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Anatomy of the HeartAnatomy of the Heart

Right ChamberRight Chamber: Provides oxygen​-poor
blood through the Lungs

Left ChamberLeft Chamber: Provides oxygen​-rich blood
through the Body

Right AtriumRight Atrium: Oxygen​-poor blood (from
body) travels to the right AV (Tricu​spid)
Valve

Right VentricleRight Ventricle: Oxygen​-poor blood (right
atrium) travels to the Pulmonary Artery via
the Pulmonary (Semil​unar) Valve

Left AtriumLeft Atrium: Oxygen​-rich blood (from lungs)
travels to the left ventricle through the left
AV (Bicus​pid​/Mi​tral) Valve

Left VentricleLeft Ventricle: Oxygen​-rich blood (left
atrium) travels to the Aorta via the Aortic
(Semil​unar) Valve

Heart ValvesHeart Valves: Allows blood to flow in one
direction

High Pressure Behind ValveHigh Pressure Behind Valve: Valve opens

High Pressure In Front of ValveHigh Pressure In Front of Valve: Valve
closed; does NOT open, ONLY opens in
one direction

Chordae TendineaeChordae Tendineae: Tendinous fibers that
connect AV valves to Papillary Muscles,
preventing EvertingEverting of the AV valves during
ventri​cular contra​ction

Connective TissueConnective Tissue: Dense fibrous ring that
surrounds each heart valve and separates
the atria from the ventri​cles, providing an
anchor for the heart valves​/ca​rdiac muscle

 

Anatomy of the Heart (cont)Anatomy of the Heart (cont)

Endoca​rdiumEndoca​rdium: Thin layer of endoth​elial
tissue surrou​nding the inside of the heart
chamber

MyocardiumMyocardium: Middle layer linked by Interc​‐
alated Disks, forming 2 contacts:
Desmosomes and Gap-Ju​nctions

DesmosomesDesmosomes: Respon​sible for clustering
cells

Gap-Ju​nctionsGap-Ju​nctions: Allow low-re​sistant electrical
flow between muscle cells, forming a
Functional Syncytium

EpicardiumEpicardium: Thin outer membrane
containing a small volume of Perica​rdial
Fluid

Perica​rdial FluidPerica​rdial Fluid: Fluid that prevents heart
from getting friction

Mechanical Events of the Cardiac CycleMechanical Events of the Cardiac Cycle

SystoleSystole: Contra​ction and Emptying

DiastoleDiastole: Relaxation and Filling

End-Di​astolic VolumeEnd-Di​astolic Volume: Blood volume left at
the end of Diastole (Maximum amount of
blood held in chamber during the cycle)

Isovol​umetric Ventri​cular Contra​ctionIsovol​umetric Ventri​cular Contra​ction:
Chamber is closed (no blood can enter/​‐
leave); pressure IncreasesIncreases

End-Sy​stolic VolumeEnd-Sy​stolic Volume: Blood volume left
after Systole (Complete ejection)

Stroke VolumeStroke Volume: Amount of blood pumped
out (End Diastolic Volume - End Systolic(End Diastolic Volume - End Systolic
Volume)Volume)

 

Mechanical Events of the Cardiac CycleMechanical Events of the Cardiac Cycle
(cont)(cont)

Isovol​umetric Ventri​cular RelaxationIsovol​umetric Ventri​cular Relaxation :
Chamber is closed (no blood can enter/​‐
leave); Pressure DecreasesDecreases

Regulation of Cardiac OutputRegulation of Cardiac Output

Cardiac Output (C.O.)Cardiac Output (C.O.): Blood volume
pumped (per minute) depending on the
heart rateheart rate and stroke volumestroke volume

Heart RateHeart Rate: Regulated by Parasy​mpa​theticParasy​mpa​thetic
and Sympat​heticSympat​hetic Nervous Systems

Stroke VolumeStroke Volume: Volume of venous blood
return (Intri​nsi​cally)(Intri​nsi​cally) and the Sympat​heticSympat​hetic
Nervous System (Extri​nsi​cally)Nervous System (Extri​nsi​cally)

C.O. EquationC.O. Equation: C.O. = H.R. x S.V.

Heart Rate RegulationHeart Rate Regulation: Mainly controlled by
autonomic input, affecting the hypers​ens​‐
itivity of SA node

Parasy​mpa​theticParasy​mpa​thetic: Vagus NerveVagus Nerve contri​butes
to the SA/AV nodes and the contra​ctile cells

Parasy​mpa​thetic InputParasy​mpa​thetic Input: Mediated by Acetyl​‐
choline (ACh), a neurot​ran​smitter

Acetyl​cholineAcetyl​choline: Causes heart rate to
decrease

Parasy​mpa​thetic and Sympat​hetic InputsParasy​mpa​thetic and Sympat​hetic Inputs
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BloodBlood

Blood FlowBlood Flow: Calculated by PressurePressure
GradientGradient and Resistance and ViscosityResistance and Viscosity

EquationEquation: F = (Delta) P/R

Flow Rate (F)Flow Rate (F): Blood volume going through
a vessel **(Pro​por​tional to r )

Pressure Gradient (P)Pressure Gradient (P): Difference of
pressure from the beginning compared to
the end of a vessel

Resistance (R)Resistance (R): Resistant of flow (Propo​‐(Propo​‐
rtional to 1/rrtional to 1/r )) (3 Factors):

(1) Blood Viscosity(1) Blood Viscosity: Blood friction due to
plasma protein (conc.) and red blood cell
count

(2) Vessel Length(2) Vessel Length: Blood friction along
vessel walls (Propo​rtional to length)(Propo​rtional to length)

(3) Vessel Radius(3) Vessel Radius: Blood friction along
vessel walls (Inversely Propor​tional to 1/r(Inversely Propor​tional to 1/r ))

Barore​ceptorsBarore​ceptors

Barore​ceptor ReflexBarore​ceptor Reflex: Regulates cardiac
output and total peripheral resistance

Barore​ceptorsBarore​ceptors: Mechan​ore​ceptors detect
blood pressure through force of the
pressure

Barore​ceptor Reflex (High BP)Barore​ceptor Reflex (High BP): Decrease
heart rate, stroke volume, arteri​olar, and
venous vasodi​lation

Barore​ceptor Reflex (Low BP)Barore​ceptor Reflex (Low BP): Increase
heart rate, stroke volume, arteri​olar, and
venous vasodi​lation

 

Local Physical ControlLocal Physical Control

Temper​atureTemper​ature: Inversely propor​tionate to
Arteriolar Smooth Muscle Tone

Myogenic ResponseMyogenic Response: Arteriolar smooth
muscle contract when stretched

Intrinsic (Local) Metabolic ChangesIntrinsic (Local) Metabolic Changes
(Control)(Control)

Local Metabolic ChangesLocal Metabolic Changes: Cause dilation in
smooth muscle tone via Mediators (NitricMediators (Nitric
Oxide)Oxide)

O2 Concen​trationO2 Concen​tration : Decreases as
metabolism increases (Inverse)

CO2 Concen​trationCO2 Concen​tration : Increases as
metabolism increases (Propo​rti​onal)

pHpH: CO2 increases and blood pH lowered
by Lactic Acid

Extrac​ellular K+ Concen​trationExtrac​ellular K+ Concen​tration: Increased
neuronal activity exceeding Na+/K+
ATPase

OsmolarityOsmolarity: Increase solute concen​tration

AdenosineAdenosine: Released when metabolism is
increased

Prosta​gla​ndinsProsta​gla​ndins: Derived from fatty acid
metabolism

Histamine ReleaseHistamine Release: From damaged tissues,
causing vasodi​lation and inflam​mation

Anatomy of the HeartAnatomy of the Heart

 

Electrical Activity of the HeartElectrical Activity of the Heart

Autorh​yth​micityAutorh​yth​micity: Self-g​ene​rated rhythmic
activity from cardiac muscle cells that
produce Pacemaker Activity

Pacemaker CellsPacemaker Cells: Clustered into NodesNodes,
regulating rate and coordi​nation of contra​‐
ctions

Pacemaker ActivityPacemaker Activity : 1% of cardiac muscle
(Autorh​ythmic and Intrin​sically) that self-g​‐
enerate AP at a regular frequency via
Pacemaker Potentials

Contra​ctile CellsContra​ctile Cells: 99% of the cardiac
muscles that are respon​sible for pumping
but DO NOTDO NOT self-g​enerate AP

Autorh​ythmic CellsAutorh​ythmic Cells: Cyclically generate AP
(through heart) to trigger rhythmic contra​‐
ctions

NodesNodes: Clusters of cells that produce
pacemaker activity

Sinoatrial (SA) NodeSinoatrial (SA) Node: Cluster of pacemaker
cells (right atrium), firing 7070 AP per minute
(Fastest)

Atriov​ent​ricular (AV) NodeAtriov​ent​ricular (AV) Node: Cluster of
pacemaker cells (right atrium), firing 5050 AP
per minute (Slower)

Bundle of HisBundle of His: Pacemaker cells (AV node)
that branches to the left/right ventricles

Purkinje FiberPurkinje Fiber: Small pacemaker cells
(Bundle of His), spreading through ventri​‐
cular myocar​dium, firing 3030 AP per minute
(Slowest)

Intera​trial PathwayIntera​trial Pathway: Cardiac cells that carry
pacemaker activity (Right atrium -> Left
atrium)
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Electrical Activity of the Heart (cont)Electrical Activity of the Heart (cont)

Internodal PathwayInternodal Pathway: Cardiac cells that
transmit pacemaker activity from the SA
node to the AV node

AV Nodal DelayAV Nodal Delay: 100ms delay in AV Node
conduc​tion, ensuring that the ventricles
contract after atrial contra​ction

Mechanical Events of the Cardiac CycleMechanical Events of the Cardiac Cycle
DiagramDiagram

Parasy​mpa​thetic Release of Acetyl​cholineParasy​mpa​thetic Release of Acetyl​choline

SA NodeSA Node: Higher permea​bility to K+,
delaying inacti​vation of K+ channels,
causing Greater Hyperp​ola​riz​ationGreater Hyperp​ola​riz​ation and SlowSlow
K+K+ of pacemaker potential

AV NodeAV Node: Higher permea​bility to K+,
reducing excita​bility and delay response to
input from SA Node

Atrial Contra​ctile CellsAtrial Contra​ctile Cells: Reduces Ca2+
permea​bility and strength of contra​ction

 

Sympat​hetic Release of Norepi​nep​hrineSympat​hetic Release of Norepi​nep​hrine

Sympat​hetic NervesSympat​hetic Nerves: IncreaseIncrease heart rate by
supplying the SA/AV Nodes and ventricles
via Norepi​nep​hrineNorepi​nep​hrine through Beta-A​dre​nergicBeta-A​dre​nergic
receptors

SA NodeSA Node: Lower K+ permea​bility speeds up
inacti​vation K+ channels leading to LessLess
Hyperp​ola​riz​ationHyperp​ola​riz​ation and faster K+

AV NodeAV Node: Increase conduction velocity,
reduce AV nodal delay, and slightly
increase Ca2+ permea​bility

Bundle of His & Purkinje FibersBundle of His & Purkinje Fibers: Similar
actions as the AV Node

Atrial​/Ve​ntr​icular Contra​ctile CellsAtrial​/Ve​ntr​icular Contra​ctile Cells: Increase
contra​ctile strength via increasing Ca2+
permea​bility

Basic Organi​zationBasic Organi​zation

ArteriesArteries: Large vessels that carry blood
away from the heart

ArteriolesArterioles: Small (Diameter) vessel
branches from arteries that lead to the
organs

Capill​ariesCapill​aries: Smallest (Diameter) vessels
formed when arterioles branch

VenulesVenules: Vessels that form when capill​aries
join together

VeinsVeins: Large (Diameter) vessels formed by
merging venules

Microc​irc​ulationMicroc​irc​ulation: Collection of arteri​oles,
capill​aries, and venules

 

FunctionsFunctions

ArteriesArteries: Channel for low resistance blood
flow due to Pressure ReservoirPressure Reservoir

Pressure ReservoirPressure Reservoir: Driving force during
Ventri​cular DiastoleVentri​cular Diastole  due to elasticity of
artery walls (Elastin)(Elastin), which can expand and
store pressure

ArteriolesArterioles: Vascular resistance in circul​atory
system regulates cardiac output and arterial
pressure, both Intrin​sically and Extrin​sicallyIntrin​sically and Extrin​sically

Capillary ExchangeCapillary Exchange: Exchanges materials
between blood and inters​titial space

Inters​titial FluidInters​titial Fluid: Same compos​ition as
arterial blood

ExchangeExchange: Through (1) DiffusionDiffusion and (2)
Bulk FlowBulk Flow

DiffusionDiffusion: Blood moving down its concen​‐
tration gradient

Bulk FlowBulk Flow: Maintains fluid balance between
blood and extrac​ellular space; permits flow
of plasma (NOT protei​ns/​blood cells)(NOT protei​ns/​blood cells)

Ultraf​ilt​rationUltraf​ilt​ration: Bulk flow in tissuestissues

Reabso​rptionReabso​rption: Bulk Flow in capill​ariescapill​aries

VeinsVeins: Reservoir for blood and channel for
blood flow to heart

Venous CapacityVenous Capacity: Volume of blood veins
can withstand

Venous ReturnVenous Return: Volume of blood entering
each atrium per minute
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Factors That Influence Bulk FlowFactors That Influence Bulk Flow

(1) Capillary Blood Pressure (P(1) Capillary Blood Pressure (Pcc)): Pushes

fluid from capill​aries to the inters​titial fluid

(2) Plasma​-Co​lloid Osmotic Pressure (π(2) Plasma​-Co​lloid Osmotic Pressure (πpp)):

Draws water into capill​aries from inters​titial
fluid via protein concen​tration

(3) Inters​titial Fluid Hydros​tatic Pressure(3) Inters​titial Fluid Hydros​tatic Pressure
(P(PIFIF)): Pushes fluid into capill​aries from the

inters​titial fluid

(4) Inters​titial Fluid-​Colloid Osmotic(4) Inters​titial Fluid-​Colloid Osmotic
Pressure (πPressure (πIFIF)): Draws water out of capill​‐

aries to the inters​titial fluid

Ultraf​ilt​rationUltraf​ilt​ration: Positive net pressure

Reabso​rptionReabso​rption: Negative net pressure

Net PressureNet Pressure: (Pc + πIF) - (PIF + πp)

Blood Pressure Abnorm​alitiesBlood Pressure Abnorm​alities

Hypert​ension Hypert​ension : High BP above 140/90
mmHg

Primary Hypert​ensionPrimary Hypert​ension: 90% of cases,
unknown

Secondary Hypert​ensionSecondary Hypert​ension: 10% of cases,
occurs 2nd to 1st

Hypote​nsionHypote​nsion: Low BP below 100/60 mmHg

Pacemaker Activity of Cardiac CellsPacemaker Activity of Cardiac Cells

 

Pacemaker Activity of Cardiac Autorh​ythmicPacemaker Activity of Cardiac Autorh​ythmic
CellsCells

Electrical Activity of the Heart (Cont.)Electrical Activity of the Heart (Cont.)

Excita​tio​n-C​ont​raction CouplingExcita​tio​n-C​ont​raction Coupling: Ca  entry
into the cytosol differs from that in skeletal
muscle cells

Dyhydr​opy​ridine ReceptorsDyhydr​opy​ridine Receptors: Voltag​e-gated
Ca  channels in cardiac T-Tubules

AP Invades T-Tubule MembranesAP Invades T-Tubule Membranes: Dyhydr​‐
opy​ridine Receptors open, letting Ca
enter the cytosol

CaCa  Entry Entry: Triggers more Ca  release
from the SR; both sources of cytosolic Ca
drive contra​ction strength based on Ca
concen​tration (Propo​rtional to # of cross-​bri​‐
dges)

Electr​oca​rdi​ogram (ECG)Electr​oca​rdi​ogram (ECG): Records heart's
electrical activity (AP) via surface voltage
differ​ences to detect abnorm​alities

ECG Waveforms (P-Wave)ECG Waveforms (P-Wave) : Depola​riz​ation
of the Atria

ECG Waveforms (QRS-C​omplex)ECG Waveforms (QRS-C​omplex): Depola​‐
riz​ation of the Ventricles

 

Electrical Activity of the Heart (Cont.) (cont)Electrical Activity of the Heart (Cont.) (cont)

ECG Waveforms (T-Wave)ECG Waveforms (T-Wave) : Repola​riz​ation
of the Ventricles

ECG Waveforms (PR-Se​gment)ECG Waveforms (PR-Se​gment): AV Node
Delay

Electr​oca​rdi​ogram WaveformsElectr​oca​rdi​ogram Waveforms

Heart SoundsHeart Sounds

LubLub: Low-pi​tched, soft and relative long (AV(AV
Valves closes)Valves closes)

DupDup: High-p​itched, sharp and short sound
(Semilunar Valves closes)(Semilunar Valves closes)

MurmursMurmurs: Uncommon heart sounds (cardiac
disease) from turbulent blood flow through
broken valves

Stenotic ValveStenotic Valve: Does NOT OPENDoes NOT OPEN
CompletelyCompletely; Producing WhistlingWhistling sounds

Insuff​icient ValveInsuff​icient Valve: Does NOT CLOSEDoes NOT CLOSE
ProperlyProperly; Producing SwishingSwishing sounds
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Stroke Volume RegulationStroke Volume Regulation

Extrin​sicallyExtrin​sically: Sympat​hetic Nervous SystemSympat​hetic Nervous System
controls neural activity

Intrin​sicallyIntrin​sically: Venous Blood ReturnVenous Blood Return (Volume)

Function of Both FactorsFunction of Both Factors: Increase SV by
raising contra​ction strength

Intrinsic ControlIntrinsic Control: The Frank-​Sta​rling Law ofFrank-​Sta​rling Law of
the Heartthe Heart (End-d​ias​tolic volume and SV)

Frank-​Sta​rling CurveFrank-​Sta​rling Curve

Sympat​hetic Stimul​ationSympat​hetic Stimul​ation: Shifts the Frank-​‐
Sta​rling curve to the left

At End-Di​astolic VolumeAt End-Di​astolic Volume: Increase Ca2+,
which increases contra​ctile force and SV

Heart FailureHeart Failure: Decrease cardiac contra​ctility
and shifts curve downward and to the right

Frank-​Sta​rling Curve (Graph)Frank-​Sta​rling Curve (Graph)

Volume Differ​encesVolume Differ​ences

 

Sphygm​oma​nometerSphygm​oma​nometer

Sphygm​oma​nometerSphygm​oma​nometer: Used to measure
SystolicSystolic and DiastolicDiastolic pressure by listening
to sound of blood

Pressure >120 mmHgPressure >120 mmHg: No blood flow and
no sound

Pressure between 120-180 mmHgPressure between 120-180 mmHg:
Turbulent blood flow and interm​ittent
sounds

Pressure <80 mmHgPressure <80 mmHg: Smooth blood flow
and no sound

Pressure Throughout the Systemic Circul​‐Pressure Throughout the Systemic Circul​‐
ationation

Left Ventri​cular PressureLeft Ventri​cular Pressure: Between 0 mmHg
(During Diastole)(During Diastole) to 120 mmHg (During(During
Systole)Systole)

Arterial PressureArterial Pressure: Fluctuates between 120
mmHg (Systolic)(Systolic) to 80 mmHg (Diast​olic)(Diast​olic)

Arteriolar PressureArteriolar Pressure: Large pressure drop
(Systolic to Diastolic convert to Non-Pu​‐(Systolic to Diastolic convert to Non-Pu​‐
lsatile Pressure)lsatile Pressure)

PressurePressure: Decline at slower rate (When
blood flows through capill​aries and venous
system)

Arterial PressureArterial Pressure

Pulse PressurePulse Pressure: Difference between
Systolic and Diastolic pressureSystolic and Diastolic pressure

Mean Arterial PressureMean Arterial Pressure: Regulated by blood
pressure reflexes

Mean Arterial PressureMean Arterial Pressure Diastolic Pressure +
1/3 Pulse Pressure

 

Arterial Pressure (Graph)Arterial Pressure (Graph)

Factors Influe​ncing Venous ReturnFactors Influe​ncing Venous Return

Sympat​hetic ActivitySympat​hetic Activity: Causes vasoco​nst​ric​‐
tion, increasing venous pressu​re/​return

Skeletal Muscle ActivitySkeletal Muscle Activity: Skeletal muscles
contract, squeezing veins and increases
venous pressure

Venous ValvesVenous Valves: Prevent backflow (In lumen
of large veins)

Respir​atory ActivityRespir​atory Activity: Chest pressure
decreases during respir​ation, increasing
pressure between veins and lower
body/chest

Cardiac SuctionCardiac Suction: Below 0 mmHg during
ventri​cular contra​ction, increasing venous
pressure and pulling venous blood into atria
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