CARDIOVASCULAR SYSTEM

Tha CIRCULATORY System Chiaf TRANSPORT System
of the body

s HEART - ----"Pump which drives -

~ BLOGD - - a complex fluid
containing food materials,
respiratory gases. waste
praducts. protective and regulating chemical
subslances round —

-0LOOD VESSELS ----- a closed syslem of tubes

ARTERIES ---- from the ‘pump’ 1o the
lissues of the bady.

branch
inte

¥
CAPILLARIES -~ whare the inlerichange of
gases. food and waste
substances occurs

raunilg
10 form

VEINS  -...co.o from the tissuas of the
body back te 1he ‘pump’

= CAPILLARIES

Functions of CVS

Hearr

Atria

Ventricles

Vaseular sstem

Arteries

Arterioles

Capillaries

Venules

Veins
Bilood

Plasma

Cells

Chambers through which blood flows from veins to ventricles. Atrial contraction adds to ventric:
essential for ir.

r filling but is not

Chambers whose contractions produce the y that drive blood through the pulmonary and systemic vascular
systems and back 1o the hearr,

Low-resistance tubes conducting blood to the various organs with little loss in pressure. They also acr as pressure
reservoirs for maintaining blood flow during ventricular relaxation.

Maijor sites of resistance to flow; responsible for the pattern of blood flow distribution to the various organs;
participate in the regulation of anerial blood pressure.

Major

es of nutrient, metabolic end product, and fluid exchange between blood and rissues.

Sites of nutrient, metabolic end product, and fluid exchange between blood and tissues.

Low-resistance conduits for blood flow back to the heart. Their capacity for blood is adjusted o facilitate this flow.

Liquid portion of blood that contains dissolved nutrients, ions, wastes, gases, and other substances. [rs compaosition
equilibrares with thar of the

interstitial Auid ar the capillaries.

Includes erythrocytes that function mainl
platelers (cell fragments) for blood clotting.

gas transport, leukocytes that funcrion in immune defenses, and




Components of Blood
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percentage by : Cf MMk e )
body weight [H Plasma

—
ﬂ [e— centage by weight) Alu.?u’::’ﬁ%

composed
| - Red blood cells 4 white blood cells
P (45%) and platelets
oAt 0 B LR O -

other fluids and

| o |
| Plasma|
55%

Blood Plasma

¢

¢ Over 90% water

* 7% plasma proteins

« created in liver

« confined to bloodstream

*,

e

Plasma (55%) - .
B — albumin
= Buffy coat, . ma}lnta!n blood osmot_lc pressure
composed of — globulins (immunoglobulins)
Red blood cells { white blood calls « antibodies bind to foreign

(45%) and platelets

substances called antigens
« form antigen-antibody complexes
— fibrinogen
« for clotting
% 2% other substances

— electrolytes, nutrients, hormones,
gases, waste products

Appearance of centrifuged blood




Functions of Blood Cells

«»Transportation

02, CO2, metabolic wastes, nutrients,
heat & hormones

«*Regulation
helps regulate pH through buffers
helps regulate body temperature
-coolant properties of water

-vasodilatation of surface vessels
dump heat

helps regulate water content of cells
by interactions with dissolved ions

@D 3500x and proteins
«*Protection from disease & loss of blood

Hematopoiesis
Ke '

“ Progenitor cells G :::l Colony-forming unit-erythrocyte
Prewrsor cells or "blasts" ori - CFU-Meg  Colony-forming unit-megakaryacyte
Formed elements of drculating bloed Muwipolent stom coll CFU-GM  Colony-formi L
Tissve cells Yﬂphs‘

/—'/—- Y _\ Lymphoid stem cell
(I:—t Cﬂliﬂo' l— CFU-GM. l—‘—l
Mualohi u T lymphobh B lymphebl

Proerythroblast Megakaryoblast Eosinophilic  Basophilic

L
'l Hudeus l myeloblast myeloblast
0:|odad _’. |

Reticulocyte Megakaryocyte

1 . G TN
06
® 0 o @
Red blood cell Platelets Eosinophil B N phil (“ ¥ T lymphocyte B lymphocyte
(erythrocyte) (thrombocytes) (T cell) (B cell)
L—& lar leukocy —I\l Ag lar leukocy J
»In the embryo(occurs in yolk sac, liver, spleen, -
thymus, lymph nodes & red bone marrow) '@ 7
»In adult(occurs only in red marrow of flat bones like Macrophage Plasma cell

sternum, ribs, skull & pelvis and ends of long bones)




Stages of Blood Cell Formation

% Pluripotent stem cells
— 1% of red marrow cells
— replenish themselves as they differentiate into either myeloid or
lymphoid stem cells
% Myeloid stem cell line of development continues:
— progenitor cells(colony-forming units) no longer can divide and are
specialized to form specific cell types
« example: CFU-E develops eventually into only red blood cells
— next generation is blast cells
« have recognizable histological characteristics
« develop within several divisions into mature cell types
% Lymphoid stem cell line of development

— pre-B cells & prothymocytes finish their develop intoB & T
lymphocytes in the lymphatic tissue after leaving the red marrow

B3

B3

B3

B3

Hemopoietic Growth Factors

Regulate differentiation & ++ Auvailable through recombinant
proliferation DNA technology
Erythropoietin (EPO) — recombinant erythropoietin
— produced by the kidneys (EPO) very effective in treating
increase RBC precursors decreased RBC production of
Thrombopoietin (TPO) end-stage kidney disease
— hormone from liver stimulates — other products given to stimulate

WABC formation in cancer
patients receiving chemotherapy
which kills bone marrow

» granulocyte-macrophage
colony-stimulating factor

» granulocyte colony
stimulating factor

platelet formation

Cytokines are local hormones of
bone marrow

— produced by some marrow cells
to stimulate proliferation in
other marrow cells

— colony-stimulating factor (CSF)

& interleukin stimulate WBC - ”}rct’r?btodp‘)ift:ﬂ heollps_prevent
production - platelet depletion during

chemotherapy




Red Blood Cells or Erythrocytes

«»Contain oxygen-carrying protein
hemoglobin that gives blood its red color

Surface view
M‘,mmw «»Biconcave disk 8 microns in diameter

RBC sh . R
oo —increased surface area/volume ratio

-1/3 of cell’s weight is hemoglobin

—flexible shape for narrow passages
—no nucleus or other organelles

—no cell division or mitochondrial
ATP formation

<*Normal RBC count

—male 5.4 million/drop & female 4.8
million/drop

—new RBCs enter circulation at 2
million/second (life cycle 120 days)

Eel_a polypeptide
Bum chains CH,
1
ENRL
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HG—GQ' /C=GH
7 N A
= _:;} 3 ‘ﬁfc . LGy
N N !
,c\ c’ ‘ ~ ce C\
Surface view “ooc CHp i _m. f  GTCH
cH, HC-C~ C=CH
i
G CH.
S Alpha Hy }: - 3
Sectioned view polypeptide Pkl
chains “00C
(a) RBC shape (b) Hemoglobin molacule (e} Iron-containing heme

+¢* Globin protein consisting of 4 polypeptide chains

++One heme pigment attached to each polypeptide chain

— each heme contains an iron ion (Fe+2) that can combine
reversibly with one oxygen molecule




Recycling of Hemoglobin Components

120 d
o0 ..9--' 0:: L] o
" ‘,:i,.. Reused for Fe¥_T
Globin acids P Y O,
/.--'-'—'_'O_' Fe'* L5) L
Heme | Ferritin 455 3—v
- f 7y ELE o . Bilirubin
Nt i s "D e
@ Red blood cell {10 . 4
death and Kidney L) Small Erythopoietin
o \ J @"“’{M' red bone ;u:roiu':
fﬁiﬂ"lf.?.’.':, girobilin = uropiifaogenY Bacteria Key:
red Irn:w Illﬂrl'ﬂlﬂ' Stercohilin . - in blood
I.IrI{u leu?‘ :::":“LI" st

»In macrophages of liver or spleen
—globin portion broken down into amino acids & recycled

—heme portion split into iron (Fe+3) and biliverdin (green pigment)
»Biliverdin (green) converted to bilirubin (yellow)
—bilirubin secreted by liver into bile

Feedback Control of RBC Production

Some stimulus

o ¢ Tissue hypoxia
Seavasiog — high altitude since air
Ooye e o has less 02
— anemia
RBC production falls
Cieer >0 below RBC destruction
oxygen level -
— A — circulatory problems

secreted into blood

A e Kidney response to

o s hypoxia
into re - -
oo || er s — release erythropoietin
e — speeds up development
ﬁ'@ of _proerythroblasts into
reticulocytes
Increased oxygen

delivery to tssves




Types of Anemia

Aplastic anemia

Hemolytic anemia

Iron deficiency
anemia

Pernicious anemia

Sickle cell disease

Thalassemia

Hemorrhagic

Toxic chemicals,
radiation

Toxic chemicals

Dietary lack of
iron

Inability to absorb
vitamin B,,
Defective gene

Defective gene

bleeding (ulcer)

Damaged bone
marrow

RBC destroyed
Hemoglobin
deficient

Excess of
immature cells

RBC abnormally
shaped

Hemoglobin
deficient, RBC
short-lived

loss of RBCs

»The blood test, hemoglobin Alc(HbAlc# 7 & # #), can be used to
monitor blood glucose levels in diabetics

Function of WBCs(Leukocytes)

Interstitial fluid

+*WBCs leave the blood

stream by emigration.

Neutrophil
Endothelial cell
Rolling

s Some WBCs,
particularly neutrophils
and macrophages, are
active in phagocytosis.

% The chemical attraction
of WBCs to a disease or
injury site is termed
chemotaxis.

Sticking

Squeezing between
endothelial cells
Key:
8 Selectins on
endothelial cells

4 Integrins on
neutrophil




Differential WBC Count

+«» Complete blood count(CBC) is total RBC, WBC, platelet
counts, differential WBC, hematocrit and hemoglobin
measurements (screens for anemia and infection)

% Differential WBC count is detection of changes in
numbers of circulating WBCs (percentages of each type)

— indicates infection, poisoning, leukemia, chemotherapy,
parasites or allergy reaction

< Normal WBC counts

neutrophils 60-70% (up if bacterial infection)
lymphocyte 20-25% (up if viral infection)
monocytes 3-8 % (up if fungal/viral infection)
eosinophil 2-4 % (up if parasite or allergy reaction)

— basophil <1% (up if allergy reaction or hypothyroid)

Types of Blood Cells
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Types of Blood Cells
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Normal Plasma Value

MRESTE

MEEEE

Mm)® pH{E
B%

ANEEEEEREE 3R (CPK)

LB A S EE SR (LDH)
8482 3% (phosphatase)

(B£1) (acid)
MRE
miss

MATSR

HLIERFTEN
B MIR5TEL

i
Bk -
40-90 U/L
22 -
B -

%
S -
4
B -
4.2 - 5.9 million/mm3
4300 — 10880 /mm3

80 - 85 ml/kg f8&
280 — 296 mOsm
7.35-

7.45

10-79 U/L
17 - 148 U/L

0.01 - 0.56 Sigma U/ml
0.13-0.63 Sigma U/ml

37% - 48%
45% - 52%
12 - 16 g/100 ml
13-18 g/100 ml




Normal Plasma Value

ZE S : 300-1100 ng/100ml
4+ 25-90 ng/100ml

B IR ERIBIEE(ACTH) 15-70 pg/ml

£ RME 3% - BR10 ng/ml RESSS : KRS ng/ml

RE= 6-26 | U/ml (28)

=

E i 24-30 mmol/I

35 2.1-2.6 mmol/l

2 100-106 mmol/I

i 3.5-5.0 mmol/l

E2 135-145 mmol/l

BRI EHD)

e 120-220 mg/100ml

BIENE 70-110 mg/100mI(22 )

LB 0.6-1.8 mmol/l

EQE(R) 6.0-8.4 g/100ml

=HEHE b 40-150 mg/100ml

FRER 8-25 mg/100ml

PRER 3-7 mg/100ml

Blood Clotting (Hemostasis)

¢ A clot is a gel consisting of a network
of insoluble protein fibers (fibrin) in
which blood cells are trapped

++ The chemicals involved in clotting
are known as coagulation (clotting)
factors; most are in blood plasma,
some are released by platelets, and
one is released from damaged tissue
cells

++ Blood clotting is a clotting cascade

that may be divided into three stages:
1. formation of prothrombinase

Red blood cell (prothrombin activator)

2. conversion of prothrombin into
thrombin, and

3. conversion of soluble fibrinogen into
insoluble fibrin

Fibrin threads

10



Blood Clotting (Hemostasis)

¢+ The clotting cascade can be initiated by either the extrinsic pathway or
the intrinsic pathway.

+«+ Normal coagulation requires vitamin K and also involves clot
retraction (tightening of the clot) and fibrinolysis (dissolution of the
clot).

¢+ The fibrinolytic system dissolves small, inappropriate clots and clots at
a site of damage once the damage is repaired.

+ Plasmin (fibrinolysin) can dissolve a clot by digesting fibrin threads
and inactivating substances such as fibrinogen, prothrombin, and
factors V, VIII, and XII.

% Stoppage of bleeding in a quick & localized fashion when blood vessels
are damaged

¢+ Prevents hemorrhage (loss of a large amount of blood)
Methods utilized

— vascular spasm

— platelet plug formation h
— blood clotting (coagulation = formation of fibrin threads)

.  Platelet Plug Formation
«» Platelets store a lot of chemicals in

Vessel damage
granules needed for platelet plug

formation
Altered endothelial surface
(collagen exposed) --alpha granules
' v clotting factors
o Platelets v platelet-derived growth factor
Activation and . - . .
————————— = aggregation oy ________I_ a —cause proliferation of
) L I vascular endothelial cells,
I )\ | smooth muscle & fibroblasts
Discharge Synthesisof | ! to repair damaged vessels
of mejd[:ators thromp?afaneAz ) i —-dense granules
La L | v'ADP, ATP, Ca*?, serotonin,
Chg_m:w' Thromboxane A, -~ fibrin-stabilizing factor, &
eI enzymes that produce TXA2
S «» Steps in the process
Blood vessels |
Contraction of vascular smooth muscle | (1) platelet adhesion
I ) (2) platelet release reaction
Vasoconstriction Platelet plug (3) p| atelet aggregation

11



ED o
(a) Early stage

EED s0x

() Intermadiate stage

@ e00e

{d} Fled blood cells trapped
in fibrin theads

Platalet

- Platelet Adhesion

“»Platelets stick to exposed collagen
underlying damaged endothelial cells in
vessel wall

Fibrin threads

D o
(a) Early stage

EED s0x

() Intermadiate stage

@ e00e
{d} Aed blood cells trapped
in fibrin threads

Platalet

- Platelet Release Reaction

“Platelets activated by adhesion

«»Extend projections to make contact with each other

“»Release TXA2 & ADP activating other platelets

+5-HT & TXA2 are vasoconstrictors decreasing blood flow
through the injured vessel

Aed biood cell

Fibrin threads

Platelet release reaction

12



Platalet

- Platelet Aggregation

“ Ean; mﬂ o «»Activated platelets stick together and activate new
platelets to form a mass called a platelet plug
++Plug reinforced by fibrin threads formed during clotting
process

: Z Platelet w

€) Platelet aggregation

@ e00e

{d} Aed blood cells trapped
in fibrin theads

T Clotting Cascade

==
—— "\qg_ < Prothrombinase is formed by
A (TF) - - - - - -
A either the intrinsic or extrinsic
l:liwlo:l::l.h pathway
B “ WS < Final common pathway
) produces fibrin threads

Activated X  Activated X
Y\ )LF0
© " proTHROMBINASE ) .
1. Formation of prothrombinase

" prot
Prothrombin |/~ Ca%* (prothrombin activator)
T 2. Conversion of prothrombin (11)

g into thrombin (I1a), and

tooze fbrin = IoRIN THRLADS © 3. Conversion of soluble fibrinogen (1)

% $ into insoluble fibrin (la)

13



Extrinsic & Intrinsic Pathway

Intrinsic pathway Extrinsic pathway
Vessel damage vesseldamage -+ EXtrinsic pathway:
e A s v Damaged tissqes !eak tissue factor
exposed to blood (thromboplastin) into bloodstream
Contact Tsswelacor | prothrombinase forms in seconds
" " : “"fa:—l v In the presence of Ca+2, clotting factor
i X combines with V to form
prothrombinase
X . % Intrinsic pathway:

AN

- l - o Activation occurs
--endothelium is damaged & platelets
Activated come in contact with collagen of
platelets
blood vessel wall

--platelets damaged & release

phospholipids

— v Requires several minutes for reaction to

Ve platelels occur

v" Substances involved: Ca+2 and clotting

ABLIED 2] factors XII, X and VV
Thrombin

V| e 12

x Xa X

Clotting Factors

Official Designations for Clotting hY
Table 12-13 Factors, Along with Synonyms More | Endothelial cell :|

Commonly Used z"l

Factor [ (fibrinogen) Thrombomodulin

Factor Ia (fibrin) =

Factor 11 (prothrombin) Thrombin

Factor [1a (thrombin) - b4

. Sh s : . Protein C

Factor 111 (tissue factor, tissue thromboplastin) E

Factor IV (Ca®*) iil|

Facrors V, VII, VIIL, IX, X, XI, XII, and XIII are the inactive

forms of these factors; the active forms add an “a” (e.g., factor ACtWated

XIla). There is no factor V1. protein C

Platelet factor (PF)

Table 12-14 Actions of Thrombin ) )
Factor Vllla Factor Va

Procoagulant Cleaves fibrinogen to fibrin

Activates clotring factors X1, VI, V, and X111 . .
. i In an uninjured vessel, thrombin bound
Stimulates platelet activation to thrombomodulin activates protein C,

Anticoagulant Activates protein C, which inactivates which blocks the clotting response

clotting factors VIIIa and Va




Role of Vitamin K in Clotting

Begin
Liver
Synthesizes Synthesizes
bile salts clotting factors
Bile salts
in bile
Gl tract

Absorbs vitamin K

Vitamin K

in blood <z

Clotting factors
in blood

+«+ Normal clotting requires
adequate vitamin K
--fat soluble vitamin
absorbed if lipids are
present
--absorption slowed if bile
release is insufficient
+* Required for synthesis of 4
clotting factors by hepatocytes
--factors Il (prothrombin),
VI, IX and X

++ Produced by bacteria in large
intestine

Fibrinolytic System
(Hemostatic Control Mechanisms)

Plasminogen activators

Plasminogen

Fibrin

" Plasmin

Soluble fibrin fragments

+ Fibrinolysis is dissolution of a clot

+ Inactive plasminogen is incorporated into the clot
--activation occurs because of factor XII and thrombin
--plasminogen becomes plasmin (fibrinolysin) which digests fibrin threads

15



Plasminogen Activators

PN

(plasminogen activators) - Ak F 4@ * Kk
&ﬁ&&MﬁObAﬁgmmﬁ? G AT R
mﬁﬁfﬁﬁgasﬁaﬂiﬁzILA#**U??%
Ja 7% 1 = (tissue plasminogen activators - {\
PA) » @& r i £t > TPAZ % ﬁﬂl“ o ]
BN A S A T eNA d AT R
(WwM@%®’~ﬁg%%mﬁg%{f
iﬁ%@ﬁ?rﬂe?%@mﬂﬂ ;
TPA- ¥4 /1 63 J" A ml/iI% FulL -E"J'
(o BL)FE & em ke B9 P o ’g

T + 41 5 & (Kallikrein) #F > — 2= B v 2 8 % R &
i

Anticlotting Roles of Endothelial Cells

Table 12-15  Anticlotting Roles of Endothelial Cells

Action Result

Normally provide an intact barrier between the blood and Mateler aggregation and the formation of tissue factor-factor VIla
subendothelial connective tissue complexes are not triggered.

Synthesize and release PG and nitric oxide These inhibit platelet actvation and aggregation,

Secrcte tissue factor pathway inhibitor This inhibits the ability of tissue fctor-factor VIa complexes to

generate factor Xa.

Bind thrombin (via thrombomodulin}, which then activates Active protein C inactivates clotting factors VIITa and Va.
protein C

Display heparin molecules on the surfaces of their plasma Heparin binds antithrombin IT1, and this molecule then inacrivates
membranes thrombin and several other clotting factors,
Secrete tissue plasminogen activator Tissue plasminogen activator catalyzes the formation of plasmin,

which dissolves clots,

s N, T : sty Nt —— — A TN e, T TR A meem =
—— e —— N AN p - . e g S g
e o — i~ —— -

“r r =

9 35
PG, o Pels °3e } >E NO PGl PGl |
TXA, 0
[~
/"f\__, - N R S e ey —
R e e W oo, o APt i — ol oy e W, o ﬁ“—':-" -
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Intravascular Clotting

+* Thrombosis

— thrombus (clot) forming in an unbroken blood vessel
« forms on rough inner lining of BV

« if blood flows too slowly (stasis) allowing clotting factors to
build up locally & cause coagulation

— may dissolve spontaneously or dislodge & travel
+» Embolus
— clot, air bubble or fat from broken bone in the blood
* pulmonary embolus is found in lungs
+»» Low dose aspirin blocks synthesis of TXA2 &
reduces inappropriate clot formation
— strokes, TIAs and myocardial infarctions

Anticoagulants and Thrombolytic Agents

+«+ Anticoagulants suppress or prevent blood
clotting
— Heparin (present in blood)

* binds antithrombin 111 (ATIII) and then inactivates thrombin
 administered during hemodialysis and surgery

— warfarin (Coumadin)
* antagonist to vitamin K so blocks synthesis of clotting factors
* slower than heparin

— stored blood in blood banks treated with citrate
phosphate dextrose (CPD) or EDTA that removes Ca*?
** Thrombolytic agents are injected to dissolve
clots
— directly or indirectly activate plasminogen
— streptokinase or tissue plasminogen activator (t-PA)

17
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Blood Types

S0 2 o Tt ol e B

APt F i Ay % il ¥ Ay i
(8] A B AB

Erythroblastosis Fetalis

i ¢+ Antigen was discovered in blood of
P Rhesus monkey (Rh blood group)

First pregancy

T ++ People with Rh agglutinogens on
Rt oo RBC surface are Rh+. Normal
plasma contains no anti-Rh
antibodies

MR R

MRRIUR

+¢+ Antibodies develop only in Rh-
blood type & only with exposure to

R RRAR TR R

Between pregancies

the antigen
e —transfusion of positive blood
e — —during a pregnancy with a

o —— positive blood type fetus
B4

« Transfusion reaction upon 2nd
exposure to the antigen results in
hemolysis of the RBCs in the
donated blood

Second pregancy
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Acid-Base Balance of Blood

+13.6 WLEEBTHNSE

=i =8
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U tTEP S ERSIEREREERE (WBEEN) FHNERRNEREIRHCO,)MISMILE pH i EF -
RS (L Bh B EE DB I R BMAEDHEREATNME (EEamuUE) RNH -

FEEPE BB HNSP BT EHBNFREBENEIRN DD RPIRAEE -
F13.7 BPEHEPZOHENIFREENI DS
MFECO, MIFHCO, fiR RE
IER & AErEsh®  FRERMET BZEEISI (W36 - BIETIEE) - FEHFK HCOy
IEH -1 EtEEhE  BIEE : £  SREAHEEE
& & IFREEDE  AREE
IBHERIPE BEFE

= )
S e pHIE(7.35-7.45) 80 = § mfr £ RAE TR § e b kg
R s § OV RUER
TR — S gE R e B EUR AR

Systemic & Pulmonary Circulations

Flow at rest
mbimin

Brain B850 (13%)

Skeletal
musche

Skin

Kidneys

Abdominal
organs

Other

Total 5000 (100%)

WEE Log W i o 8 7% 3 L%
WEE 2o 1#%fc 3 I T e K S
T ok & T oA A

xR I ST R TG R 0 L F 20 S0 (coronary sinus) /7 e 5
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Pulmonary trunk

Heart Circulation e

Capillaries of lungs

Pulmonary Aorta Pulmonary veins
Pulmonary _1

vein

artery
Superior Pulmanary valve =T
vena cava Left + {
atrium Right ventricle Left AV valve
ht AV valve Left ventricle
Pulmonary
i vein alriu i
Right Right m valve
atrium
Pulmonary
trunk
Aorta
Left ¥ .
hign ventricle Arteries
AV valve
Arerioles
Capillaries
Inferior
Left
vena cava s .
Right AV valve
ventricle Pulmonary and Interventricular ks
aortic valves septum
— \enae cavae

Coronary Circulation

Archof «+ Coronary arteries are branches off
e aorta above aortic semilunar valve

LEFT

o « Coronary circulation is blood

CiRcuMFLex supply to the heart (it delivers
oxygenated blood and nutrients to

and removes carbon dioxide and

wastes from the myocardium )

+» Heart as a very active muscle
needs lots of O,

+« When the heart relaxes high
pressure of blood in aorta pushes
blood into coronary vessels
« Many anastomoses
-- connections between arteries
; supplying blood to the same
region, provide alternate routes
if one artery becomes occluded
Coronary artery bypass grafting (CABG)
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Atherosclerosis
me  coronary artery spasm,
or a clot in a coronary artery

Risk factors:

v'high blood cholesterol levels
v'high blood pressure
v/cigarette smoking

v'obesity

v'diabetes

v'“type A” personality
v'sedentary lifestyle

Balloon Narrowed lumen Treatment:
Atherosclerotic of artery Coronary vDru gs VAN g iOp las ty

v'Bypass graft v'Stent

Balloon catheter with uninflated balloon —
is threaded to obstructed area in artery — — —— Stent

Lumen
of artery

When balloon is inflated, it stretches
arterial wall and squashes athero-
sclerotic plaque

After lumen is widened, balloon is
deflated and catheter is withdrawn

Percutaneous transluminal coronary
angioplasty (PTCA)

Angiagram showing a stent
in the circumflex artery
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Fetal Circulation

Arch of aorta
" Superior vena cava
atium . IR L DUCTUS ARTERIOSUS

Right - FORAMEN OVALE =~ Left
ventricle | becomes Fossa mlls__ ventricle

P DA 075 50— IR 0 9 DB O - [E AL
WERRSRME - B SR - BiSR R EmEW -

| UMBILICAL VEIN AN
becomes Ligamentum teres
Umbilicus.

‘ Inferior vena cava
Abdominal aorta
i 1 _'\ Commeon iliac artery
: ‘%_ — = UMBILICAL ARTERIES
j b
2

¥ \»ﬁ__;gL- uﬂn-qbim.r______;‘._\i 1 ﬁ
—————— Urethra —_— N -

é" UMBILICAL CORD
’;m\ ’-’_‘_’_,.- Placenta (b) Circulation at birth
Rl iy S [} iblood [ 1 blood
Fetal circulati Mixed oxygenated and
" reulation - deoxygenated blood

Hepatic Portal Circulation

BFRPEEL Hepatic vein

PNS

TP Liver . W Stomach

FEEMFBL Inferior vena cava

WK Gaswric vem

M Spleen

BAFE Pancreatic
veins
P : [

Hepatie partal vein

]

Duedenum

Splenic  vein

®183 FRIDERTPOCSY

Ll
Gistroepiploic vein 3 g Law ns

L] AEN  RR AEoRBEE
Desending colon (EFET) RERBuobiinogen) MABSER
R A L 1=l

B Pancreas
L B AT B

Superior Inferior mesentene B8R (Lecithin) DEHAERER
mesenleric vein wein SABFER
SR BT (Bilirutin) FEEWR
Asending colan s;m“ tnsiing AME Ampicillin AEARBER
(%) streplomycin A MEER
tetracycling
Sullonamides IEDEEEER
penicillin mAmFEN

v'Nutrient utilizatio

Enterohepatic Circulation
v'Blood detoxification by the liver P
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Heart Structure
;;:::“\“1 ANTERIOR
~n

sermum % The heart is situated between the lungs

Muscle in the mediastinum with about two-

thirds of its mass to the left of the
midline

Sixth

thoracic ++ Heart pumps over 1 million gallons per
year (over 60,000 miles of blood vessels)

Brachiocephalic trunk ] :’:::"‘m" carotid Loft subclavian artery
et subclavian artery B ::::;W"’M carotid
1 Arch of aorta "
Superiorvenacava—08 — Brachiocephalic
.lsnmil:vymlu - Ligamentum arteriosum yrunk s o3 L= ::'h °'I'°"'"
Right pulmonary artery ) Left pulmonary artery  Superior vena cava — | W= pulmaonary artery
Parietal pericardium (cut) - :::"““""" trunk Sorta Ligamentum arteriosum
d Pulmonary trunk
Right pulmonary veins LEFT AURICLE OF LEFT
ATRIUM . LEFT AURICLE OF LEFT
i | S Branch of left coranary m% :1”:'5;5 OF g ATRIUM
RIGHT AURICLE OF RIGHT— ) _ W artery i ’ ANTERIOR
L b kL 5 LEFT VENTRICLE RIGHT VENTRICLE ! = INTERVENTRICULAR
Rmsmnm::vwl___________- y 3 . ANTERIOR % 4“ SULCUS
RIGHT ATRIUM i | INTERVENTRICULAR | T ! e
CORONARY SULCUS Ay 1 SULCUS \" o
RIGHT VENTRICLE &5

Inferior vena cava Descending aorta 2=l

Surface Projection of the Heart

Midline

Superior left paint
Superior right point

Inferior right point
Inferior left point

/

« Superior right point at the superior border of the 3™ right costal
cartilage

% Superior left point at the inferior border of the 2" left costal
cartilage 3cm to the left of midline

% Inferior left point at the 5% intercostal space, 9 cm from the
midline

% Inferior right point at superior border of the 6" right costal
cartilage, 3 cm from the midline




Tissue Layers of Heart Wall

haart wall

_—endocardium

__——myocardium
{heart muscle)

———coronary vessel

—— epicardium
(wiscoral pencandum)

pencardial cavity
parietal pericardium

fibrous pencardum
(paricardial sac)

Parietal layer

f:f—f;r\ of serous.
_-_.@" Heart pericardism

I Pericardial
Serous pericardium cavity  Wisceral layer
of saroui

pericardium
+»The wall of the heart has three layers: periardium, myocardium, and endocardium

+»+The epicardium consists of mesothelium and connective tissue, the myocardium is
composed of cardiac muscle, and the endocardium consists of endothelium and connective
tissue

“*Myocarditis is an inflammation of the myocardium (Pericarditis:pericardium)
«»Endocarditis in an inflammation of the endocardium (usually involves the heart valves)

“apex of heart

Chambers of the Heart

Loft subclavian artery " 'y — Lalfoon et
= Left common carotid R _ds
] p artery P, — ol
Brachiocephalic "4 Arch of aorta L s Arch of acria
L
::::dumauvn b Laft puimonary srtery . I Left pulmanary artery
] == Right pulmonary artery — 2% r Pulmonary trunk
Ascendi L arteriosum Pl - g
ing aorta 3& y H " Left pulmonary veins.
% L R s LEFT ATRIUM
" g LEFT AURICLE OF LEFT _________m:’:muum
et Q ATRIUM )
\ TS "C:: CHORDAE TENDINEAE
’ ANTERIOR T LEFT vENTRICLE
RIGHT VENTRICLE o | T TRICULAR —— INTERVENTRICULAR SEPTUM
o~ SULCUS : PAPILLARY MUSCLE
LEFT VENTRICLE TRABECULAE CARNEAE

Four chambers (2 upper atria & 2 lower ventricles)

Right Atrium (RA)
» Receives blood from 3 sources
--superior vena cava, inferior vena cava and coronary sinus

Interatrial septum partitions the atria
» Fossa ovalis is a remnant of the fetal foramen ovale
» Tricuspid valve

--Blood flows through into right ventricle

--has three cusps composed of dense CT covered by endocardium

oo

*,
o

03

03
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Chambers of the Heart

Left subclavian artery

- Left common carotid
i artery

3 F
Brachiocephalic 2 Arch of aorta
trunk )
Superior vana cava 7=
B 4 u i

Ascending aorta
Pulmonary trunk

LEFT ATRIUM
AORTIC VALYVE
-_l-._'——-— BICUSPID (MITRAL] VALVE
| T CHORDAL TENDINEAK
h.i:“"-— LEFT VENTRICLE
) INTERVENTRICULAR SEPTUM
T PAPILLARY MUSCLE

T TRABECULAE CARNEAE

LEFT AURICLE OF LEFT
RIGHT AURICLE OF ATRIUM vena,
RIGHT ATRIUM

suLCus
LEFT VENTRICLE

Four chambers (2 upper atria & 2 lower ventricles)

Right Ventricle (RV)

+«+ Forms most of anterior surface of heart

« Papillary muscles are cone shaped trabeculae carneae (raised
bundles of cardiac muscle)

+«+ Chordae tendineae: cords between valve cusps and papillary
muscles

< Interventricular septum: partitions ventricles

% Pulmonary semilunar valve: blood flows into pulmonary trunk

®,
0

Chambers of the Heart

Left subclavian artery
Left common carotld
5 | artery
Brachiocephalic g 2 Arch of aorta

trunk

Superior vena cava

Ascending aorta

L arteriosum

LEFT AURICLE OF LEFT e > :
RIGHT AURICLE OF L A" ATRIUM ava : , P BICUSPID (MITRAL] VALVE
RIGHT ATRIUM AN T CHORDAE TENDINEAE
_ ANTERIO —— LEFT VENTRICLE
INTERVENTRICULAR > ! L INTERVENTRICULAR SEPTUM
- ) sULCUS sinuss Sy PAPILLARY MUSCLE
| LEFT VENTRICLE sl by 0 T TRABECULAE CARNEAE

RIGHT VENTRICLE

Four chambers (2 upper atria & 2 lower ventricles)

Left Atrium (LA)

+«+ Forms most of the base of the heart
++ Receives blood from lungs - 4 pulmonary veins (2 right + 2 left)
<+ Bicuspid valve: blood passes through into left ventricle

--has two cusps
--to remember names of this valve, try the pneumonic LAMB

(Left Atrioventricular, Mitral, or Bicuspid valve)
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Chambers of the Heart

Left subclavian artery
Left common carotld

R N i
» artery -
Brachioeephalic 3 , 2 Arch of acrta
trunk = Ligamwentum arterbosism
Superior vena cava a8 (5 yarery. =¥ . - e Left pubmanary artery
=2 i i runk
Ascending aorta - kil ' ! - " Wmm;

LEFT AURICLE OF LEFT
ATRIUM BICUSPID (MITRAL) VALVE

CHORDAL TENDINEAE

LEFT VENTRICLE
INTERVENTRICULAR SEPTUM
——/ PAPILLARY MUSCLE
TRABECULAE CARNEAE

RIGHT AURICLE OF

RIGHT ATRIUM ANTERIOR

RIGHT VENTRICLE

Four chambers (2 upper atria & 2 lower ventricles)

Left Ventricle (LV)

«+ Forms the apex of heart

%+ Chordae tendineae anchor bicuspid valve to papillary muscles (also
has trabeculae carneae like right ventricle)

¢+ Aortic semilunar valve:
--blood passes through valve into the ascending aorta
--just above valve are the openings to the coronary arteries

Myocardial Thickness and Function

Brachiocephalic trunk % artery

\ﬁ%):}{ Left subelavian artery
Brachiocephalic veins - Arch of aorta . -
Supaior v cava ﬁ e & aeningeorn 9 Thickness of myocardium

ol pmin .~ & yaries according to the
i dieisidvabe oy U8 function of the chamber

Chordae tendinease

e e JEABER M Atria are thin walled, deliver

Py musce T R avasicuan blood to adjacent ventricles
e i % Ventricle walls are much
% . thicker and stronger
//plane ANTERIOR — right ventricle supplies blood to
s the lungs (little flow resistance)
‘"“’ — left ventricle wall is the thickest
Right ventricle ——— Left to supply systemic circulation

Interventricular —— i a | ventricle
septum e { P

POSTERIOR
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Heart Valves

. pulmonary semaunar
. vakve

a0ic semilunar

apening of
caronary arery

8 bicuspid valve —=—

G b A b fibrous connactive tissue

Four valves (2 atrioventricular & 2 semilunar)

+» Valves open and close in response to pressure changes as the heart
contracts and relaxes

Heart valves disorders
% Stenosis is a narrowing of a heart valve which restricts blood flow

% Insufficiency or incompetence is a failure of a valve to close
completely

«» Stenosed valves may be repaired by balloon valvuloplasty, surgical
repair, or valve replacement

HEART VALVES

Extensions from
ATRIG-VENTRICULAR {A-V)
FIBROUS RING

Designed 10
allow blood REMT
] "Ol’\' in LN
one direction
only
from atrium
10 wentricle
and on inta
artories SEMILUNAR
= VALVES
~ (each with three
flaps) prevent
backflow
The A-V valves from
areattached by ___________ pulmanary
thin CHORDAE artery and
TENDINEAE aorta
]
extensions of
cardiac muscle o
PAPILLARY MUSCLES X e
~ 1N
Thesa contract TRICUSPID MITRAL
when veniricies contract WVALVE VALVE

and puil on Chardae
Tendineae 5o that valve
llaps cannot be everted
nto atna,

The great veins do not have valves guarding their entrance to the heart.
Thickening and contraction of the muscle around their mouths prevent backflow of blood
from heart.
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(a) Bicuspid valve open

AV valves open

% AV valves open and allow
blood to flow from atria into
ventricles when ventricular
pressure is lower than atrial
pressure

-- occurs when ventricles are
relaxed, chordae tendineae are
slack and papillary muscles are

BICUSPID VALVE CUSPS

- Open Closed -\T_«..-.
Ao
! © | CHORDAE TENDlNE.ﬂE r '7 L f’
T \7 f
e ~ NI Slack  Taut
/ i‘ PAPILLARY |'r
W\ MUSCLE b
——Relaxed Contracted — b\

(b) Bicuspid valve closed

AV valves close

% AV valves close preventing

backflow of blood into atria

-- occurs when ventricles contract,
pushing valve cusps closed,
chordae tendinae are pulled taut
and papillary muscles contract
to pull cords and prevent cusps
from everting

relaxed
View
—— Transverse
plane
® PULMONARY
Pulmonary valve e FIBROUS RING
Left coronary artery CONUS TENDON

Aortic valve
LEFT FIBROUS TRIGONE
RIGHT FIBROUS TRIGONE —
Bicuspid valve ———_—— "

LEFT ATRIOVENTRICULAR ————
FIBROUS RING 9

Semilunar valves

AORTIC FIBROUS RING
Right coronary artery

— Tricuspid valve
— RIGHT

ATRIOVENTRICULAR
FIBROUS RING

++ SL valves open with ventricular contraction
-- allow blood to flow into pulmonary trunk and aorta
+»+ SL valves close with ventricular relaxation

-- prevents blood from returning to ventricles, blood fills valve cusps,
tightly closing the SL valves
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ANTERIOR

ANTERIOR
.

Aortic valve

F ¥
valve (closed) (closed)

Pulmonary

e
Ei;i::pld W e Bicuspid r:;:ii
(open) valve ) )
Tricuspid % TS (closed) I:lltvll:lﬂd
T:L:i; POSTERIOR POSTERIOR (closed)
that are the ventricles doin(]?
Atria contract Ventricles contract

blood fills ventricles through | | blood pumped into aorta and

AV valves pulmonary trunk through

SL valves

) G
L fif)
8. | In pulmonary capillaries, blood
loses €02 and gains 05

7. ’ Pulmonary trunk and

PuluoT!m valve
6. 10.
Right ventride | Loft atriom |
4 [
Tricuspid valve lkﬂl;ﬂ valve
I
5. 1.
Right atrium
{deoxygenated blood) Loft ventricle I

Diagram of blood flow
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Heart Valves

Valves of the Heart

Right Side Left Side
Valve Location Function Valve Location Function
Tricuspid valve Right Prevents blood Bicuspid Left Prevents blood
atrioventricular from moving {mitral) atrioventricular from maoving
valve from right valve valve from left
ventricle into ventricle into
right atrium left atrium
during ventricular
contraction
Pulmaonary Entrance to Prevents blood Aortic semilunar  Entrance to Prevents blood
semilunar pulmonary fram moving valve aona from moving
valve trunk from fram aorta into
pulmanary left ventricle
trunk into
right ventricle
during ventricular
relaxation
Source: David Shier, et al. Hle's Human Anatewy and Miysislegy. Sth ed. Copyright © 1999 The McGraw-Hill Companies. Inc., Dubuque, lowa,

Histology of Cardiac Muscle

Desmosomes

o

DS

< Compared to skeletal muscle fibers,
___:::Iw cardiac muscle fibers are shorter in
ransvrse Iength, larger in dlamgter, an_d
L squarish rather than circular in

transverse section

Gap
Junctions

¢+ They also exhibit branching
¢ Fibers within the networks are
connected by intercalated discs,
which consist of desmosomes and
gap junctions
¢+ Cardiac muscles have the same
e arrangement of actin and myosin,
and the same bands, zones, and Z
T discs as skeletal muscles

¢+ They do have less sarcoplasmic
reticulum than skeletal muscles and
require Ca*2 from extracellular
fluid for contraction

Arrangement of components in a cardiac muscle fiber




Conducting System of Heart

1 —— Frontal
- plane
Spontaneous impulses are B

| thythmically from
this SIND-ATRIAL NODE |
{The ‘Pacemaker’)

Right atrium
) SINOATRIAL (SA) NOD!

€) ATRIOVENTRICULAR
[AV) NODE
€ ATRIOVENTRICULAR [AV) =
BUNDLE (BUNDLE OF HIS)
) RIGHT AND LEFT
BUNDLE BRANCHES
Right ventricle

© PURKINJE FIBERS

both ATRIA :
which are

axciled ia

coniract

ventricle

«»+Cardiac muscle cells are autorhythmic
cells because they are self-excitable.
They repeatedly generate spontaneous
action potentials that then trigger heart
contractions

“»These cells act as a pacemaker to set the
rhythm for the entire heart.
+»+They form the conduction system, the

route for propagating action potential
through the heart muscle.

mass of NODAL TISSUE A
the ATRIO-VENTRICULAR  ©
NODE and refayed by

PURKINJE TISSUE _____(

Rhythm of Conduction System

Parasympathetic Sympathetic
Visxieneives e < SA node fires spontaneously 90-100
renes times per minute
Acetylchollne Norep:nﬁphrlne

¢+ AV node fires at 40-50 times per

‘—‘ minute

Ep.n ephrine

¢ If both nodes are suppressed fibers in
B 1ot rodes oo

ventricles by themselves fire only 20-40

L Bloodstream i )
times per minute
% Signals from the autonomic nervous « Artificial pacemaker needed if pace is
system and hormones, such as too slow

epinephrine, do modify the heartbeat &, Extra peats forming at other sites are
(in terms of rate and strength of

contraction), but they do not called ECt_OpIC pa.cem.ake_rs ..
establish the fundamental rhythm -- caffeine & nicotine increase activity
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(a)

= 0

E

] Ca®* enters K* exits

g /Threshcld

g 50

2 Na' enters

&

=

=100 . -
0 0.15 0,30
Time (s)

(b)
SA node setting pace since is the fastest
10.0 Spontaneous depolarization

Pacemaker Potential &

Action Potential in SA Node

Sodium ions “leaking” in through

the F-type [funny] channels
PLUS

calcium ions moving in through

the T [calcium] channels cause a

threshold graded depolarization.

The rapid opening of voltage-gated
calcium channels is responsible

% for the rapid depolarization phase.
:
2 Peaz+) Reopening of potassium channels
€ 10 PLUS
E Puie) Pati Pys closing of calcium channels
E are responsible for the
% repolarization phase.
oo
fj! {:IIIS 0.;0
Time (s)
(@)
- . .
e Action Potential of
. o
5 .
3 Myocardial cell
% Na® enters K* exits
g 50 The rapid opening of voltage-gated
5 sodium channels is responsible
E for the rapid depolarization phase.
—d
-100 . o
4 a1 099 The prolonged “plateau” of
(b) depolarization is due to the slow
.
but prolonged opening of
voltage-gated calcium channels
g PLUS
F Prias closure of potassium channels.
g
o Pus Peateny
§ 14 | Opening of potassium
; channels results in the
% repolarization phase.
o
-4
01 _J
: EII|5 O.élo
Time (s)
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« Impulse conduction through the heart
generates electrical currents that can be
detected at the surface of the body. A
recording of the electrical changes that
accompany each cardiac cycle (heartbeat) is

¢+ The ECG helps to determine if the
conduction pathway is abnormal, if the heart
is enlarged, and if certain regions are
damaged.

called an electrocardiogram (ECG or EKG).

Electrocardiogram (ECG & EKG)

1.0
5 05
E
2
2
= 0
= 1
i Q
[f=P-Q3 |
-0.5intervall |
=1 —Q-T imlerval—q | !
o 0.2 0.4 0.6 0.8
Key: Seconds

[ Atrial contraction
[ Ventricular contraction
P wave-- atrial depolarization
P-Q interval-- conduction time from atrial to
ventricular excitation
QRS complex-- ventricular depolarization
T wave-- ventricular repolarization

Sequence of Cardiac Excitation

Atrial excitation
1

Ventricular excitation Ventricular relaxation
1 1

Begins Complete Begins Complete

Time Time Time

Atrial
relaxation

Time Time

Electrocardiogram
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Depolarization of atrial ) Atrial systole ) Depolarization of
contractile fibers (contraction) ventricular contractile
produces P wave . fibers produces QRS
T ] complex R ﬁ
P ——— P | ‘
1 |
el
Action potential N -
in SA node 1
0 02 0 02 0 02 04
Seconds Seconds Seconds
() Ventricular systole ©) Repolarization of () Ventricular
ventricular contractile diastole

(contraction) _ .pn
[ I | . wave

——

0 02 04 ]
Seconds

fibers produces T

0.2 04 06

(relaxation)

0 02 04 06 08

Seconds Seconds

AV Block

(a)

oRs oRs oRs
el T p pl I p el A
(B) >
Partial block
QRS QRS
P lr P P £ T

Complete block

& SECONDS ey ———

Third Segres AV block. W= RMERE
N33 MEEEN - N EEE PAMBEXE00W (EFNED . PR RIEE 0260288 - EWZ

EEE - TERRS EEHNAE P EER (EEEMAFD - OREHSEE T (PEMLEN) - MT0LEDS
27 - Eit

IWEE 50T (30 QRS EAAICEET) - MM - -

EUREDOED, (TPENE P E

} RAF—Esnl -
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Al
]
-}
Normal Ischemia
ER BERD
] BELAL SR ELEE L S-T B

EERE B R umma
Siseieine A
TRV T B
I A ALE
=Hﬂﬂﬁmﬂ§§$@ﬂﬂ

V.'.:'V'::';f . \ .Hi'\.ll"h
Sinus tachycardia [ L 58 3 Ventricular fibrillation 1[)ZT44 B &)
(a) ®
] LHEEFALRRE - T)LHERBEEFNGARE - HEGREZEYN (HRAHRBGER) - ETLL

ER#Hme (MEEE EEERNFIESENT) FRE (MEER ELADRTSE 125T) - ERE@D
BOIE R BRTE (b) PEVIMEAR O R - WBLNEAERHEEVENRAUEAEREELN - EECRNERERR
BELEEHERE - AW -

EC Coupllng of Cardiac Muscle

o2

‘Opening of voltage-sensitive
ma membrane
che inT

~~

[ Floworca?* intocytosol |

Ca?* binds to Ca?* receptors
the external surface of the i
'sarcoplasmic reticulum
Opening of Ca?>éhannels intrinsic
to these receptors

<

[ FlowoiCa®* intocytosol |

| L

Multiple {} steps

Contraction |
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Cardiac Cycle

% A cardiac cycle = the systole (contraction) and diastole
(relaxation) of both atria + the systole and diastole of both
ventricles (at 75 bpm, one cycle requires 0.8 sec)

+¢+ Pressure and volume changes during the cardiac cycle
+ End diastolic volume (EDV)

-- volume in ventricle at end of diastole, about 130 ml
+ End systolic volume (ESV)

-- volume in ventricle at end of systole, about 60 ml
+ Stroke volume (SV)

-- the volume ejected per beat from each ventricle, about 70 ml
SV =EDV - ESV

Phases of Cardiac Cycle

+* Isovolumetric relaxation

— brief period when volume in ventricles does not
change--as ventricles relax, pressure drops and AV
valves close

«»Ventricular filling
— rapid ventricular filling:as blood flows from full atria
— diastasis: as blood flows from atria in smaller volume
— atrial systole pushes final 20-25 ml blood into ventricle
**Ventricular systole
— ventricular systole
— isovolumetric contraction
» brief period, AV valves close before SL valves open

— ventricular ejection: as SL valves open and blood is
ejected
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(a) Systole Ventricular ejection
Blood fows out of ventricle

{b) Diastole
Isovolumetric ventricular relaxation Ventricular filling
Blood flows if||lo vantricles

— Atrial contraction 1

ing — diastasis

AV valves: Closed Open Opan
Aortic and

pulmonary vakves Closed Closed Closed
Di ic rep ion of the seq of events in the heart during one heart beat.

DIASTOLE [Period of Relaxation - i.e. when heart is resting]

Atria —_— Arria filling Alria Flow of blood
filling Pressure rising full slows and ceases
- -‘-\ —_— -

-
]
o i
1
1
o K [
AV valves NG AV valves 3 1
pushed open ‘i“nr open l
) pressure falls to OmmHg Ventricles filling Venwicles full 1
] 1
I ISOMETRIC RELAXATION PERIOD OF RAPID PERIOD OF DIASTASIS ]
| FILLING |
: n SYSTOLE I
] (Period of Contraction] :
! Adtrial muscle contracts 1
| /Yy !
1

I
I === )

Ventricies

now contract.
Prassure
Pressure continues 1o rise— risirg
Semilunar valves pushed open (closes A-V valves) nows overfilled and siretched,
Bleod ejected inte Pulm. A and Aorta.
PERIOD OF EJECTION ISOMETRIC CONTRACTION ATRIAL SYSTOLE
. -
-

VENTRICULAR SYSTOLE
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R
(a) ECG J\f AL ‘J
oo..& 0 [Eer

Osec  D3sec 0 sec
Atrial 'l: !
1204 Aortic vahie
closes
100- /4 Dicrotic wa ortic
80 — | = /] pressure
(b) Pressure ) Aortic Left
(mmHag) L4 o valve Bicuspid ventricular
40 valve opens L prassure
204 clofes D Left atrial
QA' \ . % pressure
0 = —— k.

() Heart sounds EEbm:H

1 52 53 54

volume

130, e

Stroke
(d) Volume in 604 SO
ventricle (mL) -

volume

e [ | e [ o
| [N 0 T o |

Pressure-VVolume Loop

,\m"a.“;\ow‘
5T
120 i \Q}E-

sk phase T

bres “‘l\‘z_\ )
oY‘D‘Ué’U E o {.Iﬂo"\

Eclusi\u‘o ¢

£ 80~ o

s

G

g . .

72 ""ﬂSow{{,wv-‘tc

40 |- Lontraclion

g

%

q?w‘(ﬂal valve
100 150
50 o

4 1\ Left ventricular velume (ml)
yaitrel valve open
B Fig. Pressure-volume loop of the left ventricle for
a single cardiac cycle (ABCDEF).
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Heart Sounds

+» The sound of a heartbeat comes
Where to listen on chest wall for heart sounds ?  primarily from the turbulence
in blood flow caused by the
closure of the valves, not from
the contraction of the heart
muscle.

+¢ The first heart sound (lubb) is
Pulmonary  created by blood turbulence
Bicuspid associated with the closing of
valve the atrioventricular valves
e soon after ventricular systole
6 begins.
+¢+ The second heart sound (dupp)
represents the closing of the
semilunar valves close to the
end of the ventricular systole.

Aortic valve

Tricuspid valve

Anterior view of heart valve locations
and auscultation sites

Heart Sounds é
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Murmurs

«» A heart murmur is an abnormal sound that
consists of a flow noise that is heard before,
between, or after the lubb-dupp or that may mask
the normal sounds entirely.

s Some murmurs are caused by turbulent blood
flow around valves due to abnormal anatomy or
increased volume of flow. _y

< Not all murmurs are abnormal - @
or symptomatic, but most indicate

St

. {W\} 's
a valve disorder. # A
@ Heart Disease
< Risk factors: « Risk factor for developing heart
. disease is high blood cholesterol
v high blood cholesterol level level.
v high blood pressure v promotes growth of fatty plaques
v’ cigarette smoking v" Most lipids are transported as
v obesity lipoproteins

-- HDLSs remove excess
cholesterol from circulation
-- LDLs are associated with the

v lack of regular exercise
+¢+ Other factors include:

v diabetes mellitus formation of fatty plaques
v genetic predisposition -- VLDLs contribute to increased
v male gender fatty plaque formation
v high blood levels of fibrinogen <+ There are two sources of cholesterol
v left ventricular hypertrophy in the body: .
4 :[1 foods we ingest & formed by
iver
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Cardiac Output(CO) =
Heart Rate(HR) x Stroke Volume(SV)

&0 —
>at 70 ml stroke volume & 72 beat/min--5 5 2P *eeaepacenserpoenis
L/m||"| E b;ddur_ing syrnpalhali:.‘nslti_mui_atiuT ;
R E = during parasympathetic stimulation
>e_nt|re blood supply passes 'Fhrough :
circulatory system every minute g ©
E Thresr_lcld
1 Plasma epinephrine E o oot B il S
4 L%
T Activity of 1 Activity of Time
sympathetic parasympathetic
nerves to heart nerves to heart F®14.1 BEXHEFSHHLEOEES
REERE ZEEIENE Bl 32 M AR
- ~ WES BNSGRAEE BESFRAEE
SA node | {3 : B0  {EER : FEL
THeart rate BEEE BEiEE
y BE# B0 R R TR
IR AL BosEsEE FR{E MR E
IZEA, IR0 BEMENES

Influences on Heart Rate

INPUT TO CARDIOVASCULAR CENTER
[ From higher brain centers: cerebral
cortex, limbic sy , and hypothal

rFrom sensory receptors:

Propriocef t
Ct eptors: itor blood chemistry
Baroreceptors-monitor blood pressure

v OUTPUT TO HEART
- £ Inc d rate of spont:
Cardiac accelerator . s in SA node (and AV node)

nerves (sympa!hEtif-\ increases heart rate

Increased contractility of atria and
ventricles increases stroke volume

Cardiovascular Vagus nerves Dec I rate of sf Sansinrte’
(N canes . (cranial nerve X, tion in SA node (and AV node) decreases
parasympathetic) heart rate

«*Nervous control from the cardiovascular center in the medulla
--Sympathetic, parasympathetic impulses & broreceptors (pressure
receptors)
“*HR is also affected by hormones
--epinephrine, norepinephrine, thyroid hormones
--ions (Na+, K+, Ca2+)
--age, gender, physical fitness, and temperature




Influences on Stroke VVolume

¢ Preload=EDV (affect of stretching)

--Frank-Starling Law of Heart (EDV is determined by length of
ventricular diastole and venous return)

--more muscle is stretched, greater force of contraction
--more blood more force of contraction results
¢ Contractility
--autonomic nerves, hormones, Ca*2 or K* levels
-- is affected by positive and negative inotropic agents
Positive inotropic agents increase contractility
Negative inotropic agents decrease contractility
¢ Afterload
--amount of arterial pressure created by the blood in the way
--high blood pressure creates high afterload

Stroke volume (ml)

Frank-Starling Law

Increased
stroke
/\mlume
___________ Resting sarcomere lengths
1
__________ & / A
: Mormal]  Increased r | | FHA l -I
I resting ! venous returmn i |
L fvaiue | | | L b—— |,
0 100 200 300 400 e
Ventricular end-diastolic volume (ml) —2.4 pm—i
(a) Actin
Z o Z
W +— Myosin
s b [t |
= § byt
] @ 2.2 pin—
2 7]
5 (c)
-
ST R AR
| (d) (c)
P
T 1 1 20 pm—i
0 500 1000
msec ST
. ST
Time -
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EDV & Venous Return

EMBOE  ZESERE

/////-mumu\\\\\
Negative
intrathoracic

TILEEER e HMESFR  AROMELE
pressurn | Cardiac | Stroke Metabolic Sympathetic
Blnod \m]um ang pmnm rale volume vasodilation  vasoconstriction
AN in muscles in viscera
;.r" \\ Brealh:ng l
; N JEEHLH%E
z : Sympathoadrenal
REW  SEEmn RETMA em | e o
Urine Tissue-fluid \f‘enooons‘mcuon Skeletal P ' ER
volume volume muscle VEnous muscle
pump retum activity
LR
Sympathetic BEITE
nerve stimulation Deeper breathing

1204
100
B

Pressure B0
tmm Hg)

a0

0=

t Predoad t Afterioad
i} venous returm) (4 arterial presse)

1 Cardiac output 4 } + Cardiac output
1204 120 ’—\
100 4 o 100 4
0 B0

i I 6l
' Stroke * Stroke
volume | volume
40 an
20 - / 20
— -._._._.-/
o T T T o T T T
30 1060 150 50 100 150
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Cardiac & Vascular Function Curves

109

Cardiac
Function Curve

Ll

e
Cardiag

Outpunt Cardiac output = 5 Limin

(L/munl 4 4
2 Vascular
Trarghe's it Funclion Changes in
aseular Curve cantrac tiity
valurme T T T T T u
Lt 2 4 5 8 mn
Right Atrial
109 Pressure 10 . —_
Norepinephrine (sympathetic stimulation)
Hypervolemia - | memsmme—————
---- "./ i 4 preload; ¢ cardiac output -
e ~ B4 -
~
~
B

~ Hypovolemia Cardhac %
(hemorrhage) Output

" Heart failure

( 4 preload (L/min}
44 § cargliac 4
. output] _\_1 B | clo
s sla|7]6]a
~
~
~
~
S
T T T T T 1 T T T T T u
0 2 4 [ 8 {A) 0 2 4 (3 8 10
Right Atrial Pressure Right Atrial Pressure

Cardiac & Vascular Function Curves

(L/min) 44

’ -
Cardiac - AlExs [ garldlaf
Output [T " —‘—‘— utpu
P of S 41517 (L/min)

2

0 2 4 6 8 10
Right Atrial Pressure
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Sympathetic & Contractility

Sympathetic
stimulation

During stimulation
of sympathetic nerves

200 to heart

Increased
contractility

Normal
1 resting
I value
I
L

Stroke volume (ml)
g
Force developed
during contraction

i} 100 200 300 400
Ventricular end-diastolic volume (mi)

Time

Norepinephrine  Epinephrine Extracellular fluid

J !n_Jn L WA .1.§.'I:i

Cross-bridge cycling, .
thick and thin filament sliding, ~¥ activation
force generation (Ca®*-troponin)
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!‘-‘csiliwinmpic aggntslsuth as

catecholamines, glucagon, or thyroid

Increased end diastolic volume  hormones in the blood; increased Decreased arterial blood
[stretches the heart) Cal+ in extracellular fluid pressure during diastole

Within limits, cardiac muscle
fibers contract more forcefully
with stretching |Frank-5tarling
law of the heart)

£

|

Pasitive inotropic agents increase  Semilunar valves open sooner
force of contraction at all physio-  when blood pressure in aorta and
logical levels of stretch pulmonary artery is lower

| <~
—

N
—/

d hetic sti Catecholamine or thyroid Infants and senior citizens, females,
and decreased parasympathetic  hormones in the blood; moderate low physical fitness, increased body
stimulation increase in extracellular Ca2+ temperature

’ CHEMICALS || omerFacrors

NERVOUS SYSTEM
Cardi h p

dull.

center
oblongata receives input from
cerebral cortex, limbic system,

baroreceptors,
and chemoreceptors

Figure 20-17 Principles of Anatomy and Physiclogy, 11/e

<Begin >
T End-diastolic ( "1 Activity of sympathetic
ventricular volume nerves to heart
T Plasma A Activity of
epinephrine < parasympathetic

nerves to heart

( Ca rd;fac muscle
T Stroke volume

\

SA node
T Heart rate

T Cardiac output

Cardiac output | =

Stroke volume | x ‘ Heart rate
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Structure and Function of
Blood Vessels

(William Har;/e:y 41578 -1657)
+» Blood vessels form a closed system of tubes that carry
blood away from the heart, transport it to the tissues of the
body, and then return it to the heart (one-way)
— Arteries carry blood from the heart to the tissues
— Arterioles are small arteries that connect to capillaries
— Capillaries are the site of substance exchange between the blood
and body tissues
— Venules connect capillaries to larger =7
veins J{ e
— Veins convey blood from the tissues :
back to the heart

oRaE
Tunca interma

[ER A Tunics avarna. n axteena MEAE
[ Tunca media IR
PSR Turica insrna | Turica iserma REE

R vahe

N Endothelium PRE

e Lt

\\\ —— Procagsiary MMM
= ) sohincter g

¥ [ —
amzeneE
) Continuous
caplitary
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;IR RW Distinguishing Features of Blood Vessels

Diameter Tunlca Interna Tunlca Medla Tunlca Externa Function
Elastic arterles Groater than Endathelium, basement Smoath muscle and Collagen and Conduct blood
1em. mambrana, and higher proportion of elastic fibers. from the heart
incomplete internal olastic fibers and thin 1o muscular
elastic lamina. extemal elastic lamina. arleries.
Muscular 0.1=10mm Endathelium, basement Higher proportion of Collagen and Distribute blood
arteries membrane, and thin smooth muscle, fewer elastic fibers. to artericles.
internal elastic larmina. elastic fibers, and
prominent external
elastic lamina.
Anterloles 10-100 um, Endothelium, bazemeant Smooth muscle and Collagen and Deliver blood 1o
(near arteries membrane, and internal very few elastic elastic fibers. capillaries and
from which they elastic lamina, fibers, help regulate
branch) Blood flow,
Caplilaries 4-10 pm. Endathelium and None. None. Parmit exchange
basement membrane. of nutrients and
wastes batwean
bood and
interstitial fuid.
Venules (closer 10-100 pm, Endathelium and Smooth muscla. Collagen and Collect blood
10 COnVergence basement membrane, elastic fibers. from capillaries
with veins) and pass it on to
veins.
Velins 0.imm-greater Endaothelum and Smooth muscle Collagen and Return blood to
than 1 mm. basement membrane; and elastic fibers. elastic fibers. the heart,
contains vahes. tacilitated by
valves in veins
n mbs.

Arteries

TUNICA INTERNA:

Basemam mambrans -

Internal elastic lamina

TUNICA MEDIA:
Smooth muscle ——

il
_.?||_“-_ Extarnal alastic lamina

}T TUNICA EXTERNA —

Internal elastic
lamina

External elastic
lamina
Tunica externa

Lumen with
blood cells
Tunica interna
Tunica media

Connective
tissue

Transverse section through a muscular artery

Elasticity & Contractility

¢+ The wall of an artery consists of
three major layers

+ Tunica interna (intima)
--simple squamous epithelium
known as endothelium
--basement membrane
--internal elastic lamina
+» Tunica media

--circular smooth muscle &
elastic fibers

¢+ Tunica externa
--elastic & collagen fibers
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Sympathetic Innervation

¢+ Vascular smooth muscle is innervated by
sympathetic nervous system

— increase in stimulation causes muscle contraction or

vasoconstriction
* decreases diameter of vessel

— injury to artery or arteriole causes muscle contraction
reducing blood loss (vasospasm)

— decrease in stimulation or presence of certain chemicals
causes vasodilation

* increases diameter of vessel
* nitric oxide, K+, H+ and lactic acid cause vasodilation

Elastic Arteries

¢+ Large arteries with more elastic fibers and less smooth
muscle are called elastic arteries and are able to receive blood
under pressure and propel it onward

¢+ They are also called conducting arteries because they conduct
blood from the heart to medium sized muscular arteries

¢+ They function as a pressure reservoir

Aorta and elastic arteries

* Blood flows -.i { ] B|l':lfll:ld contlm:les

= toward capillaries -\ \ to flow towar

b Leftatrium : \ capillaries
=

B
~ Left ventricle

Left ventricle \ /4 | relaxes (diastole)
| contracts \\/F“ | | and fills with
, \ (systole) and \\}\

1 / blood
| ejects blood e
o

(a) Elastic aorta and arteries stretch
during ventricular contraction

(b) Elastic aorta and arteries recoil
during ventricular relaxation
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Muscular Arteries

**Medium-sized arteries with more muscle
than elastic fibers in tunica media
s»+Capable of greater vasoconstriction and
vasodilation to adjust rate of flow
--walls are relatively thick

--called distributing arteries because they direct
blood flow

Arterioles

< Arterioles (resistance arteries) are

very small, almost microscopic,
Smooth muscle fiber arteries that deliver blood to
Endothelium Capillaries

ARTERIOLE o ..
AR % Through vasoconstriction and
4 = vasodilation, arterioles assume a key
ey role in regulating blood flow from
talsond). arteries into capillaries and in
CAPILLARY altering arterial blood pressure
capiiary  Small arteries delivering blood to
™ gep capillaries
--tunica media containing few layers of
muscle
Thoroughfare % Metarterioles form branches into
channel B VENULE capillary bed
Smooth Endothelium --to bypass capillary bed, precapillary
muscle SE— sphincters close & blood flows out
fiber “ —Toheart of bed in thoroughfare channel
Sphincters relaxed: blood flowing --vasomotion is intermittent contraction
through capillary bed & relaxation of sphincters that allow

filling of capillary bed 5-10
times/minute
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(a)

Metabolic Regulation &
Myogenic Regulation

Begin Active hyperemia
T Metabolic L O, T metabolites Arteriolar
activity in organ dilation 5 ?;03 d ggw
of organ interstitial fluid in organ 9
(b)
. Flow autoregulation
Begin
10;, Restoration
1 Arterial T metabolites, Arteriolar of blood
pressure ‘ E;‘:fgf 2?1"“ L vessel-wall dilation flow toward
in organ g stretch in organ normal
in organ in organ

Adrenergic Receptor & Arteriolar Radius

V- ; o
Sympathetic postganglionic
neurons to skeletal muscle arterioles
Release norepinephrine

|

Sl

T Norepinephrine in extracellular fluid

Adrenal medulla
Secretes epinephrine
into blood

sz
T Plasma epinephrine

(Causes

(Causes
vasoconstriction) - o B> | vasodilation)
Smooth muscle in skeletal muscle arterioles
Altered arteriolar radius
\
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Neural controls Hormonal controls Local controls

Vasoconstrictors Vasoconstrictors Vasoconstrictors
Sympathetic nerves Epinephrine Internal blood pressure
that release Angiotensin Il (myogenic response)
norepinephrine Vasopressin Endothelin-1
Vasodilators Vasodilators Vasodilators
Neurons that release Epinephrine 1 Oxygen
nitric oxide Atrial natriuretic K*, CO,, H*
peptide Osmolarity
Adenosine
Eicosanoids
Bradykinin
Substances released
during injury
Nitric oxide

Arteriolar smooth muscle
Altered arteriolar radius

Capillaries form Microcirculation

“* Microscopic vessels that connect arterioles to venules

¢ Found near every cell in the body but more extensive in
highly active tissue (muscles, liver, kidneys & brain)
--entire capillary bed fills with blood when tissue is active
--lacking in epithelia, cornea and lens of eye & cartilage

¢ Function is exchange of nutrients & wastes between
blood and tissue fluid

+» Capillary walls are composed of only a single layer of
cells (endothelium) and a basement membrane

Endothelium Red blood cells passing through a capillary

e t " —— Connective
- 'r:'w—”" - 'r’ e Lumen - ; tissue
| == Redblood

ey —— Basement o
J ‘\ membrane - o
<9 i Capillary
A D 600x
endothelial
Capillary b
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Types of Capillaries

Pinocytic vesicle
Basement membrane

Nucleus of
endothelial cell

Lumen
Intercellular cleft

Continuous capillary formed by
endothelial cells

Fenestration

+ Continuous capillaries

--intercellular clefts are gaps
between neighboring cells

--skeletal & smooth, connective
tissue and lungs

 Fenestrated capillaries
--plasma membranes have many

lpore)

lstarcsbhloe holes

Pinacytie—" [0} Basement --kidneys, small intestine, choroid
Luman .---‘;.}ﬂ O ucteus of plexuses, ciliary process &

endothelial cell

Incomplete
basement e

membrane

Lumen

£

3
\ Intercellular
cls

Nucleus of
endothelial cell

Sinusoid

endocrine glands
% Sinusoids
--very large fenestrations
--incomplete basement membrane

--liver, bone marrow, spleen,
anterior pituitary, & parathyroid
gland

Capillary Exchange

«» Movement of materials in & out

- L of a capillary
C~:':: — Diffusion (most important method)
» Substances such as 02, CO2,
h:.;“:cs.',.“." glucose, amino acids, hormones,

Enlargemant
of capiary

and others diffuse down their
concentration gradients.

ST w2 » all plasma solutes except large
erense—" . G proteins pass freely across
: 7 — through lipid bilayer, fenestrations
or intercellular clefts
o~ _ — blood brain barrier does not allow
4 F‘?"“"C“E diffusion of water-soluble
materials (nonfenestrated
epithelium with tight junctions)
— Transcytosis

* passage of material across
endothelium in tiny vesicles by
endocytosis and exocytosis

— large, lipid-insoluble molecules

such as insulin or maternal

antibodies passing through
placental circulation to fetus

wieow T — Bulk flow

Vanule
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Bulk Flow: Filtration & Reabsorption

Capillary
ol §

Arteriole /)\ENER 1J\RFER Venule

H14.8 FRELMMEND HE - B8 (B) &
2 EB I & &) AR i 67 [0 18 128 R B i 2 A Y - 638
BHMEZFONREEEE (EEHE) MOEMMmE
Lof

+» Movement of large amount of
dissolved or suspended material in
same direction
— move in response to pressure

« from area of high pressure to area of
low

— faster rate of movement than
diffusion or osmosis
“ Most important for regulation of
relative volumes of blood &
interstitial fluid
— Filtration is movement of material
into interstitial fluid

» promoted by blood hydrostatic
pressure & interstitial fluid osmotic
pressure

— Reabsorption is movement from
interstitial fluid into capillaries

» promoted by blood colloid osmotic
pressure

— balance of these pressures is net
filtration pressure

Dynamics of Capillary Exchange

_ Lymphatic fluid
" (lymph} returnsto~

Blood plasma = Lymphatic capillary

Interstitial
fluid

Blood flow from arteriole
into capillary

26 mmHg

Key:

BHP = Blood hydrostatic pressure
IFHP = fluid hyd
BCOP = Blood colloid osmaotic pressure
IFOP =1, itial fluid osmoth

NFP = Net filtration pressure

Blood flow from capillary
inte venule

» Starling’s law of the
capillaries is that the

Net filtration art arterial end of  Net reabsorption at venous end VO I U me Of fl U id &

capillaries (20 liters per day) of capillaries (17 liters per day)

Net filtration = (BHP + IFOP) = (BCOP + IFHP)
pressure (NFP)
Pressures promoting Pressure promoting
filtration reabsarption
NFP=(35+1]-(26+0) NFP=(16+1]-(26 +0)
=10 mmHg =-9mmHg
Result Net filtration Net reabsorption

solutes reabsorbed is
almost as large as the
volume filtered
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Edema

An abnormal increase in interstitial fluid
(Filtration > Reabsorption)

. P
REE BER

M BIMEIMEEEE » FFLIERSOEE

EARFEE  AEMIDESIRER R

HEEOR BEKIEZEEANNDEBIRE - B

EiEnm S ERHE K B B BB e T 53 6 F B B MR
MRS S EBMME R - Bk
IRINEEE TS FsR Kt 2 MISE
—58

MIFEOR BEKDEEEAMDEIPINE - T

EREE EHEER (HEMB\BEQNEARE
BH) - BREH (HRO\EZEGERE
RiED) - HEBEBEE TS HER

HEEEE ORFEENUTFEIMELLIES
(filaria roundworms) (¥RE3%8) » EIEET#H
EAE) - SIEEKER EREEE AR

«» Excess filtration

* increased blood pressure
(hypertension)

* increased permeability of
capillaries allows plasma
proteins to escape

+» Inadequate reabsorption

» decreased concentration of
plasma proteins lowers blood
colloid osmotic pressure

— inadequate synthesis or
loss from liver disease,
burns, malnutrition or
kidney disease blockage of
lymphatic vessels
postoperatively or due to
filarial worm infection

15' : Smooth muscle fiber
7 Endothelium

channel AR = VENULE

Smooth

muscle = s =
fiber *+——To heart

Sphincters contracted: blood flowing
through thoroughfare channel

Venules

*+Small veins collecting

blood from capillaries

+* Tunica media contains

only a few smooth

muscle cells &

scattered fibroblasts

--Very porous

endothelium allows for
escape of many
phagocytic white blood
cells

“*Venules that approach

size of veins more
closely resemble
structure of vein
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+»» Veins consist of the same
three tunics as arteries but
have a thinner tunica interna
and media and a thicker tunica

j-‘a TUNICA INTERNA:

F Endothelium ——

W X

LB Basement membrane — |

i '!, Internal elastic lamina
%

TUNICA MEDIA:
Smooth muscle—

— Valve

e ... || externa

il 0 lamina " ..

o | --less elastic tissue and smooth
I Iy o) muscle

Lumen
Artery

--thinner-walled than arteries
--contain valves to prevent the
backflow of blood
+ Still adaptable to variations
in volume & pressure

¢ Vascular (venous) sinuses are
veins with very thin walls with
no smooth muscle to alter their
diameters. Examples are the
brain’s superior sagittal sinus
and the coronary sinus of the

Transverse  Cysps
plane

"

of valve

Longitudinally cut
Photographs of a valve in a vein heart

Varicose Veins

«» Twisted, dilated superficial veins
— caused by leaky venous valves

» congenital or mechanically stressed
from prolonged standing or
pregnancy

— allow backflow and pooling of
blood

+ extra pressure forces fluids into
surrounding tissues

 nearby tissue is inflamed and
tender

++ The most common sites for varicose
veins are in the esophagus,
superficial veins of the lower limbs,
and veins in the anal canal
(hemorrhoids). Deeper veins not
susceptible because of support of
surrounding muscles

«»» The treatments for varicose veins in
the lower limbs include:
sclerotherapy, radiofrequency
endovenous occlusion, laser
occlusion, and surgical stripping
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Blood Distribution

Pamonary | "3 %+ 64% of blood volume at
rest is in systemic veins
and venules

— function as blood reservoir

« veins of skin & abdominal
organs (liver and spleen)

Systemic
arteries and
arterioles
13%

Systemic capillaries
7%

8
]

les

] e — blood is diverted from it in
§ - times of need
25 « increased muscular activity
*w B produces venoconstriction
g o f"ﬁ « hemorrhage causes
s “omal venoconstriction to help
! maintain blood pressure
| R %+ 13% of blood volume in
1o { AW E arteries & arterioles
0 |___

REWER il 4 I AEBE RmE

Hemodynamics: Factors Affecting
Blood Flow

+¢ The distribution of cardiac output to various
tissues depends on the interplay of the pressure
difference (/\P) that drives the blood flow and
the resistance (R) to blood flow.

¢ Blood pressure (BP) is the pressure exerted on
the walls of a blood vessel; in clinical use, BP
refers to pressure in arteries.

«+ Cardiac output (CO) equals mean arterial
pressure (MAP) divided by total resistance (R).

+» Factors that affect blood pressure (MAP=CO x R)
include cardiac output, blood volume, viscosity,
resistance, and elasticity of arteries.

59



Hemodynamic: Pressure Difference

Blood Flow (Q) R = Resistance to flow

Pressure Difference (AP) Vessel wall

o Ielaslslelslsel=lsls

R R R

Flow (Q) = AP/R

R R R

Talalaeleslels

Blood

e——— Length (L) ———

Normal open valve Stenotic valve

Laminar flow = quiet MNarrowed valve
Turbulent flow = murmur

MNormal closed valve Insufficient valve

No flow = quiet Leaky valve
Turbulent backflow = murmur

(b)

Turbulent

Flow

Laminar

Pressure Difference (AP}
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Hemodynamics: Resistance

Resistance to Flow (R)

Poiseuille’s Law

1,000

Venous
side

100 1 Arterial
side

Resistance (R)

nxLx8 per unit length 10
rd ( mm Hg el
) = viscosity (mm3/sec)/pm

L = vessel length

r = vessel radius

0.01 — T T T T T T
20252117139 3 9 1317212529
Vessel Radius (pm)

» Resistance refers to the opposition to blood flow as a result of friction

between blood and the walls of the blood vessels.

»Vascular resistance depends on the diameter of the blood vessel, blood
viscosity, and total blood vessel length.

»Systemic vascular resistance (also known as total peripheral resistance=TPR)
refers to all of the vascular resistances offered by systemic blood vessels; most
resistance is in arterioles, capillaries, and venules due to their small diameters.

v'Neural Controls
v"Hormone Controls
v'Local Controls

Systemic Vascular Resistance
(SVR)

ANP Vasopressin (ADH)

Constrict

Dhilate

|
in
ity e

- ] b Endothelin
1

Shear stress Shear High shear stress
Histamine stress Cytokines
Thrombin

Bradykinin
Purinergics (e.g., ATP)
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Hemodynamics: Cross-Sectional Area

Cross-Sectional Area (A) v
and Flow Velocity (V) 2 S :
v, £ 6001 40
Vi = 500
A e ey L 30
v = 400 1
: g ) 20
A g 3001 2
Vs 'ﬁ 00 4
2 - 2004 B
Small area (A;) ] v, 8
High velocity (Vy): . o 9]
: 2
Arteries Arterioles ::cap]“mes Large area (Az) Aorta Arterioles Venules Vena cava

Low velocity (V,) Arteries Capillaries Veins

The velocity of blood flow is inversely related to

the cross-secti

onal area of blood vessels

Velocity (cm/sec)
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Hemodynamics

s»Factors affecting circulation

— Pressure differences that drive the blood flow
* Velocity of blood flow
* Volume of blood flow (CO=SV xHR)
--venous return
* Blood pressure

— Resistance to flow
**An interplay of forces result in blood flow

Velocity of Blood Flow

+¢+ Speed of blood flow in cm/sec
is inversely related to cross-

'l sectional area

[ | Cross-sectional — blood flow is slower in the

[ \area arterial branches

[ \ « flow in aorta is 40 cm/sec while
/ \ flow in capillaries is .1 cm/sec

\

* slow rate in capillaries allows for
exchange

"'\.\Velnci:y
+»» Blood flow becomes faster

— = when vessels merge to form
veins
& {&e oza {&e \'}e'" e-'\e" o"’zz .
& & & Ve + Blood flow decreases from the
¥ & aorta to arteries to capillaries

and increases as it returns to
the heart




Volume of Blood Flow

Venous Return

+¢+ Volume of blood flowing back
to the heart from the systemic
veins

— depends on pressure difference
from venules (16 mm Hg) to
right atrium (0 mm Hg)

— tricuspid valve leaky and
buildup of blood on venous
side of circulation

++ Skeletal muscle pump

— contraction of muscles &
presence of valves

¢ Respiratory pump

— decreased thoracic pressure and
increased abdominal pressure

o 2 € during inhalation, moves blood
into thoracic veins and the right
atrium

T Activity of -
sympathetic m:usscﬁ:l:{;arlnp

nerves to veins

T Blood TInspiration
volume movements

Veins
T Venous pressure

T Venous return
T Atrial pressure

T End-diastolic
ventricular
volume

Cardiac muscle )
1 Stroke volume CO=8Vv X HR
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Blood Pressure

Blood pressure is the measurement
of force applied to artery walls o

¢+ Pressure exerted by blood on walls of
a vessel

— caused by contraction of the
ventricles

— highest in aorta

¢ 120 mm Hg during systole & 80
during diastole

«» |If heart rate increases cardiac

o output, BP rises (MAP=COxTPR)
120l Systolicblood «+ Pressure falls steadily in
ity systemic circulation with distance
- from left ventricle
=: 80 — 35 mm Hg entering the capillaries
5 4 — 0 mm Hg entering the right atrium
- ¢ If decrease in blood volume is over
& 10%, BP drops
2 «»+ Water retention increases blood
o pressure
& @; & &
i
Systolic pressure SBP
Cardiac output 1201 Stmke. volume
Mean arterial | ) mrF;}]:::i-éuv“uw
pressure (MAP) t
t 80 — Arterial
compliance

Peripheral
resistance

MAP = Pyjag, +

o
( Poyss, ~ Pagiast.)

Pressure

]

Diastolic pressure DBP

Time ——————>»

SBP:DBP:PP=3:2:1
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Mo sound; cuff Cuff pressure Sounds loud, Low muffled Cuff pressure

pressure above Just below tapping, and sound lasting below diastolic

systolic pressure; systolic pressure; intermittent continuously pressure; thus

artery completely first sounds heard; vessel is always

occluded during soft, tapping, and open; no turbulence,

cycle intermittent no sound
—. PEnrEsmans (a)- - -
:E 120 \ T 120
E [ofailes o Enmessges s B)- -1
2 1
é (c)-- '_| 100
s 1
= |
e 1]
g % @-==7]%°

A~ A el ]  je———————] =eeeecaa- (e)-- -
{ (@) () © () ()
= m— AR ————— o ————————
4- Sound Korotkoff sounds
"""" Cuff pressure “——— Period of turbulent
flow through

| Arterial p G striotad 1
\ Time

Cuff pressure (mmHg)

Measuring Blood Pressure

Pulseisa pressure wave that alternate expansion & recoil of elastic artery
after each systole of the left ventricle

Structure Location Structure Location
Superficial Lateral to orbit of eye. Femoral artery Infarior to inguinal Bgament.
temporal artery Popliteal artery Postarior to knee.
Faclal artery Mandible (lower jawbone) on a Ene with the Radial artery Distal aspect of wrist.
comars of the mouth. :
= Daorsal artery Suparior to instep of foot.
Common Lateral to larynx {voice bax). of the foot
carolid artery (dorsalis pedis
Brachial artery Medial side of bicaps brachil muscle. artery)

Famoral artery

Popliteal artary

artery of the foot

plilse rate =HR is normally between 70-80'b {dorale pets oy
Tlachycardia is rate over 100 beats/min & Bradycardia under 50
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Cardiovascular Adaptation to
Exercise

145 TEZHEEER T B 68 HL MR R

i i m 7 (&FH /D) -

ZHPEF 1,000 15 D ARPERY SRR BN E « — 288 + SIBMEWE

FBA2EE Eh B 8 ER S B SR 1 32 AR 00 EIE T IR MR 5 — B LIRS
SR E R B/ BERET R

W EE ) 20,000 (1) B RS EE
(2) BRI TE 0035 B AT E EIB 0

(3) EENAEIBY RN - EXATERENMESR

Flow during
strenuous exercise
(ml/min)

Skeletal muscle

Abdominal
organs

Other 525 (10%)
Total 5000 < . N

| 400 (2%)
17,500

Mean arterial pressure (mmHg)

Systolic arterial p (mmHg)

Skeletal muscle blood flow 1030
(mlfmin)
|3 r—
120 I
80

Diastolic arterial pressure
(mmHg)

Total peripheral resistance
(mmHg * min/L)

Cardiac output (L/min) =

| Exercise | -

130
Heart rate (b ) 72
o %
Stroke volume (mi/beat)
135 148

End-diastolic icular volume
(mi}

Time

67



Table 12-7  Cardiovascular Changes During Moderate Exercise

Variable Change Explanation

Cardiac output Increascs Heart rate and stroke volume both increase, the former to a much greater extent.,

Heart rate Increases Sympathetic nerve activity to the SA node increases, and parasympathetic nerve activity
decreases,

Stroke volume Increases Contracrility increases due to increased sympatheric nerve activity to the ventricular

myocardium; increased ventricular end-diastolic volume also contributes to increased
stroke volume by the Frank-Starling mechanism.

Total peripheral resistance Decreases Resistance in heart and skeletal muscles decreases more than resistance in other vascular
beds increases.

Mean arterial pressure Increases Cardiac output increases more than total peripheral resistance decreases.
Pulse pressure Increases Stroke volume and velocity of ejecrion of the stroke volume increase.
End-diastolic volume Increases Filling time is decreased by the high heart rate, but the factors favoring venous return—

venoconstriction, skeletal muscle pump, and increased inspiratory movements—more
than compensate for it.

Blood flow to heart and Increases Active hyperemia occurs in both vascular beds, mediated by local metabolic factors.
skeleral muscle

Blood flow to skin Increases Svmpathetic nerves to skin vessels are inhibited reflexly by the increase in body
temperature.
Blood flow to viscera Decreases Sympathetic nerves to the blood vessels in the abdominal organs and kidneys are
stimulated.
Elood How to brain Increases Autoregulation of brain arterioles maintains constant flow despite the increased mean
slightly arterial pressure.
Begin |
- - > £ i
Brain [ Exercising skeletal muscles
“Exercise centers” Contractions
= U__' l
l.,/‘—'- I‘\ o
] ] Afferent Stimulate Lacal chemical
<~ =

mechanoreceptors changes

(" Arterial baroreceptors ( Medullary & in the muscles
| Reset upward ‘ cardiovascular J
~ - - | center —————

% Afferent ]

input Stimulate Dilate
= = — chemoreceptors arterioles
L Parasympathetic output to heart in the muscles in the muscle
T Sympathetic output to heart, veins, |
and arterioles in abdominal . -\
organs and kidneys . _ T Muscle blood ﬂow_ )
1 ; o
T Cardiac output

1 Vasoconstriction in
abdominal organs
and kidneys
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node

Lymphatic -
vessal

Lymphatic System

(b)

Tonsils

Cervical

Right lymphatic lymph node
duct

Thoracic duct
Thymus

Axillary Subclavian

lymph node veins
Thoracic
Mammary duct
plexus
Imestinal ——————Spleen
lymph node
Lacteals in
Lymphatic vessel intestinal wall
(transports lymph)
4 i Inguinal
Bone " 4! 3 lymph node

capillarias

Arteriole

Lymphatic Circulation

Lymphatic Flow Lymphatic Circulation

L/day

Venule Lymph node

69



Control of Blood Pressure

Activity of Bleod
sympatnate voRime
Nares 1o vains

Local controls

Indornal BoGd prossiune
{myogenic respanse)

Endothalin.1
10xygen
VBnouS prasauns Skadotal K*, COy, H*
muschs pump. Osmolarity
Adenosing
Eicosanaids
Bradykinin
Vanous neturm Inspiration Heural controls Subsslances rolaaged
avamants W PR during injury
y s Nl iy
Sympatatic narvas
Atrinl pressurt Viasodilators
Newrons that release
nerio oxido
End-chasiclc
r 5
el Piasma apinaphrina Harmanal controls
onsilar Hematocris
ring.
Angiolensin ||
Activity of Activity of Vasopressin
narvas io haart nanves to haar Epmpnrmc %
Alrigl natriyresic
popede
Canding muscld SA node ArMSnclar Smoo muschs Blood viscosdty
Stroke volume Hoart rate Asteriolar radius
Cardac output Total pengheral resstancs
Maan artarial prassure Maan srgrial pressun
Mean arterial pressure Cardiac output ® Total peripheral resistance

MAP=CO xTPR

Control of Blood Pressure

**Role of cardiovascular center
— help regulate heart rate & stroke volume
— specific neurons regulate blood vessel diameter

INPUT TO CARDIOVASCULAR
CENTER (nerve impulses)

= [ From higher brain centers: cerebral cortex,
~ L limbic sy and hypothal

From proprioceptors: monitor joint movements
From baroreceptors: monitor blood pressure

From chemoreceptors: monitor blood acidity
(H*), CO3,and O,

.f"
Sy 2
ﬁh._ 2
NN
ol
s "
\’ x OUTPUT TO EFFECTORS
(increased frequency of nerve impulses)

\ Vagus nerves
) <9 . Heart: decreased rate
(parasympathetic)
Cardias accalarator Heart: increased rate and contractility
Yer\res (sympathetic)
Vasomotor nerves = S
Cardiovascular —— Blood tion

(CV) center
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Cardiovascular Center

<+ The cardiovascular center (CV) is a group of neurons in
the medulla that regulates heart rate, contractility, and

blood vessel diameter.

— input from higher brain regions and sensory receptors
(baroreceptors and chemoreceptors).

— output from the CV flows along sympathetic and parasympathetic

fibers.

— Sympathetic impulses along cardioaccelerator nerves increase

heart rate and contractility.

— Parasympathetic impulses along vagus nerves decrease heart rate.

% The sympathetic division also continually sends impulses
to smooth muscle in blood vessel walls via vasomotor
nerves. The result is a moderate state of tonic contraction
or vasoconstriction, called vasomotor tone.

Input to CV Center

+* Higher brain centers such
as cerebral cortex, limbic
system & hypothalamus
— anticipation of competition
— increase in body temperature
¢ Proprioceptors
— input during physical activity
¢ Baroreceptors
— changes in pressure within
blood vessels
%+ Chemoreceptors

— monitor concentration of
chemicals in the blood

Output from CV Center

¢ Heart
— parasympathetic (vagus nerve)
« decrease heart rate
— sympathetic (cardiac
accelerator nerves)
e cause increase or decrease
in contractility & rate
+¢ Blood vessels
— sympathetic vasomotor nerves

« continual stimulation to
arterioles in skin &
abdominal viscera
producing vasoconstriction
(vasomotor tone)

« increased stimulation

produces constriction &
increased BP
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Neural Regulation of Blood Pressure

«» Baroreceptors are important
pressure-sensitive sensory neurons
that monitor stretching of the walls
of blood vessels and the atria.

— The cardiac sinus reflex is

Afterent neurons

Intsma carofi to brainstem concerned with maintaining normal

¥ cardiovascular - - .
control centers blood pressure in the brain and is
Carotid sinus initiated by baroreceptors in the wall

baroreceptor

Aortic arch
baroreceptor

Common carotid
artaries

of the carotid sinus.

— The aortic reflex is concerned with
general systemic blood pressure and
is initiated by baroreceptors in the
wall of the arch of the aorta or
attached to the arch.

+ If blood pressure falls, the
baroreceptor reflexes accelerate
heart rate, increase force of
contraction, and promote
vasoconstriction

Baroreceptor Reflexes (BRR)

carotid sinus reflex

Baroreceptors
in carotid sinus

Glossopharyngeal nerves
(cranial nerve IX)
‘_/

Baroreceptors
in arch of aorta

aortic reflex

Cardiovascular
(CV] center

Medulla oblongata |  Vagus nerves
1 {eranial nerve X,

ras; thetic)
PREnRS AV node

Ventricular
myocardium

Spinal cord

Cardiac accelerator
u nerve (sympathetic)
Key: Sympathetic trunk
Sensory (afferent) neurons «— J ganglion

Motor (efferent) neurons —»
T Arterial pressure 1

Arterial baroreceplors |
T Firing

Reflex via medullary
cardiovascular center

t 1 Sympathetic t Parasympathetic 1
outflow to outflow to heart
heart, arterioles,
veins
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Going from lying—= | Venous —= | End-diastolic —= | Stroke
to standing position return volume volume

#

| Cardiac
output

Sensory neurons

t Sympathetic
| Parasympathetic

Vasoconstriction { Cardiac
of arterioles rate

1 Total peripheral { Cardiac

resistance output

Orthostatic Hypotension
ERRE ST B PE R o FpsbAT R

g RSP AL AGES A7 G
S oo dok BB BanrR R KR K
2o A FIR R B (L sl s Asbde
PrE A mi2Aa Feon BT o 2/
A5 — i h Z vl en(postural) - & E 2
(orthostatic) =4 i /& (hypotension) --it i
- BAREBAGFAE > Ad Gt 7
= N
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Carotid Sinus Massage & Syncope

« Carotid sinus massage can
slow heart rate in paroxysmal
superventricular tachycardia

« Stimulation (careful neck
massage) over the carotid sinus
lowers heart rate

— paroxysmal superventricular
tachycardia (SVT)

« tachycardia originating from the
atria

< Anything that puts pressure on
carotid sinus

— tight collar or hyperextension of
the neck

— may slow heart rate & cause
carotid sinus syncope or fainting

< Fainting or a sudden, temporary loss of
consciousness not due to trauma
— due to cerebral ischemia or lack of blood flow to the
brain
s Causes
— vasodepressor syncope = sudden emotional stress
— situational syncope = pressure stress of coughing,
defecation, or urination
— drug-induced syncope = antihypertensives, diuretics,
vasodilators and tranquilizers
— orthostatic hypotension = decrease in BP upon
standing
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Begn

Hemorrhage
(blood loss) Fomenleg
{ueu Fig. 12-52)
1 Astoriad pressure
1 Blood 4 Firing by artorial
volume i
N
1 Venous pressure o e T el e
1 1o haart o haart o vaing 10 anariclas
I Venous return - !
BA noge Veing Arterioles
Bl T Haart rate Conatrcton T Congirichon
J 1 - ' -
1 Atrial pressure 1 Vanous presuro
f.‘.'- 1 Venous retsm
L Ventricular end—diastolic Jenearo oMt
volume
o 1 End-diasiolic
Wl il
- {toward nonmal)
Cardiac muscle )
1 Stroke volume J Cardiae muscia
- Siroke volume
| L (oward nosrmal)
1 Cardiac output oy S0 R A e
L Arterial blood pressure el
Hemorrhage
Reflex
Y compensations

Stroke volume

Heart rate
Cardiac output (SV x HR)

Total peripheral resistance

Mean arterial pressure
(COx TPR)

e
/

Time
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Begin

1 Arterial — Reflexes :>| Arterioles
RIacaUND (Fig. 12-56) ~ \_

L Capillary

T Constriction |

S &

hydrostatic
pressure

1 Fluid absorption
from interstitial
compartment

T Plasma volume

Restoration of
arterial pressure
toward normal

Hormonal Regulation of Blood Pressure

ir:\: |83 -8 Blood Pressure Regulation by Hormones

Factor Influencing Effect on
Blood Pressure Hormone Elood Pressure

Cardiac Output

Increased heart Norepinephrina Increase
rate and Epinephrine
contractility

in Il Increase

Antidiuretic hormone

{vasopressin)
Morepinephrina®
Epinephrina®
Vasodilation Atrial natriuretic peptide Decrease
Epinephrine’
Nitric axide
Blood Volume
Blood volume Aldosterone Increase
increase Antidiuretic hormone
Blood volume Atrial natriuretic peptide Decrease
decrease

*Acts at a, recepiors in arterioles of abdomen and skin.
TActs at &, receptors in artericles of cardiac and skeletal muscle;
norepinephrine has a much smaller vasodilating effect.

% Renin-angiotensin-aldosterone (RAA)
system
— decrease in BP or decreased blood flow
to kidney
— release of renin/results in formation
angiotensin 11
¢ systemic vasoconstriction

* causes release aldosterone (H20 &
Na+ reabsorption)

< Epinephrine & norepinephrine
— increases heart rate & force of
contraction

— causes vasoconstriction in skin &
abdominal organs

— vasodilation in cardiac & skeletal
muscle

% ADH causes vasoconstriction
+« ANP (atrial natriuretic peptide) lowers
BP

7

— causes vasodilation & loss of salt and
water in the urine
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Local Regulation of Blood Pressure

<+ The ability of a tissue to automatically adjust its own blood
flow to match its metabolic demand for supply of O, and
nutrients and removal of wastes is called autoregulation.
¢+ Local factors cause changes in each capillary bed

— important for tissues that have major increases in activity (brain,
cardiac & skeletal muscle)

+ Local changes in response to physical changes
— warming & decrease in vascular stretching promotes vasodilation
+«+ Vasoactive substances released from cells alter vessel
diameter (K+, H+, lactic acid, nitric oxide)
— systemic vessels dilate in response to low levels of O2
— pulmonary vessels constrict in response to low levels of 02

High-Pressure Baroreceptors
'

-t

Carotid

sinus

High-Pressure Baroreceptor
Response

100 200
MAP [mm Hig)

§Blood o 4 Renin
pressure

" Blood ‘ Renin
pressure
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Short-Term Regulation of BP

PARASYMPATHETIC SYMPATHETIC

Cenvicdl  Brainstem

Cervical  Brainsiem

Theeacic

Thoeacic

Sacral

= 200
is
inal n 1 Ef
o Change in posture £3
{sitting bo standing) T o
SR 5
§ Vienous retum |
§ Stroke volum oa 00

' F-“ins‘med |
baroreceptor

Long-Term Regulation of BP

Response 1o Decreased Blood Volume and Pressure Response to Increased Blood Volume and Pressure

! finereased H, 0 l
intake)
—
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L Cardiac output

| Cardiac muscle
1 Stroke volume

1 End-diastolic volume

1 Venous return

1 Venous pressure

Blood Volume &

Begin

=== T Arterial pressure

Kidneys
1 Urinary loss of
sodium and water

L Plasma volume

1 Blood volume

(a)

4 Plasma volume

-

Kidneys

T Urinary loss of

Long-Term Regulation of BP

Begin
T Blood volume
T Venous pressure
T Venous return
1 End-diastolic volume

Cardiac muscie
1 Stroke volume

sodium and water ~

(b)

1 Cardiac output

T Arterial pressure

Drugs used in hypertension

L Centrally acling

clanidine
methyidopa

il I;BIJ I;ers'
BB,
propranolol
B,-seLEcTIvVE

atenolol
metoprolol

Carotid

Medulla

_____ b

- A}fﬁ«?
i

sinus

linitial effect

Cardiac

ouiput

i

Sympathelic

NA nerves

-
P-Receplors

Venous capacitance vessels.

S

“Body Naty |
7| Blood

Thiazide diuretics
¥

- bendrolluazide
others

Initial effect

_Mm t

Vasodilators

CONVERTING ENZYME
INHIBITORS
captopril

CALCIUM ANTAGOMISTS
nifedipine
amlopidine

t,BLOCKERS
prazosin
doxazocin

K*-CHANNEL
ACTIVATION
R

N FORMATION
nitroprusside

| UnKnOWN MECHANSM |

hydralazine
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Phentolamine [EdT-% B> F i R A gk
i F ek e
E ¥ P EEA Hydralazine ; minoxidil FEIREY bi I A
Sodium nitroprusside ilden 43R o
4 38 G 1 8 Verapamil ; diltiazem Fr| 4L YT PFHAE » w F T
Gnve o 3lden ¥ SRR o ik
}r_p_J °
= B R REEE Captopril ; benazepril el F ol A 1R S L F iR
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Shock and Homeostasis

+«*Shock is an inadequate cardiac output that results
in failure of the cardiovascular system to deliver
adequate amounts of oxygen and nutrients to meet
the metabolic needs of body cells. As a result,
cellular membranes dysfunction, cellular
metabolism is abnormal, and cellular death may
eventually occur without proper treatment.

‘/ I naquuate perfUS|0n « Place the victim in shock position
v'Cells forced to switch to anaerobic respiration ©Keep the person varm and comlortale.
« Turn the victim’s head to one side if necl

v'Lactic acid builds up injury s ot suspected
v'Cells and tissues become damaged & die
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Types of Shock

Hypovolemic shock is due to loss of blood or body fluids (hemorrhage,
sweating, diarrhea).

venous return to heart declines & output decreases

Cardiogenic shock is caused by damage to pumping action of the heart
(M1, ischemia, valve problems or arrhythmias).

Vascular shock causing drop inappropriate vasodilation -- anaphylatic
shaock, septic shock or neurogenic shock (head trauma).

Obstructive shock caused by blockage of circulation (pulmonary
embolism).

Homeostatic responses to shock include activation of the RAA
system, secretion of ADH, activation of the sympathetic division of the
ANS, and release of local vasodilators.

Signs and symptoms of shock include clammy, cool, pale skin;
tachycardia; weak, rapid pulse; sweating; hypotension (systemic
pressure < 90 mm HG); altered mental status; decreased urinary output;
thirst; and acidosis.

Homeostatic Responses to Shock

+» Mechanisms of compensation in shock attempt

to return cardiac output & BP to normal
— activation of renin-angiotensin-aldosterone
— secretion of antidiuretic hormone

— activation of sympathetic nervous system

— release of local vasodilators

+¢ If blood volume drops by 10-20% or if BP does

not rise sufficiently, perfusion may be inadequate -
- cells start to die
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Restoring BP during Hypovolemic Shock

Hypovelemic
shodk disrupts
homeostasis by
Moderately
decreasing
Blood volume and
blood pressure
Barareceptors, Baroreceptors
in kidneys in arch :f m‘%_
= &
Decrecsed rate of
| merve impulses
nd i s Return to homsostasis
Ll
Angiotensinogen posterior !mile in medulla cblongata :ﬂ:: m-
e hlees ADH and blood pressure
~. 2 back to normal
Outputs Angiatensin Il ADH in Inereased sympathetic
stimulation and hormones
s ) from adrenal medulla
Kidneys Blood -3 Heart
:::‘r::ll:,"" = ":r':‘; vessels —'& rate and oy &
* solt o contractili .
aldosterone et constrict H \
Increased systemic vaswlar
Increased resistanie Intreased bload
bload volume prossure

Stroke volume (ml)

Heart Failure

200
Normal heart
Failing heart
100
Normal
resting .
value S
After fluid retention S
Before fluid retention
| | | | | | | | | |
0 100 200 300 400 500

End-diastolic ventricular volume (ml)
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Congestive Heart Failure
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. Diuretics: Drugs that increase ur

. Cardiac inotvopic drigs: Drugs such as digitalis that increase ventricular contractility by increasing cytosolic

excretion of sodium and water (Chapter 14). These drugs eliminate the excessive fluid
nd /or worsening myocardial funcrion.

accumulation contributing to edema

cium concentration in

the myocardial cell. The use of these drugs is currently controversial, however, because although they cleardy improve the symptoms of
heart fuilure, they do not prolong life and, in some studies, seem to have shortened it

Vasodilater drags: Drugs that lower total peripheral resistance and thus the arterial blood pressure (afterload) the failing heart must
pump against. Some inhibit a component of the sympathetic nervous pathway to the arterioles, whereas others [angiotensin-converting
enzyme (ACE) inhibitors] block the formation of angiotensin 1T (see Chapter 14). In addition, the ACE inhibitors prevent or reverse
the maladaprive remodeling of the myocardium that is mediared by the elevated plasma concentration of angiotensin IT in hearr failure.

Beta-ad ryic vecepror block Drugs that block the major adrenergic receprors in the myocardium, The mechanism by which this
action improves heart failure is unknown (indeed, vou might have predicred that such an action, by blocking svmpathetically induced
- ympathetic stimulation of the heart

cytosolic calcium concentration,

reflexly produced by the decreased cardiac ourput of heart filure may cause an excessive eleva
which would lead to cell apoptosis and necre wta-adrenergic receptor blockers would prevent this.
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Preeclampsia

4= #F + Jp (Preeclampsia) €18 2 FF 2 4 3 o
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Arrhythmias
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