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The Whole Thing in One Page
Blood looks like one red liquid doing one obvious job. It is closer to a
crowded moving tissue whose parts are continually made, altered, spent
and replaced. Plasma carries salts, proteins, nutrients, hormones and
wastes. Red cells package oxygen in haemoglobin. White cells patrol,
redistribute and leave the circulation when vessel surfaces display the right
signals. Platelets and clotting proteins wait in a fluid that must remain open
until damage gives them somewhere precise to act.

That arrangement solves a problem created by size. A human cell can
exchange material across its own membrane, but it cannot reach the lungs,
gut, liver or kidneys by diffusion alone. Blood links distant organs to
microscopic exchange surfaces. The heart supplies pressure, vessels
distribute flow and capillaries bring the moving cargo close enough to
tissues for gases and dissolved substances to cross. The river image is
useful because flow matters. It misleads when it makes blood sound
passive. Blood changes with every circuit and responds locally to the
surfaces it meets.

Oxygen shows the design at its most compressed. Too little dissolves in
plasma to support an active body, so red cells carry millions of haemoglobin
molecules while giving up a nucleus and most internal machinery to make
room. Haemoglobin loads oxygen in the lungs and releases more where
acidity, carbon dioxide and temperature signal active tissue. Oxygen
saturation describes how full the available binding sites are. Delivery also
depends on how much haemoglobin exists and how much blood reaches
the tissue. A reassuring percentage can therefore coexist with inadequate
carriage or flow.

The supply cannot be permanent. Bone marrow produces new cells,
kidneys adjust red-cell output through erythropoietin and macrophages
dismantle ageing red cells after roughly four months. Most of their iron is
recovered and sent back to the marrow. Blood is less a stock than a
controlled turnover.
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Containment creates the central contradiction. Blood must stay fluid
throughout an immense vascular network, yet seal a breach within minutes.
The vessel wall, platelets, coagulation proteins and fibrinolytic system
coordinate that local repair. Too little response means bleeding. Too much,
or action in the wrong place, means thrombosis.

Compatibility reveals another limit. Red cells carry hundreds of inherited
surface antigens. ABO and RhD are the best known, but safe transfusion
depends on the component being given, the recipient's antibodies, previous
exposure and laboratory testing. Donated blood is usually separated into red
cells, platelets and plasma because different patients need different
functions.

The main disorders now fall into a small set of failures: insufficient volume,
inadequate oxygen carriage, poor production, excessive destruction,
defective haemoglobin, failed containment, obstructed flow, incompatible
transfusion or clonal cells taking over the marrow. Because blood is the
shared route, none remains neatly local for long.

Even the ordinary blood test follows this logic. A full blood count reports
concentrations, sizes and proportions from one sample, not a complete
inventory of the body. Hydration can change a concentration without
creating or destroying cells; white-cell counts can also shift through
redistribution. A result inside a reference interval may still need explanation,
while one outside it may reflect a harmless difference. Blood is useful
because it integrates the body. Reading it requires knowing which part of
that integration a number can reveal.

That is the book.
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Why You Should Care
A bag of donated blood does not remain a bag of blood. Soon after
collection, it can be separated into red cells, plasma and platelets, each with
a different purpose, storage problem and compatibility rule. One patient may
need oxygen-carrying cells after major bleeding. Another may need platelets
because treatment has left too few to seal damaged vessels. A third may
need plasma proteins during severe haemorrhage. The familiar red bag is
therefore less a substance than a temporary bundle of functions.

That is the first reason to care. Blood is where the body becomes divisible
without becoming simple. Its components can be counted, separated, stored
and replaced, yet none makes sense alone. A red-cell transfusion raises
carrying capacity but does not restore every property of lost blood. Platelets
can help one form of bleeding and do little for another. Plasma can supply
coagulation factors while adding volume that a vulnerable circulation may
not welcome. Medicine succeeds by identifying the missing function rather
than treating redness as the diagnosis.

The second reason is that blood gives access to processes far beyond the
needle. A full blood count reports red cells, white cells and platelets in a
measured volume, along with red-cell size and haemoglobin. Its differential
separates major white-cell populations, though it samples traffic rather than
every immune cell in the body. A blood film can reveal shape, maturity and
abnormal populations. Reticulocytes can show whether marrow is
responding to anaemia. Ferritin, coagulation tests, antibody screens and
chemistry measurements ask different questions of the same circulating
sample.

This access is powerful and easy to misuse. The sample is a snapshot of a
moving system. A concentration can shift because the measured material
changed, because the plasma volume changed, or both. A reference
interval describes a selected comparison population, not a border between
health and illness. A normal count does not prove that haemoglobin
releases oxygen properly, that clotting cannot fail under stress, or that every
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tissue receives adequate flow. Blood tests are windows. They are not
verdict machines.

The third reason is that several apparently unrelated emergencies share
one transport problem. Heavy bleeding removes volume and red cells.
Carbon monoxide occupies haemoglobin sites and alters oxygen release. A
clot can leave plenty of oxygen in the blood while preventing it from reaching
the tissue downstream. Sickle cell disease changes haemoglobin, red-cell
survival and small-vessel flow at once. Leukaemia can fill marrow with a
clone that crowds out normal production. The organs fail differently, but the
common route makes the consequences travel.

Blood also corrects a tempting picture of control. The circulation is neither a
set of rigid pipes nor a river obeying one central command. Vessel walls
sense local conditions. Red cells deform through capillaries narrower than
their resting diameter. Platelets remain quiet until the right surface appears.
Coagulation reactions gather on cells near injury. Fibrinolysis later removes
the repair. Marrow output changes over days, while flow can be redistributed
in seconds. Stability comes from many timed local responses sharing one
moving medium.

The limits matter. This is not a handbook for interpreting personal results,
treating anaemia, managing anticoagulants or deciding whether someone
needs transfusion. The same number can mean different things across age,
sex, pregnancy, altitude, illness, medication and laboratory method. The
purpose here is to make the system intelligible enough that the questions
improve.

Once you see blood as living transport rather than red liquid, a bruise, a
pulse oximeter, a laboratory report and a transfusion label all become parts
of the same design problem: move the right cargo, keep it moving, keep it
contained and change course at the exact place where conditions demand
it.
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The Core Ideas
A Tissue in Motion
Blood is usually introduced as a liquid. That is true in the same unhelpful
sense that a city is concrete. The useful unit is the organised mixture.

Plasma is the water-rich fluid phase. It carries electrolytes, nutrients,
hormones, waste products and thousands of proteins, including albumin,
antibodies and components of clotting. Suspended within it are red cells,
white cells and platelets. The first two are cells, though a mature human red
cell has discarded its nucleus and most organelles. Platelets are fragments
released from much larger marrow cells. Together they make blood a
specialised connective tissue: cells and cell fragments moving through an
extracellular matrix that happens to flow.

An adult often carries around five litres, but body size, pregnancy, training,
hydration and illness alter the figure. A little over half the volume is
commonly plasma. Red cells occupy most of the remainder. The fraction
taken by red cells is the haematocrit, and it exposes the first trade-off. More
red cells can raise oxygen-carrying capacity. They also make blood more
viscous. A suspension crowded with cells demands more pressure to move
and behaves differently in tiny vessels. Carrying capacity and flow cannot be
maximised independently.

The mixture also changes while it travels. Plasma water moves across
capillary boundaries. Proteins bind and release cargo. Red cells load and
unload gases. White cells roll, adhere and leave vessels where signals
direct them. Platelets inspect the vessel surface without sealing healthy
endothelium. The blood returning from a working muscle is not chemically
identical to the blood that entered it. The route is circular; the state is not.

This explains why concentrations must be read carefully. A haemoglobin
value reports haemoglobin per volume of blood, not the body's total
haemoglobin mass. Lose plasma water through dehydration and the
measured concentration may rise without one new red cell being made.
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Receive fluid or retain plasma during pregnancy and a concentration may
fall while the total red-cell mass is stable or increased. The laboratory result
is real. The story attached to it still requires volume.

Blood's apparent uniformity hides specialised traffic. Albumin carries
selected molecules and contributes to the osmotic forces governing fluid
exchange across vascular barriers. Lipoproteins transport water-insoluble
lipids. Hormones travel at tiny concentrations. Antibodies and complement
distribute soluble immune capacity.

White cells occupy circulating, marginated, marrow and tissue pools. A
peripheral count samples only those freely moving in the punctured vessel
at that moment. Infection, stress, exercise and some medicines can alter it
through redistribution before production changes. Immune work continues
after recruitment; blood provides the moving pool, the vessel surface and
the route into tissue.

The fluid also links chemical control across organs. Bicarbonate and
proteins buffer changes in acidity. Blood carries heat from active tissue
towards skin and deeper organs according to the pattern of flow. The liver
alters nutrients and removes selected toxins; kidneys adjust water,
electrolytes and acid-base balance; lungs exchange gases. Blood performs
none of these organ jobs alone. It makes their work available to the rest of
the body and returns the consequences for further correction.

The river metaphor therefore needs one correction. A river follows its banks
and carries whatever enters it. Blood helps regulate the banks, changes the
cargo, repairs breaches and is rebuilt while the circuit continues. It is
transport that participates in what it transports.

Oxygen Has to Be Packaged
Oxygen crosses from air into blood because its partial pressure is higher in
the alveoli than in arriving venous blood. The molecule then faces a scale
problem. Oxygen is poorly soluble in watery plasma. Dissolved oxygen
alone cannot support the metabolism of a large active human body at
ordinary pressure. The circulation needs packaging.
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Haemoglobin supplies it. Each molecule contains four haem groups, each
built around an iron atom capable of binding one oxygen molecule. Pack
millions of haemoglobin molecules into each red cell and the blood can carry
far more oxygen than plasma could dissolve. The red cell is shaped around
that task. It is a flexible biconcave disc, thin at the centre, with a large
surface relative to its volume. It gives up a nucleus and mitochondria as it
matures, creating room for haemoglobin and avoiding consumption of the
oxygen it carries.

Binding is cooperative. When one oxygen molecule attaches, haemoglobin
changes shape and the next binds more readily. When oxygen begins to
leave, further release becomes easier. This produces the familiar S-shaped
dissociation curve and gives the system useful restraint. In the lungs, where
oxygen pressure is high, haemoglobin loads near the top of the curve. In
resting tissues it releases a portion without emptying. In warmer, more
acidic tissue producing more carbon dioxide, haemoglobin's affinity falls, so
more oxygen is delivered where metabolism has changed the local
conditions.

This creates three quantities that are often collapsed into one. Oxygen
saturation is the proportion of available haemoglobin binding sites carrying
oxygen. Oxygen content depends mainly on saturation and the amount of
haemoglobin present. Oxygen delivery then depends on content and blood
flow. A pulse oximeter can show a high saturation in severe anaemia
because the haemoglobin that remains is well loaded. It cannot tell you that
there is enough haemoglobin. Nor can a full reservoir help tissue
downstream of a blocked artery. Fullness, capacity and delivery are
separate questions.

Carbon dioxide returns by several routes. Some dissolves in plasma. Some
binds to haemoglobin and other proteins. Most is converted, largely through
reactions accelerated inside red cells, into bicarbonate that travels in
plasma. In the lungs the reactions reverse and carbon dioxide is exhaled.
Red cells therefore carry more than oxygen. They help link gas transport to
acid-base control.
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The arrangement is efficient but chemically exposed. Iron must sit in the
correct state to bind oxygen. Carbon monoxide binds haemoglobin with high
affinity and also alters release from remaining sites. Abnormal
haemoglobins can change solubility, stability or production. In sickle cell
disease, deoxygenated sickle haemoglobin can polymerise, distorting cells,
shortening their survival and obstructing small vessels. One molecular
change reaches oxygen carriage, cell mechanics and flow at once.

Affinity itself must be balanced. Haemoglobin that held oxygen too tightly
would load well and unload poorly. Haemoglobin that released too freely
would struggle to fill in the lungs. Acidity, temperature, carbon dioxide and
2,3-bisphosphoglycerate shift that balance. Fetal haemoglobin binds oxygen
more strongly than adult haemoglobin, helping transfer across the placenta
where two circulations approach without mixing directly. The molecule's
value lies in reversible attachment tuned to a route, not maximum grip.

The memorable number on a pulse oximeter is therefore a partial answer.
Oxygen reaches a cell only when the lungs load haemoglobin, enough
functioning haemoglobin exists, the heart and vessels deliver it, and the
capillary boundary allows exchange. Blood packages oxygen because
transport across distance requires concentration. It still has to unpack it in
the right place.

The Work Happens at the Edge
Large vessels are impressive because they are visible. Most exchange
happens where the circulation becomes almost invisible.

Arteries divide into smaller branches and arterioles, which control resistance
and distribute flow. These lead into capillary networks whose walls are
usually one endothelial cell layer thick, supported by a basement membrane
and local cells. Red cells often deform and pass through in single file. The
design slows and spreads the blood, places it close to surrounding tissue
and creates a short diffusion distance. Oxygen and carbon dioxide can
move down their gradients. Water and dissolved substances cross
according to size, charge, transport pathways, local pressure and the
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properties of that particular vascular bed.

There is no generic capillary. The brain protects its chemical environment
with tight junctions and specialised transport. Kidney glomeruli filter plasma
through a layered barrier while retaining cells and most proteins. Liver
sinusoids permit extensive exchange between plasma and hepatocytes.
Bone marrow vessels allow newly formed cells to enter the circulation. The
shared blood meets boundaries designed around local work.

Older diagrams teach that fluid filters from the arterial end of a capillary and
is pulled back at the venous end by plasma proteins. That picture can fit
transient conditions, but not steady exchange as a universal rule. The
endothelial glycocalyx helps determine effective osmotic and hydraulic
forces across the wall. In many systemic beds at steady state, net filtration
continues along much of the capillary and sustained venous reabsorption is
limited. Reabsorption can occur when capillary pressure falls, and
specialised beds differ. Lymphatics return net filtered water, proteins and
cells.

That revision matters because swelling is not merely water that failed to be
sucked back by a venous capillary. Oedema can arise when filtration rises,
the plasma-protein contribution changes, the endothelial barrier becomes
more permeable or lymphatic return fails. The visible ankle or flooded lung is
the result of a boundary and drainage problem, not one broken force.

Flow is matched locally as well. Active tissue accumulates carbon dioxide,
hydrogen ions, potassium, adenosine and other signals that can favour
arteriolar dilation. Endothelial cells respond to chemical signals and shear
stress. Red-cell oxygen unloading changes with local conditions. The
system does not wait for a central controller to identify every contracting
fibre. Local metabolism alters the route and release at the edge.

Cell distribution changes inside the smallest routes. Red cells tend to travel
towards the centre of a vessel, leaving a plasma-rich layer near the wall. At
branch points they do not always divide in the same proportion as plasma,
so neighbouring microvessels can carry different haematocrits. This
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behaviour reduces apparent viscosity in some small vessels and places
platelets nearer the endothelium. Whole-blood averages therefore conceal a
shifting microscopic arrangement that helps determine resistance, exchange
and haemostatic readiness.

This is also where geometry becomes dangerous. A clot need not remove
much blood to block one small artery feeding heart or brain. Sickle cells can
disturb microvascular flow while large arteries remain open. During
inflammation, activated endothelium can capture white cells, bring them
from rolling to arrest and admit them into tissue, while permeability and
coagulation change around the same site. A microscopic surface can
redirect the whole system.

The circulation solves distance by bulk flow and solves final delivery by
diffusion and transport across boundaries. Confuse the two and blood looks
like a pipe network. Keep them separate and the design becomes clear: the
large vessels move cargo quickly; the capillary edge decides whether the
cargo becomes useful.

The Supply Is Rebuilt to Demand
A red cell can circle the body again and again, but it cannot repair itself
indefinitely. It has no nucleus with which to replace the full set of damaged
proteins, and its membrane is repeatedly bent through capillaries and the
spleen. After roughly 120 days on average, ageing cells are removed mainly
by macrophages in the spleen, liver and marrow. The circulation continues
because production and clearance are coupled.

Production begins in red marrow, concentrated in adults within the pelvis,
vertebrae, ribs, sternum and the ends of some long bones. Haematopoietic
stem cells generate branching lineages that produce red cells, several
classes of white cell and the megakaryocytes that shed platelets. A
developing red cell builds haemoglobin, condenses and expels its nucleus,
then enters blood as a reticulocyte that completes its maturation over the
next day or two. Counting reticulocytes gives a practical clue: is the marrow
responding to a loss, or is production itself inadequate?
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The kidney provides an important demand signal. Specialised
oxygen-sensing pathways respond when renal tissue receives too little
usable oxygen and increase production of erythropoietin. The hormone
travels to marrow and promotes survival and development of red-cell
precursors. This is why chronic kidney disease can cause anaemia even
when iron is present. The factory has lost part of its order system.

Orders still require materials. Iron sits at the centre of haem. Folate and
vitamin B12 support DNA synthesis in rapidly dividing precursors. Amino
acids build globin chains. A shortage can slow output or produce cells of
characteristic size and appearance. Yet the body obtains most iron used for
daily red-cell production from recycling rather than from that day's food.
Macrophages dismantle old haemoglobin, release iron through ferroportin
and load it onto transferrin for return to marrow. Ferritin stores iron.
Hepcidin, made by the liver, regulates how much iron leaves intestinal cells
and recycling macrophages by controlling ferroportin.

This creates an important distinction between shortage and sequestration.
During inflammation, higher hepcidin can reduce iron release and
absorption. Iron may exist in stores while becoming less available to
developing red cells. A low haemoglobin can therefore arise from blood loss,
deficient intake, poor absorption, increased need, impaired recycling,
inflammation, kidney failure, marrow disease, defective haemoglobin or
excessive destruction. The label anaemia names the result. It does not
identify the route.

Other blood elements keep different clocks and pools. Neutrophils can leave
marrow reserves or move among marginated, circulating and tissue
compartments, so the count may change before new production could
explain it. Lymphocytes recirculate through blood and lymphoid tissues,
while some persist for years. Platelets circulate for days and are continually
replaced from megakaryocytes. A differential count therefore reflects traffic
as well as production. Marrow remains a responsive tissue allocating limited
space and resources across competing demands.

Marrow response has a speed limit. Flow can be redistributed in seconds
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and existing red cells can unload more oxygen immediately, but making a
mature population takes days. Early compensation for blood loss therefore
relies on circulation, fluid shifts and increased extraction before production
can replace cells. The delay explains why reticulocytes act as a timestamp
and why stored iron, folate and vitamin B12 matter before a crisis. Reserve
is useful only when the signalling and materials can reach the developing
lineage in time.

This responsiveness can also fail by success in the wrong lineage. A
malignant clone may expand in marrow, blood or lymphoid tissue, producing
abnormal cells while crowding out normal red cells, platelets and white-cell
precursors. The result can combine anaemia, bleeding and infection. The
system's power to renew is inseparable from the risk that renewal escapes
control.

Fluid Until It Must Seal
Every heartbeat exposes blood to an enormous vessel surface. If contact
alone triggered clotting, the circulation would solidify. If the system ignored
surfaces, a small cut would remain open. Haemostasis solves both
problems by making the response conditional and local.

Healthy endothelium is an active anti-clotting surface. It separates blood
from collagen and tissue factor, releases signals that discourage platelet
activation, supports natural anticoagulant pathways and helps regulate
fibrinolysis. Injury changes the surface. Collagen and von Willebrand factor
help platelets adhere under flow. Platelets change shape, release signals
and recruit others, forming a temporary plug. At the same time, tissue factor
exposed at the damaged site helps initiate coagulation reactions that
generate thrombin.

Thrombin is a decisive organiser. It activates platelets, amplifies coagulation
and converts soluble fibrinogen into fibrin strands that stabilise the plug.
Factor XIII cross-links fibrin. The old cascade diagram remains useful for
naming factors and understanding laboratory tests, inherited deficiencies
and drug targets. It becomes misleading when it suggests a row of proteins
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toppling freely through plasma. In the body, initiation, amplification and
propagation occur on cell surfaces, with tissue-factor-bearing cells and
activated platelets localising the chemistry.

Control is as important as acceleration. Antithrombin inhibits thrombin and
other activated factors. The protein C system restrains amplification. Tissue
factor pathway inhibitor limits initiation. Flow dilutes and removes activated
material. Intact neighbouring endothelium maintains an inhibitory boundary.
Once repair is established, plasmin cuts fibrin during fibrinolysis, while its
own activators and inhibitors decide how quickly the scaffold is removed. A
clot is therefore built inside a system already arranging its end.

Different defects reveal the layers. Too few platelets or poorly functioning
platelets often produce easy bruising and bleeding from skin or mucosal
surfaces. Deficiencies in coagulation factors can impair stable fibrin
formation, producing deeper or prolonged bleeding. Failure of vessel
integrity can bleed despite normal counts. Excess coagulation, weak
inhibition, sluggish flow or an activated vessel wall can produce thrombosis.
One word, clotting, hides several jobs.

The vessel wall, blood composition and flow meet in thrombosis. Damage or
inflammation can make endothelium pro-coagulant. Stasis allows activated
factors to accumulate and brings cells into different patterns of contact.
Inherited or acquired changes can increase coagulation. This is why a clot in
a deep leg vein and a clot forming over a ruptured arterial plaque share
chemistry but arise in different physical settings. The useful question is not
whether the blood became sticky. It is what changed at the surface, in the
flow or in the blood.

Flow regime changes the architecture of a thrombus. Many platelet-rich
arterial thrombi form under high shear at a disrupted surface, while venous
thrombi under stasis commonly contain more fibrin and trapped red cells.
These are tendencies, not separate chemistries: platelets and coagulation
contribute to both, and real thrombi change as they grow. This is why an
antiplatelet drug and an anticoagulant are not interchangeable versions of
one blood-thinning idea, and why the location of a clot helps determine
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prevention and treatment.

Haemostasis can also become systemic. In disseminated intravascular
coagulation, widespread activation consumes platelets and factors while
creating microvascular fibrin. A patient can clot and bleed within the same
disorder. That apparent contradiction is the final lesson. Fluidity and sealing
are not opposite systems taking turns. They are one controlled balance. The
danger begins when a local response loses its location.

Compatibility Is an Immune Problem
Red cells look interchangeable under light. Their surfaces are not.

A blood-group antigen is an inherited molecular feature on a cell surface.
The ABO system is unusually important because people commonly have
antibodies against the A or B antigens they lack. Give incompatible red cells
and those antibodies can bind the donor cells, activate complement and
cause rapid haemolysis. The label on the unit therefore describes a
biological relationship, not a shade of red.

RhD is another major antigen. People who lack it do not normally carry the
same predictable natural anti-D pattern seen in ABO, but exposure through
pregnancy or transfusion can stimulate antibody formation. Those
antibodies matter in later transfusions and can cross the placenta in a later
pregnancy, attacking fetal red cells. Where screening and anti-D
immunoglobulin programmes are available and used, much RhD
sensitisation and haemolytic disease can be prevented. The mechanism
remains a memory problem: the immune system records an antigen that the
person does not possess.

ABO and RhD are the opening screen, not the complete map. As checked
on 3 September 2026, the International Society of Blood Transfusion
recognised 48 blood-group systems containing 398 red-cell antigens,
associated with 56 genes. Many rarely cause trouble. Some become
important after transfusion or pregnancy, particularly in people who need
repeated support. An antibody screen looks for unexpected clinically
significant antibodies, and crossmatching supplies the final compatibility
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check for the intended transfusion. Compatibility becomes more individual
as exposure history grows.

Antibodies can also fade below routine detection while immune memory
remains. A later exposure may provoke a faster response and a delayed
haemolytic reaction after apparently compatible cells have circulated for
days. Historical records therefore matter alongside the current sample. The
safest matching system remembers what the patient's immune system once
revealed, even when today's screen cannot see it. Compatibility is partly a
history of encounters.

The phrase universal donor compresses too much. O negative red cells lack
A, B and D antigens and are valuable when red cells must be given before a
recipient's group is known. They still carry other antigens, and the donor
plasma within a red-cell unit is not the same compatibility problem as the
cells. Plasma matching runs in the opposite ABO direction because donor
plasma brings antibodies. Platelets express ABO antigens variably, contain
donor plasma and have additional considerations. There is no universal bag
for every component and recipient.

Modern transfusion practice therefore separates donated blood into
functions. Red-cell components restore oxygen-carrying cells. Platelets
support primary haemostasis when count or function is inadequate. Plasma
supplies a broad mixture of coagulation proteins in selected settings.
Cryoprecipitate concentrates fibrinogen and some other proteins. Each
product has its own preparation, storage, testing, dosing logic and risk.
Separation lets one donation serve different clinical needs, but it also
destroys the fantasy that blood is one medicine.

Compatibility is more than avoiding an immediate reaction. Laboratories
identify the patient carefully because perfect testing attached to the wrong
person is useless. Services test donations for blood group and relevant
infections, track components and investigate reactions. Clinicians weigh
transfusion against alternatives because benefits coexist with circulatory
overload, immune reactions, infection risk and the possibility of creating new
antibodies. The threshold depends on bleeding, symptoms, diagnosis,
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physiology and the component, not one number detached from the patient.

Transfusion works because cells and proteins collected from one body can
perform in another. It remains safe only when the receiving immune system
is treated as part of the product specification.

A Shared Medium Makes Failure Systemic
Blood earns its importance by being everywhere. That is also why its
failures refuse to stay in one organ.

Begin with volume. Acute haemorrhage removes circulating fluid, red cells
and clotting capacity. The immediate threat is loss of pressure and flow; the
fall in measured haemoglobin can lag because whole blood has been lost
together. Later fluid shifts or treatment change the concentration. Chronic
blood loss creates a different problem, often depleting iron and gradually
reducing haemoglobin production. The same verb, bleed, can therefore
produce shock in minutes or anaemia over months.

Anaemia means haemoglobin concentration below an appropriate threshold
for the person and setting. It is not one disease and does not necessarily
mean too few red cells. Cells may be too small and haemoglobin-poor, large
because precursor division is impaired, normal in size but reduced in
number, or abnormal in shape and survival. The cause can be reduced
production, blood loss or increased destruction, with overlap between them.
Symptoms arise when oxygen delivery and compensation no longer meet
demand, so speed of onset, cardiovascular reserve and activity matter
alongside the number.

Haemolysis shortens red-cell survival. It can occur within vessels or after
macrophages remove damaged, antibody-coated or misshapen cells. The
marrow may respond with more reticulocytes if it has the materials and
signalling capacity. Sickle cell disease adds obstruction to destruction.
Thalassaemias reduce balanced globin-chain production. These are
haemoglobin disorders, but their consequences reach marrow expansion,
spleen, iron balance, pain, organ perfusion and transfusion exposure.
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Containment can fail in either direction. Too few platelets, impaired platelet
function, deficient coagulation factors, fragile vessels or excessive
fibrinolysis can produce bleeding. Venous thromboembolism can block lung
circulation after a clot forms in a deep vein and travels. Arterial thrombosis
can deprive brain, heart or limb of flow. A thrombus is made from blood, but
its clinical meaning is determined by location.

Production failure reaches several lines at once. Aplastic marrow may leave
too few red cells, white cells and platelets. Chemotherapy can do the same
temporarily. Leukaemia and related malignancies can fill marrow or blood
with a clone that is abundant but ineffective, while normal production falls. A
high white-cell count can therefore coexist with impaired defence. More cells
do not guarantee more function.

Excess creates its own problem. More red cells increase oxygen content up
to a point, while also raising viscosity. Platelet or white-cell excess can
sometimes contribute to abnormal flow or clotting, depending on cause and
degree. Blood must be crowded enough to carry its work and fluid enough to
reach the narrowest useful route. The optimum is constrained, not maximal.

Laboratory medicine sorts these failures by combining measures. The full
blood count gives concentrations, haemoglobin, haematocrit, cell indices
and differential counts. White-cell populations can shift through marrow
release, demargination and tissue entry without mapping total immune
capacity. Reticulocytes test marrow response. A film shows morphology.
Iron studies, haemolysis markers, coagulation tests, antibody tests, marrow
examination, genetics and molecular assays answer narrower questions. No
single panel contains the diagnosis. Each measurement locates failure more
precisely within volume, carriage, production, survival, containment,
compatibility or flow.

Treatment often reveals the same structure. Fluid can restore circulating
volume without replacing oxygen capacity. Red-cell transfusion can bypass
failed production without repairing marrow. Anticoagulation can reduce
extension of a thrombus without reopening every blocked vessel. Iron helps
only when iron availability limits erythropoiesis. The useful intervention is the
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one aimed at the failed control, while the cause and downstream damage
are addressed separately.

The causal loop now closes. A shared moving tissue is efficient because
one route can connect every organ to lungs, gut, kidneys, liver, marrow and
immune tissues. The price is common dependence. When the cargo is
missing, the route blocked, the seal misplaced or the factory captured, every
distant tissue inherits the defect. Blood keeps you going because it is
shared. Blood failure matters for the same reason.

How It Actually Works
In the marrow
A red cell begins far from the bloodstream, inside the red marrow of bone. In
an adult, much of that active tissue lies in the pelvis, vertebrae, ribs and
sternum. The space contains stem and progenitor cells, developing blood
cells, supporting stromal cells, macrophages, vessels and signalling
molecules. It is a factory built around an exit route.

The starting stem cell can renew itself and generate several blood lineages.
Successive commitments narrow the options. In the red-cell lineage,
erythropoietin helps selected precursors survive and develop. They divide
repeatedly, manufacture globin chains, insert iron into haem and fill the
cytoplasm with haemoglobin. The nucleus condenses as its work ends.
Before release, the cell expels it.

That act is costly and useful. Without a nucleus, the mature cell cannot
divide or run a normal repair programme. It gains space, flexibility and a
shape suited to gas exchange. The departing reticulocyte still contains
traces of internal machinery, visible with special stains, but loses them as it
matures in blood. A healthy marrow continually releases reticulocytes to
replace ageing cells. When red cells are lost or destroyed and the marrow
can respond, the reticulocyte output rises after a delay. When anaemia
comes from failed production, the response may be weak despite the need.
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The line is supplied through an iron economy. Dietary iron crosses the gut
under tight control and binds transferrin in plasma. Much more of the daily
working supply comes from macrophages recycling old red cells. Hepcidin
can reduce both intestinal uptake and iron release from stores, particularly
during inflammation. Ferritin records storage imperfectly because it is also
influenced by inflammation. A developing red cell therefore depends on
material, access and demand signalling, not the presence of iron
somewhere in the body.

Other lineages develop beside it. Megakaryocytes grow large and extend
processes into marrow vessels, shedding platelets. Granulocyte and
monocyte precursors generate short-lived cells that can be mobilised into
blood. Lymphoid lineages feed immune systems whose cells may circulate,
settle in tissues or persist as memory. Marrow allocation is dynamic.
Infection, bleeding, inflammation, kidney function, nutrition, drugs and
malignant clones can all change what leaves the factory.

The marrow niche decides more than lineage. Developing cells receive
contact signals from neighbouring cells, compete for nutrients and approach
vascular sinuses only when their maturation permits release. Immature
precursors normally remain behind. When the architecture is disrupted by
severe stress or disease, cells that belong in marrow can appear in
peripheral blood. Their presence is evidence about the factory wall as well
as the product.

Into the circuit
The new red cell enters a venous channel and joins a population of different
ages. It passes through the right side of the heart and reaches lung
capillaries carrying haemoglobin that is partly unloaded. Carbon dioxide
diffuses towards the alveoli. Bicarbonate is converted back towards carbon
dioxide through linked reactions. Oxygen crosses in the opposite direction
and binds haem.

Loading changes haemoglobin's shape and colour, but arterial blood is not a
uniform paint. The shade depends on oxygenation, concentration, vessel
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depth and lighting. Once returned to the left heart, the cell is propelled into
the arterial tree. Large elastic arteries smooth the pressure pulse. Muscular
arteries distribute flow. Arterioles set much of the local resistance. The red
cell has no destination of its own; vessel geometry and local control decide
its route.

At rest it may pass the gut, skin, kidney, brain or a quiet muscle. During
exercise, active muscle usually receives more flow, while skin flow depends
on heat loss, intensity and environment. After a meal, the digestive
circulation changes. In cold, skin vessels may constrict. The red cell
performs the same carrying task inside a route continually repriced by
resistance.

A single circuit also changes the cell's companions. In the lungs it travels
through a dense capillary sheet exposed to alveolar gas across a thin
barrier. In the kidneys, plasma is filtered while cells remain in the vessels. In
the spleen, the cell may leave fast channels and negotiate a slow
mechanical inspection. In the liver, blood from gut and arterial sources
meets in sinusoids. The route is called one circulation because it
reconnects, not because each segment asks the same thing of blood.

Pressure and velocity change across that route. High pressure distributes
blood through arteries; the enormous combined cross-sectional area of
capillaries slows bulk movement and supports exchange; veins carry blood
back at lower pressure and contain a large share of the circulating volume.
A red cell's progress is pulsatile, interrupted and locally variable rather than
one smooth lap.
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Across the capillary boundary
At the entrance to a capillary network, the channel may be narrower than
the cell's resting width. The membrane and supporting cytoskeleton allow
deformation. Cells pass one behind another, leaving a thin plasma layer
near the vessel wall and repeatedly recovering shape. Loss of deformability
raises resistance and increases removal by the spleen. In sickle cell
disease, altered haemoglobin, adhesion, inflammation and cell stiffness can
turn this ordinary mechanical passage into obstruction.

Oxygen leaves according to partial-pressure gradients and haemoglobin
affinity. A resting tissue extracts some of the carried supply. A working
tissue lowers local oxygen pressure, produces carbon dioxide and acid,
raises temperature and recruits more flow. Those changes promote
unloading while bringing more haemoglobin through the network. Delivery
rises through chemistry and plumbing together.

Nutrients and wastes take different routes. Glucose and amino acids use
transporters to cross endothelial and tissue membranes. Lipids travel in
lipoprotein particles or, after a meal, through lymph before entering blood.
Hormones may cross freely, use carriers or act on receptors at the vessel
surface. Carbon dioxide returns dissolved, bound to proteins or converted to
bicarbonate. The blood does not dump one mixed cargo. Each substance
encounters a particular barrier and transport mechanism.

Water moves too. Hydrostatic pressure favours filtration, while the
endothelial glycocalyx and the protein difference across it shape opposing
osmotic effects. Many systemic beds show a small net outward flow at
steady state, with specialised exceptions and transient reabsorption as
pressures change. Lymphatics return net filtered fluid, proteins and cells. If
capillary pressure rises, plasma proteins fall, permeability increases or
drainage fails, fluid accumulates. Circulation and lymphatics share one
volume problem.

White cells use the microvascular wall differently. Recruitment occurs chiefly
in post-capillary venules, where local signals capture selected cells, slow
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them from rolling to firm adhesion and guide them into tissue. The sequence
is selective, not a general leak. Red-cell flow also displaces platelets
towards vessel margins, placing them near surfaces where damage may
appear. Position contributes to readiness.

Extraction differs by organ and moment. The heart removes a large fraction
of delivered oxygen even at rest, so increased work depends heavily on
increased coronary flow. Skeletal muscle at rest receives less and can
expand both flow and extraction when active. The kidneys receive
substantial flow for filtration rather than because their tissue consumes an
equivalent fraction of its oxygen cargo. A high-flow organ is not
automatically a high-extraction organ. Delivery must be read against the
purpose of the vascular bed.

Transit time creates another limit. Red cells must remain close to an
exchange surface long enough for diffusion and binding reactions to
approach the needed result. Increased flow delivers more cells, but extreme
shortening of contact can expose diffusion limits in diseased lungs or
unusual stress. The circulation gains performance by adjusting several
variables together rather than turning one flow dial without cost.

A vessel breach
A small vessel is cut. Blood meets collagen and other structures hidden
beneath intact endothelium. Von Willebrand factor helps tether platelets,
especially where shear is high. Platelet receptors engage the surface. The
platelets change shape, expose a pro-coagulant membrane and release
chemical signals that recruit and activate neighbours.

Tissue factor at the damaged site starts a limited burst of coagulation and
thrombin generation. Thrombin reinforces platelet activation and accelerates
its own production through feedback. Coagulation factors assemble on cell
membranes, concentrating reactions near the breach. Fibrin strands form
and are cross-linked through the platelet mass. What began as an adhesive
plug becomes a stronger seal.

The repair is not allowed to spread without limit. Blood flow carries activated
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material away. Antithrombin and the protein C system inhibit key enzymes.
Healthy endothelium beside the injury remains anti-thrombotic. Later, tissue
plasminogen activator helps generate plasmin, which cuts fibrin. The seal is
stabilised while the vessel repairs, then remodelled and removed.

Platelets do more than stick. Their granules release or present molecules
that recruit cells, change local vessels and support repair. Their contractile
machinery can pull on fibrin, compacting the clot and drawing wound edges.
Fibroblasts and endothelial cells then rebuild tissue and lining. Haemostasis
buys time for repair; it is not the completed repair.

A breach in a high-flow artery creates different physical demands from slow
oozing in a small vein or capillary. Pressure can dislodge a weak plug.
Shear changes which adhesive interactions matter. The same proteins and
cells are therefore weighted differently across injuries, which helps explain
why one laboratory test or one drug cannot stand in for the whole response.

A bruise shows what happens when blood escapes without breaking the
skin. Red cells enter tissue, haemoglobin is dismantled and pigments
change as macrophages clear the site. The colour shifts do not mark blood
turning blue. They mark haemoglobin breakdown, tissue depth and optics.

The end and the return
The red cell survives repeated deformation and chemical stress for roughly
four months on average. With age, membrane properties, enzyme activity
and flexibility change. The spleen tests these properties mechanically as
cells negotiate narrow passages between cords and sinuses. Cells that
cannot pass or display removal signals are retained and eaten by
macrophages. Others are cleared in liver or marrow.

Haemoglobin is dismantled. Globin becomes amino acids. Iron is recovered,
stored in ferritin or exported onto transferrin for reuse. The haem ring is
converted through pigments that contribute to bilirubin, which the liver
processes and excretes through bile. Excessive destruction can overwhelm
parts of that handling system, contributing to jaundice and other laboratory
changes.
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The cycle does not return the same molecule to the same cell. It preserves
scarce material across generations of cells. Iron accumulated over a lifetime
has no regulated route of excretion comparable with its tightly controlled
absorption, which is why repeated transfusions can create iron overload
even while each unit solves an immediate carriage problem.

Clearance can occur outside or within vessels. Extravascular haemolysis
sends cells to macrophages, often enlarging the spleen and raising bilirubin.
Intravascular destruction releases haemoglobin into plasma, where binding
proteins and kidneys face an abnormal load. Laboratory patterns such as
lactate dehydrogenase, bilirubin, haptoglobin and reticulocytes help locate
the process, but none belongs to haemolysis alone. The end of a red cell
leaves several traces because its contents enter different handling systems.

The spleen also removes selected inclusions without always destroying the
whole cell and helps shape circulating populations. People without effective
splenic function therefore lose more than a red-cell filter. Their blood films
change, and their vulnerability to selected infections rises because immune
clearance at that organ is also missing. One checkpoint serves mechanical
and immune work.

Into a laboratory tube
A blood sample begins with identification. Name, date of birth, timing,
posture, recent fluids, medication and the site and method of collection can
matter before any analyser runs. The tube itself selects a question.

For a full blood count, blood is commonly collected with EDTA, which binds
calcium and prevents clotting while preserving cells for counting. Automated
analysers estimate cell concentrations, size distributions, haemoglobin and
derived indices by combinations of electrical, optical and chemical methods.
Flags can trigger review. A blood film spreads a thin layer across glass so
cells can be examined for size, shape, colour, maturity, inclusions and
abnormal populations. The film is selective and observer-dependent, but it
can show what one numerical average hides.

The analyser does not identify every category by sight. It separates
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populations through physical and chemical signals, then applies algorithms
and quality rules. A white-cell differential samples cells circulating at that
moment, not the body's full immune inventory. Immature cells may fall
outside ordinary clusters and trigger a flag rather than a final identity.
Platelet clumping can produce a falsely low count. Repeating the sample,
changing anticoagulant or using microscopy may be needed because the
tube can misbehave after collection.

Pre-analytical error often looks biological. A tube filled to the wrong level can
distort citrate-based coagulation tests because the blood-to-anticoagulant
ratio changes. Delay can alter cell shape. Drawing above an intravenous
infusion can dilute or contaminate a sample. Prolonged tourniquet use and
posture can shift concentrations. Laboratory quality begins before
measurement and includes rejecting a number that was produced from the
wrong specimen.

Reticulocyte measurement adds time. A raised absolute reticulocyte count
can support increased production after loss or haemolysis. A low or
inappropriately modest response can suggest that marrow, materials or
signalling are failing. Interpretation must account for the severity of anaemia
because a percentage can look high when the total red-cell population is
low.

Coagulation tests use citrated plasma. Citrate binds calcium reversibly,
allowing the laboratory to add controlled reagents and measure clotting
time. The prothrombin time and activated partial thromboplastin time test
overlapping but different parts of coagulation under artificial conditions.
They do not reproduce blood flow, platelets, endothelium or every
anticoagulant effect. A normal result cannot certify normal haemostasis, and
an abnormal result does not measure bleeding risk by itself.

Serum is obtained after blood has clotted and the cells and clot are
removed. Plasma is collected with anticoagulant and retains fibrinogen and
other clotting components. Mixing the words can confuse which proteins
remain and which test is possible.
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Reference intervals are usually built from a defined group judged suitable for
comparison and often cover the central 95 per cent of observed values. That
means some healthy people will sit outside and some ill people inside.
Laboratories also use decision limits tied to outcomes or treatment
evidence. A number acquires meaning from the method, population, trend,
symptoms and question that produced it.

From donor to recipient
Donation begins with a person, not a spare reservoir. Services assess
eligibility to protect donor and recipient, identify the collection, draw blood
into an anticoagulant-preservative solution and maintain traceability from
vein to patient. The unit is tested and processed under rules that differ by
country and product.

Whole blood can be separated by centrifugation and further processing.
Dense red cells settle away from plasma; platelets can be prepared through
different production methods; selected plasma may be frozen. White cells
are commonly reduced because they add little to most component therapy
and can contribute to reactions, alloimmunisation and transmission of some
cell-associated agents. The result is a set of products, each labelled with
group, testing, collection and expiry information.

Plasma can also be processed into medicinal products through
fractionation, yielding concentrated proteins such as albumin and
immunoglobulins under a manufacturing system distinct from routine
component transfusion. Some patients receive blood-derived function
without receiving intact donor cells. This widens the supply chain and the
safeguards required, while preserving the central idea that different blood
functions can be separated.

Storage changes biology. Refrigerated red cells undergo metabolic and
membrane changes over time, though approved storage conditions
preserve enough function for clinical use. Platelets are stored differently and
have a shorter shelf life, creating logistical and bacterial-risk problems.
Frozen plasma preserves proteins on another timetable. Inventory therefore



30

involves compatibility, rarity, expiry, emergencies and uncertain demand. O
negative red cells are valuable and scarce because they are used for some
patients whose group is unknown, but using them indiscriminately can
deprive recipients who depend on them.

Before routine red-cell transfusion, the patient's ABO and RhD group is
determined, the plasma is screened for unexpected antibodies and
compatible donor cells are selected. Previous records and pregnancy or
transfusion history can alter the search. Crossmatching provides a final
compatibility check. In a life-threatening haemorrhage, emergency
components may be released before every result is complete, with selection
refined as soon as testing catches up.

At the bedside, identity is checked again. The component enters through a
filter and is observed for reaction. Red cells raise haemoglobin and
oxygen-carrying capacity; the clinical benefit depends on why capacity was
inadequate and whether flow and oxygen use can exploit the increase.
Platelet and plasma transfusions answer different deficits. None substitutes
for stopping ongoing bleeding, correcting a production problem or treating
the disease that created the need.

A reaction can arise during transfusion or later. Fever, allergy, haemolysis,
lung injury, circulatory overload, bacterial contamination and delayed
antibody responses have different mechanisms. Observation and
haemovigilance turn each event into information for future practice. Safety is
therefore not the absence of all risk. It is a system that prevents avoidable
mismatches, detects harm and updates the route from donor selection to
bedside.

Transfusion is a controlled temporary transplant of function. Transfused red
cells enter the recipient's circulation and eventually its clearance system,
though survival varies with the cells, storage, recipient and illness. The
safest unit is not the one with the broadest slogan. It is the component
whose function, compatibility and risk fit the patient in front of it.
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How we know
Blood can be sampled repeatedly, separated, stained, counted and tested
outside the body, which gives haematology unusual access to its subject.
Microscopy established the main cell forms. Chemistry and gas
measurements linked haemoglobin to carriage. Isotope labelling helped
estimate cell survival and iron turnover. Flow cytometry, electrophoresis,
chromatography, immunohaematology and molecular methods now identify
cell populations, haemoglobins, antigens and clones with far greater
resolution.

Access has limits. A venous sample reports one place and moment in a
circulating system. Laboratory coagulation removes vessel walls and flow.
Reference intervals depend on selected populations and methods. Marrow
aspiration samples a small site. Transfusion evidence is shaped by the
ethics of withholding treatment and by patients whose illnesses differ
sharply. Microcirculatory behaviour seen in one organ or experimental
preparation may not generalise to another.

The strongest account therefore combines levels: molecular structure, cell
behaviour, flow, tissue exchange, clinical pattern and response to
intervention. Blood is easy to obtain. Its meaning still depends on where the
sample came from, what the test removed and which part of the living
system the measurement can represent.

What People Get Wrong
“Blood without oxygen is blue”
Ordinary human blood is red whether it is oxygen-rich or oxygen-poor.
Oxygen-rich blood is brighter because oxygen binding changes
haemoglobin's light absorption. Blood returning through veins is darker red,
not blue.

Veins can look blue through skin because colour is produced by light
travelling through tissue, being absorbed and scattered, then reaching the
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eye. Wavelength, vessel depth, skin properties and the contrast created by
surrounding tissue all contribute. The same vein can look different under
another light or when viewed at another depth. Open it and the blood is dark
red.

The mistake survives because anatomical diagrams use blue to distinguish
venous from arterial routes. That convention is useful until the symbol is
mistaken for the material. It also hides an important distinction: venous
blood is not empty of oxygen. Most tissues extract only part of the delivered
supply at rest, so returning haemoglobin remains partly saturated. Mixed
venous oxygen measurements can reveal the balance between delivery and
use, but they do not describe one colour transition.

The correction matters because oxygen is a binding and delivery problem,
not a dye test. Brightness may change with oxygenation, yet colour cannot
tell you whether haemoglobin concentration, blood flow or tissue delivery is
adequate.

“Anaemia means too little blood”
Anaemia is defined through a low haemoglobin concentration relative to an
appropriate threshold. It does not mean low total blood volume, and it does
not name one disease.

A person can lose plasma and red cells together during acute haemorrhage
before dilution makes the haemoglobin concentration fall sharply. Another
can have a normal or expanded plasma volume with too little haemoglobin
per litre. Pregnancy commonly expands plasma volume more than red-cell
mass, lowering concentration through dilution. Dehydration can push
concentration upward without correcting an underlying shortage of red cells.

The mechanisms also differ. Iron deficiency limits haemoglobin production.
Vitamin B12 or folate deficiency can impair precursor division. Kidney
disease can reduce erythropoietin. Inflammation can restrict iron availability.
Haemolysis removes red cells before their expected lifespan ends. Blood
loss removes cells and, over time, iron. Marrow disease can suppress
several lineages. Haemoglobin disorders change production, structure or
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survival.

The label is therefore the start of classification. Cell size, reticulocyte
response, iron measures, kidney function, haemolysis markers, bleeding
history and other findings narrow the route. Treating every anaemia as iron
deficiency can miss bleeding, inflammation, inherited disease or marrow
failure. Treating the concentration as blood volume confuses cargo with
container.

“O negative is universal blood”
O negative red cells are widely usable when a recipient's group is unknown.
That is narrower than universal blood.

The cells lack A, B and D antigens, which avoids three major
incompatibilities. They still carry many other antigens. A recipient with an
antibody against one of those can react, especially after previous
transfusion or pregnancy. Laboratories screen for such antibodies and
select antigen-negative units where required.

The component matters too. O plasma contains anti-A and anti-B
antibodies, so it is not universal plasma. Group AB plasma lacks those
antibodies and can be useful across ABO groups, though other risks remain.
Platelets contain donor plasma, express ABO antigens to varying degrees
and require their own selection rules. Whole blood combines cell and
plasma compatibility in one product and cannot inherit every advantage of
separated components.

Emergency medicine sometimes accepts a controlled compatibility
compromise because delay is more dangerous. Once the patient's group
and antibody status are known, selection becomes more precise. The
correction matters for inventory as well: O negative supplies are limited, and
using them where group-specific blood is suitable can reduce availability for
patients who have fewer options. “Universal” is an emergency shortcut
attached to one component, not a biological exemption.
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“Clotting is a domino chain”
The numbered coagulation factors are often taught as a cascade, with one
activated protein triggering the next. That model remains useful for factor
nomenclature, many assays and inherited deficiencies. It does not
reproduce haemostasis inside a flowing vessel.

In the body, reactions gather on surfaces. Tissue factor-bearing cells initiate
a small amount of thrombin generation. Activated platelets assemble
enzyme complexes that produce a larger burst. Fibrin stabilises the platelet
plug. Endothelium beside the injury remains inhibitory, flow removes
activated material and natural anticoagulants restrain spread. Fibrinolysis
later cuts the scaffold.

This cell-based picture explains why a factor can look adequate in plasma
yet fail to form a stable clot at the right surface, why platelet disorders and
coagulation disorders create different bleeding patterns, and why standard
clotting times do not measure the whole process. Those tests remove
endothelium, flow and much platelet behaviour by design.

The domino image also makes clotting sound irreversible. A useful
haemostatic response is started, confined, strengthened and dismantled.
The danger is not merely failure to topple enough factors. It is losing location
or timing, producing bleeding at a breach or thrombosis inside an intact
route.

“Blood thinners make blood thin”
Anticoagulants do not dilute blood or make it watery. They reduce selected
coagulation reactions. Antiplatelet drugs act on platelet activation or
aggregation. Thrombolytic drugs promote breakdown of fibrin under specific
conditions. These are different interventions with different uses and
hazards.

The loose phrase survives because the visible result can be more or longer
bleeding. Yet viscosity is governed mainly by haematocrit, plasma proteins,
temperature, cell deformability and flow conditions. A patient taking an
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anticoagulant does not have fewer red cells because of the drug's intended
action, nor does blood flow like diluted paint.

The distinction matters in emergencies and ordinary conversation. A person
can clot despite anticoagulation if the drug, dose, adherence, mechanism or
clinical setting does not control the relevant pathway. A person can bleed
with a normal standard clotting test because platelets, vessels or local
anatomy are responsible. Some anticoagulants alter routine assays
unpredictably; others require specific monitoring or none in stable use.

Medication decisions belong with clinicians because stopping, reversing or
combining these drugs can trade one immediate risk for another. The useful
language is functional: anticoagulant, antiplatelet or fibrinolytic. “Blood
thinner” is convenient only while nobody mistakes the metaphor for the
mechanism.

“More red cells always improve oxygen delivery”
More haemoglobin can raise the oxygen content of blood. It can also raise
viscosity, increasing resistance and making the same flow harder to sustain.
The useful result depends on the balance.

This is why low haemoglobin can impair delivery and excessive red-cell
mass can create its own danger. A high haematocrit can slow microvascular
flow and contribute to thrombosis in some disorders. Dehydration can raise
the measured haematocrit by removing plasma rather than adding cells.
Altitude exposure, kidney signalling, marrow disease and external
erythropoietin can increase red-cell production through different routes and
with different implications.

Athletic blood manipulation exploits the carrying side of the trade-off. It
cannot make capacity unlimited. Delivery still requires cardiac output, vessel
flow, oxygen unloading and tissue use. The gain also comes with medical
and ethical risks; in sport, the trade-off becomes a performance and safety
problem in its own right.

The same mistake appears in transfusion. Raising haemoglobin does not
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guarantee that a patient feels better or that every tissue receives more
oxygen. Transfusion adds cells and risk, while the cause of anaemia,
current bleeding, symptoms, reserve and alternatives remain relevant.
Biology rarely offers a free maximum. Blood must carry enough cells without
becoming too crowded to move them well.

“A normal full blood count proves your blood is
fine”
A full blood count measures selected concentrations and indices. It is one of
medicine's most useful tests because it is fast, standardised and
information-dense. Its name invites overconfidence.

A normal result does not test every blood-group antibody, coagulation
factor, platelet function, haemoglobin variant, iron store, vitamin supply,
marrow clone or tendency to clot. It does not measure plasma volume
directly, reveal every early cancer or prove that oxygen reaches tissues.
Some disorders leave the routine counts normal until later. Others produce
symptoms through function rather than number.

An abnormal result is not a diagnosis either. A value may reflect infection,
inflammation, medication, pregnancy, altitude, hydration, laboratory
variation or a harmless baseline. White-cell counts can also change through
marrow release, demargination, sequestration and tissue migration.
Reference intervals commonly cover the central 95 per cent of a chosen
population, so healthy outliers and ill insiders are expected. Trends and
combinations often matter more than one isolated mark.

The correction is not that the test is weak. It is that every strong
measurement answers a bounded question. Read haemoglobin with cell
size and reticulocytes when classifying anaemia. Read white-cell totals with
the differential and clinical setting. Read platelets with bleeding, clotting and
medication history. A full blood count is a map of cell populations, not a
certificate for the whole river.
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Use It
Read concentration as concentration
A blood result usually describes what was present in a measured volume.
That sounds obvious until the volume changes.

Suppose haemoglobin rises between two tests. New red cells may have
been made. Plasma water may have fallen. Both may have happened. The
same logic applies to haematocrit, cell counts and many dissolved
substances. Pregnancy, dehydration, intravenous fluid, bleeding and fluid
retention can alter the container around the measured material.

The useful first question is therefore: did the amount change, did the plasma
volume change, or can this test alone not separate them? A concentration
diluted by expanded plasma is still the concentration tissues encounter, but
it does not prove that total production fell. A concentrated result after fluid
loss can look improved while physiology worsens.

Patterns help. Haemoglobin, haematocrit, red-cell count and indices moving
together tell a different story from one value. White-cell timing can help
distinguish slower production from rapid redistribution. This is not
self-diagnosis. It is a guard against treating concentration as inventory.

Separate saturation, content and delivery
A pulse oximeter estimates arterial oxygen saturation from differences in
pulsatile light absorption at a tissue bed. It does not count haemoglobin,
measure blood flow or inspect every organ.

When oxygen is the concern, separate three layers. Saturation asks how full
the available haemoglobin is. Content asks how much oxygen the blood
carries per volume, which depends heavily on haemoglobin concentration.
Delivery asks how much oxygen reaches tissue per unit time, which also
depends on flow. Tissue use adds another layer after delivery.

This model clarifies several apparent contradictions. Severe anaemia can
coexist with a high saturation. A blocked artery can leave arterial saturation
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normal while downstream tissue starves. Carbon monoxide can make
common pulse-oximeter readings falsely reassuring because the device
cannot distinguish all haemoglobin species in ordinary use.

The transferable habit is to ask what the instrument measures and which
necessary variables it leaves outside the frame. A percentage can be
precise without being complete.

Classify a low haemoglobin by route
Anaemia becomes intelligible when it is treated as a traffic problem rather
than a substance called low blood.

Red cells may not be made fast enough. They may be lost. They may be
destroyed before their expected lifespan ends. Routes can overlap.
Production problems include missing iron, folate or vitamin B12, impaired
kidney signalling, inflammation and marrow disease. Loss may be obvious
or hidden. Destruction can be immune, mechanical, inherited or acquired.
Abnormal haemoglobin can affect production, survival and flow.

The marrow's response is a useful fork. Reticulocytes rise when production
accelerates, provided the marrow can respond and the timing is right. A
weak response in significant anaemia points towards inadequate production
or unavailable materials. Cell size and haemoglobin content offer clues, but
no pattern owns one cause. Iron deficiency is often microcytic, yet early
deficiency need not be. Vitamin B12 deficiency is often macrocytic, yet
mixed conditions can obscure it.

Use the route to organise questions, not to jump to treatment. Iron given to
the wrong mechanism can delay the search for bleeding or marrow disease.
A label should narrow the investigation rather than end it.

Ask about surface, flow and blood
When a clot forms, three broad contributors deserve separate attention: the
vessel wall, the pattern of flow and the composition or state of blood. This
framework is often called Virchow's triad, though real cases overlap.
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A damaged or inflamed surface can expose pro-coagulant signals. Stasis
can let activated factors accumulate and place cells in conditions that favour
venous clotting. Disturbed arterial flow around a diseased surface can
interact with platelets and vessel injury. Cancer, pregnancy, inherited traits,
inflammation and some medicines can alter coagulation. A long journey may
matter through immobility, but its effect depends on the person and
circumstances.

The lens prevents the vague conclusion that blood was sticky. It also
explains why prevention differs. Movement may address stasis. Treating
inflammation or cancer targets another driver. Antiplatelet and anticoagulant
drugs affect different parts of the response. Removing a clot does not
remove every reason it formed.

The same categories work in reverse for bleeding. Ask whether the surface
is fragile, platelet number or function is impaired, coagulation is deficient,
fibrinolysis is excessive or local anatomy keeps reopening the site.

Treat reference intervals as comparisons
A reference interval is usually derived from measurements in a selected
group judged suitable for comparison, often with the central 95 per cent
retained. It is not a biological law and does not make the two boundary
numbers cliffs.

Age, sex, pregnancy, altitude, ancestry and method can shift distributions.
Laboratories may use different intervals, so read a result against the range
supplied with that test. Some thresholds are decision limits based on
outcomes or treatment evidence rather than reference-population statistics.
Confusing the two turns a descriptive distribution into a diagnosis.

Position within a range has no universal direction of goodness. A higher
platelet count is not automatically better. A haemoglobin near the upper
boundary may be appropriate or may reflect reduced plasma volume or
increased red-cell mass. The trend against the person's prior results can
matter even while every value remains inside the interval.



40

Use the interval to ask whether a result is unusual for the comparison group.
Then ask whether it fits the clinical question, the method, related measures
and the person. Normal is a statistical word before it is a medical judgement.

Make compatibility component-specific
When someone says a blood group is compatible, ask: compatible for what
component, in which direction and under what testing?

Red-cell compatibility focuses on antigens carried by donor cells and
antibodies in recipient plasma. Plasma compatibility focuses on antibodies
brought by the donor plasma and antigens on recipient cells. Platelets
combine cellular antigens, donor plasma and product-specific
considerations. Whole blood binds several compatibility problems together.
RhD also matters differently across products and recipients.

This makes familiar slogans conditional. O negative red cells are useful
before a recipient's group is known because they lack A, B and D antigens.
They are not free of every antigen. AB plasma lacks anti-A and anti-B and
can be broadly usable, but it does not prevent every reaction. Laboratory
antibody screening and crossmatching exist because the alphabet extends
beyond ABO.

The lens also changes how donation is understood. Services need a
balanced inventory of groups and components, not one supposedly best
type. The valuable unit is the one that can be matched to a real patient
before it expires.

The limits
A one-hour model cannot safely interpret an individual blood result or
replace urgent assessment. Numbers depend on the laboratory, sample,
person, timing and clinical setting. Symptoms such as severe
breathlessness, chest pain, fainting, uncontrolled bleeding, sudden
neurological change or signs of a serious transfusion reaction require
medical care rather than a framework from a book.

The model compresses diversity. Fetal, newborn and pregnant physiology
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differ from routine adult practice. Altitude, kidney disease, inflammation,
cancer treatment and inherited conditions can alter several controls at once.
Microvascular exchange and cell traffic vary among organs and disease
states. Transfusion policies depend on national systems, product availability
and evolving evidence. A claim that fits one setting may not transport to
paediatrics, obstetrics, intensive care or rare disease.

Easy sampling can create an illusion of completeness. Many tissues release
weak or delayed signals into blood. A normal sample cannot prove every
organ is well, while an abnormality may be a response rather than a blood
disease. White-cell changes often reflect events in tissues. Coagulation
tests isolate selected reactions. Ferritin can rise with inflammation. The
sample carries evidence, not a full account of its cause.

The one thing to keep
Keep the four controls: cargo, flow, containment and local response.

When a blood problem appears, ask what the medium carries, whether it
reaches tissue, whether it stays inside the route and whether the response
occurs in the right place and time. Anaemia is a cargo problem until the
cause is located in production, loss or destruction. Shock is a flow problem
even before a laboratory concentration tells the full story. Oedema is a
boundary and drainage problem. Bleeding and thrombosis are failures of
containment and localisation. Transfusion adds a needed function only after
compatibility makes the foreign cargo usable.

This also corrects the subtitle. Blood is a river only from far away. Up close,
cells squeeze through narrow channels, proteins change partners, surfaces
decide what may cross, marrow replaces what has aged and repair waits for
one damaged patch among an immense intact network. Nothing about that
is passive.

The permanent change is to stop asking what blood does as though it has
one job. Ask which function, in which component, across which boundary
and under which control. The red liquid in the tube is the meeting place of
several systems. Its power comes from sharing one route without
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surrendering local decisions.

That is how the river keeps you going.

Terms
Plasma. The liquid phase of blood, mostly water, carrying electrolytes,
proteins, nutrients, hormones, gases and wastes. It remains after cells and
platelets are removed with clotting prevented, and contains fibrinogen for
coagulation.

Serum. The fluid left after blood has clotted and the clot and cells are
removed. It lacks fibrinogen and differs from plasma in other proteins
altered, released or consumed during clotting.

Haematocrit. The proportion of blood volume occupied by red cells. It
depends on red-cell mass and plasma volume, so hydration or fluid
expansion can change it without equal changes in production.

Haemoglobin. The iron-containing protein in red cells that binds oxygen,
contributes to carbon dioxide transport and buffers acid. Its concentration is
central to defining anaemia, estimating oxygen content and interpreting
red-cell disorders alongside cell indices.

Erythrocyte. A red blood cell. Mature human erythrocytes are flexible
biconcave discs without nuclei or mitochondria, built to carry haemoglobin
through vessels and capillary networks.

Reticulocyte. A newly released red cell retaining traces of ribosomal
material. Its number helps show whether marrow is increasing production in
response to anaemia, blood loss or haemolysis.

Leucocyte. A white blood cell. The category includes neutrophils,
lymphocytes, monocytes, eosinophils and basophils, which circulate in
differing numbers and perform distinct immune functions in blood and
tissues.

Neutrophil. A short-lived granulocyte that can leave blood rapidly and
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attack microbes, especially bacteria and fungi. Counts can change with
infection, inflammation, stress, medicines and marrow output.

Lymphocyte. A family including B cells, T cells and natural killer cells.
Some circulate, some reside in tissues, and some persist as long-lived
immune memory after infection or vaccination.

Platelet. A small anucleate fragment shed from a megakaryocyte. Platelets
adhere at damaged vessel surfaces, recruit neighbours, support coagulation
reactions and help organise repair beyond forming a plug.

Megakaryocyte. A large marrow cell that produces platelets by extending
cytoplasmic processes into blood vessels and releasing fragments. One
precursor can supply many platelets without entering circulation itself.

Haematopoiesis. The regulated production of blood cells from stem and
progenitor cells, mainly in adult bone marrow. It balances renewal, immune
demand, bleeding, oxygen need and cell clearance.

Bone marrow. The tissue within bone containing blood-forming cells,
supporting cells, fat and vessels. Adult red marrow is concentrated in the
pelvis, spine, ribs, sternum and selected bone ends.

Erythropoietin. A hormone produced mainly by the kidneys when
oxygen-sensing pathways detect inadequate oxygen delivery. It supports
survival and development of red-cell precursors rather than filling mature
cells with oxygen.

Transferrin. The principal plasma protein that binds iron and delivers it to
cells, especially developing red cells in marrow. Its saturation helps describe
iron availability but requires clinical context.

Ferritin. A cellular iron-storage protein also measurable in blood. Low
ferritin strongly supports depleted iron stores, while inflammation can raise it
and conceal restricted iron availability.

Hepcidin. A liver-derived hormone that reduces iron entry into plasma by
causing degradation of ferroportin. It controls absorption and recycling, and
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often rises during inflammation.

Capillary. A microscopic exchange vessel within networks adapted to local
organs. Thin endothelial walls place blood close enough to tissues for
controlled exchange, although some specialised beds connect vessels in
less familiar arrangements.

Endothelium. The cellular lining of blood vessels. It regulates permeability,
vascular tone, inflammation, platelet behaviour and coagulation, making the
vessel wall an active participant rather than inert tubing.

Haemostasis. The controlled process that limits bleeding after vessel injury
while preserving flow elsewhere. It combines vessel response, platelets,
coagulation, natural inhibition, fibrinolysis and tissue repair.

Coagulation. Enzyme reactions that generate thrombin and fibrin on
appropriate surfaces. The laboratory cascade names factors, while the living
process depends on cells, flow, endothelium and localisation.

Fibrin. An insoluble protein network formed when thrombin cleaves
fibrinogen. Cross-linked fibrin stabilises a platelet plug and later becomes a
substrate for controlled breakdown during repair.

Fibrinolysis. The regulated removal of fibrin, mainly through plasmin. It
remodels a clot after haemostasis and is restrained so the seal is not
dismantled before the vessel recovers.

Thrombus. A clot formed within a vessel or heart. Its danger depends on
location, size and downstream tissue, and it may remain attached or release
an embolus.

Embolus. Material travelling through the circulation that lodges elsewhere
and blocks flow. A detached venous thrombus can reach the lungs; other
emboli can include fat, air or cells.

Anaemia. Haemoglobin concentration below the relevant threshold for the
population and clinical setting. It is a finding with many causes, commonly
grouped into inadequate production, blood loss and increased destruction.
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Haemolysis. Premature destruction or removal of red cells within vessels or
by macrophages. It can release haemoglobin, raise bilirubin and provoke
increased marrow production when compensation is possible.

ABO system. A blood-group system defined mainly by A and B
carbohydrate antigens and corresponding antibodies. It governs major
red-cell and plasma compatibility in opposite directions.

RhD. A major red-cell antigen within the Rh system. Exposure can
immunise an RhD-negative person, affecting later transfusion and
pregnancy, which is why prevention and matching matter.

Crossmatch. A final compatibility check on an intended red-cell transfusion,
performed serologically or electronically under defined rules. It follows
grouping, antibody screening, identity checks and review of relevant
documented history.

Go Deeper
Rose George, Nine Pints: A Journey Through the Mysterious,
Miraculous World of Blood (2018). Begin here for an inviting modern tour
of blood as biology, medicine, labour and culture. George moves through
donation, menstruation, leeches, trauma, plasma and commercial supply
chains by following people whose lives depend on each system. It is
reportage rather than a systematic haematology text, and its international
examples should not be treated as one universal service model. Read it for
the human infrastructure hidden behind every labelled component and for a
reminder that blood systems depend on donors, staff, transport, trust and
public policy as much as laboratory science.

A. Victor Hoffbrand, Pratima Chowdary, Graham P. Collins and Justin
Loke, Hoffbrand's Essential Haematology, 9th edition (2024). Choose
this for the clinical map. It explains normal blood-cell production before
moving through anaemias, haemoglobin disorders, white-cell disease,
malignancy, bleeding, thrombosis and transfusion. The book is written for
medical students and clinicians, so the density rises quickly and treatment
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detail assumes a biomedical foundation. Its strength is diagnostic structure:
morphology, physiology, laboratory pattern and disease mechanism are
repeatedly connected. Read the opening physiology and anaemia chapters
first, then use later chapters to follow whichever failure mode in this book
raised the strongest question.

Douglas Starr, Blood: An Epic History of Medicine and Commerce
(1998). Read this for the historical system behind transfusion. Starr follows
experiments in circulation, early transfusions, blood typing, wartime
collection, plasma markets, institutional growth and the disasters that
followed when commercial pressure, incomplete knowledge and weak
safeguards met a shared biological product. Some science and policy have
moved since publication, but the central institutional lesson has not: a
transfusion service is an information and trust system attached to a
biological supply chain. The book is long and occasionally dramatic in tone.
It rewards that length by showing why technical compatibility never removed
organisational risk.

Barbara J. Bain and Mike Leach, Blood Cells: A Practical Guide, 7th
edition (2025). Use this when numerical counts have made you curious
about what the cells look like. Bain and Leach teach preparation and
interpretation of blood films and marrow samples through morphology,
artefacts and pattern recognition. This is a specialist bench guide rather
than a continuous general read, and it should be approached beside
images, case material and formal training rather than used for
self-interpretation. Its value is visual discipline. Automated analysers
compress populations into numbers; microscopy restores shape, maturity,
distribution and abnormal neighbours. Read selected normal-morphology
sections before opening a disease chapter, so difference has a stable
comparison.
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Notes and Sources
The account is centred on routine adult human physiology and transfusion
medicine. Paediatric, fetal, obstetric, intensive-care and rare-disease
practice can differ materially. Current institutional guidance and registry
counts were checked on 3 September 2026.

The Whole Thing in One Page and Why You
Should Care
Blood as tissue and mixture. The description of blood as a specialised
connective tissue, with plasma as its extracellular matrix and red cells, white
cells and platelets as formed elements, follows Betts et al., Anatomy and
Physiology 2e, chapter 18, and Hoffbrand et al., Hoffbrand's Essential
Haematology. Platelets are anucleate fragments derived from
megakaryocytes rather than complete cells. Plasma composition varies
continuously, so the listed cargo is representative rather than exhaustive.

Component therapy. The account of separating donated blood into red
cells, platelets and plasma follows current NHS Blood and Transplant and
JPAC guidance. Cryoprecipitate is a plasma-derived component rich in
fibrinogen and selected other proteins. The book avoids claims about how
many patients one donation will help because processing, product choice,
losses and clinical use vary.

Blood tests as bounded measurements. Full blood counts measure cell
concentrations, haemoglobin and derived indices rather than every blood
function. Bain and Leach supply the morphology and laboratory frame; CLSI
EP28-A3c and Ozarda supply the reference-interval cautions. The central
95 per cent is a common statistical convention, not a requirement for every
clinical threshold.
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The Core Ideas
Volume, plasma and haematocrit. Around five litres is a useful adult
anchor, not a fixed human constant. Blood volume scales with body size
and changes with pregnancy, training, hydration and disease. A little over
half the volume is often plasma, but haematocrit differs across people and
conditions. The viscosity trade-off is treated qualitatively because the
relation depends on vessel size, shear rate, cell deformability and plasma
proteins. Secomb reviews how whole-blood behaviour changes in the
microcirculation.

Red-cell structure and lifespan. Mature human red cells lose the nucleus
and most organelles, including mitochondria, during development. Their
biconcave shape and deformability support exchange and passage through
narrow vessels. A lifespan of roughly 120 days is an average across a
population with a distribution, not an expiry date for each cell. Pretini et al.
and Hoffbrand et al. support these points.

Haemoglobin and oxygen. Haemoglobin contains four haem groups and
displays cooperative oxygen binding. Oxygen content depends mainly on
haemoglobin concentration and saturation; delivery also depends on blood
flow. The account of affinity shifts with acidity, carbon dioxide, temperature
and 2,3-bisphosphoglycerate is standard respiratory physiology and is
synthesised in Hoffbrand et al. and Helms, Gladwin and Kim-Shapiro. Fetal
haemoglobin's higher oxygen affinity assists placental transfer, but fetal
circulation and neonatal transition lie outside this book's scope.

Carbon dioxide. Carbon dioxide is carried dissolved, bound to proteins and
mainly as bicarbonate after reactions accelerated by carbonic anhydrase
within red cells. The word mainly refers to ordinary systemic transport at rest
and should not be turned into one fixed percentage across all conditions.

Sickle cell disease. The description follows current National Heart, Lung,
and Blood Institute material and Hoffbrand et al. Deoxygenated sickle
haemoglobin can polymerise, but vaso-occlusion is not a one-step
consequence of shape alone. Adhesion, inflammation, haemolysis, vascular
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signalling and flow also contribute. The book keeps that wider mechanism
visible while leaving diagnosis and treatment to specialist sources.

Capillary exchange. Levick and Michel's revised Starling account and
Woodcock and Woodcock's clinical synthesis support the role of the
endothelial glycocalyx, limited sustained venous reabsorption in most
systemic tissues and lymphatic return of net filtration. This does not mean
reabsorption never occurs. It can occur transiently when capillary pressure
falls, and specialised vascular beds differ.

Microvascular cell distribution and leucocyte traffic. Secomb supports
the cell-free plasma layer, variation of apparent viscosity with vessel size
and unequal partitioning of cells and plasma at branches. Aarts et al. directly
measured near-wall platelet enrichment under defined flow conditions; later
work shows that the effect depends on haematocrit, geometry and shear.
Schnoor et al. support the staged capture, rolling, adhesion and
transmigration of leucocytes, chiefly at post-capillary venules. Ince, Weber
and Scheiermann support rapid redistribution among circulating,
marginated, marrow and tissue compartments. Sender et al. show why a
peripheral count cannot stand for the body's full immune-cell population.
These effects depend on cell type, organ, geometry, haematocrit, flow and
inflammatory state.

Organ-specific exchange. The examples of tight brain endothelium, kidney
filtration, liver sinusoids and marrow vessels are standard anatomical
distinctions. The comparison between coronary extraction, skeletal-muscle
reserve and high renal flow is used to show that flow and extraction answer
different organ needs, not to provide clinical thresholds.

Erythropoiesis and erythropoietin. Hoffbrand et al. support the marrow
sequence from precursor to reticulocyte, the adult distribution of active red
marrow and the use of reticulocytes to judge marrow response. Kidney
oxygen sensing and erythropoietin form a major control loop, though liver
and local marrow signals also contribute. Production takes time, so
immediate compensation for haemorrhage comes from circulation and
extraction before new cells can replace loss.
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Iron recycling and hepcidin. Muckenthaler et al. support macrophage
recycling, transferrin transport, ferritin storage and hepcidin control of
ferroportin. Most iron used for day-to-day erythropoiesis is recycled from
ageing red cells rather than newly absorbed. Inflammation can restrict
availability despite stored iron. Ferritin is therefore both an iron-storage
marker and an acute-phase reactant.

Haemostasis. Hoffman and Monroe supply the cell-based model of
initiation, amplification and propagation. The older cascade remains useful
for factor nomenclature, assays and deficiencies; the correction is against
treating it as a complete picture of haemostasis in flowing blood. Risman et
al. support the account of plasmin, fibrin removal and regulation of
fibrinolysis. Intact endothelium, flow and natural anticoagulant systems
confine the response.

Arterial and venous thrombosis. The statement that high-shear arterial
thrombi tend to weight platelets more heavily while venous thrombi tend to
contain more fibrin and trapped red cells is a broad mechanistic distinction,
not a clean split. Platelets and coagulation contribute to both, and real
thrombi change over time.

ABO, RhD and other systems. Laura Dean's Blood Groups and Red Cell
Antigens, current JPAC guidance and the International Society of Blood
Transfusion registry support the antigen and antibody account. On 3
September 2026, the ISBT registry listed 48 recognised blood-group
systems, 398 red-cell antigens and 56 associated genes. The count is
date-sensitive and is stated with its verification date rather than treated as a
permanent total.

Compatibility and component direction. Recipient antibodies are central
to red-cell compatibility; donor plasma antibodies are central to plasma
compatibility. Platelets introduce both cellular and plasma considerations. O
negative red cells are valuable in selected emergencies because they lack
A, B and D antigens, but they carry other antigens and are not a universal
product. Current NHSBT and JPAC guidance supports the
component-specific qualification.
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Alloimmunisation and pregnancy. RhD-negative people can form anti-D
after exposure through pregnancy or transfusion. Maternal antibodies can
cross the placenta and damage fetal red cells. Anti-D immunoglobulin
prevention and detailed obstetric management belong to clinical guidance;
the book retains only the immune-memory mechanism needed to
understand compatibility.

Main failure families. WHO's 2024 guideline supports defining anaemia
through haemoglobin concentration with thresholds adjusted for relevant
populations and settings. Hoffbrand et al. supports the organisation by
impaired production, blood loss and increased destruction, while
recognising overlap. Aplastic marrow, leukaemia, haemoglobin disorders,
thrombocytopenia and thrombosis are included as examples of failures in
production, structure, survival, containment or flow rather than as a
complete disease catalogue.

Operating sequence and evidence
Marrow release and peripheral blood. Developing cells normally mature
within marrow before entering vascular sinuses. Immature forms in
peripheral blood can reflect stress or disrupted marrow architecture, but
their significance depends on the cell, degree and clinical setting. Bain and
Leach is the main source for morphology; Hoffbrand et al. supplies the
production framework.

Red-cell clearance. The spleen, liver and marrow contribute to removal of
ageing or abnormal cells. Extravascular and intravascular haemolysis leave
overlapping laboratory traces, so lactate dehydrogenase, bilirubin,
haptoglobin and reticulocytes must be interpreted together. The book does
not assign a marker exclusively to one mechanism.

Iron overload. Humans regulate iron absorption tightly but lack an equally
regulated excretory pathway. Repeated red-cell transfusions can therefore
accumulate iron. This claim describes a risk of chronic exposure, not the
effect of one ordinary transfusion.

Sample collection and analysers. EDTA is standard for cell counting;
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citrate is used for many coagulation assays; serum follows clot formation.
Bain and Leach, Hoffbrand et al. and CLSI guidance support the sample
and interpretation points. The examples of platelet clumping, underfilled
citrate tubes, delay and collection near an infusion are pre-analytical failure
modes, not an exhaustive quality manual.

Coagulation tests. Prothrombin time and activated partial thromboplastin
time examine selected reactions in citrated plasma. They omit intact
endothelium, physiological flow and much platelet function, so normal
results do not certify normal haemostasis and abnormal results do not
predict bleeding alone.

Donation, processing and transfusion. The operating sequence follows
UK practice described by NHSBT and JPAC: eligibility assessment,
identified collection, testing, leucocyte reduction, component preparation,
storage, patient grouping, antibody screening, selection, crossmatching,
bedside identification and haemovigilance. Other countries use different
products and procedures. The mention of plasma fractionation distinguishes
medicinal products such as albumin and immunoglobulin from routine
cellular components.

Storage and reactions. Red-cell storage changes metabolism and
membranes without making approved stored units unusable. Platelets have
different storage requirements and shorter shelf lives. The reaction list is
organised by mechanism and timing rather than incidence. SHOT reports
provide the UK haemovigilance frame; the manuscript makes no numerical
risk comparison because rates depend on definitions, products, patients and
reporting systems.

Methods and evidence. Blood is unusually accessible, but venous
samples, isolated plasma assays and marrow aspirates each remove
context. The account relies on convergence across microscopy, cell
counting, chemistry, isotope studies, immunohaematology, molecular
testing and clinical response. The microcirculation remains the most
setting-specific evidence in the book because behaviour differs across
organs, vessel sizes and experimental preparations.
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What People Get Wrong and Use It
Why veins look blue. Kienle et al. modelled absorption and scattering
through skin and tissue; Phuangsuwan, Ikeda and Mepean supplied later
demonstrations of the colour effect. Deoxygenated blood is dark red. Blue
convention in diagrams is a teaching device.

Anaemia and volume. WHO's definition is based on haemoglobin
concentration, not total blood volume. Acute whole-blood loss can initially
remove plasma and cells in similar proportion, with concentration changing
as fluid redistributes or is given. Pregnancy can lower concentration through
plasma expansion despite increased red-cell mass.

Blood thinners. Anticoagulants, antiplatelet drugs and fibrinolytic drugs
alter different parts of haemostasis. The colloquial phrase does not describe
viscosity. No drug-management advice is intended; changes to these
medicines require clinical judgement because bleeding and thrombosis risks
can move in opposite directions.

Reference intervals. CLSI EP28-A3c and Ozarda support the distinction
between a reference interval, usually derived from a selected population,
and a clinical decision limit tied to evidence or outcomes. The interval
supplied by the reporting laboratory takes precedence over a generic
internet range.

Pulse oximetry. The device estimates arterial oxygen saturation from
pulsatile light absorption. It does not measure haemoglobin concentration or
tissue blood flow. Current FDA material supports the device's bounded
estimate and known limitations, including performance concerns linked to
skin pigmentation. Hampson directly documents falsely elevated readings in
severe carbon-monoxide poisoning.

Virchow's triad. Vessel-wall change, abnormal flow and altered blood
coagulability remain a useful organising framework for thrombosis. The
three categories interact, and the framework does not predict an individual's
risk or choose treatment by itself.
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Go Deeper
Publication details for the four recommendations were checked against
publisher, library and author records on 3 September 2026. Bain and
Leach's 7th edition was published in 2025; Hoffbrand et al.'s 9th edition was
published in 2024. George is reportage, Starr is history, Hoffbrand is a
clinical textbook and Bain and Leach is a morphology guide. Their purposes
are deliberately different.
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