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The Whole Thing in One Page

The heart is usually reduced to a beat. A watch counts it, a doctor listens to

it and a cartoon draws it as a red symbol somewhere on the left. The beat is
only the sound of a larger operation. Your heart keeps cells alive by creating
enough flow, at enough pressure, for the demand of this moment.

It does so as two pumps joined in series. The right side receives blood
returning from the body and sends it through the lungs. The left side
receives that blood back and sends it through the rest of the body. Four
valves open and close according to pressure, preventing each contraction
from merely squeezing blood backwards. The two sides must move the
same average volume. If one falls behind, fluid accumulates upstream.

Muscle alone cannot organise this. A small group of cells initiates each
electrical impulse. The signal spreads through the atria, pauses at the
junction to the ventricles, then travels rapidly through specialised pathways
so the main chambers contract in a useful sequence. Rhythm is therefore a
problem of order as well as rate. A heart can beat fast, slowly or irregularly
and still fail to produce enough forward flow.

Nor does it deliver one fixed amount. Cardiac output is heart rate multiplied
by the blood ejected per beat. Filling, resistance, contractile force, body
position, temperature, hormones, nerves and the state of the vessels all
alter the answer. At rest, a typical adult heart may move about five litres
each minute. During hard exercise, the same organ can move several times
more. The pump survives because it adjusts.

It also has to feed itself. Coronary arteries run over its surface and supply
muscle that never receives a shift off. When coronary flow cannot meet
demand, the muscle becomes ischaemic. If prolonged ischaemia kills cells,
the result is a myocardial infarction, commonly called a heart attack. A
cardiac arrest is different: organised circulation has collapsed. Heart failure
is different again: the heart cannot provide or accommodate flow without
harmful pressures and congestion. These conditions can overlap, but the
names describe different failures.



Tests divide the problem rather than issuing one verdict. An
electrocardiogram records electrical activity for the period observed. An
echocardiogram shows moving structure and estimates blood flow. Troponin
reveals injury to heart muscle but does not by itself establish why the injury
occurred. Angiography examines coronary arteries. A normal result in one
window cannot certify the whole system.

The deepest contradiction is also the organising principle. When flow is
threatened, the body raises heart rate, tightens vessels, retains fluid and
changes the muscle. These responses can save a life for minutes or days. If
they remain active for months or years, they increase workload, congestion
and structural damage. The machinery that preserves circulation can
become part of the disease.

Understanding the heart therefore means following pressure, flow, timing,
demand and adaptation together. The pump keeps you alive because it
changes. Protecting it means knowing when useful change has become
costly, when symptoms require assessment and when delay is the most
dangerous decision available.

That is the book.

Why You Should Care

Place two fingers on the thumb side of your wrist and you may feel a pulse.
What reaches your fingertips is not one parcel of blood sprinting from chest
to hand. It is a pressure wave travelling through elastic arteries after the left
ventricle ejects blood into the aorta. The distinction sounds technical until it
changes what you think a heartbeat is. The heart does not merely move
liquid. It creates a moving pressure field that lets distant organs receive flow.

That field must be rebuilt every second or so, while its source receives its
own blood supply, responds to nerves, fills from veins and works against
whatever resistance the vessels present. A resting output near five litres per
minute means roughly the volume of blood in an adult circulation passes
through the heart each minute, though body size and circumstances matter.



At seventy beats per minute, the arithmetic comes to about one hundred
thousand beats in a day. Neither number is a personal constant. Both reveal
the scale of an ordinary operation you rarely notice.

You notice it when the system loses reserve. A flight of stairs produces
chest pressure that was absent last month. An irregular rhythm leaves the
ventricles filling unpredictably. A stiff ventricle ejects a respectable fraction
of what entered it yet requires high pressure to fill. A valve narrows slowly
enough for the muscle to thicken around the burden. The first sign may be
breathlessness, fatigue, ankle swelling, fainting, pain or no symptom at all.
Those experiences overlap because the final problem is often shared: flow,
pressure or oxygen delivery no longer matches demand.

This is why one number cannot tell the story. Heart rate is not rhythm. Blood
pressure is not cardiac output. Ejection fraction is not the percentage of
blood in the body that the heart pumps, and a preserved value does not
prove healthy function. A normal electrocardiogram records what happened
during that tracing; it does not rule out every intermittent rhythm or every
acute coronary syndrome. Good health literacy begins by asking what was
measured, under what conditions and which part of the system it can see.

The distinction becomes urgent in an emergency. A heart attack and a
cardiac arrest are not synonyms. Someone having a heart attack may be
awake and speaking while heart muscle is losing blood supply. Someone in
cardiac arrest is unresponsive and not breathing normally because effective
circulation has stopped. The first needs immediate emergency assessment.
The second needs the call, chest compressions and an automated external
defibrillator as soon as available. Confusing the labels can waste the
minutes in which treatment has the most leverage.

The scale is large without needing exaggeration. The World Health
Organization estimated that cardiovascular diseases caused 19.8 million
deaths in 2022, about one third of deaths worldwide. That category includes
disease of the heart and blood vessels, including stroke, so it should not be
mistaken for a count of heart disease alone. It does show why blood
pressure, tobacco exposure, circulating lipoproteins, diabetes, activity, diet,



air pollution, access to care and early treatment matter far beyond individual
willpower.

Treatments become clearer inside the model. A stent can restore a route for
coronary flow. A pacemaker supplies missing or mistimed impulses in
selected rhythm and conduction disorders. A replacement valve removes an
obstruction or leak. Diuretics reduce congestion. Medicines may slow the
heart, lower pressure, reduce the risk of thrombosis or embolism, lower
atherogenic lipoproteins or blunt signals that have outlived their emergency
purpose. Different failures need different interventions.

This book will not diagnose a pain, interpret your tracing or produce one
ideal pulse. It will give you the model beneath those questions. Once
pressure, sequence, demand, self-supply and compensation are visible, the
chambers stop being labels on a diagram. They become a working system
whose failures can be separated, measured and often treated.

The Core Ideas

The Heart Creates a Pressure Difference

Blood moves when pressure differs between two places. That is the first fact
to keep, because the usual picture of the heart as a mechanical hand
pushing blood round a loop hides the rest of the circulation. The heart raises
pressure on one side of a vascular bed. Vessels store some of that energy,
resistance dissipates it and veins return blood towards the next chamber.
Flow belongs to the whole circuit.

The left ventricle provides the clearest example. During filling, its pressure
stays low enough for blood to enter from the left atrium. During contraction,
pressure rises. Once it exceeds pressure in the aorta, the aortic valve opens
and blood leaves. The ventricle has not pulled the blood from the lungs or
carried it through every tissue. It has created a pressure gradient large
enough for flow to occur through the systemic circulation.

Pressure and flow are related, but they are not interchangeable. A narrowed



vessel can preserve pressure upstream while limiting flow beyond it. A
failing heart can produce a low output even when constricted vessels keep
an arm-cuff pressure from looking dramatic. During exercise, output can rise
greatly while mean arterial pressure changes far less, because vessels in
working muscle dilate. The same pressure can therefore accompany
different flows, and the same flow can require different pressures.

Arteries make the pump less intermittent. The aorta stretches when the
ventricle ejects and recoils after the aortic valve closes. That recoil
maintains forward movement during diastole, when the ventricle is relaxing
and filling. Without compliant arteries, each beat would send a sharper
surge and flow between beats would fall more steeply. With age and
disease, arteries often stiffen, raising the pressure cost of ejection and
changing the pulse that reaches the periphery.

The pulse under your fingers is evidence of this pressure wave. It travels
much faster than the blood itself. Its shape changes as it moves through
branching, tapering arteries and meets reflected waves. A pulse rate can
reveal how often ventricular ejection produces a detectable wave, but it
cannot tell you how much blood was moved, whether every electrical beat
created an effective contraction or whether the coronary arteries are
healthy.

Blood pressure readings also compress a moving event. Systolic pressure is
the peak reached during arterial ejection; diastolic pressure is the lower
pressure before the next peak. Both depend on cardiac output, arterial
stiffness, vascular resistance, blood volume, measurement conditions and
timing. Thresholds used to diagnose hypertension vary by guideline and by
whether the reading comes from a clinic, home or ambulatory monitor. The
number is evidence, not an organ score.

The subtitle calls the heart a pump, and that is correct if the word is used
precisely. Its central job is to convert muscular work into recurring pressure
differences. Those differences move blood through lungs, organs and its
own coronary vessels. A beat without useful pressure is noise. Pressure
without adequate flow is an incomplete victory. The heart keeps you alive by



producing both in the right place and at the right time.

Two Pumps Share One Circuit

The heart lies mainly behind the sternum in the middle of the chest, with
more of its mass to the left and its apex pointing downwards and leftwards.
Calling it a left-sided organ mistakes its most palpable edge for its location.
The organ is a compact set of chambers, valves, muscle, connective tissue,
vessels, nerves and specialised conducting cells, enclosed by the
pericardium and wedged between the lungs.

Its four chambers perform two different jobs. The atria receive returning
blood and help fill the ventricles. The ventricles generate the pressures that
send blood onwards. The right atrium receives blood from the systemic
veins, the right ventricle sends it through the pulmonary valve into the
pulmonary arteries, and the lungs exchange carbon dioxide for oxygen.
Blood returns through the pulmonary veins to the left atrium. The left
ventricle then sends it through the aortic valve into the body.

This is one continuous circulation arranged as two pumps in series. Over
time, the right and left ventricles must eject the same volume. If the right
side moved persistently more than the left, blood would accumulate in the
lungs. If the left moved more than the right, the pulmonary circulation would
empty and systemic veins would fill. Small beat-to-beat differences occur,
but the circuit forces the averages back together.

The two ventricles are therefore matched in output and unequal in structure.
The right ventricle pumps through the low-resistance pulmonary circulation.
Its wall is thinner and its shape wraps partly around the left ventricle. The left
ventricle must generate enough pressure to drive blood from head to feet
and back, so its wall is thicker. The right side dislikes sudden increases in
pulmonary pressure; the left side pays heavily for long-standing high
systemic pressure. One design would be wasteful for both tasks.

Four valves enforce direction. The tricuspid and mitral valves sit between
atria and ventricles. The pulmonary and aortic valves sit at the ventricular
exits. They have no motor deciding when to open. Pressure moves them.



An inlet valve opens when atrial pressure exceeds ventricular pressure and
closes when the gradient reverses. An outlet valve opens when ventricular
pressure exceeds arterial pressure and closes when arterial pressure
becomes greater again.

Thin cords and papillary muscles restrain the mitral and tricuspid leaflets
during ventricular contraction. They do not pull the valves open. They
prevent the leaflets from prolapsing backwards under pressure, rather as
ropes stop a parachute canopy inverting. Damage to a papillary muscle after
an infarction can therefore turn an electrical and muscular event into an
abrupt valve leak.

The septum separates right from left, but the sides are mechanically
coupled. They share muscle fibres, space inside the pericardium and a
common wall. A swollen right ventricle can shift the septum and impair
left-sided filling. Pressure in one circuit can alter performance in the other.
The familiar diagram of two coloured halves is useful for tracing direction
and poor at showing dependence.

This arrangement explains why symptoms appear far from the damaged
structure. Left-sided failure raises pressure behind it in the pulmonary veins
and can fill lung tissue with fluid, producing breathlessness. Right-sided
failure raises systemic venous pressure and can contribute to swollen
ankles, abdominal congestion and liver dysfunction. The location of the
symptom follows the backlog, not merely the chamber that failed.

Timing Turns Muscle into Flow

A lump of contracting muscle would be a poor pump. The atria need to
activate before the ventricles. The ventricles need to contract rapidly enough
to raise pressure together. Relaxation must then arrive in time for filling and
coronary perfusion. The electrical system gives the muscle an order of work.

In normal sinus rhythm, an impulse begins in the sinoatrial node near the

top of the right atrium. These cells can depolarise spontaneously because
their membrane currents do not remain at one stable resting voltage. The
rate is modified by autonomic nerves, hormones, temperature, fitness,
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illness and age, but the heartbeat does not require a conscious command
from the brain. A transplanted heart can beat after its direct nerve
connections have been severed because the initiating machinery is inside
the organ.

The impulse spreads across both atria, causing atrial contraction. It then
reaches the atrioventricular node, where conduction slows. That delay is
useful. It lets the atria finish moving blood into the ventricles before
ventricular contraction begins. The signal then travels through the bundle of
His, its branches and the Purkinje network, distributing activation through
the ventricles much faster than ordinary cell-to-cell spread could manage.

Sequence matters because pressure must rise as a chamber, not as a
collection of isolated patches. Ventricular activation normally proceeds so
that the apex and inner layers begin early, helping eject blood towards the
outlets. If conduction is delayed through one bundle branch, regions
contract at different times. The total muscle may still be alive, yet
mechanical efficiency falls. In selected heart-failure patients, cardiac
resynchronisation therapy uses paced signals to improve this coordination.

Electrical activation and muscular contraction are linked but distinct. An
electrocardiogram records voltage differences reaching the body surface. It
does not photograph the valves, measure coronary flow or prove that a
strong mechanical pulse followed each impulse. Pulseless electrical activity
is the extreme warning: organised electrical signals may be present while
effective circulation is absent.

The cardiac muscle also has a long refractory period during which another
full contraction cannot be triggered. Skeletal muscle can be driven into
sustained tetanus; heart muscle cannot normally do this. That is fortunate. A
pump that stayed contracted would stop filling. Every effective systole
depends on the return of diastole.

Relaxation is active work at the cellular level. Calcium entering and released
within a cardiac cell helps switch contraction on; pumps and exchangers
must then move calcium away from the contractile machinery so the fibre
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can loosen. That clearance uses energy. Ischaemia can therefore impair
relaxation before it abolishes contraction, raising filling pressure even when
an image still shows substantial ejection. Diastole is not empty time between
useful beats. It is a prepared state on which the next filling phase, coronary
supply and contraction depend.

The familiar heart sounds belong to this pressure sequence. The first sound
is associated mainly with closure of the mitral and tricuspid valves as
ventricular pressure rises. The second follows closure of the aortic and
pulmonary valves as ejection ends. The sound is not the muscle striking the
chest. It comes from rapid deceleration, vibration and tension across blood,
valves and surrounding structures.

Arrhythmias disturb one or more parts of the sequence. A rhythm may be
too slow to support output, too fast to permit filling, irregular enough to make
stroke volume vary or chaotic enough to abolish organised ejection. Atrial
fibrillation replaces coordinated atrial activation with disordered electrical
activity. The ventricles usually continue because the atrioventricular node
filters the barrage, but the pulse becomes irregular and blood can stagnate
in parts of the atrium, increasing thromboembolic risk in susceptible people.

The lesson is broader than rhythm strips. Rate is how often. Rhythm is the
pattern. Conduction is how activation travels. Contraction is the mechanical
response. Flow is the result. They usually align so well that one pulse
seems to represent all five. Disease reveals that they are separate links,
and care often depends on finding which link broke.

Every Beat Is Negotiated with the Body

A resting heart does not aim for one sacred rate. It aims, imperfectly, to
supply enough flow for the body's current needs while maintaining
pressures compatible with organ perfusion. The useful headline is cardiac
output equals heart rate multiplied by stroke volume. The difficult part is that
both terms move and neither is controlled by the heart alone.

Stroke volume depends on how much the ventricle fills, how forcefully it
contracts and the load it must eject against. These are often grouped as
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preload, contractility and afterload. The words are convenient rather than
complete. Preload concerns the stretch and conditions before contraction.
Afterload concerns the forces opposing ejection. Neither can be reduced to
one pressure in every setting, and the ventricle's geometry changes their
effects.

Filling begins with venous return. Breathing, blood volume, venous tone,
body position and the skeletal-muscle pump all influence how much blood
reaches the heart. Within a useful range, greater filling can produce a
stronger contraction and larger stroke volume. This Frank-Starling
behaviour helps the two ventricles match incoming and outgoing flow. It is
not permission to fill without limit. Excess pressure distends chambers,
raises wall stress and drives fluid into tissues.

Contractility describes the muscle's ability to generate force at a given
loading condition. Sympathetic stimulation and circulating catecholamines
can increase it, while ischaemia, acidosis and damaged myocardium can
reduce it. Afterload rises when the ventricle must overcome higher arterial
pressure or an obstructed outlet. Aortic stenosis makes the left ventricle
generate a large pressure merely to cross the valve. Pulmonary
hypertension imposes a comparable burden on the right.

The circulation responds continuously. Stretch-sensitive baroreceptors in
the carotid arteries and aorta report rapid changes in arterial pressure to the
brainstem. Stand up and gravity shifts blood towards the legs. Venous
return and stroke volume can fall. The reflex reduces parasympathetic
restraint, increases sympathetic activity, raises heart rate and contractility,
and tightens selected vessels. Most people experience only a brief pressure
change. A failure of compensation can produce light-headedness or fainting.

Exercise creates a different negotiation. Working muscle consumes more
oxygen and produces more carbon dioxide and heat. Heart rate rises,
contractility increases, venous return is supported by movement and
breathing, and vessels in active muscle dilate. Stroke volume often rises
and may later plateau, while heart rate carries more of the increase in
output. Trained endurance athletes can achieve larger stroke volumes, but
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Exercise in a Hurry owns how training produces that adaptation and how
programmes should be designed.

Rest also requires control. During sleep, digestion or quiet sitting, demand
falls and parasympathetic influence may slow the sinus node. A low resting
rate can be a normal adaptation, a drug effect or evidence of conduction
disease. The number acquires meaning from symptoms, rhythm, context
and the capacity to raise output when needed.

This is why the heart cannot be judged like a motor on a bench. The kidneys
alter volume. The vessels alter resistance and storage. The lungs set the
load facing the right ventricle and oxygenate the blood. Hormones alter rate,
force and salt balance. Muscles help venous return. The heart is central, but
never solitary.

The Pump Must Feed Itself

The blood inside the heart's chambers is passing cargo, not an adequate
food supply for the thick muscle around it. Most cardiac cells are too far from
the chamber surface for diffusion to meet their needs. The myocardium
requires its own circulation, delivered by the coronary arteries that branch
from the aorta just beyond the aortic valve and spread over the heart before
diving into muscle.

The left ventricle creates a peculiar difficulty. During systole, contracting
muscle compresses many vessels within its wall, especially in the inner
layers where pressure is greatest. Much of left-coronary flow therefore
occurs during diastole, when the ventricle relaxes and aortic pressure can
drive blood into the coronary network. The right ventricle, operating at lower
pressure, has a less extreme pattern. The common phrase that the heart is
supplied only between beats is memorable and too absolute.

Heart muscle already extracts a high proportion of the oxygen delivered at
rest. When demand rises, it cannot rely chiefly on taking much more from
each unit of blood. Coronary flow must increase. Local metabolites,
endothelial signals, perfusion pressure and resistance in small vessels
contribute to that adjustment. A healthy coronary circulation has reserve.
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Disease narrows the margin between supply and demand.

Ischaemia means blood flow and oxygen supply are inadequate for tissue
demand. Stable exertional angina can arise when a fixed atherosclerotic
narrowing limits the ability to increase flow. Symptoms often appear under
load and ease when demand falls, though patterns vary and chest
discomfort has many causes. Coronary microvascular dysfunction or spasm
can produce ischaemia without one large obstructive plaque visible in an
epicardial artery.

An acute myocardial infarction requires more than a high troponin result. It is
myocardial cell death caused by prolonged ischaemia. The most common
mechanism is disruption or erosion of an atherosclerotic plaque followed by
thrombosis. Other acute coronary causes include spontaneous coronary
artery dissection, embolism and vasospasm. The Fifth Universal Definition,
published in 2026, replaced the old numbered scheme with primary,
secondary and procedure-related categories so that mechanism and setting
remain visible.

Primary infarction follows an acute coronary pathology such as
atherothrombosis, dissection, embolism or spasm. Secondary infarction
occurs when another acute condition creates an oxygen supply-demand
imbalance and objective evidence supports ischaemic injury. Severe
anaemia, hypoxaemia, hypotension, severe hypertension or sustained
tachyarrhythmia may contribute in the right setting. Procedure-related
infarction arises from a complication of a specified cardiac intervention or
operation. These categories matter because a clot over a disrupted plaque,
a torn artery and severe physiological stress do not call for identical
investigation or treatment.

Troponin is part of the answer because injured heart cells release cardiac
troponin proteins into the blood. Acute myocardial injury is defined by a rise
or fall, with at least one value above the assay's sex-specific 99th-percentile
upper reference limit. That is not one universal number, and the pattern
does not identify the cause by itself. Myocarditis, acute heart failure,
pulmonary embolism, sepsis and strenuous exercise can raise troponin;
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chronic kidney or cardiac disease can produce persistently elevated values.
Clinicians combine symptoms, serial measurements, ECG findings and
imaging to decide whether injury is acute, whether ischaemia caused it and
what mechanism produced the event.

The pump's dependence on its own output creates a dangerous loop.
Falling coronary flow weakens contraction. Weaker contraction can reduce
arterial pressure. Lower pressure can further impair coronary perfusion.
Rapid restoration of flow can limit the amount of muscle that dies, which is
why suspected acute coronary syndromes are assessed urgently and why
delay matters even when the person remains awake.

Heart Disease Is Several Different Failures

Heart disease sounds singular because the final symptoms converge.
Breathlessness, fatigue, chest discomfort, palpitations, swelling and fainting
can each arise from several mechanisms. A useful model begins by asking
whether the main failure concerns supply, rhythm, muscle, filling, valves,
structure or the load imposed by the wider circulation. More than one
answer often applies.

Coronary disease is principally a supply problem. Atherosclerosis develops
within artery walls through retained apoB-containing lipoproteins,
inflammation, repair and structural change. A plaque can restrict flow
gradually or become unstable and trigger thrombosis. Opening a severe
acute blockage may preserve myocardium, but a stent treats a local lesion,
not the biological tendency to form disease elsewhere. Long-term
prevention still matters after successful plumbing.

Arrhythmia is a timing problem. In atrial fibrillation, treatment may address
associated conditions, stroke prevention, ventricular rate, restoration or
maintenance of rhythm and repeated reassessment. Anticoagulation does
not make the rhythm regular; it lowers clot risk in selected patients.
Cardioversion may restore rhythm without removing the conditions that
allowed atrial fibrillation to develop. Catheter ablation targets electrical
sources or pathways, yet recurrence can still occur as the atrial substrate
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changes.

Valve disease is a direction or obstruction problem. Stenosis makes blood
cross a narrowed opening at higher velocity and pressure cost.
Regurgitation allows blood to leak backwards, so the ventricle may eject a
large total volume while less useful flow reaches the next circuit. Slow
disease can be hidden by chamber enlargement or wall thickening for years.
Symptoms may arrive after substantial structural adaptation, which is why
examination and echocardiography can matter before crisis.

Cardiomyopathy is disease of heart muscle, but the forms differ. Dilated
ventricles may contract poorly. Hypertrophic cardiomyopathy can involve
excessive thickening, disordered muscle, impaired filling, microvascular
dysfunction and sometimes obstruction or arrhythmia. Infiltrative disorders
can make walls thick and stiff without representing stronger muscle.
Inflammation can injure myocardium. Genetics, infection, toxins,
pregnancy-related states, immune processes and unknown causes all
appear in different proportions.

Heart failure is a clinical syndrome rather than a synonym for a weak
squeeze. It arises when the heart cannot provide or accommodate blood
flow without symptoms, signs or harmful filling pressures. Some patients
have reduced left-ventricular ejection fraction. Others have a preserved
fraction but impaired relaxation, small effective chamber volume, abnormal
pressure responses, valve disease, right-sided dysfunction or failures
elsewhere in the system. A fraction can look normal while the person
remains severely limited.

Pericardial disease is an external filling problem. The pericardial sac
normally gives the heart a lubricated, limited space in which to move. If fluid
accumulates quickly, pressure around the organ can compress the
lowest-pressure chambers and restrict filling. Slow inflammation and
scarring can impose a similar constraint by making the sac rigid. The muscle
may retain contractile force while the circulation fails because the chambers
cannot accept blood.
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Congenital heart disease begins with structure formed differently before
birth. A hole, narrowed vessel, misplaced connection or malformed valve
can change pressure and flow from the first day of life, or remain unnoticed
until adulthood. These conditions resist the adult habit of assuming disease
is acquired through age and behaviour. Surgery, catheter treatment and
lifelong specialist follow-up have allowed many more people to reach
adulthood, creating a growing field of adult congenital care.

The tests follow the categories. ECG examines electrical activity during the
recording. Echocardiography examines chamber size, movement, valves
and flow patterns. Troponin detects myocardial injury. Natriuretic peptides
can support assessment of cardiac wall stress and heart failure but are
influenced by age, kidney function, rhythm and body composition. Coronary
CT orinvasive angiography examines coronary anatomy. Cardiac magnetic
resonance can characterise structure, scar, inflammation and tissue
patterns.

No test sees the whole heart. Diagnosis is a model built from history,
examination, measurements over time and tools that answer different
questions. The final label should identify a mechanism closely enough to
change care. “Heart problem” is a starting complaint, not a finished
explanation.

Compensation Can Become the Disease

The heart and circulation are built to defend perfusion. Lose blood suddenly
and the body raises heart rate, increases contractile drive, constricts
selected vessels and retains salt and water. Face an obstructed valve and
the ventricle thickens to reduce wall stress. Lose working muscle and the
remaining myocardium enlarges its effort. These responses are not design
mistakes. They can preserve pressure and consciousness when the
alternative is immediate collapse.

Time changes their value. A faster rate raises oxygen demand and shortens
filling time. Vasoconstriction supports arterial pressure while increasing the
resistance against which the left ventricle ejects. Fluid retention may restore
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filling after genuine volume loss, yet in heart failure it can raise venous
pressure, flood lungs and swell tissues. A thicker wall can generate
pressure but become stiff, poorly perfused and electrically unstable. A
dilated chamber can preserve stroke volume for a period while increasing
wall stress and valve leakage.

This is remodelling: changes in size, shape, cellular structure and
extracellular matrix after sustained load or injury. An infarcted ventricle can
dilate. Chronic hypertension can produce concentric thickening. Persistent
volume overload can enlarge chambers. Fibrosis may strengthen injured
tissue locally while making the organ less compliant and creating a
substrate for arrhythmia. Adaptation is not one process moving neatly from
helpful to harmful. Different responses coexist and change at different
speeds.

The kidneys and nervous system are deeply involved. Reduced forward flow
or altered pressure can be interpreted as insufficient effective circulation
even when total body fluid is excessive. Sympathetic activity and the
renin-angiotensin-aldosterone system support pressure, vascular tone and
sodium retention. Natriuretic peptides push in the opposing direction,
promoting sodium loss and vasodilation, but may not overcome the other
signals. The result can be a body carrying too much fluid while defending it
as though it were short.

Treatment works by removing a burden, damping an overactive rescue
response or correcting the original lesion. Diuretics lower venous pressure
by helping the kidneys excrete sodium and water. Drugs that relax vessels
or block chronic neurohormonal signalling reduce load and remodelling.
Others may control rate or rhythm, reduce thrombotic or embolic risk, lower
atherogenic lipoproteins or alter kidney sodium-glucose handling.
Revascularisation restores coronary supply. Valve procedures remove
obstruction or leakage. Pacemakers, defibrillators and resynchronisation
address selected electrical failures. Mechanical support and transplantation
sit at the far end of the ladder.

The same intervention can help one link and strain another. Lowering
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arterial pressure reduces afterload, but excessive reduction can impair
perfusion. Slowing a tachyarrhythmia lengthens filling time, but too low a
rate reduces output. Removing fluid relieves congestion, but too much can
diminish filling and kidney perfusion. Anticoagulation lowers embolic stroke
risk at the price of bleeding. The task is not to suppress compensation
indiscriminately. It is to decide which response now imposes more cost than
benefit, and which reserve the patient still depends on.

Recovery can also alter the labels. Ejection fraction may improve after
treatment, rhythm control or recovery from injury, but the underlying
susceptibility does not necessarily vanish. A person whose measurements
move into a healthier range may still benefit from continuing therapy and
surveillance. One improved scan is evidence of response, not proof that the
original mechanism has been erased.

The causal loop now closes. The heart keeps you alive by changing rate,
force, filling, pressure and structure as conditions change. That flexibility is
its strength. Disease often appears when a demand becomes continuous, a
protective response persists or the cost of maintaining flow exceeds the
organ's reserve. The successful pump is adaptive. The failing pump is often
adaptive too, but trapped in an answer that once worked.

How It Actually Works

Before the first sound

A heartbeat begins before anything can be heard. The ventricles have
relaxed, their pressure has fallen and blood is returning through the veins.
Systemic venous blood enters the right atrium through the venae cavae.
Oxygenated blood from the lungs enters the left atrium through the
pulmonary veins. As atrial pressure exceeds ventricular pressure, the
tricuspid and mitral valves open and most ventricular filling occurs passively.

“Passive” does not mean unregulated. Venous tone, breathing and body
position alter return. The ventricles must relax actively at the cellular level,
removing calcium from contractile machinery so the muscle can lengthen
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and accept blood at low pressure. A stiff ventricle may contain a normal
amount only by making the atrium and upstream veins work at higher
pressure. Filling can therefore fail even when contraction looks respectable.

Near the end of diastole, the sinoatrial node fires. The impulse spreads
across the atria and they contract, adding a final contribution to ventricular
filling. In a healthy young person at rest, this atrial contribution may be
modest. It becomes more important when the ventricle is stiff, the rate is fast
or demand rises. Atrial fibrillation removes coordinated atrial contraction,
which helps explain why the same rhythm can be tolerated by one person
and disabling in another.

The filled ventricle now contains its end-diastolic volume. It will not eject all
of it. Some blood remains after every normal contraction. The difference
between the volume before and after systole is the stroke volume. The
fraction of the filled volume ejected is the ejection fraction. Those two
measurements answer different questions: a small ventricle can eject a high
fraction and still deliver a modest stroke volume. A dilated ventricle may
eject a low fraction yet move a similar absolute volume for a time. Volume,
fraction, pressure and symptoms have to be read together.

The signal becomes pressure

The impulse reaches the atrioventricular node and slows. After the delay, it
travels through the His-Purkinje system and depolarises the ventricles. On a
surface ECG, ventricular depolarisation produces the QRS complex. The
electrical event triggers calcium movement inside cardiac muscle cells,
allowing actin and myosin to generate force.

Ventricular pressure begins to rise. The mitral and tricuspid valves close
when pressure in the ventricles exceeds pressure in the atria. Their closure
and the associated vibrations contribute to the first heart sound. For a brief
interval, all four valves are closed. The ventricles are contracting but no
blood leaves because pressure has not yet exceeded that in the pulmonary
artery or aorta. This is isovolumetric contraction: pressure changes while
chamber volume does not.
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That phase reveals why timing matters. Close the inlet valve too late and
blood leaks backwards. Open the outlet before the ventricle has enough
pressure and arterial blood would return. The valves do not follow an
electrical command. They respond to the pressure sequence created by
electrical coordination and muscle force.

Pressure also deforms the heart. The walls thicken inward, the base and
apex move, and the ventricles twist because myocardial fibres are arranged
in changing orientations through the wall. The motion is more like wringing
than a piston sliding in a cylinder. Echocardiography and cardiac magnetic
resonance can measure parts of this deformation, including strain, when an
ejection fraction alone misses early dysfunction.

Electrical recovery follows activation. On the ECG, ventricular repolarisation
contributes to the T wave, while inside each cell calcium is returned to
stores or moved across the membrane and the contractile proteins release.
Electrical repolarisation and mechanical relaxation overlap but are not
identical. Abnormal repolarisation can create electrical vulnerability; slow
relaxation can raise filling pressure. The surface tracing can look electrically
recovered while ventricular pressure is still falling too slowly for efficient
filling. At high rates, that delay becomes more expensive.

The exits open

When right-ventricular pressure exceeds pulmonary-artery pressure, the
pulmonary valve opens. When left-ventricular pressure exceeds aortic
pressure, the aortic valve opens. Rapid ejection begins. The pressure
gradient is greatest early, flow peaks and then declines as contraction and
arterial conditions change.

The right ventricle sends blood into a circulation designed for gas exchange
at low pressure. Pulmonary arteries branch alongside airways until blood
reaches capillaries wrapped around alveoli. Carbon dioxide moves from
blood towards air and oxygen moves in the opposite direction, driven by
partial-pressure gradients and limited by membrane, surface area,
ventilation, perfusion and haemoglobin. Blood then returns to the left heart.
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The left ventricle ejects into the aorta. Its elastic wall expands, storing part of
the energy of systole. The pressure wave travels through the arterial tree,
producing the pulse that can be felt at the wrist or neck. Meanwhile the
blood itself divides among organs according to vascular resistance, local
metabolic demand and control signals. The brain and heart require
continuous delivery; skin flow can vary widely for temperature control;
working muscle can claim a much larger share during exercise.

As ventricular pressure falls below arterial pressure, brief reversal of flow
closes the aortic and pulmonary valves. Closure and vibration contribute to
the second heart sound. Another interval with all valves closed follows, now
during relaxation. When ventricular pressure falls below atrial pressure, the
inlet valves reopen and filling begins again.

At a heart rate of sixty beats per minute, the whole cycle lasts about one
second. Raise the rate and the cycle shortens, with diastole losing a larger
share than systole. That can reduce filling and coronary perfusion,
especially when the heart is already stiff or the coronary supply limited. A
faster rate can increase output up to a point, then become part of the
problem it is trying to solve.

The heart refuels between contractions

Soon after the aortic valve, the coronary arteries branch from the root of the
aorta. Their large surface branches divide into vessels that penetrate the
myocardium. During left-ventricular contraction, pressure within the wall
compresses much of the intramuscular circulation. During relaxation, aortic
pressure drives blood into vessels that have reopened. Diastole is therefore
working time for the coronary circulation as well as filling time for the
chamber.

Coronary resistance changes rapidly with local need. Increased heart rate
and contractile force raise oxygen demand. Metabolic signals dilate small
coronary vessels, allowing flow to increase when the larger arteries and
microcirculation can respond. The myocardium stores little oxygen and has
little tolerance for a sustained mismatch. It cannot postpone its own supply
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while continuing to supply everyone else.

This dependence creates a narrow bargain during severe tachycardia. More
beats may support cardiac output, yet each beat costs oxygen and the
shortened diastole reduces time for left-coronary perfusion. In a healthy
heart, reserve usually covers the demand. With coronary narrowing,
hypertrophy, anaemia, low blood pressure or microvascular disease, the
margin can disappear.

The inner layer of the left ventricle is especially exposed because it faces
high wall pressure and lies furthest from the surface coronary vessels. A fall
in aortic diastolic pressure can therefore matter even while the ventricle is
working harder. Coronary veins collect the spent blood into the coronary
sinus, which empties into the right atrium. The pump's private circulation
rejoins the same circuit it sustains.

Standing rewrites the calculation

Move from lying down to standing and gravity shifts blood towards the legs
and abdomen. Central venous pressure falls, ventricular filling can decrease
and stroke volume may dip. Arterial pressure sensors respond within
seconds. Heart rate and vascular tone adjust; leg muscles and breathing
help return blood. The ordinary act of standing is therefore a small
cardiovascular stress test repeated all day.

If the response is delayed or inadequate, cerebral perfusion falls and vision
may dim. Dehydration, blood loss, medication, autonomic dysfunction,
prolonged bed rest and several illnesses can contribute. A fast pulse in that
setting may be an appropriate compensation rather than a primary rhythm
disorder. The symptom cannot be interpreted from rate alone.

Walking up stairs raises the demand further. Active muscle extracts more
oxygen, vessels within it dilate and venous return increases through the
muscle and respiratory pumps. Sympathetic drive raises sinus rate and
contractility. Stroke volume may increase through greater filling and stronger
ejection. Cardiac output rises as the product of both changes.
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The left ventricle also encounters a mixed afterload. Dilated muscle vessels
lower resistance in a large vascular bed, while constriction elsewhere helps
preserve pressure. The heart sends more flow without requiring arterial
pressure to rise in direct proportion. This is why cardiovascular performance
cannot be read from an arm-cuff measurement alone.

After the stairs end, demand falls. Heart rate and ventilation decline over a
time shaped by intensity, fitness, heat, illness and autonomic recovery. A
trained person may move more blood per beat and require fewer beats for
the same submaximal task. That adaptation says something useful about
capacity. It does not inspect coronary plaque, inherited electrical disease,
valve anatomy or every cause of sudden collapse.

Heat changes the bargain because skin also demands flow. Sweating
reduces plasma volume if fluid loss is not replaced, while vasodilation
moves blood towards the surface. Heart rate may rise to preserve output
even at an unchanged pace. A large meal, fever, pregnancy and altitude
create different redistributions and loads. There is no single normal
response detached from the situation producing it.

When coronary supply fails

Atherosclerosis develops within artery walls over years. ApoB-containing
particles enter and become retained, immune responses follow, and a
plaque forms with lipid, cells, connective tissue and calcium in varying
proportions. The degree of narrowing matters, but the surface and biology of
the plaque matter too. A lesion that has caused little warning can rupture or
erode, exposing material that triggers platelet activation and clot formation.

If the resulting obstruction severely reduces coronary flow, myocardium
becomes ischaemic. Chest pressure, squeezing, heaviness or discomfort is
common and may spread to an arm, jaw, back or upper abdomen.
Breathlessness, sweating, nausea, light-headedness or unusual fatigue can
occur. Presentations vary, and absence of dramatic pain does not make the
event safe. In the UK, suspected heart attack is a reason to call 999 rather
than arrange a slower journey.
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The first ECG looks for patterns of acute ischaemia, infarction and
dangerous rhythm, but a non-diagnostic tracing does not exclude an acute
coronary syndrome. Electrical changes can be absent, subtle, intermittent or
obscured. Blood is tested for cardiac troponin, often more than once,
because concentration and change over time help identify acute myocardial
injury. Symptoms, ECG, serial troponin and imaging are interpreted
together.

Some patterns indicate a coronary occlusion needing immediate restoration
of flow. In a catheter laboratory, a tube introduced through an artery can
reach the coronary openings. Contrast outlines the lumen under X-ray. A
balloon may expand the obstruction and a stent hold the segment open. In
other anatomy, coronary bypass surgery routes blood around disease.
Medicines address platelet activity, clotting, pain, lipids, pressure and
myocardial workload according to the situation and bleeding risk.

Opening the artery cannot revive cells already dead. It can preserve
threatened myocardium around them, limit infarct size and reduce
complications. The injured region may contract poorly, disturb electrical
stability or weaken a papillary muscle. Healing replaces dead muscle with
scar. The remaining ventricle may remodel, which is why treatment and
rehabilitation continue after the dramatic blockage has been removed.

Time matters because injury spreads through tissue rather than appearing
everywhere at once. Cells closest to the most severe and prolonged loss of
flow become irreversibly damaged first, while surrounding myocardium may
remain salvageable. Reperfusion can itself produce transient electrical,
microvascular and inflammatory disturbance, yet restoring supply remains
the central opportunity when an acute occlusion is present. If enough
muscle is impaired, arterial pressure falls and organs receive less flow. That
cardiogenic-shock loop makes rapid diagnosis, circulatory support and
correction of the cause more urgent than the person's ability to remain
conscious might suggest.

Not every infarction begins with plaque thrombosis. Dissection can split
layers of a coronary wall. Spasm can constrict an artery. An embolus can
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arrive from elsewhere. Severe acute illness can produce secondary
infarction through supply-demand imbalance. Finding the mechanism
matters because applying the standard blocked-pipe story to every injury
can lead care in the wrong direction.

When effective circulation stops

Cardiac arrest means effective circulation has ceased. The person becomes
unresponsive and is not breathing normally; occasional gasps do not count
as normal breathing. A heart attack can trigger arrest, but severe
arrhythmia, structural disease, hypoxia, major bleeding, pulmonary
embolism and other causes can do the same.

The immediate public response in the United Kingdom is deliberately
simple. Call 999 for an unresponsive person. If they are unresponsive with
abnormal breathing, assume cardiac arrest and begin chest compressions.
Current Resuscitation Council UK guidance sets a rate of 100 to 120
compressions per minute and a depth of at least five centimetres but no
more than six in an adult. An automated external defibrillator should be used
as soon as available, following its prompts.

Compressions create limited artificial flow by changing pressure within the
chest and directly compressing the heart to varying degrees. They buy time;
they do not restore the cause. An AED analyses the rhythm and advises a
shock when it detects a shockable pattern, principally ventricular fibrillation
or pulseless ventricular tachycardia. The shock depolarises a critical mass
of myocardium in the hope that organised activation can resume. It does not
shock asystole, the flatline of popular drama.

Survival depends on the chain: rapid recognition, emergency activation,
high-quality compressions, early defibrillation when indicated and advanced
treatment of reversible causes. The safest memory is procedural rather than
cinematic. Call, compress and use the AED. The machine decides whether
a shock is appropriate.
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The slower loss of reserve

Heart failure often develops without one cinematic moment. Breathlessness
appears on hills, then on level ground. Shoes tighten by evening. Lying flat
becomes uncomfortable. Fatigue grows because muscles, lungs, kidneys
and circulation are all affected. These symptoms deserve assessment, but
none identifies heart failure alone.

Evaluation asks what pressure and flow are doing and why. Examination
looks for congestion and perfusion. ECG may reveal rhythm, prior injury or
conduction disease. Blood tests assess kidney function, anaemia, thyroid
status, electrolytes and other contributors. Natriuretic peptides can make
heart failure less or more likely in context. Echocardiography assesses
chamber size, valves, wall motion, pressures and ejection fraction. Further
coronary or tissue imaging follows the suspected cause.

A preserved ejection fraction does not remove the haemodynamic problem.
A thick or stiff ventricle may accept blood only at raised pressure. That
pressure travels backwards into the atrium and pulmonary veins, especially
during exertion when filling must occur faster. The person becomes
breathless while the fraction of a smaller filled volume still looks ordinary.
Reduced-ejection-fraction failure has a different average pattern, but the
same bedside complaint can result. The useful question is how much flow
the ventricle can provide at what filling pressure, at rest and under demand.

The 2026 European scheme draws one practical line at an ejection fraction
of 50 per cent. Below it, heart failure with symptoms or signs is classed as
reduced ejection fraction. At or above it, the preserved-ejection-fraction
diagnosis also requires objective evidence consistent with diastolic
dysfunction or raised filling pressures, supported by natriuretic peptides.
The guideline calls the cut-off somewhat arbitrary because measurement
method and interpretation vary; mitral regurgitation can also make the
fraction appear falsely high. The label is a framework for evidence and
treatment, not a biological cliff.

Treatment has two jobs: relieve the current burden and alter the process
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producing it. Diuretics can remove excess salt and water, lowering venous
and lung pressures. Disease-modifying medicines can reduce maladaptive
neurohormonal drive, lower load and improve outcomes in defined groups.
Rhythm control, revascularisation, valve intervention, devices and treatment
of hypertension, diabetes, kidney disease, sleep-disordered breathing or
iron deficiency may matter according to phenotype. The same guideline
makes the earlier continuum explicit: stage A is risk without symptoms or
cardiac abnormalities, stage B is pre-heart failure with cardiac abnormality
but no symptoms, stage C is current or prior symptomatic disease and stage
D is advanced disease. The stages support prevention and early
recognition; they do not turn every risk factor into clinical heart failure.

The same logic applies to valve disease and atrial fibrillation. A symptom
may improve when rate is controlled, yet stroke prevention still requires
separate assessment. A valve may produce little discomfort while the
ventricle adapts, yet imaging shows that waiting carries a structural cost.
Serial comparison matters because chamber size, pressure estimates,
exercise tolerance and rhythm can change before one dramatic threshold is
crossed.

Slow disease also exposes the importance of the wider circuit. Lung disease
can raise the load on the right ventricle. Kidney dysfunction can intensify
fluid retention and alter medication choices. Anaemia increases the flow
needed to deliver a given amount of oxygen. Thyroid disease can disturb
rate and rhythm. The practical question is never whether the heart is “good”
or “bad”. It is which mechanism is limiting reserve, what evidence supports it
and whether intervention now changes the future more than delay.
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How we know

The heart can be observed from several angles, and no angle is complete.
William Harvey's 1628 case for circulation joined anatomy, observation and
quantitative reasoning, but modern physiology depends on pressure
catheters, flow measurements, cellular experiments and imaging. ECG
reveals surface electrical activity. Echocardiography uses reflected sound to
show moving structure and estimate flow. Angiography outlines vessel
lumens. Cardiac magnetic resonance characterises motion, scar and tissue.
Blood biomarkers report injury or wall stress without supplying a cause on
their own.

Much clinical evidence comes from populations selected by age, diagnosis,
health system and access to specialist testing. Thresholds and treatment
effects do not transfer perfectly across people or settings. Ejection fraction
varies with method and loading conditions. Coronary angiography can miss
microvascular dysfunction. A short ECG can miss an intermittent rhythm.
Current definitions therefore combine findings rather than allowing one test
to act as a verdict. The measurements are powerful because their limits are
known, not because the heart has become transparent.

What People Get Wrong

“The heart sits on the left”

The strongest beat can often be felt left of the sternum, and diagrams
commonly place the organ in a neat left-hand box. Most of the heart is
central, behind the breastbone, between the lungs. Its base lies higher and
broader; its apex points downwards and leftwards. The right atrium forms
much of the right border, while the right ventricle lies closer to the front of
the chest than the left ventricle.

This matters beyond anatomy quizzes. Pain location does not identify which
cardiac structure is involved, and cardiac discomfort need not stay over the
heart. It may be central, diffuse or felt in an arm, jaw, back or upper
abdomen. Nor does a right-sided chest symptom become harmless
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because the heart is imagined to live elsewhere. Location contributes to
assessment, but it does not settle the cause.

The correction also improves the working model. The heart is shaped and
positioned to connect two lungs, great veins, a pulmonary artery and the
aorta within a crowded chest. It is not a red object pasted onto the left side.
It is a central junction whose leftward apex happens to advertise the whole
organ.

“A heart attack means the heart has stopped”

A myocardial infarction is death of heart muscle caused by prolonged
ischaemia. A cardiac arrest is the loss of effective circulation. One can lead
to the other, but they are different events requiring different immediate
responses.

A person having a heart attack may be conscious, breathing and describing
pressure or breathlessness while coronary supply is failing and myocardium
is being injured. They need urgent emergency assessment because
restoring coronary flow can preserve threatened muscle. In cardiac arrest,
the person has collapsed, is unresponsive and does not breathe normally.
Call 999, begin chest compressions and use an automated external
defibrillator as soon as one is available.

Popular language merges the two because both involve the heart and both
can kill. Film and television complete the confusion by making collapse the
defining image of every cardiac emergency. The cost is procedural. Waiting
for someone with suspected infarction to collapse wastes time. Searching
for a pulse or debating the diagnosis in an unresponsive person with
abnormal breathing also wastes time. Name the failure only as far as
necessary to do the next useful thing.
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“A blocked artery closes like a dirty pipe”

The plumbing comparison is useful until it turns atherosclerosis into grease
deposited on the inner surface of a tube. Plaques develop within the artery
wall. ApoB-containing particles become retained, immune and repair
responses follow, and the lesion acquires lipid, cells, fibrous tissue and
calcium in differing proportions. The lumen may narrow, but the biology of
the plaque matters as well as the percentage shown on a scan. As a plaque
grows, the artery can remodel outwards, preserving the visible channel for a
time while disease accumulates within its wall.

A slowly growing narrowing can limit flow during exertion and produce
angina. An infarction often begins when a plaque disrupts or erodes and a
thrombus forms quickly. A lesion that caused little previous obstruction can
therefore become dangerous. Conversely, removing one severe narrowing
does not remove the tendency to form plaques elsewhere.

The blocked-pipe story also excludes other mechanisms. Coronary spasm,
embolism and spontaneous dissection can interrupt supply without ordinary
plaque thrombosis. Severe illness can create ischaemic injury through a
mismatch between oxygen supply and demand. The better model is a living
artery wall inside a changing clotting and flow system. That is why long-term
treatment targets risk and biology as well as one visible obstruction.

“A defibrillator restarts a flatline”

The dramatic screen goes flat, the paddles discharge and the heart jumps
back into life. It is one of medicine's most durable false pictures.
Defibrillation is used for selected shockable rhythms, principally ventricular
fibrillation and pulseless ventricular tachycardia. In those states, electrical
activity is so rapid or disordered that the ventricles cannot produce useful
circulation. A shock depolarises a critical mass of myocardium, giving the
heart's organised pacemaking system a chance to regain control.

Asystole, the flatline, is not a rhythm an automated external defibrillator
shocks. Pulseless electrical activity is not shockable either, because
electrical organisation may remain while the mechanical circulation has
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failed. These states require high-quality compressions, advanced care and
treatment of reversible causes rather than a cinematic jolt.

The public lesson remains simple. Do not decide the rhythm yourself. Attach
the AED and follow its prompts. The machine analyses the signal and
advises a shock only when indicated. Chest compressions maintain limited
flow between analyses. The misconception matters because defibrillation is
powerful within a narrow electrical problem, not a universal command to a
stopped organ.

“A normal ECG means the heart is fine”

An electrocardiogram records electrical activity reaching the body surface
during a particular interval. It can reveal rate, rhythm, conduction, evidence
of chamber strain and patterns consistent with ischaemia or prior injury. It
cannot see every coronary plague, measure every pressure, inspect valves
directly or guarantee that an intermittent arrhythmia will occur during those
seconds.

A first ECG can also be non-diagnostic during an acute coronary syndrome.
Changes may develop, disappear or fall outside the standard patterns. That
is why clinicians interpret the tracing alongside symptoms, examination,
repeated ECGs, serial troponin measurements and imaging. A normal result
lowers concern for some possibilities under some conditions. It does not
convert concerning symptoms into proof of safety.

The same rule applies in the opposite direction. An abnormal ECG is not a
complete diagnosis. Athletic adaptation, electrolyte disturbance, medication,
old injury and many cardiac conditions can alter it. The tracing answers a
defined question about electricity. Its strength comes from combining it with
the right clinical problem, not from treating one page of waves as a
certificate for the entire pump.
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“Women have ‘atypical’ heart attacks”

The label tries to correct a male-default picture and can reproduce it. Chest
pain or discomfort is the most common presenting symptom of myocardial
infarction in both women and men, with similar sensitivity. Women more
often report additional symptoms such as breathlessness, nausea, vomiting
or pain between the shoulder blades. Most still report chest discomfort.
Calling the rest atypical makes a substantial minority sound exceptional and
can contribute to delayed recognition.

Absence of chest discomfort is not a female category. It is more common
among older people and people with diabetes, while secondary infarction
may present through symptoms of the acute condition driving the
supply-demand imbalance. The useful question is not whether a symptom
matches a male or female script. It is whether the pattern, risk and trajectory
could reflect ischaemia.

Sex still matters to diagnosis and evidence. Coronary mechanisms are
distributed differently, with spontaneous coronary artery dissection heavily
concentrated in women and microvascular or vasospastic disease seen in
different proportions. Women may have symptoms under-recognised, and
cardiac troponin must be interpreted against the assay's sex-specific
99th-percentile upper reference limit. Sex changes probability and
measurement thresholds. It does not divide infarction into two separate
diseases.

“A fit person cannot have heart disease”

Regular physical activity improves cardiovascular health and can reduce the
risk of coronary disease, hypertension, diabetes and several downstream
events. It does not inspect every coronary artery or cancel genes, age,
tobacco exposure, lipoprotein burden, inflammation, congenital structure,
cardiomyopathy or electrical disease. Fitness is a capacity. It is not an
immunity certificate.

The belief is attractive because exercise produces visible competence. A
person who runs quickly or has a low resting pulse appears to have passed
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a whole-body test. In reality, athletic adaptation can explain a low rate while
leaving an inherited arrhythmia substrate untouched. High exercise capacity
can delay symptoms by providing reserve, and symptoms during exertion
can be rationalised as poor form or an unusually hard day.

The opposite mistake is to treat exertion itself as suspect. Regular physical
activity lowers cardiovascular risk for most people. Exertion can also expose
symptoms in someone with an underlying condition. The rational position
holds both facts. Build capacity, and do not use capacity to dismiss chest
discomfort, fainting, unexplained breathlessness, a new loss of performance
or a concerning family history. Risk can be lowered without being abolished.

Use It

Separate rate, rhythm, pressure and flow

Rate tells you how often a beat or pulse is detected. Rhythm describes the
pattern and origin of activation. Blood pressure reports pressure in a
measured artery under defined conditions. Cardiac output is the volume
moved each minute. Stroke volume is the amount ejected per beat. A
normal rate can accompany poor output, and an irregular pulse can miss
weak contractions.

Use the distinctions before attaching meaning. Ask what device produced
the number, whether it measured an electrical signal or a peripheral pulse,
what the person was doing, whether the pattern persisted and whether
symptoms were present. A wrist sensor may count poorly during movement
or irregular rhythm. One clinic pressure can be altered by pain, technique or
recent activity.

The practical gain is restraint. Do not congratulate or frighten yourself with a
single number detached from mechanism. Build a small table in your head:
rate, rhythm, pressure, flow and symptoms. Which column was measured?
Which remain unknown? That question turns data into evidence instead of
decoration.
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Read symptoms through demand and trajectory

Symptoms become more informative when linked to what the circulation
was being asked to do. Chest pressure that appears at a predictable
walking pace and eases with rest has a different pattern from a brief sharp
pain changed by movement, though neither pattern can diagnose itself.
Breathlessness on a hard hill differs from breathlessness at a workload that
was comfortable last month. Fainting during exertion demands a different
level of concern from a familiar light-headed moment after standing quickly,
although context still matters.

Notice demand, onset, duration, associated features and change. What
activity brought it on? Did it occur at rest? Was there sweating, nausea,
palpitations, neurological change or unusual weakness? Has the threshold
fallen over days or weeks? Does lying flat worsen breathing? Are shoes or
rings tightening? Has performance changed without a clear training
explanation?

Trajectory often matters more than intensity. A mild symptom that is new
and arriving under less demand can carry more information than its intensity
suggests. This lens should not become amateur triage by elimination. New
central chest pressure, severe breathlessness, collapse or symptoms
suggesting a heart attack require urgent help, especially when persistent or
accompanied by sweating, nausea or pain spreading elsewhere. In the
United Kingdom, call 999 rather than testing whether another flight of stairs
reproduces the event.
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Ask what the test can see

Every cardiac test creates a view by leaving something out. The ECG sees
electrical activity during the recording. Echocardiography shows moving
structure, valves and estimates of flow. Troponin detects myocardial injury;
assay, sex-specific threshold, timing and change shape interpretation.
Natriuretic peptides can support assessment of heart failure. Coronary CT
and invasive angiography show coronary anatomy. Cardiac magnetic
resonance can characterise function, scar and tissue. Exercise testing asks
how the system behaves under controlled demand.

Before treating a result as reassurance or alarm, ask four questions. What
did this test measure? Under what conditions? What can a positive result
reflect? What can a normal result fail to exclude? The answers may require
a clinician, but the form prevents a common mistake.

An ejection fraction illustrates the value. It is the proportion of blood in a
ventricle at the end of filling that leaves during contraction. It is not the
percentage of all blood pumped, the strength of every fibre or a complete
measure of performance. A ventricle can eject a normal proportion of a
small filled volume or require high pressure to fill. The number remains
useful because its scope is defined.

Good testing is sequential. Symptoms suggest mechanisms; later tests
refine anatomy, physiology or cause. Demand one decisive number and you
invite false reassurance or unnecessary investigation.

Treat risk as accumulated exposure, not a moral
score

Cardiovascular risk is often discussed as a list of virtues and sins. That
framing is scientifically poor and socially convenient. Risk accumulates
through sustained blood pressure, apoB-containing lipoprotein exposure,
tobacco smoke, diabetes, kidney disease, age and inherited susceptibility,
with activity, diet, air pollution, some inflammatory conditions and access to
prevention and treatment altering the trajectory. These influences interact
and are distributed unequally.
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Some are highly modifiable. Stopping smoking, treating sustained high
blood pressure, lowering atherogenic lipoprotein burden when indicated,
managing diabetes, moving regularly and taking prescribed medicines can
alter risk. Some factors are partly modifiable or constrained by illness,
income, work, housing and environment. Age and inherited variants cannot
be negotiated away. Think in terms of exposure, baseline risk and absolute
benefit. The same reduction in a risk factor can prevent more events in
someone whose starting risk is high. A medicine can be worthwhile even
when one laboratory change looks modest. A dramatic short-term change in
one marker does not certify that total risk has fallen.

This lens also corrects survivor stories. One smoker who reached ninety
does not invalidate population risk. One fit person with an infarction does not
make exercise useless. Risk changes the distribution of outcomes; it does
not write an individual script. Prevention is the work of shifting odds early
enough for small changes to accumulate.

Know the emergency chain

Cardiac knowledge is most valuable when it shortens hesitation. For
suspected heart attack, call 999. Do not drive yourself while symptoms are
continuing. Emergency clinicians can monitor rhythm and begin treatment
while transport is under way.

For collapse, use behaviour rather than a perfect diagnosis. If a person is
unresponsive, call 999. If they are unresponsive and not breathing normally,
assume cardiac arrest and begin chest compressions. Put the heel of one
hand in the centre of the chest, place the other hand on top and compress
100 to 120 times a minute, pressing an adult chest down by five to six
centimetres and allowing it to recoil. If trained, alternate 30 compressions
with two rescue breaths; otherwise continue compressions. Follow the call
handler's instructions.

Send someone for an AED or retrieve it when available. Open it, expose the
chest, attach the pads as shown and follow the spoken prompts. Anyone
can use one. Keep interruptions to compressions as short as possible and
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resume when told. The device will advise a shock only for a rhythm it
identifies as shockable.

Recognition, the emergency call, compressions and early defibrillation
matter more than naming the rhythm. Training improves confidence, but lack
of a certificate is not a reason to watch. Do not wait for certainty before
acting.

The limits

A general book cannot determine whether your pain is cardiac, whether a
low pulse is adaptive or pathological, whether an irregular rhythm requires
anticoagulation, or which blood-pressure or lipid target applies to you. Those
decisions depend on symptoms, repeated measurements, other ilinesses,
medicines, bleeding risk and personal priorities.

Population evidence is also uneven. Women, older adults, disabled people,
minority ethnic groups, pregnant people and those with several conditions
have often been underrepresented or analysed too crudely. Devices and
thresholds perform differently across settings, while access to diagnosis and
treatment varies sharply. A mechanism can be universal while the route to
care is not.

Do not use this model to dismiss symptoms because they fail to match a
textbook, or to label every palpitation and pain as heart disease. Its job is to
improve the question and the speed of the right response. Diagnosis
belongs to assessment.

The one thing to keep

Follow the flow.

Ask where blood has come from, where it must go, what pressure difference
moves it and how valves and electrical sequence keep movement one-way.
When a symptom appears, ask what demand exposed the limit. When a test
returns, ask whether it measured rhythm, muscle, structure, pressure, flow,
injury or anatomy. When treatment is offered, ask which failed link it is
intended to repair.
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That habit separates conditions that popular language throws together. A
heart attack threatens muscle by interrupting supply. Cardiac arrest ends
effective circulation. Heart failure raises pressures or limits delivery. Atrial
fibrillation disorders timing and can increase embolic risk. Valve disease
obstructs or wastes flow. Hypertension makes the pump work against a
heavier load. The names become useful once they describe mechanisms
rather than fear.

The same habit reveals the heart's central contradiction. It survives by
adapting to demand, yet a response that protects flow today can raise the
cost tomorrow. Rate, constriction, retained fluid and thicker muscle are
answers before they are problems. Care often preserves the useful part and
interrupts the trap.

The heart is a pump, but a pump is not a thing that beats. It is a device that
creates controlled movement through pressure, direction and timing. Follow
the flow and the organ becomes intelligible. Its emergencies become harder
to confuse and its quieter risks harder to ignore.

Terms

Atrium. One of the two upper receiving chambers. The right atrium receives
systemic venous blood; the left receives pulmonary venous blood. Atrial
contraction can add to ventricular filling, especially when filling is impaired or
the heart rate is high enough to shorten diastole.

Ventricle. One of the two main pressure-generating chambers. The right
ventricle ejects into the pulmonary circulation; the thicker left ventricle ejects
into the systemic circulation and faces a much higher ordinary pressure
load.

Myocardium. The muscular tissue of the heart. It contracts to generate
pressure, relaxes to permit filling and depends on coronary blood flow to
sustain continuous work.

Pericardium. The layered sac around the heart. It limits excessive
movement and provides a lubricated surface, but fluid accumulation or
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scarring within it can compress the chambers and restrict filling.

Valve. A passive structure that opens and closes according to pressure
differences. The mitral, tricuspid, aortic and pulmonary valves keep blood
moving in the intended direction; narrowing or leakage makes each beat
more costly or less useful.

Systole. The phase associated with ventricular contraction and ejection.
Arterial systolic pressure is the peak pressure commonly recorded during
this part of the cycle.

Diastole. The phase of ventricular relaxation and filling. Much left-coronary
flow occurs during diastole because contracting muscle compresses vessels
during systole.

Stroke volume. The volume ejected by one ventricle in one beat. It
depends on filling, contractility, afterload, rhythm and valve function rather
than rate alone.

Cardiac output. The volume pumped by one ventricle each minute,
calculated as heart rate multiplied by stroke volume. It rises when the body's
demand for flow increases and can fall despite a normal-looking heart rate
or blood pressure.

Preload. The ventricular loading and stretch present before contraction,
influenced by venous return, chamber volume and pressure. More preload
can raise output within limits; excess raises congestion and wall stress.

Afterload. The forces opposing ventricular ejection. Arterial pressure,
vascular properties, valve obstruction and chamber geometry all contribute,
so it is broader than one cuff reading.

Contractility. The myocardium's intrinsic capacity to develop force,
considered apart from changes in filling and resistance. Sympathetic
stimulation can increase it; ischaemia and damaged muscle can reduce it.

Ejection fraction. The proportion of end-diastolic ventricular volume
ejected during systole. It is useful but incomplete: preserved ejection fraction
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does not guarantee normal filling, pressure or exercise capacity.

Sinus rhythm. A rhythm initiated by the sinoatrial node and conducted
through the normal pathway. The term describes electrical origin and
sequence, not complete cardiac health.

Sinoatrial node. The small group of specialised cells in the right atrium that
normally initiates each heartbeat. Autonomic signals modify its rate rather
than creating every impulse, which is why an isolated or transplanted heart
retains intrinsic automaticity.

Atrioventricular node. The electrical junction that slows conduction
between atria and ventricles. Its delay supports orderly filling and filters
many impulses during atrial fibrillation.

Arrhythmia. An abnormality of impulse formation, rate, rhythm or
conduction. Some are harmless; others impair filling, reduce output, cause
embolism or trigger cardiac arrest, so the rhythm's mechanism and
consequences matter more than irregularity alone.

Atrial fibrillation. Disordered atrial electrical activity producing an irregular
ventricular response. Management may address associated conditions,
stroke risk, rate, rhythm and repeated reassessment as separate problems.

Cardiac arrest. The loss of effective circulation, recognised publicly by
unresponsiveness and abnormal breathing. It is an emergency requiring
999, chest compressions and an AED as soon as one is available.

Ischaemia. Inadequate blood flow and oxygen supply relative to tissue
demand. In the heart it can cause discomfort, electrical instability, impaired
contraction and, if prolonged, infarction.

Infarction. Tissue death caused by prolonged ischaemia. Myocardial
infarction requires evidence of acute heart-muscle injury together with
evidence that ischaemia caused it.

Atherosclerosis. Disease within artery walls involving retained
apoB-containing particles, inflammation, repair and plaque formation. It can
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narrow arteries or trigger thrombosis when a plaque disrupts, and treating
one lesion does not remove disease throughout the vascular system.

Angina. Chest discomfort or related symptoms caused by myocardial
ischaemia without necessarily implying infarction. Exertional patterns are
common, but mechanism and presentation vary.

Coronary artery. An artery supplying the myocardium. The major vessels
arise near the base of the aorta and branch over and within the heart.

Troponin. A contraction-regulating protein complex. Cardiac troponin in
blood marks myocardial injury; interpretation depends on assay,
sex-specific threshold, timing and change, and elevation alone does not
identify cause.

Electrocardiogram. Usually abbreviated ECG. Surface electrodes record
changing electrical potentials from the heart. The tracing can reveal rhythm
and conduction while leaving structure and coronary anatomy largely
unseen.

Echocardiogram. An ultrasound examination showing cardiac structure
and motion. Doppler methods estimate blood velocity, valve behaviour and
pressure gradients, though every measurement carries assumptions and
variability.

Heart failure. A clinical syndrome in which cardiac abnormality produces
symptoms or signs through impaired output, raised filling pressures or both.
It is not synonymous with cardiac arrest or low ejection fraction, and it can
involve the left ventricle, right ventricle, valves, rhythm or wider circulation.

Hypertension. Persistently raised arterial blood pressure defined through
repeated measurements and setting-specific thresholds. It increases
vascular and cardiac load over time and is a major modifiable risk factor.

Defibrillation. Delivery of an electrical shock to terminate selected
dangerous rhythms, chiefly ventricular fibrillation and pulseless ventricular
tachycardia. It does not treat every cause of cardiac arrest or shock a
flatline; an automated external defibrillator decides whether a shockable
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rhythm is present.

Go Deeper

For the working physiology. Richard E. Klabunde, Cardiovascular
Physiology Concepts, third edition (2021). This is the cleanest bridge from
the model in this book to formal cardiovascular physiology. It follows
pressure, flow, resistance, electrical activity, the cardiac cycle and
regulation before turning to common pathophysiology. Equations appear,
but they earn their place and rarely require more mathematics than
rearranging a relation. Read it with a pencil. Redraw the pressure loops,
calculate a few outputs and ask what must change when a valve narrows, a
ventricle stiffens or venous return falls. The prose is compact enough for a
motivated newcomer and exact enough to support later clinical reading.

For modern cardiac science. Sian E. Harding, The Exquisite Machine: The
New Science of the Heart (2022). Harding is a cardiac physiologist, and her
book moves from cells and inherited rhythm disorders to regeneration,
devices and the changing border between treatment and replacement. It is
more research-led than a conventional patient guide and stronger for that
choice. The developing science will date faster than the basic physiology, so
use it to see how questions are framed rather than as a catalogue of settled
future therapies. It is also a useful corrective to the idea that the adult heart
is an inert mechanical object once its anatomy is learnt.

For the human and medical history. Sandeep Jauhar, Heart: A History
(2018). Jauhar combines the history of circulation, catheterisation, surgery,
transplantation and prevention with experience as a cardiologist. The result
shows why interventions that now look inevitable were once conceptually
strange and personally risky. It is especially good on the move from treating
symptoms at a distance to entering, imaging and repairing the living heart.
Personal and family material carries part of the narrative, which makes the
book inviting but means it is not a systematic physiology text. Read it after
this book when you want discoveries, patients and professional uncertainty
rather than another sequence of definitions.

a4



For the argument that changed the model. William Harvey, On the Motion
of the Heart and Blood in Animals, in the Robert Willis translation edited by
Jarrett A. Carty (2016 edition). The language is old and the experiments
concern animals as well as people, yet the reasoning remains startlingly
direct. Harvey follows valves, ligatures, observed motion and quantities until
one-way circulation becomes harder to deny than inherited doctrine. Read
the short work slowly. Its lasting lesson is methodological: when a familiar
anatomy cannot explain the volume moved, change the model rather than
protecting the authority. The experiments are old; the discipline of making
one mechanism answer every observation is not.

Notes and Sources

The Whole Thing in One Page and Why You
Should Care

The account of the heart as a pressure generator embedded in a closed
circuit follows standard cardiovascular physiology, principally Klabunde and
Boron and Boulpaep. The figure of about five litres per minute is an
illustrative resting cardiac output for a typical adult, not a universal normal
value. Cardiac output varies with body size, posture, temperature,
pregnancy, fitness, illness and measurement method. The estimate of
roughly one hundred thousand beats per day is arithmetic based on seventy
beats per minute and is used to show scale, not to assign an ideal rate.

The pulse is described as a travelling pressure wave rather than a parcel of
blood. The distinction follows arterial haemodynamics: ventricular ejection
distends the proximal aorta, and the resulting wave propagates through the
arterial tree faster than the mean movement of blood. Peripheral pulse
shape is altered by arterial stiffness, branching and reflected waves.

Heart attack, cardiac arrest and heart failure are separated throughout. The
infarction definition follows the Fifth Universal Definition of Myocardial
Infarction, published jointly by ESC, ACC, AHA and WHF on 28 August
2026. Acute myocardial injury requires a rise or fall in cardiac troponin with
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at least one value above the assay's sex-specific 99th-percentile upper
reference limit. Myocardial infarction adds evidence that ischaemia caused
the injury. The document replaced Types 1, 2, 3, 4a, 4b, 4c and 5 with
primary, secondary and procedure-related clinical categories. The narrative
does not imply that troponin elevation alone proves infarction.

The global burden figure follows the World Health Organization fact sheet
updated 31 July 2025. WHO estimated 19.8 million deaths from
cardiovascular diseases in 2022, around 32 per cent of all global deaths,
with 85 per cent due to heart attack and stroke. Cardiovascular disease
includes disorders of the heart and blood vessels, so the figure is not
described as deaths from heart disease alone. Publication date and
observed year are kept separate.

Core Idea 1: pressure and flow

The relation between pressure gradient, resistance and flow is a simplified
entry to haemodynamics rather than a claim that living vessels behave as
rigid pipes. Resistance changes with vessel radius, tone, geometry, blood
properties and pulsatility. Mean arterial pressure cannot by itself establish
cardiac output or tissue perfusion. The account of arterial recoil follows the
Windkessel model as a useful approximation: compliant large arteries store
part of the energy of systolic ejection and release it during diastole. Ageing
and disease can alter stiffness, pulse pressure and ventricular load.

Blood-pressure thresholds differ by organisation, measurement setting and
purpose. The manuscript therefore avoids one universal diagnostic cut-off.
The 2024 ESC guideline and current UK practice both distinguish office
measurement from repeated home or ambulatory assessment and place
readings within total cardiovascular risk and clinical context.

46



Core Idea 2: two pumps in series

The anatomical sequence, valve actions and pressure differences follow
Klabunde, Boron and Boulpaep and standard cardiac anatomy. The heart
lies mainly in the mediastinum behind the sternum, with its apex directed
leftwards. The right ventricle works against the lower-pressure pulmonary
circuit and has a thinner free wall than the left ventricle. The two sides share
the septum, pericardial space and myocardial fibres, so ventricular
interaction is retained rather than treating them as independent pumps. The
pericardial passage separates muscular weakness from external restriction
of filling; it avoids a fixed fluid-volume threshold because haemodynamic
effect depends strongly on how quickly fluid accumulates and on the
pressure-volume relation.

Valve opening and closure are passive responses to pressure gradients.
Papillary muscles and chordae tendineae restrain the atrioventricular valve
leaflets during systole; they do not pull them open. Left-sided congestion
and right-sided systemic venous congestion are described as tendencies
rather than one-to-one symptom rules because mixed disease is common.

Core Idea 3: electricity, contraction and rhythm

The conduction sequence follows established electrophysiology: sinoatrial
initiation, atrial activation, atrioventricular nodal delay and rapid ventricular
distribution through the His-Purkinje system. Automaticity is intrinsic to
specialised cardiac cells and is modulated by autonomic and hormonal
input. A transplanted heart's ability to beat without direct autonomic
innervation is used only to illustrate intrinsic pacemaking; denervation
changes rate control and adaptation.

The ECG records body-surface potentials generated by cardiac electrical
activity. It does not directly show valves, coronary flow or mechanical output.
The distinction is supported by pulseless electrical activity, in which
electrical organisation can remain without a palpable circulation. Heart
sounds are attributed chiefly to vibration and rapid deceleration associated
with valve closure and pressure change, not to valves clapping like rigid
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doors.

Atrial fibrillation management follows the 2024 ESC AF-CARE framework:
address comorbidities and risk factors, avoid stroke and thromboembolism,
reduce symptoms through rate and rhythm control where appropriate, and
evaluate and reassess. Stroke-prevention decisions depend on individual
thromboembolic and bleeding risk. No personal anticoagulation rule is
given.

Core Idea 4: changing demand

Cardiac output is presented as heart rate multiplied by stroke volume.
Preload, contractility and afterload are used as practical organising terms
with acknowledged limitations. The Frank-Starling relation describes the
tendency for greater ventricular filling within a physiological range to
increase force and stroke volume. It does not imply that unlimited filling
improves output. Excess pressure and volume can raise wall stress and
congestion.

The standing example follows baroreflex physiology. Gravity shifts blood
towards dependent veins, reducing central blood volume and stroke volume
unless venous return and vascular tone compensate. Baroreceptor
signalling changes autonomic outflow within seconds. Dehydration, blood
loss, medication, autonomic dysfunction and prolonged bed rest can alter
the response. The example explains mechanism and is not a diagnostic test
for dizziness.

Exercise and heat are kept at boundary depth. Exercise raises cardiac
output through changes in rate, stroke volume, contractility, venous return
and regional vascular resistance. Heat adds skin blood flow and fluid-loss
demands. Detailed training prescription, adaptation and recovery remain
with Exercise in a Hurry.
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Core Idea 5: coronary self-supply and myocardial
infarction

Coronary arteries arise from the aortic root and supply myocardium that
cannot obtain enough oxygen by diffusion from chamber blood. Contraction
compresses intramyocardial vessels, especially in the high-pressure left
ventricle and subendocardium. Left-coronary flow is therefore predominantly
diastolic, not exclusively confined to diastole. Tachycardia can increase
oxygen demand while shortening diastolic perfusion time.

The atherosclerosis account follows the European Atherosclerosis Society
consensus on causal apoB-containing lipoprotein retention and modern
reviews of plaque biology. Plaque burden, outward remodelling, composition
and disruption matter as well as visible narrowing. The narrative
distinguishes fixed-flow limitation from plaque rupture or erosion with
thrombosis and retains coronary spasm, embolism, spontaneous coronary
artery dissection and microvascular dysfunction as important
counterexamples to the dirty-pipe model.

The Fifth Universal Definition is the controlling source for infarction
terminology. It replaces the old numbered types with a clinical classification.
Primary myocardial infarction follows spontaneous acute coronary
pathology, most often atherothrombosis, with dissection, embolism and
vasospasm among other causes. Secondary infarction requires acute
myocardial injury, evidence of ischaemia and a supply-demand imbalance
caused by another acute condition. Procedure-related infarction requires an
ischaemic complication of a percutaneous or surgical cardiac procedure
within the specified setting and supporting criteria. These categories are
compressed for a general reader and do not replace the full diagnostic
pathways.

NICE guidance and the 2025 ACC/AHA acute-coronary-syndrome guideline
support the warning that a normal or non-diagnostic initial ECG does not
exclude acute coronary syndrome. NHS guidance supports calling 999 for
suspected heart attack. The Fifth Universal Definition reports that chest pain
has high and similar sensitivity for myocardial infarction in women and men,
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while women more often report additional symptoms and may experience
delayed recognition. It discourages the labels typical and atypical. Absence
of chest discomfort is more common among older people and people with
diabetes.

Core Idea 6: different failures and different tests

Heart failure is described as a clinical syndrome involving symptoms or
signs caused by structural or functional cardiac abnormality, with impaired
output, raised filling pressures or both. Reduced ejection fraction is one
phenotype. Preserved ejection fraction can coexist with impaired relaxation,
small effective stroke volume, abnormal pressure responses, atrial or
right-ventricular dysfunction and valve disease. The 2026 ESC guideline
eliminated the intermediate HFmrEF phenotype and classifies symptomatic
heart failure as HFrEF below 50 per cent and HFpEF at 50 per cent or
above when objective structural or functional evidence supports
left-ventricular diastolic dysfunction or raised filling pressure, with raised
natriuretic peptides as supportive evidence. The guideline calls a single
cut-off somewhat arbitrary because measurement varies by modality and
interpreter; mitral regurgitation can make ejection fraction falsely high.
These categories are reported as the current European framework rather
than a universal biological boundary.

Valve disease, cardiomyopathy and congenital heart disease are included to
prevent coronary disease from becoming the whole subject. Each is treated
at mechanism level rather than as an exhaustive classification. Adult
congenital survival and lifelong follow-up are described without assigning
one global prevalence, since detection and access vary substantially.

The test descriptions follow their measurement domains. ECG examines
electricity. Echocardiography examines moving structure and estimates
haemodynamics. Cardiac troponin indicates injury. Natriuretic peptides
support assessment of wall stress and heart failure but vary with age,
rhythm, kidney function and body composition. Coronary CT and invasive
angiography depict coronary anatomy differently. Cardiac magnetic
resonance can characterise function, scar and tissue patterns. No test is
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presented as a complete verdict.

Core Idea 7: compensation and remodelling

The compensation model follows standard heart-failure physiology and
current guideline treatment logic. Sympathetic activation, vasoconstriction,
sodium and water retention, increased contractility and structural
remodelling can preserve perfusion after acute loss. Persistent activation
can raise myocardial oxygen demand, afterload, filling pressure, congestion,
fibrosis and arrhythmic risk. The manuscript treats helpful and harmful
effects as time-, dose- and context-dependent rather than assigning one
signal a fixed moral status.

The renin-angiotensin-aldosterone system, sympathetic nervous system
and natriuretic peptides are compressed to their roles in pressure, vascular
tone, fluid balance and counter-regulation. Treatment examples are
mechanism illustrations, not prescribing advice. Diuretics relieve congestion.
Neurohormonal therapies and other disease-modifying medicines improve
outcomes in defined groups. Revascularisation, valve procedures, rhythm
treatment, pacemakers, implantable defibrillators, resynchronisation,
mechanical support and transplantation apply to selected mechanisms and
stages.

The operating sequence

The cycle is reconstructed from filling through electrical activation,
isovolumetric contraction, ejection, relaxation and coronary perfusion. Valve
states follow pressure gradients. Ejection fraction is defined as the
proportion of end-diastolic volume ejected, not as the percentage of blood in
the body pumped. Ventricular twist and recoil are retained only to show that
ejection and filling arise from three-dimensional muscle architecture, not a
piston moving in a cylinder.

The coronary-emergency sequence follows NHS, NICE, the Fifth Universal
Definition and current acute-coronary-syndrome guidance. ECG, serial
troponin and imaging are combined because timing and mechanism matter.
Percutaneous coronary intervention and bypass surgery are described by
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purpose rather than procedural detail. Reperfusion can preserve threatened
myocardium but cannot revive cells already dead; later scar and remodelling
explain why treatment continues after the artery is opened.

The cardiac-arrest passage follows Resuscitation Council UK Guidelines
2025. An unresponsive person should prompt a 999 call. Unresponsiveness
with abnormal breathing should be treated as cardiac arrest. Adult chest
compressions are given at 100 to 120 per minute, at least five centimetres
but no more than six centimetres deep, with recoil and minimal interruption.
Trained rescuers may alternate 30 compressions with two rescue breaths;
untrained rescuers can give continuous compressions. Anyone can use an
AED by following its prompts. Defibrillation is used for shockable rhythms,
chiefly ventricular fibrillation and pulseless ventricular tachycardia, rather
than asystole.

The heart-failure sequence follows current ESC and standard UK diagnostic
logic. Symptoms such as breathlessness, oedema and fatigue are
non-specific. ECG, blood tests, natriuretic peptides, echocardiography and
further imaging are selected according to the suspected mechanism. The
2026 guideline's stage A, B, C and D framework distinguishes risk, pre-heart
failure, symptomatic disease and advanced disease to support prevention
and earlier recognition. Treatments must be individualised by phenotype,
kidney function, pressure, rhythm, valves, comorbidities and tolerance.

Misconception corrections

The anatomical correction follows the heart's central mediastinal position.
The emergency distinction follows NHS and Resuscitation Council UK
definitions. The atherosclerosis correction follows plaque biology rather than
external pipe fouling. The defibrillation correction follows the separation of
shockable rhythms from asystole and pulseless electrical activity. The ECG
correction follows NICE and acute-coronary-syndrome guidance. The
sex-and-symptoms correction rejects male-default medicine, the
typical-versus-atypical label and a rigid claim that women have a separate
symptom set. The fitness correction follows the distinction between
population risk reduction and individual immunity.
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Practical lenses

The practical lenses are deliberately non-diagnostic. They separate rate,
rhythm, pressure and flow; place symptoms against demand and trajectory;
ask what each test measures; frame risk as cumulative exposure rather than
moral worth; and preserve the UK emergency chain. New or severe
symptoms, collapse, central chest pressure and suspected cardiac arrest
require professional or emergency assessment rather than interpretation
from this book.

The risk discussion follows WHO, ESC prevention guidance and NHS
cardiovascular-disease material. Tobacco exposure, sustained high blood
pressure, apoB-containing lipoproteins, diabetes, kidney disease, inactivity,
diet, air pollution, age, genetics and access to care are presented as
interacting influences. The book does not assign a personal risk score, drug
threshold or target.

Terms and Go Deeper

Glossary definitions follow common clinical and physiological usage.
Preload, afterload, contractility, heart failure, ischaemia and infarction can
carry more technical definitions in specialist contexts; the entries are
operational guides to this manuscript. Publisher and library records were
checked for the four recommended works. Klabunde's third edition was
published by Wolters Kluwer in 2021. Harding's book was published by MIT
Press in 2022. Jauhar's Heart: A History was published in 2018. The Carty
edition of Harvey's work, using Robert Willis's translation, was published by
Resource Publications in 2016.

Anecdote and scenario provenance

The manuscript contains no invented patient, dialogue, private thought or
undocumented clinical scene. Pulse palpation, stairs, standing, heat and
symptom examples are generic physiological illustrations. The sequence of
a coronary emergency is explanatory rather than a reported case. Exact
figures are either guideline instructions, population estimates with a named
observation period or bounded physiological reference values.
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