Physiology week 9 - Cardiovascular (flow/BP) VIVAs

3,2 Flow,
Pressine,

resistance,
blood flow

What factors canse turbalence in blood flow?
Why is blood flow slower in capillaries?

What is the relationship betwesn pressure and wall
tension in blood vessels of different sizes;

What is the relationship between pressurs and wall
terslon in the heart?

"Critical velocity'; smaller diameter, reduced viscosity.
Velocity relates to total cross sectiona] arca == capillaries, 1000x arca oorks, low velocity same flow,

P =Tfr. Smaller = less tenslon in the wall for the same distending pressure. Eg aoc @ véna cava
capillaries = 170,000 : 21,000 : 16 dynesfem. Small vessels unlikely to rupture.

Ventricular dilation means more tension ragquired v gensrate Same pressure = more work.

TOPIC: Factors confrelling cardiac output NUMEER: 4a
OFENING What ara the paramaters that define cardiac outpus? FROMPTS COMMENTS
QUESTION
POINTS 1 ER.x Straka Val mmmsd pess
REQUIRED
SECOND _ | What factors influe=ce siroke volume?
QUESTION
POINTS 1 afterioad Tte pane
REQUIEED
2 praload b
3 conmactility 3
THIRD _ | What are the facters that izflusecs contmacidicy?
QUESTION
(if ceaded)
POINTS 1 Eivpexia Fafftopan
REQUIRED )
2 Dirugs +va | ~ve InDopes p-
pH 3
4 sympathetic tome 4+
5 hypsrcapmoss 3
§ myocardial demage ]
TOPIC: Factors Affecting CVE NUMBEER: 4c
OFPENING What = the nom=a] Canmal Vancss pressume ot rest PROMPTS COMMENTS
QUESTION
POINTS 1 =Praszars m Right Atrium = 0 {ra=ge -5 to +7) Mus: pass
REQUIEED
SECOND | Degeribe fhe factors that determeine Cemtral Vemous
QUESTION | Prussems
POINTS 1 Balaince berwgen vezons retorm, and abilisy of Musz pass
REQUIRED | hoast to pump et of BA
2 Factors affecting vemous rehers 2 2 smazaples s pass
intraabdominal PrasErs sz Pr

bype'byparvolasmiz
sympathetic tome (3
(sepsiz, drugs, anephylaxis), resistence to vemous
ratarn (famponyds, tmzenr)

Myacardial (A felete)
Cardiac 1A
Ankythomzs, Atrial Fi (Volums & filling
time, od conmacilicy) Essistnce to BV = Polm

vehre stancsis, PE. LVF, Hypoxiy, temsioz PTx

3 1 sxamvplas io pass




ta of flow of
blood through a bloed vessel? Py-Pyi

What factors cause turbulent

flow in a bloed vessel? pis the fl

1 is the viscesity

mumber is between 2000-3000.

D is the diamster of
WV is the valocity of flow;

the fluid.
The higher the value of Feynold’s mumber the graater the prebability of furbulance’ which

Poiseulle’s Law and formula describe these factors; (Radins to 4™ power = 2 others)
Where: F is the rate of flow;
he pressure differential;

—_Pa-Pe

F= R

_8qL

R= mr

F= P,_P )(:—rl

= Fi-Fs SnL
Re:%

1y ocours when Reyneld’s

TOPIC: H

ormenal facters affecting arteriolar tone

NUMEER:

2b

OPENING
QUESTION

Dtiscuss the hermonaes that infl,

o4 arismalar tozs

PROMPTS

COMMENTS

POINTS

1. Adrunali=s is released from the adremad medulla iz

REQUIRED | rssponss o sympashetic stnsalation. It acts 52

alpha-1 receptors o constrict arsrioles o most arses
It 2lse acts via Bata I receptors o vasedilate mrascle
azd liver bloed vessels.

2. Meradrezaline althomgh largely 2 peurotrazsmithar,
iz ralezsed from the adranal ulla in responsa to
sympathetic sirolabeon. It acts via alpha 1 recapeors
1o constrict arterinlas

3. Angiotensin I is a generalised arteriolar
comsmictor. Itis formed from angiotensin [ in the
lung.

and 2 othars to

4. Vasopressin &5 2 potent arterielar constrctor. It i
ralsasad frone the postesiar pitstary.

5. Bradvkinin i 2 tiszos kormoss that ©
artaztoder dilatation.

§. Hrstaming is produced by basopiils a=d mast calls
wes arasiolar dilagon.

7. Sarotoniz 77

E. Adrunonzedullin 77

TOPIC: Neural factors affecting arteriolar tone

NUMEBER:

-

ar: |

OFENING
QUESTION

ons

Diiscuss the canmal meurzl control affictng amsncler | PROMPTS

COMMENTS

POINTS
REQUIRED

. Prasszce of a vasomotor cenme situated = the CN5 | 1
madulla with both vasocozsricter and wasodilatory
b hy 13

3 of 5 to pass

-

2. Madullary vasomostor cente is floemced by | 2
peripharal baroraceptors, penpheral chemorsceptons
2zd higher zeural cantres

3. Koradrenergic vasoconsmicoar fiboes descend from
madullary vasomotor centre via spinal cond o the
smoot: =msels i the walls of arterialas

4. Paripharal barorecapeors
arch respond largely fo chan
act to wohikdt wasecozsricter cenira

wosd mons and aostic |4 what e e
blocd prassure and | mmpuss?

3. Pamphaeral chemomscsptons = carotid bodies apd | 5
aortic bodies mipozd to byvpoxia and zct to sxcite e
VREOCONSTICIOr CRntre

SECOND
QUESTION
(1f meaded)

b the Volzma {amizl stracch) reflex

FOINTS
REQUIRED

1. Ammal stredch results in reflex affersnt aztaziclar
razal dilaration

TLITC T




-

TOPIC: Local factors affecting arteniolar tone NUMEBER: e
OFPENING Discuss the bacal factors that affact areriolar ozs PROMPTS COMMENTS
QUESTION

POINTS Arterialar tozs changes o regulate local blood flow I thaurias 5o pass
REQUIRED | acros: 2 zangs of blood pressmres. Two thsesics by

which this eocum: myogemnic or metabalic.

muschs leading to contraction of the mascle

Metabelic theory sodilator metmbelitas 3
accunzzlate in tissnes when blood flow falls leadizg

to malaxation of vascular speootl muscls.

Wazadidetors imckoda local bypoxia and acidesdis. 02 | 4

budd up. heat. potassiue, laciate, histamiza,
adazonize

Sarotomin causes localised wasocczsiction afier
vessal mjury.

Prostecvclin (vasodilatation) 2zd thromboxans
{vazoconstriction) after local vessal fnjury

Endeshalivz=n Diarived Ralaxing Factor {mitic oxida)
Many vasodilators act by activatng EDRF

Endeshaliz - vasoconstmctor

TOPIC: Endothelnmm and regulation of blood flow NUMBER:
OFENING | Diescribe bow blood flow is regulated at the | PROMPTS COMMENTS
QUESTION leyre] of the andorhelnnm
PFOINTS r : R i SO i ' .
1 Vasodilators: prostacycling, NO, kinins 1 Tell me about
REQUIRED prOEEES Jocal
vasodilators.
2 Vasoconsricions: endothelin, | 2 Tell me zhout
thromboxane, serotomn local
VASDCONSTICtors.
3 3
4 4
5 5
& &
sﬁ%g??uw What other zeperal effects do endothaling
Et'r.ead.ed] B kave on the cardiovascular system?
POINTS 1 Positive inomope snd chronorope 1 Tell me shout
REQUIRED the effecs on
the heart and
blood pressure

2 Fise in ANP/renin/aldosterone

2 Tell me sbout
the renal effects

3 Decreased GFF. and renal blood flow

3




TOPIC: Barorsceptors and artenial blood pressure NUMEER
OFENING | TWhat changes in arterial blood pressure de | PROMPTS
U[I_SIID!H harnrecentors recpond 00T
EELTISRID 1 Carctid sivus (risz o fall) 1 Whare?
2 Aprdc arch (rise) 2
3 3
4 4
5 5
] ]
E
SQEI%?S?G\ What happens when the baroreceptors detect
(f peaded) - a fall in arterial pressure?
FOINTS o e T s
REQUIRED 1 Drec firing rate of Hering's nerve 1 Sequence?
2 CI IX mansmits to vasomobor cenima 2
3 Drec parasympathetic outflow to haart 3
4 Inc sympathetic outflow to heart 4
5 Inc sympathetic outflow to vessels 5
6 Inc beart rate, conractliny &
T Arteriolar and venonus constriction
THIED TWhat ic ¢ -
What iz the Ser Point?
QUESTION | o o e sssen
(if ceeded)
EDLIISRID 1 TMeunwal MAP for wasomotor centre |1
Q Around 100 mm Hg
. =
3 3
4 4 -
1.2 Flow, What factors cause turbulence in blood flow? “Critical velocity’; smaller diameter, reduced viscosity.
pressure,
resistance, Why fs bleod flow slower in capillaries? Velocity relates to total cross sectional ares == capillaries, 1000x area aorta, low velocity same flow,
blood flow

What is the relationship between pressure and wall
tension in bloed vessels of different sizes;

What is the relationship between pressure and wall
tension in the heart?

P = T/r. Smaller = less tension in the wall for the same distending pressure. Eg aorta ; vena cava !
capillaries = 170,000 : 21,000 : 16 dynes/cm. Small vessels unlikely to rupture.

Ventricular dilation means more tension required to generate same pressure = more work.

TOPIC: Hommenzl factors afecting artericlar toxe NUMEER: b
OPENING Discuss the hormones that influezcs arteriolar tozs PROMPTS COMMENTS
QUESTION

POINTS 1. Adzepnalizs i relersed Evm tke adremal medzlla iz

REQUIRED | responss to sympeshetic stimualation, It acts via

alpha-1 recepboms o constdct artsrioles m most areas
It also acts via Bata 2 receptors to vasedilate pxascle
2= liver Bloed vessels.

2. Meradrezaling alttongh largaly 2 neerotrazemitior,
is ralszsed from the adranal nlla in responsa to
sympathetic stimulabon. It acts viz alpha 1 receptors
1o comstrict arterioles

3. Angiotansin I is a genaralised armriolar
comstrictar. It is formed Srom angiotensin [ in the
lung.

1.2 and 2 othars o
pass

4. Vasopmessin i 2 potwnt artariclar constricior. It &
ralsased Srom the pestesior pitzitary.

5. Bradvkinin is 2 tissos Rormozs that ca
atarialer dilanton.

§. Hrstaming is produped by basopkils 2zd mast calls
1zd caumes amteroler dilation

7. Sarotonizm 77

E. Adrenopzsdulln 77




-y

TOPIC: Local factors affecting arteriolar tone NUMEEE: il
OFENING Driscuss the local factess that affect ansxiolar teze PROMPTS COMMENTS
QUESTION

POINTS Artsrialar tozs changes to regulate local blood flow 1 1 thanrias 5o pass
REQUIRED | acrossa mangs of blood pressmres. Two thaomies by

which this eccum: myogemnic or matabolic.

Miyogszic theory — distanzion of ©
increasing prassura stratckas tha v
piriitoe

zsel with
lar spmooth
lsading to comtraction of the muscle

Motabelic thaory — vasodilaior metabelites
accumzzlate in tissnes when blood fow falls lsadizg
1o malaxation of vascular seooth musch.

[

Vesoddators izclude local kypoxia and acidesis, £02
buidd up. heat. potassinme, lactate, histamiza,
rdazotiza

Sarotomin camsas bocalised wasecozstriction after
vessal mjury.

Prostacyclin (vasedlatmion) 2=d thromboxans
{vasoconstricton) after local vessal mjury

Endeshalizz Derived Ralaxing Factor {pimic oxide)
Many vasodilators act by activatmg EDREF

Endeshaliz - vasoconszictor

TOPIC: Systemic regulation of BP by Nervous system _ NUMEER:

OPENING

COMMENTS
QUESTION | Where are Baroreceptors found in the body?
POINTS 1. Stretch receptors in adventitia of vessel walls, majer
REQUIRED ones foumnd 1o carofid sinus and aertic arch to monitor
arterial side of cireulation
2. Also "cardiopulmonary receptors” m night and left atna, | Both  carotid  simms
and pulmonary cireulation to monitor venous cireulation | and  acrie arch fo
pass
PROMPTS Which blood vessels contain barorecaptors”
SECOND
QUESTION | What iz the effect of vessel wall diztension on a barcreceptor?
{1f needed)
POINTS Bolded
REQUIRED Stretch of veszel wall leads to increazed baroreceptor
discharge, transmmtted by affersnts in glessopharymgeal and
vagus nerves to medulla. (vasomotor cemtre) This results m
raleaze of mhiubitory GABA wlich reduces sympathetic
outflow, and excitatory effects on vagal motor newronss. Wat
effect 15
1. Inhibition of tonic discharze of vazoconstrictor
nerves
1. Excitation of cardiac vagal innervation
Rezult: in vazodilation, with decreaze in BP, HE and CO.
PROMPTS

How does the baroreceptor respond to an imcrease m BET?




TOPIC: Venous return curve [/ mean systemic filling pressure NUMBER:

OPENING | What is the normal value for venous retum | PROMPTS COMMENTS
QUESTION | iy the healthy buman adult?
POINTS 1555 Um
5-53 Vmin
EEQUIEED
si%g%now What are the major factors that influence 7+ o pass
Q ) venous refum to the heart?
POINTS 1Ci - 1 o
renlating blood volune
REQUIRED - =
2 Sympathetic and parasympathetic tone
3 Muscle pump
4 Fight atnal pressure (imtrathoracic and
imiracardiae  pressures and factors  that
mfluence them like phases of respiration,
tampenade, PEEP
THIRD | What is the relationship between right atrial | What happens to
QUESTION - = '
pressure and venous refum? venous  retum
when right atral
pressure rises?
f{gD{I 5 1 Downslope - reduced driving pressure Please graph this
Q if it helps.
2 Plateau — collapse of vein walls
3 Nomal value for MSPF =7 mmHg
4 Nommal value for mean EAP = 0 mmHg
TOPIC: Arterial pressure regulation NUMBBER:
OPENING | What are the mojor factors affecting the | PROMPTS COMMENTS
QUESTION yamlztinm of 31teral nres e’
E}?]{EISRED 1 Seconds maonites: baroreceptons, | What  systems _M“ﬂ dezeriba
Q chemorecaptors, CIN% ischaenue recaptors enable responses | PAICIECEPIONS
to changes m |3nd angietansin
arterial pressure | '@ Pa55.
for exammple
with acuts
hasmoirhage’?
Dzserthe the
barorecepior
raflen.
2 Mimmteshours: strass (stretch) relaxation,
remn-angiotensm  vasoconshiction, blood
vobmne change and fhod shoft through
captllarias
3 Longer ternx remal compensatton via | What happens in
aldosterone, bloed vohmme changes, salt | the longer-tenm?
mtake




TOPIC: Cardiac Function

What factors cause turbulent
flow 1 a blood vessel?

OPENING What are the determinants of myocardial oxygen | cOMMENT:
QUESTION | consumption?
POINTS Heart rate 23
Vall tension
Myocardial contractility
PROMPTS
55’%";"#%“ What are the changes in cardiac function with
Q exercise and how these mediated?
POINTS Rate and stroke volume 213
Adrenaline and sympathetic discharge
Venous refum
PROMPTS
THIRD . .
What are the physical laws involved?
QUESTION phy
POINTS Staring 172
La Place P =2T/R
PROMPTS
13 “._].'Latale the basic factors which | Poiseulle’s Law and formula describe these factors; (Radius to 4™ power + 2 others)
Preszame, dow & determine the 1ate of flow of Where: F is the rate of flow;
x;;_[‘?:;e 164 blood through a bloed vessel” P, — Py s the pressure differennal; F= _Pa-Ps
170) ¥ R 15 the resistance: 5 LR
1 15 the radius of the fube; R= _4_“
n 15 the viscosity of the flmd mr .
L 15 the length of the tube F= P,-Ps x Tr

Syl

Expressed by Eeyneld’s number; (3 out of 4)
Where o 15 the fluid densiey; .

D 15 the diameter of the tube; Re=-ﬂ

W is the veloeity of flow; n

1 15 the viseesity of the fluid.
The higher the value of Reynold’s number the zreater the probability of furbulence” which wsually cceurs when Reyneld’s
number is between 2000-2000.

23

Factors controlling
cardiac curput & O,
Consumption
Ganong pp 371-376

What factors control cardiae
output?

What are the major factors
which determine myeocardial
oxygen consumption’

Cardiac Output = Heart Rate x Stroke Volume
Heart rate controlled by cardize innervation — symp. / parasymp.
Stroke Volume:
+  Afrerload
*  Prelead - Starling Curve (Fibre length-tenzsion) (2 out of 5k
Pericardial pressuvs Ventricular compliance  Atnal filling Blood wolume  Intrathoracic pressure

*+  Contractile state (3 out of T):
Cardiac mmervations Hypouia; hypercapnia; acidosis Drugs +ve & -ve inotropes
Circulating catecholamines Loss of myecardinm Infrinsic depression (Heart failure)
Force-frequency relationship

{2 out of 3) Intramyocardial tension
Contractile state of myocardimm
Heart rate
(= Ventricular werk/beat = 5V x MAF)




TOPIC: Arterial pressure regulation

NUMBER:

OPENING What are the msjor factors afacting the reguladon of | PROMPTS COADMENTS
QUESTION arterial pressura?
POINTS There are several ways to classify. Here's ome. _.
REQUIRED " )
A Seconds/minutes: sympathetic nervons system | 1. What systems Must describe

activation & parasympathetic N5 suppression

1. Baroreceptors- Soetch receptors in walls of heart
and bleod veszels.

+  Carond sious (just above bifurcation of
common carotid)

+  Aortic arc]

Stimmlated by distension of the stacmre cansing
mrreased rate of discharge

1. Afferents pass via glossopharvngeal and vagus
nerves (the “buffer nerves'- thanks Ziad).

3. Afferepts end on the oucleus of the macts
solitarins (in the medulla) resuling o ghitamate
ransnussion.

4. Project to the BWVLIM and stnmlates GABA
mhibitory peurcns. LE. |BP — less distension —
fewer inhib neurons fire — anfon N5 canses
vasel, incr HRE & force

Also low pressure recepfors in  afria and
pulmonary arteries. Effective m conmol of suddsn
volume change Smeich canses Feflex dilatation of
afferent arferioles i the kidney — Decreased
vasopressin ADH secrettion by the bypothalamms
Faleaza of AWNP Tackycardia (direct effect)
Tzchycardia (Bainbridge reflex)

Alsp chemoreceptors- Play s sacondary role in BP
conmol — more sctive in respiratory conmol

Alsp CNS ischaemic receptors: BP below G0nunHg
smmlates  intensa  sympathenc  vasoconsmicton
“last-ditch” artempt to maintmin arerial pressure

enable responses o
changes in arterial
PrEssure for
example with acate
hasmorrbage? (ie.
this iz mot abour
autoremlation)

1. Describe  the
barorecapror reflex.

baroreceptors  and
angiotensin 1o pass.

1 Aimutes hours:
+  siress (sweich) relaxation
*  renin-angiofensin VASGCODSOLCNOD

+  blood volume change and fluid shifi throngh
capillanes




Detail: on Angiotensin I1-

+  Fonued from aogiotznsin I by the acnon of
renin.

* Femnp :ecrebon a8t any given Hme s
detemmined by the sumuned acuvity of
several factors.

-Angigtensin IT feadback

-Afferent arerielar pressure decrease results in
mrraased remin secTetion.

-Spdinm reabsorption across the macula densa
decteased zbsorption causes increased renm
SECTETON.

-Sinmlation of betz 1 adrencceptors by
circulating catecholamines result in mcreased
renin release.

-Incressed sympathetic activity via repal narves.

prostacycling

-Prostazlanding (especially
sHmmlate renin secreton

FX of angiotensin:
*  Wasol

* T aldosterone secrenon (therefore Renzl: T

a/ HIO retenfion)

3 Longer term: rensl compensaton via aldosterone,

blood vohune changes, salt intake

What happens in
the longer-trerm?

et 1

AT M T T e LTS

MU ES

Question 1:

Factors determining

myacardial 02
demand

{Ganong pp 575-768

iy What factors determine myoccardial
owygen damand?

iy What effect does incresse in preload
and afterioad hawve on myocardial 02
damand?

Prompt: How does it work?

11 1) Heart Rate
Z)intramyocardial Tension
3)Contractile state of the myocardium

QR 1) 8troke Velume
2) MAP

il Both increase

Wentricular work per beat correlates to O2 consumption
Wiark = SV x MaAP

Stroke work LV is 7x that of RV

Theoretically, volume changes and pressure changes
should affect myocardial 02 consumption equally.
HOWEVER, pressure work produces a greater
norease in 02 consumption than does volums work.
Reason not well understood

Met result ; Changes in afterload have greater effect
than changes in preload.

Tension in the wall of 2 hollow viscus is proporticnal to
the radius of the viscus.

Myocardial fibres are stretched with increased stroke
volume in a dilated heart. Incressed radius of dilated
heart increases wall tension which explaing the
incressed oxygen consumption

Core knowledge in bold
2outof 3

Core knowledge in bokd.

| Both increase
| Changes in aftarload have greater
i affect than changes in preload




