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Instructor: Dr. ABDUSALAMI LAWAL  Email:  abudusalami.braimah@edouniversity.edu.ng 

Lectures: ,Mondays, Thursdays  10am – 12 pm, LT1, phone: (+234) 7031385941 

Office hours: FRIDAY, 8.00am to 12.30 PM  Office: BASIC MEDICAL SCIENCE BLOCK ROOM 91 

General overview of lecture: This course is intended to give the students a basic  knowledge of  

cardiovascular physiology. students should be able to know the functional anatomy of the heart,  ECG 

and its clinical usage, cardiac cycles, cardiac outputs and its regulations, heart sounds and murmurs, 

Blood pressure and regulations, microcirculations and haemodynamics  splanchic circulations cerebral 

circulations, pulmonary circulations. 

Prerequisites: Students should be familiar with the concepts of  cardiovascular system and its 

applications in clinical settings such as taking blood pressures, and the factors affecting it, shocks and 

haemodynamic instability,  ECG functions and uses and effects of ions on various waves of ECG. 

 

Learning outcomes: At the completion of this course, students are expected to: 

i. To better understand the  importance of cardiovascular physiology as it relate to medicine 

ii. To gain experience with handling the stethoscope and sphygmomanometer 

iii. To understand the relationships between blood pressures and shocks(hemodynamic imbalance) 

iv. To understand the difference between electrocardiography, electrocardiogram 

electrocardiograph  

v. To understand  cardiac cycle in depth  and regulation of blood pressure 
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vi. To gain an appreciation for applications of cardiovascular in practical sessions 

 

Assignments: We expect to have 5 individual homework assignments throughout the course in addition 

to a Mid-Term Test and a Final Exam. Home works are due at the beginning of the class on the due date. 

Home works are organized and structured as preparation for the midterm and final exam, and are 

meant to be a studying material for both exams. There will also be 7 groups in this class presenting term 

papers and seminars. 

Grading: We will assign 10% of this class grade to homeworks, 10% for papers presentations and 

seminars , 10% for the mid-term test and 70% for the final exam. The Final exam is comprehensive. 

 

Textbook: The recommended textbook for this class are as stated: 

Title: textbook of Medical physiology 

Authors: Arthur C. Guyton, M.D.† 

Professor Emeritus 

Department of Physiology and Biophysics 

University of Mississippi Medical Center 

Jackson, Mississippi 

John E. Hall, Ph.D. 

Publisher: Elsevier and saunders 

ISBN 0-7216-0240-1 

 

Title: Ganong’s Review of Medical Physiology 

Twenty-Third Edition 

Authors: Kim E. Barrett, PhD 

                Susan M. Barman, 

Publisher: The McGraw-Hill Companies, Inc 

ISBN: ISBN: 978-0-07-160568-7 



 

Title: Advanced Compiler Design and Implementation 

Author: S. Muchnick, 

Publisher: Morgan-Kaufmann Publishers 

ISBN: 1-558600-320-4 

 

Main Lecture: Below is a description of the contents.  

Introduction to Cardiovascular physiology 

Definition and function of CVS; Electrophysiology of the heart, functional anatomy of the heart, blood 

vessels and overview of circulation. 

ELECTROCARDIOGRAPH  

Define  is electrocardiography, electrocardiogram and electrocardiograph, students should know the 

types of waves and their importance, should be able to draw accurately the ECG waves, should know the 

types of leads the unipolar and bipolar, chest leads augumented chest leads. 

CARDIAC CYCLE. 

Should know cardiac cycle and its regulations, atria systole, diastole ventricular diastole and systole 

isometric contraction and  isometric relaxation, isovolumetric relaxations. Relationship of the cardiac 

cycle to phonocardiograph  and ECG waves its electrical roles in the cardiac cycle. 

HEARTSOUNDS AND MURMURS 

Types of heart sounds  relationships of heart valves to heart sounds, pathological heartsounds , 

murmurs types of murmurs physiological and pathological murmurs diseas associated with murmurs 

BLOOD PRESSSURE 

Blood pressure ; Regulation of blood pressure; Applied physiology (hypertension, shock), factors 

affected bloodpressures. 

HEMODYNAMIC AND MICROCIRCULATIONS 

Hemodynamics and microcirculation,Pulmonary, Cerebral, Coronary, Splanchnic & Skeletal muscle 

circulation) Cardiovascular changes during exercise. Poiseuille principles  factors affecting resistance. 

 

 



 

 

 

DR LAWAL ABDUSALAMI is a MBBS(2016) holder with masters in view 

in the faculty of Basic Medical Science department of Human 

Physiology, he is a lecturer II who currently teaches  Cardiovascular 

physiology  Renal physiology and temperature regulation. 

 He is currently doing a master degree in Human physiology in 

University of Benin, his field of research is in Renal physiology and 

cardiovascular physiology. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

CARDIOVASCULAR PHYSIOLOGY 

INTRODUCTION 

Blood carrying nutrients and oxygen reaches the tissues through a system of vessels of different 

diameters, elasticity, capacity, and permeability. The systemic circulation, which supplies all the tissues, 

is a high-resistance system with a large pressure difference between the arteries and veins. The arteries 

are highly elastic and muscular; they distribute blood to the smaller arterioles and ultimately to the 

network of capillaries, where exchange of fluid, small molecules and nutrients occurs across the thin 

walls. Blood returns to the heart through the venules, wide, thin walled veins. 

Human heart is a four chambered pump, well adapted to separation of oxygen rich and oxygen 

poor blood handled by left and the right side of the heart respectively. Thin wall atria receive blood, 

which reaches into thick-walled ventricles that pump blood into systemic and pulmonary circuits 

through great vessels. 

The pulmonary circulation is a low-pressure, low-resistance system handling the same amount 

of blood at the same time as systemic circulation to keep the same amount of blood in the right and left 

side of the heart. The left ventricle is more muscular and heavier than the right ventricle, which pumps 

against the low resistance of the pulmonary circulation; the left pumps against the high resistance of the 

systemic circulation. 

The mean systemic arterial pressure is 90-100 mmHg, whereas the mean pulmonary pressure is 

only 8 to 24 mm Hg. The low arterial pulmonary pressure eliminates the need for much supporting 

tissue in the lungs so that it can have millions of thin- walled alveoli. And highly specialized pulmonary 

capillaries, facilitating the rapid exchange of gases between the blood and alveolar air. 

                              

 

 



 Functional anatomy of the heart 

The adult heart is enclosed in a double walled sac, the pericardium that attaches it to 

the mediastinum. The apex is rounded and formed by the left ventricle and located behind the sixth rib, 

about 3 inches to the left of the midline of the body. 

The myocardium is about half of the tissue of the heart, the other half is connective tissue, the 

fibrous skeleton, valves, tendons, blood vessels, lymphatics and nerves. 

The chambers of the heart are lined by endothelium, a thin smooth layer of cells. The main conducting 

system of the heart is made up of modified cardiac muscle fibers situated in the interventricular septum 

and radiating out into the walls of the ventricles. This tissue has lost contractile elements and become 

specialized for the rapid conduction of electrical impulses. Two nodes/areas, the sinoatrial node, and the 

atrioventricular node discharge rhythmic impulses that are transmitted through the heart. In humans, 

the heart and vessels form a closed circulation that assures all the circulating blood returning to the 

heart. The fluid and proteins that leak out in the tissues are brought back to the blood through the 

lymphatic circulation. 

                                    

 

 

 

fig 1 pericardium 

 

                                      Blood Vessels of the Heart:  



Heart has its delivery system for the cardiac muscle fibers; it cannot be nourished by blood flowing 

through its chambers but are supplied by a specialized ‘coronary circulation’. 

Heart Valves: The blood flow through the heart is from the large veins into the atria, from the atria to 

the ventricles, and from the ventricles into elastic, thick-walled arteries. 

This one-way/unidirectional flow is achieved through the atrioventricular valves that guard entrance to 

the ventricles and the semilunar valves that guard the arterial openings. These valves are regulated by 

pressure gradient across them. 

Atrioventricular (AV) Valves 

Tricuspid is between the right atrium and right ventricle, getting its name from three cusps/ flaps around 

the opening to the ventricle. The AV valve is the bicuspid or mitral valve. Both valves are fastened to 

small conical ‘papillary muscles, on the ventricular walls through several tendinous, the ‘chordae 

tendinae’. The papillary muscle and the ventricles contract at the same time to prevent valve’s excursion 

into the atrium. 

 

Aortic and Pulmonary (Semilunar) Valves 

Both large arteries are guarded by the semilunar valves at the exit of the two ventricles. 

Each valve is made up of three half-moon cusps; the cusps are thin but very strong, fitting very closely, 

enabling them to withstand very high pressures that cause them valves to open and to snap shut during 

ventricular contraction and at the end of systole. 

The semilunar valves close during the ventricular relaxation (diastole). 



 

fig 2 showing heart valves  

The heart beat is initiated by the pacemaker (SA Node) lying between the superior vena cava and the 

right atrium. The rhythmic depolarizations generated by the SA node are conducted through the atria to 

less rapidly firing AV node lying in the right atrium, close to the interventricular septum. After a short 

delay in the AV node, the cardiac impulses are conducted through the main conducting system of the 

heart, for the rapid conduction of electrical impulses. This is interventricular area conduction cells that 

radiate into the muscle wall of the ventricles. Myocardium: The atrial myocardium is comprised of two 

thin muscular sheaths at right angles to each other, permitting the atria to act as receiving and pumping 

chambers. 

The ventricular myocardium is divided into spiral muscles and deep constrictor muscles, that looks like a 

sandglass; the result of complex twisting contraction is the direction of main stream of blood towards 

the openings of great vessels. The myocardium has specialized areas of sarcolemma called ‘intercalated 

disk’, that are cell-to cell junctions close enough to form a gap junction; these gap junctions offer very 

low electrical resistance, causing the myocardium to respond as ‘functional syncytium’ and not 

anatomical. There is no impediment to the passage of an action potential; therefore the excitation 

spreads to all fibers of a chamber. 



 

 

 

 

 

Figure 4 

                  

 

 

 

         Structure of Cardiac Muscle 

Cardiac muscles have more mitochondria and rich in myoglobin than most skeletal 

muscles. Myoglobin stores oxygen and facilitates its transport from the sarcolemma to the mitochondria 

 



The transverse tubular system (T system) penetrates into the substance of the muscle fiber and also 

runs longitudinally within the fiber. The T system is in contact with the ECF space, and permits passage 

of large molecules. The sarcoplasmic reticulum is adjacent to the T-system. The T-system is associated 

with the conduction of the action potential; it depolarizes the SR causing the release of ionic calcium 

that initiates the muscle contraction. 

                                                Mechanism of Contraction 

The sliding of the contractile elements is brought about through the formation and breaking of ‘cross-

bridges’ between the actin molecules and the heads of the myosin molecules. This process is dependent 

on rapid changes in intracellular ionic calcium levels.  

An action potential along the sarcoplasmic reticulum results in the influx of extracellular ionic calcium 

through the T-system, and the release of calcium from the SR. 

 Calcium binds with troponin, which results in the displacement of the long tropomyosin that 

has been blocking the binding sites for myosin on actin. 

Tropomysosin and troponin are known as regulatory proteins. Actin and myosin are the contractile 

proteins. ATP provides the energy required for these mechanical actions. 

Relaxation needs the rapid removal of Ca++ from the myofilament environment. The SR uses ATP for 

actively transporting calcium back into its cisternae and channels. The fall in cytosolic Ca++ affects the 

troponin-tropomyosin complex, pulling tropomyosin molecules back into their blocking position, 

opening the cross-bridges, and permitting the thin actin filaments to slide apart as the muscle relaxes. 

INNERVATION OF THE HEART 

The heart gets nerve supply from both the sympathetic & the parasympathetic system that exerts a 

continuous but changing tonic influence on it. They affect the performance of the heart by change in 

heart rate, contractility, refractory period, & excitability and conductivity of the specialized conduction 

tissue through the heart. The parasympathetic vagi innervate the SA & AV nodes & the atria, & 

innervations to the ventricles. Sympathetic from the stellate & caudal sympathetic ganglia, innervate the 

same structures like vagi, with a particularly rich innervations of the ventricles. 

           

 

   Inotropic and Chronotropic Characteristics of the Heart 

The force contraction refers to inotropic state and changes in the heart rate refer to the chronotropic 

characteristic. Autonomic actions of the nerves are affected by changes in blood temperature, pH, & the 

amount of blood returning to the heart.  

Both characteristics are sensitive to many drugs, which can alter the effects of nerves activity. 



Parasympathetic stimulation 

• Acetylcholine has a marked negative inotropic effect on myocardium decreasing contractility. 

• ACh also reduces heart rate and makes heart more refractory, and slows conduction through the heart 

                     Sympathetic Stimulation 

• Norepinephrine and epinephrine increase myocardial contractility, accelerates heart rate, decrease 

the refractory period, and shortens the conduction time through the heart. 

• Improves synchronous contraction and relaxation of each heart chamber so that maximum ejection is 

achieved. 

                     Characteristics of Cardiac Muscle 

The inherent contractility of cardiac muscle is much marked. Striated muscles contract most rapidly and 

smooth muscle contraction is long and slow. 

Inherent Rhythmicity 

The heart cells can be divided into “leader-cells” and “follower-cells”. The SA node has 

the highest rhythmicity (110-120); AV node (60); myocardium (20-40). 

All or None Principle 

The strength of contraction is not dependent on the strength of the stimulus. Cardiac muscle responds 

to an adequate stimulus with a maximum strength. This is all- or noneprinciple. Although the heart 

responds with maximum contraction, the maximum varies with the physiological conditions. The degree 

of the heart’s filling with blood, hormones, changes in the ionic concentrations, temperature changes - 

all modify both the rate and the strIt is because of syncytial arrangement of cardiac 

muscle. In the case of skeletal muscle, all-or-none law is applicable only to a single muscle fiber. 

 

 

 

Refractory Period 

The cardiac muscle has much longer refractory period than that of nerve or skeletal muscle. The 

absolute refractory period of the heart is about 0.25 second during which it is completely unresponsive 

to any additional stimulation but can be stimulated by a very strong stimulus during relative refractory 

period of 0.05 sec. The long absolute refractory period of the heart prevents it from going into sustained 



contraction, or tetanus, and thus ensures that there is an adequate diastolic period during which the 

heart fills with blood. 

Effect of Temperature 

It is up to a certain point the rate and strength of heart beat are increased by a rise in body 

temperature. This optimum temperature for enzymatic actions in warm-blooded animals is about 40C. 

Considerable rise in temperature above this destroys enzymes and structural proteins. Cooling slows the 

heart, decreases the contractile strengths as the chemical reactions are slowed. Temperature also 

affects both contractility and the pacemaker (SA Node) activity. Heart rate increases about 10 beats per 

minute for every one- degree rise in Celsius temperature. Cooling slows the pacemaker and severe 

cooling is used for some surgical operations. 

                                 Effect of Ions 

The most important cations are calcium, potassium, and sodium. 

• In Hypokalemia, the PR interval is lengthened, the ST segment is depressed, the 

T wave is inverted, and a prominent ‘U’ wave is recorded in the ECG/EKG 

• Hyperkalemia presents as very tall, slender peaked T wave 

• Further elevation of plasma potassium result in ventricular tachycardia and ventricular fibrillation. 

• Hyperkalemia decreases resting membrane potential, the intensity of the action 

potential also decreases, which makes the contraction of the heart weaker. 

• Hypokalemia prolongs the relative refractory period; there is increased incidence 

of bradycardia, and high risk of arrhythmias 

• Hypercalcemia results in increased myocardial contractility. 

 

 

 

 

Contractility 

Myocardial contractility is affected by the following three factors: 

1. Contractile state 



2. Stretch or preload 

3. after load 

Specialized cells or conducting cells: 

Sinoatarial Node (SA node): Pacemaker of the Heart 

The SA node has most rapidly discharging cells. The rhythmic excitation (Depolarization) begins in the SA 

Node; it is responsible for the subsequent excitation, and consequently contraction, of the atria and 

ventricles, in that order. 

it is small, flattened, ellipsoid strip of specialized cardiac muscle about 3 millimeters wide, 15 millimeters 

long, and 1 millimeter thick. 

 It is located in the superior posterolateral wall of the right atrium immediately below and slightly lateral 

to the opening of the superior vena cava. The fibers of this node have almost no contractile muscle 

filaments and are each only 3 to 5 micrometers in diameter, in contrast to a diameter of 

10 to 15 micrometers for the surrounding atrial muscle fibers. However, thesinus nodal fibers connect 

directly with the atrial muscle fibers, so that any action potential that begins in the sinus node spreads 

immediately into the atrial muscle wall. 

 The SA node discharges at a heart rate 72 per minute, resulting in heart rate of 72 beats / min. 

AV node discharges 60 times /min; Atria= 40 times/min: ventricles 10 - 20 times/ min. 

 



 

 

 

 

Atrial Bundles 

Action potentials generated in the SA node rapidly travels through the atria, at about 0.3 meters /sec & 

conducted very rapidly to the AV node 0.5 meter /sec. Atrial fibers form the atrial bundles; bundle 

connecting the two nodes is the internodal pathway. 

Atrioventricular Node 

Its fibers conduct very slowly, about 0.2 & 0.5 meters/second. This delay in conduction creates efficiency 

of the heart, since the delay allows time for the atria to empty before ventricular depolarization and 

contraction begins.  

The atrial conductive system is organized so that them cardiac impulse does not travel from the atria 

into the ventricles too rapidly; this delay allows time for the atria to empty their blood into the 

ventricles before ventricular contraction begins. It is primarily the A-V node and its adjacent conductive 

fibers that delay this transmission into the ventricles. 

The total delay in the A-V nodal and A-V bundle system is about 0.13 second. This, in addition to the 

initial conduction delay of 0.03 second from the sinus node to the A-V node, makes a total delay of 0.16 



second before the excitatory signal finally reaches the contracting muscle of the ventricles. 

Pacemaker potential is the unstable resting membrane potential in SA node. It is also called 

prepotential. Electrical potential in SA node is different from that of other cardiac muscle fibers. In SA 

node, each impulse triggers the next impulse. It is mainly due to the unstable resting membrane 

potential. 

Resting membrane potential in SA node has a negativity of –55 to –60 mV. It is different from the 

negativity of –85 to –95 mV in other cardiac muscle fibers. 

Bundle of His 

This is made up of specialized cardiac fibers, the purkinje fibers that originate in the node and form a 

bundle in the septum separating the two ventricles. 

 

Action Potential 

Action potential in cardiac muscle is different from that of other tissues such as skeletal muscle, smooth 

muscle and nervous tissue. Duration of the action potential in cardiac muscle is 250 to 350 msec (0.25 to 

0.35 sec). 

 

 

 

 



 

Phases of action potential 

Action potential in a single cardiac muscle fiber occurs in four phases: 

1. Initial depolarization 

2. Initial repolarization 

3. A plateau or final depolarization 

4. Final repolarization. 

1. Initial Depolarization 

Initial depolarization is very rapid and it lasts for about 2 msec (0.002 sec). Amplitude of depolarization 

is about + 20 mV. 

suddenly and slow sodium channels open, resulting in slow influx of low quantity of sodium ions. 

2. Initial Repolarization 

Immediately after depolarization, there is an initial rapid repolarization for a short period of about 2 

msec. The end of rapid repolarization is represented by a notch. 

3. Plateau or Final Depolarization 

Afterwards, the muscle fiber remains in depolarized state for sometime before further repolarization. It 

forms the plateau (stable period) in action potential curve. The plateau lasts for about 200 msec in atrial 

muscle fibers and for about 300 msec in ventricular muscle fibers. 

Due to long plateau in action potential, the contraction time is also longer in cardiac muscle by 5 to 15 

times than in skeletal muscle. 

4. Final Repolarization 

Final repolarization occurs after the plateau. It is a slow process and it lasts for about 50 to 80 msec 

before the re-establishment of resting membrane potential 

 

 

 

 

 



IONIC BASIS OF ACTION POTENTIAL 

1. Initial Depolarization 

Initial depolarization (first phase) is because of rapid opening of fast sodium channels and the rapid 

influx of sodium ions, as in the case of skeletal muscle fiber. 

2. Initial Repolarization 

Initial repolarization is due to the transient (short duration) opening of potassium channels and efflux of 

a small quantity of potassium ions from the muscle fiber. Simultaneously, the fast sodium channels close 

suddenly and slow sodium channels open, resulting in slow influx of low quantity of sodium ions. 

3. Plateau or Final Depolarization 

Plateau is due to the slow opening of calcium channels. These channels are kept open for a longer 

period and cause influx of large number of calcium ions. Already the slow sodium channels are opened, 

through which slow influx of sodium ions continues. Because of the entry of calcium and sodium ions 

into the muscle fiber, positivity is maintained inside the muscle fiber, producing prolonged 

depolarization, i.e. plateau. Calcium ions entering the muscle fiber play an important role in the 

contractile process. 

 

4. Final Repolarization 

Final repolarization is due to efflux of potassium ions. Number of potassium ions moving out of the 

muscle fiber exceeds the number of calcium ions moving in. It makes negativity inside, resulting in final 

repolarization. Potassium efflux continues until the end of repolarization. 

Restoration of Resting Membrane Potential 

At the end of final repolarization, all sodium ions, which had entered the cell throughout the process of 

action potential move out of the cell and potassium ions move into the cell, by activation of sodium-

potassium pump. Simultaneously, excess of calcium ions, which had entered the muscle fiber also move 

out through sodiumcalcium pump. Thus, the resting membrane potential is restored. 

The Electrocardiogram (ECG or EKG) 

The electrical activity of the heart produces potentials at body surfaces that can be 

recorded by placing surface electrodes, as the EKG 

 The electric currents from the heart pass into the surrounding tissues and spread to the surface of 

the body. The cardiac activity is obtained in the standard ECG by using 12 leads, six ofwhich are limb 

leads and six are chest leads. 



DEFINITIONS 

Electrocardiography 

Electrocardiography is the technique by which electrical activities of the heart are studied. The spread of 

excitation through myocardium produces local electrical potential. This low-intensity current flows 

through the body, which acts as a volume conductor. This current can be picked up from surface of the 

body by using suitable electrodes and recorded in the form of electrocardiogram. This technique was 

discovered by Dutch physiologist, Einthoven Willem, who is considered the father of electrocardiogram 

(ECG). Electrocardiograph Electrocardiograph is the instrument (machine) by which electrical activities 

of the heart are recorded. 

Electrocardiogram 

Electrocardiogram (ECG or EKG from electrocardiogram in Dutch) is the record or graphical registration 

of electrical activities of the heart, which occur prior to the onset of mechanical activities. It is the 

summed electrical activity of all cardiac muscle fibers recorded from surface of the body. 

 

Clinical application of ECG 

ECG is a non-invasive, inexpensive, and highly versatile test. By analyzing the details of 

these potential fluctuations, the physicians gain valuable insight concerning: 

▪ The anatomical orientation of the heart 

▪ Relative sizes of its chambers 

▪ A variety of disturbances of rhythm of conduction 

▪ The extent, location, and progress of ischemic damage to the myocardium 

 

▪ The effects of altered electrolyte concentrations (e.g., hyperkalemia) 

▪ The influence of certain drugs (notably digitalis and its derivatives) 

Analysis of the EKG: 

1. The ‘P’ wave 

• Represents atrial depolarization & precedes contraction of the atria 

• Its duration indicates the time taken for the depolarization to spread through the 



atria from the SA node (0.08-0.10 sec). 

2. The QRS Complex: consists of ‘Q’, ‘R’ &the ‘S’ waves. 

• The complex represents ventricular depolarization preceding ventricular 

contraction. 

• Duration: 0.06 to 0.09 second. 

• It has higher amplitude than that of ‘P’ wave 

• It has a shorter duration than the ‘P’ wave, because depolarization spreads very 

quickly through the purkinje network. 

• The large QRS complex completely masks obliterates any record of atrial 

repolarization, which occurs at this time. 

• Prolongation of QRS complex: indicates delayed conduction through the 

ventricles, is often caused by ventricular hypertrophy, with its increased muscle 

mass, and also increases the voltage of the QRS complex. Another cause is 

conduction block of one of the bundle branches. 

PR interval: it is an important parameter of the ECG; it is the time taken from the start 

of depolarization of the atria to the beginning of ventricular depolarization. Normal 

interval 0.12- 0.20 sec. 

The S-T segment 

• The S-T Segment is the flat base line/isoelectric line between the QRS complex and the T-wave. 

• This segment represents the time during which all regions of the ventricles are still depolarized and 

presents the long plateau phase of the cardiac action potential. 

• Has a duration of about 0.09 second 

• Is distorted in myocardial infarction 

The ‘T’ wave 

• Represents ventricular repolarization. 



• Its duration is longer than that of the QRS complex because repolarization is not synchronous 

throughout the ventricles like depolarization which is more synchronous. 

The QT Interval coincides with the beginning and the end of ventricular systole. 

It lasts about 0.30 second, a time that varies with the heart rate. 

 

 

 

 

ECG LEADS 

ECG is recorded by placing series of electrodes on the surface of the body. These electrodes are called 

ECG leads and are connected to the ECG machine. 

Electrodes are fixed on the limbs. Usually, right arm, left arm and left leg are chosen. Heart is 

said to be in the center of an imaginary equilateral triangle drawn by connecting the roots of these three 

limbs. This triangle is called Einthoven triangle. 

Einthoven triangle is defined as an equilateral triangle that is used as a model of standard limb leads 

used to record electrocardiogram. Heart is presumed to lie in the center of Einthoven triangle. 

Electrical potential generated from the heart appears simultaneously on the roots of the three limbs, 

namely the left arm, right arm and the left leg. 

ECG is recorded in 12 leads, which are generally classified into two categories. 

I. Bipolar leads 

II. Unipolar leads. 

„ BIPOLAR LIMB LEADS 

Bipolar limb leads are otherwise known as standard limb leads. Two limbs are connected to obtain these 

leads and both the electrodes are active recording electrodes, i.e. one electrode is positive and the 

other one is negative  

Standard limb leads are of three types: 

a. Limb lead I 

b. Limb lead II 



c. Limb lead III. 

Lead I 

Lead I is obtained by connecting right arm and left arm. 

Right arm is connected to the negative terminal of the instrument and the left arm is connected to the 

positive terminal. 

Lead II 

Lead II is obtained by connecting right arm and left leg. 

Right arm is connected to the negative terminal of the instrument and the left leg is connected to the 

positive terminal. 

RA = Right arm, LA = Left arm, LL=Left leg. 

Lead III 

Lead III is obtained by connecting left arm and left leg. 

Left arm is connected to the negative terminal of the instrument and the left leg is connected to the 

positive terminal. 

„ UNIPOLAR LEADS 

Here, one electrode is active electrode and the other one is an indifferent electrode. Active electrode is 

positive and the indifferent electrode is serving as a composite negative electrode. 

Unipolar leads are of two types: 

1. Unipolar limb leads 

2. Unipolar chest leads. 

1. Unipolar Limb Leads 

Unipolar limb leads are also called augmented limb leads or augmented voltage leads. Active electrode 

is connected to one of the limbs. Indifferent electrode is obtained by connecting the other two limbs 

through a resistance. 

Unipolar limb leads are of three types: 

i. aVR lead 

ii. aVL lead 



iii. aVF lead. 

i. aVR lead 

Active electrode is from right arm. Indifferent electrode  is obtained by connecting left arm and left leg. 

ii. aVL lead 

Active electrode is from left arm. Indifferent electrode is obtained by connecting right arm and left leg. 

iii. aVF lead 

Active electrode is from left leg (foot). Indifferent electrode is obtained by connecting the two upper 

limbs. 

2. Unipolar Chest Leads 

Chest leads are also called ‘V’ leads or precardial chest leads. Indifferent electrode is obtained by 

connecting the three limbs, viz. left arm, left leg and right arm, through a resistance of 5000 ohms. 

Active electrode is placed on six points over the chest  

 This electrodeis known as the chest electrode and the six points overthe chest are called V1, V2, 

V3, V4, V5 and V6. V indicates vector, which shows the direction of current flow. 

Position of chest leads: 

V1 : Over 4th intercostal space near right sternal margin 

V2 : Over 4th intercostal space near left sternal margin 

 

(V1 to V6) 

V3 : In between V2 and V4 

V4 : Over left 5th intercostal space on the mid clavicular line 

V5 : Over left 5th intercostal space on the anterior axillary line 

V6 : Over left 5th intercostal space on the mid axillary line. 

is also called atrial complex. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Interpretation of ECG 

An ECG provides information on heart rate and rhythm, conduction velocity, and even 

the condition of tissues Within the heart. The interpretation of an ECG begins with the following 

questions: 

(1) What is heart rate? 

Heart rate is normally timed from the beginning of one P wave to the beginning of the 

next P wave, or from Peak to peak of the QRS complexes. A faster rate is called tachycardia, and a 

slower rate is called bradycardia. 

 

Normal Electrocadiogram 



 

 

 

 

(2) Does the heartbeat occur at regular interval? 

An irregular rhythm, or arrhythmia, can result from a benign extra beat or from more 

serious conditions such as atrial fibrillation, in which the SA node has lost control of pace making. 

(3) Is the voltage normal? 

Normally, the voltages in the three standard bipolar limb leads, as measured from the 

peak of the R wave to the bottom of the S wave, vary between 0.5mV and 2.0mV, with lead III usually 

recording the lowest and Lead II, the highest. However, these relations are not invariably true even in 

the normal heart.  



In general, When the sum of the voltages of all the QRS complexes of the three standard leads is 

greater than 4mV, one considers that the patient has a high-voltage ECG. 

High-voltage ECG is common in ventricular hypertrophy. Low-voltage ECG is found in cardiac 

myopathies, fluid in the pericardium, pulmonary emphysema etc. 

(4) Relationship of various waves 

After determining the heart rate and rhythm, and voltage of ECG, the next stage in 

analyzing an ECG is to look at the relationship of the various waves. 

 Does a QRS complex follow each P wave and is the PR segment constant in length? If not, a problem 

with conduction of signals through the AV node may exist. 

 In heart block, action potentials from the SA node sometimes fail to be transmitted through the AV 

node to the ventricles. 

In these conditions, one or more P waves may occur without initiating a QRS complex. 

(5) Alterations in the shape or duration of various waves or segments 

The more difficult aspects of interpreting an ECG include looking for subtle changes 

such as alterations in the shape or duration of various waves or segments. 

 

 

 



 

 

 

 

 

 

                                                      The cardiac cycle 

The cardiac cycle is the period from the end of one heart contraction (Systole) and 

relaxation (diastole) to the end of next systole and diastole.  

 Cardiac contraction is preceded by electrical changes initiated by the pacemaker of the heart, 

the sino-atrial node. The contraction of the heart generates pressures within the heart that regulates 

the opening and closing of the valves and consequently directs the blood flow through the heart and the 

arteries. Electrical changes are recorded on the electrocardiogram, and the heart sounds are recorded 

on a phonocardiogram. Similar events occur in the right and left side of the heart, but ventricular and 

atrial pressures are lower in the right heart. At a heart rate of 75 beats/min, the total cycle time is about 

800 milliseconds, a systolic time of 250 - 300 msec, a diastolic time of 500 - 550 msec. 

 

 

 

 



 

 

 

 

 

 

 

Systole and diastole 



Systole is contraction of the heart, relaxation is diastole. Each of the four chambers of 

the heart contract and relax rhythmically, filling with blood during diastole, ejecting the 

blood during systole. The right and left heart contract and relax simultaneously, ejecting 

equal blood volume at the same time, but with different pressures. 

Atrial cycle 

The atria have a minor role during normal resting conditions but contribute significantly to the filling of 

the ventricles during exercise. The thin-walled atria receive blood continuously from the superior and 

inferior vena cavae. 70% of ventricular blood volume flows directly through the opened atrioventricular 

valves into the ventricles. 

Atrial systole initiated by depolarization occurs late in ventricular diastole and adds 30% 

to total ventricular filling. Pressure in left atria reaches 7 - 8 mmHg, that in the right 

atrium to 4 - 6 mm Hg, during atrial contraction. Just prior to ventricular systole, rising 

pressure in the ventricles closes the atrioventricular valves (AVV). During this AVV 

closure, the atria continue to fill with blood from great veins, resulting in an increase in 

atrial pressure. 

         Ventricular cycle 

At the end of ventricular systole, the ventricular pressure falls abruptly when blood is 

ejected into the aorta and pulmonary artery. At this stage, arterial pressures are higher than ventricular, 

snapping closed the semilunar valves. 

 For a period of 0.03 - 0.06 seconds, AV valves remain closed, and ventricles begin relaxation. This phase 

of ventricular relaxation without volume change is called isovolumetric relaxation period. 

Ventricular pressure falls below atrial pressure, causing AV valves to open again. 

Opening of the valves results in rapid blood flow into the ventricles. This is the passive rapid filling phase 

of ventricular diastole. In the later diastole phase, the filling of the ventricles is aided by atrial 

contraction - active rapid filling phase. At the end of diastole, ventricles contain about 120 ml of blood - 

known as end – diastolic volume (EDV) in each ventricle. Ventricular systole begins with depolarization 

of the ventricles. The high ventricular pressure closes the AV valves producing the first heart sound. 

There is a period when ventricles are contracting, there is no change in ventricular volume and is known 

as isovolumertic contraction period (0.02 to 0.03 second). 



During this phase of contraction, the pressure rises in both ventricles, forcing open the semilunar valve. 

About two-thirds of the ventricular blood is rapidly ejected into the arteries in the first third of systole, 

the rest of the blood is ejected slowly during the second two-thirds of systole. The volume of blood 

remaining in each ventricle at the end of systole is the end-systolic volume, about 50 ml of blood. 

Therefore the stroke volume of normal heart in resting conditions is 120-50 =70 ml. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Heart sounds 

During each cardiac cycle, four heart sounds are generated. In a normal heart, however, only the first 

two (First heart sound and second heart sound) are loud enough to be heard by listening through a 

stethoscope. 

When listening to the heart with a stethoscope, one does not hear the opening of the valves, for this is a 

relatively slowly developing process that makes no noise. However, when the valves close, the vanes of 

the valves and the surrounding fluids vibrate under the influence of the sudden pressure differentials 

that develop, giving off sound that travels in all directions through the chest. Two heart sounds are 

normally clearly Audible per beat, the first and second heart sounds. They are usually represented as 

lubbdupp followed by a Pause. The heart sounds can be recorded by a microphone placed on the 

precordium, and a tracing of the sound is called a phonocardiogram. Just as the ECG gives important 

information about the electrical operation of the heart, heart sounds provide valuable information 

about its mechanical operation. Anatomical location for best hearing the heart sounds 

Mitral valve: The mitral valve is best heard in the mid-clavicular line of the 4th-5th left 

intercostals space. 

Tricuspid valve: The tricuspid valve in the 5th interspace at the left sternal edge. 

Aortic valve: The aortic valve in the 2nd interspace at the right sternal edge. 

Pulmonary valve: The pulmonary valve in the 2nd interspace at the left sternal edge. 

Types of heart sounds 

First heart sound (S1) 

Heard by a stethoscope 

Frequency: 100Hz 

Duration: 0.14s. 

Cause: Closure of the tricuspid and mitral valves. 

Second heart sound (S2) 

Heard by a stethoscope 

Frequency: 100Hz 

Duration: 0.11s. 



Cause: Closure of the semilunar valves. 

Third heart sounds (S3) 

Generally, not heard by a stethoscope 

Recorded by phonocardiogram only one-third to one half of all persons Very low frequency 

Cause: Rushing of blood into the relaxing ventricles during early diastole 

Fourth heart sound (S4) or atrial sound 

Generally not heard by a stethoscope 

Recorded by phonocardiogram only one-fourth of all persons 

Very low frequency (about 20 Hz) 

Cause: Rushing of blood into the aorta and pulmonary artery from the contracting 

ventricles. 

Disorders of heart sound (Heart murmurs) 

Just as the ECG gives important information about the electrical operation of the heart, heart sounds 

provide valuable information about its mechanical operation.  

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 heart sounds. 

Mitral stenosis: Narrowing of the mitral valve by scar formation or a congenital defect 

Mitral insufficiency: Back flow or regurgitation of blood from the left ventricle into the 

atrium due to a damaged mitral valve or ruptured chordae tendinae. 

Aortic stenosis: Narrowing of the aortic semilunar valve. 

Aortic insufficiency: Backflow of blood from the aorta into the left ventricle. 

Mitral valve prolapse: An inherited disorder in which a portion of mitral valve is pushed back too far 

(Prolapsed) during ventricular systole. Mitral valve prolapse often does not pose a serious threat. In fact, 

it is found up to 10% of otherwise healthy young persons. 

Rheumatic fever: Damage of the bicuspid and aortic semilunar valves. 

 

 



Hemodynamics 

The science of hemodynamics concerns the relation between blood flow, pressure, 

and resistance. The heart is a complicated pump, and its behavior is affected by a variety of physical and 

chemical factors. 

The blood vessels are multibranched, elastic conduits of continuously varying dimensions. The blood 

itself is a suspension of red and white corpuscles, platelets, and lipid globules suspended in a colloid 

solution of proteins. Despite these complicated factors, considerable insight may be gained from 

understanding the elementary principles of fluid mechanics as they pertain to simpler physical systems. 

Such principles will be expanded in this chapter to explain the interrelationships among the velocity of 

blood flow, blood pressure, and dimensions of the various components of the systemic circulation. 

Blood flows out of the heart (the region of higher pressure) into the closed loop of blood vessels (a 

region of lower pressure. As blood moves through the system, pressure is lost because of friction 

between the fluid and the blood vessel walls. 

 Consequently, pressure falls continuously as blood moves further from the heart. The highest pressure 

in the vessels of the circulatory system is found in the aorta and systemic arteries as they receive blood 

from the left ventricle. The lowest pressure is found in the venae cavae, just before they empty into the 

right atrium. 

 

[The mean blood pressure of the systemic circulation ranges from high 93 mmHg in the arteries to a low 

of a few mmH in the venae cavae.] 

Flow through a vessel is determined entirely by two factors: 

(1) The pressure difference (ΔP) between the two ends of the vessel 

(2) Resistance (R) the impediment to blood flow through the vessel 

If, P1 represents the pressure at the origin of the vessel and P2 at the other end, the flow 

through the vessel can be calculated by the following formula, which is called Ohm's 

law: 

ΔP 

Q = 

R 



Where, Q = blood flow, ΔP = P1-P2, R = resistance 

It should be noted especially that it is the difference in the pressure between the two ends of the vessel, 

not the absolute pressure in the vessel that determines the rate of flow. For instance, if the pressure at 

both ends of the segment were 100mmHg, there would be no flow. Flow is inversely proportional to 

resistance i.e. if resistance increases, flow decreases; if resistance decreases, flow increases. 

Factors affecting resistance: Poiseuille's law 

For fluid flowing through a tube, resistance is influenced by three components: the 

length of the tube (L), the radius of the tube (r), and the viscosity (η) of the fluid flowing 

through the tube. The flowing equation, derived by the French physician Jean Leonard Marie Poiseuille, 

shows the relationship between these factors: 

8 L η 

R= —— 

π r4 

Because the value of 8/π is a constant, the relationship can be rewritten as: 

L η 

R ∞ —— 

r4 

This expression says that resistance increases as the length of the tube and the viscosity of the fluid 

increase but decreases as the radius increases. How significant are length, viscosity, and radius to blood 

flow in a normal individual? The length of the systemic circulation is determined by the anatomy of the 

system and is essentially constant. The viscosity of blood is determined by the ratio of red blood cells to 

plasma and by how much protein is in the plasma. Normally, viscosity is constant, and small 

changes in either length or viscosity have little effect on resistance.  

This leaves changes in the radius of the blood vessels as the main contributor to variable resistance in 

the systemic circulation. When the radius of a blood vessel doubles, the resistance increases by 16-fold. 

Thus, a small change in the radius of a tube will have a large effect on the flow of a liquid through that 

tube. A decrease in blood vessel diameter is known as vasoconstriction. An increase in diameter of blood 

vessels is called vasodilation. 

Venous system 



The venous system completes the circulatory system; blood from the capillaries is drained into the veins 

for carrying it back to heart. Thus, veins serve as a blood reservoir, as well as transport passage back to 

the heart. 

 Veins have large lumen, offering very little resistance to blood flow. Smaller veins converge into fewer 

but larger radii vessels, the velocity of blood flow increases as the blood moves toward the heart. Veins 

also serve as a large blood reservoir and because their storage capacity, they are called as “capacitance 

vessels”. Veins have large lumen, thinner walls with less smooth muscle than do arteries. As they have 

abundant collagen tissue, veins have little elasticity in comparison to arteries. 

Because of these properties, veins are highly distensible or stretchable, and have little elastic recoil. 

They distend well to accommodate additional amount of blood with only a little rise in venous pressure. 

Veins with extra amount of blood simply stretch to accommodate without tendency to recoil. Recoil 

tendency in arteries, drives the blood forward. 

When demands for blood are low, the veins can store extra blood as ‘reserve’, because of passive 

dispensability. In resting condition, the veins contain more than 60% of the total blood volume. 

When the stored blood is needed, e.g. during exercise, sympathetic stimulation and other extrinsic 

factors, drive the extra blood from the veins to the heart so that it could 

be pumped to the active tissue. 

As per Frank- Starling’s Law, increased venous return induces an increase in stroke volume of the heart. 

If too much blood pools into the veins, cardiac output is abnormally diminished. Therefore, a balance 

exists between the capacity of the veins, the extent of venous return, and the cardiac output. If more 

blood remains in the veins instead of being returned to the heart, such storage reduces the effective 

circulating volume.  

On the contrary, if venous capacity reduces, more blood returns to the heart, and continues circulating. 

Therefore, venous return is determinant of effective circulatory blood volume. 

 The total blood volume is influenced by factors that control total ECF volume, such as salt and water 

balance. Venous return refers to the volume of blood entering each atrium per minute from the veins. 

The flow is proportional to the pressure gradient. Since atrial pressure is ‘0’ mm Hg, a small but 

adequate driving force/pressure promotes the blood flow through large diameter and low resistance 

veins. Pressure gradient for VR is systemic filling pressure of about 7 mm Hg resulting in venous return 

of about 5.5 liter/min; if this pressure falls to 5.2 mmHg, VR fall to about 4 liter/min and at pressure 

gradient of 5 mm Hg, cardiac output is less than 4 liter/min. During exercise, this systemic filling 

pressure exceeds 10 mm Hg, increasing VR and CO. If atrial pressure becomes increased due to some 

pathological conditions, the veins-to-atria pressure gradient decreases, reducing VR and causing the 

blood to dam up in the venous system, e.g. in congestive heart failure. Other than this driving pressure 

of 7 mmHg, and driving pressure imparted by cardiac contraction, five other factors enhance venous 

return (VR): venous vasoconstriction by sympathetic activation, skeletal muscle activity, the effect of 



vein’s venous valves, respiratory activity, and the effect of cardiac suction. Most of these factors 

influence the pressure gradient between the veins and the heart. 

Effect of Sympathetic Activity on Venous Return 

Veins are less muscular, have little muscle tone, but venous smooth muscles are richly supplied with 

sympathetic adrenergic vasoconstrictor fibers. Sympathetic stimulation produces venous 

vasoconstriction, elevating venous pressure, which in turn increases the pressure gradient to drive more 

blood from the veins into the right atrium. Even when constricted, the veins still have large diameter 

and low resistance. Venoconstriction mobilizes the stored blood, enhancing VR by decreasing venous 

capacity. Less blood coming from the capillaries remains in the veins but continues to flow toward the 

heart. It is to be noted that arteriolar vasoconstriction reduces blood flow through these vessels, 

whereas venoconstriction increases flow through these veins, because of reduced capacitance, squeezes 

out more of the stored blood in the veins, thus increasing blood flow. 

Effect of Skeletal Muscle Activity on Venous Return 

Many large veins in the extremities lie between skeletal muscles, so as muscles contract the veins are 

compressed; this reduces venous capacity, increases venous pressure, squeezing blood in the veins 

forward toward the heart. This blood pumping action is known as the ‘skeletal muscle pump’, returning 

extra blood stored in the veins to the heart, during exercise. In exercise, venoconstriction and 

sympathetic activity also accompanying exercise, further enhances venous return. 

The skeletal muscle pump also opposes the gravitational effect on the venous system. When a person is 

lying down in a bed, the force of gravity is uniformly applied. However, when a person stands erect, 

gravitational effects are not uniform. The vessels below the heart level are subjected to pressure caused 

by the weight of the column of blood extending from the heart to the level of the vessel. 

This increase in pressure has two consequences; the distensible veins give way under the increased 

hydrostatic pressure, further distending them, so that their capacity to accommodate blood is increased. 

Arteries are less distensible, so they do not expand like the veins to the same gravitational effects. In 

erect posture, much of the blood from the capillaries pools into the expanded veins, instead of returning 

to the heart. As venous return diminishes, cardiac output falls, and the effective circulating volume is 

decreased. Gravity increases pressure in the capillaries, causing excessive fluid to filter out of capillary 

beds in the lower limbs, producing edema of feet and ankles. Two compensatory mechanisms 

counteract these gravitational effects. Resultant fall in arterial blood pressure on standing from supine 

position, triggers sympathetic-induced venous vasoconstriction, which moves some of the pooled blood 

forward. 

 The skeletal muscle pump ‘interrupts’ the column of blood by completely emptying veins blood 

segments intermittently so that a portion is not subject to the entire column of venous 

blood from the heart to its level. 



Skeletal muscle pump activity and sympathetically-induced venous Vasoconstriction together 

completely compensates for gravitational effects. If a person stands still for a long time, blood flow to 

the brain is reduced because of the decline in effective circulating blood volume, despite reflexes 

targeted for maintaining arterial blood pressure, Decreased cerebral blood flow leads to fainting, which 

returns the person to a horizontal position, thereby eliminating the gravitational effects and restoring 

effective circulating volume toward normal. Fainting is the remedy to the problem, not the 

problem itself. 

Effect of Venous Valves on Venous Return 

Both venoconstriction and skeletal muscle pump drive blood in the direction of the heart 

and not backwards because the large veins have one-way valves spaced at 2 - 4 cm gaps, permitting 

blood to move forward toward the heart but prevent it from moving backward toward the tissue. They 

also counteract gravitational effects in upright posture by helping minimizing the backflow of blood that 

tends to occur as a person stands up. They support the blood column when the skeletal muscle is 

relaxed. 

Role of Respiratory Activity on Venous Return 

During respiratory excursions, the pressure within the thoracic cavity averages 5mm Hg less than 

atmospheric pressure. Blood returning from the lower body parts to heart travels through the chest 

cavity, where it is exposed to subatmospheric pressure.  

The venous system of the lower extremity and abdomen is exposed to normal atmospheric 

pressure. This pressure difference of about 5 mmHg subatmospheric, squeezes blood from lower veins 

to the chest veins, enhancing venous return. This mechanism of facilitating venous return is known as 

the Respiratory pump. So during exercise, respiratory pump, skeletal muscle pump and venous 

vasoconstriction enhance venous return. 

Effect of Cardiac Suction on Venous Return 

The heart has role in its own filling with blood. During ventricular contraction, the 

trioventricular valves are pulled downward increasing the atrial cavities, as a result there is transient 

drop in the atrial pressure, thus increasing vein-to-atria pressure gradient, so that venous return is 

facilitated. During ventricular relaxation, a transient negative pressure is created in the ventricle, so that 

blood is ‘sucked in’ from the atria and veins; thus the negative ventricular pressure increasing the vein-

to-atria-to-ventricles pressure gradient, further enhancing venous return. So heart functions as a 

“suction pump” for its own filling. 

 

 



CARDIAC OUTPUT 

Cardiac output is the amount of blood ejected by either ventricle per minute. The volume of blood 

returning to the left atrium from the lungs is the same volume, which was released by the right ventricle 

to the lungs; the output of the right and left ventricles is normally the same. 

Cardiac output of a young adult female 67 kg, reclining = about 5L/min. “male of same 

age & wt = 10% more = 5.5 L/min. 

Cardiac Reserve: Cardiac reserve is the difference between the CO at rest and the maximum amount the 

heart is capable of pumping per minute.  

Cardiac output is affected by age, changes in posture, and exercise. 

 It may be 20 –25 L/min in exercise and in very severe strenuous exercise in a trained athlete 35 – 40 

L/min. During anytime, the volume of blood flowing through the pulmonary circulation is the 

same as flowing through the systemic circulation. The two determinants of cardiac output are heart rate 

(beats/min) and stroke volume (SV) i.e. volume of blood pumped/beat or stroke. 

The average HR= 70 beats/min (established by SA Node rhythmicity) 

“ SV =70 ml/beat 

“ CO = 70 x 70 = 4900 ml/min or close to 5 liter/min 

The body’s total blood volume averages 5 to 5.5 liters, each ventricle pumps the equivalent amount of 

blood/minute; right ventricle to the lungs and the left through the systemic circulation. 

Stroke volume is the amount of blood pumped out by each ventricle during each beat. 

Normal value: 70 mL (60 to 80 mL) when the heart rate is normal (72/minute). 

 

CARDIAC RESERVE 

Cardiac reserve is the maximum amount of blood that 

can be pumped out by heart above the normal value. 

Cardiac reserve plays an important role in increasing the cardiac output during the conditions like 

exercise. 

It is essential to withstand the stress of exercise. Cardiac reserve is usually expressed in percentage.  

In a normal young healthy adult, the cardiac reserve is 300% to 400%. In old age, it is about 200% to 

250%. 



It increases to 500% to 600% in athletes. In cardiac diseases, the cardiac reserve is minimum or nil. 

Minute volume is the amount of blood pumped out by each ventricle in one minute. It is the product of 

stroke volume and heart rate: 

Minute volume = Stroke volume × Heart rate 

Normal value: 5 L/ventricle/minute. 

 

FACTORS INFLUENCING CARDIAC OUTPUT 

The most important factors influencing CO are of two categories:  

1. Cardiac factors: heart rate & stroke volume, sympathetic stimulation and myocardial contractility; 

2. Systemic factors: Venous return is an important controlling factor. The heart is a “demand pump” 

adjusting its output to the demand of the body organisms. 

Heart rate is determined primarily by influence on the SA node. The sino-atrial node (SANode) is the 

pacemaker of the heart as it has highest rate of spontaneous depolarization due to a complex interplay 

of ions: low potassium constantly increasing sodium and increasing calcium Permeability. This action 

potential spreads through the heart, inducing the heart to contract or have a “heart beat”. This happens 

at about 70 beats/min. 

Effects of parasympathetic stimulation on the heart rate 

The parasympathetic nervous system influence on the SA Node is to decrease heart rate; acetylcholine- 

mediated effect on the permeability of the SA node reducing spontaneous action potential through the 

following effects; 

• Increased potassium permeability hyperpolarizes the SA node membrane because of increased 

potassium ions efflux, making the inside more negative. 

• This increased potassium permeability also opposes the automatic reduction in potassium 

permeability that initiates depolarization of the membrane to threshold. Thus SA node reaches 

threshold more slowly and fires signals less frequently, reducing the heart rate. Parasympathetic 

activation on the AV node reduces its excitability, prolonging the impulse transmission to the ventricles 

as a result of increased potassium permeability (hyperpolarization), thereby retarding the excitation of 

AV node. Atrial contraction is weakened by a reduction in the slow inward current carried by calcium, 

reducing the plateau phase.  

Theparasympathetic has little effect on ventricular contraction. Thus, the heart beats slowly, 

atrial contraction is weaker, the time between atrial and ventricular contraction is stretched out. These 

actions are beneficial because parasympathetic controls heart activity in quiet relaxed condition of rest 

when body is not demanding increase in cardiac output. This is achieved by vagal tone at rest (with 



heart rate at rest being 70 beats/min, though the inherent rhythmic rate of the SA Node is about 100 

beats/ minute. 

Effects of Sympathetic stimulation on heart 

The sympathetic nervous system controls heart rate in emergency or exercise situation, 

when there is need for more blood flow; heart rate is increased through effect on the 

pacemaker SA Node. Sympathetic stimulation increases the rate of depolarization reaching threshold 

more rapidly mediated via norepinephrine by decreasing potassium permeability by inactivation of 

potassium channels; greater frequency of action potential and corresponding more rapid heart rate. 

 

• Sympathetic stimulation decreases AV node delay, by enhancing the slow, inward calcium ion current. 

• Sympathetic stimulation speeds up the spread of the action potential throughout the specialized 

conduction tissue/pathway 

• Sympathetic stimulation increases contractile strength in the atria and ventricles so that heart beats 

more forcefully and squeezes out more blood; this is by increasing calcium ions permeability, enhancing 

the slow calcium ions influx and enhancing calcium-dependent excitation-contraction coupling process. 

The overall effect of sympathetic stimulation is to increase heart rate, decrease conduction time, and 

increase force of myocardial contraction. Therefore, parasympathetic and sympathetic effects on heart 

are antagonistic. Under resting condition parasympathetic dominates. Heart rate is increased by 

simultaneous stimulation of sympathetic and inhibition of parasympathetic activity. A decrease in heart 

rate by stimulating parasympathetic and inhibiting sympathetic activity. These two autonomic branches 

to the heart in turn are primarily controlled by the cardiovascular control centers in the brain stem. 

Medullary epinephrine too acts on the heart in a manner similar to postganglionic sympathetic 

neurotransmitter norepinephrine, thus, reinforcing the direct effects of the sympathetic nerves. 

Stroke volume: is determined by the extent of venous return and by sympathetic activity. Stroke 

volume (SV) is the amount of blood pumped out by each ventricle into great vessels (aorta/pulmonary 

artery) during each beat. Stroke volume is another determinant for the cardiac output. Two types of 

mechanisms control stroke volume: 

1. Intrinsic control related to the extent of venous return heterometric autoregulation, a length-tension 

relationship, or Frank-Starling Mechanism; and 

2. .Extrinsic control related to the extent of sympathetic stimulation of the heart - 

The homeometric regulation depending on extrinsic nerves and hormones 

(medullary catecholamine). 



Increased End Diastolic Volume Results In Increase in Stroke Volume 

As more blood returns to the heart, the heart pump more blood but does not empty all the blood it 

contains. There is a direct relation between end-diastolic-volume (EDV) and stroke volume; that refers 

to the heart’s inherent capability to vary the SV. 

 This control depends on the length-tension relationship of cardiac muscle, similar to that of 

skeletal muscle. An increase in cardiac muscle fiber length increases the contractile tension of the heart 

on the following systole. The cardiac muscle is not attached to bone, like skeletal muscle. The main 

determinant of cardiac muscle fiber length is the degree of ventricular filling during diastole. The greater 

the extent of ventricular filling, during diastole, larger is the end-diastolic-volume and more is the heart 

stretching. Therefore, with more stretch, the longer the initial cardiac muscle fiber length in diastole 

before contraction in systole. Thus, increased length results in a greater force on the subsequent cardiac 

contraction, and therefore, a greater stroke volume. This relationship is intrinsic between EDV and SV 

and known as the Frank Starling's law of the heart. It means increase in VR results in increased SV. The 

extent of filling is known as ‘preload’, because it is the workload imposed on the heart before 

contraction begins. It is to be noted that within physiological limits cardiac muscle does not get 

stretched beyond its optimal length to the point that contractile force decreases with further stretching 

(it happens in heart failure)The advantage of this matching SV and VR by intrinsic mechanisms is: 

 

• When a larger cardiac output is needed, e.g. in exercise, VR is increased through action of the 

sympathetic nervous system and other factors. The resultant increase in EDV automatically increases 

stroke volume. In exercise heart rate also rises so both increases in SV and HR increase the cardiac 

output, so that more blood can be delivered to the active muscles. 

• Both the right and left ventricles have equal output, equally distributed in the two circulation The 

contractility of the heart is increased by sympathetic stimulation. Factors outside the heart also control 

SV in addition to intrinsic control. The most important of this extrinsic control is the action of cardiac 

sympathetic nerves and epinephrine; both increase the heart’s contractility leading to more complete 

ejection. The increased contractility is due to the increased calcium influx triggered by norepinephrine 

and eipnephrine. Increased cytosolic calcium ion concentration generates more force of contraction 

through greater cross-bridge cycling than would be possible without sympathetic stimulation. In normal 

EDV is about 135 ml, it may be 35 ml and 100 ml stroke volume at the end of systole. Therefore, the 

Frank-Starling's curve shifts to the left, depending on the extent of sympathetic-induced myocardial 

contraction that could be about 100% greater than normal. 

Sympathetic stimulation increases SV by increasing cardiac contractile force but also by 

enhancing VR by venous vasoconstriction squeezing more blood from veins to the heart, increasing 

ventricular end-diastolic volume and subsequently increasing the SV even further. 



The ability of the heart to increase cardiac output to meet body’s demands as a person grows older, i.e. 

the cardiac reserve decreases with aging. It may be on account of reduced norepinephrine from the 

sympathetic postganglionic neurons; it is related to diminished calcium-mediated exocytosis of 

neurotransmitter - eventually to do with the calcium channels. 

High blood pressure increases the workload of the heart. During systole, ventricles need to generate 

sufficient pressure to exceed the blood pressure in the major elastic arteries in order to force open the 

aortic valve. The arterial blood pressure is referred to as the ‘after-load’, because it is the workload 

imposed on the heart after the contraction begins. If the ABP is chronically high or if the valves are 

shrunken, ventricles have to generate much more force to eject blood e.g. instead generating 120 

mmHg pressure, a pressure as high as 400 mm Hg may be needed to eject blood through a narrowed 

aortic valve.  

The heart undergoes compensatory hypertrophy for a sustained increase in afterload, enabling 

it to contract with more force maintaining a normal stroke volume despite the impedance to ejection. A 

diseased heart or weak heart with aging may not be able to compensate completely. In that case, heart 

failure develops. Even with initial compensation, a sustained extra workload placed on the heart can 

eventually cause pathological changes in the heart leading to heart failure. This is one of the major 

causes of heart failure. 

CARDIAC output during exercise 

Exercise is the most effective way to increase cardiac output. Increase in heart rate, stroke volume, and 

venous return all contribute to the augmented cardiac output. 

• In acute exercise, sympathetic stimulation of the heart and blood vessels and, increased venous return 

from the active muscles are the dominant factors regulating the increase in cardiac output. 

• The sympathetic nervous system affects both the inotropic and chronotropic characteristics of the 

heart 

• As a result of the sympathetic stimulation of the heart, cardiac contractility is improved, shortening 

the time needed for diastolic filling. 

• Increase in heart rate during exercise is chiefly due to sympathetic stimulation, while there is 

reduction in vagal nerve discharge. 

• During and just before the start of strenuous exercise, there is a marked vasoconstriction of blood 

vessels in the splanchnic area, shunting blood from the viscera into the thoracic region and increasing 

venous return to the heart. 

• During exercise, sympathetic stimulation of the smooth muscles of the blood vessels increase 

peripheral resistance and venous return 



• The actively contracting muscles during exercise exert pressure on the veins, and, aided by the venous 

valves, the blood is forced back toward the heart. The end-diastolic volume of the heart is increased by 

the volume of the blood with which it is filled, stroke volume is increased by Frank -Starling mechanism 

and the cardiac output is improved. The cardiovascular centers in the brain integrate these responses of 

the heart and blood vessels. 

Effect of training on cardiac output. 

Although heart rate, stroke volume, and venous return increase contributing to increase in cardiac 

output, the extent of contribution varies significantly in trained and untrained individuals - The athlete’s 

heart is usually larger than that of sedentary individuals. Constant and regular training, with the 

increased workload against which the heart contracts, results in heart muscle compensatory 

hypertrophy, an increase in size, increase in contractile proteins, myoglobin, and cellular enzyme 

systems. These biochemical changes increase the inotropic force of the heart, increasing stroke volume 

and permitting the athlete to achieve the same cardiac output with a slower heart rate. 

- The heart rate in an athlete at rest may be as low as 45-50 due to vagal tone, but the increased stroke 

volume of 100 -110 ml/beat results in normal cardiac output of about 5.5 liter/min Thus, an athlete has 

to increase heart rate proportionately less during strenuous exercise than does an untrained person. 

This allows better diastolic filling and contributes, along with greater contractile force of the 

hypertrophied heart, to an enhanced cardiac output. 

- In trained athletes, increased stroke volume also appears to help increase in cardiac output. In 

untrained persons, increased cardiac output is achieved through increased heart rate. 

Effect of posture (Gravity) on venous return and cardiac output 

One of the most important adaptations in the bipedal life is the ability to maintain blood pressure in the 

standing position, despite the fact that the heart and head are considerably above the center of gravity 

of the body. This adaptation is reinforced by a good active life. Recumbent Position: In the recumbent 

posture, more than 50% blood is present within the systemic veins, about 30% in the intrathoracic 

vessels and less than 15 to 20% in the systemic arteries. It is the low pressure venous system that is 

involved in shifting in blood volume. Heart size is greater in the lying position because there is little 

venous pooling in the leg, and most of the venous blood is in the intrathoracic compartment, able to fill 

the heart. Standing position: On standing, large displacement of blood volume occurs in response to 

gravitational effect. The most extensive pressure changes occur in the legs, as blood accumulates in the 

lower limbs. Intravascular pressure decrease above the level of right atrium and increase in the 

dependent parts below the right atrium. Much of the blood pooled in the legs is displaced from the 

intrathoracic vascular area during quiet prolonged standing. This significantly reduces the volume of 

blood in the and the pulmonary circulation. Stroke volume and cardiac output fall significantly - a 20% 

decrease in cardiac output. Abrupt fall in cardiac output is compensated by the cardiovascular 

responses; first, by a reflex stimulation of heart rate through the sympathetic nerves, and secondly, by 

strong vasoconstriction in the splanchnic and skin area, that results in increasing the blood shunting to 

the thoracic area, and increasing peripheral resistance. However, these cardiovascular responses alone 



cannot fully compensate for a change to standing position. The action of muscle pump is needed to 

exert external pressure on the veins and push the venous blood toward the heart. This skeletal muscle 

pump is aided by unidirectional venous valves. The rhythmic contraction and relaxation of skeletal 

muscles characteristic of vigorous running, cycling, jogging, or skiing are especially effective in activating 

the skeletal muscle pumping action of the legs. The effect of posture and exercise on blood pressure, 

pulse. Prolonged standing: With prolonged standing, there is a decrease in blood flow through the 

kidneys, with a marked rise in the production of angiotensin-II, a powerful vasoconstrictor and of 

aldosterone as a result of renin-angiotensin system. Aldosterone causes the retention of salt and water 

by the kidneys, which increases plasma volume and compensates to some extent for the fall in arterial 

blood pressure. At the same time, there is about 20% decrease in blood flow to the brain during 

prolonged standing, and in case the muscle is not kept contracting rhythmically, fainting is more likely to 

occur. 

Prolonged bed rest. During prolonged bed rest the entire body is affected by gravitational forces, often 

resulting in a temporary inability to changes in posture. 

Sudden sitting or standing may induce blackout and unconsciousness. 

Blood Volume and viscosity 

Blood volume normally remains constant, but decreases following hemorrhagic or traumatic shock; 

there is sharp drop in circulating volume, a fall in venous return, and a pronounced decrease in cardiac 

output and blood pressure. A rapid loss of 25% of the total blood volume in hemorrhage will reduce 

cardiac output to almost zero, causing circulatory shock. This results in inadequate tissue perfusion, 

resulting in progressive tissue damage. The damage involves the cardiovascular system as well as the 

other tissues of the body, so that the cardiac muscle, the blood vessels, and the vasomotor system 

degenerate, initiating a vicious cycle where by deterioration cardiovascular system becomes 

progressively incapable to supply the tissues with blood. This vicious cycle leads to death unless 

appropriate treatment is given on time. Similar picture develops if more than 40% of total blood volume 

is lost if the bleeding occurs moremslowly from one to several hours.  

High altitude promotes increased red cell production and causes a mild polycythemia; people living at 

more than 4700 m have red cell count of 6-8 million per cu mm of blood. 

Acclimatization to high altitude also increases vascularity of the tissues that lowers total 

peripheral resistance and tries to counteract high red cell count and increased peripheral resistance. 

Cardiac output is only slightly increased. 

In plycythemia vera, the bone marrow becomes malignant and hematocrit may rise from 

a normal value of 40 – 45% to even 70 –80% blood viscosity rises sharply, peripheral resistance 

increases, and cardiac output falls. Anemia decreases viscosity, and together with the vasodilatation due 

to tissue hypoxia, causes a fall in total peripheral resistance and an increase in cardiac output, so that 



tissue at rest get enough oxygen, But heart has no reserve to use for the demands of exercise and 

severe exercise may result in heart failure. 

Blood Vessels 

The cardiovascular system is designed to provide widely varying metabolic needs under changing 

physiological circumstances, without overburdening the heart. Two mechanisms i.e. local control of 

blood flow matching the metabolic needs - autoregulation and ‘neural control’ of the resistance of 

peripheral arterioles, accomplish the response of the vascular system. These two factors: 

• Control blood flow and consequently regulate the cardiac output 

• Are influenced by such factors that control extra cellular fluid volume 

Microcirculation 

Microcirculation is the organization of the micro-size blood vessels that are present between the 

arterioles and venules; their number and size of these vessels vary significantly in deferent vascular 

beds, many of which have specialized features befitting a special function. The organization is not the 

same, e.g., in the brain, the lungs, and the spleen. 

The vessels included in the microcirculation are: 

• Terminal arterioles 

• Meta -arterioles 

• Arterioles 

• Arteriovenous anastomoses 

• Capillaries 

• Post capillary venules 

The terminal arterioles are narrow muscular vessels, having a diameter of 35-50 microns and conduct 

blood directly into the meta arterioles; both the terminal arterioles are the resistance vessels of the 

microcirculation. 

Capillaries 

• Are the thin-walled exchange vessels forming a network linkage between narrow meta arterioles and 

wide-lumen venules. 

• Have low velocity of blood flow (0.5 - 0.7 mm/sec but a very large surface area of 

(e.g. in skeletal muscle 2000 capillaries/mm2 ) 



• Is the site for the exchange of fluid, nutrients, gases; blood flows only for a very brief period (2 - 5 sec 

in a capillary 1 - 2 mm long). 

• Diameter varies with the functional state of the tissue; narrow in inactive tissue with little or no blood 

flow; there is an autoregulation of blood flow in the tissue are narrower they pass through capillaries. 

• Are of three types, according to their structure and function; all capillaries have single layer of 

endothelial cells on a thin basement membrane of glycoprotein and do not have muscles or elastic 

fibers. 

Continuous Capillaries (skeletal muscle): entire circumference is made up of one endothelial cell, ends 

overlapping each other, forming a tight seal; many intracellular vesicles take part in transport of 

materials. Fenestrated Capillaries: Have a very thin area of endothelial membrane stretched between 

adjacent endothelial cells. These fenestrations are not open holes but are closed by a thin diaphragm; 

these types are found in the capillary tuft /glomerulus of the kidney, in endocrine glands, and in the 

intestine providing very high permeability. There is no diaphragm between the adjacent endothelial cells 

that ensures rapid passage of substances through the capillaries e.g. in the kidney. 

Sinusoids: are more wide, more irregular in size and shape than capillaries; sinusoid structure is 

present in liver and the spleen; in the liver, the sinusoids are lined by an incomplete layer of fenestrated 

endothelial cell, which increases permeability still preventing passage of many small molecules, such as 

albumin. Liver sinusoids are also lined by macrophages. Postcapillary venules collect blood from the 

capillaries, have no muscle and elastic tissue like the capillaries; are wider than the capillaries (15-20 

microns); some exchange seems to occur in these vessels; these vessels are very susceptible to 

inflammation. 

Viscosity and laminar flow 

According to the Poiseuille’s Law, viscosity is one of the parameter of resistances to flow. Laminar flow is 

a characteristic of blood flow in large vessels of the circulation; the laminae move parallel to each other 

in longitudinally oriented concentric sleeves, each sleeve moving at a different rate. Not all the layers 

move at the same rate, but rather at different rates. The viscosity of blood depends on the hematocrit. 

In leukemia and polycythemia, blood viscosity may rise markedly, increasing systemic and pulmonary 

resistance and consequently raising blood pressure. In anemia, viscosity falls. 

The bore of the vessel also affects viscosity; it decreases as the vessel diameter falls 

below 150 micron. Blood viscosity may be half in capillaries to the large arteries. This is increase in 

viscosity as blood velocity decreases, an effect probably due to increased adherence of the red cells to 

each other. 

 

 



Turbulent blood flow 

If the velocity of flow is very high, or if the blood has to pass an obstruction vessel, flow becomes 

turbulent so that eddy currents are formed. Turbulence increases vascular resistance significantly. It is 

important in determining blood pressure. 

 Cross-sectional area and flow velocity 

The mean velocity of blood flow is inversely proportional to the cross-sectional area provide that the 

total volume of fluid flowing through each segment is constant. 

Blood volume distribution & blood pressure 

Blood volume is very unevenly distributed through the various vascular segments even though the 

volume flowing through is relatively constant. The veins have more than 75% of total blood volume. 

Thick, elastic arteries and arterioles contain 18%, capillaries hold only 3-4 percent of blood volume, 

while the heart contains about 7% blood pressure is almost inversely proportional to volume 

distribution and vascular resistance. 

In the large aorta resistance is very low and the MABP is about 100 mmHg. There is little change in 

pressure in large arteries, but resistance increases rapidly in small arteries, causing the pressure to drop 

to about 70 mm Hg at the beginning of the arterioles. The arterioles have the greatest resistance of the 

systemic circulation, so that by the time blood reaches the capillaries, pressure has dropped to about 30 

mmHg. 

Arteriolar resistance is profoundly affected by sympathetic stimulation. 

Measurement of arterial pressure 

A. Direct methods 

1 Mercury manometer 

The principle behind manometry is that the vertical column of manometer fluid exerts a downward 

Pressure which opposes the blood pressure. When the column reaches a stable height (h), the blood 

pressure must be equal to the pressure at the bottom of the column, namely ρgh (fluid density ρx force 

of gravity g x h). Since mercury is very dense 

(ρ=13.6g/ml), a column of about 100mm high suffices to balance blood pressure. 

2. Electronic pressure transducer 

To record the pressure wave form, a fast-responding electronic pressure transducer is 

needed. The transducer contains a metal diaphragm which deforms slightly when arterial 

pressure is applied to it via a catheter. 



 The deformation of the diaphragm alters the resistance of a wire Connected to it and the resistance is 

recorded. 

B. Indirect methods 

Auscultator method (sphygmomanometry) 

The mercury manometer is used in medical practice throughout the world to measure human blood 

pressure, by an indirect method called sphygmomanometry. 

• A Riva-Rocci cuff (blood pressure cuff), which is an inflatable rubber sac within a cotton sleeve is 

wound around the upper arm, with the inflatable sac located medially over the brachial artery at heart 

level. 

• The cuff is inflated initially to a pressure that obliterates the radial pulse. In a normal elderly subject 

this might be 180mmHg. The applied pressure being measured by mercury manometer. 

• A stethoscope is place over the antecubital artery. 

• The applied pressure (by inflated cuff) is transmitted through the tissues of the arm and occludes the 

artery. Auscultation of the brachial artery at the antecubital fossa (inner aspect of elbow) with a 

stethoscope therefore reveals no sound at this stage. 

• Cuff pressure is then gradually lowered, and a sequence of sounds is heard. 

As long as this pressure is higher than systolic pressure, the brachial artery remains collapsed and no 

blood whatsoever flows into the lower artery during any part of the pressure cycle. 

• When the cuff pressure is just below the systolic pressure, the artery opens briefly 

during each systole. The transient spurt of blood vibrates the artery wall downstream and creates a dull 

tapping noise called Korotkoff sound.(The exact cause of Korotkoff sound is still debated, but it is 

believed to be caused by blood jetting through the partly occluded vessel. The jet causes turbulence in 

the open vessel beyond the cuff, and this sets up vibrations heard through the stethoscope). 

• The pressure at which the Korotkoff sound first appears is conveniently accepted as systolic pressure, 

though it is actually about 10mmHg less than the systolic pressure measured directly. 

• As the pressure in the cuff is lowered still more, the Korotkoff sounds change in quality. 

The sound, this time, has less of the tapping quality but more of a rhythmic harsher 

quality. The sounds grow louder, because intermittent spurts of blood grow stronger. 

• When the pressure in the cuff falls equal to diastolic pressure, the artery no longer closes during 

diastole, which means that the basic factor causing the sounds (the jetting of blood through a squeezed 



artery) is no longer present. Therefore, the sounds suddenly change to a muffled quality and usually 

disappear entirely. 

• The pressure at which the Korotkoff sounds disappear is accepted as the diastolic pressure (though it 

is about 8mmHg higher than diastolic pressure measured directly). 

Direct versus indirect methods 

Several investigators have compared the pressure readings obtained from a cannula inserted into the 

brachial artery in one arm with the recordings obtained in the other by the auscultatory method. 

Considerable discrepancies have bees observed.  

The indirect method usually gives readings of SBP about 25mmHg lower than the 'true' SBP given 

by the direct method. The DBP reading by the indirect method is on average 8mmHg 

higher. Although indirect sphygmomanometry does not give an accurate (absolute) 

measurement of either SBP or DBP, yet the indirect method is of great practical value in medicine. 

Normal values 

Many attempts have been made to define normal values for blood pressure but all such 

efforts have been unsatisfactory. That mythological polymath "every schoolboy" knows that 'normal' 

human blood pressure is 120/80mmHg. For an adult under certain conditions he would be right, but it is 

quite wrong to adopt 120/80 mmHg as the normal standard for a resting child, a pregnant woman in 

midterm or an elderly man. 

Mean arterial pressure (MAP) 

The mean arterial pressure is the average of all the pressures measured millisecond over a period of 

time. It is not equal to the average of systolic and diastolic pressure because the pressure remains 

nearer to the diastolic pressure than to the systolic pressure during the greater part of the cardiac cycle. 

MAP is defined as being approximately equal to the diastolic pressure plus One-third of the pulse 

pressure: 

MAP = Diastolic pressure + ⅓ (systolic pressure - diastolic pressure) 

= 80mmHg + ⅓ (120-80mmHg) 

= 93 mmHg 

This formula for MAP applies to a person, whose heart rate is in the range of 60- 80beats/min, a typical 

resting heart rate. If heart rate increases, the relative amount of time the heart spends in diastole 

decreases. In that case, the contribution of systolic pressure to MAP increases. 

 



The MAP is the most important of the pressures described because it is the pressure driving blood into 

the tissues averaged over the entire cardiac cycle. We can say mean 'arterial' pressure without 

specifying to which artery we are referring because the aorta and other large arteries have such large 

diameters that they offer only negligible resistance to flow, and the MAP are therefore Similar 

everywhere in the large arteries. Factors affecting the blood pressure 

Some of the factors affecting blood pressure as follows: 

Age 

MAP increases progressively with age. The increase in pulse pressure is especially striking and is caused 

by reduced arterial compliance. Reduced compliance is due to  arteriosclerosis (hardeningof the 

arterioles by fibrosis and calcinosis), and is universal accompaniment to ageing. As a very rough rule, SBP 

equals to 100mmHg plus age in years. 

Sleep and exercise 

Blood pressure can fall below 80/50mmHg during sleep. In exercise, MAP may either rise or fall, 

depending on the balance between increased cardiac output and reduced peripheral vascular 

resistance. The gentle dynamic exercise pressure can fall slightly, and even in heavy dynamic exercise, 

where cardiac output increases fourfold or more, the MAP increases by only 10-40mmHg. in heavy static 

exercise, such as weightlifting, an 'exercise pressor reflex' can elevate pressure by approximately 

60mmHg. 

Gravity 

a. direct effect Pressure increases in arteries below heart level owing to the column of blood between 

the heart and the artery. In a foot 115cm below heart level, arterial pressure will increase by 

115x1.06/13.6 cmHg (1.06 is the relative density of blood and 13.6 the relative density of mercury); this 

is 90mmHg, so arterial pressure in the foot is increased to approximately 180mmHg above atmosphere 

pressure. Conversely, pressure is reduced in the arteries above the heart level and is only 60mmHg or so 

in human brain during standing. 

b. Indirect effect 

Upon moving from lying to standing, arterial pressure changes at heart level due to changes in cardiac 

output and peripheral resistance. A transient fall in aortic pressure (which can produce a passing 

dizziness) is followed by a small but sustained reflex rise. 

Emotion and stress 

Anger, apprehension, fear, stress, and excitement are all potent 'pressor' stimuli, i.e. they elevate blood 

pressure. Even a telephone conversation raises pressure by around 10mmHg. Compared with the 

relaxed states, while attending a meeting often raise it by 20mmHg. Since a visit to the doctor is stressful 

for many patients, a solitary high pressure measurement is not itself proof of the disease 'hypertension'; 



the measurement needs to be repeated with the patient s relaxed. The pressor effect of stress is 

particularly harmful to patients with ischemic heart disease. 

Other factors 

Respiration: Arterial pressure fluctuates with respiration. In supine young adults, MAP falls by a few 

mmHg with each respiration, because of the reduction in left ventricular 

stroke volume. 

Valsalva maneuver: Valsalva maneuver, a forced expiration against a closed or narrowed glottis, causes 

a complex sequence of pressure changes. 

Pregnancy: In pregnancy blood pressure gradually falls and reaches a minimum at 

approximately 6 months. 

Full bladder: Full bladder can raise blood pressure. 

Distensibility and capacitance of blood vessels 

The aorta at normal pressure 75-100 mm Hg, shows good distensibility and elastic recoil, loses this 

property at higher pressures when the vessel is overfilled and the limits of distensibility are reached. 

Veins don’t show distensibility are filled; they contain 3- times blood volume than in that of arteries. 

Veins have more capacity arteries expand and recoil, store pressure during systole of the heart and 

release it during cardiac diastole -the pressure stores. 

Blood flow through the circulatory system 

Seven Sections 

1. Heart as a pump; elastic arteries as pressure reservoirs 

2. Cushioning vessels: small arteries convert the rhythmic pulse into a smooth flow. 

3. Resistance vessels: arterioles (major), capillaries, and venules 

4. Sphincter vessels 

5. Exchange vessels: the true capillaries 

6. Shunt vessels (Not found in all tissues) 

7. Capacitance vessels: act as blood reservoirs - veins & venules 

Regulation of flow through blood vessels 

Blood vessel caliber, an important factor in the determination of resistance and capacitance, is actively 

regulated by neural and humoral mechanisms and passively affected by the pressure within it. 



Vasomotor refers to rhythmic oscillating changes in the caliber of the arterioles, metarterioles, and 

precapillary sphincters resulting from vasoconstriction or vasodilatation and venomotion. Venomotion 

affects capacitance, especially in the upright position. 

Neural control of vasomotor tone 

Vasomotor tone is the continuous, low-level activity of vascular smooth muscle fibers that maintain the 

tension of the vascular walls. It varies in different tissues, and is mainly dependent upon the rate of 

impulses from the sympathetic nerve fibers to the muscle cells. This tone is higher in skeletal muscles 

and splanchnic area blood vessels and least in the heart, brain, and kidney. Vasomotor tone is the 

tension basically to maintain arterial blood pressure; increase in tone increases blood pressure; 

decrease in tone lowers blood pressure. 

In order to maintain an adequate coronary and cerebral blood flow while supplying extra blood 

to the muscles during heavy exercise, blood pressure must be maintained or increased and blood shifted 

from the splanchnic and renal areas to the active muscles by changes in the resistance of these vascular 

beds. This is due to changes in the caliber of the blood vessels. 

Sympathetic regulation of vasomotor & venomotor tone 

Postganglionic sympathetic fibers from the thoracolumbar sympathetic ganglia provide innervation to all 

blood vessels, though the density of innervations varies in different tissues. Sympathetic fibers innervate 

smooth muscles in the principal arteries, small arteries, and terminal arterioles in to tissues. Precapillary 

arterioles and metarterioles in skeletal muscles are also well innervated by sympathetic nerves. 

Innervated veins by sympathetic too respond by vasoconstriction. Vasoconstriction allows movement of 

large amount of blood towards the heart in emergencies, such as hemorrhage. 

Only very few blood vessels are innervated by the parasympathetic, hence this system is less potent. 

Norepinephrine Stimulation of Alpha Receptors 

Norepinephrine released from most postganglionic sympathetic fibers reacts with alpha receptors in the 

skin, Splanchnic area, skeletal muscle, & kidneys to cause a strong vasoconstriction. The blood vessels of 

the heart and brain lack alpha receptors, consequently nor epinephrine is ineffective in these tissues. 

Epinephrine stimulation of beta receptors 

Epinephrine is released into the circulation after sympathetic stimulation of the adrenal medulla and it 

acts on beta receptors present in the blood vessels of the heart and brain, causing vasodilatation, 

ensuring that these vital organs are not deprived of blood during stressful situations that induces 

vasoconstriction elsewhere. 

 

 



Cholinergic sympathetic vasodilation 

The blood vessels of the skeletal muscles also receive sympathetic cholinergic postganglionic fibers 

stimulating cholinergic receptors, resulting in vasodilatation, just prior to strenuous exercise, shunting 

blood to the muscles that will be most active. Parasympathetic regulation of vasomotor activity 

Postganglionic cholinergic parasympathetic fibers appear to be significant in few tissues; the genital 

erectile tissues (penis and clitoris) and clitoris glands, such as the salivary glands, where acetylcholine 

evokes production of vasodilator bradykinin, 

Local regulation of blood flow 

The regulation of blood flow thorough the microcirculation is influenced by neural factors as well as 

some provocative substances that modify vasomotor tone. Some of these vasoactive substances reach 

the tissues through the circulating blood and others are locally produced by the tissues themselves. 

Together the neural and vasoactive factorsbalance vasoconstrictor and vasodilation in specific vascular 

beds. 

Hormonal substances 

Epinephrine & Norepinephrine 

Norepinephrine though present in small concentration is generalized vasoconstrictor; its effect is more 

important as a neurotransmitter at nerve endings. Epinephrine act either as a vasoconstrictor or as 

vasodilator depending on their concentration, the previous vasomotor tone, and the specific receptors 

present on the smooth muscle cells of a particular region. It is vasodilator in the skeletal muscle and liver 

and the heart, elsewhere it has a vasoconstrictor effect. 

 

Peptides 

The hypothalamic peptide vasopressin is vasoconstrictor. Angiotensin II found in blood is another very 

potent generalized vasoconstrictor. Damaged tissues produce histamine, which are an amine and a very 

potent vasodilator substance. Most of the histamine is released from mast cells and eosinophils. In 

damaged tissues histamine causes vasodilatation and a marked increase in capillary permeability and 

tissue edema. Many tissues, such as brain and the gastrointestinal tract release different peptides, such 

as glucagons. 

Cholecystokinin, secretin and vasoactive intestinal peptide (VIP):- These peptides 

cause vasodilatation. Another peptide bradykinin is very potent vasodilator and also increases capillary 

permeability. Bradykinin also cause release of local prostaglandin that act either as vasodilator or as 

vasoconstrictor. Serotonin, released by activated platelets, is a vasoconstrictor that also releases nor 

epinephrine from sympathetic nerve endings. 



Locally produced vasoactive substances 

Almost all of them are vasodilators, produced by actively metabolizing tissues, which themselves ensure 

increased blood flow in active tissues. These substances include: hydrogen, and potassium ions, 

inorganic phosphate, carbon dioxide, some intermediates of the kreb’s cycle. Increased tissue tonicity 

and relative hypoxia too have vasodilator effects. 

Myogenic control of blood flow 

The smooth muscles present in the walls of the terminal arterioles of the microcirculation respond to 

changes in vascular pressure by vasomotion. Vascular distention induced by increased pressure in the 

arteriole, and increases their tone, resulting in vasoconstriction. Conversely, decreased arteriolar 

pressure is followed by relaxation of the the smooth muscles and consequently vasodilatation. myogenic 

response is not present in all  organs. 

 

Autoregulation of blood flow 

No single factor from vasoactive substances, neural and myogenic control is responsible for the final 

regulation of blood flow through the microcirculation. The fine tuning regulation of blood flow depends 

upon different combinations of humoral and local vasoactive substances, changes in the proportion of 

vasoconstriction and vasodilatation, and balance between sympathetic and parasympathetic activity, 

plus the myogenic responses to changes in arterial blood pressure. 

Autoregulation assures relatively adequate blood flow even when large fluctuations in 

blood pressure occur. Autoregulation depends upon the interaction of neural and humoral factors. An 

increase in blood pressure briefly increases blood flow through the tissues, but it will also rapidly 

remove tissue vasodilators and increase the oxygen supply. 

 All these factors result in vasoconstriction that reduces the flow of blood. A fall in blood pressure 

transiently decreases blood flow, increases metabolic and humoral accumulation of metabolic 

vasodilators, decreases oxygen content, and initiates the myogenic response of vasodilation. Blood flow 

through the tissue increases and the increased venous return to the heart raises the cardiac output. 

Increased cardiac output causes an increase in arterial blood pressure. 

The coronary circulation is an excellent example of auto regulation, whereby the volume of 

blood flowing through the heart is adapted to the need of cardiac muscle fibers. An increase in 

contractile force increases immediately coronary flow. When the stroke volume of the heart is 

increased, more blood is immediately pushed into coronary arteries at the same time that the blood is 

ejected into the aorta. The myocardium receives most of the blood during diastole. During ventricular 

systole, the contracting ventricles compress the small coronary vessels. At rest, the coronary circulation 

receives about 5% of the total cardiac output; it increases four to five times during strenuous exercise. 



Regulation of arterial blood flow 

In the elastic arterial vessels the blood inflow is intermittent, that is, only during the systole of the 

cardiac cycle, whereas the outflow from the arterioles to the capillaries is continuous. 

During the first part of ventricular systole, blood is rapidly ejected into the aorta/ pulmonary artery, 

arterial blood pressure rises to a peak:- SYSTOLIC BLOOD PRESSURE (average =120 mm Hg; range from 

105 -130 mmHg in a young adult). 

Then as the elastic arterial wall distends, the ventricles begin to relax (diastole) & the semi-lunar 

valves close due to pressure gradient. During diastole the aortic /pulmonary pressure continues to fall 

and as the elastic aorta recoils, blood is pushed to the periphery. The low point in the aortic /pulmonary 

pressure is diastolic pressure, about 80mm Hg in systemic circulation (range of 60 to 85 mm Hg in young 

adults), Pulse pressure is the difference between the systolic blood pressure (SBP) and diastolic blood 

pressure (DBP). At rest it is about 40 mm Hg: pulse pressure (PP) is increased when stroke volume (SV) 

Increased; a change in distensibility as in arteriosclerosis (loss of elasticity) of the arterial wall, will 

increase PP. Mean arterial blood pressure (MABP) increases with age and as a result of arteriosclerosis. 

MABP= DBP+ 1/3 pulse pressure= about 100 mm Hg in young adults.  

Higher brain centers, such as hypothalamus and cerebral cortex, coordinate the cardiovascular 

responses depending on the stimulus. A stressful stimulus may result in the following autonomic 

changes: 

• Shunting of blood to active skeletal muscles 

• Restriction of blood flow to abdominal & pelvic viscera, & skin 

• Increased rate & depth of respiration 

• Increased sweating 

These features are evident in fear, rage, or excitement. Regulation of ABP is accomplished by controlling 

cardiac out put, total peripheral resistance, & blood volume. 

Mean ABP Is the main driving force for propelling blood to the tissues. It has to be maintained for the 

following reasons: 

• It must be high enough ensuring sufficient driving pressure in the capillaries 

where exchange of fluid occurs across the wall; 

• Without sufficient pressure, brain & other tissues will not get enough blood flow, 

no matter what local auto regulation are made; 

• This pressure must not be too high to create extra work-load for the heart & increase the risk of 

rupturing blood vessels. 



The two determinants of ABP are cardiac output and total peripheral vascular resistance 

& number of factors that in turn, determine CO & TPR. Cardiac output primarily 

influences the SBP & the TPR is a major determinant for DBP. 

Same neural & humoral factors are involved in short-term blood pressure regulation (minutes to hours) 

e.g., in exercise, postural changes, or sudden loss of blood. Longterm adjustments of ABP are probably 

based on balance between the blood volume and urinary volume, a balance that involves salt balance, 

aldosterone, & the renin angiotensin system. 

Control of cardiac output and factors affecting total peripheral resistance 

MABP depends on CO & TPR 

• CO depends on the stroke volume (SV & heart rate (HR) 

• HR depends on the relative balance of parasympathetic, that lowers & 

sympathetic and epinephrine that increases HR. 

• SV increases in response to sympathetic activation 

• SV increases as venous return (VR) increases by means of Frank Starling’s law 

of the heart (intrinsic auto regulation, or heterometric auto regulation) 

receptors are fine nerve endings present in the arterial wall that are stimulated by 

tension/stretch of the arterial wall evolved by blood pressure. 

Vasomotor Center (VMC) consists of diffuse group of cells in the lower third of the 

pons and upper part of medulla. 

The efferent pathway is the ANS. 

• Vasoconstrictor area lies in the medulla and cells in this region continuously fire 

sympathetic vasoconstrictor nerves to maintain vasomotor tone (arteriolar tone) 

• Vasodilator area is not clearly defined and may be acting chiefly to inhibit the 

vasoconstrictor area, there by allowing vasodilatation. 
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The cardiac center also consists of two functionally different areas. The cardiac inhibitory center lies in 

medulla and includes the dorsal nucleus of vagus. It slows the heart rate and decreases the contractility 

of the heart through the impulses sent through the efferent fibers of the vagii. These areas functions 

reciprocally. They are completely autonomous. They are regulated by higher hypothalamus and cerebral 

cortical regions and in turn, the heart and blood vessels, are capable of some intricate auto regulation. 

Cardiovascular reflexes  

Peripheral input. Cardiovascular control areas receive information from many peripheral inputs, 

including arterial baroreceptors, mechanoreceptors in the heart and lungs, arterial chemoreceptors 

(Carotid and aortic bodies), and input from skeletal muscles. 

The high-pressure baroreceptors are the most important source of peripheral input. Afferent 

pathway from bar receptors to cardiac center: 



Carotid sinus nerve (nerve of Herring) leads to the gloss pharyngeal nerve, IX cranial nerve. The 

baroreceptor afferents also lead to suprapontine structures: the reticular formation, limbic system, and 

the fronto-orbital cortex. 

Baroreceptor reflex: If for any reason, ABP becomes elevated above normal. The carotid sinus 

and aortic arch baroreceptors increase the rate of firing in their afferent nerve. Upon being informed by 

increased afferent that ABP has become too high, the cardiac center responds by decreasing 

sympathetic and increasing parasympathetic activity to the cardiovascular system. These efferent signals 

decrease heart rate, decrease stroke volume, and produce arteriolar and venous dilation, which in turn 

lead to decrease in cardiac output and decrease in total peripheral resistance, with a consequent 

decrease in blood pressure back towards normal. Conversely, when blood pressure falls below normal 

baroreceptor activity decreases, inducing the cardiovascular center to increase sympathetic cardiac and 

vasoconstrictor nerve activity, while the parasympathetic output is decreased. This efferent activity 

pattern leads to an increase in heart rate and cardiac output coupled with arteriolar and venous 

vasoconstriction. These changes result in an increase in both cardiac output and total peripheral 

resistance, producing an elevation in blood pressure back towards normal. 

Suprapontine cardiovascular centers 

Limbic System:-The Hypothalamus and Amygdala. The structures that control autonomic nervous system 

in response to emotion are of importance in the regulation of cardiovascular responses with changes in 

respiration, metabolism, and generalized excitement, such as occur in “ALARM REACTION” of an animal 

in danger stimulation of the ventral hypothalamus results in many complex “ defense reactions” of an 

animal to danger or threat of danger. These include: sympathetic cholinergic vasodilatation in skeletal 

muscle which promote immediate increase in blood flow to the muscles to be used, sympathetic 

vasoconstriction else where which increase blood pressure, increase heart rate and contractility, 

increased catecholamines production, increased respiratory rate, piloerection (in animals). All these 

reactions prepare the animal for “Flight-or-fight” and are examples of short-term adjustment of ABP. 

Stimulating another area of the hypothalamus, the opposite reactions occur. The heart slows 

(bradycardia), blood pressure falls, and a state similar to fainting occurs. There appears to be a very 

strong inhibition of the sympathetic cardiovascular centers. After stimulating of the amygdala, both 

pressure & depresser responses have been observed both the hypothalamus and amygdale are capable 

of strongly influencing all circulatory reflex responses. 

Higher Centers: - The fronto-orbital cortex modulates hypothalamus integration of cardiovascular 

activity. The most important is to help the hypothalamus resetting the responses to the baroreceptor 

reflexes. This resetting is important for the maintenance of an adequate high blood pressure during 

exercise or response to danger. 

 Immediately lowering ABP would decrease blood flow to active tissue and muscle activity could 

not be sustained. Resetting may be a change in the threshold of the baroreceptors. By resetting 

baroreceptors, ABP can be maintained at much higher steady state during exercise than at rest. 



The role of the cortex in these control mechanism is not still clear other than that if it is removed there 

is impairment of cardiovascular responses. Emotional stresses may stimulate the hypothalamus through 

cortical pathways. In some it may cause fainting probably due to powerful stimulation, through the 

hypothalamus, of the medullary cardioinhibitory and vasodilator centers. 

Therefore, areas higher than the pons, i.e., reticular formation, hypothalamus and amygdala, and the 

fronto-orbital cortex centers modulate the excitability of the vagal and sympathetic effectors nerves, 

permitting a fine degree of control over cardiac activity. Other reflexes and responses influencing blood 

pressure. Some reflexes and responses influence blood pressure though they primarily are concerned 

with the regulation of other functions. Some of these influence ABP away from their normal values 

temporarily, overriding the baro- receptor reflex to achieve a particular goal. 

These reflexes include the following: 

• Left atrial volume (low pressure baroreceptors) and hypothalamic osmoreceptors are primarily 

important in water and salt balance in the body; thus, they affect the long-term regulation of ABP by 

controlling the plasma volume (blood volume). 

• Chemoreceptors (carotid and aortic bodies) located in the carotid and aortic arteries are sensitive to 

hypoxia or low levels of pH in the blood.  

The chemorecepor function is to reflexly increase respiration to bring more oxygen or to blow off acid-

forming carbon dioxide, but they also reflexly increase blood pressure by sending stimulatory impulses 

to the cardiovascular centers. 

• Cardiovascular responses associated with certain behavior and emotions are mediated through the 

cerebral cortex-hypothalamus pathways and appear to be pre-programmed 

• Sympathetic fight-or-flight responses 

• Characteristic marked increase in cardiac output and blood pressure associated with sexual response. 

• Pronounced cardiovascular changes accompanying exercise 

• Sustained increase in skeletal muscle blood flow 

• Significant increase in cardiac output 

• Decrease in total peripheral resistance due to widespread vasodilation 

• Modest increase in ABP 

It happens with adaptation of exercise and in early stages Hypothalamic control over coetaneous 

arterioles for the purpose of temperature regulation, takes precedence over maintaining ABP. Blood 

pressure may fall when eliminating excess heat from the body even though baroreceptors reflex is for 

coetaneous vasoconstriction. 



Vasoactive substances released from endothelial cells play a role in the regulation of 

ABP - endothelium-derived relaxing factor (EDRF) which is nitric oxide (NO). 

Long-term Regulation of blood pressure: Long-term regulation of blood pressure 

involves many factors in addition to the integrated neural control of cardiovascular 

reflexes. The kidneys are the most important mediators in the long-term control of BP 

since renal function is concerned with fluid balance. Changes in body fluid volume 

affect venous return, cardiac output and hence ABP. (see fig. 57) 

Kidney & Blood Pressure Regulation 

Long- term regulation of ABP depends on maintaining normal blood volume that is 

accomplished mainly by the kidneys. Kidneys have the ability to regulate the blood flow 

through them. When arterial blood pressure falls, the resulting fall in blood flow causes 

retention of water and sodium chloride, which in turn increases blood volume, venous 

return, cardiac output, and ABP and renal blood flow. 

Conversely, when arterial blood pressure rises, renal blood flow increases, kidney 

excretes greater amount of water & NaCl, blood volume falls, venous return reduces, 

and the ABP and renal blood flow decline as cardiac out put is diminished. These 

negative feedback mechanisms controlling ABP are closely related with the ‘reninangiotensin- 

aldosterone’ system of the kidney, which in turn involves several hormonal 
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