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Abstract

Anemia is a common complication of certain chronic diseases and can be treated by stimulating
hematopoietic cells to increase red blood cell count, and this action is achieved by recombinant human
erythropoietin. In this review article, we have discussed about hypertension, which develops as a result of
erythropoietin therapy. We have explored the pathogenesis of erythropoietin-induced hypertension and
discussed some ways to prevent and treat this condition. Also, an attempt has been made to find out the role
of blood viscosity in erythropoietin-induced hypertension. We conducted a comprehensive review of
literature by collecting data from online databases like PubMed and Google Scholar. We mainly studied
clinical trials that unraveled the mechanism of hypertension caused by erythropoietin. Hypertension is
mainly caused due to enhanced vascular responsiveness to constrictors and impaired action of vasodilators.
Role of blood viscosity in the pathogenesis of hypertension is doubtful due to the lack of consistency in the
studies. Incidence of hypertension can be reduced by achieving slow correction of anemia and by switching
to subcutaneous route of administration. Conventional anti-hypertensives have been found to be beneficial
in the treatment. In some severe and persistent cases, temporary discontinuation of erythropoietin may be
needed.

Categories: Internal Medicine, Nephrology
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Introduction And Background

Erythropoietin is a cytokine secreted by kidneys, which promotes the formation of red blood cells.
Erythropoietin and its derivatives have revolutionized the treatment of anemia due to diseases like chronic
kidney disease (CKD), malignancy, and human immunodeficiency virus (HIV) infection [1]. Besides the
correction of anemia, erythropoietin also has cardioprotective, renoprotective, and neuroprotective
functions [2]. It has become a drug of abuse by athletes in order to increase their performance. Given its
beneficial effects, erythropoietin is produced by recombinant deoxyribonucleic acid (DNA) technology, and
this recombinant human erythropoietin (thEPO) and its newer analogues [2] are now therapeutically used
for the treatment of anemia.

However, it should be borne in mind that rhEPO does not come free from side effects. Hypertension,
thrombosis, and stroke are the well-known complications of erythropoietin, especially when it is used to
achieve high hemoglobin target levels [3]. In some cases, these complications can be life-

threatening, [4] while in others, it can only be a temporary phenomenon of hemodynamic changes [5]. Thus,
it is prudent to use the drug only when needed and to achieve hemoglobin levels that improve the quality of
life of patients with anemia.

One common side effect of erythropoietin use is hypertension, which can occur in both healthy and diseased
patients taking this drug. The incidence of hypertension with erythropoietin use is estimated to be around
10% to 15% [6]. It may develop anytime between two weeks and four months after the start of therapy [7].
Although different mechanisms have been postulated behind this, especially discussing vasoactive effects of
erythropoietin on blood vessels, still much need to be known. Thus, this is a topic that merits further
research. Various studies have been done discussing the role of nitric oxide, angiotensin, and intracellular
calcium in the pathogenesis of hypertension [8-10]. There has been doubt around the association of increase
in blood viscosity with increase in blood pressure. Newer studies have refuted this association [11]. This is
another area of interest that needs to be discussed.

Erythropoietin can worsen cardiovascular functioning in patients with CKD. Uremic patients may have
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additional risk factors that put them at risk of hypertension with rhEPO use. For example, in CKD patients,
levels of adrenomedullin have been found to be high, although its role in hypertension is uncertain [12]. A
good number of clinical trials in both humans and animals have been done to explore additional
mechanisms leading to hypertension in these patients.

In this review article, we have discussed in detail about the mechanism behind hypertension with
erythropoietin use. Also, we have tried to find if any relationship exists between blood hematocrit changes
and blood pressure. An attempt is made to find ways to mitigate hypertensive effects of erythropoietin,
which can be done by slow infusion or by changing the route of administration.

Review
Method

We used different keywords such as erythropoietin and hypertension alone and in various combinations to
look for data on two databases, namely PubMed and Google Scholar. We screened articles by reviewing the
title, abstract, and the full text. After thorough screening and removal of articles that did not meet our
criteria, 29 articles remained relevant and were included in our study. We reviewed articles published in
English language only. Clinical trials done on both humans and animals were reviewed by us. We reviewed
full text studies as well as the studies in which only abstracts were accessible.

Result

Using the keywords, initially 56,590 results were generated. After removing duplicates and screening articles
by reading the title, certain studies were removed to have 187 studies. Out of the 187 studies selected, we
further removed 58 studies that seemed irrelevant to our topic to finally have 29 studies. These 29 studies
mainly included clinical trials done both on humans and animals, observational studies and review articles.

Discussion

Pathogenesis of erythropoietin-induced hypertension

The possible mechanisms of hypertensinogenic effect of erythropoietin have been studied in animals as well
as humans: both normal subjects, patients with anemia due to other causes and CKD patients. Cardiac
output and systemic resistance increase after rhEpo therapy, which is one mechanism by which
erythropoietin exerts hypertensinogenic effects [5]. Increase in systemic resistance leading to hypertension
is due to vasoconstrictor effects of erythropoietin on small resistance vessels as studied by Heidenreich et al.
in isolated renal and mesenteric vasculature of male rats [13]. Also, erythropoietin has been found to impair
acetylcholine-mediated vasodilator response [14]. Impaired vasodilation leads to unopposed constriction of
the blood vessels and hence hypertension.

A study by Bode-Boger et al. on isolated rabbit arteries revealed that rhEPO increases the synthesis of
endothelin-1 and constrictor prostanoids, thus increasing vascular responsiveness to

noradrenaline [15]. Further, hypertension may develop due to altered balance between the vasodilator and
vasoconstrictor factors. This effect was studied by Shimada et al. who found raised endothelin-1 to nitric
oxide ratio in vascular endothelial cells in hypertensive hemodialysis patients [8]. Calcium levels inside the
smooth muscle cells of blood vessels also have a role to play. As proposed by Marrero et al., erythropoietin
increases calcium influx in smooth muscle cells, thus causing vasoconstriction [10].

Additionally erythropoietin exerts antinatriuretic effect, and by altering sodium excretion, it can lead to
hypertension [9]. This antinatriuretic effect of erythropoietin is mediated by angiotensin II [9]. Kuriyama et
al. found that the individuals that carry a particular allele at angiotensinogen gene are more susceptible to
hypertension induced by erythropoietin treatment [16]. Thus, it indicates that angiotensin is an important
factor mediating the hypertensive effect of erythropoietin and polymorphism of the angiotensinogen gene
has a bearing on the development of hypertension.

A retrospective observational study done by Caravaca et al. on uremic patients revealed that antiplatelet
therapy may prevent the incidence of hypertension caused by rhEPO therapy [17]. This indicates the role of
platelet aggregability in the occurrence of hypertension [17]. Some of these mechanisms postulated play
more important role in the development of hypertension in the patients with CKD than in the patients with
anemia due to other causes. Table / mentions about the studies conducted to find out the mechanism of
hypertension after erythropoietin therapy. Figure / summarizes the mechanism of erythropoietin-induced
hypertension.
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Result

EPO causes hypertension in
normal subjects, dialysis, and
predialysis patients.

Individuals homozygous for
particular allele are at greater risk
of EPO-induced hypertension.

Low incidence of hypertension in
patients taking antiplatelet therapy.

EPO did not alter plasma
concentration of adrenomedullin.

Urinary excretion of NO
metabolites was higher in
treatment group.

Antinatriuretic effect of EPO is
mediated by angiotensin Il

EPO injection increases SBP, DBP,
and MAP in hemodialysis patients
and only SBP in predialysis
patients.

EPO activated B receptors in
mouse mesenteric arterioles.

rhEPO increases synthesis of
endothelin-1 and constrictor
prostanoids.

EPO increases calcium influx in
vascular smooth muscle cells.

rhEPO causes smooth muscle
contraction of small resistance
vessels.

rhEPO increases aldosterone
levels.

EPO therapy after three months
leads to an increase in the IC
sodium levels.

ET-1/NO ratio was high in
hypertensive hemodialysis patients
given rhEPO.

Conclusion

Hypertensinogenic effect is
underreported and not fully
studied.

Angiostensinogen gene
polymorphism is associated
with EPO-induced
hypertension.

Antiplatelet therapy may
prevent rhEPO-induced
hypertension.

Role of adrenomedullin in
EPO-induced hypertension
is uncertain.

NO activity was enhanced
in rhEPO-induced
hypertension.

Antinatriuresis can be the
cause of EPO-induced
hypertension.

BP increase with EPO is
more pronounced in
hemodialysis patients.

EPO impairs Ach-mediated
vasodilation.

rhEPO enhances vascular
responsiveness to
noradrenaline.

Vasoconstrictive effect of
EPO leads to hypertension.

Vasoactive properties of
rhEPO contribute to
hypertension.

Reducing ECF volume can
decrease hypertensive
effect.

IC sodium accumulation
may lead to BP elevation.

Increase in ET-1/NO ratio
can lead to rhEPO-induced
hypertension.

TABLE 1: Studies done to elucidate the mechanism behind erythropoietin-induced hypertension

EPO, Erythropoietin; ECF, extracellular fluid; rhEPO, recombinant human erythropoietin; BP, blood pressure; NO, nitric oxide; ET-1, endothelin-1;
Ach, acetylcholine; IC, intracellular; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.
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of resistance
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Erythropoietin
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cells of
vasculature

Antinatriuresis

FIGURE 1: Mechanism of erythropoietin-induced hypertension

ET-1, Endothelin 1; Ach, Acetylcholine.

Role of blood viscosity

There is no clear consensus on the role of blood viscosity in erythropoietin-induced hypertension. It is
believed that increase in hematocrit and blood viscosity after treatment with recombinant human
erythropoietin alters vascular responsiveness and increases vascular resistance, which leads to
hypertension [23]. However, some of the studies conducted later revealed that there is no such association
between hypertensive response and rise in hematocrit [24]. A study done by Cirillo et al. on Gubbio
population revealed that the prevalence of hypertension was two times higher in persons whose hematocrit
levels were high by 10 units [25]. Among the 2809 participants recruited, they found that independent of
other confounders, the hypertensive group had a higher hematocrit than the non-hypertensive ones [25].
Also, it was found by Fishbane et al. that high target hemoglobin level achieved is associated with increased
risk of adverse effects such as hypertension and other cardiovascular effects [3]. Thus, optimal hemoglobin
levels need to be achieved rather than too high levels in order to improve the quality of life of patients with
anemia without subjecting them to adverse effects of erythropoietin.

However, Samtleben et al. were the first to show that the rise in blood pressure did not correlate with the rise
in hematocrit in all patients, thus suggesting that the pressor mechanisms and not blood viscosity played a
role [15,24]. Blood pressure decreases after transfusion despite rise in hematocrit and blood viscosity [26].
This observation further questions the role of blood viscosity in erythropoietin-induced hypertension. A
study was done by Canaud et al. in which they evaluated blood viscosity and blood pressure changes in 13
patients undergoing hemodialysis who received rhEPO for one year or longer. Hypertension was seen in only
three patients receiving rhEPO, whereas increase in blood viscosity was seen in all [11]. Noshad conducted a
study in which a rise in blood pressure was detected in end-stage renal disease patients who received
erythropoietin therapy. It was noted that the hypertensive effect of erythropoietin was evident much before
its hyperviscosity effect. Thus, the results showed that hypertension induced by erythropoietin was
independent of hyperviscosity [20].
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The literature reviewed showed inconsistent findings with some studies supporting the claim that rise in
blood viscosity leads to hypertension after erythropoietin therapy, while other studies gave a contradictory
view. Due to the lack of clear evidence and no consensus over the subject, no definite idea can be derived.
Being a debatable subject, this area merits further investigation in order to reach a definite conclusion.

Prevention and treatment

Since erythropoietin therapy is well known to cause hypertension, the patients receiving erythropoietin
must be monitored for their blood pressure changes. In patients on dialysis, by optimizing dialysis treatment
and by paying close attention to volume changes, the occurrence of high blood pressure can be reduced [27].
High-dose erythropoietin therapy intended to achieve high hemoglobin target levels should be avoided as it
increases the risk of blood pressure changes [3]. Optimal levels of hemoglobin should be achieved, thus
minimizing the side effects. Hypertensive complications can be reduced by slow correction of anemia [5].

Hypertension that developed as a result of erythropoietin therapy can be controlled by conventional
antihypertensive therapy, but if it persists, then reduction in the dose of erythropoietin or its temporary
discontinuation may be needed [23]. Changing the route of administration from intravenous to subcutaneous
has been found to be beneficial in controlling blood pressure increase. Navarro et al. conducted a study in 13
hemodialysis patients who were hypertensive after more than one year of intravenous rhEPO therapy. On
switching to subcutaneous route of administration of rhEPO, not only the blood pressure control improved
in hypertensive patients but also their dose requirement of rhEPO decreased [28]. Platelet aggregability plays
an important role in the development of rhEPO-induced hypertension. Hence, antiplatelet drugs may
prevent the development of hypertension in rhEPO therapy [17].

Limitations

We could not derive a definite conclusion regarding the role of blood viscosity in erythropoietin-induced
hypertension as the literature reviewed had contradicting results. Hence, due to the lack of consistency, no
clear idea could be obtained. Also, certain studies being in languages other than English and some being
inaccessible could not be reviewed by us.

Conclusions

Erythropoietin has revolutionized the treatment of anemia due to chronic diseases and malignancy. It is
widely used in the form of recombinant human erythropoietin due to its hematopoietic activity.
Hypertension is a well-known side effect of rhEPO that can develop due to increase in the cardiac output,
systemic resistance, and increased level of endothelin-1 and constrictor prostanoids. Besides that, platelet
aggregability, antinatriuresis, and impaired vasodilatory action of acetylcholine play an important role in
the pathogenesis of hypertension after rhEPO therapy. We tried to explore the role of blood viscosity in the
development of hypertension but could not get a definite answer due to various studies conducted giving
contradicting results. More research is needed in this subject. However, we concluded that to minimize the
risk of hypertension and other adverse effects, anemia should be corrected slowly and not very high target
hematocrit levels should be tried to achieve. Also, regular blood pressure monitoring is needed in patients
receiving erythropoietin therapy as both normotensive and previously hypertensive patients can develop
hypertension post-therapy.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Fisher JW: Erythropoietin: physiology and pharmacology update . Exp Biol Med. 2003, 228:1-4.
10.1177/153537020322800101

2. Kowalczyk M, Banach M, Mikhailidis DP, Rysz J: Erythropoietin update 2011. Med Sci Monit. 2011, 17:240.
10.12659/msm.882037

3. Fishbane S, Besarab A: Mechanism of increased mortality risk with erythropoietin treatment to higher
hemoglobin targets. Clin ] Am Soc Nephrol. 2007, 1:1274-82. 10.2215/CJN.02380607

4. Coleman TR, Westenfelder C, Tégel FE, et al.: Cytoprotective doses of erythropoietin or carbamylated
erythropoietin have markedly different procoagulant and vasoactive activities. Proc Natl Acad Sci. 2006,
11:5965-70. 10.1073/pnas.0601377103

5. Brunkhorst R, Nonnast-Daniel B, Koch KM, Frei U: Hypertension as a possible complication of recombinant
human erythropoietin therapy. Contrib Nephrol. 1991, 88:118-25. 10.1159/000419521

2021 Brar et al. Cureus 13(1): e12804. DOI 10.7759/cureus.12804 50f6


https://dx.doi.org/10.1177/153537020322800101
https://dx.doi.org/10.1177/153537020322800101
https://dx.doi.org/10.12659/msm.882037
https://dx.doi.org/10.12659/msm.882037
https://dx.doi.org/10.2215/CJN.02380607
https://dx.doi.org/10.2215/CJN.02380607
https://dx.doi.org/10.1073/pnas.0601377103
https://dx.doi.org/10.1073/pnas.0601377103
https://dx.doi.org/10.1159/000419521
https://dx.doi.org/10.1159/000419521

Cureus

10.

11.

12.

13.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

Winearls C, Pippard M, Downing M, Oliver D, Reid C, Cotes PM: Effect of human erythropoietin derived
from recombinant DNA on the anaemia of patients maintained by chronic haemodialysis. Lancet. 1986,
22:1175-8. 10.1016/S0140-6736(86)92192-6

Maschio G: Keynote lecture: erythropoietin and systemic hypertension . Nephrol Dial Transplant. 1995,
10:74-9. 10.1093/ndt/10.supp2.74

Shimada N, Saka S, Sekizuka K, et al.: Increased endothelin: nitric oxide ratio is associated with
erythropoietin-induced hypertension in hemodialysis patients. Ren Fail. 2003, 25:569-78. 10.1081/jdi-
120022548

Brier ME, Bunke CM, Lathon PV, Aronoff GR: Erythropoietin-induced antinatriuresis mediated by
angiotensin II in perfused kidneys. ] Am Soc Nephrol. 1993, 1:1583-90.

Marrero MB, Venema RC, Ma H, Ling BN, Eaton DC: Erythropoietin receptor-operated Ca2+ channels:
activation by phospholipase C-y1. Kidney Int. 1998, 53:1259-68. 10.1046/j.1523-1755.1998.00887.x
Canaud B, Donadieu P, Polito C, Rivory JP, Mathieu-Daudé JC, Peterlongo F, Mion C: Erythropoietin-
associated hypertension: what role for blood viscosity changes?. Nephron. 1989, 51:430-1.
10.1159/000185342

Kuriyama S, Kobayashi H, Tomonari H, et al.: Circulating adrenomedullin in erythropoietin-induced
hypertension. Hypertens Res. 2000, 23:427-32. 10.1291/hypres.23.427

Heidenreich S, Rahn KH, Zidek W: Direct vasopressor effect of recombinant human erythropoietin on renal
resistance vessels. Kidney Int. 1991, 39:259-65. 10.1038/ki.1991.51

Kilar CR, Diao Y, Sautina L, et al.: Activation of the B-common receptor by erythropoietin impairs
acetylcholine-mediated vasodilation in mouse mesenteric arterioles. Physiol Rep. 2018, 6:13751.
10.14814/phy2.13751

Bode-Boger SM, Boger RH, Kuhn M, Radermacher J, Frolich JC: Recombinant human erythropoietin
enhances vasoconstrictor tone via endothelin-1 and constrictor prostanoids. Kidney Int. 1996, 1:1255-61.
10.1038/ki.1996.435

Kuriyama S, Tomonari H, Tokudome G, et al.: Association of angiotensinogen gene polymorphism with
erythropoietin-induced hypertension: a preliminary report. Hypertens Res. 2001, 24:501-5.
10.1291/hypres.24.501

Caravaca F, Pizarro JL, Arrobas M, Cubero J], Garcia MC, Perez-Miranda M: Antiplatelet therapy and
development of hypertension induced by recombinant human erythropoietin in uremic patients. Kidney Int.
1994, 45:845-51. 10.1038/ki.1994.111

Krapf R, Hulter HN: Arterial hypertension induced by erythropoietin and erythropoiesis-stimulating agents
(ESA). Clinic ] Am Soc Nephrol. 2009, 1:470-80. 10.2215/CJN.05040908

Migliori M, Taccola D, Panichi V, et al.: Nitric oxide-dependent renal vasodilatation is not altered in rat with
rHuEpo-induced hypertension. Kidney Blood Press Res. 1999, 22:140-5. 10.1159/000025920

Noshad H: Blood pressure increase after erythropoietin injection in hemodialysis and predialysis patients .
Iran | Kidney Dis. 2013, 7:220-5.

Lebel MA, Kingma IR, Grose JH, Langlois S: Hemodynamic and hormonal changes during erythropoietin
therapy in hemodialysis patients. ] Am Soc Nephrol. 1998, 9:97-104.

Okura Y, Oshima T, Yasunobu Y, Amano K, Mori M, Shinozaki K, Kajiyama G: Effect of erythropoietin
treatment on blood pressure and intracellular cation concentrations in maintenance hemodialysis patients.
Hypertens Res. 1996, 19:91-5. 10.1291/hypres.19.91

Raine AE, Roger SD: Effects of erythropoietin on blood pressure . Am ] Kidney Dis. 1991, 18:76-83.
Samtleben WC, Baldamus CA, Bommer |, Fassbinder W, Nonnast-Daniel B, Gurland HJ: Blood pressure
changes during treatment with recombinant human erythropoietin. Contrib Nephrol. 1988, 66:114-122.
10.1159/000416009

Cirillo M, Laurenzi M, Trevisan M, Stamler J: Hematocrit, blood pressure, and hypertension. The Gubbio
population study. Hypertension. 1992, 20:319-26. 10.1161/01.hyp.20.3.319

Celsing F, Svedenhag ], Pihlstedt P, BLOM BE: Effects of anaemia and stepwise-induced polycythaemia on
maximal aerobic power in individuals with high and low haemoglobin concentrations. Acta Physiol Scand.
1987, 129:47-54. 10.1111/j.1748-1716.1987.tb08038.x

Luft FC: Erythropoietin and arterial hypertension. Clinic Nephrol. 2000, 53:61-4.

Navarro JF, Teruel JL, Marcén R, Ortuiio J: Improvement of erythropoietin-induced hypertension in
hemodialysis patients changing the administration route. Scand ] Urol Nephrol. 1995, 29:11-4.
10.3109/00365599509180532

2021 Brar et al. Cureus 13(1): e12804. DOI 10.7759/cureus.12804

6 0of 6


https://dx.doi.org/10.1016/S0140-6736(86)92192-6
https://dx.doi.org/10.1016/S0140-6736(86)92192-6
https://dx.doi.org/10.1093/ndt/10.supp2.74
https://dx.doi.org/10.1093/ndt/10.supp2.74
https://dx.doi.org/10.1081/jdi-120022548
https://dx.doi.org/10.1081/jdi-120022548
https://jasn.asnjournals.org/content/3/9/1583.long
https://dx.doi.org/10.1046/j.1523-1755.1998.00887.x
https://dx.doi.org/10.1046/j.1523-1755.1998.00887.x
https://dx.doi.org/10.1159/000185342
https://dx.doi.org/10.1159/000185342
https://dx.doi.org/10.1291/hypres.23.427
https://dx.doi.org/10.1291/hypres.23.427
https://dx.doi.org/10.1038/ki.1991.31
https://dx.doi.org/10.1038/ki.1991.31
https://dx.doi.org/10.14814/phy2.13751
https://dx.doi.org/10.14814/phy2.13751
https://dx.doi.org/10.1038/ki.1996.435
https://dx.doi.org/10.1038/ki.1996.435
https://dx.doi.org/10.1291/hypres.24.501
https://dx.doi.org/10.1291/hypres.24.501
https://dx.doi.org/10.1038/ki.1994.111
https://dx.doi.org/10.1038/ki.1994.111
https://dx.doi.org/10.2215/CJN.05040908
https://dx.doi.org/10.2215/CJN.05040908
https://dx.doi.org/10.1159/000025920
https://dx.doi.org/10.1159/000025920
http://www.ijkd.org/index.php/ijkd/article/view/873/539
https://jasn.asnjournals.org/content/9/1/97.long
https://dx.doi.org/10.1291/hypres.19.91
https://dx.doi.org/10.1291/hypres.19.91
http://pubmed.ncbi.nlm.nih.gov/1928084/ 
https://dx.doi.org/10.1159/000416009
https://dx.doi.org/10.1159/000416009
https://dx.doi.org/10.1161/01.hyp.20.3.319
https://dx.doi.org/10.1161/01.hyp.20.3.319
https://dx.doi.org/10.1111/j.1748-1716.1987.tb08038.x
https://dx.doi.org/10.1111/j.1748-1716.1987.tb08038.x
https://pubmed.ncbi.nlm.nih.gov/10746808/
https://dx.doi.org/10.3109/00365599509180532
https://dx.doi.org/10.3109/00365599509180532

	Erythropoietin-Induced Hypertension: A Review of Pathogenesis, Treatment, and Role of Blood Viscosity
	Abstract
	Introduction And Background
	Review
	Method
	Result
	Discussion
	TABLE 1: Studies done to elucidate the mechanism behind erythropoietin-induced hypertension
	FIGURE 1: Mechanism of erythropoietin-induced hypertension


	Conclusions
	Additional Information
	Disclosures

	References


