Largest controlled human physiology experiment at altitude
« Highest measurements of several variables

* Climbing success

« 190/198 trekkers to basecamp
« 25 climbers to summit (8 doctors, 2 cameramen, 15 sherpas)



What can we learn from Xtreme Everest ten
years on?



Xtreme Everest Oxygen Research Consortium

12 research studies

e Cho Oyu 2005

e Cho Oyu 2006

e Caudwell Xtreme Everest 2007
e Young Everest Study 2007

e CXE 2009

e Xtreme Alps 2010

e Bedford School 2012

e Simulated Altitude Study 2012
e EMC2 2012/3

e XE2 2013

e YES 2 2013

e XEX 2017
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Pubmed search — 22" May 2017

e 34 listed articles
— Cho Oyu 2006 - 1

— CXE - 26

— CXE 2009 - 1 -
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— Miscellaneous — 1
HUMAN PHYSIOLOGY AT EXTREME ALTITUDE

Does not include
numerous invited reviews
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Oxygen Saturations, Haemoglobin and Oxygen Content (Trekkers)

B sac2
200 B Hasmaglabin gi
B Cixygen Content mis

120

Mean

1005

m—

Landon Tom  Kalbmandu  Mamche 3500m  Fherichea Everps! Basa
1 300m 4200 Camg 5300m

Laboratory and Altitude



Mean maximum V02 I/min

Maximum Oxygen Consumption at Altitude, Trekkers n=190

London

l37.8

Kathmandu

Namche

Laboratory

Error Bars: +/- 1 SD

Pheriche

Everest Base
Camp

~ 30

=20

~10

Uy B/sSjuu ZOA WINUUIXeW ueapyy









Haemoglobin, Arterial Oxygen Saturations and Oxygen Content (Climbers
n=14)

B sac2
200 B Haamaglobin g
B Covgen content mis/

Londan 75%m Kathmandu MNamche  Pheriche  Evarast Evarnst
1300m 300m 4250m  Base Camp Hase Camp
Eary 5300m late 5300m

Location and Altitude



Mean Maximum Oxygen Consumption /min

Maximum Oxygen Consumption at Altitude, South Col Team, .

5 e
451
38.3
4_
3 -
2 -

Pherichi estern  South Col

London Kathmandu Namche Everest
75m 1300m 3500m 4250m\ Base Camp J Cwmn 7950m Base Camp
early 65400m Late 5300m

LOCATTO

Error Bars: +/-1 SD

50

- 40

~ 30

20

10

uny By sjuw uondwnsuo) uabAx) wnuixep ueapy



Maximum Oxygen Consumption at Altitude, South Col Team, .
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Maximum Oxygen Consumption at Altitude, South Col Team, .
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Microcirculatory
dysfunction

Martin EJAP 2009



Microcirculation

Small vessel MFI
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Metabolic basis to Sherpa altitude
adaptation — Horscroft et al, 2017

Himalayan Sherpas highly adapted to life in a
oW oxygen environment

Does enhanced tissue oxygenation and delivery
nlay a role?

n Sherpa/Lowlander comparison, Sherpas
showed lower capacity for fatty acid oxidation,
enhanced efficiency of O, utilisation, improved

muscled energetics, and protection against
oxidative stress

x%- gl'REM =
CNVNCIRRCGCST



CXE: A prospective study of the effects of
environmental hypoxia on cognitive
functioning — Griva et al, 2017

Overall, attention, verbal ability and executive function
declined in those exposed to hypoxia compared with
controls

Memory and psychomotor function showed decline at
highest ascent only

Considerable inter-individual variability in the response
to sustained hypoxia

Cognitive decline was greater amongst older people

Not associated with mood, socio-demographic, or
physiological variables

J\%o gl'REME
CNVNCIRRCGCST
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Arterial Blood Gases and Oxygen Content
in Climbers on Mount Everest

Michael P.W. Grocott, M.B., B.S., Daniel S. Martin, M.B., Ch.B.,
Denny Z.H. Levett, B.M., B.Ch., Roger McMorrow, M.B., B.Ch.,
Jeremy Windsor, M.B., Ch.B., and Hugh E. Montgomery, M.B., B.S., M.D.,
for the Caudwell Xtreme Everest Research Group*
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“Everest in utero”

PaO, ~ 2.5-3.0 kPa

 Foetus In utero

* Diving Seals

« Everest Climber




So what?



Implications for practice

We can measure gross oxygen delivery

More difficult to measure oxygen delivery
at cellular level

The two do not necessarily correlate
Beware hyperoxia

Good saturations do not always suggest
adequate availablility of oxygen at cellular
level
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TOXYC

RfPB funded study

Two sites recruiting

Royal Free Hospital, London
University Hospital Southampton
Tight oxygen control
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Ultimate team collaboration: Xtreme
Everest 10 years on

* No single person is able to contribute all the
necessary expertise to solve increasingly
complex problems

* Research teams need a shared mission, a good
organisational structure, and plenty of
interpersonal interactions

e Collaborations with an element of fun are

most productive
“The Scientist”, Culotta 1993



o N IRCN4C

CNTCIRCEST

i

IOTH ANNIVERSARY

WWWw.xtreme-everest.co.uk
@XtremeEverest



http://www.xtreme-everest.co.uk/

