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Where Did This Start?
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What’s your biggest fear?



• Vigorous exercise (> 6 METS) precipitates 
cardiac events ~6X more frequently than 
moderate intensity exercise

– However, most of these events occur in 
previously sedentary individuals with 
undiagnosed coronary disease who were 
performing unaccustomed exercise (e.g., 
weekend warriors)

Man Found Dead After Shoveling Snow
Milwaukee Sentinel - January 30, 2019







HIIT vs. MCT
• 1 major and 1 minor cardiac event in 

17,083 HIIT sessions 
– 1 ventricular arrhythmia leading to cardiac 

arrest (HF patient who had refused an ICD)
– 1 incidence of syncope (HF patient)
– 5 musculoskeletal problems

• 0 cardiac events in 14,268 MCT sessions
– 2 musculoskeletal  issues

J Am Heart Assoc (2018)



Why do people have CV events 
during exertion?

• Plaque rupture?
• Dysrhythmias?
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If people are not ischemic 
with exercise…are they really 

at an increased risk of 
precipitating a cardiac event 

with vigorous exertion?



What’s on your patients bucket list?

1. Sky dive
2. Run a marathon
3. Bench press 300 lbs
4. Scuba dive
5. Hike a 14,000 foot (4,300 m) mountain
6. Ski the Birkebeiner
7. Do CrossFit
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What’s on your patients bucket list?

1. Sky dive
2. Run a marathon 
3. Bench press 300 lbs 
4. Scuba dive
5. Hike a 14,000 foot (4,300 m) mountain 
6. Ski the Birkebeiner
7. Do CrossFit 



Why do they want to do it?

• It’s part of who they are; it’s their identity

• Athletic Identity Measurement Scale 
(AIMS)
– I view myself as an athlete?
– Athletics and competition are very important 

to me?
– My self-worth is closely tied to my athletic 

ability?



• It’s important to them!
• They are probably going to do 

it anyway!
• You aren’t going talk them out 

of it!!
• Aren’t they better off doing it 

with you?



Factors to Consider

• Physical demands of the activity
• Medications
• Environment considerations
• Previous activity level
• Extent of disease
• GXT results/functional capacity
• Orthopedic concerns
• Psychological impact



Can your patient climb a 14er?
(14,000 ft = ~ 4,300 m)



Here’s your patient…

• 66 year-old white male
• BMI = 36.3; weight 265 lbs 
• Cholesterol = 125 mg/dL
• LDL = 90 mg/dL
• HDL = 40 mg/dL
• Fasting glucose = 118 mg/dL
• BP = 126/86
• Occasionally has exercise-induced SVT
• Persistent productive cough – chronic bronchitis
• Aerobic capacity = 27 ml/kg/min / 3.5 = 7.7 METs
• Meds:  statin, ARB, metoprolol, calcium channel 

blocker, inhaled corticosteroids, ASA, metformin







Should Carl try a 14er?





Physiology of Altitude

Effect of altitude on:
1. Amount of oxygen carried in the 

blood
2. Cardiovascular responses
3. Effect on maximal exercise 

capacity (VO2max) 



1.  Amount of oxygen carried in 
the blood is lower

• Percentage of oxygen is the same as 
sea level (20.93%)

• Barometric pressure is lower
• Results in lower alveolar and arterial 

PO2 = lower arterial saturation



Grays Peak



Bottom Line

• At the peak, blood has ~ 16% less 
oxygen in it!

• If you are going to exercise…the body 
has to compensate for this deficiency.



2.  Increased cardiorespiratory 
effort – all due to hypoxia

• Increased ventilation at rest and any level 
of exercise

• Higher HR at any given submaximal 
workload – have to circulate more blood

• Higher blood pressure due to increased 
epinephrine / norepinephrine responses 
at altitude



3. VO2max is Lower at Altitude
• 1% decrease every 100 m above 1500 m

~ 25% lower VO2max



Other considerations on the 
decision to hike…

• Hypertension – must be under control

– May be exaggerated response in some individuals

– ACE inhibitors/ARBs – drug of choice

– Beta blockers – will decrease exercise capacity 
even further 

– Diuretics – watch hydration status due to 
increased fluid loss via urination



• Dysrhythmias - depends on rhythm

– Exercise-induced SVT – contraindicated
– Afib – use caution if on anti-coagulants (retinal 

bleeding)
– Complex ventricular ectopy – hiking is 

contraindicated

• Pacemakers/ICDs – OK up to 4,000 m (13,000 ft)

• Diabetes
– Type I – on insulin at least 1 year
– Type II – on hypoglycemic agents at least 3 month

Must be a regular exerciser with no history of 
hypoglycemic episodes for at least 1 year



• COPD – if any breathlessness at sea level, 
mountain hiking is contraindicated

– Even if asymptomatic at sea level…upper 
limit of ~1500-2000 m (5,000-6,500 ft) is 
recommended for patients with COPD



Should Carl try a 14er?
• VO2max is too low

– 7.7 METs at sea level (5.8 at peak)
– Estimated energy cost to hike Grays Peak

• Assuming 2.0 mph and 10% grade = 5.3 METs

• History of exercise-induced SVT, probably afib

• Breathing could be a serious problem
– Going above 2,000 m (6,500 ft) is not 

recommended in patients with COPD

• Orthopedically – rough terrain could pose 
problems



Sorry Carl…..



So…what’s Carl to do?





Erdmann et al., Am J Cardiol 1998

23 CAD patients, aged 52 yrs; EF = 39%; 23 controls
Acute exercise test at 1,000m (3,200 ft) and 2,500m (8,150 ft)
Similar reductions in peak work rate in both groups
No ischemia 

Schmid et al., Heart 2006

22 CAD patients 12 months after ST elevation MI
All revascularized with PCI or CABG; EF = 60%
Max exercise test at 540m (1,700 ft) and 3454m (11,000 ft) 

20% decrease in peak VO2 at 3454m (11,000 ft)
HR higher at any given work rate
No ischemia or arrhythmias

Both groups concluded that acute exercise at altitude safe in CAD pts

Can other patients climb a 14er?



Talk Test

• Professor John Grayson - 1937
–Advice to mountaineers 
–“Climb no faster than you can talk”



We did a study in subjects who 
had exertional ischemia…18/19 
(95%) subjects were below the 
ischemic threshold when they 
could still pass the Talk Test.  
Ischemia did not occur until 
after they could no longer speak 
comfortably.

Cannon et al., Am J Med Sport 6: 52-57, 2004



Can your patient run…a 
marathon!!



Here’s your patient…
• 55 year-old white male
• Weight = 172 lbs; BMI = 26.1
• Cholesterol = 210 mg/dL
• LDL = 127 mg/dL
• Fasting glucose = 95 mg/dL
• BP = 120/72
• CABG X 4 in 2010; EF = 64%
• Aerobic capacity = 17 METs
• Meds:  ASA, Plavix, statin; not on a BB due 

to syncopal episodes in the past





There is nothing “bad” about running for 
exercise. The minimum intensity of the 
activity may be the problem.

4.0 mph 15 min/mile 6.8 METs
5.0 mph 12 min/mile 8.3 METs
6.0 mph 10 min/mile 9.8 METs



Average recreational marathon pace

• 4:30 – 5:00 hours
• 10 – 12 min/mile
• 5.3 – 5.8 mph (8.5 – 9.5 METs)
• 70-80% of VO2max



• A runner would need to have a VO2max 
of at least 12 METs order to run that 
pace:

–12 METs x .70 (70%) = 8.4 METs
–12 METs x .80 (80%) = 9.6 METs



Terry Kavanagh – Toronto 
Rehabilitation Centre



• 8 post-MI patients
• Average age = 43 years-old
• Trained for 8-12 months; building up to 45 

miles/week, including Fartlek training
• Average VO2max of 45.6 ml/kg/min (13 

METs)
• Completed marathon in 4:51 (5.4 mph) 

without complications

Kavanagh et al., JAMA 229(12): 1602-1605, 1974



Special Considerations

• Beta blockers
–Decreases lipolysis (fat 

metabolism), which increases 
glycogen usage

–May “hit the wall” sooner due to 
glycogen depletion…so pacing is 
extremely important



Could Mike have run a marathon 
in 2010?

• Yes…had he wanted to
• He had a VO2max of 17 METs
• No signs of ischemia on his GXT
• Preserved LV function (EF = 64%)





Subsequently…

• Stent to Cx in 2013; EF = 59.7%
• Stent to proximal RCA in 2017; EF = 54.3%

• What about now? 
– Currently running 3-4 miles per day; 3-4 days 

per week
– Keeps HR < 160 bpm





Can your patient do CrossFit?



CrossFit
• “No intensity…No workout”

• Pukie the clown 



Here’s your patient…
• 48 year-old white male
• BMI = 28; weight 195 lbs
• Wrestling coach at the University
• MI on June 1, 2019
• 2 stents in circumflex, 20% blockage in distal 

LAD and 25% blockage in RCA 
• Extensive collateral network
• EF = 63%
• Slightly dilated aorta
• Meds:  statin, aspirin, Brilinta, Lisinopril
• Maximal GXT post-Phase II:  17 METs; no 

ischemic changes/no symptoms





Am I going to be able to 
wrestle after this?



Can Dave do CrossFit?



Intensity of CrossFit

• Workout of the Day – WOD
• 90% of HRmax
• 82% of VO2max
• 10-12 METs

Babiash et al., ACE ProSource (October, 2013)







How about heavy weight lifting?







Dave’s doctor put a 200 lb 
weight limit on his lifting due 
to his slightly dilated aorta.









55 year-old powerlifter:  returned to 
competition 44 weeks following CABG 
X 4 and set personal bests (Adams)



• They used a maximal not-to-exceed Rate 
Pressure Product cut-off of 36,000

• RPP = HR X SBP 
• Rationale for that:

– Max HR of 150 bpm (15 on Borg Scale X 10)
– Max SBP to stop exercise = 240 mm Hg

• During training the highest RPP recorded 
was 29,300 (squats)



Case Studies (Adams)
• 22 year-old competitive cyclist: returned 

to competitive cycling post SCAD; 
currently cycles 200-250 miles per week



• 39 year-old police officer: returned to 
men’s league soccer and hockey post 
CABG X 3



• 39 year-old professional skydiver; 
competed 1.5 months post aortic valve 
replacement



• 65 year-old track athlete:  had 4 stents that 
failed – CABG; won gold and bronze 
medals in hurdling and sprinting at U.S. 
Masters Track and Field Championships 4 
months post CABG



One size fits 
NONE!

Bottom Line:



Summary

• Tailor the program to the individual 
by doing activity-specific training

• It is imperative to rule out 
ischemia/serious dysrhythmias/LV 
dysfunction

• This does not happen overnight!
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