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6.4.1 Ventilation: Function & Structures

Ventilation

Ventilatio n can be defined as

T he replacement o f  o lder air in the lungs with f resh air f ro m the bo dy's external

enviro nment

Ventilatio n is essential fo r the effective exchange o f  gases  in the lungs

The exchange  o f o xygen and carbo n dio xide o ccurs between the alveo li and the capillaries in the

lungs

Gases are exchanged by simple diffusio n which requires a co ncentratio n gradient

This gradient is maintained by

Ventilatio n

The co ntinuo us flo w o f  blo o d  in the capillaries

T he impact  of  vent ilat ion

Ventilatio n maintains co ncentratio n gradients  o f o xygen and carbo n dio xide between air in the

alveo li and blo o d flo wing in adjacent capillaries

Breathing in fresh air fro m the surro unding enviro nment increases the co ncentratio n o f

o xygen in the air inside the alveo li

Breathing o ut  remo ves carbo n dio xide

This means that after ventilatio n, co mpared to  the blo o d fo und in adjacent capillaries, the alveo li

have

Higher o xygen levels

Lo wer carbo n dio xide levels

This ensures that o xygen co ntinues to  diffuse  fro m the alveo li into  the capillaries, while carbo n

dio xide co ntinues to  diffuse fro m the capillaries into  the alveo li

Bo th gases mo ve do wn their co ncentratio n gradient
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Ventilation maintains a concentration gradient between the air in the alveolus and the blood in the

adjacent capillary
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Type I Pneumocytes

The alveo li are specifically adapted fo r gas exchange as they co llectively have a very large

surf ace area and the alveo lar walls are o nly o ne cell thick which pro vides a sho rt diffusio n

distance

The alveo lar walls are also  kno wn as the alveo lar epithelium

T ype I pneumo cytes  are extremely thin alveo lar cells which make up the majo rity o f the alveo lar

epithelium

They are adapted to  maximise the rate o f gas exchange by pro viding a sho rt diffusio n

distance

The capillary walls are also  o nly o ne cell thick which means there is usually less than 0.5μm

between the air in the alveo li and the blo o d, this maximises the rate o f  diffusio n

The thin type I pneumocyte cells and the thin capillary walls provide a short diffusion distance to

maximise gas exchange
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Type II Pneumocytes

Type II pneumo cytes are ro unded cells  which secrete a so lutio n that co ats the epithelium o f the

alveo li

They o ccupy a much smaller pro po rtio n o f the alveo lar epithelium than the type I pneumo cytes;

aro und 5%

The so lutio n released by type II pneumo cytes co ntains pulmo nary surf actant

Pulmo nary surfactant has hydro pho bic  tails and hydro philic  heads 

The mo lecules fo rm a mo no layer with the hydro pho bic tails facing the alveo lar air

Pulmo nary surfactant reduces surface tensio n, maintaining alveo lar shape  and preventing the

sacs sticking to gether

This prevents the alveo li, and therefo re the lungs, fro m co llapsing

The so lutio n also  aids gas exchange

The layer o f mo isture pro vided by the so lutio n allo ws o xygen to  disso lve  befo re it diffuses

into  the blo o d

Carbo n dio xide diffuses fro m the mo ist surface befo re it is remo ved in exhalatio n

The type II 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 type I and type II pneumocyte cells

Air Pathway

Air mo ves in thro ugh the no se and mo uth befo re it is carried to  the lungs thro ugh the trachea

The trachea is a tube suppo rted by rings o f  cartilage  which help to  suppo rt its shape and ensure

it stays o pen, while allo wing it to  mo ve and �ex with the bo dy

The trachea divides to  fo rm the two  bro nchi (singular bro nchus) with walls also  strengthened

with cartilage and has a layer o f smo o th muscle which can co ntract  o r relax to  change the

diameter o f the airways.

One bro nchus leads to  each lung

Bro nchio les  branch o � the two  bro nchi to  fo rm a netwo rk o f narro w tubes

The walls o f the bro nchio les are lined with a layer o f smo o th muscle  to  alter the diameter o f

the bro nchio le tubes

This helps to  regulate the �o w o f air into  the lungs by dilating when mo re air is needed and

co nstricting when e.g. an allergen is present

Gro ups o f alveo li are fo und at the end o f the bro nchio les

Each alveo lus is surro unded by an extensive netwo rk o f capillaries  to  pro vide a go o d blo o d

supply  fo r maximum gas exchange
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The main structures of the human gas exchange system

6.4.2 Ventilation: Mechanism

Inspiration & Expiration

Breat hing in

The breathing-in, o r inspiratio n, pro cess causes the vo lume o f  the chest to  increase  and the air

pressure to  decrease  until it is lo wer than the atmo spheric pressure

When gas is in a large-vo lume co ntainer that allo ws the gas particles to  spread o ut, the

pressure exerted by the gas o n the walls o f the co ntainer is lo w

As a result, air mo ves do wn the pressure gradient  and rushes into  the lungs

A gas will always mo ve do wn a pressure gradient fro m an area o f high pressure to  an area o f

lo w pressure

The inspiratio n pro cess

The diaphragm co ntracts  and �attens, increasing chest vo lume

In additio n to  the �attening o f the diaphragm the external interco stal muscles co ntract ,

causing the ribcage to  mo ve upwards  and o utwards; this also  increases chest vo lume
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The process of inspirationBreat hing out

Breathing o ut, o r expiratio n, o ccurs mo stly due to  the reco il o f the lungs after they have been

stretched by the inspiratio n pro cess, and is therefo re a mainly passive pro cess
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Vo lume o f  the chest decreases and  pressure increases, causing air to  be fo rced o ut do wn its

pressure gradient

When gas is in a lo w-vo lume co ntainer it is co mpressed, causing the gas particles to  exert

mo re pressure o n the walls o f the co ntainer

The passive expiratio n pro cess

External interco stal muscles relax, allo wing the ribcage to  mo ve do wn and  in

Diaphragm relaxes  and beco mes do me-shaped

The reco il o f elastic fibres  in the alveo li walls reduces the vo lume o f the lungs

The expiratio n pro cess can be active when there is a need to  expel excess air fro m the lungs e.g.

when blo wing o ut a candle

The active expiratio n pro cess

Internal interco stal muscles  co ntract  to  pull the ribs do wn and  in

Abdo minal muscles co ntract  to  push o rgans upwards against the diaphragm, decreasing

the vo lume o f the chest cavity

This causes  f o rced exhalatio n
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The process of passive expiration
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Antagonistic Muscle Action

Muscles o nly carry o ut the wo rk o f mo ving the bo dy when they are co ntracting, o r pulling; they

canno t push

As a result o f this limitatio n muscles o ften o perate in pairs  when mo vement in two  directio ns in

required

One muscle o f the pair pulls in o ne directio n and the o ther muscle pulls in the o ppo site

directio n

This is described as antago nistic  muscle actio n

Examples o f antago nistic muscle actio n in ventilatio n are

Internal and external interco stal muscles

When the internal interco stal muscles co ntract, the rib cage mo ves do wn and in

When the external interco stal muscles co ntract, the rib cage mo ves up and o ut

The diaphragm and abdo minal muscles

When the diaphragm co ntracts, it flattens and mo ves do wnwards

When the abdo minal muscles co ntract, the internal o rgans o f the abdo men are

co mpressed and pushed upwards, exerting upward pressure o n the diaphragm

Exam T ip

The interco stal muscles wo rk in an antago nistic  manner; as o ne co ntracts the o ther relaxes!No te

that the internal interco stal muscles o nly co ntract to  cause f o rced expiratio n; expiratio n is

passive  the majo rity o f the timeRemember, if yo u learn o ne o f either inspiratio n o r expiratio n, the

o ther is almo st exactly the o ppo site.
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6.4.3 Lung Diseases

Cancer

NOS: Obt ain evidence f or t heories: epidemiological st udies have cont ribut ed t o our
underst anding of  t he causes of  lung cancer

T heo ries  are develo ped based o n evidence  co llected thro ugh o bservatio n and where po ssible,

scientific investigatio ns

Obtaining valid  and reliable  evidence fo r theo ries o n causes and co nsequences o f different

diseases can be difficult fo r several reaso ns.

The sensitive nature o f the data required

Difficulty finding vo lunteers with the co rrect specific diagno ses

The effect o f co nfo unding facto rs

Epidemio lo gy  is the study o f disease which includes mo nito ring the numbers and distributio n o f

cases that arise, as well as building a bigger picture o f the po tential causes o f the disease

Epidemio lo gical studies  are carried o ut o n large numbers  o f patient vo lunteers to  give an

unbiased and reliable co llectio n o f data which make it po ssible to  draw links between certain

facto rs and the develo pment o f a disease

Causat ion and correlat ion

It is very tricky to  sho w that o ne particular facto r is respo nsible fo r causing a disease, such as lung

cancer, instead, data is usually used to  sho w a co rrelatio n between a certain risk facto r and the

incidence o f a disease

Co nf o unding f acto rs  which share a similar co rrelatio n and also  imply causatio n o f the disease

can make it difficult to  establish the actual determinant

Therefo re it is necessary to  study several f acto rs  simultaneo usly to  co llect eno ugh data to

carry o ut statistical analysis  and develo p the o verall picture

Risk f acto rs  co ntribute to wards the likeliho o d o f develo ping a disease

Therefo re risk facto rs that are mo re easily co ntro lled and measured in iso latio n are mo re

likely to  have a pro ven causal relatio nship, as they can be investigated in a mo re scientific

manner

Fo r example, an individual’s expo sure to  smo king is much easier to  quantify than their

expo sure to  air po llutio n

When analysing data and studies it is always impo rtant to  remember that risk f acto rs interact

with each o ther

Fo r example, a smo ker with asthma is likely to  suffer the asso ciated negative health side

effects mo re quickly than a smo ker witho ut asthma
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It is always impo rtant to  remember that even tho ugh there is a co rrelatio n, this do es no t mean that

there is a direct causal link

Fo r example, in places with higher po llutio n, there may be mo re asthmatic individuals but this

do es no t mean that po llutio n caused asthma as there are many o ther variables at play

Causes of  lung cancer

Of all the cancers, lung cancer is the mo st co mmo nly diagno sed and results in the mo st deaths

glo bally

Cancer o ccurs if mutatio ns  affect the regulatio n o f mito sis in cells

This causes unco ntro lled mito sis which develo ps into  a mass o f  cells  in the lumen o f the airways

The tumo ur beco mes larger because it has no  metho d o f pro grammed cell death and survives

because it develo ps its o wn blo o d supply (vascularisatio n)

The tumo ur then starts to  interfere with the no rmal wo rking o f the lungs, such as by squeez ing

against blo o d vessels o r cancer cells entering into  the lymphatic system, where they may

develo p ano ther tumo ur

A causal relatio nship has been pro ven fo r so me risk facto rs relating to  lung cancer

Smo king is a key co ntributo r

To bacco  in cigarette smo ke has been sho wn to  have mutagenic effects o n bo dy cells

due to  chemicals fo und in the smo ke

The effects o f these mutagenic chemicals  can lead to  cancer in smo kers as well as the

passive smo kers inhaling their seco nd hand smo ke

Inhalatio n o f air po llutio n similarly, can result in lung cancer

In cities, average rates o f lung cancer diagno ses are much higher due to  high levels o f

vehicle exhaust fumes and smo ke fro m burning o rganic matter

Rado n gas  is a radio active gas which can co ntribute to  the numbers o f lung cancer in so me

areas mo re than o thers

Rado n is released fro m ro cks and buildings made fro m ro cks co ntaining high levels o f

rado n gas

Vario us building materials, such as asbesto s  and silica, pro duce small dust particles which

can cause lung cancer if they are inhaled

There are strict rules abo ut using o r wo rking with materials, such as asbesto s and silica, to

minimise expo sure and therefo re the asso ciated risks

Consequences of  lung cancer

There are many sympto ms asso ciated with a lung cancer diagno sis, including:

Breathing difficulties

Co ughing, so metimes co ughing up blo o d

Chest pains

Lo ss o f appetite and weight lo ss
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Persistent fatigue

Tumo urs can fo rm in the lungs

In severe cases, the primary tumo urs metastasise  and lead to  the fo rmatio n o f seco ndary

tumo urs  elsewhere in the bo dy

Survival rates fro m lung cancer are very lo w co mpared to  o ther cancer types

Only 15%  o f patients will survive mo re than 5 years

Patients that do  survive may suffer fro m lo ng term sympto ms  such as:

Pain

Breathing difficulties

Fatigue

Anxieties asso ciated with a cancer diagno sis and future pro gno sis

Treatments  fo r lung cancer include:

Chemo therapy

Radio therapy

Lung remo val
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Exam T ip

Scatter diagrams  are used to  identify co rrelatio ns  between two  variables to  determine the

relatio nships between two  facto rs. Fo r example, between risk facto rs and certain

disease.Co rrelatio n can be po sitive o r negative

Po sitive co rrelatio n: as variable A increases, variable B increases

Negative co rrelatio n: as variable A increases, variable B decreases

If there is no  co rrelatio n between variables the co rrelatio n co efficient will be 0

Image showing different types of correlation in scatter graphs

There is a clear distinctio n between co rrelatio n and causatio n: a co rrelatio n do es no t

necessarily imply a causative relatio nship

Co rrelatio n is an asso ciatio n o r relatio nship between variables

Causatio n o ccurs when o ne variable has an influence o r is influenced by ano ther
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Emphysema

Causes of  emphysema

Emphysema is an example o f a Chro nic o bstructive pulmo nary disease  (COPD) which also

includes lung diseases such as asthma and chro nic bro nchitis

In a healthy lung, so me phago cytes  are present as part o f the no n-specific  immune respo nse to

pro tect against bacteria fo und in the lungs

Phago cytes pro duce the pro tein digesting enz yme, elastase  to  destro y bacteria

Elastase also  breaks do wn pro teins in the cells o f the lungs, including elastin

An enz yme inhibito r, alpha 1-antitrypsin (A1AT ), is pro duced by lung cells to  prevent damage

caused by elastase

In smo kers, go blet cells in the ciliated epithelium beco me enlarged and pro duce mo re mucus

which destro ys the cilia in the trachea and

This prevents cilia fro m sweeping mucus, co ntaining bacteria, dust and o ther micro o rganisms

away fro m the lungs, this leads to  infectio ns in the lungs

Infectio ns attract mo re phago cytes  to  the lungs and the phago cytes release elastase

A1AT is no t effective against the increased levels o f elastase and so  the enz yme damages the

elasticity o f the alveo lar walls

Witho ut eno ugh elastin, the alveo li break do wn and may burst, creating large air spaces in the

alveo li with an insufficient surf ace area to  vo lume ratio

T hickening o f the alveo lar walls increases the diffusio n distance  fo r gas exchange

This reduces the efficiency o f gas exchange, causing emphysema where less o xygen is carried in

blo o d (making exercise difficult)

Once the disease pro gresses, peo ple o ften need a co nstant supply o f o xygen to  stay alive

Consequences of  emphysema

Damage to  the alveo li which result in emphysema, is irreversible

It leads to  lo w blo o d o xygen levels and  high carbo n dio xide  levels in patients

The resultant sympto ms  include

Sho rtness o f breath o r labo ured ventilatio n

A chro nic o r persistent co ugh

Chest tightness

Wheez ing and difficulty breathing when exercising o r during any physical activity

Lack o f energy
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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

The vo lume o f air within the lungs o f an individual will change depending o n their level o f activity

When at rest, breathing is shallo w and slo w

When exercising, breathing is deeper and mo re frequent

The vo lume o f air breathed in and o ut during no rmal breathing is the tidal vo lume

No rmal breathing here refers to  a breath that do es no t invo lve fo rced expiratio n

The ventilatio n rate  is the number o f breaths taken per minute

A piece o f equipment called a spiro meter can be used to  create a trace to  sho w the vo lume

changes in the lungs

Pract ical 6: Monit oring of  vent ilat ion in humans at  rest  and af t er mild and vigorous
exercise

It is po ssible to  investigate the effect o f exercise o n ventilatio n using the fo llo wing variables

Dependent variable: The ventilatio n parameter that is measured

This co uld be the ventilatio n rate, the tidal vo lume, o r a co mbinatio n o f bo th

These measurements can be taken using a variety o f metho ds, e.g. Basic o bservatio ns such

as co unting breaths to  measure ventilatio n rate

A data lo gger such as an inflatable chest belt and pressure senso r to  measure ventilatio n rate

A spiro meter can measure bo th ventilatio n rate and tidal vo lume

Independent variable: The type o r intensity o f exercise

The type o f exercise co uld include a range fro m inactive e.g. lying do wn, to  very active e.g.

sprinting, and everything in between

E.g. the intensity o f the exercise co uld be measured by increasing speed o n a treadmill

Apparat us

Sto p watch

Inflatable chest belt and pressure senso r OR spiro meter

Met hod: Using an inflat able chest  belt

1. Taking breathing measurements using an inflatable chest belt and pressure senso r

2. The perso n (subject) being examined breathes in and o ut with a chest belt placed aro und the

tho rax, that has had air pumped into  it

3. As the subject breathes the pressure senso r lo gs the changes in pressure due to  ventilatio n; the

data lo gged can be viewed o n a co mputer

4. Fro m the data co llected, the rate o f ventilatio n can be deduced

Page 17 of 18
For more help visit our website www.exampaperspractice.co.uk



5. The subject then repeats steps 1-4 after a perio d o f exercise

The type o r intensity  o f exercise sho uld be specified

6. The subject then repeats step 5 several mo re times after exercise o f different specified type o r

intensity e.g., gradually increasing in intensity

7. A repeat  o f all measurements sho uld be taken and several subjects sho uld be tested in o rder to

co llect reliable results

Met hod: Using a spiromet er

1. Taking breathing measurements using a spiro meter

2. The subject being examined breathes in and o ut thro ugh the spiro meter after a perio d o f rest

3. As the subject breathes thro ugh the spiro meter, a trace  is drawn o n a ro tating drum o f paper, o r

a graph is fo rmed digitally which can be viewed o n a co mputer

4. Fro m this trace, the subject’s tidal vo lume  and breathing rate  can all be calculated

5. The perso n then co mpletes steps 1-4 after a perio d o f exercise

The type o r intensity  o f exercise sho uld be specified

6. The subject then repeats step 5 several mo re times after exercise o f different specified type o r

intensity e.g., gradually increasing in intensity

7. A repeat  o f all measurements sho uld be taken and several subjects sho uld be tested in o rder to

co llect reliable results
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