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SOLE FEEDBACK – Respiratory Physiology
The following pages provide you with templates on which you can record your thoughts as the course proceeds. At the end of the course you can enter your views onto SOLE.

Please answer all questions by selecting the response which best reflects your view.

	
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	The content of this module is useful.
	(
	(
	(
	(
	(

	The support materials available for this module (e.g. handouts, web pages, problem sheets) are helpful.
	(
	(
	(
	(
	(

	I receive sufficient feedback and guidance.
	(
	(
	(
	(
	(

	Overall, I am satisfied with this module.
	(
	(
	(
	(
	(


Please use this box for constructive feedback and suggestions for improvement.

	


SOLE FEEDBACK – INDIVIDUAL LECTURERS

Please note that for SOLE, a Lecturer’s name will only appear once. This template gives you the opportunity to record your comments about each lecture in the order of delivery. On the following section, you have an opportunity to record any comments and constructive feedback you have for each lecturer.
	
	The lecture(s) are well structured
	The lecturer explains concepts clearly
	The lecturer engages well with the students

	Lecturer and Lecture Title
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	Dr Claire Shovlin

Multiple
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Mathew Hind

Multiple
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Kevin Murphy

Respir. Muscles
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Professor Fan Chung. Sensory
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Professor  Mary Morrell  
Regulation
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Professor Semple

Multiple
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Hannah Tighe

Further lung function
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Philip Ind

Airways I and II
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Robina Coker: Altitude and Flying
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Peter Wilmshurst

Diving
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Luke Howard

Exercise
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Umeer Waheed

Respiratory failure I
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr Richard Strumpfl

Respiratory failure II
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(


	Lecturer and Lecture Title
	Please use this box for additional constructive feedback.

	Dr Claire Shovlin

Multiple
	

	Dr Mathew Hind

Multiple
	

	Dr Kevin Murphy

Respir. Muscles
	

	Professor Fan Chung. Sensory
	

	Professor  Mary Morrell  
Regulation
	

	Professor Semple

Multiple
	

	Hannah Tighe

Further lung function
	

	Dr Philip Ind

Airways I and II
	

	Dr Peter Wilmshurst

Diving
	

	Dr Luke Howard

Exercise
	

	Dr Umeer Waheed

Respiratory failure I
	

	Dr Richard Strumpfl

Respiratory failure II
	


Respiratory

INTRODUCTION

The Respiratory course is taught in the Autumn Term of year 1.

The main goal of this course is to help you develop a sound understanding of how the respiratory system achieves the vital function of gas exchange, and how this is perturbed in disease.  The primary goal is to equip you with the knowledge base to apply basic respiratory science to clinical practice in the later years of your course, recognising that the practice of respiratory medicine is integrally related to the physiological processes you will cover over this term.  We also hope to instill a finer appreciation of the scientific intricacies of the respiratory system.

The course is structured in five overlapping themes:  Theme one covers functional anatomy, embryology.   In the second theme, the essentials of gas exchange are understood through progression from mechanical considerations of gas transfer, delivery of blood to the alveolar capillary unit, and ventilation perfusion matching.  Theme three explores the regulation of breathing both awake and asleep.  In theme 4, we will focus on the consequences to normal physiology ‘when things go wrong’  in disease states. Finally, in theme 5, physiology in extreme normal circumstances will be addressed as part of a review of the fundamentals covered within the course.

At the end of the course, you will be able to 

· Outline the basic anatomy and structure of the respiratory system.

· Describe the structure of the lung epithelium and the function of the cells contained within it.

· Explain how the lung develops in the foetus, and the changes that occur at birth.

· Describe the mechanics of breathing, including what is meant by ‘lung compliance and resistance.

· Describe the main muscles used in breathing and how these are utilised to generate different lung volumes. List the lung volumes that can be measured. 

· Outline the principles of ventilation and explain the roles of PO2 and PCO2 in the pulmonary and alveolar ventilation

· Describe the delivery of oxygen to the body tissues and the removal of CO2 from the body.

· Describe the pulmonary circulation and the basis of pulmonary vascular disease.

· Explain the humeral and neural control of the airways

· Outline the control of breathing and how this changes during sleep

· Describe the sensory aspects of respiratory disease with reference to one example e.g. cough, dyspnoea, chest pain.

· Outline what is meant by the terms restrictive and obstructive lung disease and how they influence breathing.

· Outline the defence mechanism of the airway mucosa and how these are changed in airway hypersensitivity, specifically asthma.

· Distinguish between chronic and acute lung disease, explain the defence mechanisms and physiological consequences of infection in healthy lungs
· Describe the main causes of lung cancer and its basic presentation

· Describe the effects of extreme circumstances on ventilation and gas exchange in the normal lung.

.

COURSE STRUCTURE

There are 21 lectures, and 3 practicals to demonstrate physiological principles.  The course also utilises video and web-based teaching resources to supplement lectures.

ASSESSMENT

Formative Assessments
There will be two quizzes and web-based formative assessments. 

Summative Assessment

The course will be examined in Paper 4 (Support Systems) in the summer of 2013.

Exam questions will be set in Short Answer Format, Single Best Answer and Extended matching Question format.
EXAMPLE OF SPECIMEN QUESTIONS OF EACH TYPE
Principles to be assessed (from Delia Smith’s virtual lecture on respiratory cakes)

· Cake ingredients: sugar, butter/margarine, eggs, flour, flavouring

· Equal ratios of sugar, butter/margarine, flour

· 2 large eggs per 100g of butter

· 25g=1 ounces

· Circumference of a circle = ( x diameter and (  is approximately equal to 3.14

SHORT ANSWER QUESTION
ASSESSING ALL 5 PRINCIPLES…….

Explain what you need to make a cake (30%), and  what the relative amounts of the ingredients are (30%) .  You may use either ounces or grams in your answer, but indicate that you know the conversion (10%).  Your cake tin has a diameter of 20cm.  Describe three additional  decorations you might add, and the amounts needed.(30%)
Key points for answering SAQs:
· READ THE QUESTION – YOUR ANSWER HAS TO MATCH THAT PART OF THE QUESTION TO GET ANY MARKS.  

· IF YOU ARE WRITING THE SAME THING TWICE IN DIFFERENT SECTIONS, YOU HAVE MISUNDERSTOOD ONE OF THE QUESTION PARTS

· ANSWER ALL PARTS OF THE QUESTION- you cannot make up marks on one section by a better answer on another part.
· THE FIRST MARKS OF A QUESTION ARE USUALLY THE EASIEST TO GET.  

· THE QUESTION IS LIKELY TO HAVE ITS EASIEST SECTION FIRST
SINGLE BEST ANSWER QUESTION

ASSESSING SINGLE PRINCIPLE OF CAKE INGREDIENTS……

QUESTION: Which of the following ingredients is least required for your end of term cake

A 
Caster sugar

B
Butter

C
Self raising flour

D
Cake tin

E
Chocolate

SBA: 


[image: image3]
EXTENDED MATCHING QUESTIONS

ASSESSING ALL 5 PRINCIPLES…….

You are given two 20cm diameter circular cake tins to bake a cake for the post exam party.  You are told this is suitable for a 2 egg recipe.

A
4

F
80

B
20

G
50

C
2

H
65

D
100

I
0

E
60

J
1

1) The quantity of flour required in grams is   

2) The quantity of sugar required in ounces is

3) You have added two ounces of butter: how much margarine do you need in ounces? 

4) In cm, the shortest encircling celebratory ribbon that you can buy will measure 

5) To meet Health and Safety regulations, the number of candles on the cake is likely to be

EMAs:
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TIMETABLE 2012/13 – Autumn term

Details are correct at the time of going to press. Any amendments will be shown on the Course Timetable shown on the Intranet.

 **PLEASE NOTE THAT ALL LECTURES WILL START AT THE INDICATED TIMES** 

Students are therefore kindly requested to arrive at the teaching venue 5 minutes BEFORE the start of the lecture.  
	Date and campus
	Time
	Lecture topic
	Lecturer

	Friday
09/11/2012
HM-WEC LT III
	9.00 -10.00am
	Lecture 1: Respiratory system I
	Dr Claire Shovlin

	
	11.00-12.00
	Video (Examination of the Thorax
	Dr  Claire Shovlin

	
	10.00-11.00
	Lecture 2: Respiratory system II
	Dr  Claire Shovlin

	Tuesday
13/11/12
HM


	14.00-15.00 

	Lecture 3: Lung Development
	Dr Matthew Hind 

	
	15.00-16.00
	Lecture 4: Introduction to Lung Mechanics  
	Dr Matthew Hind

	
	16.00-17.00
	Lecture 5: Respiratory Muscles 
	Dr Kevin Murphy

	Thursday
15/11/12
SK SAFB-MDL1/2
	14.00-17.00
	Practical 1:  Lung Volumes and spirometry
Practical 2:  Airways resistance 
	Hannah Tighe



	Friday
16/11/12
HM-WEC LT III
	9.00-10.00  
	Lecture 6: Pulmonary Circulation
	Dr Claire Shovlin

	
	10.00-12.00
	Lecture 7: Lung Function Quiz 
	Dr Claire Shovlin

	Tuesday
20/11/12
HM


	9.00-10.00 
	Lecture 8: Sensory Aspects of Respiratory Disease. 
	Professor Fan Chung

	
	10.00-11.00
	Lecture 9: Regulation of breathing
	Professor Mary Morrell

	
	11.00-12.00


	Lecture 13: Air Travel  

Self learning

	Dr Robina Coker


	Date and campus


	Time
	Lecture topic
	Lecturer

	Thursday
22.11.12 


	09.00-10.00
	Lecture 11:  Oxygen delivery 
(supplemented by CAL quiz for revision)
	Dr Claire Shovlin

	
	10.00-11.00
	Lecture 12. Further aspects of lung function: Helium dilution and other measurements
	Hannah Tighe

	Tuesday 27.11.2012
	09.00-10.00
	Lecture 10 (rescheduled)

Blood gases
	Dr Claire Shovlin

	
	10.00-11.00
	Lecture14: Airways I
	Dr Philip Ind

	
	11.00-12.00


	Lecture 15: Diving
	 Dr Peter Wilmshurst

	Thursday 29.11.2012

	9.00-10.00
	Lecture 16: Lung cancer
	Dr Claire Shovlin

	
	10.00-11.00  
	Lecture17: Airways II
	Dr Philip Ind

	
	11.00-13.00
Tbc- we are not yet sure whether this will be delivered today, and professor Semple would like to deliver this later in your course if need be

	Lecture 18: Blood gas quiz

Note you must bring your print outs to the lecture as not all material will be projected onto the screen 
	Professor Steve Semple 

	Friday
30/11/11

HM-WEC LT III


	9.00-10.00
	Lecture 19: Exercise
	Dr Luke Howard

	
	10.00-11.00
	Practical 3: Integrated Exercise Practical
	Dr Luke Howard

Dr Kevin Murphy

	
	11.00-12.00 
	Lecture 20: Respiratory failure I
	Dr Umeer Waheed

	
	12.00-13.00
	Lecture 21: Respiratory failure II
	Dr Richard Strumpfl




Learning objectives – GE year 1 Autumn term

These session objectives may include tasks you should be able to carry out after you have completed the relevant activity. They provide you with a way to assess how well you are keeping up with the material. Note that they are also provided to the external examiners as a guide to what you should know at the end of the course.

LECTURES

Lecture 1: Respiratory System I (Dr Claire Shovlin, c.shovlin@imperial.ac.uk)

This lecture should allow you .....

· To gain an overview of the respiratory system

· To list the main functions of the respiratory system
· To describe the respiratory pump
· To review the bones and muscles that enable expiration and inspiration

· To understand the passive properties of the respiratory system

· To explain what is meant by elastic recoil and compliance.

·  To explain the factors that keep the non cartilagenous airways and alveoli open, utilising concepts of surface tension, the Law of Laplace, and pulmonary surfactant.

· To describe the relationship between airway resistance and airflow.

· To describe the factors that affect airway resistance centrally and peripherally.

· To understand the difference between obstructive and restrictive airways disease

Lecture 2: Respiratory System II (Dr Claire Shovlin, c.shovlin@imperial.ac.uk)

At the end of this lecture you should be able 
· To understand the principles of gas exchange

· To provide three mechanisms that increase the rate of diffusion

· To understand Dalton’s Gas Law and apply at sea level and Everest

· To describe the volumes used in measuring alveolar and pulmonary ventilation

· To explain anatomic and physiological dead space 

· To understand the concept of the Aa gradient and how this differs in disease and aging

· To  understand  the principle that PaCO2 is the primary driver of ventilation

· To understand the implication of Henry’s gas law for oxygen delivery

· To understand the principle of haemoglobin and oxygen carriage

· To appreciate the defences of the lung 
Lecture 3: Lung Development (Dr Matthew Hind, m.hind@imperial.ac.uk)

At the end of this lecture you should be able to understand and describe.....

· The continuum of lung growth and development and factors that interfere with development

· How congenital defects arise

· Morphological and cellular events associated with phases of embryonic and postnatal lung development

· Early life origins of susceptibility to lung disease (Barker Hypothesis)

· Lung growth and evolution of lung function in the postnatal period

· Changes at birth, transition to air breathing

Lecture 4: Introduction to Lung Mechanics (Dr Matthew Hind)
At the end of this lecture you should be able 

· To use practical examples to reinforce your understanding of the basic mechanics of the respiratory system

Note many of this is also covered in your practical sessions 
Lecture5: Respiratory Muscles  (Dr. Kevin Murphy (kevin.murphy@imperial.ac.uk)
At the end of this lecture you should be able to:
· Identify the principal muscles associated with inspiration and expiration.

· Understand the additional non-respiratory actions of these muscles.

· Understand how contraction of inspiratory muscles causes the chest wall to expand and the lungs to enlarge.

· Understand how contraction of expiratory muscles causes the chest wall to contract and the lungs to reduce in size.

· Recognise that these muscles will be differentially activated during different breathing states.  Specifically: identify which will be active during quiet breathing, and which will be active when ventilatory demand is increased such as during exercise or during lung disease.

· In addition to their primary role in maintaining alveolar ventilation, know that respiratory muscles will control air movement during other behaviours including, speech, laughter, coughing, sneezing and vomiting.
Lecture 6: Pulmonary Circulation.  (Dr Claire Shovlin, c.shovlin@imperial.ac.uk)

At the end of this lecture you should be able to:

· Compare the systemic and pulmonary circulations with respect to (i) the structure of the arteries and arterioles (ii) the mean arterial blood pressure and (iii) the overall resistance to blood flow. 

· Explain how differences in the arterial blood pressures of the two circulations influence the structure of the two ventricles of the heart.

· Describe and explain the relative difference in blood flow to the bases and apices of the lungs in a standing human.

· Explain, with reference to the pulmonary circulation, the meaning of the terms vascular recruitment and hypoxic vasoconstriction.
· Explain the importance of hypoxic vasoconstriction in the foetus. Give one advantage and one disadvantage of this response in an adult suffering from chronic lung disease 
· Explain what is meant by pulmonary oedema, and identify 3 pathophysiological mechanisms that may lead to this state.

· Explain the term “pulmonary embolism” and state the typical site of origin of such emboli.

· Describe the consequences of a large embolus with respect to 

·  the right side of the heart and the pulmonary circulation, 

·  the viability of the lung tissue and 

·  the implications for gas exchange.
· Give two reasons why lung disease may lead to pulmonary hypertension. 

· Explain what is meant by “cor pulmonale”.
· Appreciate  ventilation and perfusion matching in disease states
· Use ventilation and perfusion matching to illustrate the differences between normal, shunting, and dead space.  Give one example of each.

· Predict what will happen to gas exchange if a shunt and dead space coexist
The last three concepts will be emphasized in the following quiz.
Lecture 7: Quiz: (Dr Claire Shovlin c.shovlin@imperial.ac.uk)

The purpose of this session is to test your knowledge in an informal setting, based on real results from real patients, and use of mock exam questions
Lecture 8: Sensory Aspects of Respiratory Disease (Professor Fan Chung, f.chung@imperial.ac.uk)

At the end of this lecture, in the indicated settings, you should be able to
General

· Understand how respiratory symptoms are generated and perceived

· Discuss the importance of measuring respiratory symptoms in clinical medicine and clinical research

· Outline the clinical causes and pathophysiological basis of the respiratory symptoms cough, chest pain (and dyspnoea, covered elsewhere):

Cough

· Describe the mechanics of a cough with reference to inspiration, expiration and closure of the glottis.  Briefly explain how this manouevre serves to i) protect the lungs from inhaled noxious materials and ii) clear excessive secretions from the lower respiratory tract

· Identify the type and location of sensory receptor within the airways indicating how these are stimulated to give rise to cough.  Identify the neural pathways which transmit this afferent (sensory) information to the brain

· Describe which regions of the brain are involving in generating the co-ordinated neural activity that results in a cough.  Identify the efferent (motor) neural pathways and the main muscle groups which produce cough.

· Explain the concept of the sensitised cough reflex in disease as a basis for chronic cough.

· Discuss ways of controlling unnecessary cough

Chest pain

· Identify the type and location of sensory receptors within the thoracic cavity that when stimulated give rise to chest pain.  Identify the neural pathways that transmit this afferent neural information to the brain.
· Describe in outline which regions of the brain are involved in the perception of pain
· Discuss the concept of referred pain in the chest
· Describe typical patterns of chest pain that can help in diagnosing the cause of pain
Dyspnoea

· Review the terms used by patients to describe the troublesome symptom of shortness of breath and its measurement

· Discuss the main important causes of shortness of breath and approach to management

Lecture 9: Regulation of Breathing (Professor  Mary Morrell, m.morrell@imperial.ac.uk)
· Distinguish the primary purpose of the automatic reflex controller (regulate gas exchange for metabolic homeostasis) and the behavioural controller (other needs such as speech) .Give five examples of respiratory or non-respiratory functions achieved by control of respiratory muscle activity

· Identify neuronal groups in the brainstem that make up the automatic reflex controller for breathing, and structures in higher brain areas (suprapontine) that drive behavioural (non-automatic) control of breathing. Describe how they can act independently or interact for control of the respiratory pump.

· Locate sources of sensory input to the respiratory control system (central and peripheral chemoreceptors, lungs, airways and chest wall) and describe the common motor outputs.

· Describe the ventilatory response to increased arterial PCO2, decreased arterial PO2

· To define breathlessness (“dyspnoea”), consider its role in breathing control and its clinical impact (also considered in lecture 11).

· Distinguish the effects on respiratory control of the neurological conditions; ‘locked in’ syndrome and ‘congenital central hypoventilation syndrome’ (‘ondines curse’)

· Describe the effect sleep on the pattern of breathing and blood gases in healthy people
· Describe the changes in chemosensitvity (the ventilatory responses) that occur during sleep
· Understand the apnoeic threshold
· Explain how the changes in chemosensitivity and the apnoeic threshold led to central sleep apnoea.
· Describe the influences of sleep on the upper airway which, in some people leads to obstructive sleep apnoea.
· Know one major cardiac, one major respiratory disease that is exacerbated by the sleep-related changes in the control of breathing; briefly explain why sleep is detrimental to these patients
Lecture 10: More on blood gases and gas exchange. (Professor Steve Semple) – see HANDOUTS
At the end of this lecture you should be able to…..
1
Describe the qualitative changes in arterial blood pH. PCO2 and Base Excess in the following acid-base disturbances:

(i)  Acute respiratory acidosis 

(ii) Acute respiratory alkalosis

2
For (i) and (ii) above, describe the qualitative changes in arterial blood pH, PCO2 and Base Excess following renal compensation.

3.
Describe the qualitative changes in arterial blood pH. PCO2 and Base Excess in the following acid-base disturbances:

(i)  Metabolic acidosis with respiratory compensation

(ii) Metabolic alkalosis with respiratory compensation 

Comment on the mechanism whereby metabolic changes in acid-base status lead to alteration in ventilation and hence respiratory compensation. 

4.
Describe the qualitative changes in arterial blood pH. PCO2, Base Excess and PO2 in a patient with (i) Type I respiratory failure (ii) Type II respiratory failure, in each case after full renal compensation. 

Lecture 11:  Gas exchange/Oxygen transport

(Unattended computer aided learning and run through with Dr Claire SHovlin 

· Understand the factors that determine alveolar PO2 and PCO2
· Define hypoventilation and hyperventilation.  Distinguish hyperventilation from the ‘hyperpnoea’ of exercise.

· Understand the relationship between alveolar PO2 and PCO2 and end-pulmonary capillary PO2 and PCO2.  Explain the consequences of this for systemic arterial PO2 and PCO2.

· Know how (if at all) a reduction in Hb concentration in the blood (anaemia) affects PaO2, PaCO2 and oxygen content. Explain the effectiveness (or lack of it) of breathing an oxygen-enriched gas mixture in correcting any abnormalities associated with anaemia.

· Know how hypoventilation affects PaO2, PaCO2 and oxygen content. Explain the effectiveness (or lack of it) of breathing an oxygen-enriched gas mixture in correcting any abnormalities associated with hypoventilation.

Lecture 12:  Lung function testing (Helium dilution and transfer factor) 

H Tighe (h.tighe@imperial.nhs.uk)

At the end of this lecture you should be able to
· Identify lung volumes/capacities that CANNOT be measured by simple spirometry

· Describe the principle of measurement for lung volumes/capacities that can’t be measure by simple spirometry 

· Explain how these volumes/capacities are affected by lung disease (e.g. hyperinflation, gas trapping in COPD)

· Describe the principle of the transfer factor test of gas diffusion across the alveolar membrane

· Be aware of the clinical conditions that can affect diffusion across the alveolar membrane

Lecture 13: Altitude and Air Travel.  (Dr Robina Coker Robina.Coker@imperial.nhs.uk)
This lecture will be delivered on line. At the end, you should be able to understand and describe....

· How the different barometric pressures at altitude influences lung volumes and  oxygenation
· Preflight assessment of cardiorespiratory status

· Hypoxic challenge tests

Lectures 14 and 17: Airways Disease.  (Dr Philip Ind  p.ind@imperial.ac.uk)
At the end of this lecture you should be able to understand and describe.....

· Practical management of airflow obstruction –distinction from restriction

· Spirometry, peak flow, other measurements

· Asthma vs COPD, clinical importance and diagnosis

· Asthma ‘triggers’

· Bronchodilator response

· Airway hyper-responsivenesss

· Sputum eosinophilia and neutrophilia

· Asthma-COPD overlap

· Practical management and introduction to Guidelines for asthma and COPD

Lecture 15: Diving (Dr Peter Wilmshurst)
At the end of this lecture you should be able to
· To understand how cardio-respiratory physiological principles are reinforced and modified by hyperbaric conditions

Lecture 16: Lung Cancer.  (Dr Claire Shovlin c.shovlin@imperial.ac.uk)
At the end of this lecture you should be able .....

· To summarise the different cell types and function within the lung

· To summarise the pathophysiological steps leading to lung cancer

· To review the susceptibility of the lung to particular carcinogens

· To understand the different carcinogenic effects of smoking in different individuals

Lecture 18: Blood Gas Quiz  (Professor Steve Semple)

This will reinforce your earlier sessions.

Lecture 19: Exercise Physiology.  (Dr Luke Howard l.howard@imperial.ac.uk)

At the end of this lecture you will appreciate and understand

· physiological changes during exercise

· cardiopulmonary interaction

· reasons for exercise limitation

· strengths and limitations of exercise testing

· patterns of physiological changes during different disease states.
Lectures 20 and 21: Respiratory Failure I and II. 
Dr Umeer Waheed, Umeer.Waheed@imperial.nhs.uk, Dr Richard Stumpfl,Richard.Stumpfle@imperial.nhs.uk
At the end of these lectures you should be able to 
· Differentiate between Type 1 and 2 Respiratory Failure

· Outline the management of Type 1 and 2 Respiratory Failure

· Describe the importance of A-a gradient in Type 1 and 2 Respiratory Failure

· Describe the pathophysiology of Acute Respiratory Distress syndrome

· Outline the treatment modalities for Acute Respiratory Distress syndrome

PRACTICAL SESSION OBJECTIVES

Practical 1:  Lung volumes and spirometry 

Hannah Tighe (h.tighe@imperial.nhs.uk) 
· Describe spirometry procedures to measure lung volumes and capacities.

· State approximate values for lung volumes in a young healthy adult.

· Appreciate how body height, weight, age and gender influence lung volumes, and can be used to predict these values.

· List lung volumes/capacities that can be measured by simple spirometry.

· Be aware of how these volumes may change during exercise. 

· Identify lung volumes/capacities (including: RV, FRC, VC, TLC) that are affected by: (1) severe chronic restrictive lung disorder (2) severe chronic obstructive pulmonary disorder, and be able to give reasons for these changes.
Practical 2:  Airways resistance 

Hannah Tighe (h.tighe@imperial.nhs.uk) 

· Briefly describe two indirect methods to evaluate airways resistance.

· Define FVC, FEV1, and PEFR

· Explain why FEV1 is reduced in obstructive and in restrictive lung disease.

· Explain the significance of the ratio FEV1/FVC and state its normal value.

· Explain why the Wright Peak Flow meter is particularly useful for patients with asthma or COPD.

· State that values for FVC, FEV1, and PEFR are generally lower in females, increase with subject’s height and decrease with age peaking at 20 years.

Practical 3:  Integrated exercise practical

Dr. Luke Howard  ( l.howard@imperial.ac.uk)

Dr. Kevin Murphy (Kevin.murphy@imperial.ac.uk); 
· Provide a basic explanation of the techniques used to obtain the following cardio-pulmonary measurements taken during exercise : Ventilation, Heart rate, Blood Pressure, O2 consumption and CO2 production. SpO2. 

· Describe the normal cardio-respiratory response to an incremental work rate exercise test to exhaustion.

· Describe how the normal response is altered,(i)  by the loss of one leg  , (ii) heart disease, (iii), lung disease , (iv) training.

· Appreciate that some types of exercise may be limited by perceived exertion, while other forms (eg field exercise) may be limited by breathlessness. 
· Realise that activities of daily life can elicit high levels of work eg climbing stairs.
Recommended reading
Schwartzenstein and Parker.  Respiratory Physiology.  A Clinical Approach. Lippincort Williams and Wilkins ISBN 0-7817-5748-7 (2006) with on line resources
West. Respiratory Physiology- The Essentials. 8th Edition. Lippincort Williams and Wilkins ISBN 0-7817-7206-0 (2008) with on line resources

Ward, Ward, Wiener and Leach.  The Respiratory System at a Glance. Blackwell ISBN 0-632-06447-1 (2002) 

Supplementary reading
West. Pulmonary pathophysiology: The Essentials.  6th Edition .Lippincort Williams and Wilkins 2003

Online resources

http://thePoint.lww.com.  “ThePoint” Lippincort Williams & Wilkins site for online support for 

· Schwartzenstein and Parker.  Respiratory Physiology.  A Clinical Approach.   

· West. Respiratory Physiology- The Essentials. 8th Edition

CONTACT DETAILS

Dr Claire Shovlin, Course Leader:
tel:

020 8383 2279
email:
c.shovlin@imperial.ac.uk
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In a gas mixture the pressure exerted by
each gas is independent of the pressures
of the other gases. The Partial pressure
of a gas is the concentration of the gas
times the Barometric Pressure e.g.
Po,=21% x 100 kPa = 21kPa.

When the gas is humidified the partial
pressure of water vapour must be
subtracted from the barometric pressure
e.g. Po,=21% x (100 — 6.3)=19.7 kPa
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The reciprocal relation ship between PO2 and PCO2within the lung, the oblique continuous line defines this
relationship in anormal ventilated Iung. Thusif PCO2 goes up dueto alveolar hypoventilation then PO2 goes down
see Point A (andvisa versa for alveolar hyperventilation). Becausethe obliqueline s linear, addition of the PCO2and
PO2will give the same value at any pointon the line (approximately 16 KPa). This relationship is very usefulin
characterisingtype 1 fromtype 2 respiratory failure.

Example: A: Type 2 (ventilatory failure). (PCO2 10KPa, P02 7.5KPa)
Example:B: Type 1 (hypoxaemic failure) (PCO2 35 KPa, PO28.0 KPa)
Example:C: Combined type 1 and 2 failure (PCO2 7.5KPa, P02 5.0KPa)
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The respiratory apparatus in its function as a gas exchange system maintains the gas
tensions of carbon dioxide (Pa, CO;) and Oxygen (Pa, O,) within quite narrow limits. This
control of gas tensionsis dependent on alveolar ventilation and gas exchange within the lung.
If either or both fail respiratory failure is the result. The limits defining failure are an arterial
oxygen tension, less than 60 mmHg (8 kPa) and a carbon dioxide tension above 50 mmHg
(6.7 kPa), the patient being at rest and breathing air.

Classification of Respiratory Failure
Respiratory failure can be classified into 3 groups:

Type 1 Hypoxaemic failure in which a low Pa, O is associated with a normal (or low) Pa,
CO,. The disorder of function in this condition is a disturbance of ventilation to perfusion
relationships within the lung, whilst overall alveolar ventilation remains normal (point B)

Type 2 Ventilatory failure This condition results from alveolar hypoventilation and produces a
raised PaCO; and low Pa, O; (pointA)

Type 3 Combined hypoxaemic and ventilatory failure in which features of type 1 and 2 are
mixed, the defect including both alveolar hypoventilation and a disturbance of ventilation —

perfusion relationships within the lung. This produces a raised Pa, CO; and low Pa, O; (point
C).
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This is a hypothetical example toillustrate the effect of ventilationto perfusioninequalitiesin
the lung on arterial 02 tension and saturation.

Iftwo aliquots of blood of equal volume are equilibrated with the same gas with Po2 of 80 mmHg (10.7
kPa)then each aliquotwill have an oxygen saturation of 95%. If the two aliquots are mixed
anaerobicarl\lly then the tension and saturation ofthe mixture will, of course, be 80 mmHg(10.7 kPa) and
95% (pointN). Now take the two equal volumes of blood again and equilibrate one with a gas of Po2of
40 mmHg (5.3 kPa) and the otherwith a Po2 of 120 mmHg (16 kPa); the mean tension is still 80 mmHg
(10.7 kPa) and one would expect, if the O2 dissociation curve was linear, thatwhen the two bloods
were mixed the resulting tension and saturation would be 80 mmHg (10.7 kPa) and 95%. But an
increase of Po2 of 40 mmHG (5.3kPa) only raises the saturation by 4% from 95% to 99% \(}\:IﬁintH).
whilstthe decrease of40 mmHg (5.3 kPa) lowers the saturation by 20%to 75% (point L). When the two
equalvolumes of blood are mixed anaerobically then the O2 tension and saturation ofthe mixture are
53 mmHg (7.1 kPa) and 86.5% respectively (point F). Thisis becausethe increasein oxygen
saturation, and, therefore, oxygen content (ml of O2 per 100ml of blood) of sample H is less than the
fallin O2 contentofsample L.
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Workshop: Blood Gases in Health and Disease

Professor Stephen Semple  (s.semple@imperial.ac.uk)

INTRODUCTION

The overall aim of this session is to introduce you to the principles underlying the interpretation of blood gas data and to consider these in the context of the problems that you will meet in clinical practice as you arrive on the wards.  The topic is a good example of some applied respiratory and renal physiology. 

STRUCTURE OF SESSION

There will be a short introductory lecture (some essential graphs for this are included in this handout).  You will then have about 45 minutes to work through the self-directed learning exercise on this topic. There is no designated space in which to do this but you can remain in the LT or go and sit in the café or surrounding area. You can work alone or discuss the problems with other students (or a bit of both). I will be available in the LT1 to discuss any problems you might have. Try to understand the examples as you go through and then attempt the problems at the end.  Please return to the LT1 at the designated time to go through the exercises. 

SELF DIRECTED LEARNING EXERCISE/GROUP DISCUSSION

On the hospital wards, in the operating theatre and in the Intensive Care Unit you will be presented with a print out from a blood gas analysis upon which you will be required to assess the ventilatory and acid-base status of the patient. The analysis will have measured and computed the following on a sample of arterial blood taken from the patient. (The interpretation of the data requires you to know whether the patient was breathing air or air enriched with oxygen).  

Normal range of values:

Measured
Hb
13.3 - 17.7 g/dl


pH
7.37 - 7.45 units


Pco2
4.7 - 6.0 kPa (35 - 45 mm Hg)


Po2
Over 10.7 kPa (80 mmHg)

Calculated
Base excess -2  - +2 mmol/l.

Firstly, let us consider the acid base status of the patient. This is determined by a complex balance between acid and base input to the patient, acid or base loss from the patient (via the lungs and/or kidneys) and the products of metabolism. The changes in the arterial blood reflect this complex interaction.

[image: image12.emf]
Figure 1.

Curved relationship between arterial PCO2 (kPa or mm Hg) and alveolar ventilation

(litres/min) at three different levels of CO2 production (dashed, continous and dash dot curves) in ml/min.  Changers in CO2 production produce changes in alveolar ventilation such that PCO2 remains within the normal range, between the continous vertical lines at PCO2 4.7 and 6.4 kPa or between 35 and 48 mmHg.  Thus a normal PCO2 implies a normal alveolar ventilation and chemical control of CO2 whatever the CO2 production.  Thus a rise in CO2 production from 200 to 300 ml/min leads to an increase of alveolar ventilation from approximately 4 to 6 litres/min

Acute respiratory acidosis* and alkalosis* (uncompensated)

(* sometimes the terms acidaemia and alkalaemia are used, especially to describe situations where the arterial blood pH is outside the normal range).

These are the simplest to explain.

Example 1

A patient is brought into the casualty department semi-conscious. The patient was found at home with an empty bottle of vodka and an empty bottle of sleeping pills nearby. The patient was not rousable but responded to painful stimuli. Blood gas analysis showed:

pH = 7.16 



Pco2 = 10.7 kPa (80 mmHg)



Po2 = 5.3 kPa (40 mmHg)



Base excess = +1.0 mmol/l.



Diagnosis: Acute respiratory acidosis.

In other words, this patient is not breathing enough as a result of drug-induced central neural respiratory depression. The Pco2 is therefore raised and because CO2 (in H2O) is acidic, the pH is correspondingly reduced. We know that the fall in pH is completely explained by the rise in Pco2 because the base excess is in the normal range. (This is explained in detail below).

Example 2

A patient suffered a Catastrophic stroke and following this event respiration was seen to be irregular and inadequate (rise in arterial Pco2 recorded).  The patient was intubated and ventilated with an inspired oxygen concentration of 40%.  Analysis of a blood sample 4 hours later showed:

pH = 7.63



Pco2 = 2.7 kPa (20 mmHg)



Po2 = 35.3 kPa (265 mmHg)



Base excess = -1.2 mmol/l.



Diagnosis: Acute respiratory alkalosis

Here, the acid base situation is opposite to that in Example1. Although this patient also had ventilatory insufficiency (due to stroke), the subsequent medical intervention resulted in a state of overventilation causing the Pco2 to fall and the pH to rise. In this case, the high Po2 results from the fact that the patient is being given additional oxygen to breathe.

Metabolic acid-base disturbances and the role of the kidney

The disturbances described above are due to alterations in the gaseous acid, carbon dioxide.  Now we must consider changes due to metabolic acids (e.g. lactic acid, ketoacids, sulphuric acid) and the effect of acid excretion by the kidneys.

So far we have ignored the effect of changes in bicarbonate concentration ([HCO3-]) in the acid base status of the blood. [HCO3-] is one of the two variables that determine the [H+] or pH of the blood. 

Since CO2 + H20 ( H2CO​3 ( H+ + HCO3-
​

[H+] = 
K
[H2CO3]

pH = pK + log [HCO3-]


[HCO3-]



[H2CO3]

A knowledge of the [HCO3-] is currently required for the complete interpretation of the acid base status of the blood.  The problem is that [HCO3-] in the blood is determined by several different factors which makes it difficult for the student to understand.  The  base excess was designed (see later) to aid interpretation.

The factors which affect the [HCO3-] within the blood are:

(a)
Gaseous (due to carbon dioxide)


[HCO3-] rises and falls directly with the Pco2

(see Fig 2)

(b)
Metabolic (non gaseous)


[HCO3-] falls when metabolic acids are 'buffered' in the blood.


e.g.  HLa (Lactic acid) + NaHCO3  
[image: image13]   NaLa (lactate) + H2CO3
(see Fig. 3)

the HCO3- lost in this buffering is normally “regenerated” in the kidney in conjunction with the excretion of H+ ions. 


[HCO3-] rises if sodium bicarbonate is administered orally or intravenously.

(c)
Renal

[HCO3-] rises when acid excretion by the kidney is increased and falls when there is a reduction in, or failure of excretion of acid by the kidney.

(see Fig. 3)

Base Excess

The purpose of deriving a figure called base excess is to enable you to determine how much of a disturbance of the acid base status of the blood (i.e. change in [H+] is due to (a) changes in the production or ingestion of metabolic acids and bases and (b) due to changes in the excretion of acid by the kidney. A computer in the blood gas analyser calculates a theoretical [HCO3-] based on the patient’s measured Pco2 assuming no metabolic or renal disturbance. The actual [HCO3-] is then calculated from the patient’s measured pH and Pco2. The difference between actual and theoretical [HCO3-] is the base excess in mmol/l. Changes in [HCO3-] due to alterations in Pco2 are therefore eliminated and if a change is present it is solely due to a metabolic acid base disturbance or a change in the renal excretion of acid. The Pco2 can be above or below normal but the base excess will be close to zero providing there is no metabolic acid base disturbance and no change in the renal excretion of acid.

The normal range for base excess is +2 to -2.

​​​ 
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Figure 2. The CO2 produced in the tissues is buffered by Hb in the red cell. Carbonic acid is formed with water which dissociates into hydrogen and bicarbonate ions. CO2 also combines with Hb to form carbamino CO2 and an hydrogen iron. The hydrogen ions are buffered by Hb. The reverse process occurs in the lungs. 

Renal compensation
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Figure 3. 

Metabolic acids (sulphuric, lactic etc) are first buffered by bicarbonate. 

[image: image17.wmf]1: D=100 for 50x2; but note G=50 a 

distractor

2: A=4, for 100/25

3: C=2 for  [100g/4}

-

2], note A=4 and I =0 are 

distractors

4: H=65 for 

p

x20, noting F would do but larger; E too short but 

distractor

if 

p

remembered as 3.

The cakes will be placed one on top of another, but as that wa

s 

not a principle being tested, the option of 2x20x

p

is not given

5: I=0

HLA + NaHCO3      
NaLA+H2C03  

H2C03 is excreted in the lungs as C02 and H20. Thus, as a result of the buffering there is a loss of bicarbonate. This is regenerated in the kidney. CO2 produced in the kidneys form carbonic acid which dissociates into an hydrogen and bicarbonate ion. Hydrogen ions are transported into the glomerular filtrate and bicarbonate into the ECF and blood
A rise in base excess is due to an increase in renal excretion of acid or ingestion or the administration of base.  It may also be due to loss of acid from vomiting. The result is a metabolic alkalosis.

A fall in base excess is due to the overproduction of metabolic acids (e.g. lactic acid) or the ingestion of acid. It may also be due to a reduction in, or failure of, acid excretion by the kidney or to excessive loss of alkali from the intestine with diarrhoea. The result is a metabolic acidosis.

Example 3

A patient with abdominal pain due to a duodenal ulcer was admitted to the medical ward with persistent vomiting (loss of HCl).  He was also taking large quantities of sodium bicarbonate to ease the pain.  A sample of arterial blood revealed:



pH
7.54



Pco2
6.7 kPa (50 mmHg)



Po2
11.1 kPa (83 mmHg)



Base excess + 17 mmol/l.

Diagnosis: Metabolic alkalosis with respiratory compensation.

The pH would have been more alkaline (7.63) if there had not been a fall in alveolar ventilation and rise in Pco2.

Example 4

A 52 year old man was admitted unconscious to casualty. He was a known diabetic on daily insulin.  One week ago he had developed a chest infection. He stayed at home and because he stopped eating he stopped his insulin. Over the preceding 2 days he had become increasingly drowsy and in the morning of admission he was unrousable. The arterial blood gas results were:



pH = 7.19



Pco2 = 4.0 kPa (30 mmHg)



Po2 = 13.3 kPa (100 mmHg)



Base excess - 16.5 mmol/l.



Diagnosis: Metabolic acidosis with respiratory compensation.

The pH would have been more acid (7.13) if the acidosis had not stimulated alveolar ventilation leading to a fall in Pco2.

Chronic respiratory acidosis and alkalosis (compensated)

In some clinical situations, a patient’s ventilation may be suppressed or stimulated over a period of days, weeks or even years.

Example 5.

During extremely cold weather, a 68 year old woman with chronic obstructive pulmonary disease was discovered at home in a semi-conscious state. On admission to hospital her blood gas data were as follows:



pH = 7.36



Pco2 = 8.0 kPa (60 mmHg)



Po2 = 5.3 kPa (40 mmHg)



Base excess = +7 mmol/l.

Diagnosis: Respiratory acidosis with renal compensation 

Because of the nature of this patient’s condition, it is likely that chronic hypoventilation has existed for some time. In this situation, the chronic respiratory acidosis will result in additional loss of acid by the kidney as a compensatory response to maintain pH homeostasis. 

Example 6

A 36 year old man presents himself at Casualty in a distressed state. He reports episodic chest pain over the past 2 weeks with very little sleep. He gives a family history of ischaemic heart disease. His blood gas findings were as follows: 



pH = 7.46



Pco2 = 3.3 kPa (25 mmHg)



Po2 = 15.3 (115 mmHg)



Base excess = -5 mmol/l.

Further investigations revealed that his chest pain was probably due to muscle strain and that his perceived heart problem had resulted in considerable anxiety.

Diagnosis: Respiratory alkalosis with renal compensation

Other examples for you to work out  (all breathing air)

1.

pH = 7.25

Pco2 = 10.7 kPa (80mmHg)

Po2 = 6.7 kPa (50 mmHg)

[HCO3] = 35 (mmol/L)

Base excess = + 4 mmol/L

Diagnosis?






3.

pH = 7.40

Pco2 = 4 kPa (30 mmHg)

Po2 = 13.3 kPa (100 mmHg)

[HCO3] = 18 (mmol/L)

Base excess = -5 mmol/L

Diagnosis?

5.

pH = 7.20

Pco2 = 3.3 kPa (25 mmHg)

Po2 = 14.7 kPa (110 mmHg)

[HCO3] = 10 (mmol/L)

Base excess = -18 mmol/L

Diagnosis?

7.

Patient age 50 admitted to hospital

with pneumonia

pH = 7.64

Pco2 = 4.3 kPa (32 mmHg)

Po2 = 10.0 kPa (75 mmHg)

[HCO3] = 33 (mmol/L)

Base excess = + 17  mmol/L

Diagnosis?

2.

pH = 7.50

Pco2 = 2.7 kPa (20 mmHg)

Po2 = 14.7 kPa (110 mmHg)

[HCO3] = 15 (mmol/L)

Base excess = -5 mmol/L

Diagnosis?

4.

pH – 7.19

Pco2 = 8 kPa (60 mmHg)

Po2 = 6.7 kPa (50 mmHg)

[HCO3] = 22 (mmol/L)

Base excess = - 7 mmol/L

Diagnosis?

6.

pH = 7.55

Pco2 = 6.7 kPa (50 mmHg)

Po2 = 9.3 kPa (70 mmHg)

[HCO3] = 44 (mmol/L)

Base excess = +18 mmol/L

Diagnosis?

8.

Two patients with identical blood 

gases

pH = 7.21

Pco2 = 9.3 kPa (70 mmHg)

Po2 = 10.7 kPa (80 mmHg)

[HCO3] = 33 (mmol/L)

Base excess = +2.2 mmol/L

Diagnosis?

Having looked at acid-base status, we now need to consider, how blood gas findings additionally inform us about the patient’s ventilatory function. We have already considered the effect that alveolar hypoventilation and hyperventilation have on arterial Pco2. However, if the patient is breathing air, inspection of the arterial Po2 will provide important information about the patient’s lung disease.

Look again at Example 1. The high Pco2 indicates inadequate alveolar ventilation and as a result of this the arterial Po2 is correspondingly reduced. This is referred to as Type II Respiratory Failure. 

Example 7

A patient with COPD is admitted to hospital with severe breathlessness and confusion after developing a chest infection. Blood gas analysis reveals the following:



pH = 7.39



Pco2 = 5.6 kPa (42 mmHg)



Po2 = 4.7 (35 mmHg)



Base excess = 0 mmol/l.

In this case, the overall alveolar ventilation is adequate (because Pco2 is normal). However, the low Po2 (arterial hypoxaemia) indicates that despite this, the lungs are unable to adequately oxygenate the blood. This is accounted for by a mismatching of the ventilation and the perfusion (blood flow) to the lungs. This is a common problem in respiratory disease and is referred to as Type I Respiratory Failure.

(see Fig. 3)
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Figure 4:  The continuous oblique line defines the normal relationship between arterial PO2 and PCO2.  Thus if PCO2 goes up with alveolar hypoventilation, then PO2 goes down (and viva versa with alveolar hyperventilation).  Because the oblique line is linear, addition of the PO2 and PCO2 will give the same value at any point on the line (approximately 16 KPa).  This relationship is very useful in characterising Type 1 from Type II respiratory failure.

Examples:
A:Type II failure (PCO2 10 KPa, PO2, 7.5 KPa)



B: Type I failure (PCO2 3.5 KPa, PO2, 8.0 KPa)



C: Combined Type I&II failure (PCO2 7.5 KPa, PO2, 5.0 KPa)
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