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ABSTRACT 

 

 

AIMS AND OBJECTIVE: - 

Polycythemia also known as erythrocytosis is defined as an apparent or real increase in 

hemoglobin or red blood cells over the level which is considered harmful for that age 

or gender. This results in increased thickness of blood making it difficult to travel 

through the blood vessels and organs .The symptom of polycythemia includes 

headaches, blurry vision, increased blood pressure, red skin, dizziness and confusion, 

abdominal discomfort, itchy skin, gout, bleeding problems, etc . Literature related to 

polycythemia and its complications is very limited among south Indian population 

especially in Dharwad Hubli region. Therefore our study will provide a  

wider outlook about the disease spectrum helping in increasing the rate of diagnosis.  

 

   

TYPE OF STUDY: -  

A hospital based cross- sectional analytical study was conducted among OPD patients 

and patients admitted in wards of SDM College of Medical Sciences and Hospital, 

Sattur, Dharwad 



 

 

 

 

MATERIALS AND METHODS: -  

. Patients with hemoglobin> l6.5 mg/dl in men; hemoglobin> l6 mg/dl in women was 

considered for the study. However spurious polycythemia patients were excluded   The 

study was conducted over a period of 2 years. Total sample size calculated was 60 .A 

designed semi-structured proforma containing socio-demographic data, clinical 

features, past medical history, personal history, etc. was used. 

 

 

 

 

RESULTS: -  

Of the total participants as per complications Ten patients showed CVA being the most 

common complication associated, five showed dizziness, four each showed 

paraesthesia and CVT, three showed erythromelalgias, two each showed TIA and PTE. 

The most common symptomatology were neuro deficits among  l4 patients, followed 

by cough and abdominal pain among eight patients each. The other symptoms observed 

were fever, breathlessness, giddiness, pruritis, etc.  

Of total study participants , l5% (n=9) had primary polycythemia whereas 85% (n=5 l) 

had secondary polycythemia.  l3 patients were smoker, eight had COPD, five had renal 

cysts, and one each had hyperuricemia, adrenal icidentaloma (pheochromocytoma), 



 

TOF ,OSA and rest cause still under evaluation however study causality wasn’t our aim 

of the study  . 

 

 

CONCLUSION: - 

This study has provided a better understanding of the differences in symptamology the 

clinical pattern of presentation , the notorious nature of the disease to present mostly 

with no clinical signs , clinical findings ,variation in hematological parameters , 

radiological findings and evaluation of the occurring complications . The study 

enumerates a series of reference ranges that vary about a widely based on ethnicity and 

population region . The disease burden per se on the patient where in a deeper 

evaluation revealed dreadful underlying disease causality , the patients polycythemia 

was a soft indicator of the dreadful  multiple diseases with other etiologies even in a 

secondary polycythemia patient , whose early diagnosis can give the patient a treatment 

benefit decrease mortality and disease burden on the society and  Patients with 

thrombosis, erythrocytosis, thrombocytosis and hemorrhage should be suspected to 

have myeloproliferative disorders like polycythemia vera and investigated.JAK2 

mutation analysis should be a part of initial evaluation of patients.  

 

 

 

 

 



 

 

                                    INTRODUCTION 

 

Polycythemia also known as erythrocytosis is defined as an apparent or real increase in 

hemoglobin or red blood cells over the level which is considered harmful for that age 

or gender. This results in increased thickness of blood making it difficult to travel 

through the blood vessels and organs. Polycythemia has an immense disease burden in 

the population and is largely under-diagnosed.( l) 

To have a better understanding, in 2016 World Health Organization (WHO) revised 

guidelines for the diagnosis of polycythemia and the cut-off values were lowered so as 

to have an early diagnosis which can help in prevention of unforeseen complications 

and can improve the quality of life in patients. Hemoglobin>  l6.5 g/dL in men and >  

l6 g/dL in women, or haematocrit> 49% in men and > 48% in women, or red cell mass 

> 25% above mean normal predicted value is defined as polycythemia.(2) 

Polycythemia Vera (primary polycythemia) is a clonal disorder of unknown etiology 

involving a multipotent hematopoietic progenitor cell that is characterized by the 

accumulation of phenotypically normal red blood cells, white blood cells, and platelets 

in the absence of a definable cause; extramedullary haematopoiesis, marrow fibrosis, 

and, in a few patients, transformation to acute leukemia can also occur.(3) 

It is a myleo-proliferative neoplasm clonal cell type disorder with phenotypically 

normal red cells, granulocytes and platelets in the access of recognizable physiologic 

stimulus with increase in leucocytes, erythrocytes (of a normal life span), and decrease 

in iron in the blood due to increased erythroid. The disease by itself has a varied course 



 

with life threatening complications of arterial and venous thrombotic complications, the 

main aim being to decrease hyper-viscosity of the blood.(4) 

Secondary polycythemia mainly presenting as spurious appears due to increased 

erythropoietin in the presence or absence of tissue hypoxia. It is observed in disorders 

like congenital cyanotic heart diseases, high altitude, COPD, chronic smokers, renal 

artery stenosis, etc.(5) 

The symptom of polycythemia includes headaches, blurry vision, increased blood 

pressure, red skin, dizziness and confusion, abdominal discomfort, itchy skin, gout, 

bleeding problems, etc. Polycythemia can lead to severe complications such as 

pulmonary embolism and deep vein thrombosis.(6) 

This study will provide better and in-depth understanding of the differences in 

symptomology, presentation, clinical findings, variation in haematological parameters, 

radiological findings and complications among the two major class of polycythemia in 

our tertiary care centre. This study is important in detailing out causes of mortality and 

morbidity occurring because of polycythemia and it can enumerate a series of reference 

ranges that vary widely based on ethnicity, altitude and country to country. 

Literature related to polycythemia and its complications is very limited among south 

Indian population especially in Dharwad-Hubli region. Therefore our study will 

provide a wider outlook about the disease spectrum helping in increasing the rate of 

diagnosis.  

The study articles in southern India on polycythemia clinical presentation on a broader 

spectrum are very few in number compared to many other foreign publications. Study 

results will aim on giving a better outline of understanding about the disease spectrum 



 

in southern India so as to give an estimate of true disease burden. The prevalence of the 

disease and complications occurring can be estimated with the study results.  

SDM College of Medical Sciences & Hospital is a major tertiary care centre in north 

Karnataka. This study will help to evaluate the various causes of polycythemia and to 

correlate the findings and complications of the disease. There by, it will help in planning 

the diagnostic and therapeutic approach to patients with polycythemia.  

  



 

 

 

                                 AIMS AND OBJECTIVE  

 

AIM 

To study the clinical spectrum and complications of polycythemia among patients 

seeking care from tertiary care center  

 

OBJECTIVES 

Among the patients seeking care from tertiary care center- 

1. To study common presentations, etiologies and clinical features of 

polycythemia  

2. To evaluate the complications of polycythemia in primary (vera) and secondary 

polycythemia   

 

 

 

 

 

 

 

 

 

 



 

REVIEW OF LITERATURE 

 

 

1. HISTORY  

Polycythemia is a rare, chronic disorder characterized by an excess of blood cells 

located in the bone marrow (myeloproliferation). The increased production of red 

blood cells is most noticeable, but white blood cell and platelet production is also 

elevated in most cases.(7) Although the term polycythemia and its obsolete 

synonym, erythremia, predate Robert Hooke's  l7th century discovery of cells, the 

concept of a clinically problematic excess of blood was developed long 

before.  It was first described and differentiated from secondary and relative 

polycythemia during the end of the nineteenth century.(8)The development of 

knowledge starts from Vaquez, who began writing the description of this disorder, 

and Osler, who recognised it as a "new clinical entity," to the formation 

of polycythemia study groups. The advancement of a methodology for assessing an 

increased hematocrit and the development of the first protocol of the Polycythemia 

Vera Study Group (PVSG), a randomised trial of the efficacy of 32P, chlorambucil, 

and phlebotomy for treating polycythemia vera, can be traced back to Lawrence.(9) 

Current polycythemia treatment strategies have not been shown to increase survival 

or reduce the risk of leukemic or fibrotic progression, but instead focus on 

preventing thrombotic complications.( 10) 

 

 

 



 

 

2. DEFINITION, CURRENT CLASSIFICATION 

 

Polycythemia is defined as an increase in the hemoglobin above normal. This 

increase may be real or only apparent that is because of a decrease in plasma volume 

(spurious or relative polycythemia) . The term erythrocytosis may be used with 

polycythemia, but some draw a distinction between them: erythrocytosis implies 

documentation of increased red cell mass, whereas polycythemia refers to any 

increase in red cells. Polycythemia vera is a  myeloproliferative disorder (neoplasm) 

characterised by clonal proliferation of hematopoietic cells of varying morphologic 

maturity and efficiency. The disease advances with thrombotic complications, 

which can lead to myelofibrosis or the development of a haematological 

malignancy.( 11) 

Polycythemia is classified as spurious polycythemia, True polycythemia and 

neonatal  

polycythemia(7) 

 

a) Spurious Polycythemia 

This is due to volume contraction, not an increase in true red blood cell mass. The 

following are some of the causes of erroneous polycythemia:  

• Severe dehydration caused by isolated fluid loss, as seen in diarrhoea and 

severe vomiting 



 

• Gaisbock syndrome: This condition is most common in obese, hypertensive 

males. Cigarette smoking, excessive alcohol consumption, and diuretic use 

all play a role. 

 

 

b) True Polycythemia 

Further stratified based on serum erythropoietin (EPO) levels as follows: 

i. Low serum EPO levels (Primary polycythemia) 

• Polycythemia vera 

• Primary familial and congenital polycythemia 

ii. High serum EPO levels (Secondary polycythemia) 

• High altitude 

• Respiratory disorders: Chronic obstructive pulmonary disease 

(COPD), Pickwickian syndrome 

• Cyanotic heart diseases with right-to-left shunts 

• Renal disorders: Renal cysts, cancer, renal artery stenosis, Bartter 

syndrome, focal sclerosing glomerulonephritis 

• Elevated carboxyhemoglobin: usually seen in smokers 

• Hemoglobinopathies: High-affinity hemoglobin 

• EPO-secreting tumors: sources include hepatomas, uterine 

leiomyomas, and cerebellar hemangiomas 

• Iatrogenic causes: Including erythropoietin administration, anabolic 

steroids, and testosterone replacement therapy 

 

 



 

c) Neonatal polycythemia 

Due to the relative tissue-level hypoxia in the intrauterine environment, an increase 

in hematocrit is a normal compensatory mechanism in infants. It is exacerbated by 

foetal hemoglobin's high oxygen affinity. 

Polycythemia is diagnosed using WHO criteria based on clinical and biochemical 

features such as JAK2 mutagenesis and plasma erythropoietin levels. The presence 

of a JAK2 mutation and a low serum Epo level, as demonstrated, allows 

Polycythemia to be diagnosed. A subnormal serum Epo level in the absence of 

JAK2 V6 l7F necessitates supplementary JAK2 mutational analysis to identify the 

patients with polycythemia who are JAK2 negative. Although a marrow evaluation 

is not required for a diagnosis, patients who meet the PV diagnostic criteria may 

have significant marrow fibrosis.( 12) 

 

World Health Organization Diagnostic Criteria for Polycythemia ( 12) 

Polycythemia diagnosis requires meeting either both major criteria and  1 minor 

criterion or the first major criterion and 2 minor criteria: 

Major Criteria  l. Hb> 18.5 g/dL (men)/> 16.5 g/dL (women) or Hb 

or Hct>99th percentile of reference range for age, 

sex, or altitude of residence or RBC mass >25% 

above mean normal predicted or Hb> 17 g/dL 

(men)/> l5 g/dL(women) if associated with a 

sustained increase of ≥2 g/dL from baseline that 

cannot be attributed to correction of iron deficiency  

2. Presence of JAK2 V6 17F or JAK2 exon  l2 

mutation 

Minor Criteria  l. BM trilineage myeloproliferation 

2. Subnormal serum Epo level 3. EEC growth 

 



 

 

3. EPIDEMIOLOGY 

 

Polycythemia is uncommon in children and adults under the age of thirty. Only 5% 

of confirmed cases with it are under the age of forty years. The incidence rises with 

age, with the mean diagnostic age being seventy. According to European reports, 

annual incidence rates range from 0.02 to 2.8 per  l00 000 people.( 13)Although 

some studies show that males  

 

have a higher occurrence, most reports show that the overall incidence do not differ 

between genders.( 14, 15) The highest reported annual incidence in USA was 23.5/ 

l00,000 among 70-79-year-old males. ( 16) 

Untreated PV patients have a median survival time of  l8 months, compared with  

l5 years for those who are treated.( 17)All patients should have phlebotomy, with 

the aim of maintaining the hematocrit value below 0.45; consistent patients who are 

at low risk of thrombosis do not need additional therapy. The selection of a 

myelosuppressive agent for those at high risk of thrombosis is determined by the 

patient's age or history of thrombosis. However, these myelosuppressive drugs have 

the potential to cause leukemia.( l7)( l7)In Malaysia, Chinese ethnic background is 

considerably associated with a higher rate of Ph l-negative MPN. Previous 

thrombosis, advanced age 60 years, and hypertension are all strong risk factors for 

JAK2 V6 l7F detection in our population. Other cardiovascular risk factors, such as 

hypertension, dyslipidemia, smoking, and male gender, are significantly associated 

with higher rates of polycythemia.( l8) 

Which diagnostic criteria were used is an important consideration when estimating 

the prevalence of Polycythemia. Adherence to established criteria is currently low 



 

in practice.( l9–2 l)The Polycythemia Vera Study Group (PVSGinitial) criteria for 

Polycythemia were to include patients in various studies but not to explore the 

incidence of Polycythemia. When a study is based on documenting to a register, 

there is a high risk of unreported patients.(22) 

 

 

 

4. PATHOPHYSIOLOGY 

 

JAK kinases normally function by binding to cytokine receptor sites that have no 

intrinsic kinase activity. Ligand binding to the appropriate cytokine receptor causes 

JAK kinase phosphorylation and initiation, cytokine receptor phosphorylation, Stat 

protein recruitment and phosphorylation, and downstream signaling protein 

activation. The selectivity of various cytokine receptors for one or more distinct 

JAK kinases explains some of their differences in signal transduction effects. 

Genetic removal of JAK2 results in embryological lethality due to a lack of 

erythropoiesis, and JAK2-deficient hematopoietic progenitors may not respond to 

erythropoietin stimulation; these data demonstrate JAK2 is the sole JAK kinase 

responsible for EPO receptor (EPOR) signaling 



 

.(23)   

The JAK kinases have seven homologous domains (JH l–7), including a catalytic 

kinase domain (JH l) and a catalytically inactive pseudo kinase domain (JH2) (JH2). 

The JAK2V6 l7F point mutation causes a single amino acid substitution within 

JAK2's JH2 domain. It has been proposed that the JH2 domain, like the juxta 

membrane domain of receptor tyrosine kinases, serves an autoinhibitory function, 

and that valine 6 l7 plays an important role in mediating JAK2 kinase 

autoinhibition.(24,25)The valine to phenylalanine substitution at base pair 6 l7 may 

result in constitutive kinase activity and abolish autoinhibition.(26)Although 

structural knowledge is required to determine whether this is the case. The JAK2V6 

l7F protein has fundamental kinase activity, and when expressed in vitro, JAK2V6 

l7F is constitutively phosphorylated but not wild-type JAK2.(27) 



 

 

Model of the pathogenesis of PV 

JAK2V6 l7F abnormalities can be found in many polycythemia patients, a small 

number of patients are JAK2V6 l7F negative. Clonal hematopoiesis is observed in 

JAK2V6 l7F negative MPD patients, implying that alternate alleles are responsible 

for myeloproliferation in this setting. Furthermore, serial evaluation of JAK2V6 l7F 

condition in JAK2V6 l7F-negative disorder did not observe conversion to JAK2V6 

l7F-positive MPD5 l, indicating JAK2V6 l7F-negative MPD are pathogenetically 

distinguishable from JAK2V6 l7F-positive MPD.(28) 

When using appropriately sensitive allele specific assays, the majority of PV 

patients are JAK2V6 l7F positive; however, a small proportion of PV patients are 

JAK2V6 l7F negative.(28–30)Scott et al. looked for genetic abnormalities in all 

exons of JAK l-3, TYK2, STAT5A, and STAT5B53 in patients with JAK2V6 l7F-

negative PV to look for alterative alleles that might result in JAK-Stat signaling 

activation. One allele was a genetic change that results in the replacement of lysine 

for leucine at codon 539, and 3 additional alleles were limited deletions or insertions 

Inherited 
predisposition allele

Pre JAK2 allele

Genetic modifiers

Red blood cells

Polycythemia

Homozygous 

JAK2V6 l7F 

JAK2 exon  l2 



 

encompassing codons 538 to 543, according to genomic analysis. In cultured cells 

colony assay revealed that JAK2 exon  l2 mutations were present in all EPO-

independent colonies cultivated from these patients. In Ba/F3 cells co-expressing 

EPOR, interpretation of the JAK2 mutant kinases resulted in factor-independent 

growth and activation of downstream signaling pathways in a manner similar to the 

canonical JAK2V6 l7F allele. Furthermore, in a murine BMT assay, expression of 

the JAK2 exon  l2 mutations mimicked the phenotype of JAK2V6 l7F, with 

recipient rodents evolving polycythemia, splenomegaly, and erythroid expansion. 

JAK2 exon  l2 mutations, unlike JAK2V6 l7F, are only found in JAK2V6 l7F-

negative PV and are particular to patients presenting with secluded erythrocytosis 

without concurrent leukocytosis or thrombocytosis. These data show that JAK2 

exon  l2 mutations play a part to the pathophysiology of JAK2V6 l7F-negative 

Polycythemia, and that different initiating JAK2 alleles are associated with multiple 

clinical phenotypes.(3 l) 

JAK2V6 l7F testing should be included in the initial diagnostic workup for 

polycythemia. Almost all patients with overt (high hematocrit) or inapparent (low 

hematocrit) polycythemia have JAK2V6 l7F or JAK2 exon  l2 mutations, which are 

affected differently by negative-feedback mechanisms; systemic insight and 

additional in vitro and in vivo studies are needed to elucidate differences between 

JAK2V6 l7F and the other activating JAK2 alleles. In vitro studies do not 

conclusively show whether co-expression of wildtype JAK2 with JAK2V6 l7F 

alters the signaling and/or transforming properties of the JAK2V6 l7F kinase, and 

although retroviral models allow for evaluation of the in vivo effects of JAK2V6 

l7F expression, they lack the necessary genetic context to investigate the importance 

of JAK2V6 l7F gene dosage. 



 

 

 

5. DIFFERENCES IN SYMPTOMOLOGY  

 

Polycythemia symptoms are associated with hyperviscosity and thrombosis, both 

of which impair oxygen delivery. Tiredness, headache, drowsiness, ringing in the 

ears, changes in vision, sleeplessness, claudication, itchiness, gastritis, and early 

satiety are examples of physical complaints. 40% of patients complain of aquagenic 

pruritus, which occurs during or after a hot shower.(32,33)The mechanism is most 

likely due to mast cell and basophil degranulation, which results in a histamine 

surge. Pruritis was linked to better survival in a 20 l3 study of  l545 

patients.(34)Erythromelalgia is characterized by burning pain in the hands and feet, 

as well as erythema or pallor. This is seen in PV or essential thrombocythemia and 

is well treated with low-dose aspirin.(35)Hemorrhagic and thrombotic 

complications occur in  l% of patients. Epistaxis, gum bleeding, and gastrointestinal 

(GI) bleeding are all examples of bleeding events. Deep venous thrombosis (DVT), 

pulmonary embolism (PE), Budd-Chiari syndrome, splanchnic vein thrombosis, 

stroke, and arterial thrombosis are all examples of thrombotic events. Splenomegaly 

impairs gastric filling, resulting in early satiety. Peptic ulcer disease and GI 

discomfort are common, most likely due to increased histamine release from 

basophils and increased viscosity in the gastrointestinal blood supply. On physical 

examination, patients may exhibit a plethora and flushing of the face and palms, 

conjunctival injection, and skin excoriation due to pruritus. Splenomegaly and 

hepatomegaly are also common.(35) 

 



 

6. PRESENTATION/CLINICAL FINDINGS  

 

Polycythemia is characterized by the proliferation of clonal stem cells in red blood 

cells (RBC), white blood cells (WBC), and platelets..(36,37)Increased RBC mass 

causes blood viscosity, an increased risk of thrombosis, and a shorter life 

expectancy.(38)Given the risk of morbidity and mortality, the complexities of 

diagnosis and treatment, and the overall impact on patients' quality of life, effective 

PV management is critical (QOL). PV is a BCR-ABL l-negative MPN, according 

to the World Health Organization (WHO) classification scheme for myeloid 

neoplasms.5 MPNs share several characteristics.(39–4 l):  

• Clonal involvement of a multipotent hematopoietic progenitor cell  

• Marrow hypercellularity with effective hematopoiesis (compared with 

ineffective hematopoiesis, as in myelodysplastic syndrome)  

• Extramedullary hematopoiesis; enlarged spleen and/or liver  

• Thrombotic and hemorrhagic diathesis 

• Potential evolution to MF, as well as to acute myeloid leukemia (AML).  

The condition is more common among Jews in Eastern European descent than 

among other European and Asian populations.(42)The Janus kinase 2 (JAK2) gene 

is mutated in approximately 96% of PV patients. JAK2 is directly involved in 

intracellular signalling in PV progenitor cells, a process that occurs after these cells 

are exposed to cytokines to which they are hypersensitive.(43) 

PV takes a variable path. Some patients have few symptoms, so the condition is 

only discovered after blood work is done during a routine medical examination. In 

other patients, the high number of RBCs and platelets in the blood causes PV signs, 

symptoms, and complications. PV can last for many years in patients with milder 



 

symptoms because there are no distinct stages or clear progression.( l0)Other 

patients will progress to post-PV MF, which takes place at a rate of up to  l0% of 

patient populations every ten years. ( l5)AML transformation has been observed in 

up to  l5% of PV patients every  l0 years.(44)PV symptoms are caused primarily by 

high RBC counts, which cause increased blood viscosity, and by high platelet 

counts, which can contribute to thrombi formation. Along with underlying vascular 

disease, which is common in older people with PV, the risk of clotting 

complications such as stroke, heart attack, deep vein thrombosis, and pulmonary 

embolism is increased. Blood clots occur in approximately 30% of patients prior to 

a PV diagnosis.( l l)40% to 60% of patients with untreated PV may develop blood 

clots during the first  l0 years after diagnosis.( l l)Patients may experience 

polycythemia-related symptoms as a result of increased levels of circulating 

inflammatory cytokines caused by abnormal JAK signalling activation.(45)Fatigue, 

pruritus, early satiety, concentration problems, and inactivity are the most common 

of these symptoms.(46)The study also found that many patients underreport these 

symptoms and appear much healthier than others seen in haematologypractises, so 

polycythemia-related symptoms often go unnoticed, specifically symptoms that can 

arise from compromised blood flow but fall short of overt thrombosis, such as 

complex vascular headaches (ie, migraines with visual changes), concentration 

challenges, and erythromelalgia..(46) 

 

7. VARIATION IN HEMATOLOGICAL PARAMETERS  

 

Following a series of clinical trials from the late  l960s to the early  l970s, these 

clinical diagnostic criteria based on hemoglobin concentration and hematocrit 

(volume percentage of red blood cells in blood) were accepted as the first for 



 

polycythemia in  l975. The most important criteria were increased red cell mass 

(RCM), oxygen saturations, and splenomegaly.(47)Patients were diagnosed if they 

met all of the major criteria or if they met two of the minor criteria and had a high 

red cell mass and oxygen saturation. In the  l970s and  l980s, the PVSG criteria 

were the gold standard for clinical diagnosis. Prior to  l975, haematologists in the 

United States diagnosed PV patients based on a single major criterion, raised red 

cell mass, and two of four minor criteria: thrombocytosis, leukocytosis, oxygen 

saturation (without overt lung disease or renal tumour), and splenomegaly. At the 

time, the cut-off value for polycythemia in males was greater than 55% hematocrit, 

or  l8g/ l00 ml of hemoglobin. For females, the cut-off value was greater than 52% 

hematocrit or  l7g/ l00ml hemoglobin. The PVSG criteria were thought to be 

stringent enough in  l975 to rule out false positives.  

RBC mass is typically less than 36 ml/kg in males and 32 ml/kg in females. Normal 

hemoglobin levels and hematocrits have different reference ranges depending on 

altitude, ethnicity, and country. However, a healthy adult male's hemoglobin and 

hematocrit are  l6 g/dL plus or minus 2 gm/dl and 47% plus or minus 6%, 

respectively. A menstruating adult female's hemoglobin and hematocrit are usually  

l3 g/dL plus or minus 2 gm/dl and 40% plus or minus 6%, respectively. 

Polycythemia in newborns is defined as a central venous hematocrit greater than 

65% or a hemoglobin value greater than 22 g/dL. 

 

 

8. RADIOLOGICAL FINDINGS  

Radiographic manifestations are varied and non-specific and can affect a number 

of systems, including: 



 

• Splenomegaly 

• Organ infarcts e.g. splenic infarcts 

• Features of extramedullary hematopoiesis 

• Increased radiographic attenuation of cerebral arteries, veins and dural 

sinuses (may mimic cerebral vein thrombosis) 

 

9. THE OCCURRING COMPLICATIONS OF POLYCYTHEMIA 

Thrombotic complications can be divided into two categories—microvascular and 

macrovascular. Microvascular complicationsare caused by the formation of thrombi 

in small blood vessels and can result in the signs and symptoms(48–50): 

• Erythromelalgias 

• Paresthesia 

• Headache 

• Dizziness 

• Visual Disturbance 

• Transient ischemic attack 

Macrovascular complications, which are serious events caused by the development 

of thrombi in large arteries or veins, are often referred to as major thrombotic 

events.(49) These major events are the primary cause of mortality in patients with 

PV, accounting for 45% of all deaths.(48) 

• Myocardial infarction 

• Unstable angina 

• Stroke 

• Peripheral arterial occlusion 

• Deep vein thrombosis 



 

• Pulmonary embolism 

• Intraabdominal vein thrombosis 

• Cerebral vein thrombosis 

 Other major causes of death among individuals with PV include solid tumors (20%) 

and  

hematologic transformation to AML ( l3%).(48) 

 

10. REFERENCE RANGES FOR POLYCYTHEMIA 

 

 

 

Augustine et al. conducted a study in Kozhikode, India, to obtain a complete 

clinical profile of patients with polycythemia rubravera. The study was conducted 

in 20 l3 and looked at three diagnostic criteria: first, the presence of high hematocrit 

values (more than 55% in males and more than 50% in females at the time of 

diagnosis) as well as splenomegaly that could not be attributed to any other cause, 

as well as thrombocytosis and leukocytosis. Second, a secondary cause of elevated 

hematocrit is not visible in the clinical setting (for example, COPD, congenital 

cyanotic heart disease, capillary leak syndrome, renal artery stenosis, hepatocellular 

carcinoma, and renal cell carcinoma), which can be ruled out with appropriate 

investigations (like chest X - ray, 2- D Echocardiography, arterial blood gas 

analysis, USG abdomen with Doppler).and third, Serum erythropoietin and JAK-2 

mutation analysis were performed in cases where distinguishing between primary 

and secondary erythrocytosis was difficult. The participants ranged in age from 45 

to 72 years. They discovered that males had a mean hemoglobin level of  l8.92g% 

and females had a mean hemoglobin level of  l6.75g%. MCV (78.85fl, 7 l.4fl); total 

leukocyte count ( l4080/mm3,  l3084/mm3); platelet count (5.4 llakhs/mm3, 



 

5.28lakhs/mm3); and ESR ( l4.9mm/hr,  l2.6mm/hr) were the other haematological 

parameters measured in males and females, respectively. In 7 ( l8.9 l%) of our 

diagnosed cases of polycythemia rubravera, hemoglobin levels were less than the 

cutoff level for the diagnosis of polycythemia ( l8.5g% in males and  l6.5g% in 

females) according to 2008 WHO criteria, and these patients still had the signs and 

symptoms described for polycythemia. The most common findings in peripheral 

smear were erythrocytosis with microcytic hypochromic RBC’s, leukocytosis and 

thrombocytosis.(5 l) 

 

 

Meera et al. investigated the clinical manifestations of polycythemia patients in 

India's Karnataka region. A total of 88 polycythemia patients were studied 

retrospectively. The revised WHO Criteria were used to diagnose polycythemia 

vera (20 l6). The mean hemoglobin concentration was  l9.9  l.06 gm/dL, the mean 

TLC was 8608. l0 3 l36.38/mm3, and the mean platelet count was 4. l4  l.45 

lakh/mm3. The JAK-2 mutation positive PRV patients had a mean Hb of 20.79  l 

gm/dL. Their average TLC was  l l,794. l l 327 l.89/mm3, and their average platelet 

count was 4.96 2 lakh/mm3. The JAK-2 mutation negative PRV group had a mean 

Hb of  l9.64  l gm/dL. They had a mean WBC count of 7287  l876.9/mm3 and a 

mean platelet count of 3.8 0.9 lakh/mm3.Follow up during 4.8 yrs showed that 2 

patients had transformed to myelofibrosis. The study found there was a higher 

probability of splenomegaly and higher values for hemoglobin, neutrophil counts 

and platelet in in JAK 2 positive group similar to other studies.(52) 

 

 



 

Nathany et al. compared the clinico-hematological characteristics, treatment, and 

follow-up of patients with polycythemia diagnosed using 20 l6 WHO criteria to 

cases diagnosed using 2008 WHO criteria. From January 20 l3 to December 20 l5, 

they conducted a cross-sectional retrospective case record-based study. Prior to the 

publication of the 20 l6 WHO document, mean hemoglobin reported was lower than 

the WHO 2008 cut off for PV diagnosis. In this study, they discovered that lowering 

the hemoglobin percentage threshold, including hematocrit and bone marrow 

morphology as major criteria for PV diagnosis in the WHO 20 l6 revision resulted 

in a 36% increase in definitive diagnosis.They concluded that it was evident that 

the cases diagnosed using 2008 WHO criteria, represented only the tip of the 

iceberg. Hence, the new revision in 20 l6, was much needed change to identify the 

masked and the clinically unapparent cases.(53) 

 

Khurana et al. conducted a prospective cross-sectional study to determine the 

prevalence of PV and IE among PE patients and compare their characteristics. 

Referrals for polycythemia evaluation have increased since WHO lowered the 

hemoglobin (Hb) thresholds for Polycythemia Vera (PV) diagnosis. From 

November 20 l6 to October 20 l8, patients with polycythemia over the age of  l8 

were enrolled in the study. After secondary causes were ruled out, 49 patients were 

diagnosed with Primary Erythrocytosis (PE). The patients were divided into two 

groups: PV and Idiopathic Erythrocytosis (IE), and clinical and laboratory 

characteristics of the two groups were compared. PV was found in 20.4% ( l0 of 

49) of PE patients, while IE was found in the remaining 39 (79.6%). JAK2 V6 l7F 

mutation was found in seven PV patients, JAK2 Exon l2 mutation in one, and JAK2 

negative PV in two. Hb>  l8.5 g/dl was found in nine of ten (90%) PV patients, but 



 

only 2 l of 39 (53.8%) IE patients (p = 0.06). Hb  l8.5 g/dl was not found in any of 

the JAK2 mutated patients. We conclude that PV is more common in PE patients 

with Hb>  l8.5 g/dl. They concluded that the revised WHO 20 l6 criteria changed 

the prevalence of PV. PV was assigned to 20.4% of PE patients in this prospective 

study. PV was more common in PE patients with hemoglobin levels above  l8.5 

g/dl.(54) 

 

Silver et al prospectively assessed the diagnostic accuracy of the 2007 World 

Health Organization (WHO) criteria for polycythemia vera (PV), particularly in 

"early-stage" patients. The presence of an elevated Cr-5 l red cell mass (RCM), 

JAK2 positivity, and at least one minor criterion led to the diagnosis of PV in 28 of 

30 patients. The WHO criterion for increased hemoglobin value was not met by  l8 

PV patients, and the WHO criterion for increased hematocrit value was not met by 

8 PV patients. Bone marrow morphology was extremely helpful in the diagnosis. 

Low serum erythropoietin (EPO) levels were associated with PV, but normal EPO 

levels were found in 20% of cases at presentation. It was suggested that the WHO 

criteria be revised, particularly to distinguish early-stage PV from essential 

thrombocythemia. The major criteria remain JAK2 positivity and increased red cell 

volume, but Cr-5 l RCM is required for patients who do not meet the defined 

elevated hemoglobin or hematocrit value (> l8.5 g/dL and 60% in men and > l6.5 

g/dL and 56% in women). Minor criteria include bone marrow histology and a low 

serum EPO level.(55) 

Barbui et al. conducted a review to examine the validity and clinical applicability 

of three major diagnostic classification systems for polycythemia vera (PV), namely 

those proposed by the PVSG, the British Committee for Standards in Haematology 



 

(BCSH), and the World Health Organization (WHO). They conclude that clinical 

practise provides support for shifting from HB to HCT as reference parameters. In 

fact, clinicians explicitly use the HCT threshold to monitor the effects of therapy, 

which was recently confirmed in a published clinical trial to be optimally set at 

45%. In addition, the revised PV response criteria included a 'durable peripheral 

blood count remission, defined as HCT less than 45% without phlebotomies.'A BM 

biopsy examination is absolutely mandated in all patients with sustained 

erythrocytosis not meeting the relevant threshold values of HB or HCT respectively, 

in addition to a JAK2-positive mutation status, as it reliably and reproducibly 

supports the diagnosis of PV and may substitute the RCM radio isotopic 

measurement in cases not meeting the full-blown diagnostic criteria. (47) 

 

 

 

 

 

 

 

 

 

METHODOLGY 

 

Study design: 

A hospital based cross- sectional analytical study was conducted among OPD patients 

and patients admitted in wards of SDM College of Medical Sciences and Hospital, 

Sattur, Dharwad.  



 

Study setting:  

The study was conducted at SDM College of Medical Sciences and Hospital, Sattur, 

Dharwad 

Study participants: 

Patients in outpatient department and inpatient department seeking care fromSDM 

College of Medical Sciences and Hospital, Sattur, Dharwad with hemoglobin> l6.5 

mg/dl in men; hemoglobin> l6 mg/dl in women was considered for the study  

Study duration: 

The study was conducted over a period of 2 years. This duration comprised of protocol 

development, research and ethics committee approval, data collection, analyses of the 

data and report writing. 

Sample size: 

Sample size was calculated using OpenEpi Version 3 software. Total sample size 

calculated was 60. Assumptions followed were 

Z=  l.96  

Anticipated frequency= 95% 

5% level of significance   

95% confidence interval 

Formula used is-  

n = [DEFF*Np( l-p)]/ [(d2/Z2 l-α/2*(N- l)+p*( l-p)]   

 

Sampling technique: 



 

Patients in outpatient department and inpatient department seeking care fromSDM 

College of Medical Sciences and Hospital were selected by random sampling until the 

sample size of 60 was achieved. 

Inclusion criteria: 

Patients with the following criteria were included in the study- 

1. Male - hemoglobin> l6.5 mg/dl  

2. Female- hemoglobin> l6 mg/dl  

 

Exclusion criteria: 

1. Any patient under the age of  l8 was not considered for the study  

2. Not willing to give consent 

 

Study Procedure: 

After obtaining permission from the Research monitoring committee and Institutional 

Ethics Committee (IEC), the study was conducted among patients in outpatient 

department and inpatient department seeking care fromSDM College of Medical 

Sciences and Hospital Patients fulfilling inclusion and exclusion criteria were enrolled 

in the study. Study procedures were explained to the participant and written informed 

consent was taken after providing patient information sheet.  

A designed semi-structured proforma containing socio-demographic data, clinical 

features, past medical history, personal history, etc. was used. Enrolled patient were 

interviewed to obtain history. Complete general and systemic examination was 

performed. Patients were examined for vitals- pulse rate, blood pressure, respiratory 

rate, SPO2. Other investigations performed on patients were- 



 

 l. Increased hematocrit  

2. TOTAL COUNTS  

3. Differential counts  

4. HIV, HBSAg, HCV  

5. Measurement of red cell mass  

6. Erythropoietin levels (pre and post phlebotomy IF DONE))  

7. Oxygen saturation  

8. Platelet  

9. LFT  

 l0. RBS  

 l l. ESR  

 l2. Uric acid  

 l3. Genetic mutation JAK2, exon l2, Mel, Calr, bcr-abl 

 l4. Chest x-ray  

 l5. USG abdomen (SPLEEN SIZE)  

 l6. Echo  

 l7. ECG  

 l8. CT  

 l9. RENAL ARTERY DOPPLER  

20. BONE MARROW BIOPSY  

 

POLYCYTHEMMIA VERA (variant) diagnosis was done as per WHO criteria  

Major criteria  

 l. Hb> l6.5mg/dl in males and Hb> l6mg/dl in females  



 

Or HCT >49% in males and HCT >48% in females  

Or increase in red cell mass >25% of the mean predicted value  

2. Bone marrow biopsy showing hypercellularity for age with trilineage growth (pan 

myelosis) including prominent erythroid, granulocytic and megakaryocytic 

proliferation with pleomorphic mature megakaryocytes with size difference.  

3. Presence of JAK2v6 l7f. Or JAK 2 exon  l2 mutation  

Minor criteria  

1. Subnormal serum erythroid level  

Any three major or first 2 major and  l minor criteria was considered as 

polycythemiavera 

 

Statistical procedures 

Data were entered into MS Excel 20 l0. Data cleaning were carried out and statistical 

analysis was carried out using SPSS software version 25.0. Continuous variables 

following were presented as mean (standard deviation) or median (inter-quartile range) 

based on normality. Categorical variables were presented as frequency and 

percentage.Data were also tabulated and graphically represented. 

Ethical considerations: 

The approval to conduct the study was sought from the Research monitoring 

committee and Institutional Ethics Committee (IEC). Informed consent was obtained 

from the study participants before data collection. Informed consent was taken by the 

investigator, after explaining the purpose of the study. The freedom to withdraw from 

the study at any time during the interview was also explained prior to taking of the 



 

informed consent. Data were analyzed in aggregate and access to the collected data 

was limited only to me, my guide and co-guide. 

  



 

                     RESULTS AND STATSTICAL ANALYSIS 

 

Table  l. Age distribution of participants (N=60) 

Age (in years) Frequency Percentage (%) 

20-29 5 8.3 

30-39  l9 3 l.7 

40-49  l8 30.0 

50-59 9  l5.0 

60-69 6  l0.0 

70 and above 3 5.0 

Total 60  l00 

 

 

Table  l describes about the age distribution of participants. Of total 60 patients, 3 l.7% 

(n= l9) belonged to 30-39 years and 30% (n= l8) were 40-49 years of age.  l5% (n=9) 

were in between 50-59 years of age and only 5% (n=3) were more than 70 years of age.   

0

5

10

15

20

25

30

35

20-29 30-39 40-49 50-59 60-69 70 and
above

8.3

31.7
30

15

10

5

P
ro

p
o

rt
io

n

Age category

Age distribution of participants 



 

Table 2. Gender distribution of participants (N=60) 

Gender Frequency Percentage (%) 

Male 55 9 l.7 

Female 5 8.3 

Total 60  l00 

 

 

 

Table 2 describes about the gender distribution of participants. Of total, 8.3% (n=5) 

were females and 9 l.7% (n=55) were males.   

Male
92%

Female
8%

GENDER DISTRIBUTION OF PARTICIPANTS 



 

Table 3. Past history distribution of participants 

Past history* Frequency Percentage (%) 

Diabetic  l0  l6.7 

Hypertensive  l6 26.7 

Polycythemia 4 6.7 

COPD  l  l.7 

Nothing significant 33 55.0 

*Multiple response 

 

 

 

Table 3 describes past history distribution of participants.  l6 (26.7%) participants 

showed history of hypertension,  l0 ( l6.7%) were diabetic and 4 (6.7%) patients had a 

history of polycythemia.  

  

0

5

10

15

20

25

30

35

Diabetic Hypertensive Polycythaemia COPD Nothing significant

10

16

4

1

33

Fr
e

q
u

e
n

cy

Past history distribution of participants



 

Table 4. Personal history distribution of participants  

Personal history* Frequency Percentage (%) 

Alcoholic  l8 30.0 

Smoker  l4 23.3 

No Habit 36 60.0 

*Multiple response 

 

 

 

Personal history distribution of participants is depicted in Table 4.  l8 (30%) patients 

had a history of alcohol consumption and  l4 (23.3%) were smoker.   
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Table 5. Sign distribution of participants 

Sign* Frequency Percentage (%) 

Plethora  l8 30.0 

Conjunctival congestion 6  l0.0 

No specific signs 38 63.3 

*Multiple response 

 

 

Sign distribution of participants is depicted in Table 5.  l8 (30%) patients showed 

plethora and 6 ( l0%) had conjunctival congestion.   
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Table 6. Pallor distribution of participants (N=60) 

Pallor Frequency Percentage (%) 

Present  0 0.0 

Absent 60  l00.0 

Total 60  l00 

 

 

 

 

 

 

 

 

Table 7. Icterus distribution of participants (N=60) 

Icterus Frequency Percentage (%) 

Present  0 0.0 

Absent 60  l00.0 

Total 60  l00 

 

  



 

Table 8. Cyanosis distribution of participants (N=60) 

Cyanosis Frequency Percentage (%) 

Present  0 0.0 

Absent 60  l00.0 

Total 60  l00 

 

 

 

 

 

 

 

 

Table 9. Clubbing distribution of participants (N=60) 

Clubbing Frequency Percentage (%) 

Present  0 0.0 

Absent 60  l00.0 

Total 60  l00 

 

  



 

Table  l0. Lymphadenopathy distribution of participants (N=60) 

Lymphadenopathy Frequency Percentage (%) 

Present  0 0.0 

Absent 60  l00.0 

Total 60  l00 

 

Pallor, icterus, cyanosis, clubbing and lymphadenopathy is described in Table 6, 7, 8, 

9 and l0 respectively. All the parameters were found to be absent in all the patients . 

Table  l l. Edema distribution of participants (N=60) 

Edema Frequency Percentage (%) 

Present  2 3.3 

Absent 58 96.7 

Total 60  l00 

 

 

Table  l l shows edema distribution of participants. Of total, edema was present in 3.3% 

(n=2) patients and absent in 96.7% (n=58) patients.   

Present
3%

Absent
97%

Edema distribution of participants 

Present

Absent



 

Table  l2. Heart rate distribution of participants (N=60) 

Heart rate Frequency Percentage (%) 

Tachycardia 5 8.3 

Normal  55 9 l.7 

Total 60  l00 

 

 

 

Table  l2 shows heart rate distribution of participants. Of total, tachycardia was present 

in 8.3% (n=5) patients and absent in 9 l.7% (n=55) patients.   
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Table  l3. Systolic blood pressure distribution of participants (N=60) 

Systolic blood pressure Frequency Percentage (%) 

Hyper 9  l5.0 

Normal  5 l 85.0 

Total 60  l00 

 

 

 

Table  l3 shows systolic blood pressure distribution of participants. Of total, high blood 

pressure was present in  l5% (n=9) patients and normal in 85% (n=5 l) patients.   
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Table  l4. Diastolic blood pressure distribution of participants (N=60) 

Diastolic blood pressure Frequency Percentage (%) 

Hyper 8  l3.3 

Normal  52 86.7 

Total 60  l00 

 

 

 

Table  l4 shows diastolic blood pressure distribution of participants. Of total, high blood 

pressure was present in  l3.3% (n=8) patients and normal in 86.7% (n=52) patients.   
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Table  l5. SPO2 distribution of participants (N=60) 

SPO2 Frequency Percentage (%) 

<90 8  l3.3 

>=90 52 86.7 

Total 60  l00 

 

 

 

Table  l5 shows SPO2 distribution of participants. Of total,  l3.3% (n=8) patients 

showed SPO2 <90 and 86.7% (n=52) patients showed SPO2 >=90.   
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Table  l6. Temperature distribution of participants (N=60) 

Temperature Frequency Percentage (%) 

Febrile 2 3.3 

Afebrile 58 96.7 

Total 60  l00 

 

 

 

Table  l6 depicts temperature distribution of participants. Of total, 3.3% (n=2) patients 

were febrile and 96.7% (n=58) patients were afebrile.   
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Table  l7. CNS neurodeficits distribution of participants (N=60) 

CNS neurodeficits Frequency Percentage (%) 

Yes  l4 23.3 

No 46 76.7 

Total 60  l00 

 

 

 

Table  l7 depicts CNS neurodeficits distribution of participants. Of total, 23.3% (n= l4) 

patients showed CNS neurodeficits and 76.7% (n=46) patients were with no CNS 

neurodeficits.   
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Table  l8. CVS distribution of participants (N=60) 

CVS  Frequency Percentage (%) 

Murmur  l  l.7 

Normal  59 98.3 

Total 60  l00 

 

 

 

Table  l8 depicts CVS distribution of participants. Of total,  l.7% (n= l) patient showed 

murmur and 98.3% (n=59) patients showed normal heart sounds. 
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Table  l9. Respiratory system distribution of participants (N=60) 

Respiratory system Frequency Percentage (%) 

Crepts  l  l.7 

Bronchi 6  l0.0 

Normal 53 88.3 

Total 60  l00 

 

 

 

Table  l9 depicts respiratory distribution of participants. Of total,  l.7% (n= l) patient 

showed crepts, 6 ( l0%) showed bronchi and 88.3% (n=53) patients were normal. 
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Table 20. Per abdomen distribution of participants 

Per abdomen* Frequency Percentage (%) 

Hepatomegaly 4 6.7 

Splenomegaly 4 6.7 

Normal 54 90.0 

*Multiple response 

 

 

 

Table 20 depicts per abdomen distribution of participants. Of total, 4 patient showed 

hepatomegaly and splenomegaly each and 54 patients were normal.  
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Table 2 l. PCV distribution of participants (N=60) 

PCV Frequency Percentage (%) 

Normal  3 5. l 

High 56 94.9 

Total 60  l00 

 

 

 

PCV distribution of participants is described in Table 2 l. Of total study participants, 5. 

l% (n=3) had normal PCV whereas 94.9% (n=56) had raised PCV.   
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Table 22. TLC distribution of participants (N=60) 

TLC Frequency Percentage (%) 

Leucopenia 2 3.3 

Normal 4 l 68.4 

Leucocytosis  l7 28.3 

Total 60  l00 

 

 

 

TLC distribution of participants is described in Table 22. Of total study participants, 

3.3% (n=2) had leucopenia, 28.3% (n= l7) had leucocytosis and 68.4% (n=4 l) were 

normal.   

3.3

68.4

28.3

0

10

20

30

40

50

60

70

80

Leucopenia Normal Leucocytosis

P
ro

p
o

rt
io

n

TLC distribution of participants 



 

Table 23. Platelets distribution of participants (N=60) 

Platelets Frequency Percentage (%) 

Thrombocytopenia  l9 3 l.7 

Normal 39 65.0 

Thrombocytosis 2 3.3 

Total 60  l00 

 

 

 

Platelets distribution of participants is described in Table 23. Of total study participants, 

3 l.7% (n= l9) had thrombocytopenia, 3.3% (n=2) had thrombocytosis and 65% (n=39) 

were normal.   
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Table 24. P Smear distribution of participants (N=60) 

P smear* Frequency Percentage (%) 

Normocytic normochromic 23 38.3 

Eosinophilia 4 6.7 

Neutrophilicleucocytosis 4 6.7 

Erythrocytosis 37 6 l.7 

Metamyleocytes  l  l.7 

*Multiple response 

 

 

 

P smear distribution of participants is described in Table 23. Of total study participants, 

37 patients had erythrocytosis, 23 were normocytic normochromic, four each had 

eosinophilia and neutrophilicleucocytosis and one patient showed metamyleocytes.   
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Table 25. ESR distribution of participants (N=60) 

ESR Frequency Percentage (%) 

Normal 44 73.3 

High  l6 26.7 

Total 60  l00 

 

 

 

ESR distribution of participants is described in Table 25. Of total study participants, 

73.3% (n=44) had normal ESR whereas 26.7% (n= l6) had raised ESR.  
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Table 26. Erythropoietin level distribution of participants (N=60) 

Erythropoietin level Frequency Percentage (%) 

Normal 43 72.8 

High 8  l3.6 

Low 8  l3.6 

Total 60  l00 

 

 

 

Erythropoietin level distribution of participants is described in Table 26. Of total study 

participants, 72.8% (n=43) had normal erythropoietin level whereas  l3.6% (n=8) had 

raised erythropoietin level and  l3.6% (n=8) had low erythropoietin level. 
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Table 27. Mutation JAK distribution of participants (N=9) 

Mutation JAK  Frequency Percentage (%) 

Positive   l  l l. l 

Negative  6 66.7 

Not willing  2 22.2 

Total  9  l00 

 

 

 

Mutation JAK distribution of participants is described in Table 27. Of nine study 

participants, one patients had positive mutation JAK, six were negative and two were 

not willing.  
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Table 28. Polycythemia distribution of participants (N=60) 

Polycythemia Frequency Percentage (%) 

Primary 9  l5.0 

Secondary 5 l 85.0 

Total 60  l00 

 

 

 

Polycythemia distributionof participants is described in Table 27. Of total study 

participants,  l5% (n=9) had primary polycythemia whereas 85% (n=5 l) had secondary 

polycythemia.   
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Table 29. Causes distribution of participants 

Causes* Frequency Percentage (%) 

Smoker  l3 2 l.6 

Needs evaluation 2 l 35.0 

COPD 8  l3.3 

Renal cysts 6  l0.0 

Hyperuricemia  l  l.7 

Adrenal icidentaloma 

(pheochromocytoma) 

 l  l.7 

TOF  l  l.7 

OSA  l  l.7 

*Multiple response 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Various causes among participants is described in Table 28.  l3 patients were smoker, 

eight had COPD, five had renal cysts, and one each had hyperuricemia, adrenal 

icidentaloma (pheochromocytoma), TOF and OSA.  
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Table 30. Complications distribution of participants 

Complications* Frequency Percentage (%) 

Erythromelalgias 3 5.0 

CVT 4 6.7 

Dizziness  5 8.3 

Visual disturbance 2 3.3 

Hyperuricemiauretric calculus 
 l  l.7 

Parasthesia 4 6.7 

TIA 2 3.3 

CVA  l0 6.0 

DVT  l  l.7 

PTE 2 3.3 

No complications 26 43.3 

*Multiple response 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Complications among patients is depicted in Table 29. Ten patients showed CVA, five 

showed dizziness, four each showed paraesthesia and CVT, three showed 

erythromelalgias, two each showed TIA and PTE.   
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Table 30. Symptoms distribution of participants 

Symptoms* Frequency Percentage (%) 

Generalized weakness/ Fatigue 6  l0.0 

Abdominal pain 8  l3.3 

Headache 4 6.7 

Breathlessness 3 5.0 

Blurring of vision/ loss of vision 
2 3.3 

Neuro deficits  l4 23.3 

Erythromelalgia 3 5.0 

Pruritis 6  l0.0 

Parasthesia 4 6.7 

Seizure 2 3.3 

Giddiness 6  l0.0 

Fever 6  l0.0 

Cough 8  l3.3 

Breathlessness 4 6.7 

Lower limb swelling 3 5.0 

Non-specific 9  l5.0 

Asymptomatic  4 6.7 

*Multiple response 

 



 

 

 

Symptoms among patients is described in Table 30. The most common symptom was 

neuro deficits among  l4 patients, followed by cough and abdominal pain among eight 

patients each. The other symptoms observed were fever, breathlessness, giddiness, 

pruritis, etc.  
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Table 3 l. Clinical profile of participants (N=60) 

Variables  Mean SD 

Age (in years) 44.9  l3.6 

Pulse rate (bpm) 88.2  l0.2 

Systolic blood pressure (mmHg)  l24.7 24.5 

Diastolic blood pressure 

(mmHg) 

82. l  l l.7 

SPO2 (%) 95.7 3.6 

Hemoglobin (gm%) 
 l8.4 2.0 

PCV (%) 53.2 5.6 

TLC (cells/mm3)  l036 l.9 5 l42.5 

Platelets ( l0 l l/L) 2.6  l.2 

ESR (mm/hr)  l2.7  l0.9 

Erythropoietin level (mU/mL)  l6.2 28.5 

 

Clinical profile of patients is depicted in Table 3 l. The mean (SD) age of patients was 

44.9 ( l3.6) years. The mean (SD) heart rate of patients was 88.2 ( l0.2) bpm. The mean 

(SD) SPO2 was 95.7 (3.6) %. The mean (SD) hemoglobin of patients was  l8.4 (2.0) 

gm%. 

 

 

 

 



 

                          

                                             DISCUSSION  

 

A hospital based cross- sectional analytical study was conducted among 60 patients 

diagnosed with polycythemia categorized ashemoglobin> l6.5 mg/dl in men; 

hemoglobin> l6 mg/dl among women. In our study we tried to evaluate common 

presentations, etiologies and clinical features of polycythemia and the complications of 

polycythemia in primary (vera) and secondary polycythemia. We found out that of total 

study participants,  l5% had primary polycythemia whereas 85% had secondary 

polycythemia. In this study, the most common symptom was neuro deficits among  l4 

patients, followed by cough and abdominal pain among eight patients each. The other 

symptoms observed were fever, breathlessness, giddiness, pruritis, etc. Complications 

among patients were evaluated, ten patients showed CVA, five showed dizziness, four 

each showed paraesthesia and CVT, three showed erythromelalgias, two each showed 

TIA and PTE. 

The mean age of participants in our study was 44 years and 62% of the patient belonged 

to 30-50 years of age group. Majority of the patients in our study were middle- aged. 

In a study conducted by Meera V et al. (52) the mean age of the participants was 45 

years and age group ranged from  l9 to 79 years. In a study conducted by Cecil Ross et 

al. (56) the mean age of participants was 55.5 years and SudhaSazawal et al.(57) 

reported mean age of patients as 52 years. 

In our study 92% of the patients were male whereas 8% of them were females. In a 

study conducted by Meera V et al. (52)84% of them were male and  l6% were female. 

Male to female ratio was 4: l. In a study conducted by Cecil Ross et al. (56) 70% were 



 

males and 30% were females. SudhaSazawal et al. (57) reported in their study 76% 

were males and 24% were females. 

Primary polycythemia was reported among  l5% of the patients and 85% had secondary 

polycythemia. Although, Meera V et al. reported  l5% of the cases with secondary 

polycythemia. Jose Nahun et al. (58) reported 57% patients with primary polycythemia 

and 43% patients were diagnosed with secondary erythrocytosis. 

The mean hemoglobin in our study was  l8.4 g%. The mean platelet count was 2.6 

lakhs/mm3. The mean total leucocyte count was  l036 l.9 cells/mm3. Augustine T et al. 

(5 l) reported mean hemoglobin level as  l8.92g% in males and  l6.75g% in females. 

Total leukocyte count among males was  l4080 cells/mm3and females was  l3084 

cells/mm3and platelet count was 5.4 l lakhs/mm3 among males and 5.28 lakhs/mm3 

among females. ESR was reported as  l4.9 mm/hr among males and  l2.6 mm/hr, 

whereas in our study ESR was  l2.7 mm/hr. 

In our study serum erythropoietin level was found to be normal among 43% of the 

patients whereas it was high among  l3.6% and low among  l3.6% of the patients. Meera 

V et al. (52) showed in their study that serum EPO levels were low among 46.7% of 

the patients.  

In present study, 63% of the patients did not show any clinical signs but 30% patients 

showed plethora and  l0% had conjunctival congestion. In a study conducted by 

Augustine T et al. (5 l) conjunctival injection (84%) and splenomegaly (8 l%) were the 

common signs reported. 

The most common symptom recorded in our study was neuro deficits among  l4 

patients, followed by cough and abdominal pain among eight patients each. The other 



 

symptoms observed were fever, breathlessness, giddiness, pruritis, etc. Augustine T et 

al. (5 l) reported headache as the most common symptom (56%) followed by tiredness 

(43%) and dizziness (38%). Other symptoms recorded in their study was tinnitus, 

parastheisa, pruritis, weight loss, etc.   

Of total 9 patients, mutation JAK was positive for one patient and negative for six 

patients, two patients were unwilling. In a study conducted by Khurana H (54) et al. 

seven patients with primary polycythemia had JAK2 V6 l7F mutation, one had JAK2 Exon 

l2 mutation, and two were JAK2 negative.Meera V et al. (52) reported JAK-2 (V6 l7F) 

mutation positive in 33% of the patients.  

Results from our study reported no complications among 43% patients whereas ten 

patients showed CVA, five showed dizziness, four each showed paraesthesia and CVT, 

three showed erythromelalgias, two each showed TIA and PTE. A study conducted by 

Meera V et al (52) showed cortical sinus thrombosis among 27.3% of the participants, 

cerebrovascular accidents in 22.8%, portal vein thrombosis in  l3.6%, pulmonary 

embolism in 9. l%, central retinal artery occlusion in  l3.6%, myocardial infarction in 

4.5% and digital infarction in 9. l% patients. Augustine T et al. (5 l) reported thrombotic 

complications among 35% of the subjects in their study. 

  



 

 

CONCLUSION 

In the present study we studied common presentations, etiologies and clinical features 

of polycythemia among patients enrolled from a tertiary care center. We also evaluated 

the complications of polycythemia in primary (vera) and secondary polycythemia. 

Systematic data on the clinical course, hematological characteristics, and on treatment 

modalities are sparse. Long-term follow-up observations from patients with 

manifestations of polycythemia is not reported much from Indian literature. Thus, a 

close international co-operation of physicians and institutions is necessary to improve 

medical care and future prognosis for these patients.  

Patients with thrombosis, erythrocytosis, thrombocytosis and haemorrhage should be 

suspected to have myeloproliferative disorders like PRV and investigated.JAK2 

mutation analysis should be a part of initial evaluation of patients as there is a higher 

probability of splenomegaly and higher values for hemoglobin and neutrophil counts 

and platelet counts in JAK 2 positive group.  

 

  



 

SUMMARY 

Polycythemia also known as erythrocytosis is defined as an apparent or real increase in 

hemoglobin or red blood cells over the level which is considered harmful for that age 

or gender. This results in increased thickness of blood making it difficult to travel 

through the blood vessels and organs.The symptom of polycythemia includes 

headaches, blurry vision, increased blood pressure, red skin, dizziness and confusion, 

abdominal discomfort, itchy skin, gout, bleeding problems, etc.Literature related to 

polycythemia and its complications is very limited among south Indian population 

especially in DharwadHubli region. Therefore our study will provide a wider outlook 

about the disease spectrum helping in increasing the rate of diagnosis.  

A hospital based cross- sectional analytical study was conducted among OPD patients 

and patients admitted in wards of SDM College of Medical Sciences and Hospital, 

Sattur, Dharwad. Patients with hemoglobin> l6.5 mg/dl in men; hemoglobin> l6 mg/dl 

in women was considered for the study. The study was conducted over a period of 2 

years. Total sample size calculated was 60.A designed semi-structured proforma 

containing socio-demographic data, clinical features, past medical history, personal 

history, etc. was used. 

Of total study participants,  l5% (n=9) had primary polycythemia whereas 85% (n=5 l) 

had secondary polycythemia.  l3 patients were smoker, eight had COPD, five had renal 

cysts, and one each had hyperuricemia, adrenal icidentaloma (pheochromocytoma), 

TOF and OSA. Ten patients showed CVA, five showed dizziness, four each showed 

paraesthesia and CVT, three showed erythromelalgias, two each showed TIA and PTE. 

The most common symptom was neuro deficits among  l4 patients, followed by cough 



 

and abdominal pain among eight patients each. The other symptoms observed were 

fever, breathlessness, giddiness, pruritis, etc.  

Patients with thrombosis, erythrocytosis, thrombocytosis and haemorrhage should be 

suspected to have myeloproliferative disorders like polycythemia vera and 

investigated.JAK2 mutation analysis should be a part of initial evaluation of patients.  

 

  



 

STRENGTHS 

Our study has several strengths.  

1. Sample size was calculated using mathematical calculations and included in 

the study. 

2. We adhered to strict data collection techniques and it was monitored on specific 

intervals. 

3. Statistical packages like SPSS were used for data analysis and to minimize 

methodological errors. 

 

  



 

LIMITATIONS 

1. Study was conducted in a single hospital. This could have led to sampling bias 

and lack of representativeness of sample. 

2. A larger sample size could have resulted into more generalized results.  
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                                        ANNEXURE 1 

                         INFORMED CONSENT FORM  

INFORMED CONSENT 

 

“CLINICAL SPECTRUM AND COMPLICATIONS OF POLYCYTHEMIA IN A 

TERTIARY CARE CENTRE ” 

 

Study no : 

Name of the participant:  

Name of the principal investigator: 

Name of the institution:  

SDM COLLEGE OF MEDICAL SCIENCES, MANJUSHREE NAGAR, SATTUR, 

DHARWAD-580009 

 I, _______________________________________________, have read the 

participant information form (or has been read to me ), I was free to ask any questions 

and they have been answered. I am exercising my free power of choice, hereby give 

my consent to be included as a participant in  

“CLINICAL SPECTRUM AND COMPLICATIONS OF POLYCYTHEMIA IN A 

TERTIARY CARE CENTRE ” 

 

Patient’s signature with name.      DATE: 

 

Patient party signature            PLACE: 

Name : 

Relationship to patient: PATIENT THUMB IMPRESION 

 



 

PARTICIPANT INFORMATION FORM 

1. I have read and understood this consent form and the information provided to 

me. 

2. I have been explained the consent document and nature of study.  

3. My rights and responsibilities have been explained to me by the investigator. 

4. I have been advised about the risks associated with my participation in the 

study. 

5. I have informed the investigator of all treatments I am taking or have taken in 

the past. 

6. I agree to cooperate with the investigator and I will inform him immediately if 

I suffer from unusual symptoms. 

7. I am aware of the fact that I can opt out of the study at any time without 

having to give any reason and this will not affect my future treatment in the 

hospital. 

8. I am also aware that the investigators may terminate my participation in the 

study at any time, for any   reason, without my consent. 

9. I hereby give permission to the investigators to release the information 

obtained from me as result of participation in this study to the sponsors, 

regulatory authorities, Government agencies and the ethics committee. I 

understand that they may inspect my original records. 

10. My identity will be kept confidential if my data are publicly presented. 

11. I have had my questions answered to my satisfaction. 

12. I have decided to be in the research study. 

13. In this study to record and study the clinical etiological polycythemia related 

profile of the patient 

 

The form has been read and explained to me (all pointsindividually )and I agree for 

the same and would want to give a consent and disclose required details to be a part of 

the study  

 

Patient name:  

 

Patient thumb impression: 



 

 

KANNADA CONSENT FORM 

 

 

1. ಕೈಗೊಂಡಅಧ್ಯ ಯನವುಶೈಕ್ಷಣಿಕಉದ್ದ ೇಶಮತ್ತು ರೇಗಿಯಚಿಕಿತೆ್ಸ ಗಾಗಿ. 

ಯಾವುದ್ೇಹೆಚ್ಚು ವರಿಅಧ್ಯ ಯನವನ್ನು ಮಾಡಲಾಗುವುದಿಲ್ಲ . 

ಮಾಡಿದಅಧ್ಯ ಯನವುರೇಗಿಯಚಿಕಿತೆ್ಸಯದೃಷಿ್ಟ ಯೊಂದಮಾತ್ರ ಇರುತ್ು ದ್. 

2. 

ನಿಗದಿತ್ದಿನೊಂಕಗಳಲ್ಲಲ ನನು ಅನ್ನಸರಣೆಗೆಆಸಪ ತ್ಸರ ಗೆಭೇಟಿನಿೇಡಲುನನ್ನಒಪ್ಪಪ ತ್ಸು ೇನೆ

ಮತ್ತು ಪರಿೇಕೆಮತ್ತು ನನು ಸುಧಾರಣೆಗೆಸೊಂಬೊಂಧಿಸಿದಪರ ಶು ಗಳಬಗೆೆತಿಳಿಸಲಾಗಿದ್. 

3. 

ಈಅಧ್ಯ ಯನವನ್ನು ನನಗೆವಿವರಿಸಲಾಗಿದ್ಮತ್ತು ಅಧ್ಯ ಯನವುಏನನ್ನು ಒಳಗೊಂಡಿ

ರುತ್ು ದ್ಎೊಂಬುದನ್ನು ನನ್ನಅರ್ಥಮಾಡಿಕೊಂಡಿದ್ದ ೇನೆಮತ್ತು ಆದದ ರಿೊಂದಅಧ್ಯ ಯನದ

ಲ್ಲಲ ಭಾಗವಹಿಸಲುನನ್ನಒಪ್ಪಪ ತ್ಸು ೇನೆ. 

4. 

ಮೇಲೆಹೆೇಳಿದಯಾವುದ್ೇಕಾಯಥವಿಧಾನವನ್ನು ಮೊಂದುವರಿಸಲುಅನ್ನಮತಿನಿೇಡ

ಲುನನ್ನನಿರಾಕರಿಸಬಹುದುಎೊಂದುನನ್ನಅರ್ಥಮಾಡಿಕೊಂಡಿದ್ದ ೇನೆ. 

5. ಅಧ್ಯ ಯನವುಕಿಲ ನಿಕಲ್ಪ ರಿೇಕೆಮತ್ತು ರಕು ತ್ನಿಖೆಯನ್ನು ಒಳಗೊಂಡಿರುತ್ು ದ್. 

ಮೇಲೆಹೆೇಳಿದಪರಿೇಕೆ ಗಳುಅಧ್ಯ ಯನದಉದ್ದ ೇಶಕಾಾ ಗಿಮತ್ತು ನನು ಚಿಕಿತೆ್ಸ ಗೆಸಹಾಯ

ಮಾಡುತ್ು ವೆ. 

6. 

ನನು ಆಸಪ ತ್ಸರ ಯದಾಖಲೆಗಳನ್ನು ಅಧ್ಯ ಯನಮತ್ತು ಚಿಕಿತೆ್ಸ ಯಉದ್ದ ೇಶಕಾಾ ಗಿಬಳಸುವು

ದರಬಗೆೆನನಗೆವಿವರಿಸಲಾಗಿದ್ಮತ್ತು ಅದಕಾಾ ಗಿನನು ಆಸಪ ತ್ಸರ ಯದಾಖಲೆಗಳನ್ನು ಬಹಿ

ರೊಂಗಪಡಿಸಲುನನ್ನಒಪ್ಪಪ ತ್ಸು ೇನೆಮತ್ತು ಯಾವುದ್ೇಮೂರನೆೇವಯ ಕಿು ಗಳಿಗೆಮಾಹಿತಿಯ

ನ್ನು ಬಹಿರೊಂಗಪಡಿಸುವುದಿಲ್ಲ ಎೊಂದುಭರವಸೆನಿೇಡಲಾಗಿದ್ 

 

ರೇಗಿಯಸಹಿ ………………………………………… 

ಪೂರ್ಥಹೆಸರು………………………………………………………….. 

ದಿನೊಂಕ …………………… .. 

 

ಪೂತಿಥವಿಳಾಸ…………………………………………………………. 

ಕಾಯಥವಿಧಾನವನ್ನು ರೇಗಿಗೆವಿವರಿಸಿದಾಗನನ್ನಪರ ಸುು ತ್ವಾಗಿದ್ದ ೇನೆಮತ್ತು ಕಾಯಥ

ವಿಧಾನಕಾಾ ಗಿಅವನ / ಅವಳಕನೆೆ ೊಂಟ್ಅನ್ನು ನನ್ನತಿಳಿದಿದ್ದ ೇನೆ 

 

ಸಾಕೆಿಯಸಹಿ ………………………………………. 

(ಸಾಕೆಿ ಅಧ್ಯ ಯನದೊಂದಿಗೆಸೊಂಪಕಥಹೊಂದಿದವಯ ಕಿು ಯಾಗಿರಬಾರದು) 

ಪೂರ್ಥಹೆಸರು…………………………………………………………… 

ದಿನೊಂಕ ………………….……………………………………………………………. 

 

 

 

INTER -DEPARTMENTAL CONSENT FORM 



 

TO,                       DATE  

28/01/2021 

DR.GIRISH BALIKAI 

HOD OF HEMATOLOGY  

SDM COLLEGE OF MEDICAL SCIENCES & HOSPITAL 

DHARWAD -580009 

SUBJECT – REQUESTING PERMISSION TO CONDUCT A INTER 

DEPARTMENTAL THESIS STUDY  

 

RESPECTED SIR, 

I, THE UNDERSIGNED AM A JUNIOR RESIDENT(POST GRAGUATE) IN THE 

COUSE OF GENERAL MEDICINE WILL BE CONDUCTING A STUDY THESIS 

TITLED “CLINICAL SPECTRUM AND COMPLICATIONS OF 

POLYCYTHEMIA IN A TERTIARY CARE CENTRE ” UNDER THE GUIDANCE 

OF DR SHILPA HAKKI ASSOCIATE PROFESSOR OF GENERAL MEDICINE 

IN SDM COLLEGE OF MEDICAL SCIENCES & HOSPITALAND CO GUIDE AS 

DR.DEEPAK GONI ASSISTANT PROFESSOR OF HEMATOLOGY SDM 

COLLEGE OF MEDICAL SCIENCES & HOSPITAL ,KINDLY GRANT 

PERMISSION TO PERFORM THE ABOVE MENTIONED STUDY AND HAVE 

ACCESS TO PATIENT PROFILE ,DATA AND STATISTICS THAT WILL E 

RELEVANT FOR THE SAME  

YOURS SINCERELY ,                                                                

 

 

 

 

DR BHARGAV VUPPUMALLA  

JUNIOR RESIDENT (POST GRADUATE) 

SDM COLLEGE OF MEDICAL SCIENCES & HOSPITAL DHARWAD  



 

CASE PRO-FORMA 

 

Participant’s name: 

Investigator sign : 

 

Investigator name : 

 

PROFORMA  CASE NO: 

 

Name:                                                          Age:           yrs                     Sex: M / F  

 

Address:                                                      Occupation:                          OP / IP No: 

 

HISTORY OF PRESENTING ILLNESS_ 

SYMPTOMS 

 

SIGNS 

 

DURATION OF ILLNESS  

 

PAST HISTORY:  

PERSONAL HISTORY-    smoking 

alcohol 

tobacco chewing 

drug abuse/others 

 

 



 

 

 

GENERAL PHYSICAL EXAMINATION  

 PR:           bpm             BP:             mm/Hg        RR:       cpm        SpO2:           Temp:                         

Plethora: 

 Pallor/ icterus/ cyanosis/ clubbing 

 

 

SYSTEMIC EXAMINATION 

 

 

PROVISIONAL DIAGNOSIS 

 

INVESTIGATIONS: 

Hb:            g/dl            

 TC: 

DlC:  

NEUTROPHIL:                     LYMPHOCYTE:                                                  

Platelets:           lakhs/L   

Hematocrit: 

ESR: 

PS increases rouleauformation : 

Uric acid : 

Erythropoietin(PRE PHLEBOTOMY) : 

MUTATION: 

a) JAK2 

b) EXON12 

c) MPL 



 

d) CALR 

e) BCR-ABL 

BONE MARROW ASPIRATE : 

HIV/HBsAg/HCV: 

RBS : 

ECHO :                                                                         ECG : 

CXR:   

 

PHLEBOTOMY AND PHLEBOTOMY FREQUENCY 

 

 

USG ABDOMEN  

FINDINGS:     

                                                                                                                   LIVER SIZE: 

 

                  SPLEEN SIZE: 

 

 

 

 

RENALARTERY  DOPPLER: 

 

 

 

 

CT SCAN:                            ORGAN: 

 

 

OTHER FINDINGS 

 

 

 

 

 

 

 

 

 

 



 

ETHICAL CLEARANCE 

 

 

…. 

 

 



 

….. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

PHOTOS 

 

 

   

 

 

 

 

 

 

 

 



 

 

 



  



 
   



 
 



 

 

 

 

 

 

                              

 

  


