Physiology week 12 — Respiratory (volumes) VIVAs

2 a). What are the causes of
hypoxaemia in a person
breathing room air

Hypoventilation, diffusion limitation, shunt, ¥/} inequality
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Mead 34

2 b). Explain why
ventilation-perfusion
inequality causes a reduced
arterial Pos while arterial
Poo; remains relatively

Basically due to the differences in their dissociation curves.
1f one eould in isolation canse V/Q mequality then gas exchange would deteriarate with hypoxia and hypercapniz. But
the chemoreceptors act to increase ventilation.

Prog- The CO; dissociation curve Is linear at the working range, The increased ventilation is able to correct the
Py by increased OO0y output, particularly in units with high V/Q ratios

Bold pius demonsirate
understanding

normal
Py —the oxygen dissociation curve is not Haear. So high VA areas can only boost thefr POy a little with increased
ventilation. Conversely very low V/Q areas have proportionally lower Poy (close to mined venous). Overall PO 35 low,
S S . - S
1.1 Dezcribe the relationship *  NMax ventilation 3-3x greater at apex
VE maquality between ventilation and * PO, 40mmHg highsr at lung apex

(Westpp 67-72)

while standing?

What are the effects of V/Q
mequality on gas exchanga?

What effect does mereasing
vantilation to the lungs have on
arterizl PO2 and PCO2

parfusion of the lung in a person .

Max perfusion basally Q nearly 20x greater at base
*  DPrompt: are there regional varations in either

¢ VIO inequality impairs uptake or elimination of all gases
¢ Majority of blood retums from lung bases where the oxvgen saturation is low

¢ BRasults in bleod PO2 being lower than that of mixed alveslar PO2

¢ PCO2 reduces much more than PO2 increases

TOPIC: Ventilation Perfusion Inequality

OPENING | What is the effect of ventilation perfusion COMMENTS
QUESTION | jnequality on gas exchange?
POINTS Impedes exchange of oxygen and carbon dioxide | Need 213
Hypoxia which cannot be corrected by increased
ventilation
Hypercapnia can be corrected by increased
wventilation
PROMPTS Both gases
SECOND ; ; ilati expect oxygen
Can increasing ventilation correct these
QUESTION | o b lems ? a explanation
Others additional
information
POINTS The axygen dissociation curve is S shaped which
means that increasing ventilation to units with high
V@ ratios cannot compensate for the shunt caused
by low ViQ units
The carbon dioxide dissociation curve is more
linear so that increasing ventilation will blow off
CO2 from lung units with both high and low vVQ
ratios
PROMPTS | goth gases
THIRD i
QUESTION How can we determine the effect of VQ .
mismatch on oxygenation in clinical practice?
POINTS Calculate the AA gradient Prefer equation
= PAD2Z-Pa02
PAC2=PIO2-PaCO2/R
Give normal values for each
PROMPTS

Ask about AA gradient if candidate does not
volunteer it




TOPIC: Felationship of inmapleural pressure and

lmg volume and regional

differences in ventilation NUMEER: b
OFPENING What is the relationship between intrapleural pressuze | pROMPTS COMMENTS
QUESTION | 2nd hng volume?
POINTS 1 Sizgmoid curve of P pressure vs volume, does mat | 1
REQUIRED | reach 0% lung velime
2 Shows lung volums is higher during deflation than | 2 Pazs if describes
inflation for any given pressure = Hysteresis relationship, ar
draws curve with
features
3 Shows that lung contains residual air, without any | 3 30F 4 POINTS
expanding pressure (dus o airway closure)
4 Shows that compliance dacreases at higher lung | 4
volumes — lung becomes stiffer due to reaching limits
of elasticity
3 3
f}E_'CE‘g;-'IDO\i What  variables  affect puolmonary
[]'f:I.EEdEd"l- compliance?
POINTS »  Shzhtly greater dwing deflation |1 lofdto pass
REQUIRED than during inflation as noted above;
» Lung volume — at very low and very
high veolumes compliancs is raeduced;
® Incrsased when tissus elasticity is
raduced, as in emphysema;
» Decreased by mncreased fissue mass -
fibrosts or pulmonary congestion;
# Decisased by loss of surfactant.
TH_IRD _ | Describe how regional differences in inmapleural
‘Q_'[ ESTION pressura affect the ventlaton
(if needed)
POINTS 1 states that the inrapleural pressurs is hizher at Exma mark for
REQUIRED | the apex faan at the base of the lung — to keep CoTrect  answer
the lueg expanded against its own weight bere
2 Increased compliance at base, hence betrer | 2 EFGL“S l_"f gii_‘les
abiliry to ventilate base compared with apex values 10cm HIO
ar apex, 2.50m ar
hasze

Regional differences

Describe the distribution of blood flow

Linear increase from top to bottom

in pulmonary blood | in the lungs 3 zones explained by hydrostatic pressures

flow
Explain how V/Q matching varies from | Slow increase in ventilation from top to bottom
apex to base in the normal lung but not as much as perfusion. Highest V/Q at apex
What factors effect pulmonary vascular | Hypoxia - arteriolar smooth muscle to contract
resistance? One of low pH, autonomic or passive factors

31 Define lung compliance? ¢ (Changs in velume / change in pressure

the Lung
Wast pp #4-104

Eia.il:il: Propartes of

What factors mfluence lung
complianca?

What alse does surfactant do?
L ]

(Slepe of prassure-volume curva)
(Lung “stiffness™)

(3 out of 6)

Fibrosis

Alveolar oadema
Elastic tissue
Emphysemz / age
Velume / Size of lung

Surface tension in alveoll (Surfactant)

(2 of 3)

Feduce: WOB  Prevents collapse

Eeaps alveoli dry
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Ia), What is Pulmonary
Compliance?

a) Compliznce =Volume Change/Pressure Change, proportional to slope the pressure
valeme curve of the lung. Within normal range (-2 to — 10 cm H20) of expanding
pressures, lung is very compliant. At higher expanding pressures, compliance is smaller,
MNormal human fung compliznee =200 mi/om H20)

Specific Compliance = “compliance per unit velume of lung™

a) delta Videlia P

b) What are the factors that
decrease and increase
puimonary compliance?

o} FReduced = pulm venous hypertension, unventilated Iung (espec at low [ung volumes
i.e. atelectasis), pulm fibrosis and alveslzr oedema of any type.

Increased = increasing ege and emphysema

b) Three faciors which decrease
Compliance and both the
factors which decrease it

ejtwo factors which increase it

c} What are the physiological
effects of surfactant on the
lung?

d} What are the physiological effects of Surfactant?
Iy increases lung compliance
iy redutes work of breathing
iii) improves stability of alveali
iv) keeps ehveoli dry

d) Three of four



TOPIC: Diead space in the luns NUMBER:
OFENING What is the defimition of dead space in the | PROMPTS
QUESTION | jpper
FOINTS 1] e e met intenlead i T ™ v
REQUIRED 1 Vielume of hng not involved in OO elon you
: and
physiclogical
daad space?
1 Anzromdcal and physielogical 2
3 Vols pearly ssma (150 ml or 0.2-035 V) [ 3
in health
4 4
] &
]
SECOND | mow can the phyziological dead space be
QUESTION O
(if peaded) - :
PFOINTS hrie " alaies ; £ S
1 Bohr's method caloulates fraction of tidal | 1 DireceT
REQUIRED volume by meassurement of mixed expired
C02 and arterial CO2
2 Vn=Vrx (Pacm - PEqoe)/ Panos 2
3 3
4
THIED LT —— S rTRAG P s o
QUESTION ;:]:.latg T.:L«lead to mcreasad physiological
(if neaded) ad space:
FOINTS T " —_— : — " -
1 Wi mismatck= Mon-parfised alveoli and | 1 Can you give
REQUIRED Alveoli with excessive ventlation clinical
axamples
’. ¥
3 3
TOPIC: Factors that determine the worlk of breathing. NUMBER.: 5a
OPENING | What factors determine the work of | PROMPTS COMMEM
QUESTION breathing.
FOINTS 1 elastic forces of the lnngs and chest wall Must pass
REQUIRED
3 wiscous resistance of the amrways and Hssuas Must pass
3
SECOND What variables affect elastic workload?
QUESTION
FOINTS 1 Larger tidal volumes 1 Must pass
REQUIRED
1 Feduced compliance due o 2 2of 4 to pass
# lung volume - 3 person with only one
Ing has halved compliance;
®  :lizghtly less dunng inflation than during
deflaton;
® incressed by increased tissue mass -
fibroziz or pulmonary congestion or
chest wall restriction;
*  loss of surfactan:
3 3
THIRD What variables affect viscous resistance?
QUESTION
({optional)
POINTS 1 Higher respiratory rates increasing flow rates 1
REQUIRED
2 Decreased airway radius due ta: 1
Lower lung volomes;
Eronchoconstriction:
3 Increased air denstty (eg SCUBA diving) 3
4 Increased air viscostty 4




Question Required response To Pass
[Key items marked with*]

Please describe the A low resistance system

relationship between

pulmonary vascular Capacity for resistance to DECREASE with INCREASE * to pass

resistance and pulmonary
vascular pressure?

PROMPTS: What mechanisms
are involved in the vascular
response to rising pulmonary
vascular pressure?

pressure®
(both INCREASED pulmaonary art & INCREASED pulm venous)

Mechanisms: vascular ‘recruitment’ (with rises In
pressure from low levels); vascular “distensior’ (with
rises in pressure at higher levels) *

Resistance Increasing
arterial
eSS

Increasing ‘{

Venous

TrELsnre

Diagram -

Arterial or Venous pressure
{emH20)

Drawing diagram not
essential

How does lung volume
influence pulmonary vascular
resistance?

Vascular resistance Initially decreases as lung volume
increases, then rises (see diagram below) *

At very low lung volumes (eg. lung collapse) must
reach a “critical opening pressure’(several cm H20
above downstream pressure) to enable any flow *

Very high lung volumes, when alveolar pressure
exceeds pulmonary capillary pressure, pulmonary
vascular resistance will increase (pulm capillaries
squashed).

Vasenlar |

I ine Valume

-
L

* to pass

Drawing diagram not
essential

What factors influence the
distribution of pulmonary
arterial blood?

1, Alveolar Hypoxia *
2 Gravity * :3 main zones

3 vascular resistance pulmonary HT / PE

4 pulmonary disease : asthma /COAD / infection/
infarction/ cancer / fibrosis / pneumothorax / chest
trauma

5 vasoactive substances * (NQ, endathelin,
prostaglandin)

6 low blood pH leads to pulm vasoceonstriction

7 Sympathetic stimulation leads to stiff pulmonary
arteries leads to vasoconstriction.

athers

Z1 (apical) PA>Pa>Pv

Z2 (middle) Pa>PA.>Pv
Z3 (basal) Pa=Pv=PA

* To pass, [

What EXTRA-PULMONARY
factors influence pulmonary
blood flow ?

1 blood volume

2 cardiac output

3 atmospheric pressure

4 temperature

5 pathology eg, anaemia, cancer, infection
6 exercise

7 posture

4 of 7




TOPIC: Distribution of Blood Flow in the Lung NUMBER:

OPENING COMMENTS
QUESTION | Describe the distribution of blood flow in the lung of an
upright subject at rest.

POINTS 1. Decreazes linearly from baze to apex Must identify 1,2 3
REQUIRED and 3 to pass

Due to hydrostatic preszure,

3, Under normal conditions, flow almost ceases at apex

4. Distribution more wniform with exercise

5. Explanation of West'z zonez 1 -3 +/- zone 4

6. Fone 4 only at very low hing volumes
PROMPTS

What are the zones of the hing desenbed by West 7

SECOND What are the main determinants of flow in these three zones 7
QUESTION
(if needed)
POINTS 1. Zonel PA=Pa=Pv(not under normal conditions and js | Must  identify 3
REQUIRED p—— pressures and their

alv. dead space) X
relationship to pass

2. Zone! Pa=PA=Pv (recruitment)

Zone 3 Pa=Pv>PA (diztenzion + recruitment)

PROMPTS What pressure gradients determune flow in zones 1-2

THIRD
QUESTION How does the diztribution of blood change when the subject

(if needed) becomes supine?

POINTS
REQUIRED 1. Blood flow from base to apex is almest uniformm but flow
in postarior segments exceads that in anterior segments
TOPIC: Elastic properties of the ing NUMBER:
OPENING What is thoracic compliance? PROMPTS COMMENTS
QUESTION
POINTS 1 Change in lng volume per unit changs in Essential
REQUIRED airway pressure (DV/DP)
2 Measure of elastic recoil of hmgs and | What 13 it a
chest wall measure of?
3 Normally 200 mL/mmHg in intact thorax
SECOND | What are the maim determinants of 2 to pass
QUESTION compliance of the thorax?
POINTS 1 face tension of th reoli (2/3rds)
REQUIRED | . Surface tension of the alveol (2/3rds)
2 Elastin/collagen fibres (1/3%) Allow tissue
properties
3 Alveclar surface tension depends on
alveolar pressure, alveolar radius, surfactant
(Law of Laplace — P=2{crd) x T/R)
THIFD How - ; o o] hout 1] Must say that
- ow does compliance vary throughout the Y
QUESTION | ik Teng? T base = apex
(if needad) S TRE
POINTS 1 Higher at base than apex because apex is
REQUIRED | ;1o ady more distended
21 What facters mupact on #  Size of arway: F highest in medium sized bronchi, low mn very small airways.
ﬁ._lm‘n;&?]sgs}aﬂce rasistance in alrways? *  Lung volums: R decreases with expansion as aitways pulled open
- *#  Bronchizl smeoth muscls tone: controlled by B sympathetics
*  (zas density: eg heliox -= low R
* Forced expiation: intratheoracic pressure compressas airways = “dynamilec compression’
What factors cause furbulent Expressed by Beynold’s number; (2 out of 4)
flow in alrways Where p 15 the fluid density; DV
D is the diamster of the tube; Re=—p—
V15 the velocity of flow; n
1 is the viseosity of the fluid.
Laminar flow enly in small anways, fransitional most aveas, turbulant in trachea (rapid breathing)




Question
2:a)

Seore:

b)

What are the major factors
that effect pulmonary
vascular resistance in the
normal lung?

Why is pulmonary flow so
sensitive to pulmonary
vascular pressuras?

13 tArtor
2) Wen Pressure

7) Position change

vessels

3] Recruitment

24 to pass

3} Lung volume { U/J shapad curve)

4) Alveolar hypoxia > increased PVR via
hypoxic vasoconsiniction

5) Wascular Smooth Muscle Tone - response
o endogenous/ exogenous factors
G)Area of lung (apex partic < base)

)V low Pressure system — few resistance

2} Easily distensible vessels

4] Only just enough P for normal gravity'
position to get apical flow

[A=V)

( recruit — low P ) {distension (high P}

Low vol- collapsed ex-alveolar vessals

Intermed Vol — vessels open

High Vol - compressed alveol vessels

(pulled open v normal elastic -cap 1%)

[complex: Ipleural P < GO, alveclar P » capillary + caps squashed
in alveoli}

PassiFail 3 of 6, extra marks for detail in

eq nitrates, Ach, Isoprenaline, NO, decrezse PVYR, Increased
sympathetic tong, serotonin, histamine and norepinephrine
increase PVR, endothelin, thromboxane A2

P just anough to reach enly standing but (dependent lung may
collapse)

-dus to < art pressure in low pressure system- partic if poor output
W thin walls

Wasc bed expands + geomelry with alveolar expansion
Surrounding |PY aly P v significant effect on ouiput

- Additionat info

110" syst P (5-15 A-V diff)

{ low vol smooth musclethigh P and higher lung val)
{geometry-low F)

{distension/ effects on cap)
{dug o v low F in system)

TOPIC: Dismbution of bleod flow m the hmg

NUMEEER:
OPENING | What factors affect the dismibution of blood | proMPTS COMNMENTS
QUESTION | flow in nommal lngs?
POINTS 1. Passive: . HMaed both active
REQUIRED a. Posture (hmg zonas, sea Ef;:le d::P 1':?“‘: & passiva.
balow) factors?
b. Exercize (this will increass
blood flow throughout the
hung)
c. Other: ez decreased bloed
flow through the pariphery of
the acinus
1. Active: vasoconsmioton ocours
with... (3}
a. Decreazad pO2 (ypoxie
pulmeonary vasell) = the
opposite of systenuc
cooulation, to prevent ViQ
mismatel
b. Decreazad pH
c. Increzzed symepathetic
stimmilation (a wezk effact)
SECOND WVWhat do you imdsrstand by the term “zones
QUESTION | inthe hmg'?
FOINTS 1. Descibe the concapt
REQUIRED a. blood flow decreases towards

the apex.

b. The lmg 15 a colvamm of
blood, whoze pressure
ncreaszes towards the base

c. But alveolar prassurs stayvs
constant,

d. (MCQ) 23mm Hg pressurs
difference betwaen apex &
basa




A UL AINWAY FESISTARCE NUNIBEK: £

OPENING Discuss the factors that determine airway | PROMPTS COMMENTS

 QUESTION resistance

POINTS 1. Flow resistance B = 8§ X viscosity X N"‘_’d to say that

REQUIRED lengﬂafp-ie}{rq tadius iz the
most  important
determining
factor, 23 to
PasE.

2. Directly proportional to viscosity &

length. Inversely proportional to radius to
the power of 4 (ie: half the radius increases

resistance 16 fold).
SECOND . : 9 MNeed 2 to pass,
QUESTION What factors affect the radius of the airway?
(if meeded) -
POINTS I 1. Bronchial smooth muoscle  tone:
REQUIRE sympathetic and parasympathetic activity
2. Lung volume
TOPIC: Perfusion and diffusion limited gas exchange NUMEEE: Je
OPENING Describe the difference between diffasion limied and | prOMPTS COMMENTS
QUESTION | perfuston Imited gas exchange in the lang.
POINTS 1 Blood in pulmonary capillary has 0.75 seconds for | 1

REQUIRED | gas euchange

(=]

2 Ability o reach partial pressure equilibrinm Pass if describes
depends on Teaction with substances in the blood. both adeguately

et

3 Mo reaction with substances in blood — gZas
dizsolves only on plasma - rapid eguilibrinm
reached, gas uptake limited by perfuston

4 Example of W20 as perfusion limited 4

5 Desaibes reaction of CO with Ho, such great
affinity that PCO in capillary falls rapidly — slow
equilibrinm, diffusion lmited

SIF'DKD _ | Explain how oxygen exchange is lmited across the

QUESTION | pulmenary capillary”

(if needed)

POINTS 1 Perfusion limited 1 Bfust pass
REQUIRED

Exma mark for
COTTeCt answer here

(=]

2 Describes 02 and Hb combinaton. and tme frame
of combination (0.3 sec)

[

3

TH_IHD | What would you expect to be the effect of heavy
QUESTION | exercize on ouygsn uptake i the pulmomary
{if needed) capillary?

POINTS 1 Describes reduced time for combination with Eh | 1 Bomas Points
REQUIRED | (.25 seconds), possible raduced O2Hb samration

1 Describes possinle effact of altimde 1 Boms Fotnts
3
3.1 Alvealar Deseribe the relationship of i Law of Laplace: P = 4Tir. Two bubbles connected (zame surface tension), the smaller with higher pressure will blow up the
surface tension | pressure and wall tension in { larger with lower prassure. Smaller bubble will collapss.
and surfaciant connected bubbles, |
Whst are the effects of Surfactant reduces surface tension. Alveolar bobbles are stable becanse of very low surface tension when small {on
surfactant in alveali? | cupiration)., Hysteresis curve demonstrates very low pressures on expiration to small vahimes = bubble stabdlity,

Increased complinnce = ease of expansion, Alse keeps abveoli dry = opposes ransudation fluid into bubble,

How does surfactant achieve Bipolar molecules oppose the normal increasing aiiraciing forces as molecules get closer in 2 smaller surface. The ends

his? of surfactant molecules repel each other and oppose callapse.
3.2 Flow, What facters canse turbulence i blood flow? ‘Critical velocity'; smaller diameter, reduced viscosity.
pressure,
resistance, Why is blood flow slower in capillaries? Welogity relates 1o total cross sectional arca == capillaries, 1000x arsa aorta, low velocity same flow.
blood flow

What is the relationship betwesn pressure and wall | P=Tfr. Smaller = less tension in the wall for the same distending pressure. Eg aoria ; vena cava |
tenslon fn blood vessels of different sizes; capillaries = 170,000 ; 21,000 : 16 dynesfom. Small vessels unlikely to rapture.

What is the relationship between pressure and wall | Venrricular dilation means more tension required to generate same pressure = mare work.
terslon in the heart?




TOPIC: Diffusion across the alveolar-capillary membrane NUMBER: 2

OPENING What factors affect the diffusion of gases | ppoarpre COMMENTS
QUESTION | across the alveolar capillary membeane?
POINTS | Ficks law diffosion is proportional to tissue Mead to mention
REQUIRED | area and concentration gradient of gas and difTusion,
mversely proportional to the tissue thickness | concentration
xR gradient &
R = diffusion constant and relates to gas and thickness.
tizsue solubility
Question 2: it What is the alveclar gas equation? | iy (4 out of 4)
Alveolar gas PAOZ=PI02 - M
equation and ifs use R
in a clinical setting |
| Where:
West pp 58, pp170 = FADZ is the alvealar axygen partial
pressure
i € FIOZ is the oxygen partial pressure of
i) How do you calculate the alveolar- inspired air
arterial gradient? - PACOZ is the alveslsr CO2 partial
Dressure.

i) What is the physiclogical significance of
{ the A-z gradient?

® R is the respiratory guosiant; C02
production’D2 consemption, typically 0.8
Mote that a small correction factor F of ZmmHg has
been omitted from the aguatier,
i} Difference between PAOZ (alveplar) end Pa02
(arterial).
iiiy VIQ mismatch (e shunting or dead spaca)

TOPIC: Physiological shunt m the long NUMBER:
OPENING Explam the difference between alveolar and | PROMPTS COMMENTS
QUESTION | arterial oxygen concentrations m the healthy

adult.
POINTS 1 Physiological shunt of hng (P 40,~P,0,) Essential plus 1
REQUIRED : - Teason.

2 Blood enters arterial system without
passing through a ventilated area of lung

3 Bronchial artenal blood flows to
pulmeonary vems

4 Coronary arterizl blood flows to coronary
vemns then thebesian vems i left ventnicle

5 Atelectazis in hng




TOPIC: Fhysiological shunt in the hing NUMEBER:

OPENING Explain the difference between alveolar 2nd arterial | PROMPTS COAMENTS
QUESTION O%FEED Concemrations in the healthy adul.
[TOLN T e i s P P Essepmal plus |
REQUIRED Crrerviaw: this i3 the physielogical shuont of lung B

(P.0=P,0y). Reasons are as follows:

[ Blood enters artenal system without passms
through a wemrilazed area of lung 12 perfusion withouar
ventilation Put another way: the best perfused
region of the hms is the most pearly exyzenasd
therefore overall pO2 will newer reach alveolar pO2.

1 _Bromchial arterial bloed flows direcly to
pulmomary veins witheut baing oxygspated, then

Zoes oo to systemuc cooulaton

1. Similarly, coromary artenal blood flows tw
coTonary veims then thebesian vems in left ventricle,
12 E0ing om 0o systemic circulaton withouat 1® being
ouygenatzd

4 Age: 2z we age the shupt increasss becamss
sizply gets harder for the O to diffuse from abveolus
o capillary.

Desciibe the zones

a. Zomne 1: PA (alveolar prassure) = Pa
= Pw. At the apex: not presant n
healthy people: ‘alveclar deadspace’”
Pulmonary pressure 15 5o low that
alveclar pressme squashas the
capillanes! Hence, ventilated but
not perfused.

b Zone 2: Pa> PA = Py The ‘rubber

tube’ of the capillaries collapsas at

tha venous end This 13 called a

*Starlmgz resistor’. This has

meermarrent blood flow, maimly m

systole. (MOQ) Zone 2 15 wsually

from 7-10em above the heart to the
apices

Zome 3: Pv=PA | fmally! Hers,

blood flow 1z determumed by the

artarial- venous differenca as wmal
in the systemne circulation

d Zone 4: night at the base, whare
blood flow actuzlly decreazes
bacauze hmg 2ssue poorly ventilatad
& semashed! (MCQ) Zons 4 15 only
present at low hmg volunzes.

g, (MOQ) Zones 1-2 are due to the
capillanies, but zone 4 15 due to extra-
alveclar veszals (winch lika to
tighten at low volumas)

fa




