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S

ince its approval for human use in 1989, epoetin
alfa has revolutionized the treatment of anemia
due to chronic kidney disease, cancer chemotherapy and/or cancer itself, and HIV infection.
Based on this success, epoetin alfa has been used to
treat anemia that occurs in numerous other conditions,
such as anemia resulting from treatment of chronic
hepatitis C. Although usually well-tolerated, epoetin
alfa therapy is associated with adverse effects, most commonly headache and elevated blood pressure. Rarely,
thrombotic events may occur. This article discusses the
case of a man who developed cerebrovascular thrombosis due to prolonged high-dose epoetin alfa treatment for anemia resulting from therapy for chronic
hepatitis C. A review of the benefits and adverse events
associated with use of epoetin alfa for treating anemia
associated with nonmalignant gastrointestinal disorders
is also provided. A discussion of darbepoetin, which has
similar indications, benefits, and side effects to epoetin
alfa, is beyond the scope of this review.
CASE PRESENTATION
History of Presenting Complaint
A 57-year-old man presented to the emergency department (ED) with a 3-day history of confusion and
6- to 7-week history of generalized headaches. The
patient’s past medical history was significant for atrial fibrillation, long-standing hypertension, depression, and
chronic hepatitis C. During a 7-week period prior to the
patient’s current presentation to the ED, he was evaluated in the urgent care setting on several occasions for
his generalized headaches, which were deemed to be
tension-type headaches. Three days before admission,
he presented again to urgent care for headaches and
elevated blood pressure, which the patient reported
as ranging from 140 to 160 mm Hg systolic blood
pressure. His outpatient antihypertensive regimen was
simplified and further optimized. Dosing adjustments
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included changing metoprolol from 100 mg 3 times
daily to 150 mg twice daily, changing diltiazem 120 mg
4 times daily to diltiazem SA 480 mg daily, and increasing benazepril from 20 to 40 mg/day.
Past Medical History
As previously noted, the patient had a history of atrial fibrillation controlled with warfarin therapy (10 mg
on Monday/Friday, 7.5 mg on the other days of the
week), hypertension, depression (extended-release venlafaxine 75 mg/day orally), and chronic hepatitis C. The
patient was diagnosed with hepatitis C 15 years earlier,
with chronic hepatitis being diagnosed 9 years ago. Per
biopsy, he was found to have genotype 2b and stage 3
liver disease. Proposed 24-week therapy with pegylated
interferon and ribavirin was initiated approximately
7 months prior to the current presentation. Three weeks
into his therapy, the patient developed anemia and
was subsequently treated with subcutaneous epoetin
alfa 40,000 U weekly. Complete blood counts were
obtained at the hepatitis C clinic, initially every 1 to
2 weeks and then monthly. The patient completed 19
of the scheduled 24 weeks with a significant virologic
response, from an initial viral load exceeding 5,900,000
copies/mL to fewer than 10 copies/mL. Due to hospitalization for pneumonia, he was unable to complete
therapy and was lost to follow-up. The patient continued receiving epoetin alfa at 40,000 U weekly without
interruption, with his last dose being administered
1 week prior to presentation.
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Figure. T2-weighted magnetic resonance image of the brain
demonstrating an acute infarct in the left pons.

Presentation
The patient was initially brought into the ED by his
wife. Upon presentation, the patient described a constant, generalized headache associated with nausea.
His wife stated that the patient had been very lethargic
and weak for the past several days. In addition, she
observed symptoms of gait instability, difficulty with
speech, and decreased alertness for the past 3 days. She
denied that the patient had any recent head trauma,
loss of consciousness, or seizure-like activity. On physical examination, he had a temperature of 97.3°F, blood
pressure ranging from 150/100 to 170/110 mm Hg,
and heart rate ranging from 50 to 60 bpm. In general,
he was alert and oriented to person and time but not
place and was in no acute distress. Cardiovascular
examination revealed an irregularly irregular rhythm
without evidence of murmurs, rubs, or gallops. Lungs
were clear to auscultation and percussion. Abdominal examination was benign, and no edema of lower
extremities was present. Laboratory studies including
electrolyte panels and complete blood count were ordered. The patient was admitted to the general medicine service for work-up of his altered mental status.
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Hospital Course
Upon admission, the patient’s blood pressure measurements increased to between 190/100 and 210/
120 mm Hg. The patient was oriented only to time.
Otherwise, the physical examination (including a
neurologic examination that showed no focal findings) was essentially unremarkable. Results of laboratory studies were significant for elevated hematocrit of 54% (normal, 41%–50%) and hemoglobin of
17.7 g/dL (normal, 14.0–17.5 g/dL), both of which
had increased from values obtained approximately
1 month ago (respectively, 45% and 14.7 g/dL). International normalized ratio was 2.6, which was within
the therapeutic range for atrial fibrillation treated with
warfarin. A noncontrast computed tomography (CT)
scan of the brain revealed no masses, infarcts, midline
shifts, or intracranial bleeds. All of his outpatient antihypertensive medications were continued with the addition of intravenous hydralazine 10 mg, but his blood
pressure did not decrease.
The patient was subsequently transferred to a monitored setting in the intensive care unit for intravenous nitroglycerin therapy that resulted in blood pressure measurements ranging from 120/100 to 150/100 mm Hg
within 12 hours. On hospital day 2, he was converted
back to his oral antihypertensive regimen and was
transferred to the general service. His wife, however,
noted minimal improvement in his mental status. Over
the next 2 days, he became more disoriented. The hematocrit levels rose, peaking at a value of 57%. Given
his recent episodes of hypertension in the ED despite
medical therapy that previously controlled his symptoms, duplex ultrasound was ordered but showed no
evidence of renal artery stenosis. As polycythemia and
hyperviscosity from long-standing high-dose epoetin
alfa treatment may have contributed to his clinical condition, the patient underwent a series of therapeutic
phlebotomies with intravascular fluid support on hospital days 4 and 6. Despite these treatments, the patient
developed a facial droop, dysarthria, and blurred vision.
Magnetic resonance imaging of the brain taken on hospital day 7 revealed new infarcts of the globus pallidus
and the left dorsal pons (Figure). On hospital day 9, a
contrast-enhanced CT scan of the brain revealed interval changes consistent with bilateral infarctions in the
anterior cerebral artery distribution. The patient eventually became unresponsive and hypotensive with respiratory comprise necessitating intubation. The patient’s
condition did not improve, and his family eventually
decided to withdraw life support. The patient died on
hospital day 19.
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DISCUSSION
Given this patient’s medical history and his presenting symptoms that included neurologic abnormalities
and a relatively rapid rise in blood pressure and hemoglobin as well as hematocrit levels, the initial diagnostic
consideration was an intracranial lesion or hemorrhage. A head CT scan taken on admission, however,
was negative for any intracranial process. Secondary
causes of hypertension were subsequently evaluated.
However, pheochromocytoma was unlikely given the
patient’s clinical history (eg, no intermittent hypertension, flushing, or palpitations). Ultrasound of the renal
vasculature obtained early during the hospitalization
was also negative for renal artery stenosis. Once these
causes were ruled out and the patient’s medical records were thoroughly reviewed on hospital days 2 and
3, it became evident that prolonged epoetin alfa use
was the most likely cause of polycythemia in this patient. Despite therapeutic phlebotomy, his neurologic
symptoms worsened soon after these measures were
employed, and magnetic resonance imaging demonstrated the presence of multiple infarcts.
EPOETIN ALFA
Anemia due to a chronic disease or its treatment
may result from decreased red blood cell production, increased hemolysis, and/or blood loss, and
more than 1 pathophysiologic mechanism may exist
in an individual patient.1 In chronic hepatitis C treated
with combination therapy, anemia is caused by bone
marrow suppression associated with interferon-α use
(decreased red blood cell production) and hemolysis
associated with ribavirin use,2 which is thought to be
caused by oxidative stress to erythrocyte membranes
and mitochondrial toxicity through the depletion of
adenosine triphosphate.3 Treatment with epoetin alfa
acts similarly to endogenous erythropoietin, which is
produced by the peritubular capillary lining cells in
the kidneys and is responsible for stimulating erythropoiesis in the bone marrow. Epoetin alfa significantly
increases hemoglobin levels in chronic hepatitis C
patients who have received interferon and ribavirin,4,5
which permits maintenance of a higher time-averaged
ribavirin dose as compared with those treated with
blood transfusions and temporary ribavirin dose reductions.6,7 Other benefits of treating anemia with epoetin
alfa include reduced need for transfusions6,7 and, possibly, improved quality of life.5
Adverse Effects Associated with Epoetin Alfa
Although therapy with epoetin alfa has been proven
beneficial in many conditions, it also has been linked
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to adverse effects in patients receiving chronic therapy.
The following discusses major adverse effects associated with chronic epoetin alfa therapy in nonmalignant
gastrointestinal disorders and measures that may be
taken to prevent these effects.
Hypertension. A well-documented side effect of
chronic epoetin alfa administration in chronic renal
failure patients is hypertension, particularly a rise in
diastolic blood pressure of over 10 mm Hg. Hypertension associated with epoetin alfa use is thought to be
caused by hematocrit-dependent and -independent
mechanisms.8 Increased viscosity and enhanced vascular reactivity with correction of vascular tissue hypoxia
may be mediated by the increased hematocrit value, especially in patients with preexisting hypertension.8 Epoetin alfa may also cause vasoconstriction,9 which may
be mediated by increased endothelin production,10,11
possible changes in vascular tissue prostaglandin production,12 and up-regulation of tissue renin and angiotensinogen expression.12 Rarely, dramatic increases
in blood pressure, hypertensive encephalopathy, or
seizures have been described with protracted epoetin
alfa therapy.13 Predisposing factors to these complications include a history of hypertension and prolonged
epoetin alfa use at high doses.8,14 The case patient had
both predisposing factors, which may have contributed
to the development of hypertension in a patient whose
hypertension had previously been well controlled.
Thrombotic events. Of more concern is the association of thrombotic events with epoetin alfa use, especially in chronic renal failure patients. Numerous studies
such as those performed by Besarab et al,12 Casati et al,15
and Muirhead et al16 have shown increased rates of
arteriovenous access thrombosis when epoetin alfa has
restored near-normal to normal hemoglobin levels.
The US Normal Hematocrit Study also described a
higher thrombosis rate in dialysis patients with synthetic grafts and natural fistulas who were targeted to a
higher hematocrit value.12
Although mechanisms for increased thrombotic
events are not entirely understood, increased blood
viscosity, changes in platelet function, and changes in
vascular cell function have been implicated. Higher
hematocrit and red blood cell mass result in increased
blood viscosity with epoetin alfa14,17 and may be associated with increased thrombotic events even in apparently
normal individuals.18 Epoetin alfa may not only have a
small effect on the platelet count but may also increase
platelet activation.19,20 Stohlawetz et al20 demonstrated
that epoetin alfa infusion activated platelets in normal
healthy volunteers. The activation of platelets by epoetin alfa may result from enhanced intracellular calcium
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signaling within platelets.21–24 Endothelial cell prothrombotic factors25 (including endothelin10,26 and
plasminogen activator inhibitor 127) are increased with
epoetin alfa use, which may increase the risk of thrombotic events in these individuals. Vaziri1 described in
vitro evidence that epoetin alfa may support vascular
cell growth and proliferation, possibly promoting vascular lesions that can cause thrombosis.
Cerebrovascular thrombosis has been rarely described as a complication of protracted epoetin alfa
therapy. Casati et al15 reported 1 patient who developed reversible focal cerebral ischemia after receiving dose-adjusted intravenous epoetin alfa, with an
increase in hemoglobin concentration from 6.5 to
12.2 g/dL. In a study that included 596 hemodialysis
patients, Parfrey et al28 showed a threefold increase
in cerebrovascular events in those randomly assigned
to hemoglobin concentrations of 13.5 to 14.5 g/dL
(n = 12) versus 9.5 to 11.5 g/dL (n = 4). Kooistra et
al29 reported 3 hemodialysis patients who were not at
risk for thrombovascular disease and who developed
cerebral strokes after epoetin alfa therapy. Finelli and
Carley13 described a 37-year-old peritoneal dialysis patient receiving chronic epoetin alfa therapy whose hematocrit levels increased to 55% and who subsequently
presented with headaches caused by thrombosis of the
sagittal and transverse sinus. Thrombotic events associated with epoetin alfa therapy may not be limited
to patients who are on dialysis. Afdhal et al7 reported
a double-blind study of 185 patients who developed
anemia while receiving combination interferon and
ribavirin therapy and who were given either epoetin
alfa (40,000 U subcutaneously) or placebo. The 1 serious adverse effect observed in the epoetin alfa treatment group was a cerebrovascular accident in a patient
whose hemoglobin increased to 14 g/dL. It should
be observed that treatment with pegylated interferon
has been reported to be associated with thrombotic
events.30,31 However, pegylated interferon is unlikely to
be responsible for the case patient’s adverse events, as
he was no longer receiving interferon therapy when he
experienced cerebrovascular thrombosis.
Hemoglobin and hematocrit are the main determinants of oxygen-carrying capacity and blood viscosity. With continued rises in hemoglobin concentration and hematocrit, a point will be reached where
oxygen delivery diminishes because of the decline in
blood flow due to increased viscosity. Johnson et al17
described an inverse relationship between cerebral
blood flow and blood viscosity/hemoglobin concentration. As seen in this case, the continued rise in hematocrit value from prolonged therapy with high-dose
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epoetin alfa may have increased blood viscosity and
decreased cerebral blood flow, which was manifested
in the patient’s symptoms of headaches and confusion.
Ultimately, increased blood viscosity and decreased
cerebral blood flow may have resulted in the patient’s
progressive cerebral infarcts.
Prevention
Currently, no uniformly accepted upper limit on
hemoglobin concentration has been established when
using epoetin alfa therapy (Table).32–40 However, normalization of hemoglobin levels has been identified
with adverse effects. In both the US Normal Hematocrit Study12 and the CHOIR trial,41 patients with
advanced chronic kidney disease (both predialysis and
dialysis-dependent patients) had increased rates of adverse cardiovascular events without an increased quality of life benefit when hemoglobin levels were targeted
for normalization. However, the CREATE trial42 from
European and Asian centers demonstrated that normalizing hemoglobin levels confers a significant quality
of life benefit and, with the exception of hypertension,
causes no clear increased risk for cardiovascular events.
The observed differences in cardiovascular outcomes
between these 2 studies12,41 and the CREATE trial42
may reflect differences in the patient populations studied or differences in exclusion criteria for preexisting
cardiovascular conditions used in these trials.
Given the ever-expanding indications of epoetin alfa
therapy, several clinical practice guidelines for a target
hemoglobin level have been instituted by various organizations for treating patients with anemia (Table).32–40
Based upon these clinical practice guidelines, a target
hemoglobin level of 12 g/dL seems to be the working
consensus to avoid the aforementioned adverse effects.
Equally important is the frequency of hemoglobin monitoring. According to the National Kidney Foundation
Kidney Disease Outcomes Quality Initiative guidelines,36
hemoglobin levels should be monitored at least monthly
to determine dose adjustments accurately. Patients with
unstable and above-target hemoglobin levels require
more frequent monitoring (either weekly or biweekly
monitoring). The case patient appeared to have good
follow-up at the hepatitis C clinic until he was hospitalized with pneumonia. Afterwards, he did not have any
further appointments at the clinic, and his many providers did not change or stop therapy with epoetin alfa.
This case emphasizes the importance of ensuring that
patients understand the potential adverse effects of their
medications and the necessity for follow-up visits.
In addition to achieving target or near target
hemoglobin levels, regular monitoring of hemoglobin
www.turner-white.com
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levels, and as-needed epoetin alfa dose adjustments,
it is important to remain alert to symptoms and signs
of adverse events that can be associated with therapy.
Headaches can be a common side effect of epoetin alfa
therapy. When headaches, progressive mental status
changes, and polycythemia are observed together, cerebrovascular ischemia and thrombosis should be suspected in an individual who is receiving epoetin alfa.13
CONCLUSION
Epoetin alfa has been used to treat chronic anemia
with great success and has been generally well tolerated, with headache and elevations in blood pressure
being the most common adverse effects. However,
prolonged use of epoetin alfa can result in serious effects with significant morbidity and mortality, such
as cerebrovascular thrombosis. Frequent monitoring
of blood counts must become routine in any patient
on epoetin alfa; physicians should clearly explain the
risks of this therapy as well as the necessity for regular
follow-up appointments. Several guidelines are available to assist clinicians in achieving a target hemoglobin range where epoetin alfa can be used safely.
HP
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