Title Essential Question

 Blood  Describe the structure and
function of blood tissue.
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Blood
Characteristics

» Fluid connective tissue composed of:

e Living cells = formed elements
e Non-living matrix = plasma
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Formed Elements (cells) 45%

Cell type Number Functions
(per mm? of blood)

Erythrocytes

(red blood cells) 4-6 million Transport oxygen
and help transport
carbon dioxide

Leukocytes Defense and
(white blood cells) 4900-11:000 {0 unity

| Lymphocyte

Basophil ..

Eosinophil
Neutrophil

Platelots Pr 250,000~

SFive s 500000

Monocyte

Blood clotting
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Physical Characteristics of Blood

» Color range Is scarlet red to dull red
depending on O,

» pH 7.35-7.45

o Blood temp. is slightly higher than body
temp.
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Blood Plasma
e 90 percent water

e Dissolved substances
o Nutrients e Hormones

o Salts  Proteins
» Respiratory gases » Waste products
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Plasma Proteins

o Albumin — regulates osmotic pressure
e Clotting proteins
o Antibodies — immune cell
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Formed Elements

o Erythrocytes = red blood cells made up
of hemoglobin
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HEMOGLOBIN

Hemoglobin

Oxygen molecule —
Red blood cell

Hemoglobin carries
oxygen thoughout

the body
#FADAM.




Hemoglobin

e Iron-containing protein
o Binds strongly, but reversibly, to oxygen
e has four oxygen binding sites

o Each RBC has 250 million hemoglobin
molecules
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Formed Elements

» Leukocytes = white blood cells
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Leukocytes
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Types of Leukocytes

Hemocytoblast
stem cells

Lymphoid

Myeloid
stem cells

stem cells

\

Secondary stem cells

\

Basophils

Erythrocytes

Platelets

Lymphocytes Monocytes Neutrophils

Figure 10.4

Copyright © 2003 Pearson Education, Inc. publishing as Benjamin Cummings Slide 10.10a



Leukocyte Levels in the Blood

e Normal levels
o Between 4,000 and 11,000 cells/mm?
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Leukocyte Levels in the Blood

o Abnormal leukocyte levels

» Leukocytosis
» Above 11,000 leukocytes/mm?
» Generally indicates an infection
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Leukocyte Levels in the Blood

o Abnormal leukocyte levels

o Leukopenia
o Abnormally low leukocyte level
» Commonly caused by certain drugs
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Agranulocytes - Lymphocytes
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Agranulocytes - Monocytes
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Figure 4-7. Human blood cells form a smear after Wright's stain, A and D, Neutrophilic leukocytes. B and E, Eosinophilic
leukocytes. C, Basophilic leukocyte. F, Plasma cell; this is not @ normal constituent of the peripheral blood but is
included here for comparison with the nongranular leukocytes. G and H, Small lymphecytes, /, Medium lymphocytes. J,
K, and L, Monocytes.



Formed Elements

» Platelets = cell fragments used for
clotting
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:;4 Characteristics of Formed Elements of the Blood

Occurrence
in blood
Cell type (per mm®)  Cell anatomy* Function
Erythrocytes 4-6 million Salmon-colored biconcave disks;  Transport oxygen bound to
{red blood cells, or RBCs) anucleate; literally, sacs of hemoglobin molecules; also
hemoglobin; most organelles transport small amount of
have been gjected carbon dioxide
Leukocytes 4000-11,000
{white blood celis, or WBCs)
Granulocytes
¢ Neutrophils 3000-7000 Cytoplasm stains pale pink and Active phagocytes; number
@t (40-70% contains fine granules, which increases rapidly during
- of WBCs) are difficult to see; deep purple short-term or acute
” nucleus consists of three to infections
seven lobes connected by
thin strands of nucleoplasm
* Eosinophils 100-400 Red coarse cytoplasmic granules;  Kill parasitic worms; increase
o (1-4% of figure-8 or bilobed nucleus during allergy attacks; might
WBCs) stains blue-red phagocytize antigen-antibody

{ (,. .

complexes and inactivate some
inflammatory chemicals

*Appearance when stained with Wnght'
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Characteristics of Formed Elements of the Blood

Occurrence
in blood
Cell type (per mm®  Cell anatomy* Function
¢ Basophils 20-50 Cytoplasm has a few large Granules contain histamine
O {0-1% of blue-purple granules; U- or fvasodilator chemical), which
WRBCs) S-shaped nucleus with con- is discharged at sites of
strictions, stains dark blue inflammation
Agranulocytes
* ymphocytes 1500-3000 Cytoplasm pale blue and Part of immune system; one
(20-45% of appears as thin im around group (B lymphocytes) pro-
Q WBCs) nucleus, spherical (or slightly duces antibodies, other
indented| dark purple-blue group (T lymphocytes)
nucleus involved in graft rejection,
fighting tumors and viruses,
and activating B lymphocytes
* Monocytas 100-700 Abundant gray-blue cytoplasm; Active phagocytes that
{4-8% of dark blue-purple nucleus become macrophages in the
WBCs) often kidney-shaped tissues, long-term “clean-up
team”; increase in number
dunng chronic infections
such as tuberculosis
Platelets 250,000~ Essentally irregularly shaped Needed for normal blood
500,000 cell fragments; stain deep clotting; Initiate clotting

purple

cascade by clinging to broken
area; help to control blood loss
from broken blood vessels

*Appearance when stained with Wright”
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Hematopoiesis

o Making blood cells
e Occurs In red bone marrow

e derived from a common stem cell
(hemocytoblast)
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I Fate of Erythrocytes
o Unable to divide, grow, or make proteins

o Wear out in 100 to 120 days

o Eliminated by phagocytes in the spleen
or liver

» Lost cells are replaced by division of
hemocytoblasts
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Hemostasis
e Definition

o Stoppage of blood flow

o Result of a break in a blood vessel
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1. Vascular Spasms

* Anchored platelets release serotonin.

e Smooth muscle contracts, causing
vasoconstriction.

o Blood vessel narrows, decreasing blood loss

R e 2 Al a L ]

Vasoconstriction

Platelet —= ~ 7
= Vessel
* injury
Endothelial
cells
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3. Platelet Plug Formation

* Injury to lining of vessel exposes collagen fibers;
platelets adhere.

« Platelets release chemicals that make nearby
platelets sticky; platelet plug forms.

Collagen '
fibers |

Platelets
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3. Coagulation

e Injured tissues release a series of
chemicals to trigger a clotting cascade

e Fibrin forms a meshwork
(the basis for a clot)

£ SECONDARY HEMOSTASIS Coagula cascade
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4. Blood Clotting

o Takes 3 to 6 minutes

e The clot remains as endothelium regenerates

e The clot is broken down after tissue repair

Blood clot formation

‘ Clotting factor

Platelet
Fibrin

|
Red blood cell
FADAM,
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Undesirable Clotting

e Thrombus

e A clot In an unbroken blood vessel

o Can be deadly In areas like the heart
Blood Clot Diagram

Valve Blood flow

Thrombus
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Undesirable Clotting

e Embolus

o Athrombus that breaks away and floats freely in the
bloodstream

o Can later clog vessels in critical areas such as the
braln Embolism/Embqus

Fragment of blood clot o s (i By

Bocd el (embolus) lrav.cling is called an embolus.
(thrombus) through vein

When an embolus
lodges within a vessel
and blocks blood supply, the
condition is called an embolism.
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I Blood Groups and Transfusions

o Large losses of blood

e Loss of 15 to 30 percent causes pallor and
weakness

» Loss of over 30 percent causes severe
shock, which can be fatal
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I Blood Groups and Transfusions

o Transfusions
o The only way to replace blood quickly

e Blood must be of the same blood
group
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Human Blood Groups

e Blood contains genetically determined proteins

o Aforeign protein (antigen) may be attacked by
the iImmune system and cause the blood to

clump (agglutination)

|\ Aantigen © B antigen
Red blood cell

L

Blood type A Blood type B
Blood type AB Blood type O
Universal recipient Universal donor
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I ABO Blood Groups

e Based on the presence or absence of two
antigens

o Type A

o Type B

o The lack of these antigens is called
type O
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I ABO Blood Groups

e The presence of both A and B Is called
type AB

e The presence of either A or B is called
types A and B, respectively
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Rh Blood Groups

o Named because of the presence or absence of
one of eight Rh antigens (agglutinogen D)

o Most Americans are Rh*

e Problems can occur in mixing Rh* blood into a
body with Rh~ blood

Rh (+) Positive Rh (-) Positive
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Rh Dangers During Pregnancy

The mismatch of an Rh~ mother carrying an Rh* baby can cause problems for
the unborn child

The first pregnancy usually proceeds without problems, but the immune system
IS sensitized

In a second pregnancy, the mother’s immune system produces antibodies to
attack the Rh* blood (hemolytic disease of the newborn)

Mother is given RhoGam after first pregnancy

During first pregnancy After first pregnancy

Rh™ mother Rh™ mother
@
© .
Anfigen Rh = O
° lo
5.0
Rhesus *
antibodies [ @
@ “@
™15t child . .
is sofe

A, rht cells of foetus enter

e ot B. Mother's blood produces

Rhesus anfibodies
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DEVELOPMENT OF ERYTHROBLASTOSIS FETALIS (WITHOUT RHOGAM)

Placenta

Plasma
cells 3.ie

Mother

Maternal
circulation

RBCs
with Rh
antigen

Ist Pregnancy

Delivery Rh-specific Bcell  Memory cell

v/

IgG anti-Rh Ab crosses placenta
and attacks fetal RBCs causing
erythroblastosis fetalis

2nd Pregnancy

PAEULTFTE T Development of erythroblastosis fetalis (hemolytic

disease of the newborn) caused when an Rh™ mother carries an Rh™ (right).

PREVENTION (WITH RHOGAM)

Mother
(treated with Rhogam)

Prevents

B-cell activation
and memory cell
formation

fetus (left), and effect of treatment with anti-Rh antibody, or Rhogam
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Title Essential Question

* Anatomy of the heart and * Describe the anatomy of the
blood vessels heart and major blood
vessels of the body.



Essentials of Human Anatomy & Physiology

Seventh Edition

Elaine N. Marieb

Chapter 11
The Cardiovascular System

Slides 11.1 - 11.19

Lecture Slides in PowerPoint by Jerry L. Cook
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I The Cardiovascular System
o Structure

A closed system of the heart and blood
vessels

e Function

»Deliver O, and nutrients and to remove
CO, and other waste products
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The Heart

Midsternal

line

2nd rib
Sternum

Diaphragm -

Right lung

Heart

Figure 11.1
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The Heart

e Location

e Thorax between the lungs

» Pointed apex directed toward left hip and
rests on the diaphragm

o About the size of your fist
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THE HEART: COVERINGS

Fibrous pericardium

A~ Parietal layer of
— /' serous pericardium

Pericardium

Myocardium
Pericardial
cavity
Visceral layer |
of serous
pericardium
(epicardium) [~ Hear
Myocardium wall

Endocardium_

Heart chamber
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The Heart: Coverings

o Pericardium — a double serous
membrane

e Visceral Layer - next to heart
o Parietal Layer - outside layer

» Serous fluid fills the space between the
layers of pericardium
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THE HEART: COVERINGS




THE HEART: COVERINGS




The Heart: Heart Wall

myocardium




The Heart: Heart Wall

o Three layers
e Epicardium

e Outside layer consists of connective tissue

layer (visceral pericardium)
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The Heart: Heart Wall

o Three layers

e Myocardium
» Middle layer, mostly cardiac muscle
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The Heart: Heart Wall

o Three layers

e Endocardium
e Inner layer; endothelium that lines the heart
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The Heart: Chambers

» Right and left side act as separate
pumps

e Four chambers

o Atria (right and left)
» Recelving chambers

o Ventricles (right and left)
» Discharging chambers
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External Heart Anatomy

Left common carotid artery

Brachiocephalic artery ——x‘

Superior vena cava K
Right pulmonary artery 2
Ascending aorta \ '- |

Pulmonary trunk

Left subclavian artery
Aortic arch

Ligamentum arteriosum
Left pulmonary artery

Left pulmonary veins

Right pulmonary
veins

Left atrium
Auricle

Right atrium

9 Circumflex artery
Right coronary artery
(in right atrioventricular
groove)

Left coronary artery
(in left atrioventricular
groove)

Anterior cardiac vein
Left ventricle

Right ventricle

Great cardiac vein
Marginal artery

Anterior interventricular

Small cardiac vein artery

Inferior vena cava

Apex
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Blood Circulation

Figure 11.3

Capillary beds
of lungs where
gas exchange
occurs

Pulmonary Circuit
Pulmonary

Pulmonary
veins

Aorta and
branches

ventricle

ventricle
Systemic Circuit

Capillary

KEY: beds of all

=0Oxygen rich, body tissues
CO,-poor blood :;:lce'::nggaes
=0xygen poor, Sociire

CO,-rich blood
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HEART VALVES

Aortic valve

Mitral valve

Tricuspid
valve



The Heart: Valves Characteristics

o Allow blood to flow in only one direction
e Open as blood is pumped through

e Close to prevent backflow
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The Heart: Valves

e Four valves

» Atrioventricular valves — between atria and
ventricles

» Bicuspid (mitral) valve — between the left atria
and left ventricle

e Tricuspid valve — between the right atria and
right ventricle
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The Heart: Valves

e Four valves

o Semilunar valves — between ventricle and major
artery

e Pulmonary semilunar valve — between RV
and pulmonary artery

e Aortic semilunar valve — between LV and
aorta
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HEART VALVES




Operation of Heart Valves

Operation of the AV valves

@ Blood returning to
the heart fills atria,
putting pressure against
atrioventricular valves; the
atrioventricular valves are
forced open

@ As the ventricles fill,
atrioventricular valve flaps
hang limply into ventricles

@ Atria contract, forcing
additional blood into
ventricles

(1) Ventricles contract,
forcing blood against
atrioventricular valve
cusps

(2) Atrioventricular
valves close

(3) Chordae tendineae
tighten, preventing
valve flaps from
everting into atria

Figure 11.4 (a) AV valves closed
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Operation of the semilunar valves

As ventricles contract
and intraventricular
pressure rises, blood
is pushed up against
semilunar valves,
forcing them open

Semilunar valve open

As ventricles relax,
and intraventricular
pressure falls, blood
flows back from
arteries, filling the
cusps of semilunar
valves and forcing

{l\. /'J' \”] them to close
| &x

(b) Semilunar valve closed
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I The Heart: Assoclated Great Vessels
Arteries

e Aorta —receives blood from LV and travels
to rest of body (oxygenated)

» Pulmonary arteries —>receives blood
from RV and travels to lungs (deoxygenated)
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I The Heart: Assoclated Great Vessels

Veins

» Vena cava -> blood entering RA from
body (deoxygenated)

e Pulmonary veins (four) ->blood
entering LA from lungs (oxygenated)
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ASSOCIATED GREAT VESSELS

Superior vena Left pulmonary artery
cava
Left atrium
Right pulmonary
veins Left pulmonary
veins
Right atrium

Inferior vena cava Left ventricle

Right ventricle

FADAM.



CORONARY CIRCULATION
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http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2
http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2
http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2
http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2
http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2
http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2
http://video.google.com/videoplay?docid=5304289071571962318&q=heart+surgery+site%3Avideo.google.com&total=305&start=10&num=10&so=0&type=search&plindex=2

Coronary Circulation

e Blood in the heart chambers does not
nourish the myocardium

o Heart is nourished by coronary arteries
and empties into the right atrium via the
coronary sinus
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Blood Vessels: The Vascular
System

e Function - Taking blood to the tissues
and back
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Blood Vessels: The Vascular
System

e Structures

Veins —

Venules Arterioles

N =

—> Arteries

Capillaries
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The Vascular System

Tunica interna
* Endothelium

* Loose connective tissue

Internal elastic
lamina

Tunica media

External elastic
lamina

Tunica externa

Loose

connective [~ - o ,.r Endothelium
tissue -

(b) cap|llary Figure 11.8b
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white blood cell
: smooth muscle
connective um

tissue epithelial cell

VEIN



I Differences Between Blood Vessel
Types

o Walls of arteries are the thickest
e Lumens of veins are larger

o Walls of capillaries are only one cell
layer thick to allow for exchanges of
gases and nutrients between blood and
tissue
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Diffusion at Capillary Beds

Blood Capillary

cell .> .’ “

(=Y @_

= ) T . Diffusion of
Int?’n‘;lsza’ - l-. T molecules
)
=7

S TISSUEY o @ 3 2e®
x.aoe“‘::) (.:,‘, _

Lumen

cleft

Endothelial

Intercellular fenestration
(pore)

Vesicles

through

Y

(a) Direct
diffusion  hrough. pore
intercellular
cleft
(b)
e\ @ 9 e O Tissuecells J Neol @ _J) —
3 @ [ Osmotic Osjmotlc VeSOl;S" \:) 5
Arterial i pressure g:pilcl,ary
end of -
capillary \ Interstitial
= Blood Blood fluid
\<’-\ Ipressure | pressure
|
Blood J ' / N\
~ flow
%9 " Net pressure out Ne pressurein &
@ @) @ o L O @ (@ (o \" Figure 11.20
(c)
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Movement of Blood Through
Vessels

Valve (open)

o Most arterial blood Is
pumped by the heart

Contracted
skeletal
muscle

» Veins use the milking
action of muscles to
help move blood back
to the heart

Valve (closed)

T Vein

Direction of
blood flow

\
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Major Arteries of Systemic Circulation

Internal carotid artery

External carotid artery —._
Vertebral artery —

Axillary artery — 5
Ascending aorta —

Brachial artery —
Abdominal aorta —

Superior mesenteric —__

. Common carotid arteries
~____—— Subclavian artery

- Aortic arch
- Coronary artery

- Thoracic aorta
Branches of celiac trunk:

_—— ¢ Left gastric artery

artery
Gonadal artery —
Inferior mesenteric —
artery

Common iliac artery

External iliac artery —

Internal iliac —
artery '

Digital arteries

Femoral artery —

Popliteal artery

Anterior tibial artery

Posterior tibial artery ——

Dorsalis pedis

Arcuate artery -———— —‘/j )
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* Splenic artery

———— « Common hepatic artery
'\ ——— Renal artery

— Radial artery
— Ulnar artery

Deep palmar arch
Superficial palmar arch

=— Deep femoral artery

Figure 11.11
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Major Veins of Systemic Circulation

Dural sinuses

External Jugular vein —
Vertebral vein —
Internal jugular vein —

Superiorvenacava -
Axillary vein —

Great cardiac vein —

Hepaticveins I/
Hepatic portal vein
Superior mesenteric vein -/
Inferior venacava —
Ulnar vein
Radial vein ————
Common iliac vein

External iliac vein ——
Internal iliac vein

Digital veins ——=7

Femoral vein :
Great saphenous vein ————

Popliteal vein

Posterior tibial vein

Anterior tibial vein
Fibular vein

.-jl
. Dorsal venous arch ——-(
Figure 11.12
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__— Subclavian vein

— Right and left
brachiocephalic veins

Cephalic vein

—— Brachial vein

Basilic vein

— Splenic vein

-— Median cubital vein
— Renal vein

— Inferior mesenteric vein

Dorsal digital
veins
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Arterial Supply of the Brain

Frontal lobe
of cerebrum

Middle cerebral
artery

Anterior communicating

artery Internal carotid

artery
Anterior cerebral

artery ] Pituitary gland
Circle of — . ;
Wil cpg:::::l%ricating -/\' E

artery / Temporal lobe

Posterior cerebral
_artery

Basilar artery

Pons

Cerebellum
Occipital lobe Vertebral
of cerebrum artery Figure 11.13
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Hepatic Portal Circulation
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Hepatic portal vein
Left gastric vein

Spleen

Liver

Pancreas .
Inferior
mesenteric
vein

Superior

mesenteric

vein

. . Figure 11.14

Slide 11.33



Circulation to the Fetus

Ve  a Ductus

)‘ arteriosus
//’ \_—Pulmonary
L — artery

— % Pulmonary
N /\ veins

Inferior vena cava —{_
Hepatic vein

Ductus venosus

Hepatic portal vein

Umbilical vein

Fetal umbilicus
Aorta

\— Common iliac artery
\- External iliac artery

‘l
B N> Internal iliac artery

Umbilical cord

1\l T . ]
\ .Ill\ﬁ" . Ll N
Placenta \{\“X 7
U A ’
\\\_\»—gfz‘/ Umbilical

arteries

S Urinary bladder

KEY:

[l High oxygenation [[1 Low oxygenation )
[1 Moderate oxygenation [ Very low oxygenation Figure 11.15
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Title Essential Question

* Physiology of the Heart * Name the elements of the
intrinsic conduction system
of the heart, and describe
the pathway of impulses
through this system.



The Heart: Conduction System
e Intrinsic conduction system (nodal system)

e muscle cells contract, w/o nerve impulses, in a
regular, continuous way
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The Heart: Conduction System

e Special tissues set the pace
Sinoatrial node (Pacemaker)
Atrioventricular node
Atrioventgcular bundle

Bundle bianches

Purkinje fibers
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Heart Contractions

Superior
vena cava

Sinoatrial node
(pacemaker)

Left atrium

Atrioventricular
node

Atrioventricular
bundle
(Bundle of His)

Right atrium

Bundle branches

Purkinje fibers

Interventricular
septum

Purkinje fibers

Figure 11.5
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Filling of Heart Chambers —
the Cardiac Cycle

Left atrium
Right atrium

Left ventricle
Right ventricle

Ventricular Atrial Isovolumetric Ventricular Isovolumetric
filling contraction contraction phase ejection phase relaxation
[ | ] 1 |
| | I
(Ventricular filling) Ventricular systole Early diastole
mid-to-late diastole (atria in diastole)

Figure 11.6
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The Heart: Cardiac Cycle

o Cardiac cycle — events of one
complete heart beat

o Overview

o Atria contract simultaneously

o Atria relax, then ventricles contract
o Systole = contraction

e Diastole = relaxation
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The Heart: Cardiac Cycle

e Mid-to-late diastole — blood flows into
ventricles

e Ventricular systole — blood pressure
builds before ventricle contracts, pushing
out blood

o Early diastole — atria finish re-filling,
ventricular pressure is low
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Atrid Systole

m  lSovolumic
VYentricula

Cardiac Cycle

&) Rapid

& Ventricular
" Filling

Yenfricular
relaxation
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Phase Atrial systole Early ventricular Late ventricular | Early ventricular Late ventricular
Structure systole systole diastole e diastole
Atria Contract Relax Relax
Ventricles Relax Contract Relax
AV valves Open | Closed | Open
Semilunar valves Closed [ Open Closed
Atria contracted Atria relaxed Atria relaxed Atria relaxed
Semi-
lunar
valves

Ventricles relaxed

@ Atrial systole
Atria contract, AV valves
open, semilunar valves
closed

Ventricles contracted

Early ventricular systole
Alria relax, ventricles
contract, AV valves forced
closed, semilunar valves
still closed

Ventricles contracted

Late ventricular systole
Atria relax, ventricles

contract, AV valves remain

closed, semilunar valves
forced open

Ventricles relaxed

Early ventricular diastole @

Alria and ventricles relax,
AV valves and semilunar

valves closed, atria begin
passively filling with blood

closed

Ventricles relaxed

Late ventricular diastole
Atria and ventricles relax,
atria passively fill with
blood as AV valves open,
semilunar valves closed
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b I
1
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N
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Contract

P wave Depolarization of sinoatrial (AV) node
Atrial contraction (systole)

B \ PQ Continued atrial depolarization
s Conduction of AP through the atrio-
ventricular (AV) node

Q wave

QRS Ventricular depolarization

Atrial repolarization
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Red arrows represent flow of reoxygenated blood ) .
returning f the | sadad is the bod B s T wave Ventricular repolarization

.IIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIII.I-IIIIIIIIIIIIIIIIII
L Tl L I R R R R RN R R R R R RRRRRERREERRERRERERERETRERITTL



Mormal Heartbeat

R
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Title Essential Question

* Physiology of Circulation * Describe the regulation of
cardiac output and blood
pressure.



I The Heart: Cardiac Output
o Cardiac output (CO)

» Amount of blood pumped by each side of
the heart in one minute

» CO = (heart rate [HR]) x (stroke volume
[SV])
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The Heart: Cardiac Output

o Stroke volume

» Volume of blood pumped by each ventricle
INn one contraction
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Cardiac Output Regulation

Cardiac output (ml/min)

Parasympathetic » : Decreased
nervous system ) Heart rate Stroke volume venous
controls (via (beatslmm) V. (mi/beat) return
vagus nerves)
Hormones: I
epinephrine, Increased Increased Decreased
isi thyroxine contractile venous blood volume
Crisis has
passed force of return (hemorrhage)
Sympathetic cardiac muscle
High blood nervous system o
pressure or activity _ -
blood volume , \ Activation of
L Lowblood Ot /7 sk:letal rputscle
pressure . 5n res;’),lra ory
pumps
KEY: Crisis stressors
7] Promotes/ (physical or emotional y
enhances trauma, increased body | / Ly
temperature; exercise) JﬂL{ Exercise
B Reduces <
Figure 11.7
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Factors Affecting Cardiac Output

Heart Stroke _ Cardiac
Eate Volume Output
beats ml

rmin., beat i,

Rising blood pressure reduces sympathetic activity, decreasing heart
rate. High blood pressure also increases the arterial pressure which
ventricles must overcome before semilunar valves open, increasing
ESV and decreasing stroke volume. Reduced cardiac output helps
bring blood pressure down to normal levels.



I The Heart: Regulation of Heart Rate

o Starling’s law of the heart — the more that
the cardiac muscle Is stretched, the stronger
the contraction
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I The Heart: Regulation of Heart Rate

e Increased heart rate

e Sympathetic nervous system
o Crisis
o Low blood pressure
e Hormones
e Epinephrine
e Thyroxine
e Exercise
» Decreased blood volume
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The Heart: Regulation of Heart Rate

e Decreased heart rate

o Parasympathetic nervous system

» High blood pressure or blood volume

e Decreased venous return
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Pulse

Temporal artery e

o Pulse — | ;
pressure wave o |
Of bIOOd Carotid artery R

Brachial artery B {

o Monitored at
“pressure
points” where
pulse Is easlily opitent artory , L
palpated )

Radial artery \

Posterior tibial
artery

Dorsalis pedis ‘ y

artery ’
Figure 11.16

Copyright © 2003 Pearson Education, Inc. publishing as Benjamin Cummings Slide 11.35



Blood Pressure

» Measurements made on large arteries

o Systolic — pressure at the peak of
ventricular contraction

o Diastolic — pressure when ventricles relax
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blood flow blood flow

vessel resitance

blood pressure

blood flow

Blood pressure, the outward pressure of blood against blood vessel walls, is the product
of blood flow from the heart and inward resistance of blood vessel walls.




Measuring Arterial Blood Pressure

Blood pressure Pressure Pressure Pressure
120 systolic in cuff in cuff in cuff
70 diastolic above 120; below 120, below 70;
(to be measured) no sounds but above 70 | no sounds
audible -| audible
| 120 :

Rubber cuff .

inflated with 70

air 3

Sounds
audible in

Brachial Brachial stethoscope
artery artery
closed
(a) (b) (c) (d)

Figure 11.18
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Comparison of Blood Pressures in Different
Vessels

120
100
80

60

Pressure (mg Hg)

-10

Veins

£
<

Arteries
Arterioles
Capillaries

Venae cavae

Figure 11.17
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Blood Pressure: Effects of Factors

e Neural factors

» Autonomic nervous system adjustments
(sympathetic division)

e Renal factors

» Regulation by altering blood volume
e Renin — hormonal control

Copyright © 2003 Pearson Education, Inc. publishing as Benjamin Cummings Slide 11.39a



Blood Pressure: Effects of Factors
e Temperature

e Heat has a vasodilation effect

» Cold has a vasoconstricting effect

e Chemicals

e Various substances can cause Increases or
decreases

e Diet
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Factors Determining Blood Pressure

I

Which brings about
|

t volume Exercise :::‘nl::l‘
T I .
Activlates
Jb £ (sz:ﬁr .\ | Chemicals \ Blood
| &G ) (renin, nicotine
] and others) viscosity

4 = increased
y = decreased
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Variations in Blood Pressure

* Normal
¢ 140-110 mm Hg systolic
» 80—75 mm Hg diastolic
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I Variations in Blood Pressure

» Hypotension
e Low systolic (below 110 mm HG)
» Often associated with iliness

o Hypertension
e High systolic (above 140 mm HG)
e Can be dangerous if it Is chronic
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