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Outward Forces Inward Forces
Sum of Sumof  Net
Pc COPif  Outward COPp  Pif  Inward {Out-In)
Normal 26 4 30 28 1 29 +1
Vasoconstriction 20 5 25 28 0 28 -3
Vasodilation 30 3 33 28 2 30 +3
Dehydration 26 5 31 34 4] 34 =3
Frotein loss 26 3 29 24 2 26 +3

Note. Pc = blood pressure within the capillary; COPif = colloid osmotic pressure in the interstitial
fluid; COPp = colloid esmotic pressure created by plasma proteins; Pif = pushing force in the
interstitial fluid.
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A Control state

B Beginning of cardiac arrest

> Q=5 L/min

Peripheral

resistance

P=2 P.=102
{——Q,=5/min

R=(102-2)+ 5 =20 mm Hg/L/min

Control state. The flow (Q,) across the
peripheral resistance is equal to the flow (Q)
generated by the heart. The mean arterial
pressure (P,) is 102 mm Hg, the central venous
pressure (P,) is 2 mm Hg, and the peripheral
resistance is 20 mm Hg/L/min.

{¢ N B
c 4 Qrh=0L/min

p,=2 P, =102

{——1Q,=51/min

At the very beginning of cardiac arrest (i.e.,
Q= 0 L/min), P, and P, have not yet changed.
Hence Q, is still 5 L/min through a resistance of
20 mm Hg/L/min. Because of the disparity
between Q, and Q,, P, will begin to decrease
rapidly and P, will begin to rise rapidly.

€ Cardiac arrest: steady state

D Beginning of cardiac resuscitation

if Qp, =0 L/min

P,=7 Pa=7
{2 Q= 0L/min

When the effects of cardiac arrest have attained
the steady state, P, will have fallen to 7 mm Hg

and P, will have risen to the same value. Because
P, —P, =0, How across the resistance will cease

|——'_.1>Q}‘=] L/min

P=7 Po=7
{—1Q,=0L/min

The heart is resuscitated and it begins to pump at

a constant value of Q= 1 L/min. At the very

beginning of resuscitation, P, and P, have not

had time to change, and therefore Q, is still 0

lie., Q=0). L/min. Because Qy, exceeds Q, by 1 L/min, P,
will rise rapidly and P, will fall rapidly. A new
equilibrium wiﬁ be attained when P, increases to
26 mm Hg and P, falls to 6 mm Hg. When P~
P, =20 mm Hg, the flow (Q,) through the resistance
will be 1 L/min, which equals the cardiac output
(Qp).
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Table 1

Microanatomy of oxygen supply of myocardial cell

Capillaries per mm? left ventricle About 2,500
Muscle fibers (myocytes) per mm? About 2,500
Muscle fiber diameter 17-18 um
Fiber-capillary ratio 1.0

Mean capillary diameter 3-4 um
Intercapillary distance 17 um
Diffusion distance (half of intercapillary) 8.5 um

TABLE 7-2. Recruitment of capillaries

Intercapillary distance (um) Diffusion distance (um)
Normal 17 8.5
Exercise, estimated 14 7.0
Hypoxia 14.5 7.3
Prolonged anoxia 11 55
Maximal recruitment 6.5 33
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COMPARISON OF VASCULAR CONTROL MECHANISMS
IN DIFFERENT VASCULAR BEDS

CIRCULATORY BED SYMPATHETIC CONTROL METABOLIC CONTROL AUTOREGULATION
Coronary +! +++ 4+
Cerebral + +4++ 144
Skeletal muscle ++ +++ ++
Cutaneous +4++ + +
Intestinal +++ ++ ++
Renal ++ + +++
Pulmonary + +2 +

+++, strong; ++, moderate, +, weak. ' Sympathetic vasoronstriction in the coronaries is overridden by metabolic
vasodilation during sympathetic activation of the heart. ? Hypoxia causes vasoconstriction, the opposite of all other

organs.
GBooe Clile gl i )3 Osa s ) e 1S aplali slail )i duglia VoY-J s
[ vasoconsTRicTION | | vasopiLaTION |
platelets exercise exercise ACh
SEROTONIN
TXAQ flow
serotonin
damaged more endothelin intact

nicotine — | €ndothelium | (less NO) endothelium

. adrenergic — \ [t adenosine

NPY ¢ (-adrenergic
® K* channel
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1- The heart: Physiology, from cell to circulation. L.H.
Opie. 3" 1998 by lippincot & Raven Publishers.

2- Physiology R.M. Bern and M.N. Levy.4" Edition, 1998
by Mosby Inc.

3- The cardiovascular system at a glance 2000. Ph. L.
Aaronson and J. P.T. Ward, 2000 Black well science.

4- Cordiovascular system. T. Fagan, Second edition, 2002.
Elsevier science.

5- Cardiopulmonary system. D.R. Richardson, D.C.
Randall. 1998. Fence Creek publishing.

6- Physiology. J. Bullock, J. Boyle, M.B. wany. 3™ edition,

1995. Mass publishing.
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KEY FEATURES BOX

The Coronary Circulation
Special tasks

B Maintain high basal rate of 0, supply

M Increase 0, supply in proportion to cardiac work
Structural adaptations

@ High capillary density

@ Short diffusion distances (small fibres)
Functional adaptations

M High 0, extraction (>60%)

M Metabolic vasodilatation dominates regulation
M Good autoregulation

M Vascular B, adrenoceptors ensure adrenaline
causes vasodilatation

Special problems

B Flow is obstruction by compression in systole;
aggravated by aortic stenosis.

M Functional end-arteries in man, so thrombosis
— infarction (heart attack)

@ Gradual stenosis by atheroma — exercise-induced
angina

M Sympathetic vasoconstrictor activity and atheroma
— stress-induced angina

® Coronary artery vasospasm downstream of
atheroma — resting angina

Assessment in man
® Coronary angiography to locate stenosed segment

B Coronary sinus thermal dilution method for absolute
flows

M Isotope imaging for distribution of perfusion

B Exercise ECG test for latent ischaemia (ST depres-
sion on exercise)
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—— - systole
S1
MC., mitral closure AC., aortic closure
TC., tricuspid closure PC., pulmonic closure
MO., mitral opening PO., pulmonic opening
TO., tricuspid opening AQ., aortic opening

1 450 SIS a5 B slalia SplSe cullad guisle ) — ¥ (3

Lgiday (il @ g 5l ) (S 050 e w20l ke (5 alas (sl 4 3 sl o SIS e e e SailSe cullad Gla ) 2
Ol bl )3 588 e S 5 Sos) W 4350 Bjection Als je g s 38 )0 358 e 4lin a5 5 5 ) jine sl 4n 2

R e Jb i A ) e 5 s 550 5 A )3 G 5 358 (o Al (55 O 9 (S 58 A 1) s

B slalaa

Y sh Ole3 a8 Jsl glaaly ST ) aiijle 4S8 digd e oxid Sd iy A8 b Qlio )50 s 50 anh dla s laa o
iz oaid ik J i 5 b 52 50350 e S (5 5 ) ie (58 4300 JLeSU Gad g ) L8L 4Bl oy (uilS

A e o ik st (Ul ) 20 Gt 5035 (5300 5 (s sl A0 LSl (a8 dha ) (23U a5 glaa US2
SMIdlam e i 53 ) S1 glhuadS ysd wdnsie Gl LS ekl ) Al glhaasuhad 0 F 0
s A0 e (55 Amm 0 o (A Ay Gl o0 G P2 5500 5 A2 sl e a 50 31 S2 slaa 5 T s 50
(Al 2,80 Ay g) Jlan ol 81 .\_'gjigraSplitﬁng QTA.:ASJ}JI._}AM:@\MC_.'a\joug‘qujqacgea);u}m
O Ghmy duin an 5 b (5 5ala0 (gla amg 30 (2830 3l ay S3 sla 2 gdsnid aa (Sl o jlen 5 pgu (slha ol (Sas
AS L jlaa b oy Jahian (68 iy 5 W Jalaa (alisil Jlis 43 S (glaa 5 Al e 2 5a 5 40 qdie (hay Jalaag La jalas

Ll (5 oban 4L Adaes ) (25 s2iS 5 3 08 (e eid J iy Al B o llanil



B9 9l siglesd 0/) Jiad

g;\)gﬁJJ\SJS\ )A@E&z\ua&\.ﬁml

Gl aaal pa (RENPRL i) S el ab) Gl wda sl

MW R ) "}\)g).\JJ\S)S\A_“_g\p‘)l_.i'a\Nﬁlﬁﬁd&ud}\f&@ﬁﬁ)d&\ﬁﬁ{)ﬁé\ﬁ} 2 R

| “ N * 5 88 53 S €1 alias 5 40 () 55 oo | Gl e (sl din b 5 ik ed o5

)5 3 el 3 B2 JSSI 0 2 S ) (A R s S o8 Al s 40 055 e | . ik >

. ) .a & B e .ﬁ ~\ - ‘-5 "
l.e_m.mé '\ﬁéhc_\\_"})hc\_’.a\Mﬁé‘}o&)ﬁnﬂgd\ﬁ@ajﬂuﬁw\}J}M‘SA‘)JLAL:J.\.\MJS L )l Sl

alida gletand ) atily QUL ~ 302 ) <l

/: ECHO TRANSDUCER
CHEST '

N

RIGHT VENTRICLE

T~

TRAL LEAFLET
POSTERIOR MITRAL LEAFLET

LEFT ATRIUM

fo JSG
< 1,81 &le ) 0 Mie 28 i Sipea sl s E~\}“‘ BUBTSEEEY @@ R
- Z,d‘"" Ble 28 ) 2 & > GL-“ ‘ “ |
d ) U g ) Of dah o i b i )3 Gl
ASLC_JS:_'\\' \@;JAJLY‘:_AJP}M,\F\QU'QQLQJA\A'P J(\J{.}Aé\.ﬁ% JI:\} Ja PL‘ Las ”.1:4
o 2 (e > 3 | .
n ) ) 3 (50 s 3 55 Ohis Silad 4ai ) U A
gr‘ﬁ A 2L 4 A}e}l\.u&@_'\ha Jan SLS ja 3 gl gal 3 5d e oy LA Sllaidadia (55 Jled 4
sH 05 O L o 2 ) . :. - o
g A \&;L&Géﬁﬁamum&\.&%\a'uﬁ\ iy bk—iﬂl&ﬂl&:\fﬁd}id&u} J'( 9 ‘551.@_\5\_...;);..»\.\44
69N 2 e 2 U J J [GLaal®) J

. i 3 woaelp g Sl 2
21 (gl A )y Claglia 4 Slie Ol ey o (e pd g o adb 5 (o

Septum




A9 sl s Sslsid 0/) Juad
)JJM\J@J\@)@M\JLJJJ.\AJG.ALJLIJLAJM\‘)krleuk.\‘)\é}ktkhéamdhu‘)\gg\‘uﬁ‘uc\}n\Td&ﬁ:)d

s e o) J) e dng o AR 5 el a0l

Ecw

ANT.
.. AML
cim F
D
POST. PML

ISYSTOLE | DIASTOLE | SYSTOLE |
Jis AL A =PML J jis <)% Sl =AML

d‘)ﬁy%)aaﬁﬁv—m

oWy e i ECG L) saiile ) 5 J) ylae dmg pa Al ja vV IS

) gm o S pa Ll ol Jsialis gla)y ) 2 sdiies aa 4 (CD) Jisboun ey 3 (AlA 5 el gleil i€ o adaadle
Dl S A Sl 4 daad je L G 2080 Sandal sl alite dal e L) LS e () S a2 )1 agy Qa8 S 3 b )50
et (2 1 o B2 JE 81 o ol U il e S0

’7 Sysole  Diastole
—— —t—

____________.—-"'.-_'
Anterior
inferventricular
saplum /

Anterior leaflet of
mitral valve

Posterior leafter

of mitral valve -
Free wall of
WL\/\N

P T i
Electrocardiogram i

G O ) S S8 A L JSE

O s slmd w0 e Glled & ey ) Jsialnd 5 s gla) 03 Jl e 43000 S pa 5 n O o) S JS S A S

LIl e e b ) O oA 5 st L) 5 4S CD Caansd )0 280 (e Ll ) ) i Gay e pds aaas 50 iS50




G 5ol s 3sl3h O/ Jusk
¢ G2 S DE 48 293 e el Jgiuby CD 4akad ) Gy 295 (o JiaS gy 43 Liad () &)y jlad aS ai€ o adaadle
Ol 2 S e adaadle a8 shailes 2l o Jsiul als je (AT g 5380 J st FA 5 4dual 0ad 5 b o liula EF
03 53 1A il Ja gy 30 IS pa ol o) JiS () Adala 4S 3 55 e paaliie (5 800 4y 8 IS s (el ) ) siae A 3 SIS s

R (om0l Oy saabtl 4y (5 ) 1 i Ay sl ) 0348
Wiy J) e Aza0 s ) GsA z oA e O bl Jida 4n ) ) ) s s 4g b il aS S s salia CD Sl 2
) O ARy 58 aS i€ e adanSle 28 oo DE JLAS 2isd e 52 ad O ana 0 59 0heSl st olall ) oy 280 e
ke 4S BF U 50, 28l e oy Jaby d Jsial (slaiil 50 (sd (B0 dila 4048 2y e il 38 08U (B 2 (sl
DU ek clin 35 as 4 adilad e adaadle 48 ) shatlen g 4nily S Clla b 0 0d e g e b sy ag Jaias ) (A (S
= > O el g s 5l bl s je &by AC DU L80 oe alad bl e 4pan Ol s ) JSG (b )0 Sile FA

A5 e oaalie Sones 4 gad a3y Jlaa ) b )5 G maan e Gl e S s LaS adl

?AA_‘)LI;SAAS;

Ao Gy pan LB AN an€ ) s (e aaa 4g i | Gy )38 st gen S ida ) e dale R
b an e aS Gl oad JiSET Jl € ) adls ol

g gl paldl T Gl gady 1

halgsl A dE TV oss oA

Ad asnaails (YU ol B g A Aaie g aaa HL AE e

30,8 Gy al |y s alite (gla ana (sl (b (Gl ) (ag 48 ol o2l Caedy Oy e Gl 4o Fade () D A Jae
03 S (58 5 )31 1) (passive tension) JLa (b sl s

ol ) (U HLaE ¢ S SN el ja ) (a5 03 5 ey 315 1) (s alite (gl s sl Gl ) g B ine
‘;AQL&_"\Ja};g)mg;j)_nQJH@Q.L.U\D;&;UI‘T;});\A,,EQSIA@\)q,;s\m)sggﬁiw'm\ I (active tension)
sz A b ) sA il giei ) 0530 8 e i e clial g 5 5l Gl Als pa ) B adl5 50 g i

B | _end-systalic
Pressure (mmHg) = PV reltonship

1209
afterboad uﬂ S _ ‘1 !S e
80— S
40
preload end-diastohe
.+ PV relanonship
0 I T T
0 40 80 120 Volume(ml)



G 3ol 3slas &) s
= @l st Oay JA LS s 3L ) Haat ag pale (150m aaa 253 U Gy aas (0l 53 LaS 280 e LB A (Fate
228 Gl 3 el 200m] ) sidin Lo sead ¢ il (gls aaa 258 e alad) Cial ) Sl 03 53na () 3 (B8 5 8 sA i S
DR e ol i g 5 R i 258 (oo Oy LI

23 ) ga yify Rl le ool Ol Sl o8 (5 L3 (30 Jlae 355 i QlB (55058 4y 8 4S80 e gLl B aie
D) e Op D) oY 4 Cuald Gl a4y 150ml 250 34 S

OB 1) O Jstean A e 50 03053 48 2 e plad) 5 )0 53 aa U J il Aa ja )0 Slee lf 48 285 10 i (il 1 )

Al

i Alae & s ol 8

)uﬁui})jaggqﬁ}@l&m\wjag‘b@\u)ﬁﬁﬂ ;w@\ujﬁﬁkﬁ)ﬁ)\qgﬁ%'ac}gﬂ&d%bc@&
(2 Mgl (5 iy (5500 2L iy e 2aly 50 Sl dlaadian p) Jle ) pen ) Sl Alae 3 e O sa D gl
Al Gl 380 Ly ) sdaie ol 4o 23S e oaldin) o paB (i) 341 () s (2 sdiae planiie dliae o (g jilin led sl dlaed) ana
o el dlae L) b ol i g 5 58 Gl (S pa sla a5 (Rl 53 L Grias e () 38 (el (5 5 0 S S
) a5l AS a3aa o) Sun el 53 ) oy i (gh s 5 S el aneilSa 53 oyl ) 153

Mol jind Jsh " sl

Slaansdly 58 jls a5l 5S35 ) arnlS () Jaa ki o

e e i ) 353 bl 8 G (sl adaal Sl b anliie 8 e

B 5 Al e LSS 5 S S Cullad adal ) Al

aliae 3 il s i aliae )y Galdil Gle ) 4o dwe Jradly Glae ) G | ) Coad dy 84l Jla ) s (ol dbae j

- Ocular muscle
=] »~ Gastrocnemius
<]
N
IE] Soleus
=3 [=]
2|3
=T
Sl=%
8[en
w—l=sh
ol =l
gIEN
Lla ::
1
[
II
i
il
¥ T T T T }
o] 40 80 120 160 200

Milliseconds

Ve o U5



G55 5o sl 8/ Juk
i alac g g ge gl ol Jlelala jo 3 galdl g eam alail 4 Jae Jawilly AUl aliae 50 s ol Vo JS3
Sl G gldia Sl

() Cardiac muscle (a) Skeletal muscle

Action potential
Plateau phase

Muscle contraction
Muscle contraction

Membrane potential
20104

Membrane potential
80104

0 100 200 300 0 100 200 300
Time (ms) Time (ms}

VY - s

S G e Jshas daaa el a3 LSl 4 3 pina Caely i dlime Y 5k Jae Jansly o padidia 1) (58 3 48, ) shailea
ahae 0 Al 5 Sl gen dado (il g I s g (A8 (bl b e Sl Glay Gl 248 8L iy OIS 5505 2 5 5SIaa
Lia 5 (b Ban lajan & paay 5 2010 BaaSo b (S i) Bl Led b S i alime 5 (595 298 i alayl 8

A)\.\jd};})}l@@@;d&a\cijﬁy

Caal il Jsha st SaS 4 @ ) aais ‘

Gulla 52 3 S g0 GRES Gl 58 358 e G saa (e s ST sleladlid (i ad b IS Aliae Al ol dliae 5 ialisi)
Gl 3 335 e IS 4 C a5 Camninn G 381 el 3 58 a3 D5 3 (3 S (i L 4S i
O30S0 Y/E LY G aal il lls 53 la e sS jlus Jsha 4S50 ) s 0 250 20 ) (O 4 Capsbias (g Gl ppalS culale Loyl 5
a8 Gl 38 Caely o3 gase () 53 S pe el et 3y 8 Ak Clla 53 G hse s ST (sleiladld (LS 5y o ) e 250

d])\s"wml.\s.}‘ &Jﬁ J.&b (Optlmal Valve) 53 gAsa U—J‘ J\ CJ\A )A}SJL»: d}.L:AS.)JJ).AA BN J).A:IGAd‘J\S }L:;ml.\s.}\

e i (A8 apnlS 4 Gl il aliae Jgda juad ) (30 Q8 s 50 4S saly L Cladlae 2y o0 (LS

01 Gayied Jo8 Jled Lalas sy ypad

\ S il - bl i (48
b cpad Starlingglﬁ]\‘\\o duJJjFrankéle\QQJJF\}\JJJ}JALUJUA@A\@J&AS])\W

Q@Ju\_&\)ﬁw&q £ s sn Gn) 23 s CaBS T (gamy bl G d g Jginby 3 lf (a8 5 ) s g ol il

TR JE SEPENUY - TP S FERRECE T

HHH|||||I|IIIII||||||||||| IR

T
20 40 60 SECONDS

M
I

Y]
o

Change - ml -

il

Ventricular Volume

\enous
Pressure
-



G5 5ell s Ssloaid 0/ Josd
Al Gl 380 55 JLE8 () obed Al ) Gl 3l g 58 0 S e sanliia | Sl Uil A ) Gl ) (snseal VY JSE 0
Ol ) A pm aaa () laiae 5 00 0ala (EAIS (g )5 LG aay S il 025 (e () Au pm aaa (il 81 Eae by il A1 ol

Cand 4l Al 3
Lgam Jsbuge casd oy o il 0 alias ja 48,8 Gl 055 (e ) sl a1 Sl il il i ¢y 538 Cl sy

s on aladl (5 il bl (55 50

ﬁ Frank-Starling law ey,
cardiac "q
output

LY

end-diastolic pressure

Sl i @bl i o8 )Y S

ol n b Kialas Al o 2 e wlail ((Jsiuln O aaa) 258 (52505 b e Wia 1 358 03 50l 500 & e 4
) AR (Jgash g omas sla aluan b Bl ) eaiy ol 0l e aS T L il (g) 43 e aaae Jgiuln (LG aaa

gl ale 4 4a S ol (gl Ay ia aaa Gl 38 dada Ay BB e (g o il 3 sdee 28l e Baba i o )l A il

=8 dele il s 2sde sanLie i 8 L i Gl (ol e 45 (58 355 IR I (80 ) (st o R s

e Kl S aSn L Il (34

>

Systole

i Ve IS

Developed force or ventricular pressure -

// iastole

Initial myocardial fiber length
or —
Ventricular end-diastolic volume

AR



G55 5o sl 8/ Juk
53k e LS aliac (o5 2 5 a8 o) )8 A edsame ) o )LS sae Caal il J ke 4S5 ) a0 e LISV E S
O Ui Alls i a2 253 50 02 3 (A (GBS Ay gl 5248 Caiyl age 453 58 o0 B8 gia B aalii) e Ll
GO smaa Uiay o adined alls 023 s ge i 3 paisaalia | la Gl () sae os8ile 31 Lal 288 i Jsha (Jly pn i

Osd Dbl il jpad gl i 50 Sl il -l oy 8 (o)) i

ui;a\)'é\L,mS.\MgAuLmNOJS;}._Lu\&g\jou%a)pgugﬁgﬁgjguﬁ)hﬁu\)ﬁﬁkg\ﬁﬁ&gjm\éj\)éujsté
O DLl 538G 2 e HUSE) ASG ae jle Gl saile Gl lines (BB ed 50 150mmHg 4 100mmHg ) o5 ol
i e (5 m (BALS A ey Jland U8 358 LS G 331 ¢ L il 348 cand SS9 | iy (ISl o3 0y

JEWKYY PER

Normal range
’——'_A—ﬂ
5
B4
3E
o £ 34
Qg —
Ss=
T 24
Q
1 4
0 T T T T \
0 50 100 150 200 250

Arterial pressure (mm Hg)

O i Ol i 5o (lBed sy il -V oo

Sl i - ol i 8 4 5

223 Gl i )S o L8N DB A8y ) shailan 53 pdae W e oS Jlu Cand il J e Gl 581 Siels J i 5 D8 s 053 s Sl 8
RYEPPYS- 25T [N P-NWIRLIT RPN PL PPPET R ENIIK PR GUPPNT . SISV PP JUTWINEN . P

ilie Sl Uil SSl 8 051 ) 6 8K Gl aS s Gl Jlad (g5 0 dlal b)) e S e il Jglaadayl 5 VT JSS

SARCOMERE LENGTH P
TENSION RELATION s
/

Y- S

T Resting
Tension

WY

2 1%
SARCOMERE LENGTH. um



BsF 9l s Jslsid 0/) Juad

Sl il i 18 e

oS S gl A (B R (Sa e )5 2 (s) dwdie a3V (a3 OV 2,008 5 s Cpl Cuenl )

P1

Je= ()

VYo JsE

) e Ll 058 (i3 R Ll o5l

Q= PI-P2 * Ca
. (Conductance) 45 culaa cupum j3 adgl ju 0 JUEE A o jua duala bl ol 0 (Q) Al S0 3 e (s
a8 Jidin alsl il 0 e (s 258 0 el ol s 4 i€ (a8 4l gl el agliia ) il g8, R
Aasi e gl A oo bl 354 B0 o ga gl Al v i b il (8L and bl Hlad ale (0 yiage
1S
) 5 C023 55 =Y 5258 0 Sl (3 Sse 5 O 5mS) G pean 1) 258 D) Oliillad (5 )5 i) 0 (AlSu) COlae
Al Cibia Sliae (il Jd el a5 0l ge 5 (A e 3l ge Gl it 0l (e Gl 8 Tl e gl ) 00 0 5e il
@l alae ol i 258 e mbiialac (g5 GBS liae awdglie L oalile dagii 53 yodd aliac oxi€ adai e
S (R 2y e pladl g S phad ) 381 Ly B 3 LS (ol 4S a8 Gl 3a0 1, S5 culaa o5 Al (A gl Gl 8
Losd (B8 40 o sl Dl aa o Ow 23 8 (e b il Gl 5 ) las ar Gisal slad s Gab Dl el o sletily
Dt s Jala s 52358 e 3l ll g Ll el (3 Calgd a0 i Sl ann s g oa s N 358 i Q (e
Lo (sinls Ll aas 258 (e il 215 Jsialan o sleiil 534S (o3 aaa Gl oy Jla o Ll 058 K aas Ll
1 s 6) 4w a2 EDV 2 (ol adaad i by ol 48 3 )la 1) Capan ) ol S il il 4 (9516 2 5 e 02 EDV
e s oy iy 0 lial 033 4Ky ) ghay 23S e e T Qs 4 Bl 1) b Ol g eadiagly s a5 2 e alald

Ex

2 gad

VWY



A9 sl s Sslsid 0/) Juad

,
s
"
300 v
Ry
&
a4
1 R
A
’/
200 — J
TS
</ RT
= 7
E 1 Ikg/em2 - i
= -~ s
£100 - =
g K AT
E /‘
s ] /
"
® 7 __. - \
I 200 — A. Heart muscle
: £
F
8 TT/
100 | i RT
—T1—20kg/ paa
e 9 ‘/;
AT L
T
-35% Lmax +35%
Length B. Skeletal muscle

YA - U5
L i alac (RT Jsinlas Yol yinl by bl 51 a8 5090 5 (AT siem) Rl & 5 08 ) G 508 A58 VA S35 0
3 pfiae 3l 5 oSl aal il Jgha b o el 55 i iSlan L3S0l Aliac 534S Cand () age 455 Cans) 008 dunlia iS00 Alias
(s (55 JiSIaa 0l g ol alime aSilla ja(ailal_ALmax U2 bl g g b 2 adises Gu 3 Jabds Ol Y geal )
R 8ndjhe o I dsubaaas o Jlid ciate gy (ol 3) adaii 0 RT L (sl sleil jliad 4S il
Gl 33 5) s Ssa ) gle Al e dga s analiac  Jsiubnala je 53 gsd 25 dib 4 aS L siuln (gleil JLi8 i aliae

JA;JWULAJ)Adwdj):}JuiALSMJMAS JQ\)&}A&‘QJJ-\M@(QEM Caal yiul Joha

Sl 58 sl a1 5850 ) aandS () e paali SaS 4y )0 ppas

aliac Jobu ol oo 5ad CSaansdly oS sl o sl 585 ) Ha Gl 51 U8 48 Gl S () e b canslite QI8 (aldil ja o y08
Janily 488 als ja 5048 Sl g a5 capnlS SLelUIS Gy sk Sl asalS Gol ol Gl sy (Jslos 7 A apnlS Cubale 45 B8
Gaob ) 50008 e sl 3515 2055 e padai Ui g )1 5 Ledga ) 38 das 5548 canndlS (5LeIUIS 335k ) i 5 2198 oa Db Jee
$3048 ale b Gl i asd eaiig; 0som dslu ) (Na-Ca  exchange) aS - apdu alilie ausilSia h 5 oammdS uay
e podle A2l ) ol aliae (bl <y 318G il Jsle g A adS lale 5 a5 53 5355 sleal)

pralS 43 ja gl aliae Jsla (bl

1320 38 (0 a2 25ee spaae ) iy s Sl ol sk sme L (5050 ppese 53 (ol Ly 53 e Jpasilly Cylaa

M\Hb\éjhuaf )JL@J‘J\.\&S}MJ\A)\} L@JJL»Q}LJLAUJMJ)L&}JLM)&?SL@)\dugapjuncti()ns

i



A9 sl s Sslsid 0/) Juad

Gap Junctions

Transverse Conduction

= Higher axial resistance

= Slower conduction velocity

= Higher safety factor

= Shorter action potential duration

Longitudinal Conduction
= Lower axial resistance

= Rapid conduction velocity
= Lower safety factor
+ Longer aclion potential duration

AT g W

Ol jid Crga 48 25510 (5 )28 shaa (53l ) sl 3 LS e (sled s 25 0 Coamn Al (sled shos (5305 (5000 (el shaiay
O L 848 058 e el 2 S a0 8 Goa (B Rl si i )9 G 3aS) ol (5 )5 ATP AS Jlaie a5 5 sl
slae o (Kb, 55848 (T-tubules ) e sledsisi 25 (b sled sl 53 a0 29n5 K e ey Dlme Jslu o 61

ARl i iz A e b g e YAl S 08 e el 2t ja S s Z dashad jglae 5 sl Bac 4
el jad 05d e dslu )l (miae gled st Baob ) 5038 e L sbu o 5l dwe Jawllly gap junctions B2k )
ernalS LIS cJae Jrailiy 44 518 50 capnalS (gLUIS il L an jate dmy (e Z b3 jglae 4o @b ol 148 S
ol o iy €l Ol e s &) a5 e Jslus 3 )15 sl 02 S ol S Jls 5 amge (slelsasi 2 25m 5 JUl 5 s 4l
o S o 05 8 b padS (trigger Ca2+) 25 (oo hiendly oS sls o o585 5 Sl ndS (50l 5 e 2k A3 el

528 A (il Gl 5 e (sl g (RT3 5 (a5 Jlad Tl (08 ST el J sShe i g 4S 25

Catecholamines
Y Ca channel - rwu-lf
=T Ca
o2 S sandl
el Sarcolemma ! | Sarcolemma :
Adenylyl = A,
ATP 1 cAMP Ca
cyclase B Jolew 44 us
cAMP-PK

A\ .
Phosphorylates P—Phos_fahclombun o (ATP)

EESRE e,

Tropeonin |
S~ .
Binding of
Ca™" by tropenin C Ca**-troponin
complex

— = inhibitien —
+ = activation -

Mycﬁ larments

Gl - Yo U5
psd Sy 54 e IS 398 ga g8 38 aldil 2 8L A S at ) ey Sae oS Jlua g 1S ) e IS s

o sala s g}&_ﬂ\\‘~ ﬁ}@)éu)mw‘dﬁﬂ%cjh‘;\@‘))\Jd}&“)\)‘}@‘.@-ﬁ‘)\)‘d}ﬁ%k—i—}m)ﬂﬁ)\“

VO



BsF 9l s slsd O/) Juad

dal 4 el a5 Gl (CAMP 4 4l 5 JLaS (5 o Jas 5) (canadS (SLeUIS (03 5a3 4y jud (5050 ) W e 5SIS ol
|5 ol 508 5 aparl€ g ) tle s G 53 Gl 5 e s €1 s aiilan 0l ol 058 g sl
Asd a (s aedS ilale il 38 Gl it aland Gl S GBS L 5 ke A apndS cilale () 581, 280 e Gl 8
G508 GRS 4y anelS (LIS 0208 jlea (sla5)1a Sasad i 5 et (mlbaasd Ol 8 Gl 81 ¢ b A apnilS (falS

55 a3 IS sp0 (sl shas (ol

M Na-C
- o =0 MNa-K pump Cardiac

exchanger

1 Cc : Nc glycosldes
- Corume,
() ( \j’" _(AT ]
S0
C Ca'” 3 Na K
Jolew 5 Cardiac glycosides
inhibit Na-K pump, which
= inhibition A results in intracellular Mo
+ = activation accumulation
C-Ye

O 23,8 el S (gl 3l agn iy oS Sl a5l oS5 5290 e a8 gia b JA10 43 a0 5 ) 5 J s AaA
12i8la odae ypesa 33 Jabd 4S5 g oo e 3,15 Jlad oy gy Jsiasln als e plai) g (g20xie Jal e B cijh

O Ay jid L ay ) 28 e (550 en e g | sl JA10 2131 S 5 005 Jlad a5 s o o1 oS35 ) el aay )
Y8l e L eV oSS 4y 4l s CAMP () e €23 )8 (o Jlad CAMP 43 4ol 5 JAS (4 5 Jaw i Phospholamban
o2 ol g () se sy s 8 Jlad Lol C g5 35 08 I b 5008 C Oisy s 58 40 S Jlal Jlge Sy T (s 5 58 (02 4Ly jid
2R e e G yse 5 S Bl )

Obe (il 381 Caely (e e (958 Jlad Ly J iy J3 a5 J st Ada e 50 0 La (e SIS 4S 3y 58 e 4 sl i) 2

A e I8 () 4 paa paas 458 4S 250 i aaa JLEE AR o)) (38 o) YY) JSE 30 pd e a8 JE g (bl i e

Positive
inotropic
effect

™

p-adrenergic | f IR LN
>

Lusitropic

Ventricular pressure

Ventricular volume

Vs



A9 sl s Sslsid 0/) Juad

s (Yoo b giate ) ol rha (il 381) Cue g i) S e 43 @l 5 50 500 By S 548 a0 (o L B 58 gy s
GL\.HIJJ(.\.Ajb_\.jad.j:)r\aﬁ).ﬁ.u})ﬁ.ﬁ&;\)ﬂﬂ‘QJIAJJ&,\JE(;.Adﬁﬁw&&h(%gw&&w)éﬁs@uﬁg\}‘

33K o onledly pan (IS gl A s paa G el (55 3l se e 4S 258 1B (5 L (pall

\JDJLA_&)AML)J)AQ_\IM mﬁ@muﬁh&)wuuu“)d‘)\s_ya‘é@jh‘)d HMEL}'LJ‘;J\AL)AL)IM YY JG

led padidia

Myosin

4

TN-C . ES
Actin : L-type

calcium

Ehospho: channels

lamban

YY s

Action
potential

YOS

Juid a1y 208 sa Jae Jmly 5 5 ol i VA JS0d 20 o8 An bl 3 3 e lf sl 35 48 apudlS 4S i€ LS
Lo 53 med GRIEN (Y0 WY ) caijian) 1) solaclle 81 aaane (L oasdS GlllIS 605 jlea (5510 Sy i yma

ol 438l GalS s (bl G ar g Jee Jaliy 4S Gle ) ab 4S5 gdine (e C J8S Gila 3l

VY




A9 sl s Sslsid 0/) Juad

JJ\S_,.Q.AL.E‘S‘)&\Q‘)..AA

(b o) aliia 3 IS 52 (5 58 G pae

bl (e ) e * oad dlaal (55 Ol e

il p o8 Gl el age (Demand) < Dls O e 5 (Supply) 055 GBS 4na e el B law o
A O Al ) 523,800 J st 3 o2 dlag) (55 Rl 38 el 58 Gl Jsiuln 22 4S Gsa laie a oKl il
el LR A8 0y (g yidin s (B8 5 (55,5 el dn Sl QlB e alil (55 Gl 381 L liia 298 e gz LA QB ) s

RN PENY (ERP< T J PP RUTIR B P PP P N PR

QB 3LY G883 S

S G h 55 S 1 oy R
T=P*r/2h

BNNUPIRE
(WT) Leihay 0 o2l alag) Jlad () guaails = (Ghay L3 *phay Jalaelad ) /Y * Glay o jlas Culdua

b Ol sl A o U ey LS o) 4 ey JA 50 3l 280 100mmhg < s sials i K1 aane ol YE IS
S paa il 38 Seada o) g Ll aa) A (g ik Jlad ‘_5}).1\&&@\4_})'1&3;.’\5.\:&)3\))Lﬁumdﬁ]g\ﬁaﬁgﬁ)}gﬁ)g\
L;j)_'\\%\iLg)l.cd\;)d)_aﬁ&\}ig)ﬁéT@j@¢(ru.'"m15)«?\EQA}A&?}S}&T\MUA@LAJJ\J&JHQ_M\Lﬁj)&\
(JJ‘)/K._M.\:\AAJLSLJ‘)AQ}AA

/AQI"CII_.J.'

100 mm
oo

/5

JAorta

Y S

% A

‘/ 3
Pr\ P.rd
TENsION (Bt ) } rension (Beb)

A



A9 sl s Sslsid 0/) Juad

(e ullad 2l 53 ai Dy gam () 2 0253 e sty gla ) L3 (Heart failure) Sl sivos Sl Sl o 8 8
D35 o0l 530 53 25 se sy (55008 S (A (sl s (38 g8 4 i) J e al8in 50 8 5 e 0G0 4l
(Heart Failure) Salsis (8 (Slo )l 4g Jise 4S (5 ey 3 alber il ag G 9532 00 8 7 )& G il (5500 A
Wl ) GO (gl 28l e

oS ol o (s b Sl

Lealil a3 5 800 a8 5 YL sy Uil ol jags lagle (aliial

b Rl 5 3l 1 seal 4 Sl sl 8 Sl )b 43 Sse Jlaw gl 2
U 331, Contractility (o sbo da1s apedS (30 581 L Jl 50 258 oo 02l jaa (a5 )1a 5 JW 50 Sl (s obam (i Qe 2
S sS85l A )1 4S iaa e KT preload s us B s bl Gl 5 an ada b e sl sl 5380
e Gl A a2y 4y U 43 o il 00 (959 ¢ iaS (55l e b 2l 55 e (DY (58 (Buda (8 (i 250w

D0 e O ) i Lealaiha g 9 S s ok oS (s a8

(CO) Cardiac Output 8 o3 (5

Gl i Jand o gl 4y jmana bl 500 K ez Al Hlaiiy 048 Sl aas Gl Bed (g
(120 - 50 = ol st b ans 5 (Jsinby JLb aas O a1 (Stroke Volume) B gl 4y aaa ol
sdsiaa )3 (prpha ) pday (8 UL i a5 200m1 S OISE ) )5 50 2 55 oa 50350 T0MI 2 Lo sin ) shay 4570)

2l ob Tachycardia JMa ¢l ) w5 Bradycardia JMa ol ) JieS <l jia 2dlue 60-100/min

CO = SV * HR

ol O 0 )3 Sise el e

b atihe (lBed (5 50 ise dalse
Preload

Afterload

Contractility

Heart rate

AR




A9 sl s Sslsid 0/) Juad

5S34g Y ailue 5,500 age Jule 3 (coronary blood flow) ¢sa (i R il 38 (g) s ld ) 53 (358 Jal se JUS 50

il aal s 358 Jal s 584 D3 2 I e 5 (3683 )l s el (55 Jlied 53 la ) A Cullad 4S

(Lk Uiw) Preload ‘

=S8 )5 eyt i gy e s il (55 350 iy A AS i sl L (58 e ) e

(Sl o

358 e oalii) a8 (ol 38 Caely ol o i) 3 45 S

The sliding filament theory
Agtin Myosin
. Y Z S/ -
o | o :1 ’g
- : E
« E
Sarcomere length 3
=
+ 2
5 a bed e | =
a—F L 108um  _1np =
s 8
b1 . 1.85um © ]
- i g
¢t —f=— 2.05um é
dn:l:; = = 2.25}['1'1 __Ee 0 -
o fum 2um 3um 4pm
&= = 3650 Sarcomere length
As the sarcomere is stretched, more crossbridges can form (a—c)
@Yo I

. <« shorter

sarcomere length

longer _ _;)

sarcomere length

10 100
Ca2* concentration (uM)

llye _ Jsus

Gy 03l LA a5 aalS S (glgilale 4y aliac 25d 0 ab) S lu gl JBgaS 280 e i & YO pgal

4 o (s s (bl Jalse a2l e G (sl G s BB 500 Sl 40l (e Ol 81 1ad alae

5 g (51 Ay pan 5 (bl 58 il Ciey 121 5 Ay e il 8 S

Gl il A S diga (- Yo di_.i})J\)']dML@A\MJJJﬁﬁﬁhéJ&AQ@@}dHﬁaJL&\&L\uu)"}“;.'gba

A 5B sl (5 sh A i Ll o) - ylaa alime gk (il ) 43 Al

sy GRAS Gaely Uilel e () 40l 2 e LB 1) 3500 g et b iy (g s 50 e it dalse Y1 gus
Gl ol i (L pan G i) ) a3 45 sl 5 a5 (s il (L s e 5 0353 S e
ASGEJ‘).&)JQ“\L)MJS_“)A‘\SJ)LJM Aﬂwﬁ@i)\ﬁjwu&h 6\:)}@)&@)\&»\-&.&4\)3‘)}4&

Db 0 SEDV 52l o caiily (il 39 lady j5 o g Caimaa (59 omac plu 5 b 502l 22l (5 3 piid Jlad Jlaw



A9 sl s Sslsid 0/) Juad

Ventricular Performance

Total blood Body Intrathoracic
volume position pressure

Ventricular E.D.V.

Atrial STRETCHING OF _/
contribution to MYOCARDIUM

vent filling -——— Intrapericardial
T ] pressure

Pumping action Venous tone
of skeletal muscle

A PR N

:EDV 2 )80 Jaly jLad s

D34S Canl ol g 30 0 aaa 2l gy e 1Al A dhaie B30 B ) (o8i 5 i IS 4S ) (g AaS oy 3 1S
530 s e 53 1T a1 (5 el g Ll Clild 35S 5y 3 )5l el g 2 ol Lgday (g0 sl p 530 5151 50 38 03 525
WS e e glia (8 D s ans ) g g

2l g4 R )58 SU pla Jayl p5 50 lan 25, Yl 1S 5 L8 IS 5 A 53 (g yisd 5l cund ) 048 Syl pd 0
82 s n 5 GRS e )0 A cagee Jla 2ph e omlia YV IS 04K ) shailes (g lan Cpin 3 9 40lA5 3 IS 5 4neS
Al (ALS (5 580 5a 2 65 i AS ol lE Cal  Glay 5 W Salan 555 Sl alBed (s e cly e 5 ) Gl 55 B8
YL s JLad 5 lan g8 slaay s (Kiua i ad pule aaddi 0 (laasa gy s 50 LS 52 4l a2 pile) dias
Al e omaliia | ol bl YV JSE 248 au &« Cardiac Tamponade <l osl 43 «al 438 (ialS preload

N

AR



A9 sl s Sslsid 0/) Juad

PATIENT IN VARLABLE L= /
DEGREES ©F SHOCK y
OF IN EXTREMSS

DECREASED ARTERIAL

AND PULSE PRESSURES

EDV _» O )l 5 4l dsadd Jala L3 (il 380

Qﬁba\ijjlqu.«s‘;&)hﬁo:ﬂ}m\@:\Aeaj\_;ﬁ(a}ea)aea 2,00 S8 T AN 0 i ald aS i 4l LS Ml

e

LS 35105y gaail 3 23 R Cufla by 54y G ) (ke L3 o) R 2 e aghe e Gl 58 i 5 (5 s s

s dsdne uia (glad 5l g ) ga a3 A&a 1348 3 la 355 Tension pneumothorax Al 4y 4ims 4 deda o 65 Al o

Dl (ol 02 (50 Adpes dad Jals L8 o2l 38 (0l 81 51 (Bl ey BAS a4y dayl 5l ) 0 L sdaai A a3l s 0

oA e Oy B 4

25V oy s 2 Ol Ui 5 Diastolic Suction

DA 3 ba i sy (ol 250 (e 20l i Gl ISk 0 a5 le 4o Gl 4n Galas Dl s s e Gl dsiuba g s 0

Angh 3 5o oy LU 5 g e 023 U Gl b (¥ SIS ) 5 L 280 48310 cage (385 211 55 a (UR005 ) W (e SIS

oo (It 53525 Uy Jiald o) QLS ety 353 4S) (8 0l pam (YU Jlans 2003 2 e 5 i oSS ey

A5 ga () 4 e ana 08 g il 502 (a3 )15 S laie 4y ()58 25

(=\iil =) Contractility

i o 8 S 580 @ jle 4 gad sl sS 5 el 50 i aliae I3 5 g0 U155 ) S e Contractility

AL e g S 0 il QW (bl ey 50 Gl 8 5 5 00 Al g gy iSIaa 50 (il 381 ) ey 4S ca ) 81 5 agle yy

B e Ol s (Inotropy )l oabiil meha alis (5 8036315 L ) (SleS) S ol aa

O3 oA O s Jisiu alBa 53 Gl LS8 Gl 38 e ey oo Gl 381 Gl gl (gliil LSS (Ll 5 i) li ey

Banely ey 2l e Al 4lae Contractility of e JSobilas clial g 3 bl Ala ja 50 L3S i cud Al o (lalS

UG58 sla s 8 o jlul 8L wFjection (il 53 (s35ma )il 5 s il 38 Gis Contractility ods (s )z

Yy



A9 sl s Sslsid 0/) Juad

4 i g S (5l 4x R 258 e ealiind Contractility paald ¢l o)) sie 43 4ddas oS 5 elidS )0 1Al adly o JSia (san

vy

Al e (5 031 B g dy i) R 500 IS 51 Al g g 0 ls LB b iy

".;‘: o = Control
2]
E o = + NE 0.05 y/mi
E
g 0f
=
=t
o
£
)
S
Fn
g or
@
>
0 ! | |

Afterloaad -gr-
YA - S
e LS J s 5o 1) G ey Ui ade YA S
A 53 Ui 5 oS sl CB L ey (i C ae
oabil 4da ye Ly Gelas i (i ol e s
2l LaS) SIS el ) e 4 2l e Sl 53

z

RS

IS gealiae b old oS Che yw daae LA YA JSS
Somalac aS ol S glas Lyagd 38l ) el
st S 4l ) G (YL S 280e 3l (bl
(6130 4o 2 olS S e s 38300 (LS 5 2al Cansdy (i

inie s Cnl o aily () 380 lyad culd )l

e QLIS sia | SIS S G 58

160

Max dP/dt

)
S
1

80

Left ventricular pressure (mm Hg)

0 0.2 0.4 Time (sec)

Y4 - S



A9 sl s Sslsid 0/) Juad

438 el 56050 58 (A5 w48 JISE ) 5l 2 48 Sl 3 )18 sae (sled sl AL 4 4usl 5 - Tnotropy b el (bl mlas

258 ga i) el ) ) ey el S s s) S5y apmlS 0 R Gl 8 Yl VL

Normal during

A . exercise
= Maximal activity e e e— a—— ——
Stroke A
Volume
Normal
at rest

Contractile
State

|-Walking =
c * . Heart
failure
l=Rest = o — _——
-
SN
D
Cardiogenic
shock

.
>

End-Diastolic Volume

L) S )y e S

Slasop aSapSaa g diange ol | (Sl )bl — Sl () 5il8) gl 4 ek aaalb EDV adayl ) Yo S5 gl Jiaie ala
O sam Gis al8an el asd g ol UL Jlen G ah e GBS LESI IS e by G D Cae g A (Aaie
Al 3 )8 Al )3 92 Gl gl el i K die 04 EDV (il 38 i 40 SV ol il 381 g S il — S i adal

AoBae 0560 C (sinie ) e Lal 3iSa sdliial A sinia kel )

Y¥



A9 sl s Sslsid 0/) Juad

Force-fregquency

relahion

Circulating
catecholamines

Sympathalic nerve

Digitalis, other
inclropic I.gEl'lli

impulses CONTRACTILE STATE E)

VENTRICULAR ED.W

LIS IS iga Jalge — ¥ U5

o OF MYOCARDILM @
Z 1 .

3 .

s Inififse Pharmacological :nn:u

E depression| depressants l!'lp;'ﬂipﬂll
= Lass ol cidosis

& myocandiym

I —

3 ~

= |

o

: %

=

w

>

Qm&hjﬁeia%})}'ﬂ\dﬁ\}cgﬂgﬁu)\qm;y)*ﬁ\)))\i}y‘;ﬁb\eﬁﬂckuﬁdﬁ&adn\}c OV (S e AW

S-SRI SN St I AR J-F - JUPSURE Y- VLT SRR JNUR T PRVCRD- - RIRIRNEC T LR

A sdine SRLES) IS GalS Sy
(L% o) Afterload

Yo

i le B alae 5020 58 el sal ol 2l 2l ) 3 sh e bals dliae (alil ) G dS g0

s Ll 4 ) ) 258 Lo S lay ()63 4S i g 500 -l
(85> Onrieage )Osa L8

(e Ssla) o5 ) Sy

a3y et ol IS €503 (YU S ) (5 A sSms Gl 5 053 L8 U 31 4S 5 e 0

+Sto
Stop 7 P

1 A T [

Muscle -

Preload -+ —

~._ Tension -
transducer 2

Muscle i
Preload — —

Tension
transducer 1

YOS

YOS



A9 sl s Sslsid 0/) Juad

| 35l il s Jila 1
A o oala )8 1y aste pmad s Jile oyl jo 503 S Jeatappal Gaph dhiay ) ol aliae 4S 0K e 02alia TY gl o

.\_5..1‘;;:4\1.49 Gl i) Joha et daely

/Stop
r

T S

Afterload —.|
- Muscle
Preload —«

- Tension
transducer 3

v s

Ailal () ) Gy 4S W 435 50 5438 S 1YL 4 5 a0l O ja sla o) o S dan 548 358 e 0L YT a0

iy et |y aliae Caald il Jgha il 65 20 6A5 21 00
Gl o) Saal il s 3 502l adia dliac Heia g 20l 03 S adlial | ) 26l ) 48 ) 053 4S S e saliia Y gead o
e sl A5 Hla e a ) s (bl 5 el pat ) Gy el S e Jaad ] a5l e yy4d 5l Caad i) Clls 3 aliac

R

Initial length constant {11 mm)
{preload 0.4 g)
Increasing afterload

= b

4 R C

N
(=}
o

Shortening (mm)
o

=}

»
(=}

N
=]

Tension (g)

[=]

0 500 1000
Time {(msec)

(8 aliae bl ja a6l i)l juad a8 Yo JSI

\td



338 3B sdslad o)) Jusd
5213 (i AL ) O s i aliae 5 (Kool st 550 LS S 5 aghe il ol pd 53 350 5 il jpad Yo JSE
L2y e Glis | Gl o 4 o g e (S ie s ) bl sansdld i Gy (s 5 (00 ol S () e YL (Jinie Cand o
550 Lal o2l aS Mpaile (BL oL S Jla ) a5 b ol Sl g lale 1AS 2 gl e saliia (f Cewdaga ) sl ()
e Ul b (gl (SIS dn (358 Glla ST Baba 29 WU S A LS8 e g b ol B Q) Gy e ol Sk
S e s b5 iSOl e 4 (28kie QB 5l (03 750 Jalae 4S) Aliae 8 6l daaie LI O JSE 45 ) shailea
13D 5 oniladly Saly g 3l il 8 3 (5 sidy Care dline 48 Cunl ima () 4o (Kigh 0 )50 Ul ) (inen 25800 &) sea
Sia ) and GEALS 1 250 8 &1 (53 ) e (i 52 280 T i 102 (5) 4 e paa Gy L ol sdile (g3 53 (51 SRS (e

Ssdne g Jlen dla 548 Gl 38 l8od (5 (O laie 5 g) 4 e paa (05 LS8 i (gl g pla Sl ealiind b

P-Jﬂﬂh)u&mdu)ﬁ&‘)\s&hu\ﬁbﬁ&

u.a\mg;)i_ua\i%uj\})iﬂa)l_\s:qugmhﬂw\:\hﬁ\)ﬁ}a}bh\ cjjjaﬁw‘é\ﬁ)me»ﬁmdd&ﬂcﬁmhéu)ﬁ‘

PES on m paa -l adla o)) Ll S ged Saa i Jalse

@ Contractility (B)

ST

ESV )

Pressure (mmHg)
120

Ejection phase

¥

80— _" afterload

40

Isovolumic relaxation
Isowolumic contraction

3

s

preload - \usitropy (A)
Filing phase 3 .
: EDV @
0 T = T

T
0 40 80 120 Volume(ml)
| STeB | sl ha s paa |

A
D) 0 5 soban s adlu bl 55 50 52 e gt ledy g B a4y ) (ol Ui led s - Lid 4dls 4S8 S e (55000
DS Aag YT JSE 4 ) Gl 5 55l b aed )0 (gl Cunad) (O 4y A 51 4SS e (S pri L gl
AL e 028 JE 3Ly b aliae el pa Kby 5 a8 e Ol Jsiuln OLL 2 1) aaa -l ada ) Sinde (il 1A s

O OBy o8 Gl 58 0l (e oy (sl (sleil LS8 laa b ey a8 31 (280 sady LG eyl 53 L3 ) (e shaiae

v



Gsp 5 lh sl &) Juod
Ity 0 i ani 50 sonal iy dae Glii 1) Olay (sl (el s2 4S A i a8 05l e Siely (2 J e a5
(=5 il il (a8 L il il e G 8 35 SV 508 il EDV 1Y) aas dlail g sl (5,580 5

Alae LI S L s sl Ol e b anlite Jad Gl 5 80 (e L5 1) J st Ll aaas - L8 aday) ) e () 1 B (fiaie
Gl L) S AS ol e Gl 4 AL iaie i Gl ) Gl lay el ) o3l o) LI L) 5o L a3l e B8
58SV sexd ZWSESV 1a) 35 e sailadly ann (28LS 5 (5 40 pan (il 58 Ciely 35 g s ge () 4S 43y il 34
(=355 (paile i a4l -y (oo (58

Jsipas 5 sy Glay Gyl S 311 oa) 23l (e diedijl 2l Gl pem 30 Gl 330 5 (3505 d8in 2 Lasad (3583505
Jia 52l L8 Lel ol 023l Cpdin 38 3500 (P pdne 3y 40 4S gk aan Ko Gaph ) 5 ol S s
Ciely SV cpfdd il 331 105 23,8 e Jh gl an 4 G 5 o saaliie o) a2 Jadd SV (il 331 il sl i

il e SIS A1l B e i) s Bl SV il — S35l (il 523 53 EDV ialS

Coad ondiodly LiS S8 An £0 BTV JE 50 aan— Jlails i Ll B s A isie ladls ) bl €

e A 55 5 Al bl ) paa — L il (513

end-systolic
end-systolic PV relationship ~ decreased
Increased gy " inotropy
inalropy
/

120

@
=
1

pressure {(mmHg)

=
o
|

end-diastolt
.- PV relationship

volume {mi) volume {mil)

YA




A9 sl s Sslsid 0/) Juad

end-systolic
PV relationship

end-gystolic
PV relationship

120
~ = B0
g B0 = _E_
£ E
£ g
3 § decreased
i‘ 40 — a 40— lusitropy
end-diastabc end-diastokc
o r(\l:llnonsr.p '_‘_,.-'PV relationshg
moreased | S s e e
wsitepy | S M e
o T . o
0 40 B0 1%0 volurme (mi) H 4:3 slu ‘;0 volume ()
S YV B ‘91..43
Left i
Preload ventricular Pe'_'P'hefal
size resistance
Stroke Arterial
volume pressure [
Myocardial -
Contractility i fiber Catrm?c
shortening outpu
Heart
rate
Afterload

B e llRy ey (g S8R5 jaal dline Jalge £ JSE

Uﬁl.@.y;g\%l).».aea Qﬂ‘g;\gms‘)ﬁsjéj)ﬁ\dja#)ﬁu&aﬁdﬁd JJ\S#O&&UJSM}%AS Wae oL ) JSG

ya

ke ) gr"‘s e Oy



A9 sl s Sslsid 0/) Juad

Bowditch Effect
-} (+) -
| Filling Time | | Filling Pressure | | Contractility |-—
(_) ("’) (_}

Distensibility | End Diastotic Volume || End Systolic Volume |

I_l_l (+
Arrep Ffect

{Heart Rate | X | Stroke Volume |

[ Total Peripheral Resistance | X [Cardiac Output |

3

Mean Systemic
Arterial Pressure —"lﬁfterloadl

‘;}EaﬁjﬁamAmt_iﬁ';A&Uc Jalad —8Y- JE

S50 2 she 5] Bl AS 2 pdpe da gl DB Ly daane Gl ) (leadp peaian JSUIS alis Jual ge Julad €Y S
. il o g 90 Anrep i 434S 280 e SLES)
(O pan) alime Jpda ) Jite SLS 1 0l 23,800 e g syl 8 ey oy g Jlid iLeSU () 381 Anrep effect
.0l el 3 Homeometric autoregulation s o5
IS TPR (5505 Callad )3 (£F jgeaad JariS (o (o) o (2505 Cadlad 50 Sl sl sl (il 381 il 5o ) ) €Y g

Al on e 93 8 gad Jld 4 jaiedaS ol e falS



A9 sl s Sslsid 0/) Juad

Exercise -related
Sowditch Effect sympathetic activity]
{+)

=) (+) b (+)

| Filling Time | | Fitling Pressure | | Contractility |‘-i

Frank-Starling Law

S S 1o )

Distensibility [—| End Diastolic Volume || End systotic volume |

preload
Exercise -related 152 I—]_I {+)

sympathetic activity| (+)4 a Avrep Fffect
{ Heart Rate | X | Stroke Volume |
B
A O, [Total Peripheral Resistance | X [Cardiac Output]
TPR I—
F
Vasodilatation Mean Systemic
related to Arterial Pressure * |Mter10ad|

Tissue Metabolism

BP = CO * TPR
l N/
Blood Pressure
Control System

SEY- S

T s (33 Judid Uy s pos Lal 3505 0 (553 L8 Ja s Cacly TPR (ialS BP = CO * TPR st 4 4a5i b A oasse

J‘)..SG.AA_IJM COU:“:E“)Q‘L“)LSU:!\ cﬁjucsduﬁ)uﬁk}weu}amd&{)\}

Sl il il 3 (i (3aka 258 48 2l e i 38 EDV 1A 500 jidiy liay 58 i€ 5 TPR (S 0 4s 5L iB e

A 0 CO Bilg 5 SV Uil i) &ely

54 e 2 |y ld L e dade i) ) Lafia | GBLES) S 0 ) 59 cpa ) (Solens aless Cullad 43K o adaaBla (inas

A ol ) |yl 4y 53 i gy sy (8 Gl 8L

‘ (Heart rate) <8 gk =

e ool il J il LS (5 iy (oo GRS il st 5 J st a8 IS ey GRALS 5 8 () i il 380 L
O 35 (e g LA @l el S e lad )3 A aulie paa linad ¢l a8 Gl 53 dida 4o ¢ 5a z A gl oIS

sl sedia (rate induced regulation) Gbss 4x 4l 5 38 aalali 4 Gl Galia Jiday dliae Jolu )8 mhan 1 4Seny

A



B9 9l siglesd 0/) Jiad

i s GRS Gy 30 e IS 55 at 5 i o o JSone a3 (BAIS 5 il ol yem il 31 U

CL = 2000 ms "r'rrfrunTnnT'rnr-mT-nnnan‘r'n*rTnvrxTrr‘}rrrTrr‘r
i
APD = 200 ms e S
ClL = 630ms | Do |I.., ....]L..... ........T.._..__
\PD = 180 ms | _1 — — .Ii — .
= 400 I . I % k I A
< S S SR A 1
{ t | i
APD = 170 ms J o — - 1 - . |
L= 250 me lb e n B
RPN IS RN AN RN AN AN AN AN A
APD = 140 ms i AN [N | B | J J
CL = 200 ms fg o i PrePr—Pr—Pr—ir— -
IlTT'Tw-;,IT.
APD = 130 ms SN BN BN BRVERN BN BV AN ]

o8 St ((APD) (ol Al Jae Jinailiy a3 (3ALS 5 LS ja3 sl il 380 L 2 e omaliia £8 S5 348 kil
AS 38 st (Joa s ol ol Al i)y ey U conliia 45 Jsindis a3 o sdle (a5 o5 () 3 s 355 (e oS
Gaob ) (A 258 ol sS Ejection 053 g s dal e d4adi 5o Gay aly e a8 505 0l (e dee Janly e ) b it
s33 Gl L3S 21530 lay (ALK (g) 4u i aaa Aal 50 g e alail 1) (a7 A (s CoB L i aliae (5 500 anilSa

Sl sedia (rate induced regulation) Gl 4 4bul g D38 adati 4y Gl @aba il aliae Jolu ja mhas j348

S ey |

Staircase phenomenon (treppe)

20+
3
o ]5_
¢
N
© 10r
&
3
Q s+
Ventricle
, P L , , log
0 + t t t t t 1 t t — scale
300 120 60 30 12 6 3 12 06 03
FREQUENCY (beats/min) (—

to _ i

Yy



Ass sl s islsd 0/) Juad

s33a0 )3 bia pad 480 0d o (bl (g g il 38 ey il aliae ol jad dlasd () 38) 4S8 0K e s2aliia £0 i pal o
= Bowditch effect ¢} i€ aliy 3 5 AL oy GlanaS Suul Hlajsa o) Cubiea 3l anilSa cpl @b 55l 0 38
52383 (i) 331 (gl sy aan 50 Lal s jae 534 g s 31 3 S e ad g ) il pnan RlaS il pShag a5y ank

Al da g £F IS a0 800 b S g s e S50 (gl ol oS oy cl G i) (3 Jlad B LK) i

g 0 |
H 1
g 7 7
3
o :
-20 |
T T T T T T I T T
0 50 100 150 200
Time (msec)
[ 2 g W

J_L)aﬁl_\s\a:u‘\j‘a.c&\éj AMJA\AMJJMLJL\);W‘LLALJ.hé:\.AuLﬁu\JA;\N.\aA_JA:\U_\JQ £ Jss

QU A< FET PIRNP RS STCPV QPPN IS RS UNRS FEENIUIR J¥ k- WK WP ISR EUEP PV RIS DT R W

1000 4
@ P se®29e2,
E 504" oevee W
® ) . Vg o 0% 502 000, 000 000e?™” o’
E, é et (X
c T .
x 1001 P
o start
550 T T T T T T T T
-20 -10 0 10 20 30 40 50 60
Beat No.

o a5 3 SRl e )3 Ql Gl e et - V- JSS
)E somb adaal )3 aan e gL gle ) Jsb o)) (Gl Gl i uSe) ol S 5n S5 S 7l sa) 2R 75 52 aliald £V IS
aJO})_jAS\_'\.J\Lﬁ\ﬁ M%UM\S\)AJM@MUPQJS) Oh&)gwja‘m\aﬂﬁhgﬂg.ag)))\uaﬁ ¢()A..4

. 5y 5 o ol i e 1)y i SRS 8

‘ ] ] Al B8 Gl ‘
253 Cullad 4y alad 4335 ) 530 (5 535S Bye (038 @il |yl isa s 5 o i)l IS 5z A o )1 B S

O A.x,ug = Intrinsic Heart Rate (IHR) [5G SN a4 as Al - ol 8 s b Ja ol D2 6 (e 44la)

Yy



s 3o s 3slpd O/ Ju
dalaan 2l gaign liaS (5358 o Gl (rad 20 o LS ilian Jl 5 ibians 0238 Hlea sl 5l ) odliiul L)) & saase
S e o2 liia HliAed A Cliac) pdad
IHR = 118.1 — (0.57 * age)

125 — )
©atropine
“-ea.., - Sympathetic
- Darasympalhelic_'.-" .
100 — "k g| atropine +
. A |propranolol,

L]
2 75 H p
£ F " - parasympathetic
@
= . basal|
50 - sympathetic % @ [propranolol’
25

\

0

8 Gy pm i |

) a5l 48 38000 LB | (s sians o S (o pun i Calide (glgal ) €9 JSE

al il 5Wy pues C PR Sl i B £l cud i A

(i o R (uilS 8 o)y dm — £4- US4

(b} Sympathetic stimulation (a) Parasympathetic stimulation via vagus nerve
Action potential Action potential
-~ S 20
£ E
g O g 0
§ -0 E -20
g g
o —40 o —40
= =
© o
;g —80 / E —60
£ _go ! , 2 _go! AN
/ Stimulation Seconds Stimulation \
Pacemaker Pacemaker
potential potential

(omsians 0 Ry liflaand Jly 5 liilaans s 8 S5 S 000 IS5

Y¥



A 9l sigle e 0/) Juad
L Stlpansl Jy 25800 dulio a1y omas s 0 58 Gy o o il 1)Ly s lilians ol nd anilSa 0) 500 S

8e Gl A1) e € 8 Cand (3 L SKilians 3ase GBAIS 1) (e sl (038 5 (o) 00 S 0 30 Y st e

Control Nifedipine

/ﬂ‘:/ﬂ\f\, NS

oy IS
oo s 0 )8 (i€ 3 Al ey a3l B 50 (i Jie asndS GLdUIS 00358 g (55510 Ky Ca an s L3 OF S

Anse LS 1 £ s 13 el Jsleay € 3l 0 € ag 55 aile ) 2 sdine

B Gy e el i) |

L_ﬁWLjWL[LW.N'LLWM i u,U-L"W'“]‘}J G
é g Tsmrt End Time (sea)*

OT'_JS\.;&

505 paa (Baas i a3) 2aa0 4l 4ili V0 e g s aladl | slladly ) sile (53S0 20 Gaa | 35 L)) Gl g

e a5 OF JShan 55 L 502l gmaa i |y ol i () Ll (o0 2y sy I8 5 alaad 3 (5800 il pid

QB a4 Ol e ol s ‘

s Laila RRI4S 3 s8e gadiia (RR Interval) aps s od Jlis 4y 4uilia gl s sl ECG_2 3R glsel Jal @ S
O 383 (e 0 (A5 2 pne sy alaidli | allhs HRV 4 S) 2w &« HRV L Heart rate variability eu ¢l 4 238

ks 43 O e by (380 5 a5 43 5m3 L 5 0338 S 35150 5 050518 lidee ol o Sl HRV 48 ab e (L

Yo



A9 9l Sslsd 0/ Juaid
Ssbae RRI ialS Caclyad 5 (i) 381 Ciels a5l 4aS &) geail 4y ol il JSa Jl 5o 0l ) (S0 .38 (2 O 02iS sl

Al {k.a\) Ls“E ‘5‘)@ L HRYV Sl 48 Cuul sala jlis Calallag

@hoﬁu}}duw):u])ﬁb}@%as@w

300

200 +

100 4

Percent Change

Rest Moderate Heavy

o0f _ &4

Dl ol 225 i gl ) s 5 g pe alE Calite (sla (il Al 3 j e Cullad a5 Gl 58 Jlia 4y 08 JKG
G 8 i 5Ly 5 atai glew pandn 6 L Sl o2 ool LS SVR b Sauns (858 Ciaslia s MAP b (s Jows sia
paa i) Cllad () 541 )0 4S ygdipe da gle Cd byl s 8 Ol 4g Ja g e il ol g ol Gl (RS all0d (5 5 (il 38
S i AL Gl 381 (5 4y a3 a5 (5 3 siie 03 (5 Gl 3 Caely 5 58 (ol Uy a5 (5 4y e
L Ll (5] Ciena 3 e il 03 (55 Gl 381 iy Glimad ol il 380 Ll (Usibn Sl 0lee 3 JSa) e (018
48 358 o el 58 (80 R 5 ) Dlme (g e Lyl G Sy 358 e il ) (o OB eullad () 80

o0 R e TPR b (iS4 jaie

s SeaS Ly (5380 ol gl Caline (5 )5 (e 03 Ll )0 (lion (55 0 a2 )55 48 Y sdipe da 5le 00 Jban o b
Al aalS Al 5 (5 ) 58 o (pd (B8 a5 2iSe st 40 R (58 LS 4S il uly (B )5 (Ase (ol Sl

Sl a8y il 331 Il s sy O 9a i R

\rd




A9 sl s Sslsid 0/) Juad

B

400 — 2000
S 300 1 F 1500 S,

S R

&5 200 - - 1000 5§

E 100 1 b 500 gi 20—
a 0 - 0 o

Gl
Rest Moderate Heavy

SUMMARY OF CARDIOVASCULAR CHANGES DURING EXERCISE

T Cardiac output
« T heart rate (T sympathetic adrenergic and | parasympathetic activity)
s T stroke volume (T CVP; T inotropy; T lusitropy)
T Mean arterial pressure and pulse pressure
* CO increases more than SVR decreases
» T stroke volume increases pulse pressure
T Central venous pressure
= venous constriction (T sympathetic adrenerglc activity)
* muscle pump activity
# gbdominothoracic pump
1 Systemic vascular resistance
» metabolic vasodilation in active muscle and heart
* cutaneous vasodilation () sympathetic adrenergic activity)

s vasoconstriction in splanchnic, nonactive muscle, and renal circulation (T sympathetic
adrenergic activity)

CVP central venous pressure; €0, cardiac output; 5VR, systemic vascular resistamce.
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Comparison of total and active length-tension curves in skeletal (A) and cardiac (B)
muscle allowed to contract under isometric conditions. Active tension, which is the tension devel-
oped during contraction, equals total tension after stimulation minus the tension recorded in the
resting muscle prior to stimulation. Although the active length-tension curves are similar for the
two muscle types, the resting tension in cardiac muscle is much higher and, unlike skeletal
muscle, is significant at lengths belowls,q.
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(c)

Laplace’s law: the relation between wall stress (S), pres-
sure (P) and curvature of a hollow sphere; stress is force per unit cross-
sectional area of wall. In the ejecting heart, Sis the ‘afterload’ on the
myacytes; w, wall thickness. (a) Depicts a hollow sphere, such as a ten-
nis ball, with an ‘exploded’ segment showing the two circumferential
wall stresses. (b) Shows, in two dimensions, how the wall stresses (tan-
gential arrows) give rise to an inward stress equal and opposite to
pressure. Arrow length is proportional to stress magnitude. The thick
line represents a muscle segment exerting tension. (c) Shows how an
increase in radius reduces the inward component of the wall stress.
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Age-Associated Changes

{Vascular intimal thickness

# Vescular stiffness

LV wall thickness

Plausible Mechanisms

Possible Relation to Human Disease

CARDIOVASCULAR STRUCTURAL REMODELING

1 Migration of and T matrix production
by VSMC

Possible derivation of intimal cells from
other sources

Elastin fragmentation

1 Elastase activity

1 Collagen production by VSMC and T Cross-
linking of collagen

Altered growth factor regulation/tissue repair
mechanisms

1t LV myocyte size with altered Ca®* handling

1 Myocyte number (necrotic and apoptotic death)

Promotes development of atherosclerosis

Systolic hypertension

Left ventricular wall thickening
Stroke

Atherosclerosis

LVH??

Retarded early diastolic cardiac filling
1 Cardiac filling pressure

{Left atrial size

Altered regulation of vascular
tone

Reduced threshold for cell
Ca* overload

{ Cardiovascular reserve

Altered growth-factor regulation
Focal matrix collagen deposition

Tt Left atrial pressure/volume

Lower threshold for dyspnea

1 Likelihood of heart failure with relatively
normal systolic function

LVH??

1 Prevalence of atrial fibrillation and other
atrial arrhythmias

CARDIOVASCULAR FUNCTIONAL CHANGES

4 NO production/effects

Changes in gene expression of proteins that
regulate Ca® ™ handling: increased w6:w3
polyunsaturated fatty acids ratio in cardiac
membranes

1t Vascular load

4 Intrinsic myocardial contractility

Ventricular-vascular load mismatch during stress

1t Plasma levels of catecholamines

4 B-adrenergic modulation of heart rate
myocardial contractility and vascular tone due
to postsynaptic signaling deficits

REDUCED PHYSICAL ACTIVITY

Learned lifestyle

Vascular stiffening; hypertension

Early atherosclerosis

Lower threshold for atrial and ventricular
arrhythmia

Increased myocyte death

Increased fibrosis

Reduced diastolic and systolic function

Lower threshold for heart failure and
increased severity of HF

Exaggerated age A's in some aspects of
cardiovascular structure and function, e.g.,
arterial stiffening

Negative impact on atherosclerotic vascular
disease, hypertension, and heart failure

LVH = left ventricular hypertrophy: VSMC = vascular smooth muscle cell; A = changes; w6:w3 = ratio of omega six to omega three.
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Other proteins

a-acid glycoprotein

Proteinase inhibitors: Heme oxygenase
Increased

a,-antitrypsin Mannose-binding protein
Major APRs:

a-antichymotrypsin Leukocyte protein [
Serum amyloid A

0L,- antiplasmin Lipoprotein (a)
C-reactive protein (CRP)

Heparin cofactor II Lipopolysaccharide-
Serum amyloid P component

Plasminogen activator- binging protein
Complement Proteins

Inhibitor I Decreased:

C2,C3,C4,C5,C9
Metal-binding Proteins Albumin

Factor B

Haptoglobin Pre-albumin
C1 inhibitor

Hemopexin Transferrin
C4 binding protein

Ceruloplasmino Apo AT

Coagulation Proteins

Manganese Superoxide- Apo A Il
Fibrinogen

dismutase a,-HS glycoprotein
Von Willebrand factor

Inter-o-trypsin inhibitor

Histidine-rich glycoprotein

Abbreviations: APR, acute phase reactant; ApoAl, apolipoprotein Al.
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JVP (at 45) “ Fundoscopy Chest _

Palpate $
* Apex:

* Level * Scars
» Waveform * Deformity position, character
* Hepatojugular * Visible * RV heave
o reflux pulsations * Thrills
‘ Auscultate
Blood pressure Lungs ¢ Heart sounds
« Systolic * Grackles: * Added sounds

* Murmurs:
systolic

& e Diastolic

pulmonary oedema
* Pulse pressure

* Pleural effusions

: diastolic
‘ : * Rub
Pulse Abdomen I
* Rate * Liver: enlarged, pulsatile 7
® Rhythm * Ascites )
e \olume

1 Aortic area
2 Pulmonary area

¢ Character
* Radial-femoral delay

e Bruits i 3 Lower left sternal edge
| 4 Apex

Hands + in left lateral position at apex

* Clubbing + at. left sternal edge sitting

* Splinters forward in expiration

Inspection Oedema

* Well/unwell @

* In pain

® Cyanosis

* Anaemia 2 +#\

® Temperature
* Breathless
® Pale

* Sweaty

+
Feripheral
Pulses + #*
+ +
+

+

(Examine in large vessel e.g. carotid, Blood pressure |

brachial) :

B

Normal I Normal

e.q. 1_25/’_7:0 .

I Reduced puise pressure 'Aar:l:ic stenosis

Slow-rising  Aortic stenosis €4.710/85 - ’
- - Increased pulse preseure  Aortic requrgitation
e e S . . 5 '--'B\Q-. 150]5’5 E - i S 3
Collapsitg  Aortic regurgitation : o i
. mmEn e Y + Hypovelasia _
: - T * Autonomic neuropathy
Bisferiens  Mixed aortic valve disease e ) ﬁ * Addison's disease
. . : .. ®Druge :
Postural drop _mg

LS £ 9 & Inspection J) 1) ol Adlaa 2ig,y Y JS&
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Jugular venous pressure (JYP)

* Normal height 2-4cm

® Elevated JVP
- Right heart. failure Eﬁ: I
- Fluid overload
- SVC obstruction

The most important
thing is whether the JVP
is elevated or not

Waveform

X

(usually only useful
once you know the
diagnosis)

T ) N

Diastole
systole

* Pulmonary hypertension
¢ Tricuspid stenosis
* Pulmonary stenosis

* Tricuspid regurgitation

* Displaced away from mid-clavicular
line 5th intercostal space

Ventricular

* Complete heart block

* Atrial flutter

* Ventricular pacing

* Ventricular tachycardia

Rised J

on inspiration

= 'Kussmaul's' sign

* Pericardial effusion/
tamponade
* Constrictive pericarditis

Suggests cardiac
enlargement

* Sustained

LY hypertrophy

¢ Tapping

Mitral stenosis

* H yperdynamic

Volume overload
e.g. aortic regurgitation

Maximal intensity 1 Barely audible
Radiation 2 Quiet
Timing/character . 3 Easily audible
Added sounds 4 Loud + thrill
5 Very loud + thrill
6 Heard without stethoscope + thrill

Common murmurs

51 52 51
Systolic Diastolic

Early diastolic_:_

Radiates to carotids Loudest at lower left
+ Slow upstroke sternal edge

+ Low volume + Collapsing pulse

+ Narrow pulse pressure + Wide pulse pressure

Aortic stenosis/sclerosis | ‘-: Pulmonary regurgitation

* Pulmonary stenosis | || * Aortic regurgitation 15
® Pulmonary VSD ]

| Pansystolic | Mid-diastolic |
Loudest at apex
Radiation (?) to axilla

Loudest at apex
+ Loud SI

+ Tapping apex
+ RV heave

\ 4

Mitral stenosis
* Tricuspid stenosis

Mitral regurgitation
* Tricuspid regurgitation

*» Remember several cardiac valve defects may be present
* Right-sided murmurs increased in intensity oh inspiration
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EXTRA HEART SOUNDS - 53 AND 54
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51 52

|| || || ||
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51 82 S1 52
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Grading System for Intensity of Murmurs

Grade 1 Barely oudible murmur

Grade 2 Murmur of medium intensity

Grade 3 Loud murmur, no thril

Grode 4 Loud murmur with thrill

Grade 5 Very loud murmur; stethoscope must be on the
chest to hear it; may be heard posteriorly

Grade 6 Murmur audible with stethoscope off the chest
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Systolic Murmurs Diastolic Murmurs

Midsystolic Early diastolic
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s he St Az P2 54 Az S5y AzPy
Holosystolic
Left sided Right sided Mid-diastolic
S A2 s AgP l | W—
1 22 81 Sz
Early systolic
! I Late diastolic (presystolic)
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LATE PEAKING MURMUR
Aortic Stenosis
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