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High Hemoglobin: 
Managing Polycythemia

Polycythemia is a condition associated with an
increase in hemoglobin and hematocrit. This con-
dition is divided into three types: primary, second-
ary, and relative. Primary polycythemia, or poly-
cythemia vera (PV), is a rare hematological malig-
nancy with an incidence of about 1 per 100,000
people per year. PV is important to identify, as
patients with this condition are at risk of bleeding
and thrombotic events, which can largely be pre-
vented with therapy. In most patients, however,
other disorders will be responsible for an elevation
in hemoglobin (secondary polycythemia).
Spurious or relative polycythemia occurs when
the plasma volume is decreased, causing blood to
be more concentrated and the hemoglobin to
appear to be increased. Total body hemoglobin is
actually normal. 

Peter R. Duggan, MD
Presented at the University of Calgary’s Family Practice Review and Update in
Calgary, Alberta, on November 21, 2011.
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Katia’s Case
Katia is a 72-year-old nonsmoker with a history of
hypertension that is currently well controlled with
hydrochlorothiazide 25 mg q.d. She experienced a
transient ischemic attack two months ago and has
been taking low-dose ASA (81 mg q.d.) ever since.
Her CBC reveals a hemoglobin of 206 g/L,
hematocrit of 0.62, platelets 723 x109/L. White
blood cells and differential are normal. Oxygen
saturation is normal on pulse oximetry. Her serum
erythropoietin level is low (1.3 U/L), and molecular
studies performed on a blood sample reveal the
presence of the JAK2 mutation, confirming a
diagnosis of polycythemia vera. She is considered
to be at high-risk for further thrombotic events.
Katia is started on hydroxyurea 1,000 mg q.d. and
is scheduled for regular phlebotomies.

Table 1

Classification of Polycythemia

Relative Primary Secondary Secondary
with Hypoxia without Hypoxia

• Dehydration • Polycythemia vera • Chronic lung disease •Benign and malignant tumours

• Diuretics • Cyanotic heart disease •Drugs (testosterone, EPO)

• Smoking • Carboxyhemaglobin •Renal artery stenosis

• Obesity • Sleep apnea •High affinity hemoglobin

• Gaisböck syndrome
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Relative Polycythemia

Relative polycythemia can be found with diuretic
use and is seen in the setting of obesity, hyperten-
sion, and cigarette smoking. Gaisböck’s syndrome
is a cause of relative polycythemia, and it typ-
ically occurs in middle aged, obese males who
smoke. In relative polycythemia, the hemoglobin
is minimally increased and does not require any
treatment.

Secondary Polycythemia

Etiology

Common disorders that result in chronic hypoxia
can often result in a compensatory increase in
hemoglobin (i.e., secondary polycythemia).
These include chronic obstructive lung disease,
emphysema, sleep apnea, and other chronic lung
conditions, as well as less common conditions,
such as congenital heart diseases resulting in car-
diac shunts. In these cases, an elevation in hemo-
globin results from a hypoxia driven increase in
erythropoietin production. The cause of second-
ary polycythemia can usually be determined from
the patient’s history and physical exam and is
supported by findings of low oxygen saturation,
low partial pressure of oxygen (pO2) on arterial
blood gas testing, high serum erythropoietin
level, and abnormalities on chest x-ray or
echocardiogram. 
In sleep apnea, hypoxia is intermittent and

may not be present when the patient is awake. The
diagnosis is usually suspected when there is a his-
tory of snoring, nonrestorative sleep, and daytime
somnolence, often in obese patients. The diagno-
sis of sleep apnea can be made with nocturnal
sleep studies.
Other causes of secondary polycythemia are

uncommon. Renal artery stenosis can cause an

increase in erythropoietin production by decreas-
ing blood flow to one or both kidneys. Congenital
high affinity hemoglobin and chronic carbon
monoxide poisoning will decrease tissue oxygen
delivery and, therefore, stimulate erythropoietin
production. Erythropoietin secretion by uterine
fibroids, hepatic hemangiomas, and tumours of
the kidneys and liver has been described, but it 
is very rare. All of these disorders are associated
with elevated erythropoietin levels without 
hypoxia. 
Finally, an elevation in hemoglobin can result

from the use of performance enhancing drugs,
including growth hormone, anabolic steroids, and
erythropoietin. Testosterone replacement therapy
in men will often increase hemoglobin, some-
times resulting in secondary polycthemia.

Treatment

Secondary polycythemia is treated with correction
of the underlying disorder. Phlebotomy is usually
not required to lower hemoglobin, as the elevation
is usually mild and does not cause symptoms or
risk of thrombosis. However, some patients with
secondary polycythemia seem to benefit from
regular phlebotomy, especially when their hemo-
globin is more significantly elevated.

Table 2

Investigations

Secondary Polycythemia Vera
Polycythemia

• Pulse oximetry and  • JAK2mutation studies
atrial blood gas • Erythropoietin level

• Liver and renal • Bone marrow biopsy
function tests

• Chest x-ray
• Sleep studies
• Pulmonary function
testing

• Echocardiogram
• Abdominal ultrasound



Polycythemia

Polycythemia Vera: A Rare Case

Polycythemia vera is a myeloproliferative neo-
plasm in which there is autonomous bone marrow
production of red blood cells and other myeloid
cells. In addition to an increase in hemoglobin and
hematocrit, the CBC will often reveal an increase
in platelets and white cells, findings not typical in
secondary polycythemia. Splenomegaly is a fre-
quent finding in PV. Most patients are asympto-
matic at diagnosis but may present with nonspe-
cific symptoms, such as headache, weakness,
dizziness, chest pain, sweating, or pruritus. 
Thrombotic events are the main cause of mor-

bidity and mortality in PV and can be present at
diagnosis or occur anytime in the course of dis-
ease.1 These can include strokes and myocardial
infarction, deep venous thrombosis and pul-
monary embolism, and more unusual events, such
as portal vein, mesenteric vein, or cerebral sinus
thrombosis. Patients may complain of burning
pain in fingers and toes, known as erythromelal-
gia, which is due to microvascular thrombi of the
digits. Abnormal bleeding occurs less commonly
than do thromboembolic complications.
An acquired mutation of the Janus kinase 2

(JAK2) gene is found in 95 to 98% of patients with
PV2. In contrast to secondary polycythemia, most
patients with PV will have low erythropoietin
level. These two blood tests can be used to con-
firm the diagnosis of PV in almost all cases. Bone
marrow biopsy is rarely required. Treatment

involves phlebotomy to maintain the hematocrit at
less than 45%, and ASA3 and hydroxyurea should
also be administered.4 Therapy has been shown to
greatly reduce the risk of thromboembolism and
allow life expectancy to approach that of the gen-
eral population.
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Take-home Messages

• Polycythemia vera is uncommon; most cases of 
elevated hemoglobin will have an underlying 
secondary cause.

• Secondary causes of polycythemia can usually 
be identified from the history, physical exam, and 
readily available investigations.

• JAK2 mutation testing and erythropoietin level 
will identify most of those with polycythemia vera. 


