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Summary: 

This session will integrate what you have been learning about control of ventilation, gas exchange, hemodynamics, the autonomic nervous system and control of the circulation to explain what happens to individuals when they exercise. It will give you to opportunity to review and apply these key concepts as you try to explain the mechanisms by which the respiratory and cardiovascular systems work together to enable the body to support major changes in metabolism.

NOTE: The preparation for this session is the SAME as for the amphitheater session on exercise physiology!!
Preparatory Instructions

1) Review (as needed) the sessions on control of ventilation, gas exchange, control of the circulation, and hemodynamics.

2) Reading: read the notes provided for the amphitheater session  on “Physiology of Exercise” OR Schwartzstein and Parker, Chapter 9 – entire chapter (pp. 183-201)
3) Watch/review the following videos:

· Blood pressure

· Body fluid compartments

· Physical exam – rales/crackles

· Physical exam – JVP

· Fick Principle

4) Readiness assessment questions.

5) Answer the following questions:

A) A patient has a history of poorly controlled hypertension. On exam at rest, his blood pressure is 160/90 mm Hg and he has an S4 on auscultation of his heart. His lung sounds are normal. When he begins to exercise, he quickly becomes short of breath and you hear crackles or rales on his lung exam and his oxygen saturation falls from 98% to 93%. Explain the pathophysiological mechanisms behind these findings:

· Why does he get short of breath so quickly? 

· Why does his oxygen saturation fall? 

· Why does he develop crackles on his lung exam?

B) A student has been training for the summer Olympics by running 5 miles/day (her event is the 800 meter race). Over the course of two months, her anaerobic threshold has increased. Explain the mechanisms behind this change in her physiology.

Goals and Objectives: At the end of this session, you should be able…
A.
To describe the response of the respiratory and cardiovascular systems to the increased metabolic demands associated with exercise.

B.
To outline the ways in which integrated function of the two systems maximizes oxygen delivery to the tissues.

C.
To describe factors which contribute to the development of anaerobic metabolism during exercise.

D.
To determine the factors that result in physiological limits for the body during exercise.

E.   To describe the changes in the physiology of exercise that accompany normal aging.
Why you should care…
By understanding the physiology of exercise in normal individuals, you will be able to apply this knowledge to patients with cardiopulmonary disease, many of whom first develop symptoms with activity (they may not call it exercise in the way that you think about going to the gym, but walking a flight of stairs or carrying groceries home from the store is exercise for these people). Without this knowledge, you will not be able to decipher the causes of symptoms and physical finding in these patients.
Mini-cases

Mini-case 1: CBCL-1 (30 minutes)
Robert Grier is a 60 year-old former NFL player with a history of obesity and hypertension. He also has smoked 1.5 packs of cigarettes/day for the past 25 years. Recently, he has been experiencing increased shortness of breath with walking 2 blocks. His baseline FEV1 is 3.5L (65% of predicted) and his oxygen saturation at rest is 97%. He undergoes a cardiopulmonary exercise test and the doctors note that the blood pressure does not rise during the test. 

Question: Create a physiological hypothesis for the blood pressure finding during the exercise test. Indicate whether this is a normal or abnormal response to exercise.
Individual work:  5 minutes

Table work: 10 mins

Group Discussion: 15 minutes

Blood pressure = Q X SVR. During exercise, the sympathetic nervous system is activated, which causes contractility to increase (beta 1 effect), which would be expected to increase cardiac output and blood pressure, and blood vessels to constrict (alpha effect), which would be expected to increase SVR and increase venous return to the heart (move to the right on the Starling curve), both of which would increase blood pressure. However, local effects in the metabolically active exercising muscles lead to local vasodilation despite the effect of the sympathetic nervous system. On balance, the SVR goes down. 
In a healthy individual, the increase in cardiac output is greater than the decrease in SVR and blood pressure rises during exercise.  In this patient, blood pressure stays the same, which suggests that his heart is not able to increase cardiac output appropriately.  This raises a question about underlying damage to the heart (e.g., cardiomyopathy) or coronary ischemia, particularly given his risk factors for atherosclerosis.
 Mini-case 2: 30 minutes
George Hogan is 65 year-old retired high school teacher being evaluated for a complaint of increased shortness of breath walking. He likes to play golf but recently had to stop walking the course and now uses a golf cart. He describes his shortness of breath as a sense of “not getting enough oxygen,” and sometimes feels like he can’t get a deep breath. He has a history of emphysema and hypertension. His exam is notable for BP 135/80 mm Hg, respiratory rate 12/minute, HR 76/min. The JVP is 8 cm above the right atrium. S1 and S2 are normal. There are expiratory wheezes on chest exam with I/E = 1/3. There is a positive Hoover’s sign. The abdominal exam is normal. There is no peripheral edema.

Pulmonary function tests show an FEV1 that is 1.1L (40% of predicted) and the FEV1/FVC ratio is 55%. The diffusing capacity is 45% of predicted. O2 sat is 94% at rest.

The patient undergoes a cardiopulmonary exercise test and has to stop because of shortness of breath. At the time he stops, VE=38 L/min, O2 sat is 85%, BP=170/110, Respiratory rate=35/min, HR=135/min, and the end-expiratory lung volume has increased from the resting state.

Question: Explain how the respiratory system may be leading to the patient’s exercise limitation (hint: multiple factors are likely contributing to the problem). Predict the patient’s diffusing capacity and inspiratory capacity (high, normal, low).
Several mechanisms can be invoked for a respiratory limitation to exercise in this patient:

· He has reached the maximal sustainable ventilation (35-40X FEV1); because he has increased airway resistance, as evidenced by the reduced FEV1, his maximal ventilation is reduced from normal.

· He desaturates with exercise suggesting a gas exchanger abnormality, probably from emphysema given his evidence for obstructive lung disease; one would predict that the diffusing capacity is low. The hypoxemia will stimulate peripheral chemoreceptors and contribute to his tachypnea and dynamic hyperinflation.

· The dynamic hyperinflation, evidenced by the increased end-expiratory lung volume (EELV), and increased airway resistance increase his work of breathing, which contributes to his dyspnea.  At higher end-expiratory lung volume, the inspiratory muscles are shortened and are not as effective at generating tension. In addition, the respiratory system is operating at higher lung volume, which is on a less compliant portion of the pressure-volume curve, which also increases the work that must be done to inspire. The inspiratory capacity (the difference in volume between EELV and TLC) will be reduced with dynamic hyperinflation and increased EELV.
Summary – 5 minutes
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