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Cardiopulmonary Exercise Testing.  Part I.

Indications and Procedures

Indications for testing.

Evaluation of undiagnosed exercise intolerance.

Resting pulmonary and cardiac tests correlate poorly with exertional symptoms.

Gives a determination of capacity (peak VO2) when other testing negative.


Or if symptoms are disproportionate to resting test.

Assesses the contribution of cardiac and pulmonary etiology in coexisting diseases.

Evaluation of cardiovascular disease.

Can give prognosis in heart failure, ischemia, and dilated cardiomyopathies.


VO2max < 50% most significant predictor of cardiac death.


High VE/VCO2 an independent prognostic marker.

In transplantation, guidelines based on VO2max are available.

Useful for exercise prescription for exercise training and rehabilitation.

(Especially in special circumstances, i.e., for fixed pacemakers.)

Though 6-minute walk is helpful it is not as good for all of the above reasons.

Evaluation of all respiratory diseases.

It is a good indicator of functional impairment.

C.O.P.D.

Establishing exercise limitations.


Early metabolic acidosis can be seen due to skeletal muscle dysfunction.

Looking for occult heart disease (ischemia).

Evaluating for hypoxemia and O2 prescription.

Monitoring therapeutic interventions.


Medications, exercise training, lung volume reduction surgery.


Constant work rate better than 6 minute walk.

I.L.D.

Detection of early occult gas exchange abnormalities

Monitoring of gas exchange abnormalities.

Determining magnitude of hypoxemia for O2 prescription.

Determining exercise-limiting factors.

Documenting therapeutic response to toxic therapies.

Pulmonary vascular disease.

Reduced VO2max correlates with reduction of cardiac output.


Correlates with severity of disease.


Contraindicated if syncope, arrhythmia, or acute right heart failure.

Cystic Fibrosis

Peak VO2 is valuable for prognosis and management.

Exercise induced bronchospasm.

Serial spirometry before and after.

Specific clinical applications.

Preoperative evaluation.


For lung resection

VO2max < 50-60% predicted associated with higher morbidity and mortality.

Higher yield when used with split lung studies in borderline cases.

Resting PFTs overestimate functional loss.


Elderly patients undergoing major abdominal surgery.



It predicts cardiovascular reserve and risk.


Lung volume resection surgery for emphysema.

Exercise evaluation and prescription for pulmonary rehabilitation.


Helps optimize therapy and determine response to therapy.

Evaluation for impairment-disability.


Can directly quantify the work capacity.


Originally ATS guidelines indicated helpful in selected cases, this has been expanded.



Helpful when job related exertional complaints not explainable by PFTs.

Evaluation for lung, heart-lung transplantation.


No clear consensus how exercise testing may impact lung transplant.


Clear guidelines available for heart transplantation.


Testing

Treadmill.

For some, it is easier walking than using cycle ergometer.

More work against gravity.

Larger working muscle mass.


VO2max is 5-10% higher than cycle ergometer.

Walking is more complex activity than cycle ergometer.

Difficult to quantify external work.

Difficult to predict VO2max.

Holding handrails decreases metabolic costs and should be done without if possible.

Cycle Ergometry.

Less motion artifact on ECG and BP.

Work is easily quantitated.

Two types of cycle ergometer.


Mechanically braked with friction bands (not recommended)

Electronically braked with electromagnets.



Work rate can be quantitated.



Computer controlled and increased incrementally (ramping).



Can perform work truly unloaded.

Arm ergometry.

When cannot perform leg activity.

VO2max is 70% of cycle values.

Noninvasive blood pressure monitoring.

Should be correlated with cuff pressures.

Pulse oximetry.

95% confidence interval of 4-5%.

Less accurate at around 88% and below.

Tend to overestimate true O2 saturation.

Poor perfusion of extremity can give falsely low readings.

Good for monitoring trends but not absolute magnitude.

Significant desaturations >= 5% should be confirmed with ABG’s.

Dark skinned individuals interferes with signal detection.

Cannot detect carboxyhemoglobin or methemoglobin.

ABG’s.


Usually noninvasive testing is adequate.

If testing to look for adequacy of gas exchange then invasive monitoring should be considered.


Examples are ILD, pulmonary vascular disease, and COPD (with low DLCO).


O2 prescription in patients with dark skin.

If previous testing showed increased VE/VCO2 of questionable causes.

 Hyperventilation vs. increased dead space ventilation.

Draw 1 at rest, end of unloaded pedaling, and then every 2 minutes, + 2 minutes into recovery.

Or can get valuable info from one radial gas near maximal exercise.

Protocols.

Maximal incremental.

Most widely used.

3 minutes rest, 3 minutes unloaded pedaling, increase 5 – 25 watts each minute.

Can increment at 1-minute intervals (incremental) vs. ramping.

Incremental or ramping phase should last 8 – 12 minutes.

Maximal incremental treadmill protocols.

Bruce protocol, modified Naughton, Balke (constant work rate), modified Balke, etc.


Treadmills use METs as description of metabolic work.

MET defined as the equivalent of the resting metabolic oxygen requirement.

1 metabolic equivalent = 3.5 ml/kg per minute.

Powerful predictor of mortality in men.

Constant work rate protocol.

Gaining in popularity in monitoring responses to therapeutic interventions.


Rehabilitation, bronchodilators, LVRS, medical devises, etc.

Conducting test.

No smoking for 8 hours.

No exercising on day of test.

Take medications as instructed.

Consent form.

Light breakfast no less than 2 hours before test.

Supine resting ECG.

Comfortable clothes and shoes.

PFTs beforehand (spirometry and diffusion).

A recent CBC recommended.

Should know history of patient.

Know predicted values for VO2 and anaerobic threshold (AT).

Know reasons for test.

May be helpful to have a screening visit to familiarize patient with procedure.

Do they need an arterial line?

Contraindications for testing.

Acute MI within 3-5 days.

Unstable angina.

Uncontrolled arrhythmias causing symptoms or hemodynamic compromise.

Syncope.

Active endocarditis.

Acute myocarditis or pericarditis.

Symptomatic severe aortic stenosis.

Uncontrolled heart failure.

PE or pulmonary infarction.

DVT.

Dissecting aneurysm.

Uncontrolled asthma.

Pulmonary edema.

O2 saturation on room air <= 85%.

Respiratory failure.

Acute infection, renal failure, thyrotoxicosis.

Mental impairment leading to inability to cooperate.

Relative contraindications.

Left main disease.

Moderate aortic stenosis.

Severe untreated HTN at rest (>200 systolic, >120 diastolic).

Tachyarrhythmias or bradyarrhythmias.

High degree AV block.

Severe pulmonary HTN.

Advanced or complicated pregnancy.

Electrolyte abnormalities.

Orthopedic impairment.

Reasons for termination.

Chest pain of ischemia or ischemic changes.

Complex ectopy, or second or third degree heart block.

Fall in systolic pressure > 20 mm Hg from highest value during test.

Hypertension (> 250 systolic, > 120 diastolic).

Severe desaturation < 80% with accompanying symptoms of hypoxemia.

Sudden pallor, dizziness or faintness.

Loss of coordination.

Mental confusions.

Signs of respiratory failure.
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