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What’s NEW?
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Chapter 4 – Clinical Exercise Testing and Interpretation

NEW - Table 4.4  p. 130



Heart Rate Response   p. 133

Metabolic Chronotropic Reserve (MCR)

Ratio Heart Rate Reserve to Metabolic Reserve 

              during submaximal exercise

MCR < 0.8  = abnormal chronotropic response

https://www.internationaljournalofcardiology.c
om/article/S0167-5273(16)33529-X/fulltext 

𝐇𝐑stage=[(𝟐𝟐𝟎−age−𝐇𝐑rest)]×(𝐌𝐄𝐓𝐬stage−𝟏)/(𝐌𝐄𝐓𝐬peak−𝟏)+𝐇𝐑rest

Brubaker, P. H., & Kitzman, D. W. (2011). 

https://www.internationaljournalofcardiology.com/article/S0167-5273(16)33529-X/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(16)33529-X/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(16)33529-X/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(16)33529-X/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(16)33529-X/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(16)33529-X/fulltext


Cardiopulmonary Exercise Testing (CPET)   p. 139 - 140

• Important tool to evaluate operative risks

• Heart Failure / Transplant Guidelines
• VO2peak > 14 ml.kg.min

• VO2peak > 12 ml.kg.min w/ β-Blockers

• Strong predictors of adverse outcomes: 
VE/VCO2 slope, OUES, oscillatory breathing

• VAT, O2 pulse, ΔVO2/ΔWR, PetCO2, 
breathing reserve, RER



Cardiopulmonary Exercise Testing (CPET)

• Prehabilitation = exercise intervention to 
optimize peak VO2 and other CPET measures 
prior to surgery

• Assessment of Dyspnea – 
• CVD patients = breathing reserve > 30%

• Pulmonary patients = very little breathing reserve



NEW - Common CPET-Derived Responses and Applications   p. 140



Chapter 8 – Exercise Prescription for Individuals with 
Cardiovascular and Pulmonary Diseases

Exercise Testing 

• Exercise stress test with ECG only

• “may be appropriate” – “rarely appropriate”
• Patients with prior coronary revascularization or MI

• “appropriate”
• CHD patients initiating unsupervised exercise program
• Patients participating in Cardiac Rehab

NEW - Coronary Heart Disease   p. 278 - 282



Exercise Prescription

• Exercise training in CHD patients associated with
• 26% lower risk CV-related mortality
• 23% lower risk all-cause hospitalization
• 18% lower risk of MI

• Increases:
• Exercise capacity
• QoL
• Reduces angina pectoris
• Return to work

• Class 1 recommendation from AHA and ACC

NEW - Coronary Heart Disease   p. 278 - 282



Special Considerations

• General Recommendations:
• Warm-up and cool-down
• Large muscle group aerobic exercise 

modes
• Addition of resistance training

• Symptoms and Medications:
• Educate on symptoms of exercise 

intolerance
• Medications on schedule
• β-blocker ∆ affect on exercise HR – new 

THR
• New THR estimated = previous HR ± 5 beats

NEW - Coronary Heart Disease   p. 278 - 282

• Target Heart Rate (THR):
• Based on S/S-limited exercise test

• Not appropriate to use 220 -age

• Myocardial Ischemia:
• Chest discomfort should be considered  

angina – intensity reduced

• THR - upper limit set at 10 bpm under 
ischemic threshold

• Prolonged warm-up / nitroglycerin prior to 
exercise



Special Considerations

• Resistance Training:
• Safe for CHD patients

• Begin after 2 – 4 weeks regular aerobic 
exercise training

• HITT:
• NO universally accepted guidelines at this 

time

• 4 x 4 method most studied protocol

• HITT ExRx established from S/S-limited 
maximal exercise test

NEW - Coronary Heart Disease   p. 278 - 282 NEW - Box 8.1   p. 281



Combined FITT Recommendations   p. 282



• Inpatient CR:
• FITT for Inpatient and Outpatient CR REMOVED

• Outpatient CR:
• Virtual and Hybrid CR – options to address low adherence rates
• Hybrid results in similar participation rates and improvements in exercise capacity

• Continuous ECG Monitoring:

• Varies between programs and is determined by – 
• Patient’s risk
• S/S-limited maximal exercise test
• Third-party health insurance providers

Inpatient / Outpatient Cardiac Rehabilitation   p. 283 - 288



Exercise Testing

• Can give insight regarding:
• Arrhythmia
• Chronotropic incompetence
• Cardiopulmonary limitations
• Overall exertional capacity

• Help to plan exercise regimens

Exercise Prescription

• Varying patient fitness levels

• Moderate (12 – 14 RPE) intensity 

Special Considerations

• RT – light weight/high rep

• Avoid Valsalva maneuver

• Avoid hyperextensions of head and neck

• Avoid chiropractic treatments of the 
head and neck

• Psychosocial support important

NEW - Individuals with History of Spontaneous Coronary Artery 
Dissection (SCAD)   p. 288 - 290



Exercise Testing

• VE/VCO2 slope information REMOVED

Exercise Prescription 

• Exercise training improves exercise 
capacity 10 – 30% in HFrEF patients

• 17% improvement from exercise training

• HFpEF can also benefit from exercise 
training

• FITT for Heart Failure COMBINED with 
CHD

Special Considerations

• THR range – based on PEAK HR from S/S-
limited exercise test

• HITT appropriate in stable HFrEF

• Volume increased over time up to 7 
MET.h.wk

• RT incorporated after 4 weeks aerobic 
training

• Around 40% of patients compliant after 1 
year

Chronic Heart Failure p. 290 - 292



Heart Transplantation p. 293 - 294



Sternotomy   p. 295

Special Considerations

• “Keep Your Move in the Tube”

• Post sternotomy:
• Lifting 5 – 10 lb limit for 8-12 weeks

• Rhythmic upper limb activities (no strain) for first 
12 weeks

• Postpone RT for 12 weeks



Peripheral Artery Disease (PAD)   p. 297 - 301

Epidemiology

• Atherosclerosis of the arteries in the 
periphery (lower extremities)

• Increases risk of stroke, MI, and mortality

• Risk Factors: hypertension, smoking, DM, 
chronic kidney disease

• Accelerated decline in physical function = 
increased disability

• Intermittent Claudication = cramping or 
tightness in lower extremities

• Ankle/brachial pressure index (ABI) 

Exercise Prescription

• Supervised exercise training strongly 
recommended

• Walking (moderate to near-
maximum claudication) with rest 
periods
• Mild claudication within 5 min

• Moderate – severe within 10 min

• Rest

• Repeat



Table 8.2   p. 298



Peripheral Artery Disease (PAD)   p. 301



NEW - Postural Orthostatic Tachycardia Syndrome (POTS)   p. 301 - 304

Pre-exercise Assessment

• 10-minute Stand Test
• Supine HR and BP

• Standing HR and BP
• 1, 3, 5, and 10 minutes 

• Maximal exercise test = 
higher HRs



NEW – Table 8.4   p. 301 - 304

Exercise Prescription

• Use HR Reserve
• 5 beats each side of 75% HRR
• RPE can be used

• Recumbent exercise

• Warm-up and cool-down

• RT – core and lower body

• 7,000 – 10,000 mg sodium with 2-3 L (noncaffeinated) fluids

• Remain upright throughout the day

• Bed in reverse Trendelenburg position (4 – 6 in elevation from supine)



Special Considerations

NEW - Postural Orthostatic Tachycardia Syndrome (POTS)   p. 301 - 304



NEW - Pediatric Cardiac Rehabilitation   p. 304 - 306



Exercise Testing
• Cycle ergometry

• Dual action semi-recumbent seated steppers 
(upper and lower body)

• Total Body Recumbent Stepper Maximal 
(mTBRS) / Submaximal Exercise tests

• Modified Bruce Protocol (if appropriate)

Exercise Training Considerations 

• HR and RPE can be used

• ACSM HR equations can be 
used
• If unable to conduct exercise test

• Consider adding neuromuscular 
training 2 – 3 times per week

Cerebrovascular Accident (CVA; Stroke)   p. 307



Cerebrovascular Accident (CVA; Stroke)   p. 309



Asthma   p. 314

Special Considerations

• Inspiratory Muscle Training (IMT)
• Shown to facilitate significant increases 

in inspiratory muscle strength

• Unclear on other clinical benefits 



Asthma   p. 315



Exercise Testing - ADDITION

• Resting SpO2 of ≤ 85% (breathing room air) should be 
considered a relative contraindication to exercise testing 

• A ≥ 5% decrease in SpO2 during exercise suggests 
hypoxemia 

• Evidence of oxyhemoglobin desaturation ≤ 80% should be 
used as test termination criteria in addition to standard 
criteria

Chronic Obstructive Pulmonary Disease   p. 317



Chronic Obstructive Pulmonary Disease   p. 321



Pulmonary Arterial Hypertension   p. 322 - 324

• PH – global term for elevated pulmonary arterial pressure
• Mean pulmonary arterial pressure (mPAP) ≥ 25 mmHg at rest

• *Suggested diagnostic cut-of of mPAP > 20 mmHg with PVR ≥ 3 Wood Units

• Low-dose, supervised exercise training improves 6-MWT distance, WHO 
functional class, QoL, and cardiorespiratory fitness
• It has been suggested that aerobic exercise training targeting 40%–70% of HRR (RPE 11–

14 on the Borg 6–20 scale) is achievable in people with PH

• Submaximal CPET can help identify the presence and severity of pulmonary 
arterial hypertension (PAH)

• IMT may be an effective, decreasing ambulatory BP and dyspnea, and 
enhancing inspiratory muscle strength and exercise capacity



Lung Transplantation   p. 325 - 327



Other Tests of Muscular Fitness for Individuals With 
Chronic Lung Disease   p. 327 - 328



NEW - Telerehabilitation p. 328 - 329

• Use of communication mediums such as telephone calls, 
videoconferencing, and dedicated websites to deliver the 
essential components of PR
• Difficult to deliver all key components of PR

• Similar improvements in functional exercise capacity, QoL, 
and dyspnea (compared to center-based PR)

• Technology barriers need to be overcome



NEW – Respiratory Muscle Testing and Training p. 329 - 331

Exercise Testing

• Respiratory Muscle Strength 

• Noninvasive handheld manometers 
• Assess maximal inspiratory pressure (MIP) and expiratory 

pressure (MEP)

• Respiratory Muscle Endurance 

• Constant load endurance test  
• Measured by the total time until task failure (seconds) or work 

expressed in pressure time units (i.e., pressure × time; e.g., 
cmH2O × seconds)



NEW – Respiratory Muscle Testing and Training p. 329 - 331



NEW – Respiratory Muscle Testing and Training p. 329 - 331

Exercise Training

• RMT has been shown to improve respiratory 
muscle strength, dyspnea, exercise capacity, 
and QoL

• Pressure threshold devices
• 40 – 60% of MIP or MEP

• 20 – 30 breaths per sessions / 2 x day

• *15 – 20% MIP or MEP

• *5 – 10-minute sessions / 2 x day
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Thank you!
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