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Learning objectives

By the end of the lecture, learners should be able to:

e Distinguish the early volume threat from later oxygen-carrying deficit.

e Explain why hemodilution lowers hematocrit after acute hemorrhage.

e Trace renal erythropoietin signaling to marrow CFU—E and reticulocytes.
e Recognize accompanying leukocyte and platelet responses.

e Predict when internal and external bleeding differ in iron loss.



Anemia is a deficiency of circulating red-cell mass

The primary definition is quantitative, not merely morphologic.

e Reduced total circulating red-cell mass Reduced red-cell mass

:

Reduced O,-carrying capacity

e Hemoglobin concentration and hematocrit '
are practical indirect measures. Tissue hypoxia

defines anemia.

e Diminished red-cell mass reduces blood
oxygen-carrying capacity.



Loss of red cells diminishes tissue oxygenation

Oxygen delivery is the functional consequence of anemia.

e Clinical effects arise when available oxygen Red-cell deficit

:

Less oxygen carriage

e Hypoxic effects may involve the '
myocardium, brain, kidneys and liver. Tissue manifestations

cannot meet tissue needs.

e Severity of clinical manifestations is not
defined by cell morphology alone.



Hemoglobin and hematocrit are anemia surrogates

These measurements usually track red-cell mass—but not always.

* Hemoglobin concentration reflects S

hemoglobin per unit blood volume.

o Concentration of Hb in blood
e Hematocrit is packed red-cell volume

divided by whole-blood volume.

e Both depend on plasma volume as well as Hematocrit

circulating red-cell mass.
Red cells / total blood volume



Plasma-volume change can distort anemia assessment

A concentration can change without a matching change in red-cell mass.

e Fluid retention expands plasma volume and Red cells + plasma

:

Change in plasma volume

e Following blood loss, plasma refilling '
produces hemodilution. New Hb / Hct concentration

changes measured concentrations.

e Dehydration contracts plasma volume and
alters the same indices.



Anemia can arise through three mechanisms

The source classifies anemia by the underlying pathophysiology.

e Blood loss removes circulating erythrocytes.
Blood loss
e Hemolysis increases red-cell destruction.

e Diminished erythropoiesis reduces | S
, ncreased destruction
production.

Decreased production



Acute blood loss is a distinct mechanistic category

Hemorrhage differs from accelerated destruction or reduced synthesis.

e The blood-loss mechanism includes acute Acute loss

and chronic forms.

_ Trauma; Immediate volume effects
e Trauma is the acute blood-loss example

Table 14.1.

e The response reflects both intravascular Other anemias

fluid loss and reduced red-cell mass.
Hemolysis or reduced marrow output



Blood-loss anemia has acute and chronic forms

The time course changes the dominant pathophysiology.

e Acute hemorrhage primarily threatens Acute

circulating volume.

_ _ Volume loss, then regeneration
e Chronic loss produces anemia when marrow

compensation is exceeded.

e [ron depletion is a major route from Chronic

sustained bleeding to anemia.
Iron deficit or overwhelmed production



Cell morphology complements the mechanistic diagnosis

Red-cell size, hemoglobinization, and shape supply etiologic clues.

e Morphologic categories include normocytic,
microcytic, and macrocytic. Size

e Color is described as normochromic or

hypochromic. Color

e Early acute-loss erythrocytes remain

normocytic and normochromic.
Shape



Four red-cell indices organize morphologic interpretation

Different indices describe different dimensions of the erythrocyte population.

e MCV: Mean red-cell volume, expressed in Index
femtoliters.
MCV
e MCH and MCHC: Hemoglobin mass per cell
.. MCH
and concentration in packed cells.
e RDW: Coefficient of variation of red-cell MCHC
volume.
RDW

Question answered

How large is the average cell?

How much Hb is in one cell?

How concentrated is Hb?

How variable is cell volume?



The acute event removes blood from the circulation

The immediate threat is loss of effective intravascular volume.

e Whole blood contains both plasma and Hemorrhage

:

Lower intravascular volume

e The earliest serious consequence may be
hemodynamic rather than a new red-cell Perfusion threatened
shape.

circulating erythrocytes.

e Acute blood loss therefore reduces the
amount of vascular fluid.



Acute hemorrhage creates two linked deficits

Volume depletion and red-cell depletion are related but nonidentical.

e Loss of intravascular volume impairs Volume deficit

circulatory stability.

_ _ Plasma refilling restores volume
e Loss of red-cell mass impairs oxygen

carriage.

* The two deficits recover by different Red-cell deficit

mechanisms and time scales.
Marrow production restores cells



Rate of hemorrhage is a determinant of presentation

Speed of loss helps explain the clinical phenotype.

e Clinical features to the rate of hemorrhage. it o llleedis

e Rapid, severe loss can exceed circulatory ]

compensation.
Extent of vascular depletion

e A |laboratory snapshot cannot replace |

assessment of the bleeding event.
Clinical severity



Bleeding location changes downstream consequences

External and internal hemorrhage are not metabolically identical.

e External hemorrhage removes blood from
the body.

Internal tissue bleed

_ _ Iron from extravasated cells is recaptured
* Internal bleeding may deposit erythrocytes

within tissues.

* The fate of hemoglobin iron differs External / gut bleed

substantially by route.
Iron is lost from the body



Massive volume loss can cause circulatory collapse

The dominant early pathway is vascular, not morphologic.

e Severe hemorrhage can progress to Massive blood loss

cardiovascular collapse.

e Hemorrhagic shock may follow massive
intravascular fluid depletion. Hrem girery eellEpse

e Without recovery, shock can be fatal.
Shock / death



Renal hypoperfusion explains oliguria in shock

The kidney can signal the systemic perfusion deficit.

e The parent anemia section links oliguria and Acute loss + shock

:

Reduced renal perfusion

anuria to acute blood loss with shock.

e Lower kidney perfusion, rather than a
specific RBC-shape change, is the key
mechanism. i

e Urine-output abnormalities belong to the Oliguria / anuria
hemodynamic complication.



Common anemia symptoms reflect oxygen deficit

Weakness and exertional limitations are physiologic clues.

e Weakness and malaise may result from
tissue hypoxia. Weakness / malaise

e Easy fatigability reflects reduced oxygen

availability. Easy fatigue

e Dyspnea can occur with mild exertion in

sufficiently severe anemia.
Exertional dyspnea



Myocardial ischemia can complicate severe anemia

Reduced oxygen carriage may provoke angina.

e Myocardial hypoxia may manifest as angina Severe anemia

:

Myocardial oxygen deficit

:

not necessarily primary myocardial disease. Possible angina

pectoris.

e Pre-existing coronary artery disease
increases clinical susceptibility.

e The event is an oxygen-supply consequence,



Cerebral hypoxia produces recognizable symptoms

The neurologic manifestations of anemia arise from reduced oxygenation.

e Headache may develop with CNS hypoxia.
Headache
e Dimness of vision is another reported

manifestation.

] Dimness of vision
e Faintness can occur when cerebral

oxygenation is inadequate.

Faintness



Severe anemia may produce organ fatty change

The tissue response extends beyond circulatory symptoms.

e Fatty change as a possible hypoxic
manifestation. Liver

e Affected organs include liver, myocardium,

and kidney. Myocardium

e This is an effect of impaired oxygenation

rather than a specific acute-loss blood film.
Kidney



Survivors rapidly begin to restore circulating volume

Volume replacement precedes complete restoration of erythrocyte number.

* Movement of water into vascular space Volume depleted

replenishes lost fluid.

e The transferred water originates from
interstitial fluid. 0GOS

e Redistribution changes blood composition
before red-cell mass is fully rebuilt. Volume partly restored



Interstitial water moves into the intravascular space

A compartment shift is central to the early hematologic change.

e The source identifies interstitial-to- T G

intravascular water movement.

Source of replacement water
e Water replacement changes the

denominator of hematocrit.

e This shift explains a posthemorrhagic change Intravascular compartment

without creating new erythrocytes.
Recipient of replacement water



Hemodilution follows vascular refilling

Replacing plasma water dilutes remaining circulating red cells.

e Fluid volume rebounds while the red-cell Interstitial water shift

:

Plasma volume increases

deficit persists.
e The hematocrit subsequently declines.

e A lower hematocrit during recovery is not 1

itself evidence of a second hemorrhage.
Hematocrit decreases



Why hematocrit falls after hemorrhage

Hematocrit is a ratio and its denominator changes.

Packed red-cell

Hematocrit = volume

e Packed erythrocytes comprise the
numerator. Total blood volume

e Whole blood, including plasma, comprises

the denominator. )
Increased plasma fraction - lower

. : hematocrit
e Arise in the plasma fraction lowers the red-

cell fraction.



Red-cell mass and hematocrit are not identical

Anemia assessment must account for fluid distribution.

e An absolute red-cell deficit may coexist with Red-cell mass

a changing blood concentration.

. _ Absolute circulating cell quantity
e Plasma refilling changes Hb and Hct without

restoring lost erythrocytes.

e This distinction reconciles an acute bleed Hematocrit

with delayed hemodilution.
Red-cell fraction of sampled blood



An evolving blood count must be interpreted in time

A single measurement cannot portray all phases of the response.

e Hemorrhage initiates volume and red-cell
losses together. 1 2 3

e Fluid redistribution alters hematocrit.
Bleeding Hemodilution Regeneration

e Later erythroid regeneration alters the
reticulocyte population. _ _



The response unfolds on different time scales

A staged chronology organizes seemingly discordant findings.

e Circulatory volume effects occur early.

1
e Fluid redistribution changes the hematocrit
after the initial loss. Early: Volume
loss

e Marrow-derived reticulocytes appear only
after a maturation interval.

Refilling: Hct
falls

3

Marrow:
Reticulocytes
rise



Reduced tissue oxygenation activates renal sensing

The anemia response is initiated by reduced oxygen availability.

e Blood loss reduces red-cell oxygen-carrying I A e
2

capacity.
e Specialized stromal cells in the kidney sense
reduced tissue oxygenation. Renal stromal sensing

e They respond by releasing erythropoietin.
Erythropoietin released



Erythropoietin couples the Kidney to the marrow

The compensatory signal increases erythroid production.

e Erythropoietin is the mediator named.

Kidney
e |ts target is committed erythroid progenitors ]
in marrow.
Erythropoietin
e The effect is proliferation of the erythroid |
lineage.

Marrow erythroid cells



The CFU-E is a committed erythroid progenitor

Proliferation of CFU-E precedes increased circulating erythrocytes.

e CFU-E means colony-forming unit— Committed CFU—=E

erythroid.
e |t belongs to the committed precursor
compartment. Erythroid maturation

e Erythropoietin stimulates its proliferation
after blood loss. New red cells



Committed progenitors are growth-factor responsive

A short-term marrow response need not begin at mature erythrocytes.

e Chapter 13 identifies lineage-specific growth Early marrow cells

factors acting on committed progenitors.

_ _ . Broader developmental potential
e This arrangement permits expansion of the

selected blood-cell lineage.

e Erythropoietin acts primarily on erythroid- CFU-E

committed cells.
Committed erythroid response



Erythroid compensation is not instantaneous

Cells need time to proliferate and differentiate.

e An erythropoietin signal increases EPO stimulus

:

Proliferation / maturation

e This biologic delay separates immediate '
shock from later reticulocytosis. Reticulocytes in blood

progenitor proliferation.

e The newly produced cells must mature in
the marrow.



Approximately five days elapse before new reticulocytes

The source specifies a biologic maturation interval.

* Progeny of CFU-E require about five days to

mature. 1 2 3
* Newly released red-cell precursors then EPO > CFU—E ~5 days of Reticulocyte
enter peripheral blood. maturation release

e The circulating precursor is the reticulocyte. _ _



Early erythrocytes are normocytic

Acute blood loss initially does not create smaller circulating RBCs.

e The initial red cells as normal in size.

e Normocytic means the cells retain usual red-
cell dimensions.

e A normal mean cell volume does not exclude
recent hemorrhage.

Initially: Mature red Later: Larger
cells reticulocytes

Schematic red-cell comparison — not a blood-film image



Early erythrocytes are normochromic

The initial mature cells retain normal hemoglobinization.

e |nitial red cells as normal in color. Initial hemorrhage

e Normochromia indicates preserved normal

_ Normochromic circulating RBCs
hemoglobin appearance.

e Acute loss should not be equated
automatically with iron-deficiency Iron depletion

morphology.
May impair later restoration



The reticulocyte is the new erythroid output

A reticulocyte is a newly released peripheral red-cell precursor.

e Reticulocytes are the cells that appear after
marrow maturation.

e They represent recent release from
erythroid precursors.

e Their abundance increases when marrow

erythropoiesis accelerates.
Mature erythrocyte Reticulocyte

Schematic red-cell comparison — not a blood-film image



Reticulocytosis marks compensatory erythropoiesis

A rising reticulocyte count signals an active regenerative response.

e Erythropoietin drives expanded marrow
progenitor proliferation.

e New reticulocytes enter peripheral blood
after maturation.

e A high reticulocyte proportion is expected in
uncomplicated recovery.

EPO-driven marrow

:

More reticulocyte output

:

Peripheral reticulocytosis



Marked reticulocytosis appears by one week

A characteristic magnitude after significant bleeding.

e |In the source description, the reticulocyte
count reaches 10%—15% after seven days. RETICULOCYTE RESPONSE

e The percentage reflects VigOIOUS release of ]O(y ] 50/ after 7 days
o— o

Textbook description; Not a decision threshold
e This textbook figure describes the

response—not a standalone diagnostic
cutoff.



Reticulocytes are larger than mature erythrocytes

A recovery smear may develop a size contrast.

e Reticulocytes are described as larger than
ordinary red cells.

e The larger cells appear as marrow output
expands.

e Changing cell composition can influence the

apparent size distribution.
Mature red cell Larger reticulocyte

Schematic red-cell comparison — not a blood-film image



Reticulocyte cytoplasm contains residual RNA

RNA underlies the blue-red cytoplasmic appearance.

e Robbins specifically attributes

Residual RNA
polychromatophilia to residual RNA.
e Reticulocyte cytoplasm can show a blue-red
coloration. Blue-red cytoplasm

e This property allows the cells to be identified
in clinical laboratories. Reticulocyte recognized



Polychromasia links blood-film appearance to recovery

A morphologic observation can reflect recent marrow activity.

e Larger, blue-red cells correspond to
reticulocytes.

e A recovery smear can therefore differ from
the initial smear.

e The observation is interpreted alongside the

reticulocyte count. Early: Mostly mature Recovery: Mort.e.
polychromatophilic
RBCs cells

Schematic red-cell comparison — not a blood-film image



Red-cell maturation explains an apparent paradox

Initial normal morphology can coexist with major red-cell loss.

e Acute hemorrhage removes existing normal

circulating cells. 1 2 3
e Marrow feedback takes time to yield new Loss of normal Delayed Large
icul RBCs marrow reticulocytes
reticulocytes. maturation appear

e Consequently, early and later samples can _ _
differ in morphology.



The leukocyte count may increase after severe hemorrhage

Blood loss can produce a stress-related white-cell response.

e Significant hemorrhage affects leukocytes as Severe bleeding / hypotension

well as erythrocytes.

i

e The described leukocytosis occurs if bleeding _
lowers blood pressure sufficiently. Adrenergicirelease

i

e The mechanism involves compensatory
release of adrenergic hormones. Leukocytosis



Demargination redistributes circulating granulocytes

Stress hormones shift cells from a marginal pool.

e Granulocytes reside partly in an i e e R

intravascular marginal pool.

i . Granulocytes near vessel wall
e Adrenergic hormones mobilize these cells.

e The circulating leukocyte count rises as a
result. Circulating pool

Granulocytes counted in blood sample



Hemorrhage-associated leukocytosis has a mechanism

A high WBC count can accompany the hemodynamic response.

* Blood pressure decline elicits compensatory Hypotensive bleed

adrenergic signaling.

e Granulocyte mobilization accounts for the
count elevation described. Granulocyte demargination

e The count should be evaluated with the
clinical hemorrhage context. WBC count increases



Thrombocytosis may accompany early recovery

Platelet production can increase during convalescence.

e Frequent thrombocytosis in early recovery. Recovery after bleeding

e The explanation provided is increased ]

platelet production.
Platelet production increases

e This response occurs alongside expanding l
erythroid activity.
Thrombocytosis



The blood count is a three-lineage response

Anemia, leukocytosis and thrombocytosis have different proximate causes.

e Red-cell changes reflect loss, dilution and Lineage Main response
regenerative release. _ _
RBC Loss - reticulocytosis
e White-cell elevation reflects adrenergic
e WBC Granulocyte mobilization
mobilization of granulocytes.
Platelets Increased production

e Platelet elevation reflects increased platelet
production.



The direction of change differs across cell lines

A single hemorrhagic event can decrease RBC measures but raise WBCs and platelets.

e Loss and subsequent hemodilution depress
red-cell concentration. Red cells: Deficit

e Adrenergic redistribution can increase

leukocyte counts. White cells: Mobilization

e Recovery-related platelet production can

increase platelet counts.
Platelets: Production



Iron is recoverable from red cells trapped in tissues

Not all bleeding permanently removes hemoglobin iron.

e Erythrocytes may extravasate into tissues Tissue extravasation

during internal bleeding.

e Iron released from their hemoglobin is
recaptured. Hemoglobin iron reclaimed

e This contrasts with iron actually leaving the
body. Potential reuse



External hemorrhage causes loss of hemoglobin iron

Blood leaving the body also removes its iron content.

e External bleeding carries erythrocytes Blood leaves body

:

Hemoglobin iron lost

outside the bodly.
e Their hemoglobin iron is therefore lost.

e Repeated or substantial loss can exhaust |

iron available for regeneration.
Iron supply may limit recovery



Gastrointestinal blood loss also removes iron

An internal anatomic site can still be an iron-loss route.

e Robbins explicitly groups bleeding into the Extravasated into tissues

gut with iron loss.

oo o _ _ Iron can be reclaimed
e The relevant distinction is whether iron is

recoverable, not simply anatomic depth.

e This has implications for eventual iron Lost into Gl tract

depletion.
Iron leaves body



Iron limitation can impede restoration of red-cell counts

Regenerative signaling needs available substrates.

e Erythropoietin can stimulate erythroid Hemoglobin iron lost

proliferation.

e Losing hemoglobin iron can create an iron
deficiency. Iron deficiency possible

e The deficiency can hamper normalization of
circulating red-cell counts. RBC count recovery impaired



The destination of blood determines its iron fate

Tissue bleeding and blood exiting the body must be separated conceptually.

e Tissue extravasation allows eventual iron Retained in tissue

recapture.

_ _ Iron recapture
e External and gastrointestinal routes remove

iron.

e I[ron balance alters how effectively later Lost outside / GI

regeneration can proceed.
Possible iron deficiency



Chronic loss differs in the mechanism of anemia

The adjacent Robbins section centers on cumulative loss and iron depletion.

e Chronic hemorrhage induces anemia when Continuing blood loss

:

Marrow response or iron stores exceeded

e Chronic blood-loss anemia frequently
becomes iron-deficiency anemia. Anemia

losses exceed marrow regenerative capacity.

e Depletion of iron reserves is an alternative
pathway to anemia.



Acute and chronic loss differ in dominant priorities

Their contrasting mechanisms help interpretation.

Feature
e Acute: Loss of vascular volume may cause
cardiovascular collapse. o
Priority
e Chronic: Depletion of iron stores or RBC
inadequate replacement produces anemia. response
Serious
e Both can ultimately decrease effective effect

oxygen delivery.

Acute loss

Volume depletion

Delayed
reticulocytosis

Shock

Chronic loss

Production / iron
balance

Limited by
regeneration or iron

Persistent anemia



Blood loss and hemolysis are not interchangeable

Red-cell loss and accelerated destruction occupy different branches.

e Blood-loss anemia removes erythrocytes Hemorrhage

from circulation through bleeding.

. _ Red cells leave vascular system
e Hemolytic anemia reflects shortened red-cell

survival from destruction.

e These as distinct underlying mechanisms. Hemolysis

Red cells undergo destruction



Interpret hemoglobin with intravascular volume in mind

Concentration indices must be read with clinical timing.

e Hemoglobin and hematocrit usually estimate Identify hemorrhage

circulating red-cell mass.

e Posthemorrhagic water shifts can change
these measured values. Assess fluid redistribution

e The clinical history and perfusion state are
needed to interpret them correctly. Interpret Hb / Hct



Reticulocyte and morphology findings need a time axis

Timing aligns laboratory evidence with the mechanism.

e |nitial normal size and color do not preclude

acute bleeding. 1 2 3
e Marrow progenitors require maturation Early A Reticulocytes /
, normocytic . .
before reticulocytes appear. RBC sy interval polychromasia

e Later reticulocytosis and polychromasia _ _
indicate regenerative activity.



Case: Acute hemorrhage with falling blood pressure

Clinical scenario (hypothetical).

_ . . REASONING PATH
e After traumatic bleeding, a patient develops

hypotension and markedly reduced urine

Acute trauma
output.

e Question: Which mechanism primarily
threatens life in the early phase? Hypotension

e Question: Why might urine output fall?
Oliguria



Case interpretation: Shock precedes marrow repair

Immediate physiology must be distinguished from delayed erythroid recovery.

e Massive blood-volume loss can cause T

cardiovascular collapse.

i
e The kidney receives inadequate perfusion
and may produce little urine. Renal hypoperfusion
i

e An erythropoietic response cannot
immediately repair the volume deficit. Oliguria



Case: A blood film changes during recovery

Clinical scenario (hypothetical).

N _ REASONING PATH
e |nitial smear shows predominantly normal-

sized, normally colored erythrocytes. -
Initial smear

e A later sample shows an increased

proportion of larger blue-red cells.
Recovery interval

e Question: Which marrow response links
these two appearances?

Polychromasia



Case interpretation: Reticulocytosis after maturation

A delayed, RNA-containing cell population explains the change.

e Erythropoietin stimulates proliferation of

Renal EPO
committed erythroid progenitors.
e Approximately five days are required before
their progeny appear as reticulocytes. GRe=E e En

e Larger RNA-containing reticulocytes are
polychromatophilic. Reticulocyte release



Case: Two hemorrhage sites and two iron outcomes

Clinical scenario (hypothetical).

_ _ _ REASONING PATH
e Patient A has a tissue hematoma; Patient B

loses blood into the gastrointestinal tract. . .
Tissue extravasation

e Question: Which patient can recapture iron

from the extravasated erythrocytes?
Gl blood loss

e Question: Which route is associated with
actual iron loss?

Different iron fates



Case interpretation: Distinguish retention from loss

The decisive variable is whether hemoglobin iron remains recoverable.

¢ l[ron from red cells extravasated into tissues e [rEr R

can be recaptured.

_ Iron reclaimed
e Blood lost into the gut removes hemoglobin

iron.

e Loss of iron can later impede restoration of a Gl bleeding

normal red-cell count.
Iron lost



An integrated model connects physiology and blood count

Three parallel responses explain the acute-loss phenotype.

e Intravascular fluid: Loss followed by water
redistribution and hemodilution.

e Erythrocytes: Loss followed by EPO-CFU-E
signaling and reticulocytosis.

e Other lineages: Leukocyte mobilization and
increased platelet production.

Compartment /
cells

Vascular fluid

Erythroid cells

Granulocytes

Platelets

Primary sequence

Blood loss > water shift > dilution

Hypoxia - EPO - reticulocytes

Adrenergic mobilization

Production increases



The diagnostic synthesis rests on five distinctions

A coherent interpretation joins cause, physiology, and time.

e Acute blood loss is classified by mechanism, not

Mechanism
initial red-cell shape. .
e Volume loss and loss of oxygen carriage are Compartment
distinct consequences. i
e Hematocrit changes with plasma redistribution. Timing
e Reticulocytosis follows marrow maturation, not $
the instant of bleeding. Marrow
L 2

e The bleeding route determines the fate of
hemoglobin iron. Iron



Reference and source scope

Primary textbook

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026).

Chapter 14: Anemias; Anemias of Blood Loss; Acute Blood Loss; Chronic Blood Loss.
Printed pages 577-579.

Related foundation: Chapter 13, hematopoietic cell differentiation and committed progenitors.
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