
More RBCs are able to 
carry more O2 in the blood
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Polycythemia:
Overview of the two main types
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   Polycythemia
Defined as: [Hgb] > 185 g/L (men) or > 165 g/L (women)
Hb concentration can go up because of a  ↑ RBC mass or a  ↓ 
plasma volume. Both true and relative polycythemia will show ↑ Hb 
on CBC, but the clinical context will help differentiate between them.

Relative Polycythemia
Plasma volume has ↓ but RBC mass 
has NOT changed. Causes include:

- Dehydration 
 - Burns
 - Diuretic use
 - Diarrhea 
 - Vomiting

Note: Normal EPO level and no hypoxia 

True Polycythemia
There is an ↑ in RBC mass BUT plasma 
volume (as an absolute amount) has 
remained the same. True polycythemia is 
classified as secondary or primary.

Primary polycythemia 
Erythrocytosis due to 
neoplastic growth of red 
blood cells even when 
unstimulated (EPO is low). 
Example: Polycythemia Vera

Secondary 
polycythemia 
High red blood cell mass 
due to high EPO, caused 
by a reaction to other  
body processes

↑ [RBC] = ↑ Hb

Relative
Polycythemia Normal

True
Polycythemia

Blood O2 content

Sensed by interstitial 
cells in Kidneys

↑ kidney EPO 
(erythropoeitin) 
production 

EPO acts on Bone Marrow 
to ↑ RBC synthesis 
(erythropoeisis) 

Restores If Low

How is red blood cell production 
regulated anyway?
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Secondary Polycythemia:
Pathogenesis
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Stenosis
High Affinity Hb 
or CO posioning

Testosterone therapy 
(results in increased EPO 
synthesis within the body)

Latrogenic EPO 
administration

Tumors (eg renal, 
hepatic, lung)

High Altitude

Obstructive Sleep Apnea Cyanotic Heart 
Disease

Chronic Lung 
Disease (ILD, COPD)

↓ Blood flow 
to kidney

↓ O2 partial 
pressure

Episodic airway 
obstruction during 
sleep

Shunting of 
blood

Intermittent 
hypoxia

↑ EPO production due to hypoxia (appropriate response)

“Endogenous causes” of high EPO

“Exogenous causes” of high EPO

Secondary Polycythemia

↑ EPO production independent of O2 
(inappropriate response)

Venous and arterial 
blood mixes

Poor lung 
function

Poorly oxygenated blood

Hb does not 
easily unload O2

Tissues become 
hypoxic

Kidney 
senses ↓ O2

Secretes EPO in an 
unregulated  way, 
as a “Paraneoplastic 
syndrome”
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Polycythemia Vera (PV): 
Pathogenesis, Signs and Symptoms, and Complications
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Other unknown mutations 
(JAK2 is normal)

Mutation of JAK2: a tyrosine 
kinase associated with the 
EPO receptor  (85% of cases)

Erythroid lineage cells (RBC 
precursors) in bone marrow 
become hypersensitive to EPO

Even low/normal EPO levels 
trigger the erythroid lineage 
cells to undergo hyperplasia

Constantly ↑ RBC production

Other mutations can 
cause hyperplasia of 
other myeloid cell lines

PV is a clonal stem cell 
disorder characterized by an 
absolute ↑ in red cell mass 
due to ↑ red cell production. 
Although erythrocytosis is 
the main abnormal finding, 
many patients also have 
concurrent leukocytosis and 
thrombocytosis

More basophils and mast 
cells are produced

These cells secrete more 
histamine under the skin

Blood too viscous

Abnormal retinal 
blood flow

Abnormal cerebral 
blood flow

Release of uric acid 
into the blood

Accumulation and precipitation 
of uric acid in joint spaces

↑ RBC “turnover”
(lysis of old RBCs, 
synthesis of new RBCs) 

Blood appears redder, 
shows up more clearly 
under the skin of the face

Thromboembolic Disease, 
resulting in several complications

↑ number of RBCs

Pruritis (skin 
itchiness) 

Stroke Gangerene Myocardial 
Infarction

PE/DVT Gout 

Visual disturbances Plethora (red face)

Hypercellular bone 
marrow (on biopsy)

Molecular abnormalities (mutations 
in JAK2 and other specific genes) can 
be found via PCR. 
In later stages of the diseases, there 
can be new cytogenic abnormalities 
(chromosome abnormalities 
detected on Fluorescent in-situ 
hybridization or on a  karyotype). 

Headache


