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Quels éléments de la cardiopathie 

pourraient contre-indiquer ou limiter la 

pratique du ski alpin ?
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Pas de conflits d’intérêts.
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Physiological responses of elderly recreational alpine skiers of different fitness and skiing abilities , J Sports Sci Med, 2011

A Comparison between Alpine Skiing, Cross-Country Skiing and Indoor Cycling on Cardiorespiratory and Metabolic Responses , J Sports Sci Med, 2016



2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)

Linear decrease in .VO2max and performance with increasing altitude in endurance athletes, EJAP, 2006

Altitude: VO2 -6,3% / 1000m

VO2peak low intensity AS: 23,7 ml/min/kg

VO2 max 15 ml/min/kg 20 ml/min/kg 25 ml/min/kg 30 ml/min/kg 35 ml/min/kg 40ml/min/kg 45ml/min/kg

METS 4,3 5,7 7,1 8,6 10,0 11,4 12,9

1500m 13,6 18,1 22,6 27,2 31,7 36,2 40,7

2000m 13,1 17,5 21,9 26,2 30,6 35,0 39,3

2500m 12,6 16,9 21,1 25,3 29,5 33,7 37,9

3000m 12,2 16,2 20,3 24,3 28,4 32,4 36,5



Niedermeier et Al., Mortality in Different Mountain Sports Activities, Primarily Practiced in the Winter Season—A Narrative Review, International Journal of Environmental Research and Public Health, 2019

Niebauer et Al., Sudden Cardiac Death Risk in Downhill Skiers and Mountain Hikers and Specific Prevention Strategies, International Journal of Environmental Research and Public Health, 2021

• SCD: 99% of non-traumatic deaths

• 50% of SCD occurred the 1st day of skiing

• Late morning



Survival of cardiac arrest patients on ski slopes: A 10-year analysis of the Northern French Alps Emergency Network, Viglino et Al., Resuscitation, 2017

Cardiac arrest: Men (71%), mean age 66 y.o.



Characteristics and management of acute ST-segment elevation myocardial infarctions occurring in ski resorts in the French Alps: Impact of an acute coronary care network, Chacornac et al., Archives of Cardiovascular Diseases, 2010

STEMI: Men

(93%), mean  

age 57 y.o., 

high CV risk, 

1st hour ski







Pulmonary 

hypertension

Sympathetic 

activation:

- Ischaemia

- Arrythmias

- Blood pressureBleeding

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



K N O W N  
CA R D I O PAT H Y



Stable NYHA I-II (up to 3500m) – moderate PA

Stable NYHA III (up to 3000m) – light PA

Unstable/NYHA IV

Heart failure

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine

Right heart failure



Well-controlled/mild hypertension

Moderate-severe hypertension, 

moderate-high CV risk: check BP 

values before/during HA sojourn

Uncontrolled/severe hypertension

Hypertension

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



> 6 months after uncomplicated 

ACS/after revascularization

> 6-12 months after coronary stenting

CCS 0-I: < 4200m, light-to-moderate 

PA

CCS II-III: <2500m, light PA

CCS IV

< 6 months after ACS

CAD

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



CAD

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



Serious arrythmias: < 3000-3500m

Avoid remote locations

Arrythmias

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



Pacemaker, ICDs… if not contraindicated 

by medical condition

Devices

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



WHO-FC III-IV: <2000m

O2 supplementation >1500m

Ability to contact local PAH clinics

Pulmonary hypertension

Hypoxic exercise test ?

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



CHD with left-to-right shunt: < 1500m

Simple CHD, surgically treated

Congenital Heart Diseases

Hypoxic exercise test ?

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)

Clinical Considerations for Competitive Sports Participation for Athletes With Cardiovascular Abnormalities: A Scientific Statement From the American Heart Association and American College of Cardiology



<3 months after stroke/TIA

Stroke

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



Aspirin monotherapy: OK

DAPT, anticoagulation: 

risks>benefits (SDM)

Clinical Considerations for Competitive Sports Participation for Athletes With Cardiovascular Abnormalities: A Scientific Statement From the American Heart Association and American College of Cardiology



• Heart failure: 

• prefer selective betablockers

• Hypertension:  

• Telmisartan or nifedipine/telmisartan

• Acetazolamide: lower BP, improve SaO2 and CMS symptoms

• Nebivolol: lesser impairment of exercise performance

• Ischaemic heart disease:

• Continue pre-existing medications at HA

• Acetazolamide to reduce sub-endocardial ischaemia at HA (IIaC)? No data available in 

patients with CAD

• Nebivolol: does not reduce exercise capacity (IIaB)

• Carvedilol: reduces exercise capacity 

Medication

Clinical recommendations for high altitude exposure of individuals with pre-existing cardiovascular conditions: A joint statement by the European Society of Cardiology, the Council on Hypertension of the European Society of Cardiology, the European Society of 

Hypertension, the International Society of Mountain Medicine, the Italian Society of Hypertension and the Italian Society of Mountain Medicine



Aortic 

stenosis

Aortic 

regurgitation

Mitral 

regurgitation

Mitral 

stenosis

Valvular heart diseases

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



> 40 mm

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



HCM

History of cardiac arrest/syncope
ESC risk score
LVOT gradient at rest
Abnormal BP response to exercise
Exercise- induced arrythmias

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



Arrythmogenic CM, NCCM

History of cardiac arrest/syncope

Exercise test

Holter

LVEF

History of cardiac arrest/syncope

Exercise test

Holter

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



DCM

History of cardiac arrest/syncope

LVEF

Exercise test

Holter

LGE

Genotype

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



Myocarditis/pericarditis

Active inflammation

Scar

LVEF/Exercise test/holter

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



Arrythmias and channelopathies

Atrial fibrillation: contra-indications of sports with direct bodily contact or prone to 

trauma (IIIA)

WPW: if ablation impossible/not desired → risk of fatality from loss of consciousness ?

PVC/NSVT: associated heart disease? Induction/aggravation by exercise? 

LQTS: genetic testing? SDM if QTc < 470/480 ms (men/women). No predictive value of 

exercise testing. Hypokaliemia+++

Brugada: avoid triggering drugs, electrolyte imbalances

2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)



Pulmonary embolism

• Resolution of cardiopulmonary symptoms

• TEE: PH? RV dysfunction?

• Anticoagulation therapy

Clinical Considerations for Competitive Sports Participation for Athletes With Cardiovascular Abnormalities: A Scientific Statement From the American Heart Association and American College of Cardiology



A P PA R E N T LY 
H E A LT H Y P E O P L E



2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease: The Task Force on sports cardiology and exercise in patients with cardiovascular disease of the European Society of Cardiology (ESC)

Linear decrease in .VO2max and performance with increasing altitude in endurance athletes, EJAP, 2006

VO2peak low intensity AS: 23,7 ml/min/kg

VO2 max 15 ml/min/kg 20 ml/min/kg 25 ml/min/kg 30 ml/min/kg 35 ml/min/kg 40ml/min/kg 45ml/min/kg

METS 4,3 5,7 7,1 8,6 10,0 11,4 12,9

1500m 13,6 18,1 22,6 27,2 31,7 36,2 40,7

2000m 13,1 17,5 21,9 26,2 30,6 35,0 39,3

2500m 12,6 16,9 21,1 25,3 29,5 33,7 37,9

3000m 12,2 16,2 20,3 24,3 28,4 32,4 36,5



Conclusion 

• Stable?

• Severity?

• Arrythmia/syncope?

• Pulmonary hypertension?

• Bleeding risk

• Accurate personal history

• CV risk factors

• Fitness level

• Symptoms at SL/HA

• Ski level

Known cardiopathy Apparently healthy people

Exercise testing TEE, (hypoxic) exercise testing, Holter… 

Education and prevention !
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