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01Scientific Program

Day 1 Thursday 12 
16.45 –17.45  Keynote #1: 
 Professor Danny Green: 
 Introducing “Arteriology”: The key  
 role of clinical exercise scientists in 
 decreasing the future burden of
 cardiovascular health

17.45 – 20.00 Scientific Session # 1: 
 Vascular Physiology

17.45 –18.00 DH Craighead, BP Ziemba, KA Freeberg, 
 MJ Rossman, BC Brown, T Nemkov, JA Reisz, 
 A D’Alessandro, M Chonchol, EF Bailey, DR Seals:  
 Inspiratory muscle strength training   
 improves endothelial function in older  
 adults: Possible role of circulating factors

18.00 –18.15  JC Tremblay, PN Ainslie, R Turner, C Siebenmann: 
 Vascular function in hypobaric hypoxia:  
 Time course and contribution of   
 hemoconcentration

18.15 –18.30  JL Taylor, JS Coombes, DJ Holland, SE Keating, 
 DJ Green, TG Bailey: High intensity interval  
 training is superior to standard cardiac  
 rehabilitation for artery function but 
 not stiffness 

18.30 –18.45  CC Wiggins, PB Dominelli, JW Senefeld, 
 JRA Shepherd, Uchida, K, SE Baker, MJ Joyner:  
 Skeletal muscle blood flow during   
 handgrip exercise in hypoxia: Influence  
 of high-affinity hemoglobin
   
18.45 –19.00  RL Hoiland, HG Caldwell, BS Stacey, TG Dawkins,  
 CA Howe, J Carr, LM Boulet, DA Shkredova,  
 DJ Green, DM Bailey, DB MacLeod, MS Sekhon,  
 PN Ainslie: Nitric oxide dependent shear-  
 mediated dilation is a non-obligatory   
 component of cerebrovascular CO2   
 reactivity in humans 

19.00 –19.15  N Ravanelli, A Debray, CW Usselman, 
 SA Romero, D Gagnon: Endothelial   
 sensitivity to exercise-induced shear 
 rate in postmenopausal women and   
 age-matched men

19.15 –19.30 MM Tymko, JS Lawley, PN Ainslie, AB Hansen, 
 F Hofstaetter, S Rainer, S Amin, CD Steinback, 
 G Moralez, C Gasho, G Vizcardo, D Bermudez, 
 F Villafuerte, CM Hearon Jr.: Global reach   
 2018: Heightened alpha adrenergic   
 signaling impairs endothelial 
 function during chronic exposure to   
 hypobaric hypoxia

19.30 –19.36  TL Atwater, LM Boulet, CV Brown, BM. Shafer,   
 TD Vermeulen, PD Cotton, GE Foster: 
 Sex differences in the coronary vascular  
 response to metaboreflex activation   
 during acute hypoxia

19.37 –19.43  LM Muller, E Vilac, J Biddlecombe, 
 M Rakobowchuk: Reactive hyperemia
 testing to assess vascular function
 amongst active and inactive
 asymptomatic individuals
  
19.44 –19.50  J Motruk, L Lidher, C Melvin, M Kilar, 
 M Rakobowchuk: The impact of high
 intensity exercise on carotid artery
 longitudinal kinetics 

19.51 –19.58  JMJR Carr, RL Hoiland, HG Caldwell, CA Howe,
 GB Coombs, DJ Green, PN Ainslie:
 Independence of endothelial
 vasodilation in the cerebral and
 peripheral vasculatures

20.00 Buffet Dinner – Silver Star Town Hall

Day 2  Friday 13
7.30 – 8.30  Keynote #2:
 Professor Frank Powell:
	 Adaptations to hypoxia: Lessons in   
 comparative physiology

8.45 –11.00 Scientific Session #2:  
 Respiratory Physiology 

8.45 – 9.15 Chair and first speaker:
 Dr. Lee Romer: Causes and consequences  
 of exercise-induced respiratory 
 muscle fatigue

9.15 – 9.30 F. Niro, B. Dubuc, K. Gaynor-Sodeifi, D. Jensen:  
 Measuring human diaphragm electrical 
 activity: Influence of breathing pattern 
 and end-inspiratory lung volume

9.30 – 9.45 KG Boyle, *RA Mitchell, AH Ramsook, 
 MS Schaeffer, MS Koehle, AW Sheel, 
 JA Guenette: The influence of diaphragm  
 fatigue on the intensity and    
 unpleasantness of dyspnoea during 
 high intensity cycling

9.45 –10.00 ZIN Kohoko, PJ Drouin, ME Tschakovsky:   
 Exercising muscle deoxygenation as 
 a mediator of reduced exercise capacity  
 in restrictive pulmonary disease
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02.03

10.00 –10.15 CM Gee, AM Williams, CM Peters, ND Eves, 
 AW Sheel, CR West: Expiratory loading   
 acutely alters left-ventricular geometry 
 in cervical spinal cord injury

10.15 –10.30 G Stewart, C Fermoyle, B Borlaug, B Johnson:   
 Pulmonary gas transfer dysfunction   
 during exercise right heart    
 catheterization in heart failure with   
 preserved ejection fraction 

10.30 –10.36 BJ Lazar, S Nguyen, MG Betton, E Olar, TA Day: 
 Respiratory sinus arrhythmia reactivity 
 is unchanged in acute hypoxia and
 hyperoxia

10.37–10.43 J Zhang, MR Schaeffer, SS Dhillon, 
 ON Hutchinson, AH Ramsook, RA Mitchell, 
 KG Boyle, N Syed, JH Puyat, JA Guenette:
 Multidimensional assessment of
 breathlessness in healthy adults 
 during exercise

10.44 –10.50 CA Howe, S Verges, B Champigneulle, E Stauffer,  
 B Deschamps, A Pina, I Hancco, PN Ainslie
 Validity of a non-invasive assessment of  
 pulmonary gas exchange efficiency during
 rest and exercise in high-altitude residents	

10.51–10.57 A Patrician, C Gasho, B Spajic, HG Caldwell, 
 I Drvis, Z Dujic, PN Ainslie: Breath-hold diving 
 beyond 100 meters – physiological 
 responses in a world champion

11.00 –11.15 Refreshment break

11.15 –13.30 Scientific Session #3:
 Pregnancy and Exercise Physiology

11.15 –11.45   Chair and first speaker:
 Dr. Margie Davenport: Extremes of
 exercise physiology: Pregnancy

11.45 –12.00  M France., Á Brislane., DA Low., H Jones, 
 ND Hopkins, VS Sprung: The effect of a
 moderate-intensity exercise intervention
 on vascular function during pregnancy

12.00 –12.15 RJ Skow, GM Fraser, MH Davenport, 
 CD Steinback: Sympathetic regulation of
 blood pressure in normotensive second 
 & third trimester pregnant women

12.15 –12.30  LM Reyes, CW Usselman, R Khurana, RS Chari,
 MK Stickland, ST Davidge, C Julian, 
 CD Steinback, MH Davenport: Sympathetic
 nervous system activity and reactivity 
 in women with preeclampsia

12.30 –12.45  McLaughlin K, M Audette, S Carmona, 
 JC Kingdom: Failure of first-line Labetalol
 therapy in pregnant women is associated
 with adverse pregnancy outcomes

12.45 –13.00  LEM Finnigan, R Lotto, M Horan, R Dhannapuneni,
 R Guerrero, A Lotto, H Jones: Can cerebral
 blood flow provide an insight into
 successful weaning from paediatric
 extracorporeal membrane oxygenation?

13.00 –13.06  T Liu, PJ Drouin, N Preobrazenski, JT Bonafiglia, 
 H Islam, BJ Gurd, ME Tschakovsky: 
 Hypoperfusion at submaximal power 
 outputs contributes to the attenuation of 
 VO2max in supine vs. upright incremental
 cycling exercise

13.07–13.13  W Bostad, DG McCarthy, MJ Gibala: 
 Sprint interval training increases
 maximal cardiac output 

13.14 –13.20  DG McCarthy, W Bostad, MJ Gibala: 
 The effect of a ketone monoester 
 supplement on exercise metabolism 
 and performance

13.21–13.28   T Strandt, M Rakobowchuk: The impact of
 exogenous ketone salt supplementation
 on oxygen uptake kinetics during heavy
 intensity exercise 

13.29 –13.35 JJ Walsh, E Myette-Cote, JP Little: The effect of
 exogenous ketone monoester  
 ingestion on BDNF during an oral glucose
 tolerance test

13.35 –14.10  Lunch in the Auditorium 
 
14.10 –16.45 Scientific Session #4: 
 Environmental Physiology 

14.10 –14.40 Chair and first speaker:
 Dr. Tatum Simonson: 
 Adaptation and maladaptation 
 to high altitude: Mount Everest 
 to Machu Picchu

14.40 –14.55 RM Stone, JC Tremblay, J Akins, PN Ainslie, 
 DB MacLeod, CA DeSouza, AR Bain:
 Oxidative stress impairs vascular
 endothelium- dependent vasodilation
 in hypobaric hypoxia

Scientific Program

14.55 –15.10  JD Bird, A Kalker, JS Chan, AN Rimke, 
 G Chan, G Saran, RJA Wilson, TD Brutsaert, 
 NG Jendzjowsky, MT Sherpa, TA Day: Severity
 of central sleep apnea does not improve
 sleeping oxygen saturation during
 ascent to high altitude 

15.10 –15.25 MG Rieger, CM Tallon, GR duManoir, D Perkins, 
 S Piombo, I Algaze Gonzalez, M Stembridge, 
 K Smith, PA Ainslie, DM Cooper, AM McManus: 
 Cerebrovascular responses to exercise 
 in lowlander children and adults at 
 high altitude

15.25 –15.40  LM Brewster, AR Bain, VP Garcia, R Stone, 
 NM DeSouza, JJ Greiner, M Tymko, FC Villafuerte,
 PN Ainslie, CA DeSouza: Dysfunctional
 extracellular microvesicles in
 Andean highlanders with chronic
 mountain sickness

15.40 –15.55 VL Meah, RJ Skow, K Sherpa, CD Steinback, 
 MH Davenport: Queens of the mountain:
 Cardiovascular responses to exercise in
 high-altitude sherpa women

15.55 –16.10 ER Vanden Berg, GM Fraser, L Berthelsen, 
 AR Steele, VL Meah, LL Simpson, MM Tymko, 
 FC Villafuerte, PN Ainslie, M Stembridge, 
 JP Moore, CD Steinback: Mechanisms
 regulating the pressor reponse to 
 apnea at high altitude

16.10 –16.16  K Pham, EC Heinrich: High-altitude exposure
 increases inflammatory pathway gene
 expression associated with toll-like
 receptor 4 signaling

16.17–16.23 PJ Drouin, JJ Walsh, T Day, J Swart, 
 ME Tschakovsky: Perceived mental strain
 dissociates from perceived physical  
 strain with worsening arterial   
 desaturation at increasing altitude

16.24 –16.30  GK Anderson, A Steele, ER Vanden Berg, 
 L Berthelsen, AJ Rosenberg, HJ Barnes, J Bird, 
 BRM Byman, N Jendzjowsky, RJ Wilson, TA Day,
 CD Steinback, CA Rickards: White mountain
 2019: Association between cerebral
 tissue oxygenation and low frequency
 oscillations in arterial pressure

16.31–16.37 G Vizcardo-Galindo, F León-Velarde, 
 FC Villafuerte: High-altitude hypoxia
 decreases plasma erythropoietin
 soluble receptor in lowlanders

16.38 –16.44 CD Bruce, BA Pentz, ER Vanden Berg, 
 BRN Byman, JD Bird, CE Nysten, E de Freitas, 
 JK Leacy, KD O’Halloran, TD Brutsaert, 
 MT Sherpa, TA Day: Steady-state
 chemoreflex drive captures ventilatory
 acclimatization during ascent to altitude:
 Effect of Diamox

16.45 – 20.30 Evening skiing, ice-skating, tubing, etc.

20.30 Pub night

Day 3 Saturday 14 

7.30 – 8.30  Keynote #3:
 Dr. Andre La Gerche: Cardiac output, only
 as good as your worst ventricle

8.30 –11.45 Scientific Session #5: 
 Cardiovascular Physiology

8.30 – 9.00  Chair and first speaker:
 Dr. Susanna Mak: Exercise testing in the
 cardiac catheterization laboratory

9.00 – 9.15  AM Williams, N Manouchehri, E Erskine, K Tauh, 
 K So, F Streijger, BK Kwon, CR West: Cardio-
 centric hemodynamic management
 improves spinal cord oxygenation and 
 mitigates hemorrhage in acute high-
 thoracic spinal cord injury

9.15 – 9.30 TG Dawkins, BA Curry, A Drane, RN Lord, 
 C Richards, M Brown, F Lodge, Z Yousef, 
 M Stembridge, RE Shave: Functional left
 ventricular remodelling: Differential
 adaptations to either endurance or
 resistance exercise-training

9.30 – 9.45  D Perkins, JS Talbot, RN Lord, TG Dawkins, 
 CJA Pugh, RS Lloyd, RE Shave, JL Oliver, 
 M Stembridge: The influence of maturation 
 on cardiac remodelling and
 haematological adaptation to 
 endurance training

9.45 –10.00  TA Buchan, E Karvasarski, FH Valle, L Groves, 
 S Mak, SP Wright*: Right ventricular – 
 pulmonary vascular coupling at rest 
 and exercise in patients with suspected
 pulmonary hypertension

10.00 –10.15  Refreshment break
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10.15 –10.30 E Karvasarski, RF Bentley, TA Buchan, FH Valle, 
 SP Wright, S Mak: Temporal patterns of
 pulmonary vascular loading during
 exercise in patients with suspected
 pulmonary hypertension

10.30 –10.45  AA Kirkham, M Doroshuk, MV Goonasekera, 
 B Mattiello, MJ Haykowsky, RI Beaudry,
  JR Mackey, DI Paterson, E Pituskin, JG Grenier, 
 RB Thompson: Contributions of cardiac
 tissue characteristics and function to
 exercise intolerance in Anthracycline-  
 treated breast cancer survivors 

10.45 –11.00  GJ Koelwyn, EM Corr, C van Solingen, 
 MS Afonso, PM Schlegel, KA Lacey, M Sharma,
 LC Shanley, TJ Barrett, K Rahman, EA Fisher, 
 DF Quail, ER Nelson, VJ Torres, LW Jones, 
 KJ Moore: Myocardial infarction alters 
 concurrent and subsequent responses 
 to host perturbations

11.00 –11.15  BC Curry, AL Drane, M Stembridge, RE Shave: 
 Radial function of the apex drives left 
 ventricular filling and ejection in
 chimpanzees (Pan troglodytes) 

11.15 –11.30 PH Backx, R Lakin, N Polidovitch: 
 Understanding adverse atrial 
 remodeling and atrial fibrillation using
 lessons from endurance exercise

11.30 –11.45 R Lakin, N Polidovitch, W Chen, PH Backx: 
 Atrial stretch-dependent tumor necrosis
 factor-alpha mediated adverse atrial
 remodeling and atrial arrhythmia
 inducibility in a mouse model of aortic
 regurgitation

11.45 –16.00 Afternoon skiing, ice-skating, tubing etc.

16.00 –18.10 Scientific Session #6:
 Cerebrovascular Physiology

16.00 –16.30 Chair and first speaker:
 Dr. Sandra Billinger: Cerebrovascular
 dynamic response during exercise:
 The role of age and chronic disease

16.30 –16.45 JS Talbot, D Perkins., TG Dawkins, RN Lord, 
 JL Oliver, RS Lloyd, AM McManus, PN Ainslie,
 CJA Pugh, M Stembridge: Exercise training
 modulates the decline in cerebral blood
 flow during adolescence 

16.45 –17.00 KA Freeberg, NP McCarty, DR Seals, 
 DH Craighead: Cerebrovascular stiffness 
 is inversely associated with
 cardiorespiratory fitness and physical
 activity levels in midlife/older adults

17.00 –17.15  TM DeConne, F Sanjana, JC Hobson, CR Martens:  
 Sleep disturbance is related to lower
 cerebral pulsatility

17.15 –17.30 HG Caldwell, CA Howe, RL Hoiland, 
 CJ Chalifoux, CV Brown, A Patrician, JMJR Carr,
 JC Tremblay, RB Panerai, TG Robinson, JS Minhas,
 PN Ainslie: Evidence that arterial carbon
 dioxide rather than pH or bicarbonate
 regulates cerebral blood flow

17.30 –17.36  AT Friend, M Rogan, GMK Rossetti, JS Lawley, 
 PG Mullins, A Sandoo, JH Macdonald SJ Oliver:
 Measurement bias in the unilateral
 assessment of cerebral blood flow
 responses to hypoxia

17.37 –17.43 HJ Thomas, CE Marsh, HH Carter, KJ Smith, 
 LH Naylor, DJ Green: Effects of endurance
 and resistance training on
 cerebrovascular function in twins

17.44 –17.50 L Labrecque, A Drapeau, K Rahimaly, S Imhoff, 
 F Billaut, P Brassard: Regional blood 
 velocity changes during and following
 acute high-intensity exercise in young 
 fit women

17.51–17.57 TJ Bader, AM Ciorogariu-Ivan, J Keough, 
 J Donald, Leacy JK, KD O’Halloran, TA Day: 
 Acute hypocapnia attenuates 
 neurovascular coupling magnitude

17.58 –18.04 ME Weston, AR Barker, AB Lester, OW Tomlinson,
 JS Coombes, TG Bailey, B Bond:
 Cerebrovascular kinetics during
 moderate intensity cycling exercise in
 adolescents and adults

18.05 –18.11 TA Calverley, CJ Marley, TS Owens, BS Stacey, 
 A Iannetelli, M Steggall, L Fall, L Venables, 
 H Tsukamoto, G Jones, DM Bailey: 
 High-intensity interval training improves
 cardiorespiratory fitness and compounds  
 neuroprotection in the aged; an exercise  
 intervention

18.12 –18.20 Refreshment break

18.20 – 20.00 Scientific Session #7: 
 Autonomic Physiology

18.20 –18.50 Chair and first speaker: 
 Dr. Philip Millar: Arterial baroreflex
 regulation of muscle sympathetic
 nerve activity

18.50 –19.05 WK Lefferts, EC Schroeder, BA Hibner, B Fernhall: 
 Similar extracranial artery stiffening 
 and pulsatile transmission during
 sympathetic stimulus in males and 
 females despite differential pressor
 response

19.05 –19.20 M Ahmadian, MS Poormasjedi-Meibod, 
 M Ramer, CR West: Effect of ganglionic
 blockade on cardiac contractile function
 after experimental spinal cord injury  

19.20 –19.35 L Berthelsen, GM Fraser, LL Simpson, ER Vanden
 Berg, SA Busch, AR Steele, VL Meah, 
 R Figueroa-Mujica, GA Vizcardo Galindo, 
 FC Villafeurte, CK Wille, MM Tymko, PN Ainslie,
 M Stembridge, JP Moore, CD Steinback: 
 Differences in sympathetic neurovascular
 transduction: Physiology or phenotype?

19.35 –19.50 RN Lord, DJ Wakeham, CJA Pugh, LL Simpson, 
 JS Talbot, FM Lodge, BA Curry, TG Dawkins, 
 RE Shave, JP Moore: The influence of
 barosensory vessel unloading mechanics
 on human vascular sympathetic
 baroreflex function

19.50 –19.56 L Wainman, GE Foster, PN Ainslie, CR West:
 Acute intermittent hypoxia shows
 promise to improve cardiovascular and
 ventilatory function in incomplete 
 spinal cord injury

19.57–20.03  MM Tymko, GM Fraser, BA Matenchuk, TA Day,
 NG Boulé, MH Davenport, CD Steinback: 
 Determining whether sympathetic
 nervous activity influences cerebral
 blood flow at rest – a novel approach

20.05 –20.15 Closing remarks and student awards   
 presentation

20.15 Buffet dinner – Silver Star Town Hall

Scientific Program 04.05

Professor Ben Levine responding to 
questions after this talk on hypoxia 
– “friend or foe” of the heart at the 
2018 symposium

Thanks to our sponsors:



 
 

Keynote: Vascular Physiology
Professor Danny Green
University of Western Australia, Australia

Title: Introducing “Arteriology”: 
The key role of clinical exercise 
scientists in decreasing the future 
burden of cardiovascular health

Danny Green is a Winthrop Professor at  
The University of Western Australia and a 
Principal Research Fellow of the National 
Health and Medical Research Council  
of Australia. 

He is a human integrative physiologist  
whose research focuses on the prevention of 
cardiovascular diseases. He has developed 
novel imaging approaches to the assessment 
of micro and macrovascular diseases, 
including surrogate measures of early and 
occult disease. He is a cardiovascular 
exercise physiologist who assesses the  
impact of exercise and physical activity in  
the context of minimising the future 
development of atherosclerosis in young 
people at high risk and the re-occurrence of 
cardiovascular diseases in older individuals.

His research encompasses the lifespan; from 
exercise training and physical activity in the 
prevention atherosclerosis in obese children 
and adolescents, to research on the best 
combination of exercise and medications  
in the management of patients with 
hypercholesterolemia, diabetes, coronary 
disease and heart failure patients awaiting 
transplantation.

Keynote: Cardiovascular Physiology
Dr. Andre La Gerche
Baker Institute, Australia

Title: Cardiac output, only as good as 
your worst ventricle

André completed a PhD at St Vincent’s / 
University of Melbourne and 4 years of 
post-doctoral research at the University 
Hospital of Leuven, Belgium. His research and 
clinical work focuses on the effect of exercise 
on the human heart. He studies the range of 
health from severe heart and lung disease to 
elite athletes. 

André leads a young team of researchers in 
Sports Cardiology and heads the National 
Centre for Sports Cardiology based at  
St Vincent’s Hospital. He has pioneered novel 
imaging techniques including exercise 
cardiac magnetic resonance imaging and 
contrast echocardiography. He has more  
than 170 peer-review publications and 
text-book chapters and is regularly invited 
to present at all major international 
cardiology conferences.

Keynote: Respiratory and 
Comparative Physiology
Professor Frank Powell
University California San Diego, USA

Title: Adaptations to hypoxia:  
Lessons in comparative physiology

Frank L. Powell is Professor of Medicine 
Emeritus at UC San Diego, where he has been 
on the faculty since 1980 and was Chief of the 
Physiology Division 2012-2018. Powell began 
studying chemoreceptors for his Ph.D. at UC 
Davis and during pre- and post-doctoral 
training at the Max Planck Institute for 
Experimental Medicine with Peter Scheid in 
Germany. He has had 38 years of NIH 
funding for research that initially focused on 
comparative respiratory physiology and 
potential advantages of the avian respiratory 
system at high altitude. His current program 
focuses on respiratory neurobiology, and 
specifically physiological and genetic 
mechanisms of neural plasticity with ventilatory 
acclimatization to chronic hypoxia. From 
1995-2012, he directed the University of 
California’s high altitude research laboratories 
at White Mountain Research Station and 
currently co-directs the UCSD Center for 
Physiological Genomics of Low Oxygen. This 
lead to collaborations with Dr. Tatum Simonson 
studying genetic and physiological 
adaptations to high altitude in Andean and 
Himalayan populations. He also studies the 
effects of hypoxia in human lung disease on 
the control of breathing and co-directs a  
NIH T32 program for “Training the Next 
Generation of Respiratory Science” with Atul 
Malhotra in the UCSD Pulmonary Division. 

Keynote
Speakers
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Scientific Session #2:  
Respiratory Physiology
Chair and first speaker:  
Dr. Lee Romer
Brunel University, UK

Title: Causes and consequences  
of exercise-induced respiratory 
muscle fatigue

Scientific Session #6: 
Cerebrovascular Physiology
Chair and first speaker:
Dr. Sandra Billinger
University of Kansas, USA

Title: Cerebrovascular dynamic 
response during exercise: The role of 
age and chronic disease

Scientific Session #3: 
Pregnancy and Exercise Physiology
Chair and first speaker: 
Dr. Margie Davenport
University of Alberta, Canada

Title: Extremes of exercise physiology: 
Pregnancy

Scientific Session #7:
Autonomic Physiology
Chair and first speaker:  
Dr. Philip Millar
University of Guelph, Canada

Title: Arterial baroreflex
regulation of muscle sympathetic
nerve activity

Scientific Session #4:
Environmental Physiology
Chair and first speaker:  
Dr. Tatum Simonson 
University of California San Diego, USA

Title: Adaptation and maladaptation 
to high altitude: Mount Everest 
to Machu Picchu

Session Leads 
& Chairs

06.07

Scientific Session #5: 
Cardiovascular Physiology
Chair and first speaker: 
Dr. Susanna Mak
University of Toronto, Canada

Title: Exercise testing in the cardiac 
catheterization laboratory
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Graduate Prize  
for Excellence in  
Research

08.09

Chris Willie (1985-2017): Scientist, Educator and Adventurer

Chris was one of the first PhD students to graduate from the School  
of Health and Exercise Sciences at UBC Okanagan (2009 to 2014). 
During this time, Chris obtained the highest level of excellence in 
research in the context of prestigious awards (Vanier Scholar, 
Governor General’s award, Michael Smith Fellowship) and 
publications (n >50 in some of the best physiological and  
clinical journals). 
 
Chris conducted (and published) research in over 10 different 
countries, with a central focus on the mechanisms that regulate 
cerebral blood flow in humans. In addition to research, Chris had a 
passion for scientific communication and teaching. The latter was 
conducted at The University of Calgary and St.Mary’s in Calgary,  
at UBCO in Kelowna, and also during various full-time classes which 
Chris taught at Quest University in Squamish, B.C. His passion in 
teaching was highlighted in pedagogical publications, but also in 
extensive mentorship for many undergraduate and graduate students 
in the classroom, laboratory and field. Although Chris’ accomplishments 
in science and education at this stage of his career were exceptional, 
they were likely secondary only to his experiences and successes in 
the mountainous environment. Here, in more than 15 different 
countries, Chris excelled at the highest level of climbing (including 
rock, ice and alpine). These accomplishments included establishing 
new routes locally, throughout the Rockies, Himalayas, Patagonia and 
Baffin to name just a select few. Climbing with Chris was equally as 
educational and inspirational as doing science with him. 

Chris had an infectious personality, compassion and drive for many 
things in life, and lived it to the fullest. He was incredibly articulate and 
pragmatic in his approach to science and life, and his close friends 
and family were always his number one priority. The 2020 Dr. Chris 
Willie Graduate Prize for Excellence in Research embodies many of 
these key values: Scientific articulation, passion and excellence in 
science. The finalists of the Prize are based on the top two abstracts 
and presentations from each of the seven symposiums chosen by a 
panel of international experts. The finalists and winner of the Dr. Chris 
Willie Prize will be announced at the closing remarks of the conference. 

Past Winners:
2018 – Ryan Hoiland (UBC) / Wesley Lefferts (Syracuse U) 
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Scientific Session # 1: Vascular Physiology

Inspiratory muscle strength training improves endothelial 
function in older adults: Possible role of circulating factors
DH Craighead, BP Ziemba, KA Freeberg, MJ Rossman, BC Brown,  
T Nemkov, JA Reisz, A D’Alessandro, M Chonchol, EF Bailey, DR Seals

Vascular endothelial dysfunction associated with decreased nitric oxide 
(NO)-bioavailability secondary to excessive superoxide-associated 
oxidative stress is an antecedent of age-associated cardiovascular diseases. 
High-resistance inspiratory muscle strength training (IMST) is a promising 
intervention for promoting cardiovascular health. However, whether IMST 
improves vascular endothelial function in older adults is unknown. Twenty 
older adults underwent 6 weeks of IMST (30 breaths/day; 6 days/week; 
75% maximum inspiratory pressure [PIMAX]) (n=10, age: 68±2 years) or 
low-resistance sham (15% PIMAX) training (n=10, age: 70±2 years) in a 
randomized, double-blind study. First, we assessed whether IMST improved 
endothelial function, measured via brachial artery flow-mediated dilation 
(FMDBA), in older adults. FMDBA increased after IMST (pre: 4.7±0.8∆%, 
post: 6.8±0.7∆%; p=0.01) but not sham (pre: 3.7±0.6∆%, post: 
3.8±0.6∆%; p=0.99). Next, we asked if these improvements might be 
mediated, in part, by changes in systemic circulating factors acting on the 
endothelium. We found that HUVECs cultured with subject serum (n=12; 5 
IMST, 7 sham) following IMST produced 66% more NO (p=0.04) and 
38% less superoxide (p=0.17) vs. sham. Finally, we sought to identify 
possible molecular signatures of the circulating factors involved. Targeted 
plasma metabolomics analysis (n=14; 7 IMST, 7 sham) revealed plasma 
levels of arginine (p=0.02) and ornithine (p=0.06) were higher following 
IMST vs. sham, suggesting enhanced NO production. Additionally, levels 
of the antioxidant dehydroascorbate (p=0.04) were higher following  
IMST vs. sham. These findings suggest that in older adults, improvements  
in vascular endothelial function following IMST may be mediated by 
changes in blood metabolites that suppress superoxide and increase  
NO bioavailability.
Funding Sources: AHA, National Institutes of Health R21

Vascular function in hypobaric hypoxia: time course  
and contribution of hemoconcentration 
JC Tremblay, PN Ainslie, R Turner, C Siebenmann

High altitude exposure typically reduces vascular function and this is  
likely modulated by hemoconcentration; however, the specific impact of 
hypobaric hypoxia, independent of external factors (e.g. cold, varying 
altitudes, exercise, diet, dehydration) on changes in vascular function  
during the acclimatization period is unknown. We examined the temporal 
changes in vascular function and the impact of plasma volume restoration 
(PVR) during exposure to hypobaric hypoxia while controlling for  
external factors. Eleven healthy males (25±4 years) completed two five-day 
experimental chamber visits (room air and 3500m). Blood viscosity  
was measured each day of testing. Vascular function was assessed via 
flow-mediated dilation in response to transient (reactive hyperemia; 
RH-FMD) and sustained (progressive handgrip exercise; SS-FMD) 
increases in shear stress prior to entering the chamber, on the first day  
(1h, 6h, 12h) and the morning of the third and fifth day. During the 3500m 
exposure, vascular function was also measured on the fifth day during PVR 
(balanced crystalloid solution). Blood viscosity increased on the first day at 

3500m compared to the normoxic condition and remained elevated on 
the third and fifth days (P<0.001); PVR reduced blood viscosity (P<0.001). 
RH-FMD did not differ in the hypoxic compared to normoxic condition, nor 
during PVR. SS-FMD was reduced at 3500m during the 6h and fifth day 
measures (P=0.031 and <0.001) and normalized during PVR (P<0.001). 
During exposure to 3500m, independent of external factors, vascular 
function was largely preserved despite rapid elevations in blood viscosity. 
The selective reduction in SS-FMD appeared to be mediated via the 
hypoxia-associated hemoconcentration.
Funding Sources: NSERC, CIHR Canada Research Chairs, Swiss National Centre of Competence in 
Research (NCCR) Kidney.

High intensity interval training is superior to standard 
cardiac rehabilitation for artery function but not stiffness 
JL Taylor, JS Coombes, DJ Holland, SE Keating, DJ Green, TG Bailey

We investigated short- and long-term effects of high intensity interval training 
(HIIT) compared with usual care moderate intensity continuous training 
(MICT) on conduit artery function and arterial stiffness in patients with 
coronary artery disease (CAD) attending cardiac rehabilitation. Patients 
with angiographically-proven CAD (Age:63+8years; 50 males, 4 females) 
were randomised to either 1) 4x4-min HIIT (n=28) or 2) 40-min MICT 
(n=26) to complete 3 sessions/week (2 supervised, 1 home-based) for 
4-weeks. Patients then continued 3 unsupervised home-based sessions/
week of their randomised training for a further 11-months. Conduit artery 
function and arterial stiffness were measured by flow-mediated dilation 
(FMD) and pulse wave velocity (PWV) respectively at baseline, 4-weeks, 
3-months, 6-months, and 12-months. Data were analysed using a linear 
mixed model over 4-weeks (supervised phase) and 12-months (follow-up 
period), and presented as mean change (95%CI). After 4-weeks, HIIT 
improved FMD compared to MICT [1.5%(0.9, 2.1) vs 0.1%(-0.5, 0.8); 
p=0.004). Over 12-months, HIIT maintained an improvement in FMD from 
baseline (3-months: 0.7%(-0.6, 1.9); 6-months: 1.6%(0.3, 2.8); 12-months: 
1.2%(-0.1, 2.5); time effect p=0.002], not evident with MICT [3-months: 
0.7%(-0.6, 2.0); 6-months: 0.6%(-0.8, 2.0); 12-months: 0.4%(-0.9, 1.6); 
time effect p=0.406], however there was no time x group interaction 
(p=0.108). For PWV, there were no group differences at 4-weeks or over 
12-months. A 4-week HIIT program was superior to MICT for improving 
conduit artery function, but not arterial stiffness, in patients with CAD.  
The superior improvement in FMD with HIIT was not maintained over 
12-months. This subsequent normalisation of FMD may be explained by 
longer-term vascular remodelling. 
Funding Source: Wesley Medical Research.

Skeletal muscle blood flow during handgrip exercise in 
hypoxia: Influence of high-affinity hemoglobin
CC Wiggins, PB Dominelli, JW Senefeld, JRA Shepherd, Uchida, K,  
SE Baker, MJ Joyner

Maximal oxygen uptake in hypoxia is preserved (compared to sea-level) 
in human with high-affinity hemoglobin. Whether this improvement in 
aerobic capacity is due primarily to preservation in arterial saturation, or 
differences peripheral blood flow during exercise is unknown. High Hb-O2 
affinity (HAH) participants (n=6, P50=15±2 mmHg) and matched control 
participants (CTL, n=5, P50=26±1 mmHg) completed two intensities of 
rhythmic handgrip exercise (10% and 20% maximal voluntary contraction 
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(MVC, (20 contractions·min-1). Each exercise intensity was performed in 
three different fractions of inspired oxygen (FiO2): 21%, 15%, 10% O2  
in order to compare the normoxic and progressive hypoxic response. 
Forearm blood flow was measured using Doppler ultrasound and arterial 
blood was sampled via catheter. Hb-O2 binding affinity had little effect on 
skeletal muscle blood flow during light exercise under normoxic and 
moderate hypoxic conditions (21% and 15% O2, P>0.160) although 
arterial saturation was higher in HAH during the 15%O2 (HAH: 95.1±1.4 
vs. CTL: 89.0±0.6). Interestingly, under greater physiological stress of 
severe hypoxia (10% O2), patients with HAH had higher arterial O2 
saturation (CTL: 69.2±4.5% vs. HAH: 89.1±1.4%, P<0.001) and 
augmented skeletal muscle blood flow compared to controls (HAH: 
932±118 mL·min-1 vs. CTL: 668±57 mL·min-1, P<0.05).In conclusion, with  
a greater physiological stress to skeletal muscle O2 uptake in severe 
hypoxia (10% O2), participants with HAH had preserved arterial O2 
saturation and a greater hyperemic response than controls, which may  
be a contributor to the preservation VO2max and maximal cycling power 
output in hypoxia with HAH. 
Funding Source: National Institutes of Health

Nitric oxide dependent shear-mediated dilation is a 
non-obligatory component of cerebrovascular CO2 
reactivity in humans
RL Hoiland, HG Caldwell, BS Stacey, TG Dawkins, CA Howe, J Carr, 
LM Boulet, DA Shkredova, DJ Green, DM Bailey, DB MacLeod,  
MS Sekhon, PN Ainslie

The role of nitric oxide (NO) in regulating cerebrovascular CO2 
reactivity remains poorly described, but may involve shear-mediated 
vasodilation. We hypothesized that NO blockade would reduce 
cerebrovascular CO2 reactivity and the shear-mediated dilation 
response of the internal carotid artery (ICA). Eleven young healthy 
males (BMI=24±2kg/m2) were examined during intravenous infusions 
of the NO synthase inhibitor NG-monomethyl-l-arginine (L-NMMA;  
5 mg/kg bolus & 50 μg/kg/min maintenance) and volume matched 
saline (placebo) in a single-blinded and counter-balanced fashion.  
We conducted an incremental steady-state CO2 reactivity test and a 
transient C test to selectively assess the shear-mediated component  
of C reactivity using end-tidal forcing. For both tests, arterial CO2  
was increased 9mmHg above baseline. Arterial blood gases were 
collected from the radial artery, while global cerebral blood flow and 
ICA diameter were measured with Duplex ultrasound. For the transient 
CO2 test, peak ICA dilation was ~37% lower during L-NMMA infusion 
compared to saline (2.9±1.4 vs 4.7±2.5%; P<0.01) despite similar 
shear rate area under the curve stimuli (SRAUC; 71175±32361 vs. 
71677±29792s-2; P=0.96). Moreover, peak ICA dilation was 
positively correlated to SRAUC during the saline trial (r=0.65; P=0.03) 
but not in the L-NMMA trial (r=0.30; P=0.38). For the steady-state 
CO2 test neither peak ICA dilation (6.2±4.5 vs. 6.2±5%; P=0.96) or 
cerebrovascular C reactivity (60.3±7.9 vs. 56.0±15.4 ml/min/mmHg; 
P=0.35) were different between the saline and L-NMMA trials. These 
data provide the first direct evidence for NO-dependent shear-
mediated dilation of the ICA but also indicate that this mechanism is 
not an obligatory component of cerebrovascular CO2 reactivity.
Funding Source: Heart and Stroke Foundation of Canada

Endothelial sensitivity to exercise-induced shear rate  
in postmenopausal women and age-matched men
N Ravanelli, A Debray, CW Usselman, SA Romero, D Gagnon

The loss of estrogens following the menopausal transition precipitates 
endothelial dysfunction and is paralleled by an accelerated rate of 
cardiovascular disease in postmenopausal women. Exercise 
prescription is the non-pharmacological standard of care approach to 
mitigate cardiovascular risk. However, endothelial dysfunction persists 
in postmenopausal women despite participation in aerobic training. 
This study sought to determine if endothelial sensitivity to exercise-
induced shear rate (Ex-SR) is reduced in postmenopausal women 
(n=6, 70 ± 11 y) compared to age-matched men (n=3, 67 ± 6 y). In a 
fasted state, participants performed 4 maximal voluntary contractions 
(MVC) followed by 4 x 4-min rhythmic handgrip exercise bouts (2-sec 
contraction, 3-sec relaxation) at 20%, 40%, 60%, and 80% of MVC, 
each separated by a 10-min recovery period. Brachial artery diameter 
and blood velocity were measured in the active limb using high 
resolution ultrasound and analyzed using edge-detection software. 
Endothelial sensitivity to Ex-SR was quantified as the slope of the 
relation between the percent change in brachial artery diameter  
and the change in shear rate. Baseline diameter was smaller in 
postmenopausal women (3.32 ± 0.62 mm) compared to men  
(4.6 ± 0.53 mm, P<0.001). Each exercise intensity resulted in similar 
steady-state shear rates between sexes (P>0.56), despite greater 
absolute workloads in men compared to postmenopausal women 
(P<0.001). Endothelial sensitivity to Ex-SR was similar (P=0.60) 
between postmenopausal women (0.056 ± 0.027 %/s-1) and men 
(0.047 ± 0.01%/s-1). These preliminary data suggest that a reduced 
endothelial sensitivity to Ex-SR may not underlie the lack of endothelial 
adaptations with exercise training in postmenopausal women.
Funding Source: Canadian Foundation for Innovation and Fonds de Recherche du Québec – Santé.

Global reach 2018: Heightened alpha adrenergic 
signaling impairs endothelial function during chronic 
exposure to hypobaric hypoxia
MM Tymko, JS Lawley, PN Ainslie, AB Hansen, F Hofstaetter,  
S Rainer, S Amin, CD Steinback, G Moralez, C Gasho, G Vizcardo,  
D Bermudez, F Villafuerte, CM Hearon Jr.

Chronic exposure to hypoxia is associated with elevated sympathetic 
nervous activity (SNA) and reduced vascular function in lowlanders, 
and Andean highlanders suffering from excessive erythrocytosis (EE); 
however, the mechanistic-link between chronically elevated SNA  
and hypoxia-induced vascular dysfunction has not been elucidated.  
To determine the impact of heightened SNA on resistance artery 
endothelial-dependent dilation (EDD), and endothelial-independent 
dilation (EID), in lowlanders and Andean highlanders with and without 
EE. We tested healthy lowlanders (n=9) at sea-level (344m) and 
following 14-21 days at high-altitude (4300 m), and permanent 
Andean highlanders with (n=6) and without (n=9) EE at high-altitude. 
Vascular function was assessed using intra-arterial infusions (three 
progressive doses) of acetylcholine (ACh; EDD) and sodium 
nitroprusside (SNP; EID) before and after local α+β adrenergic 
receptor blockade (phentolamine and propranolol). Intra-arterial 
blood pressure, heart rate, and simultaneous brachial artery diameter 
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and blood velocity were recorded at rest and during drug infusion. 
Changes in forearm vascular conductance (∆FVC) were calculated. 
The main findings were: 1) chronic hypoxia reduced EDD in 
lowlanders (∆FVC from sea-level: ACh1: -52.7±19.6%, ACh2: 
-25.4±38.7%, ACh3: -35.1±34.7%, all P≤0.02); and in Andeans  
with EE compared to non-EE (∆FVC at ACh3: -36.4%, P=0.007). 
Adrenergic blockade fully restored EDD in lowlanders at high-altitude, 
and normalized EDD between EE and non-EE Andeans. 2) Chronic 
hypoxia had no effect on EID in lowlanders, and no differences were 
detected between EE and non-EE Andeans. These data indicate that 
chronic hypoxia reduces EDD via heightened α-adrenergic signaling 
in lowlanders and in Andeans with EE.
Funding Sources: CIHR Canada Research Chairs, NSERC, CFI, National Heart Lung and 
Blood Institute

Sex differences in the coronary vascular response to 
metaboreflex activation during acute hypoxia
TL Atwater, LM Boulet, CV Brown, BM Shafer, TD Vermeulen,  
PD Cotton, GE Foster 

The peripheral vascular and myocardial response to adrenergic 
activation differs between sexes. In males, adrenergic activation 
constrains hypoxic coronary vasodilation, but the response in females 
is unknown. In this study, we investigated the influence of sex on 
coronary vascular responsiveness to adrenergic activation induced by 
muscle metaboreflex activation (MMR) during normoxia and hypoxia. 
Thirty healthy human participants (15-female) underwent two-
randomized trials of isometric handgrip exercise (2 min @ 30% MVC) 
followed by post-exercise circulatory occlusion (PECO; 6.3±2.1 min, 
mean±sd) to activate the MMR. End-tidal PO2 was clamped at 
baseline levels during normoxia or 50 mmHg during hypoxia. 
Isocapnia was maintained throughout both trials. Mean left anterior 
descending coronary artery blood velocity (LADvmean; transthoracic 
Doppler echocardiography), heart rate and blood pressure were 
measured during baseline and PECO. In normoxia, the change in 
coronary vascular resistance (CVR; MAP/LADVmean) and rate-pressure 
product (RPP; SBP*HR) were similar between sexes during MMR 
activation. Hypoxia reduced baseline CVR to a greater degree in 
males (∆-1.2±0.5 mmHg/cm/s) compared with females (∆-0.9±0.4 
mmHg/cm/s; P<0.05), despite similar increases in RPP. In hypoxia, 
MMR increased CVR in males (∆0.8±0.4 mmHg/cm/s) but not 
females (∆0.0±0.5 mmHg/cm/s; P<0.05) and RPP remained 
unchanged in both groups. In both trials, MMR caused a larger 
change in MAP in males (P < 0.05), whereas HR responses were 
similar between the sexes. In summary, MMR activation during acute 
hypoxia causes a paradoxical increase in coronary resistance in 
males but not females despite matched cardiac workload. 
Funding Sources: NSERC, MSFHR 

Reactive hyperemia testing to assess vascular function 
amongst active and inactive asymptomatic individuals
LM Muller, E Vilac, J Biddlecombe, M Rakobowchuk

Brachial artery flow mediated dilation (FMD) relates to cardiovascular 
disease risk in symptomatic individuals. In a prospective study of 
asymptomatic firefighters, FMD was not predictive but the reactive 

hyperemic (RH) response was, suggesting usefulness in asymptomatic 
individuals. However, firefighters may be a unique active cohort 
confounding these findings. Thus, we assessed the appropriateness of 
short duration RH tests, whether responses were similar amongst active 
and inactive individuals, and whether brachial and popliteal arteries 
had similar RH response patterns. The study was divided into 1) 
brachial and 2) popliteal artery RH testing. In both arms two groups, 
active (brachial n= 8; popliteal n = 10) and inactive (brachial n= 12; 
popliteal n= 10), underwent 4 RH tests (15s, 30s, 120s, 240s of 
ischemia) with blood flow and vascular conductance measured at  
rest and during the initial RH period. In both studies, hyperemic blood 
flow and vascular conductance did not differ between groups during 
any of the RH tests (p>0.05). Increasing RH magnitudes with each 
ischemic duration were apparent at the brachial (p<0.05) but not at 
the popliteal artery where RH magnitudes were not different between 
15s and 30s nor between 120s and 240s. These data suggest the  
RH test is suitable for active and inactive individuals at both arteries, 
but the pattern of the response differs between these arteries. In 
conclusion, RH may offer predictive usefulness across asymptomatic 
cohorts although large prospective studies of shorter duration RH tests 
are needed.
Funding Sources: CFI and the Undergraduate Research Experience Award Program

The impact of high intensity exercise on carotid artery 
longitudinal kinetics
J Motruk, L Lidher, C Melvin, M Kilar, M Rakobowchuk

Longitudinal kinetics (LOKI) describe the bidirectional movement of 
the inner lining of arteries. With each cardiac cycle an anterograde 
movement occurs in early systole, followed by a retrograde 
movement later in systole and a second anterograde movement in 
diastole. Prostaglandins are powerful local vasodilators and 
availability is reduced with ibuprofen (IBU) administration. Our aim 
was to determine the impact of high intensity cycling exercise and 
concurrent prostaglandin inhibition on longitudinal displacement. A 
ramp incremental test on a cycle ergometer was used to determine 
VO2max, ventilatory threshold (VT) and respiratory compensation (RC) 
points of participants. An intensity of 33% of the difference between 
VT and RC was calculated for subsequent trials. On two separate 
days, participants either ingested IBU or echinacea (control) two 
hours before testing. Testing began with a 5-minute warm-up 
immediately followed by 45 minutes of the high-intensity exercise. 
Three 5-s ultrasound video clips of the carotid artery were obtained 
immediately before, after and 45 minutes after testing. We used 
speckle tracking software to analyze longitudinal movement of 4-10 
cardiac cycles. A 2-way RM-ANOVA was used to assess differences 
between conditions at the various time-points. There was no 
significant difference between conditions, but exercise reduced LOKI 
immediately and 45 minutes after testing (Pre: 11.8 ± 3.2 Post I: 9.3 
± 1.7, Post 45: 9.4 ± 2.2, p < 0.01). This suggests that complex 
interactions between sympathetic nervous activity, shear and cardiac 
dynamics alter longitudinal movements; however, more 
comprehensive analyses of anterograde and retrograde movements 
need to be assessed. 
Funding Source: CFI
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Independence of endothelial vasodilation in the  
cerebral and peripheral vasculatures
JMJR Carr, RL Hoiland, HG Caldwell, CA Howe, GB Coombs,  
DJ Green, PN Ainslie

The purpose of this study was to quantify and compare 
cerebrovascular and peripheral conduit artery endothelial-dependent 
and -independent vasodilation. We hypothesized that the magnitude 
of endothelium-dependent and independent vasodilation of the 
internal carotid artery (ICA) would be comparable to that of the 
brachial artery (BA). In healthy adults (n=12; 2 female; 24±4yrs; 
76±11kg; 180±9cm), endothelium-dependent dilation in the ICA was 
determined via Duplex ultrasound imaging upon transiently elevated 
shear stress caused by increased pressure of end tidal carbon dioxide 
(+9mmHg above baseline; cerebral flow-mediated dilation, cFMD). 
Endothelium-dependent dilation in the BA was assessed via a 
standardized test of flow-mediated dilation (FMD). Endothelium-
independent dilation of the ICA and BA was assessed during 400μg 
sublingual glyceryl trinitrate (GTN). cFMD of the ICA (2.5[1.5]%)  
was lower than (P<0.05) and unrelated to FMD of the BA (8.4[3.4]%; 
r=0.002, P=0.88). ICA and BA FMD/GTN ratios were not related,  
nor were baseline diameters. Similarly, FMD was not different  
when baseline diameter and shear-rate area under the curve were 
accounted for (ICA [5.7(4)% vs BA [6.5(4)%]). The GTN-mediated 
responses of the ICA (12.1[4.9)%]) were also lower than (P<0.05) 
and unrelated to those in the BA (22.8[7.4]%; r=0.005, P=0.82). 
When allometrically scaled to account for differing baseline 
diameters, GTN-mediated responses were similar (ICA [16.1{3.9}%] 
vs BA [18.4{3.9}%]). Although these early findings demonstrate no 
relationship between cerebral and peripheral conduit endothelium-
dependant or independent function, further studies are required to 
determine the variations in mechanisms and conditions of alterations  
of endothelial function in different areas of the vasculature.
Funding Sources: NSERC, CIHR Canada Research Chairs.  
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Measuring human diaphragm electrical activity: 
Influence of breathing pattern and end-inspiratory 
lung volume
F Niro, B Dubuc, K Gaynor-Sodeifi, D Jensen

To examine the effect of breathing pattern and end-inspiratory lung 
volume (EILV) on human diaphragm electrical activity (EMGdi) 
measured using a multipair esophageal electrode catheter. Twelve 
healthy adults aged 26.5±1.6 years (mean±SE) performed a series of 
30-sec breathing trials at a fixed ventilation (V’E) corresponding to 
15% of their maximum voluntary ventilation while (i) altering breathing 
pattern at a constant EILV and (ii) altering EILV at a constant breathing 
pattern. Using a ‘real-time’ visual display of each participant’s 
spirogram, EILV was voluntarily targeted at 65, 75, 85 and 95% of 
each participant’s vital capacity, while breathing frequency (fR) was 
targeted at 15, 35 and 50 bpm using a metronome. Independent of 
breathing pattern (p<0.05), EMGdi increased as a function of 
increasing EILV (p<0.001). At fR of 15.0±0.2 bpm, tidal volume (VT) of 

1.89±0.04 L and V’E of 30.0±1.4 L/min, EMGdi was 64±4, 84±5, 
117±10 and 167±13 mV at EILV65%, EILV75%, EILV85% and EILV95%.  
At fR of 35.0±0.7 bpm, VT of 0.85±0.03 L and V’E of 30.0±1.5 L/min, 
EMGdi was 67±5, 87±7, 118±12 and 168±14 mV at EILV65%, EILV75%, 
EILV85% and EILV95%. At fR of 50.0±2.4 bpm, VT of 0.6±0.06 L and V’E 
of 30.0±2.5 L/min, EMGdi was 65±4, 86±7, 120±12 and 171±14 
mV at EILV65%, EILV75%, EILV85% and EILV95%. The level of human 
diaphragm electrical activity (inspiratory neural drive) needed to 
support a given V’E increases as a function of increasing EILV, 
independent of breathing pattern. These findings support the existence 
of a respiratory load-compensating reflex.
Funding Sources: NSERC, Québec Respiratory Health research Network of the Fonds de la
recherche en Santé du Québec. CIHR Canada Research Chairs

The influence of diaphragm fatigue on the intensity and 
unpleasantness of dyspnoea during high intensity cycling
KG Boyle, *RA Mitchell, AH Ramsook, MS Schaeffer, MS Koehle, 
AW Sheel, JA Guenette

The influence of diaphragm fatigue induced prior to exercise (pre-DF) 
on the multidimensional components of dyspnoea during exercise are 
unknown. The purpose of this study was to evaluate the effects of 
pre-DF on both the intensity and unpleasantness of dyspnoea during 
cycling. Sixteen healthy males (age=27±5yr, VO2Max=45.8±9.8ml/
kg/min) completed two high-intensity, time-to-exhaustion cycling tests 
in randomized order: (i) inspiratory pressure threshold loading (PTL) 
prior to exercise to induce pre-DF and (ii) no PTL (control). Pre-DF 
after PTL was confirmed via cervical magnetic stimulation of the 
phrenic nerves. Dyspnoea intensity and unpleasantness were 
measured during exercise with the 0-10 category-ratio Borg scale.  
Following exercise, dyspnoea intensity and unpleasantness were 
further evaluated using the Multidimensional Dyspnea Profile (MDP).  
Time-to-exhaustion decreased with pre-DF vs. control (9.0±5.5 vs. 
10.7±7.5 min, p =0.049). Pre-DF increased dyspnoea intensity 
ratings by 0.6±1.0 Borg units at the highest equivalent submaximal 
exercise time (HESET, p =0.02). Dyspnoea unpleasantness ratings 
increased with pre-fatigue by 0.5±1.0 (p =0.04), 0.7±1.2 (p=0.04), 
and 0.9±1.4 (p =0.03) Borg units during the 2nd, 3rd, and 4th minutes 
of exercise, respectively. There was a significant correlation between  
the change in breathing unpleasantness ratings at HESET and the 
change in cycle endurance time (r=0.66, p =0.006). The immediate 
perception domain, a combination of peak unpleasantness and 
specific dyspnoea descriptor intensity ratings, was the only 
component of the MDP that was significantly increased with pre-DF 
vs. control (4.3±1.9 vs. 3.6±1.8, p =0.04). Pre-DF has negative 
effects on multiple domains of dyspnoea, which may partially explain 
why exercise performance decreases with diaphragm fatigue.
Funding Source: NSERC

Exercising muscle deoxygenation as a mediator of reduced 
exercise capacity in restrictive pulmonary disease
ZIN Kohoko, PJ Drouin, ME Tschakovsky 

Restrictive pulmonary diseases (RPD) can be characterized by 
reduced chest wall compliance and mimicked using a chest wall 
restriction (CWR) device. CWR has been shown to reduce exercising 
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cardiac output (CO). This could evoke vasoconstriction in exercising 
muscle and compromise muscle oxygenation, potentially contributing 
to exercise intolerance. Therefore, the objective of this study was to 
assess exercising quadriceps muscle oxygenation during cycling 
exercise with vs. without CWR. 11 subjects completed 12-minute 
cycling tests at 45% of their maximum work rate under two conditions: 
control (CON; no CWR) and CWR (CWR released 6 minutes into 
exercise). Central and peripheral hemodynamics were measured via 
finger photoplethysmography, gas exchange with a metabolic cart, 
and quadriceps muscle oxygenation using near infrared spectroscopy. 
Prior to release of CWR, CO was lower in CWR vs. CON (14.41L/min 
vs. 17.19L/min, P=0.007), while total peripheral resistance (TPR) was 
higher (744.92dyn·s/cm5 vs. 579.44dyn·s/cm5, P=0.026). Upon 
CWR release, CO was rapidly restored (CWR 16.26L/min vs. CON 
17.39L/min, P=0.171), as was TPR (CWR 610.05dyn·s/cm5 vs.  
CON 565.77dyn·s/cm5, P=0.598). During CWR, deoxygenated 
hemoglobin was higher prior to CWR release (PRE) compared to 
immediately after CWR removal (POST) (PRE 0.698A.U (arbitrary 
units) vs. POST 0.404A.U, P=0.006). These differences were not seen 
at the same time points in CON (PRE 0.856A.U vs POST 0.946A.U, 
P=0.792). These data are consistent with a vasoconstriction restraint  
of exercising muscle blood flow during CWR conditions of reduced 
CO. This leads to lowered muscle oxygenation which could 
compromise exercise tolerance in RPD; however, this contribution 
remains to be explored. 
Funding Source: NSERC

Expiratory loading acutely alters left-ventricular 
geometry in cervical spinal cord injury
CM Gee, AM Williams, CM Peters, ND Eves, AW Sheel, CR West

To examine the effects of resistive loading in cervical spinal cord injury 
(C-SCI) we assessed the cardiovascular and pulmonary responses to 
changes in intrathoracic pressure (ITP) in individuals with motor-
complete C-SCI (7M/1F, 35±7yrs) and able-bodied controls (7M/1F, 
32±6yrs). Assessments were performed under five randomized 
conditions during 45° head-up tilt; control, inspiratory loading with -10 
and -20cmH2O ITP on inspiration, and expiratory loading with +10 
and +20 cmH2O ITP on expiration. An esophageal balloon catheter 
was placed to monitor ITP, and echocardiography used to assess  
left ventricular structure and function. Isocapnia was maintained by 
titrating CO2 into inspired air. Dyspnea was assessed following  
each condition. End-diastolic volume was lower in C-SCI vs. able-
bodied under all conditions except for -20 (all p<0.05). In C-SCI, the 
magnitude of change relative to control was greater in -20 than the 
+20 condition (5±4 vs. 8±7mL, p=0.0486). Left-ventricular end-
diastolic internal diameter decreased and sphericity index increased 
during expiratory loading in C-SCI relative to AB (both 
group´condition p<0.005). End-expiratory (EELV) and end-inspiratory 
lung volumes were higher in C-SCI (both main-effect p<0.0001) while 
EELV was higher during +20 relative to control in C-SCI (63±10 vs. 
49±10%, p=0.0435). During expiratory loading, C-SCI generated 
more negative inspiratory ITP than AB to achieve expiratory targets 
(group´condition p=0.0341). This was accompanied by greater 
dyspnea in C-SCI (group´condition p=0.0116) that was also present 

under the -20 condition (3±1 vs. 1±1, p=0.027). These findings 
suggest expiratory loading acutely alters left-ventricular geometry in 
C-SCI and has potential implications for the cardiac response to 
exercise.
Funding Source: Mitacs, Inc.

Pulmonary gas transfer dysfunction during exercise  
right heart catheterization in heart failure with preserved 
ejection fraction
G Stewart, C Fermoyle, B Borlaug, B Johnson

Determine whether diffusive pulmonary gas transfer dysfunction 
contributes to exercise intolerance in heart failure with preserved 
ejection fraction (HFpEF). Simultaneous measurement of cardiac 
output (Q), invasive hemodynamics (mean pulmonary capillary 
wedge pressure, PCWPm), oxygen consumption (VO2) and lung 
diffusion was performed in 16 hemodynamically diagnosed HFpEF 
patients and 11 controls (no hemodynamic evidence of HFpEF) during 
a supine maximal incremental cycling test (20W/2min). Lung diffusing 
capacity for carbon monoxide (DLco) was determined using a 
double-diffusion rebreathe method, and the slope of DLco-Q during 
exercise was determined for each subject as an index of exertional 
pulmonary gas transfer reserve. At rest, VO2 and Q were similar in 
both groups, while HFpEF patients had an elevated PCWPm (18±2 vs 
9±1mmHg, p<0.01) and lower DLco (11.4±1.1 vs 16.9±2.1 ml/min/
mmHg, p<0.01). During exercise, HFpEF patients had systematically 
higher PCWPm at all stages (e.g., 40W: 25±3 vs 15±1mmHg, 
p<0.01; Peak: 27±3 vs 17±1mmHg, p<0.01), but achieved a lower 
peak power (76±5 vs 112±11W, p<0.01), VO2 (1025±71 vs 
1308±124ml/min, p<0.01), Q (9.9±0.9 vs 12.2±0.8L/min, p<0.01) 
and DLco (16.9±1.9 vs 25.2±3.3ml/min/mmHg, p<0.01). The 
increase in DLco relative to Q during exercise was blunted in HFpEF 
compared with controls (slope of DLco-Q: 0.68±0.32 vs 2.18±0.42, 
p<0.01) and the DLco-Q slope correlated with peak VO2 (R=0.425, 
p<0.01). Exertional measures of lung diffusion during exercise right 
heart catheterization have the potential to identify diffusive pulmonary 
gas transfer limitations, and highlight a possible novel therapeutic 
target in HFpEF.

Respiratory sinus arrhythmia reactivity is unchanged  
in acute hypoxia and hyperoxia
BJ Lazar, S Nguyen, MG Betton, E Olar, TA Day  

Respiratory sinus arrhythmia (RSA) is the normal fluctuation in heart 
rate (HR) in phase with the respiratory cycle. HR increases during 
inspiration and decreases during expiration, and the underlying 
mechanisms and utility remain elusive. However, RSA magnitude is 
thought to be affected by autonomic balance, whereby a dominant 
parasympathetic nervous system (NS) at rest facilitates RSA, and 
sympathetic NS activation attenuates its magnitude. Acute hypoxia 
elicits sympathetic activation, whereas hyperoxia facilitates 
sympathetic withdrawal. We hypothesized that acute hypoxia and 
hyperoxia would increase and decrease the magnitude of RSA 
reactivity, respectively. Healthy participants (n=13) were instrumented 
with a pneumotachometer and instructed to breathe at three 
percentages (30, 40 and 50%) of their forced vital capacity (FVC) 

while inspiring room air (21% FIO2), hypoxia (13.5% FIO2), hyperoxia 
(100% FIO2). RSA was quantified via the peak-valley approach, and 
RSA reactivity (RSAR) was quantified via linear regression to calculate 
the slope of changes in RSA magnitude across all three FVC levels. 
RSA magnitude increased linearly with increases in inspired tidal 
volume in all three gases (R2>0.98). No significant differences were 
found in RSAR slopes between room air (0.32±0.2 ∆BPM/%FVC), 
hypoxia (0.33±0.26 ∆BPM/%FVC), and hyperoxia (0.34±0.26 
∆BPM/%FVC; P=0.97). Given that RSAR is not affected by oxygen 
availability, our data provides evidence that hypoxic stimulation of the 
carotid bodies elicits activation of both arms of the autonomic nervous 
system, maintaining autonomic balance and heart rate variability.
Funding Source: MRU Faculty of Science and Technology

Multidimensional assessment of breathlessness in  
healthy adults during exercise
J Zhang, MR Schaeffer, SS Dhillon, ON Hutchinson, AH Ramsook,  
RA Mitchell, KG Boyle, N Syed, JH Puyat, JA Guenette

Breathlessness is a subjective experience characterized by distinct 
qualitative sensations that can vary in both the sensory (i.e. intensity) 
and affective (i.e. unpleasantness) dimensions. The purpose of this 
study was to determine whether the intensity and unpleasantness of 
breathlessness could be separately and reliably rated during 
cardiopulmonary exercise testing. The intensity and unpleasantness 
ratings of breathlessness were evaluated in forty-four participants 
(24M: 20F, 25±5 y) with normal pulmonary function during maximal 
incremental cycle exercise tests on three separate occasions (≥48 
hours apart). During visit 1, participants rated the intensity and 
unpleasantness of breathlessness at rest, every two minutes during 
exercise, and at peak exercise using the modified 0-10 category-ratio 
Borg scale. On visits 2 and 3, participants were randomly assigned to 
rate either the intensity or unpleasantness of breathlessness at the same 
standardized measurement times as visit 1. There was a significant 
difference between the dyspnea intensity/ventilation (VE) vs. dyspnea 
unpleasantness/VE slopes during visit 1 (p<0.05). Additionally, the 
onset of dyspnea ratings >0 occurred at a significantly higher work 
rate and VE for unpleasantness compared to intensity (p<0.001). The 
reliability for ratings across visits was moderate for intensity (ICC: 0.61, 
95% CI: 0.42, 0.75) and poor for unpleasantness (ICC: 0.38, 95% 
CI: 0.14, 0.58). These findings suggest that healthy individuals can 
distinguish between intensity and the unpleasantness of breathlessness 
differently when measured simultaneously during the same exercise 
test. However, the reliability of ratings between simultaneous and 
independent assessments is only modest, at least during incremental 
cycling exercise.
Funding Sources: NSERC

Validity of a non-invasive assessment of pulmonary gas 
exchange efficiency during rest and exercise in high-
altitude residents 
CA Howe, S Verges, B Champigneulle, E Stauffer, B Deschamps,  
A Pina, I Hancco, PN Ainslie

Research has recently progressed on the non-invasive assessment of 
pulmonary gas exchange efficiency, or the alveolar to arterial 

difference of oxygen (A-aDO2). Traditionally this A-aDO2 method 
utilizes the classic Riley analysis paired with direct sampling of arterial 
blood gases (ABGs). Building on positive results in chronic lung 
disease and acute normobaric hypoxic exercise, the aim of this study 
was to test the validity of a non-invasive measure of pulmonary gas 
exchange in high-altitude Andean natives. Eleven Andeans (4-female) 
were recruited in Puno, Peru (3800m). Following placement of a 
radial arterial catheter, participants performed a staged cycling 
exercise test to exhaustion. Simultaneous measures of ABGs and 
non-invasive gas exchange were obtained at rest and in two-minute 
intervals during exercise. Non-invasive gas exchange, termed O2 
deficit, was calculated from the difference between the end-tidal and 
calculated PaO2 (via pulse oximetry and corrected for the Bohr effect 
using end-tidal PCO2). The O2 deficit was compared to the traditional 
A-aDO2 using Riley analysis. At rest, a strong correlation was observed 
between the non-invasive and directly measured PaO2 (R

2=0.73; 
P<0.001) with a relatively large positive bias (7.81±5.06mmHg). O2 

deficit was not correlated with A-aDO2 (R
2=0.02; P=0.70). With 

exercise, the relationship between non-invasive and directly measured 
PaO2 was reduced (R2=0.40; P<0.001) with lower bias 
(1.35±7.06mmHg); and O2 deficit was modestly correlated with 
A-aDO2 (R

2=0.26; P<0.001). Understanding the technical and 
physiological sources of variability between the calculated O2 deficit 
and A-aDO2 will aid in the development of new algorithms and 
approaches to assess pulmonary gas exchange efficiency. 
Funding Sources: NSERC, CIHR Canada Research Chairs

Breath-hold diving beyond 100 meters – physiological 
responses in a world champion
A Patrician, C Gasho, B Spajic, HG Caldwell, I Drvis, Z Dujic, PN Ainslie

Breath-hold diving is a ubiquitous activity that involves highly integrative 
physiology and extreme responses to both exercise and asphyxia 
during progressive elevations in hydrostatic pressure. Herein, we 
evaluated the unique physiological profile of a breath-hold to 105 
meters (4:12 minute dive-time) in a world champion diver (32 y/o; 
male). Pulmonary gas exchange efficiency (indexed via the oxygen 
[O2] deficit, a broadly similar metric to the alveolar to arterial partial 
pressure of O2 difference); ultrasound lung comets (ULCs; quantified 
using bilateral thoracic ultrasound imaging); and lung compliance (via 
forced oscillation technique) were performed before and after the dive. 
Electrocardiography (ECG) was measured throughout the dive, and 
revealed sinus bradycardia with premature supraventricular and 
ventricular contractions, that began promptly at 10m and resolved 
upon ascent. Upon surfacing (at ~5 min), gas exchange was impaired 
(as reflected in an 110% increase in O2 deficit from baseline and 
concurrent mild hyperventilation); ULCs were elevated (575% increase 
from baseline); and there was marked breathing discomfort upon 
exhalation (although without evidence of hemoptysis). At 2.5h post-dive, 
gas exchange and subjective discomfort had resolved back to normal 
and lung compliance remained unchanged; however, ULCs were still 
150% above baseline. The electrocardiographic dysynchrony detected, 
likely reinforce the notion of marked autonomic conflict between 
parasympathetically-mediated bradycardia and sympathetically driven 
tachycardia. The absence of hemoptysis and normalized gas 



occur progressively during pregnancy, with the largest differences 
observed in TM3 vs NP. We recruited 27 healthy, normotensive NP 
(n=9; age 31±5), TM2 (n=9; age 33±5), and TM3 (n=9, age 31±3) 
women. We measured MSNA (microneurography, fibular nerve) 
directly, arterial blood pressure (Finometer), and heartrate (ECG) 
during 10.5 ± 3.5 minutes of rest. Resting MSNA was not different 
between NP, TM2, and TM3 (burst incidence 40.4±10.9, 37.9±10.8, 
44.3±14.6, respectively, p=0.51). Spontaneous baroreflex gain was 
lower in the TM3 group compared to either TM2 or NP (main effect, 
p=0.005). Neurovascular transduction (∆blood pressure/total 
activity) was related to the resting burst frequency (p<0.0001) and 
burst incidence (p=0.0001), but not trimester of pregnancy (p=0.343). 
We showed that neurovascular transduction is related to basal MSNA 
in both NP and pregnant populations and not to trimester, while 
baroreflex gain is blunted in TM3 only. Therefore, the mechanisms  
by which MSNA increases during normotensive pregnancy are  
still unclear.
Funding Sources: NSERC, CIHR, WCHRI, AIHS, HSFC

Sympathetic nervous system activity and reactivity in 
women with preeclampsia
LM Reyes, CW Usselman, R Khurana, RS Chari, MK Stickland,  
ST Davidge, C Julian, CD Steinback, MH Davenport

Preeclampsia (PE) is one of the leading cause of maternal-fetal 
morbidity and mortality in North America. Limited evidence suggests 
women with PE have higher sympathetic nervous system activity (SNA) 
compared to normotensive pregnant women, but the mechanisms 
remain unclear. Our objective was to examine mechanisms of SNA 
and reactivity via microneurography. We hypothesize that 
chemoreflex hyperactivity is a mechanism associated with augmented 
SNA in women diagnosed with PE. Women with PE (n=19; 32±5 years 
old, 31±3 weeks gestation) were matched by age and gestational age 
with pregnant women (n=38, 32±4 years old, 31±4 weeks gestation; 
2:1 ratio). Muscle SNA (MSNA) was assessed at rest, during a cold 
pressor test (CPT) and during peripheral chemoreflex deactivation 
(hyperoxia). Plasma noradrenaline concentrations at rest and during 
each stimulus were measured. At rest, mean arterial pressure (MAP: 
106±11 vs. 87±10 mmHg, p<0.0001) and noradrenaline 
concentrations (498±152 vs. 361±134 pg/mL, p=0.008) were higher 
in women with PE compared to controls. However, resting MSNA 
(burst incidence [BI]: 41±16 vs. 45±13burst/100hb, p=0.4) was not 
different between groups. Responses to CPT (∆BI 15±7 vs. 12±11 
burst/100hb, p=0.6; ∆MAP 10±4 vs. 12±11mmHg, p=0.5) and 
hyperoxia protocols (∆BI -5±7 vs. -1±8burst/100hb, p=0.1; ∆MAP 
-1.3±2.8 vs. -1.6±2.8mmHg, p=0.7) were not different between 
groups. Although MSNA was not different between groups, the 
augmented basal norepinephrine for a similar MSNA may contribute 
to hypertension in this population. Counter to our hypothesis, the 
chemoreflex does not appear to be altered and does not contribute  
to increase MSNA in women with PE. 
Funding Sources: HSFC; Women and Children’s Health Research Institute; Molly Towell Perinatal
Research Foundation 

Failure of first-line Labetalol therapy in pregnant women  
is associated with adverse pregnancy outcomes
K McLaughlin, M Audette, S Carmona MD, JC Kingdom

Guidelines recommend the use of specific antihypertensive therapies 
to control maternal blood pressure during pregnancy, however, the 
effectiveness of these agents in pregnant women is not well 
characterized. Between March 2017 - November 2019, 1,130 
pregnant women were identified at risk of developing hypertension in 
pregnancy, and delivered at Mount Sinai Hospital. A real-time medical 
informatics audit platform was utilized to extract information from the 
integrated hospital electronic medical record systems. 161 (14%) 
pregnant women received treatment with antihypertensive medication. 
Labetalol was more likely to be utilized as the first-line antihypertensive 
agent, relative to nifedipine (OR 20 [8 to 47]). Women who failed on 
first-line labetalol therapy exhibited significantly higher protein/
creatinine ratio, liver enzymes and serum creatinine, relative to women 
who were stabilized on single agent labetalol therapy (P < 0.05). 
Failure on labetalol therapy was associated with black ethnicity  
(OR 5 [1.2 to 20]), preterm birth (OR 9 [3 to 31]) and the 
development of preterm preeclampsia < 34 weeks’ gestation (OR 5 [2 
to 12]). Nifedipine failure was not associated with increased incidence 
of adverse pregnancy outcomes. Failure of first-line labetalol 
antihypertensive therapy, but not nifedipine, is associated with adverse 
conditions and severe complications of pregnancy, including preterm 
preeclampsia, suggesting this first-line therapy may not be appropriate 
for all hypertensive pregnant women. Tailored, phenotype-guided 
antihypertensive therapy is required to optimize blood pressure control 
in pregnancy.
Funding Sources: CIHR, The Alva Foundation, The Rose Torno Chair, The Innovation Fund of the
Alternative Funding Plan for the Academic Health Sciences Centres of Ontario

Can cerebral blood flow provide an insight into  
successful weaning from paediatric extracorporeal 
membrane oxygenation?
LEM Finnigan, R Lotto, M Horan, R Dhannapuneni, R Guerrero,  
A Lotto, H Jones

A high percentage of survivors of extracorporeal membrane 
oxygenation (ECMO) later exhibit neurological deficit. Inadequate 
ECMO flow rates and weaning (the progressive reduction in flow  
rates over a period of several hours) could contribute to this deficit.  
14 infants in total were recruited, eight (mean age 69 days) had 
central cannulation for post cardiac surgery support, while six (mean 
age 84 days) received neck cannulation for respiratory support. 
Transcranial Doppler (TCD) was used to take daily measurements of 
middle cerebral artery velocity (MCAv) during ECMO, weaning and 
when separated. Near infrared spectroscopy (NIRS), blood pressure, 
heart rate, arterial oxygen saturation, pH, pCO2 were recorded. 
MCAv during full flow ECMO was 31.9 ± 17.6 cm/sec with NIRS 
values of 77 ± 7%. 12 instances of successful weaning from ECMO 
had an overall higher mean MCAv (35.4 ± 16.6 cm/s) compared with 
six failed attempts (26.5 ± 7.86cm/s). The difference between the first 
reduction and 1/4 flow in the failed group was 11.6 ± 15.6 cm/s, 
whereas the difference in the successful group was 3.4 ± 14.5 cm/s. 
Overall, a higher and stable CBFv was found in infants that 

exchange, suggests recovery occurred rapidly in this world champion 
free-diver. However, a lingering elevation in ULCs indicate a degree 
of pulmonary capillary stress that remains unrecovered, even by 2.5h. 
Funding Sources: CIHR Canada Research Chairs, Croatian Science Foundation

Scientific Session #3: Pregnancy and Exercise Physiology 
 
The effect of a moderate-intensity exercise intervention  
on vascular function during pregnancy 
M France, Á Brislane, DA Low, H Jones, ND Hopkins, VS Sprung

Insufficient physical activity (PA) and sedentary behaviour (SB) are 
common during pregnancy and confer an increased risk of excessive 
gestational weight gain and hypertensive disorders. Exercise is 
recommended to reduce pregnancy-related vascular complications, 
yet vascular adaptations to exercise during pregnancy require further 
investigation. This study examines vascular responses to moderate-
intensity exercise, compared with conventional care. Pregnant women 
(33±3 years; BMI 26±4kg/m2), were recruited during the first or early 
second trimester (week 11±5). Anthropometric measurement, 
submaximal cardiorespiratory fitness (VO2peak), flow-mediated dilation 
(FMD) and habitual PA (Actigraph) were determined at trimesters 1 
(T1), 2 (T2) and 3 (T3). Participants elected to partake in a partially 
supervised exercise intervention (RCOG pregnancy exercise 
guidelines; n=7) or to receive conventional care (n=12). Statistical 
analysis was performed using repeated-measure between-subjects 
ANCOVA (age adjusted). Data are presented as mean±SD. VO2peak 
decreased throughout pregnancy in the exercise group (T1, 
35.2±10.3; T2, 34.0±8.9; T3, 32.7±7.5ml.kg.min-1) and conventional 
care group (T1, 36.4±13.4; T2, 33.1±12.0; T3, 30.9±10.45ml.kg.
min-1) [P=0.95]. Similarly, no significant differences in FMD were 
identified in exercise (T1, 7.1±3.8; T2, 8.5±3.5; T3, 9.5±3.9%) or 
conventional care (T1, 7.7±2.8; T2, 7.2±2.1; T3, 6.8±3.8%) [P=0.27]. 
PA (P>0.05) and SB (P>0.05) remained unchanged in both groups. 
Although non-significant, women in the exercise group demonstrated 
an increase in FMD, in contrast to an observed decrease in the 
conventional care group. Both groups demonstrated a trend in VO2peak 

decline throughout pregnancy. These data suggest that the current 
RCOG exercise in pregnancy guidelines are insufficient to maintain 
VO2peak or elicit vascular adaptation during pregnancy.

Sympathetic regulation of blood pressure in 
normotensive second & third trimester pregnant women 
RJ Skow, GM Fraser, MH Davenport, CD Steinback

Normotensive pregnancy is associated with increased muscle 
sympathetic nerve activity (MSNA), blunted baroreflex gain, and 
decreased neurovascular transduction when comparing the third 
trimester (TM3; >28weeks) to the non-pregnant (NP) state. However, 
little is known about the progression of these changes during a healthy 
pregnancy. We aimed to cross-sectionally characterize the differences 
in resting MSNA, baroreflex gain, and neurovascular transduction 
between NP, second trimester (TM2; 16-21weeks), and TM3 
(34-37weeks) women. We hypothesized that increases in MSNA and 
decreases in baroreflex gain and neurovascular transduction would 
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successfully weaned, irrespective of cannulation site. Changes in NIRS 
were not consistent with changes to TCD. TCD could provide important 
insight into success from weaning off ECMO.
Funding Source: Liverpool John Moores University

Hypoperfusion at submaximal power outputs contributes 
to the attenuation of VO2max in supine vs. Upright 
incremental cycling exercise 
T Liu, PJ Drouin, N Preobrazenski, JT Bonafiglia, H Islam, BJ Gurd,  
ME Tschakovsky

Maximal oxygen uptake (VO2max) is reduced in supine vs upright 
incremental cycling exercise. This could be due to a reduction only  
in peak oxygen delivery (O2del) with lower perfusion pressure as 
compensatory vasodilation preserves submaximal O2del. Alternatively, 
compromised O2del is already manifest during submaximal increments 
in power output (PO) and increases the rate of fatigue progression.  
We hypothesized a contribution of compromised O2del at submaximal 
PO. 14 untrained university aged male participants performed a 
step-wise incremental cycling protocol (16 Watt increments every 3 
minutes) to volitional exhaustion in supine and upright. Data in mean 
±SD. At exhaustion VO2max (ml/min/kg) peak power output (PO; 
Watts), venous blood lactate ([La-]v; mmol/L), Ventilation (VE; L/min) 
and heart rate (HR: bpm) were all decreased supine vs. upright 
(VO2max 35.0 ±3.7 vs. 41.7±5.7; PO 142 ±32 vs. 166 ±41; [La-]v 6.5 
±2.6 vs. 9.6 ±1.3; VE 98.6 ±17.7 vs. 127.4 ±26.8; HR 171 ± 12 vs. 
184 ±12, All P<0.05), but vastus lateralis oxygenated hemoglobin 
(O2HbVL; % peak near infrared spectroscopy signal) and muscle 
activity (EMG; %maximal activation) were not (O2Hb 0.27 ±0.05 vs. 
0.15 ±0.10; EMG 72.6 ±24.3 vs. 88.3 ±61.2, All P>0.05). In 
contrast, at ventilatory threshold (Tvent) O2HbVL was reduced in supine 
vs. upright (0.24 ±0.21 vs. 0.44 ±0.10) while EMG was not different 
(P = 0.51). In supine vs. upright, reduced oxygenation at Tvent but not at 
exhaustion, and reduced PO, [La-]v, HR and VE at exhaustion, with no 
difference in EMG, is consistent with accelerated submaximal 
hypoperfusion-mediated fatigue compromising VO2max.

Sprint interval training increases maximal cardiac output
W Bostad, DG McCarthy, MJ Gibala

Sprint interval training (SIT) increases maximal oxygen uptake 
(VO2max), but the mechanistic basis for this effect is unclear. We 
determined the effect of ~30 SIT sessions over ~12 wk on VO2max and 
maximal cardiac output (Qmax) in healthy untrained adults [n=14 (8 
females); 21±2 y]. SIT was performed on a cycle ergometer and 
involved a 2-min warm-up (50 W), 3 x 20-s ‘all-out’ bouts (581±221 
W) interspersed with 2-min of unloaded cycling, and a 3-min cool-
down (50 W). VO2max was determined using a ramp cycling test to 
volitional fatigue. Qmax was subsequently determined using inert gas 
rebreathing (Innocor) over a 2-min period of exercise performed at 
90% of the peak work rate attained during the VO2max test. Pilot testing 
confirmed this protocol elicited VO2max over the 2-min period of Qmax 
measurement. All measurements were performed twice at baseline, 
and reproducibility determined as a coefficient of variation was 5.8 
and 4.7% for VO2max and Qmax, respectively. Repeated measures 
analysis of variance revealed that VO2max increased from 36.9±7.6 
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ramp incremental test on a cycle ergometer to determine O2max, 
ventilatory threshold (VT), and respiratory compensation (RC) point. 
An intensity of 33% of the difference between VT and RC was 
calculated for subsequent trials. On 4 separate days, participants 
ingested either a ketone salt or carbohydrate drink ~30-minutes 
before testing. This was followed by a brief warm-up (5-minutes: 50W), 
then the exercise immediately transitioned to the heavy-intensity 
exercise domain for 8-minutes before returning to 50W. Each trial was 
mono-exponentially fit and the time-constant of the primary component 
(t), baseline and amplitude of the O2 response was determined. 
Participants exhibited similar baselines (p=0.56) and amplitudes (p = 
0.70) across conditions. This preliminary data did show slower 
kinetics, under the ketone condition, but this did not reach significance 
(41.1 ± 12.7 vs. 32.5 ± 21.2, p = 0.17). These data suggest that 
metabolic efficiency is similar and that ketone salt supplementation 
does not improve the transition from one metabolic rate to another 
during exercise. In conclusion, these preliminary data suggest that 
ketone salt supplementation may not be ideal in those seeking to 
improve intense exercise performance.
Funding Source: CFI

The effect of exogenous ketone monoester ingestion  
on BDNF during an oral glucose tolerance test
JJ Walsh, E Myette-Cote, JP Little

The study objective was to investigate the effect of ketone monoester 
(KME) ingestion on plasma concentrations of brain-derived 
neurotrophic factor (BDNF) during an oral glucose tolerance test 
(OGTT) in normal-weight adults and adults with obesity. Secondary 
analyses of two studies were performed. Study 1 included lean adults 
(n=18; Mage=25.3 ±4.3 years; BMI=22.2 ±2.3 kg/m2) and Study 2 
included adults with obesity (n=12; Mage=48.8 ±9.5 years; BMI=33.7 
±5.0 kg/m2). Participants ingested 0.45 mL/kg-1 body weight KME  
or Placebo 30 minutes prior to completing a 75g OGTT. 
β-hydroxybutyrate and BDNF were measured via blood samples at 
fasting baseline and 120 min post-OGTT. Plasma glucose was 
measured at baseline and every 30 minutes during the OGTT. Study 1: 
Plasma BDNF significantly decreased post-OGTT compared to 
baseline in the Placebo condition (389.3 ±595.8 pg/mL vs. 718.6 
±830.8 pg/mL; p=0.018), whereas it was unchanged in the KME 
condition (469.2 ±791.8 pg/mL vs. 560.2 ±689.6 pg/mL; p=0.28). 
Study 2: In the KME condition, plasma BDNF significantly increased 
post-OGTT compared to baseline (188.9 ±138.2 pg/mL vs. 122.6 
±129.3 pg/mL; p=0.037), whereas it was unchanged in the Placebo 
condition (126.4 ±134.0 pg/mL vs. 143.9 ±161.9 pg/mL; p=0.18). 
Fasting BDNF was significantly lower in adults with obesity compared 
to lean adults (132.8 ±142.8 pg/mL vs. 639.4 ±756.8 pg/mL; 
p=0.002). These findings suggest that KME may be a strategy for 
altering plasma BDNF responses during hyperglycemia, as KME 
ingestion increased BDNF during an OGTT in adults with obesity  
and protected against hyperglycemia-induced reductions in BDNF in 
lean adults. 
Funding Sources: NSERC 

Scientific Session #4: Environmental Physiology

Oxidative stress impairs vascular endothelium-dependent 
vasodilation in hypobaric hypoxia
RM Stone, JC Tremblay, J Akins, PN Ainslie, DB MacLeod,  
CA DeSouza, AR Bain

High-altitude induced hypoxemia has been associated with 
impairments in endothelium-mediated vasodilatory function, however, 
there is no consensus on the primary mechanism(s) responsible for 
these impairments (or indeed their precise health implications). 
Accordingly, this study tested the hypothesis that impairments in 
vascular endothelial function at high-altitude are largely consequent to 
oxidative stress. Ten young healthy lowlander adults were tested at 
sea-level (344m) and following five days at high-altitude (4300m). 
Vascular endothelial function was determined using the gold-standard 
isolated perfused forearm technique with forearm blood flow (FBF) 
measured by strain-gauge venous occlusion plethysmography. 
Vascular endothelial function was determined by the FBF responses to 
intra-arterial infusion of acetylcholine (ACh), while the contribution of 
oxidative stress to the endothelium-dependent vasodilator response 
was determined through co-infusion of ACh with the antioxidant, 
Vitamin C. As anticipated, the FBF response to ACh was lower at 
high-altitude (44±27 ml/100ml tissue/min) compared to sea-level 
(55±20 ml/100ml tissue/min), p<0.05. Meanwhile, while there was 
no significant difference in the FBF response to ACh compared to 
ACh+Vitamin C at sea-level, co-infusion of Vitamin C markedly 
increased (~20%,p<0.05) the FBF response to ACh at high-altitude. 
Indeed, the co-infusion of Vitamin C with ACh at high-altitude 
effectively restored the FBF response back to sea-level values (53±24 
ml/100 ml tissue/min). Notably, the decline in FBF to ACh at high-
altitude was associated with the magnitude of hypoxemia 
(R2=0.60,p<0.05). Collectively, these data support the hypothesis that 
impairments in vascular endothelial function at high-altitude are largely 
attributable to oxidative stress, secondary to the level of hypoxemia. 
Funding Sources: NSERC, NIH, CIHR Canadian Research Chairs

Severity of central sleep apnea does not improve sleeping 
oxygen saturation during ascent to high altitude
JD Bird*, A Kalker*, JS Chan, AN Rimke, G Chan, G Saran,  
RJA Wilson, TD. Brutsaert, NG Jendzjowsky, MT Sherpa, TA Day

Central sleep apnea (CSA) is characterized by intermittent periods  
of apnea and hyperventilation with associated fluctuations in blood 
oxygen saturation. CSA is universal at high-altitude (HA; >3000m), 
increasing in severity with ascent and/or time spent at high altitude. 
Whether CSA is adaptive or maladaptive with respect to sleeping 
oxygen saturation at altitude is unclear. We hypothesized that CSA 
improves mean sleeping oxygen saturation during acclimatization to 
HA. We characterized the effects of CSA severity on night-time 
sleeping oxygen saturation during two HA ascent profiles in Diamox-
free lowlanders: (I) incremental ascent to 5160m over 10 days/nights 
in the Nepal Himalayas (n=21) and (II) rapid ascent to and residing at 
3800m over 10 days/nights in the Sierra Nevada mountains, CA, 
USA (n=21). Using portable polysomnography, we assessed apnea-
hypopnea index (AHI), oxygen desaturation index (ODI), and 

baseline, mean and nadir oxygen saturation (SpO2) during sleep at 
altitude. Across both ascent profiles, AHI and ODI increased in  
severity (P<0.001), and baseline, mean and nadir SpO2 decreased 
significantly (P<0.0001), suggesting both altitude- and sleep apnea-
associated hypoxia. On nights 9/10, there were no significant 
correlations between AHI nor ODI and mean nor nadir SpO2 during 
sleep at 5160m (r>-0.35, P>0.2) and 3800m (r>-0.45, P>0.05), nor 
were there differences in mean sleeping SpO2 between dichotomized 
high vs. low CSA (P>0.05). Although the severity of CSA during sleep 
at altitude does not play a role in improving oxygen saturation, the 
relative hyperventilation between apneas likely protects against the 
apnea-mediated oxygen desaturations during sleep at altitude.
Funding Sources: NSERC. Alberta Innovates Health Solutions and Alberta Government Student
Temporary Employment Program

Cerebrovascular responses to exercise in lowlander 
children and adults at high altitude 
MG Rieger, CM Tallon, GR duManoir, D Perkins, S Piombo,  
I Algaze Gonzalez, M Stembridge, K Smith, PA Ainslie, DM Cooper, 
AM McManus 

High altitude travel is becoming increasingly popular with families, yet 
the impact of altitude on cerebrovascular exercise responses in children 
is unknown. Children have elevated resting cerebral blood velocity 
(CBFv) compared to adults and altered sensitivities to changes in 
arterial oxygen and carbon dioxide in comparison to adults. The 
purpose was to compare cerebrovascular responses to exercise in 
children and adults at 3800m elevation. 10 children (7-14years) and 
10 sex-matched adults (23-44 years) performed a graded exercise 
test to exhaustion on the 4th day of acclimatization at White Mountain 
Research Center. Peripheral oxygen saturation (SPO2), PETCO2, PETO2, 
and blood velocities (middle (MCAv) and posterior (PCAv) cerebral 
arteries) were continuously monitored. At ventilatory threshold, MCAv 
increased to a greater extent in adults (+23% vs +12% above baseline, 
P=0.01) and remained elevated compared to children at peak 
exercise (18% vs 4.9%, P=0.047). A similar trend was observed in the 
PCA, however significant child-adult differences were only evident at 
peak exercise (+17.4% in adults vs. +3.7% in children, P=0.035). 
PETCO2 was below baseline during peak exercise in children (-5mmhg, 
P<0.01) and adults (-6.5mmHg, P<0.001) and a significant positive 
linear relation between ∆PETCO2 and ∆MCAv was observed in both 
groups (P=0.021). While both groups demonstrated similar changes in 
PETO2 throughout the test, the reduction in SPO2 during peak exercise 
was larger in adults (-11% vs -5.9%, P=0.027). The differences in  
CBFv between children and adults may in part be attributed to better 
maintenance of SPO2 during exercise to maximum at high altitude  
in children.
Funding Sources: NSERC, Wilderness Medical Society, North American Society for Pediatric
Exercise Medicine

pre-training to 39.6±8.2, 42.4±8.8 and 44.6±9.0 ml/kg/min after 2, 
6 and 12 wk of SIT, respectively (p<0.001 for all). Qmax increased  
from 17.4±3.9 to 18.3±4.8 L/min after 12 wk (p=0.048) but was not 
significantly different after 2 or 6 wk (p>0.05). The change in VO2max 
and Qmax from baseline to 12 wk were positively correlated (r2=0.44, 
p=0.01). These data suggest that, similar to traditional endurance 
training, the increase in VO2max after 12 wk of SIT is associated with  
an increase in Qmax.
Funding Source: NSERC.

The effect of a ketone monoester supplement on  
exercise metabolism and performance
DG McCarthy, W Bostad, MJ Gibala

Nutritional ketosis is a state where ketone bodies are elevated 
above normal basal levels, typically corresponding to ~0.5-5.0 
mM blood beta-hydroxybutyrate ([βHB]) (PMID=27861911). 
Ingesting ketone supplements rapidly induces acute nutritional 
ketosis without otherwise altering diet, and there is growing interest 
in the potential for this method to alter exercise physiology and 
metabolism. The limited studies to date have yielded equivocal 
data, however, owing in part to differences in supplement type, 
dose, increase in [βHB], and participant training state. This study 
tested the effects of a ketone monoester (KE) supplement on 
physiological and metabolic responses to exercise performed at 
individual ventilatory threshold intensity. Endurance-trained 
participants (n=7 males, n=6 females; VO2peak = 56±6 ml/kg/
min) completed two trials in a randomized, crossover, double-
blinded manner. Participants ingested 600 mg/kg body mass of a 
KE or a flavour-matched placebo, 30 min before cycling for 30 min 
(72±2% VO2peak). KE ingestion increased whole blood [BHB] vs. 
placebo immediately before (4.7±0.8 vs 0.2±0.1 mM) and after 
exercise (3.8±0.7 vs 0.1±0.1 mM). During exercise, ventilation 
(80±20 vs 71±16 L/min; dz=1.53; p<0.001), heart rate (156±13 
vs 151±12 beats/min; dz=0.97; p<0.01), and rating of perceived 
exertion using a 6-20 scale (14.5±1.1 vs 14.1±1.0; dz=0.27, 
p=0.02) were increased in KE vs. placebo. VO2 (Placebo: 
2781±656, KE: 2815±667 ml/min; dz=0.47; p=0.12), and 
respiratory exchange ratio (Placebo: 0.89 ± 0.03, KE: 0.89 ± 
0.04; dz=0.13; p=0.63) were similar between treatments. We 
conclude that KE supplementation, per the study conditions 
described, increased markers of cardiorespiratory and perceived 
stress during submaximal exercise in endurance-trained participants.
Funding Sources: NSERC, Ontario Graduate Scholarship (OGS)

The impact of exogenous ketone salt supplementation on 
oxygen uptake kinetics during heavy intensity exercise
T Strandt, M Rakobowchuk

Exogenous ketone supplementation and inducing dietary ketosis is a 
popular strategy suggested to improve performance. However, 
exogenous ketone salt supplementation has been shown to decrease 
performance, but mechanisms have not been examined. We aimed to 
examine whether supplementing with exogenous ketone salts alters 
heavy exercise domain oxygen uptake kinetics compared to an 
isocaloric carbohydrate supplementation. Participants completed a 
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mean arterial pressure (MD [95%CI]: +7(2 to 13) mmHg, P =0.006) 
above rest. Ejection fraction (MD [95%CI]: +6(-1 to 13)%, P =0.10) 
and peripheral oxygen saturation (MD [95%CI]: -2(0 to -4)%, P =0.07) 
were unchanged. Longitudinal strain was significantly greater during 
each stage of exercise (25 W: -18.1±1.6, 50 W: -18.9±2.1, 75 W: 
-20.5±2.7%, 100 W: -21.7±1.6%) compared to rest (-14.9±2.5%,  
P =0.001). At high-altitude, Sherpa women exhibit similar 
cardiovascular responses to exercise as those typically observed in 
Lowlanders at low-altitude. These data highlight cardiovascular 
adaptions in this high-altitude population. 
Funding sources: NSERC, Women and Children’s Health Research Institute and  
Lois Hole Hospital for Women

Mechanisms regulating the pressor reponse to  
apnea at high altitude
ER Vanden Berg, GM Fraser, L Berthelsen, AR Steele, VL Meah,  
LL Simpson, MM Tymko, FC Villafuerte, PN Ainslie, M Stembridge,  
JP Moore, CD Steinback

Previously, we have demonstrated increased sympathetic nerve activity 
(SNA) but a blunted increase in SNA in response to apnea at high-
altitude. Yet, this was associated with a greater pressor response. We 
aimed to quantify the contribution of alpha-adrenergic mechanisms 
and systemic sympathetic neurovascular transduction to the pressor 
response to apnea in acclimatizing lowlanders (M=8, F=2) at 4300m. 
SNA, mean arterial pressure (MAP; Finometer) and heart-rate (HR) 
were measured at rest, during voluntary apnea and following 
phenylephrine infusion prior to and following partial alpha-adrenergic 
blockade (phentolamine). Transduction was analyzed as the slope of 
the relationship between MAP and total SNA associated with 
sequences of sympathetic bursts using a custom event trigger detection 
algorithm (MatLab). With phentolamine, resting MAP was unchanged 
from rest (97±9mmHg to 93±9mmHg, P=0.24, and HR increased 
(73±19bpm to 92±20bpm, P=0.0001). Resting SNA frequency 
(32±13bursts/min) increased with phentolamine (47±16bursts/min, 
P=0.002), however incidence remained unchanged (44±16 to 
52±14bursts/100beats, P=0.12). The increase in MAP during 
systemic phenylephrine (+14±8mmHg) was reduced following 
phentolamine (+11±9mmHg; 26±20% reduction, P=0.01). Systemic 
neurovascular transduction (0.005±0.006a.u.) appeared reduced 
following phentolamine (0.001±0.002a.u.), although this was not 
significant (P=0.12). However, the MAP and HR responses to apnea 
were similar prior to (+25±5mmHg; -43±17bpm) and following 
(+25±10mmHg: -44±15bpm) phentolamine (P=0.93; P=0.85). 
Systemic phentolamine reduced alpha-adrenergic responsiveness and 
sympathetic neurovascular transduction. However, the MAP response 
to apnea remained unchanged. This suggests a potent non-adrenergic 
contribution to the apnea induced pressor response.
Funding Sources: NSERC, Heart and Stroke, CIHR Canadian Research Chair, National and Alberta
New Investigator Award, The Physiological Society Research Grant Scheme, Santander Mobility 
Fund, Gilchrist Educational Trust.

High-altitude exposure increases inflammatory  
pathway gene expression associated with toll-like 
receptor 4 signaling
K Pham, EC Heinrich

The cellular response to hypoxia involves inflammatory signaling via 
crosstalk between the hypoxia-inducible factor and NF-kB signaling 
pathways. However, it remains unknown how high-altitude exposure 
impacts inflammatory signaling and the immune system. We profiled 
expression of 255 key inflammatory response genes in peripheral 
blood collected in the morning during fasting at sea level and after  
one night at high altitude (3800 m elevation) in 14 healthy sea-level 
residents (4 women, 10 men). Gene expression was determined by 
direct digital detection of intracellular mRNA targets using the 
NanoString nCounter system. The top 10 significantly differentially 
expressed genes include LY96 (fold increase 3.48, p<0.0001) and 
HMGB1 (fold increase 1.56, p<0.001) which are both involved in 
activating toll-like receptor 4 (TLR4) signaling pathways. TLR4 
activation leads to increased NF-kB activity and proinflammatory 
cytokine expression. Accordingly, expression of NF-kB target genes 
interleukin-8 (IL8) and the macrophage chemotactic protein CCL2  
also were significantly increased at high altitude (IL8: fold increase 
1.81, p<0.0001; CCL2: fold increase 4.07, p=0.006). IL-8 is a 
proinflammatory CXC chemokine which modulates the innate immune 
response and is implicated in angiogenesis. These data suggest that 
acute high-altitude exposure initiates a stress-induced priming of the 
innate immune system.
FundingSources: University of California Riverside School of Medicine; University of California
Riverside Regents Faculty Fellowship

Perceived mental strain dissociates from perceived 
physical strain with worsening arterial desaturation  
at increasing altitude
PJ Drouin, JJ Walsh, T Day, J Swart, ME Tschakovsky

Perceived mental strain (TEA) is determined by a corollary of central 
motor drive sent from the brain to the muscle whereas perceived 
physical strain (P-RPE) reflects sensations and feelings of physical stress 
and fatigue during exercise. Hypoxic exposure reduces the work 
performed for a given P-RPE, however, it remains to be determined if 
hypoxia alters the relationship between TEA and P-RPE. Therefore, we 
tested the hypothesis that worsening SPO2 results in lower TEA scores 
for a given P-RPE in exercise during ascent from Kathmandu towards 
Mt. Everest base camp in Nepal. 12 untrained participants were 
introduced to the TEA and P-RPE scales, then they performed a 20min 
exercise bout while working within a heart rate reserve range of 
40-60%. Exercise bouts were run ~12hrs after having arrived at each 
of three elevations; Kathmandu (KT; 1400m), Namche Bazar (NB; 
3440m) and Pheriche (PH; 4370m). HR was monitored throughout 
exercise (Polar HR monitor). SPO2 measures were taken immediately 
before and after exercise (ChoiceMMed pulse oximeter). TEA and 
P-RPE were recorded twice during exercise (5-7min and 14-16min). 
Resting SPO2 decreased as altitude increased (KT:97.5±0.5%, 
NB:93.7±2.5%, PH:88.9±3.2%, P<0.001). By design, HR and P-RPE 
during exercise were not different with worsening SPO2 
(KT:153±12bpm; 11.1±1.76, NB:148±15bpm; 10.7±1.16, 

PH:145±9.6bpm; 11.5±1.46, respectively). TEA decreased with 
increasing altitude (KT:3.29±2.66, NB:2.33±2.71, PH:2.18±2.26). 
We interpret these findings to suggest that perceived mental and 
physical strain can be dissociated with worsening arterial desaturation. 
The mechanisms underlying the preceding perceptual dissociation at 
altitude however remain to be determined.

White Mountain 2019: Association between cerebral 
tissue oxygenation and low frequency oscillations in 
arterial pressure
GK Anderson, A Steele, ER Vanden Berg, L Berthelsen, AJ Rosenberg, 
HJ Barnes, J Bird, BRM Byman, N Jendzjowsky, RJ Wilson, TA Day,  
CD Steinback, CA Rickards

We previously demonstrated that forcing low frequency oscillations  
in arterial pressure and cerebral blood flow protected against 
reductions in cerebral tissue oxygen saturation (ScO2) during lower 
body negative pressure, both at sea level, and high altitude. Herein, 
we examined the relationship between ScO2 and low frequency 
oscillations in mean arterial pressure (MAP) at rest during 
acclimatization to high altitude. We hypothesized that ScO2 would 
decrease with exposure to high altitude, which would be 
accompanied by a compensatory increase in low frequency 
oscillations in MAP. Resting beat-to-beat MAP (via finger 
photoplethysmography) and ScO2 (via near-infrared spectroscopy) 
were measured in 9 healthy humans (5 female, 4 male; age 27±7 y) 
at low altitude (LA) in Calgary (1045 m), on days 2-3 following rapid 
ascent to high altitude at White Mountain, California (3800 m), and 
after 8-9 days of acclimatization to 3800m. Arterial pressure 
waveforms were fast-Fourier transformed and MAP low frequency 
power (0.07-0.15 Hz) was calculated. ScO2 decreased with early 
ascent to high altitude (-3.8±1.5 % from baseline; P = 0.05) 
accompanied by an increase in amplitude of low frequency 
oscillations in MAP (+165.8±56.5 % from baseline; P = 0.06). 
Following acclimatization, ScO2 was similar to LA (-0.9±1.8 % from 
baseline; P=0.81), although the amplitude of MAP low frequency 
oscillations remained elevated compared with LA (+190.1±62.7 % 
from baseline; P=0.02). Low frequency oscillations in arterial pressure 
(and presumably blood flow) may be a protective mechanism to 
preserve tissue oxygenation under a variety of conditions, including 
exposure to high altitude. 
Funding Sources: American Heart Association Grant-in-Aid, NSERC

High-altitude hypoxia decreases plasma erythropoietin 
soluble receptor in lowlanders 
G Vizcardo-Galindo, F León-Velarde, FC Villafuerte

During the first few hours of hypoxia, erythropoietin (Epo) peaks and 
thereafter returns baseline levels with 7days. Despite this, hematocrit 
(Hct) continues to increase for many weeks at high altitude. Although 
the cause of the dissociation between Epo and Hct remains unclear, 
progressive reductions in the soluble form of the Epo receptor (sEpoR) 
might be better reflective of the erythropoietic drive. It is unclear, 
however, if sEpoR plasma levels are altered during the first hours of 
sustained hypoxia. Therefore, the objective of this study was to 
characterize the time-profile of sEpoR, Epo and reticulocyte count  

Dysfunctional extracellular microvesicles in Andean 
highlanders with chronic mountain sickness
LM Brewster, AR Bain, VP Garcia, R Stone, NM DeSouza, JJ Greiner, 
M Tymko, FC Villafuerte, PN Ainslie, CA DeSouza

Chronic mountain sickness (CMS), a maladaptation to high altitude 
characterized by excessive erythrocytosis and often severe 
hypoxemia, is prevalent in Andean highlanders. In addition to an  
array of neurological symptoms, CMS also increases the risk of 
cardiovascular events. Circulating extracellular microvesicles (MVs) 
are key mediators of cardiovascular health and disease through their 
interaction with the vascular endothelium. We determined whether 
CMS influences the effect of MVs on endothelial cell inflammation, 
oxidative stress, apoptosis and nitric oxide (NO) production. Twenty 
six male residents of Cerro de Pasco, Peru (4,340 m) were studied: 12 
healthy highlanders without CMS (HH; age: 40±4 yr; Hb: 17.4±0.5 
g/dL; HCT: 53±2%; spO2: 86.9±1.0%; CMS score: 0.8±0.1) and 14 
highlanders with CMS (H-CMS: 43±4yr; 24.4±0.4 g/dL; 71.3±1.1%; 
79.7±1.6%; 7.1±1.0). MVs were isolated from plasma by flow 
cytometry. Human umbilical vein endothelial cells were cultured and 
treated with MVs from either HH or H-CMS. MVs from H-CMS induced 
significantly greater NF-kB activation (173.6±14.2 vs 132.9±12.1 
AU) and interleukin (IL)-6 (89.9±2.5 vs 77.1±1.9 pg/mL) and IL-8 
(62.1±2.5 vs 53.3±2.2 pg/mL) release than MVs from HH. Cell 
oxidative stress and apoptotic susceptibility were not significantly 
affected by MVs from H-CMS. However, eNOS activation 
(231.3±15.5 vs 286.6±23.0 AU) and NO production (8.3±0.6 vs 
10.7±0.7 μM/L) were significantly lower in cells treated with MVs 
from H- CMS vs HH. Increased inflammation and decreased eNOS 
activity and NO production renders the vascular endothelium highly 
susceptible to atherosclerosis and thrombosis. Andean highlanders 
with CMS exhibit dysfunctional circulating MVs that induce a 
proatherogenic endothelial phenotype.

Queens of the mountain: cardiovascular responses to 
exercise in high-altitude sherpa women
VL Meah, RJ Skow, K Sherpa, CD Steinback, MH Davenport

Sherpa have resided at high-altitude for over 500 generations and 
their superior performance at altitude has earned them the moniker - 
Kings of the Mountain. However, our understanding of Sherpa women 
and their physiological adaptations to this extreme environment is all 
but absent in the literature. Thus, we aimed to quantify hemodynamic 
and cardiac function at rest and during exercise at high-altitude in 
Sherpa women (n=13, 31±5 years, 151±4 cm, 56±6 kg). Left 
ventricular volumes, longitudinal strain (echocardiography), heart rate 
(HR; electrocardiography), blood pressure (photoplethysmography) 
and peripheral oxygen saturation (pulse oximetry) were measured at 
rest and during cycling (25, 50, 75, 100 Watts [W]). Mixed-effects 
analyses were used to identify differences from rest to exercise 
(α=0.05). Similar to established responses in lowlanders at low-
altitude, submaximal exercise at 100 W in Sherpa women at 3,800 m 
significantly increased HR (mean difference [MD], 95% confidence 
interval [CI]: +37(28 to 45) bpm, P <0.001; 55+6% HR maximum), 
cardiac output (MD [95%CI]: +3.3(1.5 to 5.0) L.min-1, P <0.001) and 
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Cardio-centric hemodynamic management improves 
spinal cord oxygenation and mitigates hemorrhage in 
acute high-thoracic spinal cord injury
AM Williams, N Manouchehri, E Erskine, K Tauh, K So, F Streijger,  
BK Kwon, CR West
 
Vasopressor-based hemodynamic management is the most widely-
utilized neuroprotective strategy for acute spinal cord injury (SCI), but 
does not always improve spinal cord perfusion and can exacerbate 
cord hemorrhaging. Alternatively, clinical protocols have not 
considered that cardiac dysfunction post-SCI may serve as a potential 
target for optimized management of acute high-level SCI. The aim of 
the study was to examine the efficacy of cardiac-centered (ß-receptor 
agonist dobutamine, DOB) versus vasopressor (norepinephrine, NE) 
management in improving spinal cord oxygenation (SCO2) and 
histological outcomes in a porcine model of T2 SCI. 22 Yucatan 
minipigs were instrumented with intraparenchymal SCO2 sensors, a 
left-ventricular pressure-volume catheter and femoral artery catheter. 
Animals received a T2 contusion SCI (2hrs compression, 150g) with 
either no management (control, n=8), DOB (n=7) or NE (n=7). 
Management began 30mins post-SCI and drugs were titrated to attain 
a targeted left-ventricular contractility (end-systolic elastance) of 

~2.5-2.9mmHg/ml (DOB) or mean arterial pressure of ~85-90mmHg 
(NE). Measures were taken up to 4hrs post-SCI, and cord tissue 
harvested for hematoxylin and eosin (H&E) staining. 4 animals 
received higher doses of DOB (≥2.5mg/kg/min) and 3 received low 
DOB (≤0.5mg/kg/min). At 4hrs post-SCI, SCO2 was augmented in 
animals receiving high-dose DOB (+112±27% of baseline) compared 
to control (-8±63%, p=0.022), NE (-6±74%, p=0.024) and low-dose 
DOB (-42±3%, p=0.015; group´time p<0.001). H&E staining 
revealed significant hemorrhaging with NE (8.7±4.4% cord area) 
compared to control (1.4±0.8%, p=0.027), which was not observed 
with high-dose DOB (4.9±3.5%, p=0.33). Cardio-centric 
hemodynamic management appears to optimize spinal cord  
outcomes in acute SCI, and merits clinical investigation. 
Funding Sources: MSFHR, PRAXIS Spinal Cord Institute, International Collaboration  
on Repair Discoveries, US Department of Defence 

Functional left ventricular remodelling: Differential 
adaptations to either endurance or resistance  
exercise-training
TG Dawkins, BA Curry, A Drane, RN Lord, C Richards, M Brown,  
F Lodge, Z Yousef, M Stembridge, RE Shave

Left ventricular (LV) remodelling following athletic training has  
been evidenced through training-specific changes in wall thickness 
and geometry. Whether LV responsiveness to haemodynamic  
loading also adapts in a training-specific manner is unclear. Using 
echocardiography, we examined the LV response of endurance-
trained (n=15), resistance-trained (n=14), and non-active controls 
(n=13) to (i) leg-press exercise at 20%, 40%, and 60% one-repetition-
maximum, and (ii) intravascular Gelofusine infusion (7ml·kg-1) with and 
without passive leg-raise. Repeated measures ANOVA was used to 
compare the change in measurements between groups. Relative wall 
thickness and LV length were similar between groups, but LV mass was 

greatest in endurance-trained individuals. Leg-press evoked a similar 
increase in blood pressure; however, stroke volume (SV) was better 
maintained in resistance-trained vs. controls at 60% (-3±8% vs. 
-15±7%, p =0.001). Correlation between the change in longitudinal 
strain and SV (R=0.537; p =0.007) indicates that SV was better 
maintained in those with the greatest increase in strain. Resistance-
trained individuals also demonstrated a minimal delay in time-to-peak 
strain compared to the post-systolic shortening observed in endurance-
trained (1% vs. 12%; p =0.021). Infusion caused a similar percentage 
increase in EDV and SV among groups, but leg-raise increased EDV 
further only in the endurance-trained (5±5% to 8±5%; p=0.018).  
The increase in strain and SV was correlated only in endurance-trained 
individuals (R=0.769; p =0.002). In conclusion, resistance-trained 
individuals were better able to maintain SV through enhanced 
longitudinal deformation when pressure challenged, whereas 
endurance-trained individuals demonstrated a greater EDV reserve 
and coupling of myocardial shortening and SV when volume 
challenged. Together, these data provide novel evidence of training-
specific LV functional remodelling.

The influence of maturation on cardiac remodelling and 
haematological adaptation to endurance training
D Perkins, JS Talbot, RN Lord, TG Dawkins, CJA Pugh, RS Lloyd,  
RE Shave, JL Oliver, M Stembridge

Left ventricular mass (LVmass) and haemoglobin mass (Hbmass) are 
key determinants of maximum oxygen consumption (VO2peak), both of 
which increase with endurance training. This adaptation is mediated 
via growth-related hormones that peak naturally during adolescence, 
especially in boys, leading to the hypothesis that training adaptation 
may be more prominent in post- vs. pre-pubertal children. Therefore, 
we assessed LVmass (echocardiography), Hbmass (CO rebreathe) 
and VO2peak (allometrically scaled to lean body mass; LBM) in 42 
endurance-trained boys (ETB) (9.0-17.1 years; training 9.0±2.9 h/
week), 31 untrained boys (UTB) (8.0-17.7 years; physical activity: 
0.9±0.9 h/week), 44 endurance-trained girls (ETG) (8.2-17.0 years; 
training: 7.3±3.3 h/week) and 37 untrained girls (UTG) (8.0-17.6 
years; physical activity: 1.1±1.4 h/week). Maturity status was 
estimated as years from peak height velocity (PHVyear). LVmass, 
Hbmass and VO2peak were all higher in ETB and ETG, compared with 
their untrained counterparts. LVmass was greater in ETB with a higher 
maturity status (0.07 g/kgLBM1.165/PHVyear

-1 [95%CI= -0.005 to 
0.145]; P=0.0653), but this trend was not observed in any other 
group, nor were there any differences in Hbmass. Despite the higher 
LVmass in more mature ETB, VO2peak did not differ. However, VO2peak 
was greater in ETG with a higher maturity status (1.06 ml/kgLBM1.094/
min-1/PHVyear

-1 [95%CI= 0.135 to 1.985]; P=0.0257). No 
maturational breakpoints were identified through segmental linear 
regression. Maturation appears to influence LVM in endurance-trained 
boys and not girls, but cardiovascular adaptation does not directly 
translate to increased maximal oxygen consumption in either sex.

Right ventricular – pulmonary vascular coupling at rest 
and exercise in patients with suspected pulmonary 
hypertension 
TA Buchan, E Karvasarski, FH Valle, L Groves, S Mak, SP Wright*

Right ventricular (RV) systolic performance, quantified as end-systolic 
elastance (Ees), normally has sufficient reserve to maintain optimal 
coupling to physiologic increases in the pulmonary arterial (PA) load, 
quantified as effective arterial elastance (Ea). The PA load is 
augmented with pulmonary vascular (PVD) or left heart dysfunction 
(LHD), particularly with exercise, but whether RV systolic performance 
adapts similarly in response to each pathophysiology is unclear. We 
studied patients with suspected pulmonary hypertension who were 
referred for right-heart catheterization with cycle-ergometry. RV  
and PA pressures were recorded simultaneously, cardiac output was 
calculated using thermodilution, and RV Ees and PA Ea were 
calculated using a single-beat method. Patients were classified as 
either PVD, LHD, or Normal based on their hemodynamic response to 
exercise. Results reflect Median[IQR]. We included 62 patients (56% 
male; 58±14 years); exercise hemodynamic classifications comprised 
15 PVD, 19 LHD, and 28 Normal. At rest, Ea was elevated in PVD 
(0.45[0.37-0.98] mmHg/mL, p<0.001) and LHD (0.48[0.34-0.67] 
mmHg/mL, p<0.001) vs. Normal (0.25[0.19-0.29] mmHg/mL); 
although Ees was elevated in both groups, the Ees:Ea ratio was 
depressed in PVD vs. Normal (1.16[0.84-1.42] vs. 1.68[1.33-2.23], 
p=0.006). With exercise, the increases in Ees and Ea were not 
different between groups, yet due to baseline differences in RV-PA 
coupling, Ees:Ea trended lower in PVD vs. Normal (1.02[0.68-1.85] 
vs. 1.55[1.27-2.51], p=0.07), but not in LHD (1.40[0.80-1.60]).  
Among patients with suspected pulmonary hypertension due to PVD  
or LHD, RV systolic performance reserve maintains RV-PA coupling in 
response to exercise, but depressed coupling in PVD at rest persists 
during exercise. 
Funding Sources: Peter Munk Cardiac Centre Innovation Fund, Canadian Lung Association

Temporal patterns of pulmonary vascular loading  
during exercise in patients with suspected pulmonary 
hypertension 
E Karvasarski, RF Bentley, TA Buchan, FH Valle, SP Wright, S Mak

Pulmonary artery pulse pressure (PP) reflects vascular compliance as 
stroke volume per beat is superimposed upon diastolic pressure 
(PADP), which is influenced by vascular resistance and outflow 
pressure. We hypothesized that PADP and PP responses to exercise 
would differ between two disease models of pulmonary hypertension 
(PH); pulmonary vascular dysfunction (PVD) which primarily affects 
resistance, and left heart dysfunction (LHD) which primarily affects 
outflow pressure. Patients with suspected PH were referred for 
right-heart catheterization with cycle-ergometry; PA pressure was 
recorded continuously. We averaged PA pressures over the last 10 
beats of each 60sec. interval from exercise onset through 7min., and 
examined PADP and PP at the 2nd and 7th min. We studied 58 patients 
(45% female; 58±15 years); exercise-based hemodynamic 
classifications comprised 27 Normal, 15 PVD, and 16 LHD. At rest, 
PADP was elevated in PVD (19±7mmHg, p<0.001) and LHD 
(14±8mmHg, p=0.034) vs. Normal (9±3mmHg). The increase in 

(RC) during the early exposure to high altitude. Twenty healthy 
lowland males (age 32±1.9 yo; BMI 26±0.8 Kg/m2; Hct 43±0.5%) 
were transported from Lima (150m) to Cerro de Pasco (4340m). 
Blood samples (for Epo, sEpoR, RC and Hct) were obtained in Lima 
and every 12 hours for the first three days at 4340m. Oxygen 
saturation (pulse oximetry), heart rate, altitude illness (Lake Louise 
Score), and blood pressure were also measured. The peak (+1320%) 
in Epo occurred at 48 hours before returning towards baseline. In 
contrast, sEpoR was decreased at 24h by 17% and remained 
comparably reduced (19%) at 72h. Consequently, the ratio Epo-sEpoR 
relatively increased at 72h when compared to baseline values. RC 
increased in 55% after 24h and Hct was also progressively elevated. 
Our results shows that initial exposure to high altitude decreases 
sEpoR, elevating the Epo-sEpoR ratio which potentially help facilities 
the erythropoietic drive. 
Funding Source: Wellcome Trust

Steady-state chemoreflex drive captures ventilatory 
acclimatization during ascent to altitude: Effect of Diamox 
CD Bruce, BA Pentz, ER Vanden Berg, BRN Byman, JD Bird,  
CE Nysten, E de Freitas, JK Leacy, KD O’Halloran, TD Brutsaert,  
MT Sherpa, TA Day

Ventilatory acclimatization of respiratory chemoreflexes is important 
during high altitude ascent to protect oxygenation. Transient 
respiratory gas tests fail to capture the integrated steady-state 
responses to chronic hypoxic exposure in high altitude fieldwork.  
We recently characterized a novel index of steady-state respiratory 
chemoreflex drive (SS-CD), accounting for integrated contributions 
from central and peripheral respiratory chemoreceptors during 
steady-state. Diamox is utilized during ascent for prevention or 
treatment of acute mountain sickness, eliciting metabolic acidosis, 
stimulating respiratory chemoreceptors and protecting oxygenation. 
To determine if SS-CD reflects both ventilatory acclimatization and 
perturbations in acid-base balance during ascent to high altitude, we 
characterized SS-CD in two groups of native lowlanders during ascent 
to 4240m over seven days - one group taking Diamox (125 mg BID; 
n=12) and one group Diamox-free (n=22). At 1045/1400m (day 
zero) and 4240m (day seven), steady-state measurements of urine 
pH, resting ventilation (Vİ; L/min), pressure of end-tidal (PET)CO2 (Torr), 
peripheral oxygen saturation (SpO2; %) and a stimulus index 
(SI; PETCO2/SpO2) were calculated. SS-CD was then calculated by 
indexing V̇I against SI. With ascent to 4240m in both conditions, Vİ 
increased, PETCO2 and SpO2 were lower, and SS-CD increased, 
indicating ventilatory acclimatization (P<0.05). In the Diamox group, 
PETCO2 was lower, and urine pH, SpO2 and SS-SD were all higher  
at 4240m (P<0.05) compared to the Diamox-free group, suggesting 
that Diamox-induced metabolic acidosis augmented ventilatory 
acclimatization. SS-CD may have utility in assessing ventilatory 
acclimatization during prolonged stays at altitude, providing an 
alternative to complex and confounded transient chemoreflex  
tests. (247)
Funding Sources: Natural Sciences and Engineering Research Council of Canada. Alberta  
Innovates Health Solutions and Alberta Government Student Temporary Employment Program
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Myocardial infarction alters concurrent and subsequent 
responses to host perturbations 
GJ Koelwyn, EM Corr, C van Solingen, MS Afonso, PM Schlegel,  
KA Lacey, M Sharma, LC Shanley, TJ Barrett, K Rahman, EA Fisher,  
DF Quail, ER Nelson, VJ Torres, LW Jones, KJ Moore 
 
Emergency hematopoiesis and resulting monocytosis is a foundational 
regulatory mechanism in response to host perturbations. Following 
sterile inflammatory events (e.g. myocardial infarction [MI]), 
emergency hematopoiesis coordinates both early local inflammation 
and subsequent resolution/repair. This biphasic response is studied 
almost exclusively in the context of cardiac repair and function, yet 
how such a response regulates 1) underlying (concurrent) comorbid 
pathologies, or 2) subsequent host perturbations remains largely 
unexplored. First, to explore how concurrent pathologies are 
influenced by MI, we induced MI in mice harboring cancer cells within 
their mammary fat pad. MI increased circulating monocyte levels and 
recruitment to the tumor, accelerating tumor growth and metastases 
compared to sham control. Second, to discern how MI may alter the 
host response to subsequent host perturbations, we infected mice 12 
days post-MI (following infarct repair) with Staphylococcus aureus.  
MI accelerated death of infected mice compared to sham controls, 
which was associated with increased bacterial-induced monocyte 
death and greater bacterial burden in the lungs and kidneys. Ex vivo 
stimulation of monocytes 10 days post MI revealed a dysregulated 
monocyte cytokine response to inflammatory challenge, reduced  
E. coli phagocytosis and reduced migration to the chemokine  
MCP-1, suggesting an impairment of monocyte functional responses. 
Intriguingly, the altered MI-induced monocyte phenotype was 
transferable through bone marrow transplantation, suggesting 
epigenetic alterations may be driving this response. Collectively, our 
findings suggest that MI, and resulting monocytosis, can elicit systemic 
and long-term cell-specific effects that alter responses to concurrent 
and subsequent host perturbations. 
Funding Sources: National Institutes of Health, CIHR, Rudin Foundation

Radial function of the apex drives left ventricular  
filling and ejection in chimpanzees (Pan troglodytes) 
BC Curry, AL Drane, M Stembridge, RE Shave 
 
Left ventricular (LV) rotational mechanics, particularly at the apex, 
contribute significantly to efficient systolic and diastolic function in 
humans; however, apical rotation appears absen in chimpanzees  
(Pan troglodytes), our closest evolutionary cousins. To investigate the 
mechanics that enable ventricular ejection in these animals, we 
assessed LV rotation, strains and strain rates (SR) in 25 anaesthetised, 
semi-wild sanctuary chimpanzees (age 16 ± 5 yr) and 22 healthy 
humans (age 32 ± 7 yr) using conventional and two-dimensional 
speckle-tracking echocardiography. Heart rate (HR), systolic (SBP) 
and diastolic blood pressure (DBP) and stroke volume (SV; Simpson’s 
biplane method, scaled to body mass) were also measured. Results 
are presented as median (interquartile range) and were compared 
using Mann-Whitney U tests. While HR was not different (P=0.06) 
between humans and chimpanzees, SBP (129 [32] vs. 112 [17] 
mmHg; P=0.02) and DBP (90 [24] vs. 70 [18] mmHg; P=0.001) were 
higher and SV was lower (0.9 [0.3] vs. 1.2 [0.3] ml/mass1.0; P<0.001) 

in chimpanzees. Peak apical rotation, longitudinal and circumferential 
strain and SRs were lower in chimpanzees compared to humans 
(P<0.001), except for basal diastolic circumferential SR (P=0.08). No 
between-group differences were observed in peak basal radial strain 
and peak basal rotation (P>0.05). However, peak apical radial strain 
(21.7 [17.6] vs. 3.9 [14.7] %; P=0.001), and apical radial systolic and 
diastolic SRs were significantly greater in chimpanzees compared with 
humans (P<0.05). In summary, and in contrast to humans, our findings 
suggest efficient LV ejection in chimpanzees is dependent upon radial 
deformation of the LV apex. 
 
Understanding adverse atrial remodeling and atrial 
fibrillation using lessons from endurance exercise  
PH Backx, R Lakin, N Polidovitch 
 
Atrial fibrillation (AF) is the most common sustained arrhythmia that 
greatly increases cardiovascular morbidity and mortality. Common  
risk factors include age, hypertension, and heart disease, all conditions 
associated with elevated venous/diastolic pressures. Recent studies 
have established that sustained endurance training and sport also 
increases the risk of AF in some individuals. While mechanisms are 
unknown, we have shown that endurance swimming exercise in mice 
elevates hemodynamic loading of the heart, leading to elevated atria 
pressures and stretch which is associated with atrial enlargement, 
hypertrophy, scarring/fibrosis and inflammation. All these changes 
have previously been linked to atrial arrhythmias. Endurance athletes 
also have low hearts rates, invariably accompanied by elevated 
parasympathetics tone leading to decreased atrial refractoriness 
which is also predicted to enhance AF vulnerability. Other factors 
relevant to the connections between intense exercise and AF include,  
a transient systolic and diastolic dysfunction seen after intense training, 
in association with increased levels of inflammatory factors such as 
C-reactive protein, IL-6 and TNFα. We have further found that the atrial 
changes and increased AF vulnerability seen with endurance exercise 
in mice requires soluble Tumor Necrosis Factor (TNF) originating from 
atrial cardiomyocytes. In studies using free wheels equipped with 
variable, we found that the adverse changes in atrial structure and 
increased AF vulnerability correlated tightly with exercise intensity as 
assessed using measurements of O2 consumption rates. Bioinformatic 
analyses of RNAseq measurements revealed that intense endurance 
exercise lead to changes in the strain-dependent pathways focal 
adhesion kinase, Wnt signaling and α/b-catenin-dependent signaling 
pathways within atria but not ventricles, suggesting that atrial strain is  
a major factor in driving atrial changes with exercise. Consistent with 
this, we have found that volume overload in mice induced by creating 
aortic regurgitation leads to marked elevations in diastolic/venous 
pressures in association with TNF-dependent adverse atrial 
remodeling and AF vulnerability. Conclusion: Intense exercise leads  
to elevated diastolic/venous pressures as well as adverse atrial 
remodeling and increased vulnerability to AF induction. These atrial 
changes depend on work rate during exercise and are linked to 
soluble TNFα-dependent as well as FAK/Wnt/αb-catenin signaling in 
cardiomyocytes. Similar changes are observed in volume overload 
mice suggesting common mechanisms underlying atrial changes 
associated with exercise and heart disease conditions.  
Supported by CIHR 

PADP at 2min. was greater in PVD (+9±5mmHg, p=0.021) and LHD 
(+9±6mmHg, p=0.072) vs. Normal (+5±4mmHg); however, PADP 
increased further between 2min. and 7min in PVD (+4±5mmHg, 
p=0.023), but plateaued in LHD and Normal. At rest, PP was higher  
in PVD (42±23mmHg, p<0.001) compared to LHD (20±8mmHg, 
p=0.013) and Normal (14±4mmHg). In contrast to PADP, the PP 
increase at 2min. was greater in PVD (+15±7mmHg)vs. LHD 
(+7±3mmHg, p<0.001) and Normal (+5±3mmHg, p<0.001). While 
PP increased between 2min. and 7min. in all groups (p<0.001),  
the increase was greater in PVD (+7±5mmHg, p=0.002) and LHD 
(+5±5mmHg, p=0.057) vs. Normal (+2±3mmHg). Exercise reveals 
PADP and PP responses that differentiate PVD from LHD.
Funding Sources: Peter Munk Cardiac Centre Innovation Fund, Canadian Lung Association

Contributions of cardiac tissue characteristics and  
function to exercise intolerance in anthracycline-treated 
breast cancer survivors 
AA Kirkham, M Doroshuk, MV Goonasekera, B Mattiello,  
MJ Haykowsky, RI Beaudry, JR Mackey, DI Paterson, E Pituskin,  
JG Grenier, RB Thompson 
 
Anthracycline chemotherapy is known to cause impaired resting 
cardiac function and exercise capacity. The purpose of this study was 
to assess the contributions of exercise cardiac function and myocardial 
tissue characteristics to exercise capacity reserve (VO2R) in 16 
anthracycline-treated breast cancer (BC) survivors and 16 age-
matched controls (CON). VO2R was assessed by a cardiopulmonary 
exercise test. Real-time, free-breathing, ungated cine images were 
acquired at rest and at peak exercise to asses left ventricular (LV) 
volumes after a maximal stepper exercise test inside a 3T magnetic 
resonance scanner. Cardiac reserve values were calculated as peak 
minus rest. Native T1 mapping, a measure of myocardial fibrosis, was 
performed using the SASHA method. VO2R was 25% lower in BC 
versus CON (18±7 vs 25±7 mL/kg/min, p=0.02). Hemoglobin, 
resting LV volumes, function and mass were similar between groups. 
Myocardial T1 times were elevated in BC versus CON (1535±32 vs 
1503±28 ms, p=0.002). The reserve in heart rate, LV volumes, and EF 
did not differ between groups. A trend toward lower stroke volume 
reserve (14±8 vs 19±7 mL, p=0.08) resulted in lower cardiac output 
reserve in BC versus CON (+8.5±2.5 vs +10.3±2.4 L/min, p=0.05). 
As expected from the Fick equation, cardiac output reserve (R2=48%, 
p=0.003) predicted VO2R in the BC group, as did myocardial T1 
(R2=65%, p<0.001). The relationship between cardiac output and 
VO2R was statistically mediated by the extent of myocardial fibrosis. 
This suggests that myocardial injury limits exercise cardiac output and 
is an important determinant of reduced exercise capacity after 
anthracycline treatment. 
Funding Sources: Susan G. Komen Foundation, CIHR, Alberta Innovates Health Solutions.

Atrial stretch-dependent tumor necrosis factor-alpha 
(TNFα)-mediated adverse atrial remodeling and  
atrial arrhythmia inducibility in a mouse model of  
aortic regurgitation 
R Lakin, N Polidovitch, W Chen, PH Backx 
 
Atrial fibrillation (AF) is the most common sustained supraventricular 
arrhythmia worldwide, with its incidence linked to cardiovascular  
(CV) disease and, paradoxically, endurance exercise. Most conditions 
linked to AF are associated with elevated atrial pressures and stretch, 
which are powerful stimuli for atrial hypertrophy, fibrosis, and 
inflammation. We previously established adverse atrial changes  
and arrhythmogenesis required the pro-inflammatory and 
mechanosensitive cytokine tumor necrosis factor alpha (TNFα) in 
intense swim exercised mice, suggesting stretch-mediated TNFα-
dependent signaling may provide a unifying mechanism linking AF in 
exercise and disease. Thus, we developed a clinically-relevant mouse 
model of aortic regurgitation (AR), which is characterized by diastolic 
volume overload and elevated left ventricular end-diastolic (LVEDPs) 
and atrial pressures, to study atrial stretch-dependent TNFα-mediated 
AF pathogenesis. AR was induced by retrograde puncture of the aortic 
valve in 8-week-old CD1 wild-type and whole-body TNFα knockout 
(TNFα-/-) mice. Four weeks after regurgitation, AR resulted in volume 
overload-mediated progressive LV dilatation, functional impairment, 
hypertrophy, and elevated LVEDPs in the absence of ventricular 
arrhythmia inducibility in both groups. In wild-type mice, AR resulted  
in adverse atrial remodeling, characterized by atrial hypertrophy  
and fibrosis, decreased conduction velocity, reduced atrial effective 
refractory period and action potential duration, and increased  
in vivo and ex vivo AF susceptibility. By contrast, TNFα-/- prevented 
AR-induced adverse atrial remodeling and arrhythmia inducibility, 
independent of ventricular changes. Our results establish that  
adverse atrial remodeling and AF vulnerability with AR requires  
TNFα, providing a mechanistic link between elevated atrial  
pressures, adverse remodeling, and AF susceptibility with CV  
disease and exercise. 
Funding Sources: CIHR, CIHR Canadian Research Chair, CFI, York University Department of Biology 
 
 
Scientific Session #6: Cerebrovascular Physiology 
 
Exercise training modulates the decline in cerebral blood 
flow during adolescence  
JS Talbot, D Perkins, TG Dawkins, RN Lord, JL Oliver, RS Lloyd.,  
AM McManus, PN Ainslie, CJA Pugh, M Stembridge   
 
Cerebral blood flow (CBF) peaks during childhood due to high 
metabolic demand but begins a life-long decline thereafter. While 
endurance-trained adults demonstrate higher CBF than untrained 
counterparts, it is not yet known if this finding emerges in children. 
Therefore, we tested the hypothesis that endurance-trained children 
would demonstrate elevated CBF compared to untrained counterparts 
across phases of maturity. We assessed CBF via duplex ultrasound 
and somatic maturity (years pre/post peak height velocity [PHV])  
in 37 trained females (PHV offset:-3.4 to 4.2years; training volume: 
7.4±3.4h·week-1), 31 trained males (-4.2 to 3.5years; 
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8.6±3.0h·week-1), 30 untrained females (-3.4 to 4.0years; weekly 
exercise: 0.9±1.1h·week-1) and 24 untrained males (-4.4 to 3.2years; 
0.9±0.9h·week-1). Relationships between PHV offset and CBF were 
assessed via linear regression and between-group comparisons  
were conducted in pre- (≤-0.5years pre-PHV) and post-pubertal 
(≥0.5years post-PHV) children. CBF declined across maturation in  
all groups (-27.7ml·min·PHVyear

-1 [95%CI= -35.5 to -19.8]; R2=0.29; 
P≤0.001). CBF was similar in trained and untrained children pre-PHV 
(P=0.286), but higher in trained children post-PHV (P≤0.001), 
translating to an attenuated decline across maturation in endurance-
trained children (-18.17 ml·min·PHVyear

-1 [-27.2 to -8.9]; R2=0.19 vs. 
-37.87ml·min·PHVyear

-1 [-49.4 to -26.1]; R2=0.45; P≤0.001). CBF  
was similar in girls and boys pre-PHV (P=0.766); however, post-PHV, 
untrained males demonstrated lower CBF than untrained females 
(-146.5ml·min-1 [90.3 to 212.7]; P≤0.001), with no difference 
observed between the trained groups (P=0.448). In conclusion, 
regular endurance-training results in a higher CBF in post- but  
not pre-PHV children, highlighting the transition towards  
adulthood as a key window of opportunity to optimise long-term 
cerebrovascular health. 
 
Cerebrovascular stiffness is inversely associated with 
cardiorespiratory fitness and physical activity levels in 
midlife/older adults 
KA Freeberg, NP McCarty, DR Seals, DH Craighead 
 
Impaired cerebrovascular function likely contributes to cognitive 
decline with aging. Physically active older adults with higher 
cardiorespiratory fitness (CRF) often have greater cognitive function 
than sedentary peers, potentially due to preserved cerebrovascular 
function. We investigated whether cerebrovascular stiffness is related 
to physical activity levels (PA), CRF, or both among healthy midlife/
older adults, and if individuals with lower cerebrovascular stiffness 
have better cognitive function. Cerebrovascular stiffness (pulsatility 
index, PI), PA (3-day accelerometer recording), CRF (maximal  
oxygen consumption, VO2max) and cognitive function (NIH Toolbox 
Cognition Battery) were assessed in 28 healthy midlife/older adults 
(11F/17M; 66±1 years). Middle cerebral artery velocity (MCAv)  
was measured with a 2-MHz Doppler probe during 5 minutes of 
normocapnia and hypercapnia (breathing 5% CO2). PI, defined as 
(MCAvsystolic-MCAvdiastolic)/MCAvmean over the final 60 seconds of  
each phase, was inversely related to PA and CRF during normocapnia 
(PA: r=-0.37, p=0.03; CRF: r=-0.39, p=0.04) and hypercapnia (PA: 
r=-0.39, p=0.02; CRF: r=-0.43, p=0.02). PI reactivity, i.e., change from 
baseline to hypercapnia, was not related to PA (r=0.15, p=0.23) or 
CRF (r=-0.18, p=0.36). Cognitive function was not associated with PI 
under normocapnia or hypercapnia (all p>0.05). These preliminary 
results suggest cerebrovascular stiffness is inversely associated  
with PA and CRF among healthy midlife/older adults. Changes in 
cerebrovascular stiffness in response to a vasodilatory stimulus were 
not related to PA or CRF, suggesting absolute cerebrovascular stiffness 
is more strongly associated with PA and CRF than functional reactivity. 
Cognitive function was not related to PA or CRF, likely because 
subjects were healthy and without cognitive impairments. 
Funding Sources: AHA 18POST33990034

Sleep disturbance is related to lower cerebral pulsatility
TM DeConne, F Sanjana, JC Hobson, CR Martens

Aging results in stiffening of the elastic arteries that likely mediates the 
relation between cardiovascular disease (CVD) and 
neurodegeneration by exposing the cerebral vasculature to damaging 
pulsatile pressure waves. Impaired sleep quality is an emerging risk 
factor for both CVD and neurodegenerative diseases; however, the 
impact of sleep on cerebrovascular function is not entirely understood. 
We hypothesized that poor sleep quality would be associated with 
increased arterial stiffness and a more pulsatile middle cerebral artery 
blood flow velocity (MCAv). Forty-eight adults (27 M / 21 F; age-
range: 18-78 years-old; BMI: 26.4±4.5 kg/m2; blood pressure BP: 
115±14 / 70.0±10 mmHg) were included in this analysis. Sleep 
quality was assessed using the Sleep Disturbance T-scores from Patient 
Reported Outcome Measurement Information System (PROMIS). 
Arterial stiffness was measured as aortic pulse pressure (aPP) and 
pulse wave velocity (PWV) using applanation tonometry. MCAv 
pulsatility was determined from the pulsatility index (PI) using 
transcranial Doppler ultrasound and was calculated as the difference 
between maximum and minimum MCAV normalized to mean MCAV. 
The associations among sleep quality, measures of arterial stiffness 
and PI were analyzed using multi-linear regressions correcting for age, 
BMI, and mean arterial pressure. Contrary to our hypothesis, sleep 
disturbance was not associated with aPP (R2=0.62, P=0.15) or PWV 
(R2=0.73, p=0.95). Interestingly, sleep disturbance was associated 
with lower PI (R2=0.11, p=0.011) which may reflect changes in 
autoregulation with impaired sleep quality. Future studies should 
measure sleep quality using more objective measures and more  
fully characterize its impact on cerebral autoregulation. 
Funding Sources: Center of Biomedical Research Excellence 

Evidence that arterial carbon dioxide rather than  
pH or bicarbonate regulates cerebral blood flow
HG Caldwell, CA Howe, RL Hoiland, CJ Chalifoux, CV Brown,  
A Patrician, JMJR Carr, JC Tremblay, RB Panerai, TG Robinson,  
JS Minhas, PN Ainslie

Cerebral blood flow (CBF) regulation is dependent on the integrative 
relationship between arterial PCO2 (PaCO2), pH, and cerebrovascular 
tone; however, animal studies indicate that intrinsic perivascular 
sensitivity to pH – independent of changes in PaCO2 or intravascular 
bicarbonate (HCO3

-) – elicits the most influential response on 
cerebrovascular tone. We investigated the independent influence of 
PaCO2 (via radial artery catheterization) with and without pH 
changes on CBF regulation (via Duplex ultrasound). Eight healthy 
males completed step-wise iso-oxic alterations in PaCO2 (e.g., 
hypocapnia: -5 & -10 mmHg; hypercapnia: +5 & +10 mmHg) prior to 
and following intravenous sodium bicarbonate infusion (NaHCO3

-; 
141±10 mM) to elevate pH (7.413±0.021 vs. 7.469±0.031; P<0.001) 
and HCO3

- (25.8±1.4 vs. 29.4±1.1 mM.L-1; P<0.001). There was no 
difference between the absolute (36.61±6.58 vs. 34.57±8.96 
mL.min-1.mmHg-1, respectively; P=0.523) or relative (5.29±0.94 vs. 
5.07±1.29 % per mmHg PaCO2, respectively; P=0.664) reactivity 
slopes of global CBF versus PaCO2 following NaHCO3

- infusion. 

These reactivity slopes were also not different pre- versus post- 
NaHCO3

- infusion when comparing global CBF versus H+ (P=0.434). 
Importantly, global CBF was the same at each stage of CO2 reactivity 
(P=0.823) following NaHCO3

- infusion, irrespective of a higher pH 
(P=0.008) at each matched stage of PaCO2 (P=0.552). Global CBF 
was higher (676±103 vs. 787±136 mL.min-1; P=0.023) following 
NaHCO3

- infusion during poikilocapnic breathing; however, this 
increase was reduced during conditions of isocapnia (17±20% vs. 
4±11%; P=0.028). At least in this acute experimental paradigm, these 
data indicate that PaCO2 per se and not changes in arterial pH or 
HCO3

-, regulate CBF in humans.
Funding Sources: NSERC, CIHR Canada Research Chairs, Dunhill Medical Trust, NIHR

Measurement bias in the unilateral assessment of 
cerebral blood flow responses to hypoxia 
AT Friend, M Rogan, GMK Rossetti, JS Lawley, PG Mullins,  
A Sandoo, JH Macdonald, SJ Oliver

Cerebral blood flow (CBF) is regularly calculated by doubling a 
unilateral right or left-side measurement but it remains unclear whether 
left and right extracranial arteries respond equally to vasoactive 
stimuli. Therefore, this study aimed to determine the bias between 
bilateral and unilateral measurements of regional and global CBF 
responses to hypoxia. As resting vertebral artery (VA) CBF can be 
20% lower on the right than the left, we hypothesised that relative 
posterior CBF response to hypoxia would be over- and underestimated 
when calculated from right- and left-side VA measurements, 
respectively. In a repeated-measures, cross-over design study bilateral 
internal carotid artery (ICA) and VA measurements were made by 
Duplex Ultrasound to assess anterior (ICA) and posterior (VA) CBF, 
respectively, in 44 participants during 90 minutes of normoxia 
(fraction of inspired oxygen (FiO2=20.9%) and poikilocapnic hypoxia 
(FiO2=12.0%). Hypoxia increased anterior and posterior CBF by  
27% and 33%, respectively. Compared to the bilateral measurement, 
unilateral right VA assessment of posterior CBF responses to hypoxia 
led to a 4% (95%CI [0 to 7]) overestimation. Further, right VA and left 
ICA overestimated the global CBF response to hypoxia by 3% (95%CI 
[1 to 10]). In contrast, there was no bias in the assessment of posterior 
CBF response to hypoxia by unilateral left VA measurement (-2%; 
95%CI [-6 to 2]). Unilateral ICA measurements did not bias the 
anterior CBF response to hypoxia. In conclusion, bilateral or right ICA 
and left VA measurements are recommended for CBF assessments to 
vasoactive stimuli.
Funding Sources: School of Sport, Health and Exercise Sciences, Bangor University

Effects of endurance and resistance training on 
cerebrovascular function in twins
HJ Thomas, CE Marsh, HH Carter, KJ Smith, LH Naylor, DJ Green

The impact of endurance and resistance exercise training on 
cerebrovascular function remains poorly characterised. The aim of this 
randomised cross-over design study was to investigate the effects of 
these distinct exercise modalities on cerebrovascular function in 
healthy, untrained pairs of mono-zygotic (MZ, 11 pairs) and di-zygotic 
(DZ, 10 pairs) twins, to determine responsiveness and heritability to 
training. Participants underwent a randomised cross-over study of 

three-months supervised resistance and endurance training (3x/wk, 
60-90% 1RM and VO2max), separated by three-months washout. Twin 
pairs trained together at matched intensities. Middle cerebral artery 
velocity (MCAv) was measured alongside blood pressure (BP), heart 
rate (HR) and PETCO2. Before and after each exercise intervention, 
spontaneous cerebral autoregulation was measured via five-minutes 
resting baseline and cerebral reactivity via inhalation of 6% CO2. 
Endurance training significantly decreased resting HR (6±2bpm, 
P<0.01), however did not change resting MCAv (71.7cm/s±2.5 vs 
71.0±2.4), spontaneous autoregulation (Low frequency gain; 
1.45cm/s/mmHg2±0.16 vs 1.38±0.14, phase; 1.33radians±0.09 vs 
1.14±0.10), or CO2 reactivity (1.74cm/s/mmHg±0.13 vs 1.75±0.13). 
Resistance training increased resting BP (5±2mmHg, P<0.05), but did 
not alter resting MCAv (70.4cm/s±2.3 vs 68.2±2.6), autoregulation 
(Low frequency gain; 1.30 cm/s/mmHg2±0.08 vs 1.36±0.11, phase; 
1.11radians±0.11 vs 1.18±0.10), or CO2 reactivity (1.73cm/s/
mmHg±0.12 vs 1.70±0.12). Intra-class correlations of cerebrovascular 
function, BP changes to resistance training and HR changes to 
endurance training showed no significance in MZ or DZ twins. These 
data indicate exercise training, regardless of modality, did not 
significantly impact cerebrovascular function in young, healthy 
individuals. Additionally, cerebrovascular function, HR and BP 
adaptations with training were not influenced by genetics. 

Regional blood velocity changes during and following 
acute high-intensity exercise in young fit women
L Labrecque, A Drapeau, K Rahimaly, S Imhoff, F Billaut, P Brassard

The influence of high-intensity interval training (HIIT) on cerebral blood 
flow (CBF) regulation remains unclear. HIIT induces surges in mean 
arterial pressure (MAP), which could be transmitted to the brain, 
especially early after exercise onset. The aims of this study were to  
1) describe regional CBF changes during and following 30 s of 
high-intensity exercise and; 2) examine whether dynamic cerebral 
autoregulation (dCA) is associated with CBF changes. Ten women 
(age: 26 ± 6 yrs; VO2max: 48.6 ± 3.8 ml.kg.min-1) cycled for 30 s  
at the workload reached at VO2max followed by 3 min of passive 
recovery. dCA was characterized using transfer function analysis of 
forced oscillations induced by repeated squat-stands (0.05 and 0.10 
Hz). Middle (MCAvmean) and posterior cerebral artery mean blood 
velocities (PCAvmean; transcranial Doppler), MAP (finger 
photoplethysmography) and end-tidal carbon dioxide partial pressure 
(PETCO2; gaz analyzer) were measured. MCAvmean (+19 ± 10%) and 
PCAvmean (+21 ± 14%) increased early after exercise onset, returning 
toward baseline values afterwards. MAP increased throughout 
exercise (p<0.0001). PETCO2 initially decreased by 3 ± 2 mmHg 
(p<0.0001) before returning to baseline values at end-exercise. 
During recovery, MCAvmean (+43 ± 15%), PCAv (+42 ± 15%) and 
PETCO2 (+11 ± 3 mmHg; p<0.0001) increased. TFA gain was higher  
in the MCAvmean (p < 0.0001). Other dCA metrics were comparable 
between arteries and unrelated to exercise-induced cerebral blood 
velocity changes. In young fit women, blood velocity changes during 
and following a 30-s high-intensity exercise are comparable between 
MCAvmean and PCAvmean and unrelated to dCA.
Funding Sources: Fonds de recherche du Québec – Santé (FRQS)
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Acute hypocapnia attenuates neurovascular  
coupling magnitude
TJ Bader, AM Ciorogariu-Ivan, J Keough, J Donald, Leacy JK,  
KD O’Halloran, TA Day

The brain requires regulated cerebrovascular perfusion to match 
metabolic demand. Regional coupling of perfusion to metabolic rate  
is termed neurovascular coupling (NVC). NVC remains stable during 
blood gas perturbations upon ascent to altitude, where individuals  
are exposed to antagonistic effects of hypoxia and hypocapnia.  
Few studies have addressed the effects of acute hypocapnia and 
respiratory alkalosis independently. The aim of this study was to  
assess the specific effects of acute steady-state hypocapnia on NVC 
magnitude in a laboratory setting. We recruited 10 healthy 
participants and instrumented the posterior cerebral artery with a 
transcranial Doppler ultrasound. NVC was elicited using a 
standardized strobe light stimulus (6 Hz; 5x30sec on/off), and both 
peak and mean absolute responses from baseline (BL) were 
quantified. Participants were coached to hyperventilate to reach 
steady-state hypocapnic steps of ∆-5 and ∆-10 Torr end-tidal (PET)CO2 
from baseline levels. PETCO2 levels were significantly decreased from 
36.7±4.2 (baseline) to 31.0±5.1 and 25.9±5.4 Torr (P<0.05), with 
estimated pHa values of, 7.43±0.05 (BL) 7.47±0.08 (∆-5) and 
7.59±0.11 (∆-10), respectively (P<0.05). There was a significant 
reduction in NVC magnitude from BL during controlled hypocapnia at 
both ∆-5 and ∆-10 in peak PCAv (P<0.05), but no significant decrease 
in mean PCAv (P>0.05). Our study demonstrates that acute respiratory 
alkalosis attenuates peak NVC magnitude with a floor effect at ∆-5 
Torr PETCO2 (~7.47 pH), without further attenuation at ∆-10 (~7.59 
pH). This is one of few studies demonstrating a change in NVC with 
acute blood gas challenges. 
Funding Sources: MRU Faculty of Science and Technology, University of College Cork 

 

Cerebrovascular kinetics during moderate intensity 
cycling exercise in adolescents and adults
ME Weston, AR Barker, AB Lester, OW Tomlinson, JS Coombes,  
TG Bailey, B Bond

Middle cerebral artery blood velocity (MCAv) increases exponentially 
at the onset of moderate-intensity exercise in adults, but the kinetics of 
MCAv during steady-state exercise in youth has not been investigated. 
Twenty adults (23.5 ± 2.5 years) and seventeen adolescents (12.3 ± 
0.4 years, pubertal stage 2-4) completed an incremental ramp test  
to exhaustion on a cycle ergometer before completing three 6-minute 
transitions at a moderate-intensity (90% gas exchange threshold) on 
separate visits. Bilateral MCAv was measured by transcranial Doppler 
ultrasonography, and analysed using a mono-exponential model with 
a time delay. Baseline MCAv was greater in adolescents, compared  
to adults (87.2 ± 10.0 vs 68.4 ± 9.3 cm.s-1, P<0.01). At exercise onset, 
rapid fluctuations in MCAv were observed for ~24 s, before MCAv 
increased in an exponential-like fashion. The time constant of the 
MCAv kinetic response was smaller (faster) in adolescents compared 
to adults (14.0 ± 8.1 vs 28.7 ± 10.7 s, P<0.01). The amplitude of 
MCAv increase from baseline was greater in adolescents compared  
to adults (17.8 ± 5.0 vs 13.2 ± 4.3 cm.s-1, P<0.01), but not when 
expressed relative to baseline (20.5 ± 5.6 vs 19.8 ± 7.6%, 

respectively, P=0.75). MCAv decreased in adolescents and adults  
as the bout progressed. This fall occurred earlier in adolescents  
(after 165 ± 77 vs 253 ± 92 s, P<0.01) and decreased by a greater 
magnitude by bout completion (7.3 ± 4.4 vs 3.4 ± 3.6 cm.s-1,  
P<0.01), compared to adults. These findings indicate marked  
adolescent-adult differences in cerebrovascular kinetics during 
moderate-intensity exercise.
Funding Sources: QUEX Institute (University of Exeter & University of Queensland)

High-intensity interval training improves 
cardiorespiratory fitness and compounds neuroprotection 
in the aged; an exercise intervention
TA Calverley, CJ Marley, TS Owens, BS Stacey, A Iannetelli,  
M Steggall, L Fall, L Venables, H Tsukamoto, G Jones, DM Bailey

Sedentary ageing is associated with a decrease in cerebrovascular 
perfusion and reactivity, predisposing to cognitive decline and 
dementia. While moderate-intensity continuous training has been 
shown to improve cerebrovascular function, there is a high time cost 
associated with this and therefore attention is being directed towards  
a novel exercise paradigm; high-intensity interval training (HIIT).  
The current study examined the effect of a 12-week HIIT programme 
on cerebrovascular and cognitive function in twelve older sedentary 
males (aged 61 (mean) ± 7 (SD) years). Transcranial Doppler 
ultrasound and capnography determined cerebral blood flow velocity 
(MCAv) and reactivity to hypercapnia (CVRCO2HYPER). The Rey Auditory 
Verbal Learning Test was also applied to assess memory. Finally, a 
maximal cardiorespiratory fitness assessment determined maximal 
oxygen consumption (V̇O2max) and heart rate (HRmax). Following 
these assessments, the participants completed a 12-week HIIT 
programme three times a week, which incorporated four 4-minute 
intervals of high intensity exercise at 85–95% of their pre-defined 
HRmax, separated by 3-minutes of active recovery at 60% of their 
HRmax. Measures that were taken prior to the HIIT intervention  
were repeated following completion of the programme. All data  
were analysed via paired sample t-tests. Despite no change in MCAv 
(54.93±11.76 vs. 55.38±17.43cm.s-1) HIIT was associated with 
improved V̇O2max (25.4±5.4 vs. 28.2±6.9ml.kg.min, P <0.05), 
CVRCO2HYPER (3.36±1.14 vs. 3.6±0.54%.mmHg-1, P <0.05) and 
memory (48.2±8.8 vs. 52.9±9 words recalled, P <0.05).  
Collectively, these findings support the neuroprotective benefits of  
HIIT in older males. 
Funding Sources: Higher Education Funding Council for Wales. D.M. Bailey is a  
Royal Society Wolfson Research Fellow
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Similar extracranial artery stiffening and pulsatile 
transmission during sympathetic stimulus in males  
and females despite differential pressor response 
WK Lefferts, EC Schroeder, BA Hibner, B Fernhall

Acute increases in blood pressure can stiffen extracranial elastic 
arteries such as the aorta, thereby increasing transmission of pulsatile 
hemodynamics into the cerebrovasculature. Sex differences in 
blood pressure regulation may alter acute blood pressure-mediated 

increases in extracranial artery stiffness and transmission of 
cerebrovascular pulsatility. Examine sex differences in extracranial 
artery stiffness and cerebrovascular pulsatile transmission during a 
sympathetic stimulus designed to increase blood pressure. Seventeen 
males (34±12yrs, 23.5±1.8kg/m2) and 23 females (38±16yrs, 
24.4±3.2kg/m2) underwent supine hemodynamic measures at rest 
and during a 4-min cold pressor test (CPT; hand in 6±1oC water).  
Extracranial artery stiffening was assessed as carotid-femoral pulse 
wave velocity (PWV). Cerebrovascular pulsatile transmission was 
calculated as the ratio of middle cerebral artery (MCA) to common 
carotid blood velocity pulsatility. Cerebrovascular resistance (CVR) 
was calculated as mean blood pressure (MBP)/MCA mean velocity. 
MBP increased more during CPT in males (∆+22±23 mmHg) vs 
females (∆+15±7 mmHg; p<0.05). Extracranial artery stiffening 
(males ∆+2.0±2.2, females ∆+1.3±1.0 m/s), and CVR (males 
∆+0.24±0.41, females ∆+0.12±0.13 mmHg/cm/s) increased 
similarly in males and females during CPT (p<0.05). Cerebrovascular 
pulsatile transmission increased similarly in males (∆+0.10±0.10) 
and females (∆+0.06±0.11) during CPT (p<0.05) despite reductions 
in MCA pulsatility (males ∆-0.09±0.14, females ∆-0.08±0.11). 
Males and females exhibited similar increases in extracranial artery 
stiffening, cerebrovascular pulsatile transmission, and CVR, despite 
a larger pressor response to CPT in males. These data suggest males 
and females may exhibit different sensitivity to the effect of increased 
blood pressure on extracranial artery stiffening and concomitant 
cerebrovascular pulsatile transmission.
Funding Sources: NIH National Heart, Lung, and Blood Institute 

Effect of ganglionic blockade on cardiac contractile 
function after experimental spinal cord injury
M Ahmadian, MS Poormasjedi-Meibod, M Ramer, CR West

Cardiac dysfunction is an undeniable consequence of high-thoracic 
spinal cord injury (SCI). This has been postulated to be largely due 
to absent supraspinal sympathetic control. We examined the cardiac 
response to acute SCI either before or after ganglionic blockade. 
Sprague Dawley rats underwent either hexamethonium infusion 
followed by complete transection at the T3 spinal level (n=4) or vice 
versa (n=4). Rats were anesthetised with urethane and ventilated 
via tracheotomy. Next, left ventricular function was assessed via a 
left-ventricular pressure-volume catheter that was inserted into the 
right carotid artery and advanced under pressure guidance into 
the left ventricle. Left ventricular pressure generating capacity (i.e., 
maximum pressure and dP/dtmax) were assessed at baseline, after 
spinal transection, and after intravenous hexamethonium infusion (20 
mg/kg body weight). Both spinal transection and hexamethonium 
caused significant reductions in maximum pressure (P < 0.001) 
and dP/dtmax (P < 0.001), compared to baseline. The magnitude of 
reduction in maximum pressure and dP/dtmax did not differ significantly 
between hexamethonium infusion and spinal transection (P > 0.05). 
Interestingly, a further reduction in ventricular pressure was also 
noted when hexamethonium was given following SCI (maximum 
pressure, P < 0.05; dP/dtmax, P < 0.001). The fact that both SCI and 
hexamethonium reduce cardiac function to a similar degree suggests 
that the loss of supraspinal sympathetic control is a key determinant 
of cardiac function after SCI. However, the additional reduction in 

cardiac function after hexamethonium infusion following SCI implies 
that there may be some ganglionic transmission post-SCI that partially 
maintains cardiac contractile function.
Funding Sources: ICORD, MSFHR, Heart & Stroke Foundation, Rick Hansen Institute. 

Differences in sympathetic neurovascular transduction: 
Physiology or phenotype?
L Berthelsen, GM Fraser, LL Simpson, ER Vanden Berg, SA Busch,  
AR Steele, VL Meah, R Figueroa-Mujica, GA Vizcardo Galindo,  
FC Villafeurte, CK Willie, MM Tymko, PN Ainslie, M Stembridge, 
JP Moore, CD Steinback

Sympathetic nervous activity (SNA) is increased in acclimatizing 
lowlanders at high-altitude (>2500m) . However, less is known 
regarding SNA in indigenous high-altitude populations. Additionally, 
whether high-altitude impacts the relationship between SNA and 
blood pressure regulation (i.e. neurovascular transduction) is 
unclear. We investigated phenotypic differences in the transduction 
of SNA to cardiovascular outcomes in healthy lowlanders (n=14) at 
sea level (344m) and high altitude (5050m), Sherpa highlanders 
(n=8; 5050m), and Quechua highlanders (n=15; 4300m). Muscle 
sympathetic nervous activity (MSNA; microneurography), mean 
arterial blood pressure (MAP; finger photoplethsmography), and 
heart rate (electrocardiogram) were collected and the cardiovascular 
responses to SNA burst sequences (i.e. singlet, couplet, triplet, and 
quadruplets) were quantified using custom software (MATLAB). Blood 
pressure was similar across all groups (main effect of group, p=0.773) 
despite significant differences (main effect of group, p<0.001) in 
resting (bursts/min and bursts/100HB) MSNA. Neurovascular 
transduction was reduced in lowlanders at high-altitude compared to 
sea-level (MAP, 0.0072 vs 0.0125; p= 0.07). Transduction was not 
different between Sherpa and lowlanders (p=0.072). Transduction 
was blunted in Quechua compared to both Sherpa and lowlanders 
(MAP; 0=0.001 and p=0.043). When accounting for resting levels of 
SNA (ANCOVA), mean transduction was inversely related to basal 
MSNA independent of population (RRI, r= 0 .6272 p<0.0001; MAP, 
r= -0.6271 p<0.0001).This data indicates a blunting in neurovascular 
transduction in groups with higher basal SNA, suggesting that this 
may be a physiological adaptation to elevated SNA rather than a 
phenotypic difference between populations.
Funding Sources: NSERC, Heart and Stroke, Foundation of Canada, CIHR Canada Research Chairs,
National and Alberta New Investigator Award, The Physiological Society, Santander Mobility Fund,
Gilchrist Educational Trust

 

The influence of barosensory vessel unloading mechanics 
on human vascular sympathetic baroreflex function
RN Lord, DJ Wakeham, CJA Pugh, LL Simpson, JS Talbot, FM Lodge, 
BA Curry, TG Dawkins, RE Shave, JP Moore

Baroreceptor input may influence the operating point (OP) for vascular 
sympathetic outflow and long-term control of blood pressure. 
Furthermore, healthy ageing results in barosensory vessel stiffening, 
which likely effects baroreceptor input. Therefore, we investigated the 
relationships between aortic and carotid unloading mechanics and the 
OP of the vascular sympathetic baroreflex in healthy, normotensive 
young (n = 27, age 23 ± 3 years) and middle-aged men (n = 22,  
age 55 ± 4 years). Participants underwent resting assessment of 
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sympathetic vasomotor outflow. Ultrasound assessment of the aorta 
and carotid artery was completed to assess changes in wall tension 
and to provide barosensory vessel unloading mechanics. The OP of 
the vascular sympathetic baroreflex was quantified as muscle 
sympathetic nerve activity (MSNA) burst incidence. In young men, the 
MSNA OP was positively related to aortic (r = 0.51, P = 0.03), but not 
carotid artery unloading mechanics (r = 0.06, P = 0.85). In contrast, in 
middle-aged men, the MSNA OP was not related to either aortic (r = 
0.27, P = 0.31) or carotid artery unloading mechanics (r = -0.01, P = 
0.98). In conclusion, in young men, we suggest that aortic unloading 
mechanics play an important role in determining the vascular 
sympathetic OP, and therefore resting MSNA. In contrast, in middle-
aged men, our data indicate that barosensory vessel unloading 
mechanics do not determine the OP of the vascular sympathetic 
baroreflex, suggesting that barosensory vessel unloading mechanics 
and baroreceptor input may not contribute to the well-established 
age-related increase in resting MSNA. 

Acute intermittent hypoxia shows promise to improve 
cardiovascular and ventilatory function in incomplete 
spinal cord injury
L Wainman, GE Foster, PN Ainslie, CR West

Individuals with spinal cord injury (SCI) exhibit decreased blood 
pressure (BP) as a result of disrupted descending sympathetic input to 
the heart and vasculature following injury predisposing them to early 
development of cardiovascular disease. AIH has been demonstrated 
to improve descending control to both respiratory and motor  
systems among individuals with incomplete SCI. In able-bodied (AB) 
individuals, it has been demonstrated that sympathetic activity 
increases following exposure to AIH. Since individuals with incomplete 
SCI have remaining functional descending sympathetic pathways,  
it is plausible that AIH may also increase activity in sub-lesional 
sympathetic circuitry in these individuals thereby improving 
cardiovascular function. The purpose of this study is to characterize  
the cardiovascular and ventilatory effects of AIH in an AB individual 
and an individual with incomplete SCI. One individual with a C7 
incomplete SCI and a body-size matched able-bodied individual were 
exposed to a single bout of AIH [15 x 90s of isocapnic (PETCO2 40 
mmHg) AIH (PETO2 55 mmHg)], interspersed with 60s of normoxia 
(PETO2 100 mmHg; PETCO2 40 mmHg) and monitored for 60 minutes 
following. 60 minutes following AIH, the participant with SCI 
increased their SBP by 10 mmHg and VE by 2.2 L/min, whereas the 
AB participant increased their SBP by 6 mmHg and VE by 1.4 L/min. It 
is plausible that the individual with SCI experienced greater increases 
in BP and ventilation as a result of greater chemosensitivity and lower 
baseline BP. AIH presents the potential for a simple, low-cost therapy 
for cardiovascular and ventilatory function in SCI.

Determining whether sympathetic nervous activity 
influences cerebral blood flow at rest – a novel approach
MM Tymko, GM Fraser, BA Matenchuk, TA Day, NG Boulé,  
MH Davenport, CD Steinback

The cerebrovasculature is densely innervated with sympathetic nerve 
fibers; however, the influence of sympathetic nerve activity (SNA) on 
cerebral blood flow regulation remains controversial. The purpose of 
this investigation was to determine the association between SNA and 
cerebral blood velocity using a novel analytical approach. We 
hypothesized that cerebrovascular resistance (calculated as mean 
arterial pressure / cerebral blood velocity) would increase in a graded 
fashion to sympathetic nerve burst sequence length (i.e. singlet, 
couplet, triplet, and quadruplet). In six healthy participants (four 
female), we measured middle and posterior cerebral artery (MCA 
and PCA, respectively) blood velocity (transcranial Doppler 
ultrasound), heart rate (electrocardiogram), beat-by-beat blood 
pressure (finger photoplethysmography), and peroneal nerve SNA 
(microneurography). The cardiovascular and cerebrovascular 
responses to burst size were quantified over a five minute rest period. 
Both mean arterial pressure (P=0.032), and MCA and PCA blood 
velocity (P=0.007, and P=0.018, respectively) were elevated in a 
graded fashion in response to SNA. The main finding was that both the 
MCA and PCA cerebrovascular resistance were elevated immediately 
after bursts of SNA (P=0.026 and P=0.041, respectively); however, 
burst size had no impact on this response (P=0.756 and P=0.922, 
respectively), and no differences between the MCA and PCA were 
observed (P=0.27). These preliminary findings indicated that at rest, 
bursts of SNA were associated with changes in cerebrovascular 
resistance in humans. However, these data should be cautiously 
interpreted since the temporal aspect of this response may align with 
myogenic cerebral autoregulation; therefore, more research is 
required to elucidate these mechanism(s).
Funding Sources: NSERC, Heart and Stroke Foundation of Canada 
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