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Learning outcomes 

■ To be able to classify erythrocytosis 

■ To understand the investigation of a suspected 
erythrocytosis 

■ To consider possible management options for a 
patient with an erythrocytosis…..  

                                                 “To venesect or not” 

 



Who should be investigated? 

■ A persistently raised venous haematocrit (>0.52 males , 
>0.48 in females for >2 months) should be investigated. 

■ A Hct above 0.60 in males and 0.56 in females can be 
assumed to have absolute erythrocytosis. 

 

Caution 

■ Patients with iron deficient red cell indices 

 
BCSH guidelines 2007 McMullin etal 



RCM shows better correlation with HCT 

Johansson Pl et al. Br. J. Haem. 2005; 129, 701-5 



Haemoglobin and red cell mass (males) 
shows less good correlation 

Johansson Pl et al. Br. J. Haem. 2005; 129, 701-5 



Diagnostic criteria for Polycythemia 
Vera 
WHO 2016 
■ Major 

■ HCT > .49 (men), .48 
(women) or other evidence 
of increased red cell mass 

■ JAK2 mutation 

■ Bone marrow biopsy 
showing panmyelosis  

 

■ Minor 

■ Serum Epo below the 
normal reference range 

 

all major  or 

Two major and one minor establishes PV 



Erythrocytosis 

   Apparent:  

     Raised haematocrit  

     Red cell mass normal 

 

Absolute: 
 Red cell mass  

 >125% of predicted value 

     Relative:  

          Raised haematocrit  

         Red cell mass normal and  

         Reduced plasma volume 
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■ Primary erythrocytosis 
■    Congenital 

■ Acquired 

■ Polycythemia vera 

■ LNK mutations (congenital and acquired) 

■ Secondary erythrocytosis  
■     Congenital 

■     Acquired   

■ Central hypoxic process 

■ Local hypoxia 

■ Pathologic EPO production   

■ Exogenous EPO 

■ Idiopathic erythrocytosis  



Congenital erythrocytosis:  
          ■ Primary  

■ EPO receptor mutations 

■ Secondary 

■ Oxygen sensing pathway mutations 

– VHL gene mutations  

– PHD2 mutations  

– HIF -2a mutations 

■ Bisphosphoglycerate mutase deficiency 

■ High oxygen-affinity haemoglobin  

■ Methaemoglobinaemia 

■ Hereditary ATP increase    

………………………………And many others now being 
recognised… 



Diagnostic pathway 

■ Persistence 

■ History and examination 

 

■ EPO level +/- JAK2 mutation 
test 

■ CarboxyHaemoglobin 



Diagnostic pathway 

■ History and examination 

■ Symptoms of 
hyperviscosity 

■ Predisposing factors 

■ Drugs including 
recreational 

■ Lifestyle 

■ Family history: 

– Vascular disease & 

– Erythrocytosis 



Investigations 
■ Repeat confirmatory FBC 

■ Erythropoietin level, Carboxyhaemoglobin, JAK2 mutations 

 

■ Bone marrow biopsy 

■ Imaging 

■ Overnight oximetry 

■ Red Cell Mass 

■ P50- Oxygen dissociation curve 

■ Haemoglobin electrophoresis 

■ Sequencing of known gene mutations 

 

■ NGS….. Can replace p50, electrophoresis and sequencing 
 



 Erythrocytosis  

Measurement of EPO levels 

 Primary if low/normal (10%) Secondary if normal/high 

Defect intrinsic to erythroid cell  Erythropoietin driven            



Investigations 
■ Repeat confirmatory FBC 

■ Erythropoietin level, Carboxyhaemoglobin, JAK2 mutations 

 

■ Bone marrow biopsy 

■ Imaging 

■ Overnight oximetry 

■ Red Cell Mass 

■ P50- Oxygen dissociation curve 

■ Haemoglobin electrophoresis 

■ Sequencing of known gene mutations 

 

■ NGS….. Can replace P50, electrophoresis and gene sequencing 
 

As directed by history, 

examination and clinical 

findings 





Acquired secondary erythrocytosis 



Acquired: EPO mediated: Hypoxia 
driven 
Central hypoxic process  

■ Chronic lung disease  

■ Right-to-left 
cardiopulmonary 
vascular shunts   

■ Carbon monoxide 
poisoning  

■ Smoker's 
erythrocytosis   

■ Hypoventilation 
syndromes including 
sleep apnoea 

■ High-altitude habitat 

 

Local renal hypoxia  

■ Renal artery stenosis  

■ End stage renal 
disease 

■ Hydronephrosis 

■ Renal cysts (polycystic 
kidney disease) 

■ Post- renal transplant 
erythrocytosis 

 



Acquired: Excess EPO  

Pathologic EPO production   

■ Cerebellar haemangioblastoma   

■ Meningioma  

■ Parathyroid carcinoma/adenomas  

■ Hepatocellular carcinoma 

■ Renal cell cancer 

■ Pheochromocytoma  

■ Uterine leiomyomas  

 

 



Management of secondary 
erythrocytosis: 

■Venesection is NOT the mainstay 
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Relation of PCV range to number of vascular occlusive episodes per 10 patient-years 

In patients with primary proliferative polycythaemia. 

Considering PV there is clear evidence of HCT 
control being important………. 
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But if you 

lower the HCT 

does it lower 

the risk? 

HIGH Hb. 

          ≥ 15 gm % MEN 

          ≥ 14 gm % WOMEN 

NOT HIGH Hb. 

          < 15 gm % MEN 

          < 14 gm % WOMEN 

Risk of cerebral infarction (16 year follow up) according to antecedent 

hemoglobin and blood pressure status. Men and women 30-62 at entry: 

Framingham Study. KANNEL, et al, Stroke, 1972, 3, 409-420 
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What about primary prevention with aspirin? 



Management of acquired secondary 
erythrocyosis 

■ Address the underlying cause where possible 

■ Many require non-haematological input eg sleep apnoea 

■ Standard lifestyle measures apply 

 

■ Only venesect if there is a very clear indication 

■ Eg very high HCT > 0.54 and symptoms or risk eg pre op 

■ NB this does NOT apply to cyanotic heart disease 

■ Aspirin only if otherwise indicated 



Recent case from our clinical 
practice 
■ 34 year old man presents with episode of black out 

■ Shortly after arrival had an epileptic seizure, full recovery 

■ No relevant history, non-smoker, increasing headaches. 

FBC 
Hb 240g/L 

HCT 0.64 

Wbc 8 x 109 

Platelets 341 x 109 

  

Advice? 
 

Persistently 

abnormal  



Recent case from our clinical 
practice 
■ 34 year old man presents with episode of black out 

■ Shortly after arrival had an epileptic seizure, full recovery 

■ No relevant history, non-smoker, increasing headaches. 

FBC 
Hb 240g/L 

HCT 0.64 

Wbc 8 x 109 

Platelets 341 x 109 

  

• Check EPO/JAK2 etc 

 

• Get urgent imaging 

 

• Hydrate and perform 

isovolaemic 

venesection 



Brain imaging 
 

Cerebellar abnormality  

• EPO 10IU/L 

• JAK2 mutations 

negative 

 

 

• Continue venesections 

target <0.5 for surgery 



 

■ Primary erythrocytosis 
■    Congenital 

■ Acquired 

■ Polycythemia vera 

■ LNK mutations (congenital and acquired) 

■ Secondary erythrocytosis  
■     Congenital 

     Acquired   

 Central hypoxic process 

 Local hypoxia 

 Pathologic EPO production   

 Exogenous EPO 

■ Idiopathic erythrocytosis  



Investigation of an erythrocytosis with a 
low EPO level 

■ EPO receptor mutations 

■ JAK2 mutations 

■ LNK mutations reported some 
congenital and some acquired 

 



Erythropoietin Receptor 

JAK2 

EPO 

Receptor 

STAT5 

JAK2 

EPO 

Receptor 

SHP-1 

SHP-1 

active 

STAT5  

dimers 

EPO Signal  

Transduction Down modulation 

JAK2 

EPO 

Receptor 

SHP-1 

Truncated EPO R                                

McMullin 2009 



EPO receptor truncation mutation  

T C T T G C G T C C A T N G A C A C T G T G

T C T T G C G T C C A T G G A C A C T G T G •De novo G to A at base 6002 

•Stop codon at aa 439 

Individual Hb 

(g/dL) 

PCV WBC 

(x109/L) 

Platelets  

x109/L) 

EPO Level 

(mIU/ml) 

Teenage boy 20.5 0.60 4.1 211 4.4  

(NR 9.1-30.8) 

McMullin 2009 



Management of patients with EPO 
R truncation….? 

■  Lack of evidence base 

■  Consider venesection if patients are symptomatic and 

HCT > 0.55 

■ Careful management of anaesthesia etc 

 

■ The teenage boy is now 38 years old has 2 x / year 

venesections 



JAK2 Kinase -JH1 and JH2 Domains 

JH2 

JH1 

Interface 1 

Interface 2 

V617 

inactive state 

active state 



JAK2 mutation in Polycythaemia Vera 

• Chromosome 9 exon 12 

• G T transversion at nucleotide 1849 

• Resulting V617F mutation 

 

 
FERM    SH2       JH2     Kinase 

 V617F 

Regulation of cell  cycle 



JAK2 Exon 12 

mutations 

Scott et al 2007 



Diagnostic criteria for Polycythemia 
Vera 
WHO 2016 
■ Major 

■ HCT > .49 (men), .48 
(women) or other evidence 
of increased red cell mass 

■ JAK2 mutation 

■ Bone marrow biopsy 
showing panmyelosis  

 

■ Minor 

■ Serum Epo below the 
normal reference range 

 

all major  or 

Two major and one minor establishes PV 

Very rare JAK2 mutation negative 

PV cases do exist a bone marrow 

biopsy if useful to detect them. 

Very low level JAK2 mutations may 

also be considered 



 

■ Primary erythrocytosis 
    Congenital 

 Acquired 

 Polycythemia vera 

 LNK mutations (congenital and acquired) 

■ Secondary erythrocytosis  
■     Congenital 

     Acquired   

 Central hypoxic process 

 Local hypoxia 

 Pathologic EPO production   

 Exogenous EPO 

■ Idiopathic erythrocytosis  



Investigations 
■ Repeat confirmatory FBC 

■ Erythropoietin level, Carboxyhaemoglobin, JAK2 mutations 

 

■ Bone marrow biopsy 

■ Imaging 

■ Overnight oximetry 

■ Red Cell Mass 

■ P50- Oxygen dissociation curve 

■ Haemoglobin electrophoresis 

■ Sequencing of known gene mutations 

 

■ NGS….. Can replace P50, electrophoresis and gene sequencing 
 

As directed by 

history, examination 

and clinical findings 
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NGS based technologies can be very helpful 
Roche (NimbleGen SeqCap)- SEQCAP 



Candidate Gene Position No of exons 

VHL Chr3:10183319-10195354 3 

EPAS1 Chr2:46524541-46613842 16 

EGLN1 Chr1:231499497-231560790 4 

EPOR Chr19:11487881-11495018 8 

BPGM Chr7:134331531-134364568 3 

HBB Chr11: 5225464-5227071 3 

SH2B3 Chr12:111405948-111451623 8 

JAK2 Chr9:4985245-5128183 25 

EGLN2 Ch19:41305048-41314346 5 

HBA1 Ch16:22958-22749 3 

HBA2 Ch16:22277-22375 3 

Examples of genes on the erythrocytosis NGS panel



Management of idiopathic 
erythrocytosis (ie everything is 

negative) ■ Venesection to HCT target of  0.54 

 

■ If previous thrombosis or increased risk of 
thrombosis then consider a target of 0.45 

 

■ Cytoreductive therapy is contraindicated 



High Affinity Hemoglobins….. 
examples 

UPN 116 162 214 224 228 
Hb Olympia Olympia Pierre Benite Heathrow Santa Clara 

Age at presentation 

(yrs) 
42 33 56 44 23 

Hemoglobin (g/dl) 19.2 18.2 18.1 15.4 19.1 

Hct 0.59 0.53 0.54 0.48 0.58 
WBC (x 109/l) 5.8 5.8 N/A 6.4 6.8 
Pts (x109/l) 233 186 N/A 334 171 
EPO (mIU/ml) 9.1 4.9 23 29.1 5.8 



Recommendations: management of 
high (oxygen) affinity haemoglobins 

■ Possible indications for Venesection include: 

■ Presence of symptoms such as dizziness, dyspnoea or 
angina, for which a raised Hct is considered to be a 
contributory factor. 

■ One or more previous thrombotic episodes. 

■ Asymptomatic individuals in whom a family member with a 
high oxygen affinity haemoglobin, similar haemoglobin 
concentration, and comparable risk factors for thrombosis 
has developed a thrombotic problem. 

McMullin 2007 BCSH recommendations 



High oxygen affinity haemoglobins 

■ Consideration venesection should be given for individuals 

with a Hct >0.60 requiring major surgery 

■ Do not attempt to reduce the Hct to within the normal range. 

Venesection to maintain the Hct <0.60 has been 

recommended. 

■ When thrombosis or symptoms compatible with 

hyperviscosity develop at a lower Hct, a target Hct of 0.52 

has been suggested. 

McMullin 2007 BCSH recommendations 
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 Pakistan
Bangladesh

Chuvash

McMullin 2009 



VHL Mutational screen 

Normal 

>100 patients 

Homozygous 

C598T/Arg200Trp 

9 Asian families 

A A A G A C C T G G A G T G G C T G A C A C A G G

A A A G A C C T G G A G C G G C T G A C A C A G G

McMullin 2009 Data suggests single founder individual 



McMullin 2009 



Patient case: 

■ 23 year old originally from Bangladesh referred to clinic 

■ Had hypoplastic left heart, and transposition of great 
vessels corrected as baby, multiple operations. 

■ Good function, no exercise limitation, no hypoxia 

■ 15 months earlier suffered thrombotic CVA at that time 
(Hb 24 HCT 0.62) 



Patient case 

■ 23 year old originally from Bangladesh referred to clinic 

■ Had hypoplastic left heart, and transposition of great vessels corrected as 
baby, multiple operations. 

■ Good function, no exercise limitation, no hypoxia 

■ 15 months earlier suffered 2 x thrombotic CVA at that time (Hb 24 HCT 
0.62) 

■ EPO 15 IU/L 

Father attends with him and mentions that he was seen at St Thomas’ 

Hospital 18 years before and had lots of tests for “Too much blood” 

Used to have venesections, well in himself. Hb 18.8 mcv 56 HCT 0.54, EPO 

20 



Diagnosis? 

■ Father and son had a known mutation affected HIF 
2A (EPAS 1 gene) 

Management? 

■ Father needs venesection target < 0.5 

■ Son < 0.45 and aspirin 

■ Screen family members 



Clinical events in 
erythrocytoses 
■ Homozygotes with Chuvash polycythaemia: 

increased mortality from cerebrovascular 
events and mesenteric thrombosis 

 

■ PHD2 and HIF2A mutations associated with 
thromboembolic events 



Gordeuk, V. R. et al. Blood 2004;103:3924-3932 

Kaplan-Meier survival curves for Chuvash 
polycythemia patients and spouses or community 
members matched for age, sex and place of birth 



Baseline characteristics of adult Chuvash polycythemia (CP) patients and 

controls at time of enrollment in the case-control study.  

Adelina Sergueeva et al. Haematologica 2017;102:e166-e169 



Multivariate Cox Proportional Hazards Model of 

predictors of new thrombosis during follow up in 

128 CP patients. 

Adelina Sergueeva et al. Haematologica 2017;102:e166-e169 

• Prospective evaluation of 128 CP subjects & controls (matched 

by age, sex, residence) over median of 8.8 years.  

 

• The rate of new thrombosis was higher in CP subjects (HR 

12.7). 



Thrombosis and THBS1 expression in Chuvash 

polycythemia  

Adelina Sergueeva et al. Haematologica 2017;102:e166-e169 



Smyth,PLOS, 2005,3,e290 

Chuvash polycythemia 

patients have different 

cardiovascular responses to 

hypoxia………. 



Systolic pulmonary artery pressure (SPAP) breathing room air (Normoxia) and after 10 min of hypoxia

Smyth,PLOS, 2005,3,e290 

Chuvash polycythemia 

patients have different 

cardiovascular responses 

to hypoxia………. 
 

This was also seen in PHD2 

mutation proband and mimics by 

iron deficiency and chronic 

hypoxia 

 



Smyth,PLOS, 2005,3,e290 

Chuvash polycythemia patients have different 

cardiovascular responses to hypoxia 

 

Implications for therapy and monitoring for 

complications 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6uoPEm9zWAhVMb1AKHfR4D8IQjRwIBw&url=https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_pulmonary_hypertension.htm&psig=AOvVaw1foWHqGZ6NwMacmvOqbQLi&ust=1507386711572893


Paraganglioma have been reported in 

patients with HIF 2 a mutations  

Hidemi Toyoda et al. Pediatrics 2014;133:e1787-e1791 



Management options: Congenital 
erythrocytosis 

■ Rare individuals may have a congenital erythrocytosis which 
often present at a young age and have a family history 

■ An investigation for known molecular defects should be carried 
out 

■ Venesection and low dose aspirin are possible management 
options 

■ Ruxolitinib may have  efficacy in managing Chuvash 
polycythaemia  

■ Screening for complications such as pulmonary hypertension 



Lifestyle modification: 

Just as important for congenital erythrocytosis 



Patient Characteristics at Baseline and Clinical Response to Ruxolitinib in Three Patients with

Chuvash Polycythemia

Panel A shows laboratory values, phlebotomy requirement, and symptoms for all three patients before

treatment and during ruxolitinib therapy. ND denotes not determined. Panel B shows the effects of

ruxolitinib on platelet-count oscillations in Patient CP-01 and the effects of ruxolitinib on hematocrit levels

and phlebotomy requirements in Patients CP-02 and CP-03.

Patient Characteristics at Baseline and Clinical Response to Ruxolitinib in Three Patients with

Chuvash Polycythemia

Panel A shows laboratory values, phlebotomy requirement, and symptoms for all three patients before

treatment and during ruxolitinib therapy. ND denotes not determined. Panel B shows the effects of

ruxolitinib on platelet-count oscillations in Patient CP-01 and the effects of ruxolitinib on hematocrit levels

and phlebotomy requirements in Patients CP-02 and CP-03.

Erythrocytosis & 

symptoms response:  

Ruxolitinib in 

Chuvash 

Polycythaemia 
 

Zhou et al NEJM 2016 



Management of  a congenital 
erythrocytosis 
■ Assess individual patient 

■ Consider reduction of HCT to achievable target level ? 
<0.5 

■ Consider aspirin if no specific contraindication 

■ Need for long-term follow-up of treatments and 
outcomes 

? Need for global registry 



Summary: 

■ Erythrocytosis is classified by cause measurement of EPO levels 

are useful way to subclassify 

■ Red cell mass is a useful test and HCT is more predictive than 

Hb 

■ Most cases of secondary acquired erythrocytosis are best 

managed by addressing the underlying cause and venesection 

is NOT a mainstay of therapy 

■ Congenital erythrocytosis is rare but important venesection 

needs to be carefully considered and long term monitoring for 

other late complications is important 

■ A registry for these conditions would inform future management 

 


