Physiology week 14 — Respiratory (control) VIVAs

TOPIC: Altitude on respiration NUMBEER:
OFPENING What i3 the mural effect on respiration with | PROMPTS
QUESTION non
FOINTS frarh iem - ; T
L. (where the smbient pressure is about half | 1
REQUIEED the atrnospheric prassure)
1. hyperventlation 2
3. Shifr of the oxvgen disseciation curve 1o | 3
the right
4. 4
SE_&%??D\; If the person remains at the same alnmde for
Q - } 6 months, what sddifions]l changes would
(if needed) ooour?
EELIISRID 1. Polycythasmia 1
1. Imcrease in 2.3 DPG 2
3. Increase in the pumber of capillades in | 3
peripharzl fssues
4. Increase maximal breathing capacity 4
3. Pulmouvary vasoconsiriction resuling in | 5
pulmonzry  bypertension  amd  night
veammicular byperooply
THIED crrihe f A J—
QUESTION lebj:b: the symptoms of acute monntain
(if readed) B
POINTS - s P P
1. headache, fatigne, dizzy, palpimations, |1
REQUIRED nvansea, loss of appette & insomnia.
3 .
TOPIC: Control of ventilation NUMBER:
OFENING | Where are the penpheral chemorecepiors | PROMPTS
C"LT-_STID!" inrplvad in ronmrol of ventilabon
EELIIERID 1 Carotid bodies pear carotid bifircanons 1 0° sensor?
1 COme or more near arch of aorta 2
3 (Carond bodies more important) 3
4 4
SECOND Tihat is their rala?
QUESTION What iz their role?
(if peeded)
EDLIIERID 1 Semse OF, OO0, H' concenTations 1 Tell us more
Q about the
that
chemaoraceptors?
2 Feedback to medullary respiratory cenire 2
3 O sensor critical to response to hypoxia 3
4 p0” less than 60 gives me vennlatnon 4
50" less important (but faster than cenmal) | 5
6 H" (carotid b) gives mc vent if pH falls &
EIT:DIRS]?IID‘; Where are the cenmal receprors invelved in
{if pesded) wentlation and what do they respond to?
FOINTS edrlla i 2
REQUIRED 1 Medulla 1 Brain sensors?
2 Respond to pH of CSF 2




TOPIC: Eespiratory system and axercize

NUMEER:

OFENING  |In the respiratory system what changes | PROMPTS
EI;%\SIFSID} oy with exercisa?
REQUIRED 1 Inc O~ demand and CO- producton 1 Any changes”
2 Inc wennlation rate, tidal vol, mimite vol 2
3 Inc pulmonary blood flow 3
4 Miore even V() ratios 4
3 Drac phyvsiological dead space 5
& Greatly mc D:u]:ltake and CO° offloading | &
T (Mzan ABGs do not change undl late) T
g
%E_%%??ﬂ\ What happens to the pulmovary circulation
i pasded) during exercise’
FOINTS PP .. -
REQUIRED 1 Flow increases 17Ws arterzal’
2 Distension, recnutment of vessels 2
3 Inc cross-sectional area 3
4 Thus pressures fall 4
5 5
] &
EIT:%J%ID‘{ What changes oCour in venous gases during
f rasded) exercise’
POINTS - I . o
REQUIRED 1 Total 00" carried mses 1 Vs arterial’
2 Dac 0F becausa inc extraction 2
3 Lactic acidosis 3
4 4 e e e
Effect of altitude What are the acute respiratory Hyperventilation. {(Oxygen-haemoglobin curve
on respiration adaptations to altitude? shifts right or left.)
What are the longer term physiologic Polycythaemia; one of increased O; carriage and
effects of altitude exposure? viscosity; EVH, more capillaries; increased
oxidative enzymes.
Control of veatilation. | What are the basic elements of the Sensors; Central Controller; Effectors.

control system?

chemoreceptors

respiratory control system?

‘What inputs are there into the respiratory

Explain the function of the central

Cortical
Central and peripheral chemoreceptors,
Lung and other receptors.

Respond to changes in H' concentration.
0, regulates ventilation by effects on pH




Describe the effect of high altitude
on respiration.

Prompt if required:
Explain the mechanism underiying
hyperventilation at altitude.

*Hyperventilation
Most important factor in acclimatisation to altitude.

*Mechanism: Hypoxic stimulation of
peripheral chemoreceptors [carotid bodies,
aortic bodies].

Low pCO2 and alkalosis work against this but CSF pH
‘normalised’ by movement of bicarbonate out of CSF
[~1-2 days] and renal excretion of bicarbonate [2-3

Hyperventilation plus
mechanism

days] "normalises’ arterial pH taking

during acelimatisation,

Sensitivity of carotid bodies to hypoxia increases

this brake off.

What other processes are involved
in acclimatisation to high altitude?

Changes in capillary numbers/

Changes to oxidative enzymes in cells
Increased maximum breathing capacity

*Palycythaemia [hypoxia, erythropoistin] Polycythaemia with
Shifts in the 02 dissociation curve mechanism

Right at moderate altitude 2° 2,3 DPG favouring
unleading in tissues; left at high altitude 2°
respiratory alkalosis favouring loading in lungs.

One aother
density othe

TOPIC: Control of Ventilation NUMEER:
OFENING COMMENTS
QUESTION What iz the role of central chemoreceptors in control of
ventilation?
POINTS 1. Located near ventral swface of medulla
REQUIRED
1. Rize in blood CO2 increases CO2 in CSF
3. C5F has poor buffering capacity o pH changes rapidly Bolded to pass
4. Liberated H ions stimulate chemorsceptors
(increasing pH has  reverse effect)
5. Efferents stimulate medullary respiratory cemtre to
increase ventilation and return €02 to normal.
6. Chrome CO2 elevation grves normal CO5F pH and
imsensiivity
PROMPTS What happens m the brain when the bleod CO2 level nses?
SECOND What iz the role of the peripheral chemoreceptors?
QUESTION
(1f needed)
POINTS 1. Located mn carotid and aortic bodies that have hizh blood
REQUIRED flow
2. ERespond mostly to decrease in O below 100mmz
1. Impulses transmutted to respizatory cente fo increase | 3 of 5 topass
ventilation
4. Eesponsible for all of the ventilatory responsa fo hypoxaemia
5. Also rezponsible for small but rapid response to 1mza in CO2
and decrease m pH (carotid bodies)
PROMPTS How 13 hypoxasnia detectad?




TOPIC: Ventilation Perfusion Inequality

OPENING What is the effect of ventilation perfusion COMMEMTS
GQUESTION | inequality on gas exchange?
POINTS Impedes exchange of oxygen and carbon dioxide | need 213
Hypoxia which cannot be corrected by increased
ventilation
Hypercapnia can be comected by increased
ventilation
PROMPTS Both gases
SECOND Can increasing ventilation correct these expecl oxygen
QUESTION problems? explanation
Others additional
information
POINTS The oxygen dissociation curve is S shaped which
means that increasing ventilation to units with high
W ratios cannot compensate for the shunt causad
[y low %O units
The carbon dioxide dissociation curve is mors
linear so that increasing ventilation will blow off
CO2 from lung units with both high and low vV
ratios
PROMPTS | Both gases
aTJIESDTIGH How can we determine the effect of VO
mismatch on oxygenation in clinical practice?
POINTS Calculate the AA gradient Prefer equation
= PAQZ-Pal2
PAODZ=FIO2-PaCO2/R
Give normal values for each
PROMPTS Ask about AA gradient if candidate does not
o volunteer it I
1.1 *  Max ventilation 3-dx greater at apex
‘:: '.neql:i'lih;_p betwean ventilation and ¢ PO,40mmHg higher at lung apex
(Westpp 67-72)

perfusion of the lung in a person
whila standing?

What are the affects of V/(Q)

mequality on gas exchange?

What affect does inecreasing
ventilation to the lungs have on
arterizl FO2 and PCO2

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

VIQ nequality impairs uptake or elimimation of all gaszes
Majority of blood retmms from lung bases where the oxygen saturation is low

Feszults in bleed PO2 being lower than that of mixed alveolar PO2

PCO2 reduces much more than PO2 increases

Quaslion 2 What are the physiological changes
that allow survival at high aliitude 7

1] Hi,rperventi‘sation = decresses OO0, > 02 ) All hypoxia driven, > viscosity

2) Increased He (> ERFO ), helpful s pick up more difFic

3) Alkalosis moderated by movement of bicarbonate from CNS (1-
2/7y and renal excretion
4) Increased 2,3,DPG - R shift,

8) Pulm hypertension {due o alveolar hypoxia inducing pulm {3of Ttopass)

wagoconstriction) -
&) RV hypertrophy — not reslly an “sdaptation”
7) Decreased work of breathing




TOPIC: Sensors in control of ventilation NUMEBER:
OFENING Whiat sensors 2re ipvelved in contmol of ventilation? PROMLPTS COMMENTS
QUESTION
[FOLRIS . o P
+  Muzinly chemoreceptors What e
REQUIRED } P changes in blood

Also machanical recepions

Mamy others ind strefch, oTitant, pam

gases”

Ceniral chemoR ir medulla respond to H* :

Located separate from the domal and wemiral
Tespiratary neurens on the veniral surface of the
medulla

Mooitor H+ concentration of CSF. (C02
readily penetrates blood brain barrier whereas
H+ and HCO3- pepetrate slowly. CO2 prompily
hydmted to H2O03, which dssociates to H+
amd HCO3.)

CSF has a much lower buffering capacrty than
biood and as a resuli change in pH for a given
change in pCi02 is greater. Change m pH also
ocours more quickly.

Where are  the
chemorsceptors
fomd?

Meed peripheral and
central  chemo®
Others  just oo
bomus points. [JB]

Fenpheral chemo 1o carotid and aartic bodes respond
o 02, CO2, H -

Carotid bodies most izpartant o umans -
located at bifimcation of carodd artery. 2 or
mire aortic badies m arch of aoria.

Feceptors soemdated by a rise in pC02, H+or a
fall in pO2 - they are most sensitive fo pO2
and are the most imtportant regalator in hypoxia
Semsitivity to arterial pO2 bagins at 3M{mmHg
though ralatively little response ooours umil
below 100mmHg. Blood fow per gram of
tssue i3 enormous — 2000ml 100z of tissue.
They have a hizh metabolic rate bat arerial and
venous oxyzen difference is very small. Type I
{elomus) cells dosely associated with afferent
nerves, Feseminle adrenal chromeffn cells and
have dense core gramules containing
catechalammes

Hypouia canses opsming of owygen semsitive
potassiom chammels that results m potassivm
effhis and depolarization. Depolarisaton results
in calcium  mflux which miggers  action
potentials

Cells excited by Iypoxia and meamsmit i
afferent neTve via dopamime receptors. Afferent
fibres ascend via glessopbaryngeal and vagal
perves. Type O cells Sumound gpe I ocells,
function unclear

How do
wark?




Pulmonary stretch receptors: Located within smooth
muscle of the airways. Henng-breuer reflex — increased
respitatory  time  therefore  slowing  of  respiratory
frequency. Probably not important in humans

Stretch receptors in muscles, joints: Impulses from
moving limbs may stunulate ventilation Alse muscle
spindles in muscles of respiration.

Irritant receptors in lungs, nose & atrways:

*  Lungs: Located between ainvay epithelial cells.
Stimulated by noxious gas. smoke, dust. cold
air. Stimulate bronchoconstriction and increazed
recpiratory rate.

*  Nose and airways: Fespond to mechanical and
chemical stimulation. May result in coughing,
sneezing, bronchocenstriction and laryngeal
spasm.

J receptors respond to engorged capillaries. Located in
alveolar walls (juxta capillary) Stmulation results in
rapid shallow breathing.

Other receptors

*  Arterinl baroreceptors Increase in  blood
pressure can  cauwse reflex  hypoventilation

through stimulation of acrtic and carctid sinus
baroreceptors.

*  Pain and temperature

COMMENTS

Ventilatory response to oxygen lack

*  Innemmal individuals increased efferent cutput does not result in increased respiratory rate

. ypoxia canses a relative decrease in hydrogen concenfration of arterial blood that results in decreased
stimulation of medullary chemoreceptors and inhibition of respiration. Any increase in venfilation that
does cocur results in reduced pCO2and negative feedback via medullary chemoreceptors.

. ypoxia results in increased sensitivity of medullary chemoreceptors.

TOPIC: Sensors in control of ventilation NUMEBER:

OPENING What sensors arz mvelved m control of | PROMPTS COMMENTS
QUESTION | ventilation?

POINTS 1 Chemoreceptors and mechamcal receptors | What SEnses

REQUIRED changes m blood

gases’
2 Central chemo in medulla respond to H Weed perpheral
and central

3 Perpheral chemo i carotid and aornc
bodies respond to 02, CO2, H

4 Stretch receptors in longs, nmscles, jonts

5 Inritant receptors In alrways

& J receptors respond to engorged capillaries




