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6.4.1Ventilation: Function & Structures

Ventilation

= Ventilationcanbe defined as

= Thereplacement of olderairinthe lungs withfreshair fromthe body's external
environment

= Ventilationis essential forthe effective exchange of gases inthe lungs
= The exchange of oxygenand carbondioxide occurs betweenthe alveoliand the capillaries inthe
lungs
= Gases are exchanged bysimple diffusionwhichrequires aconcentration gradient
= This gradientis maintained by
= Ventilation
= The continuous flow of blood inthe capillaries

Theimpact of ventilation

= Ventilation maintains concentrationgradients of oxygenand carbondioxide betweenairinthe
alveoliand blood flowinginadjacent capillaries
= Breathinginfreshairfromthe surrounding environmentincreases the concentration of
oxygeninthe airinside the alveoli
= Breathingoutremoves carbondioxide

= This means that afterventilation,compared to the blood found inadjacent capillaries, the alveoli
have
= Higheroxygenlevels
= Lowercarbondioxidelevels

= This ensures that oxygencontinues to diffuse fromthe alveoliinto the capillaries, while carbon
dioxide continues to diffuse fromthe capillaries into the alveoli
= Bothgases move downtheirconcentrationgradient
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Ventilation maintains a concentration gradient between the airin the alveolus and the blood in the
adjacent capillary
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Type | Pneumocytes

= The alveoliare specificallyadapted forgas exchange as theycollectivelyhave avery large
surface areaand the alveolarwalls are onlyone cell thick which provides a short diffusion
distance

= The alveolarwalls are also known as the alveolarepithelium

= Typelpneumocytes are extremelythinalveolar cells which make up the majority of the alveolar
epithelium
= Theyare adapted to maximise the rate of gas exchange by providing a short diffusion
distance

= The capillarywalls are also onlyone cell thick which means there is usuallyless than 0.5pum
betweenthe airinthe alveoliand the blood, this maximises the rate of diffusion

The thin type | pneumocyte cells and the thin capillary walls provide a short diffusion distance to
maximise gas exchange
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Type Il Pneumocytes

= Typellpneumocytes arerounded cells whichsecrete asolutionthat coats the epitheliumofthe
alveoli

= Theyoccupyamuchsmallerproportionofthe alveolarepitheliumthanthe type Ipneumocytes;
around 5%
= Thesolutionreleased bytype llpneumocytes contains pulmonary surfactant
= Pulmonarysurfactant has hydrophobic tails and hydrophilic heads
= Themolecules formamonolayerwith the hydrophobic tails facing the alveolarair

= Pulmonarysurfactantreduces surface tension, maintaining alveolarshape and preventing the
sacs stickingtogether

= This prevents the alveoli,and therefore the lungs, from collapsing

= Thesolutionalso aids gas exchange

= Thelayerof moisture provided bythe solutionallows oxygento dissolve beforeitdiffuses
into the blood

= Carbondioxide diffuses fromthe moist surface beforeitis removed inexhalation

The type ll pneumocyte cells in the alveoli produce a solution containing pulmonary surfactant which
reduces surface tension
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The alveolar epithelium is made up of typeland type ll pneumocyte cells

Air Pathway

= Airmovesinthroughthe nose and mouthbeforeitis carried to the lungs through the trachea

= Thetracheais atube supported byrings of cartilage which helpto supportits shape and ensure
it stays open, while allowingit to move and flexwiththe body

= Thetracheadivides to formthe two bronchi(singularbronchus)withwalls also strengthened
with cartilage and has alayerof smoothmuscle whichcancontract orrelax to change the
diameterof the airways.

= = Onebronchusleadstoeachlung

= Bronchioles branch off the two bronchito formanetwork of narrow tubes
= Thewalls of the bronchioles are lined withalayerof smoothmuscle to alterthe diameterof
the bronchiole tubes
= This helps to regulate the flow of airinto the lungs by dilatingwhenmore airis needed and
constrictingwhene.g.anallergenis present

= Groups of alveoliare found at the end of the bronchioles
= Fachalveolusis surrounded byan extensive network of capillaries to provide agood blood
supply formaximum gas exchange
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The main structures of the human gas exchange system

6.4.2 Ventilation: Mechanism

Inspiration & Expiration
Breathingin

= The breathing-in, orinspiration, process causes the volume of the chest to increase and the air
pressure to decrease untilitis lower thanthe atmospheric pressure
= Whengasisinalarge-volume containerthat allows the gas particles to spread out, the
pressure exerted by the gas onthe walls of the containeris low

= Asaresult,airmoves downthe pressure gradient and rushes into the lungs
= Agaswillalways move downapressure gradientfromanareaof highpressure to anarea of
low pressure

= Theinspirationprocess
= The diaphragmcontracts and flattens,increasingchestvolume
= |nadditionto the flattening of the diaphragm the externalintercostal muscles contract,
causing theribcage to move upwards and outwards; this also increases chestvolume
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Breathing out The process of inspiration

= Breathingout,orexpiration,occurs mostlydue to therecoil of the lungs aftertheyhave been
stretched bytheinspirationprocess,and is therefore amainly passive process
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Volume of the chest decreases and pressure increases, causingairto be forced outdownits
pressure gradient
= Whengasisinalow-volume containeritis compressed, causing the gas particles to exert
more pressure onthe walls of the container

The passive expirationprocess
= Externalintercostal musclesrelax, allowingtheribcage to move downand in
= Diaphragmrelaxes and becomes dome-shaped
= Therecoilof elastic fibresinthe alveoliwalls reduces the volume of the lungs

The expirationprocess canbe active whenthereis aneed to expelexcess airfromthe lungs e.g.
whenblowingoutacandle
The active expirationprocess
= Internalintercostalmuscles contract to pull the ribs downand in
= Abdominalmuscles contract to push organs upwards against the diaphragm, decreasing
the volume of the chest cavity
= This causes forced exhalation
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The process of passive expiration
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Antagonistic Muscle Action

= Muscles onlycarryoutthe work of moving the bodywhen theyare contracting, orpulling; they
cannot push
= Asaresult of thislimitationmuscles often operate in pairs when movementintwo directions in
required
= Onemuscle of the pairpullsinone directionand the othermuscle pullsinthe opposite
direction
= Thisis described as antagonistic muscle action

= Examples of antagonistic muscle actioninventilationare
= Internaland externalintercostalmuscles
= Whentheinternalintercostal muscles contract, therib cage moves downand in
= Whenthe externalintercostal muscles contract, the rib cage moves up and out

= The diaphragmand abdominalmuscles
= Whenthe diaphragm contracts, it flattens and moves downwards
= Whenthe abdominalmuscles contract,theinternalorgans of the abdomenare
compressed and pushed upwards, exertingupward pressure onthe diaphragm

O ExamTip

Theintercostal muscles workinanantagonistic manner;as one contracts the otherrelaxes!Note
that theinternalintercostalmuscles onlycontractto cause forced expiration;expirationis
passive the majority of the timeRemember,if youlearnone of eitherinspiration orexpiration, the
otheris almost exactlythe opposite.
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6.4.3Lung Diseases

Cancer

NOS: Obtainevidence fortheories: epidemiological studieshave contributed toour
understanding of the causesof lung cancer

= Theories are developed based onevidence collected through observationand where possible,

scientific investigations

Obtaining valid and reliable evidence fortheories oncauses and consequences of different
diseases canbe difficultforseveralreasons.

= The sensitive nature of the datarequired

= Difficultyfindingvolunteers withthe correct specific diagnoses

= Theeffectofconfoundingfactors

Epidemiology is the studyof disease whichincludes monitoring the numbers and distribution of
cases that arise, as well as building a biggerpicture of the potentialcauses of the disease
Epidemiological studies are carried out onlarge numbers of patient volunteers to give an
unbiased and reliable collection of datawhichmake it possible to draw links between certain
factors and the development of adisease

Causationandcorrelation

Itis verytrickyto show that one particularfactoris responsible forcausingadisease,suchaslung
cancer,instead,datais usuallyused to show acorrelationbetweenacertainrisk factorand the
incidence of adisease
Confounding factors which share a similarcorrelationand also implycausation of the disease
canmake it difficult to establish the actual determinant
= Thereforeitis necessaryto studyseveralfactors simultaneouslyto collectenoughdatato
carryout statistical analysis and develop the overall picture

Risk factors contribute towards the likelihood of developingadisease
= Thereforeriskfactors thatare more easilycontrolled and measured inisolationare more
likelyto have aprovencausalrelationship, as theycanbe investigated inamore scientific
manner

= Forexample,anindividual's exposure to smokingis mucheasierto quantify thantheir
exposure to airpollution

When analysing data and studies itis always important to rememberthatrisk factors interact
witheachother
= Forexample,asmokerwithasthmais likelyto sufferthe associated negative healthside
effects more quicklythanasmokerwithout asthma
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= |tis always importantto rememberthat eventhoughthereis acorrelation, this does not meanthat
thereis adirectcausallink
= Forexample,inplaces with higherpollution, there maybe more asthmatic individuals but this
doesnotmeanthatpollutioncaused asthma as there are manyothervariables at play

Causesoflungcancer

= Ofallthe cancers,lungcanceris the mostcommonlydiagnosed and results inthe mostdeaths
globally
= Canceroccursif mutations affect the regulationof mitosisincells
= This causesuncontrolled mitosis whichdevelopsinto amass of cells inthe lumenof the airways
= The tumourbecomes largerbecauseithas no method of programmed celldeath and survives
becauseitdevelopsits ownblood supply(vascularisation)
= The tumourthenstarts to interfere with the normal working of the lungs, such as bysqueezing
againstblood vessels orcancercells enteringinto the lymphatic system, where they may
develop anothertumour
= Acausalrelationship has beenprovenforsomerisk factors relatingto lungcancer
= Smokingis akeycontributor
= Tobaccoincigarette smoke has beenshownto have mutagenic effects onbodycells
due to chemicals found inthe smoke
= The effects of these mutagenic chemicals canlead to cancerinsmokers as well as the
passive smokers inhaling theirsecond hand smoke

= |nhalationofairpollutionsimilarly,canresultinlungcancer
= |ncities,averagerates of lungcancerdiagnoses are muchhigherdue to highlevels of
vehicle exhaustfumes and smoke from burning organic matter

= Radongasis aradioactive gas which cancontribute to the numbers of lungcancerinsome
areas more thanothers
= Radonisreleased fromrocks and buildings made fromrocks containing highlevels of
radongas

= Various building materials, such as asbestos and silica, produce smalldust particles which
cancause lungcancerif theyare inhaled
= There are strictrules about using orworking with materials,such as asbestos and silica, to
minimise exposure and therefore the associated risks

Consequencesoflung cancer

= There are many symptoms associated withalung cancerdiagnosis,including:
= Breathingdifficulties
= Coughing,sometimes coughingup blood
= Chestpains
= |lossofappetite and weightloss

Page 12 of 18
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= Persistent fatigue

= Tumours canforminthelungs

= Insevere cases,the primary tumours metastasise and lead to the formationof secondary
tumours elsewhere inthe body

= Survivalrates fromlungcancerare verylow compared to othercancertypes
= Only15% of patients will survive more than 5 years

= Patients that do survive maysufferfromlongtermsymptoms suchas:
= Pain
= Breathingdifficulties
= Fatigue
= Anxieties associated withacancerdiagnosis and future prognosis

= Treatments forlungcancerinclude:
= Chemotherapy
= Radiotherapy
= Lungremoval
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O Exam Tip

Scatterdiagrams are used to identify correlations between two variables to determine the
relationships betweentwo factors.Forexample,betweenrisk factors and certain
disease.Correlationcanbe positive or negative

= Positive correlation: as variable Aincreases, variable Bincreases
= Negative correlation: as variable Aincreases, variable B decreases
= |fthereis no correlationbetweenvariables the correlationcoefficient willbe O

Image showing different types of correlation in scatter graphs

Thereis acleardistinctionbetweencorrelationand causation:acorrelationdoes not
necessarily imply acausative relationship

= Correlationis anassociationorrelationship betweenvariables

= Causationoccurs whenone variable has aninfluence oris influenced byanother
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Emphysema

Causesof emphysema

Emphysemais anexample of a Chronic obstructive pulmonary disease (COPD) which also
includes lungdiseases suchas asthmaand chronic bronchitis
Inahealthylung,some phagocytes are present as part of the non-specificimmune response to
protectagainstbacteriafound inthe lungs

= Phagocytes produce the proteindigestingenzyme, elastase to destroybacteria

= FElastase also breaks downproteinsinthe cells of the lungs,including elastin

= Anenzyme inhibitor,alphal-antitrypsin (A1AT),is produced bylungcells to prevent damage

caused byelastase

Insmokers, goblet cellsinthe ciliated epitheliumbecome enlarged and produce more mucus
whichdestroys the ciliain the trachea and

This prevents ciliafrom sweeping mucus, containingbacteria, dust and other microorganisms
away fromthe lungs, this leads to infections in the lungs

Infections attract more phagocytes to the lungs and the phagocytes release elastase

AlAT is not effective against the increased levels of elastase and so the enzyme damages the
elasticityof the alveolar walls

Without enough elastin, the alveolibreak down and may burst, creatinglarge airspaces inthe
alveoliwith aninsufficient surface areato volume ratio

Thickening of the alveolarwalls increases the diffusiondistance forgas exchange
Thisreduces the efficiencyof gas exchange, causingemphysemawhere less oxygenis carried in
blood (making exercise difficult)

Once the disease progresses, people oftenneed aconstant supplyof oxygento stayalive

Consequencesof emphysema

Damage to the alveoliwhichresultinemphysema,isirreversible

Itleads to lowblood oxygenlevels and highcarbondioxide levels in patients
Theresultantsymptoms include

= Shortness of breathorlaboured ventilation

= Achronic orpersistentcough

= Chesttightness

= Wheezingand difficulty breathing when exercising orduring any physical activity
= lackofenergy
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Emphysema can lead to a reduced number of alveolar air sacs with thicker walls
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6.4.4 Skills: Monitoring Ventilation

Practical 6: Monitoring Ventilation

= Thevolume of airwithinthe lungs of anindividual willchange depending on theirlevel of activity
= Whenatrest, breathingis shallow and slow
= Whenexercising, breathingis deeperand more frequent

= Thevolume of airbreathed inand out during normal breathingis the tidal volume
= Normal breathinghere refers to abreaththatdoes notinvolve forced expiration

= The ventilationrate is the numberof breaths taken perminute
= Apiece ofequipment called aspirometer canbe used to create atrace to show the volume
changesinthe lungs

Practical 6: Monitoring of ventilationinhumansatrest and after mild and vigorous
exercise

= |tis possible toinvestigate the effect of exercise onventilationusing the followingvariables
= Dependentvariable: The ventilation parameterthatis measured
= This could be the ventilationrate, the tidal volume,oracombination of both
= These measurements canbe takenusingavarietyof methods, e.g.Basic observations such
as countingbreaths to measure ventilationrate
= Adataloggersuchas aninflatable chestbeltand pressure sensorto measure ventilationrate
= Aspirometercanmeasure bothventilationrate and tidal volume

= Independentvariable:The type orintensityof exercise
= The type of exercise couldinclude arange frominactive e.g.lyingdown, to veryactive e.g.
sprinting, and everythinginbetween
= E.g.theintensityofthe exercise could be measured byincreasingspeed onatreadmill

Apparatus

= Stopwatch
= [nflatable chestbeltand pressure sensorOR spirometer

Method: Using aninflatable chest belt

1.Taking breathing measurements using aninflatable chest belt and pressure sensor

2.The person(subject) beingexamined breathes inand out withachest belt placed around the
thorax, that has had airpumped into it

3.As the subject breathes the pressure sensorlogs the changes in pressure due to ventilation;the
datalogged canbe viewed onacomputer

4. Fromthe datacollected,therate of ventilationcanbe deduced
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5.The subjectthenrepeats steps 1-4 afteraperiod of exercise
= Thetypeorintensity of exercise should be specified

6.The subjectthenrepeats step 5 severalmore times afterexercise of different specified type or
intensitye.g.,graduallyincreasinginintensity

7.Arepeat of allmeasurements should be takenand several subjects should be tested inorderto
collectreliable results

Method: Using a spirometer

1.Taking breathing measurements using aspirometer
2.The subjectbeing examined breathes inand out through the spirometerafteraperiod of rest
3.As the subjectbreathes throughthe spirometer,atrace is drawnonarotatingdrumof paper,or
agraphis formed digitallywhich canbe viewed onacomputer
4.Fromthis trace, the subject’s tidal volume and breathingrate can all be calculated
5.The personthencompletes steps 1-4 afteraperiod of exercise
= Thetypeorintensity of exercise should be specified

6.The subjectthenrepeats step 5 severalmore times afterexercise of different specified type or
intensitye.g., graduallyincreasinginintensity

7.Arepeat of allmeasurements should be takenand several subjects should be tested inorderto
collectreliable results
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