
Review began 03/27/2024 
Review ended 04/08/2024 
Published 04/10/2024

© Copyright 2024
Uchio et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Ischemic Stroke During Daprodustat Therapy for
Renal Anemia: A Report of Three Cases
Naohiro Uchio , Shogo Komaki , Akihito Hao , Hideyuki Matsumoto 

1. Department of Neurology, Mitsui Memorial Hospital, Tokyo, JPN

Corresponding author: Naohiro Uchio, n-uchio@umin.ac.jp

Abstract
Hypoxia-inducible factor prolyl hydroxylase (HIF-PH) inhibitors are increasingly used to treat renal anemia.
Ischemic stroke is a rare severe adverse event of HIF-PH inhibitor therapy, and its clinical characteristics
have not been described to date. We report three cases of ischemic stroke during treatment with
daprodustat, a HIF-PH inhibitor, for anemia associated with non-dialysis-dependent chronic kidney disease
(CKD). In two patients, the hemoglobin level exceeded the target hemoglobin level of 13 g/dL for renal
anemia. Two patients developed ischemic stroke within two months after the daprodustat administration.
None of the three patients experienced a recurrence of ischemic stroke after daprodustat discontinuation.
Daprodustat therapy is a risk factor for ischemic stroke, particularly during excessive elevation of
hemoglobin levels or the early phases of treatment. Daprodustat should be discontinued to mitigate the risk
of ischemic stroke recurrence.
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Introduction
Hypoxia-inducible factor prolyl hydroxylase (HIF-PH) inhibitors are novel oral therapeutic agents for anemia
due to chronic kidney disease (CKD). In recent years, six HIF-PH inhibitors, including daprodustat, have
been developed and increasingly used for renal anemia [1]. HIF-PH inhibitor therapy can promote
endogenous erythropoiesis and has demonstrated efficacy in treating renal anemia. However, amidst its
benefits, ischemic stroke has been reported as a rare adverse event [2]. Despite its infrequency, ischemic
stroke poses a significant threat to patients undergoing HIF-PH inhibitor therapy, potentially leading to
serious outcomes [2]. To date, however, the clinical characteristics of ischemic stroke patients treated with
HIF-PH inhibitors have not been well described. Herein, we report three cases of ischemic stroke during
treatment with daprodustat for anemia associated with non-dialysis-dependent CKD.

Case Presentation
Case 1
The patient was a 79-year-old man who presented with left hemiparesis and who had been taking
daprodustat 4 mg for the past month. He had a past history of hypertension. His National Institutes of
Health Stroke Scale (NIHSS) score was two. Laboratory test results showed a hemoglobin level of 14.2 g/dL
(reference range: 13.7-16.8 g/dL), a creatinine level of 1.45 mg/dL (reference range: 0.65-1.07 mg/dL)
(creatinine clearance (Ccr): 37.5 mL/min), and a D-dimer level of 10.4 μg/mL (reference range: 0.0-0.5
μg/mL). Because anemia was well controlled, iron deficiency was not assessed. Brain magnetic resonance
imaging (MRI) revealed an acute embolic infarction in the right basal ganglia (Figure 1a; Figure 1d). The
sources of embolic infarction were not determined despite the use of Holter electrocardiogram,
transthoracic echocardiogram, carotid ultrasound, or deep venous ultrasound of the lower extremities.
Hence, daprodustat was discontinued, and edoxaban 30 mg was started. Thereafter, the patient’s symptoms
gradually improved. During two years of follow-up, he showed no recurrence of ischemic stroke.
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FIGURE 1: Brain MRI.
Axial diffusion-weighted images showing acute infarction in the right basal ganglia due to embolism of the lateral
striatum arteries in Case 1 (a, arrow), in both cerebellar hemispheres due to embolism of the posterior inferior
cerebellar arteries in Case 2 (b, arrows), and in the right pons due to small-vessel occlusion in Case 3 (c, arrow).
MRI angiography showing no occlusions of major cerebral arteries in Case 1 (d), Case 2 (e), or Case 3 (f).

MRI, magnetic resonance imaging

Case 2
The patient was an 85-year-old man who presented with dizziness, dysarthria, and vomiting and who had
been taking daprodustat 2 mg for the past five months. He was a current smoker and had a past history of
atrial fibrillation, ischemic stroke due to cardioembolism, hypertension, and dyslipidemia. He had been
taking apixaban 5 mg, which was discontinued one month prior due to deterioration of renal function. His
NIHSS score was three. Laboratory test results showed a hemoglobin level of 13.4 g/dL, a creatinine level of
2.83 mg/dL (Ccr: 17.2 mL/min), and a D-dimer level of 3.6 μg/mL. There was no evidence of iron deficiency
(Fe: 67 μg/dL (reference range: 40-188 μg/dL) and ferritin: 100 ng/mL (reference range: 40-465 ng/mL)).
Brain MRI revealed an acute infarction in both cerebellar hemispheres due to cardioembolism (Figure 1b;
Figure 1e). Daprodustat was discontinued, and edoxaban 15 mg was started. The patient’s symptoms
gradually improved. During one year of follow-up, he showed no recurrence of ischemic stroke.

Case 3
The patient was a 74-year-old man who presented with transient dysesthesia in the left lower limb and who
had been taking daprodustat 2 mg for the past two months. He had a past history of hypertension, diabetes
mellitus, dyslipidemia, and angina pectoris, and had dual antiplatelet therapy with aspirin 100 mg and
cilostazol 200 mg. His NIHSS score was zero. Laboratory test results showed a hemoglobin level of 11.4 g/dL,
a creatinine level of 3.53 mg/dL (Ccr: 16.7 mL/min), and a D-dimer level of 0.8 μg/mL. Despite anemia, iron
deficiency was not assessed. Brain MRI revealed acute infarction due to small-vessel occlusion in the right
pons (Figure 1c; Figure 1f). Hence, daprodustat was discontinued. Heparin was added only in the acute
phase. During two years of follow-up, the patient showed no recurrence of ischemic stroke.

Discussion
In this study, we describe three patients who developed ischemic stroke during daprodustat therapy (Table
1). In two patients, the hemoglobin level exceeded the target hemoglobin level of 13 g/dL for renal anemia
(Cases 1 and 2). Two patients developed ischemic stroke within two months of daprodustat administration
(Cases 2 and 3). One patient developed an ischemic stroke despite dual antiplatelet therapy (Case 3). None
of the three patients experienced a recurrence of ischemic stroke, probably because of the discontinuation of
daprodustat therapy. Therefore, we speculate that daprodustat therapy plays an important role in the
development of ischemic stroke.
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� Age/sex Diseases Smoking

Daprodustat

Antithrombotic

therapy at

hospitalization

Ischemic stroke Laboratory data Treatment Outcome

Duration

(month)

Dose

(mg)
Symptoms NIHSS MRI findings

Hb

(g/dL)

Cre

(mg/dL)

Ccr

(mL/min)

Fe         

(μg/dL)

Ferritin

(ng/mL)

D-dimer

(μg/mL)

Daprodustat

discontinuation

Antithrombotic

therapy

Follow-

up

period

(year)

Stroke

recurrence

1 79/M CKD, HT - 1 4 -
Left

hemiplegia
2

Embolic

infarction in

the right

basal

ganglia 

14.2 1.45 37.5 ND ND 10.4 + Edoxaban 2 -

2 85/M

CKD, AF,

CI, HT,

DL

Current

smoker
5 2 -

Dizziness,

dysarthria,

vomitting

3

Embolic

infarction in

both

cerebellar

hemispheres

13.4 2.83 17.2 67 100 3.6 + Edoxaban 1 -

3 74/M

CKD, HT,

DM, DL,

AP

Past

smoker
2 2

Aspirin,

Cilostazol

Transient

dysesthesia

in left lower

limb 

0

Small-vessel

occlusion in

the right

pons

11.4 3.53 16.7 ND ND 0.8 + Heparin 2 -

TABLE 1: Characteristics of three cases.
AF, atrial fibrillation; AP, angina pectoris; Ccr, creatinine clearance; CI, cerebral infarction; Cre, creatinine; CKD, chronic kidney disease; DM, diabetes
mellitus; DL, dyslipidemia; Hb, hemoglobin; HT, hypertension; M, male; MRI, magnetic resonance imaging; ND, no data; NIHSS, National Institutes of
Health Stroke Scale

Ischemic stroke is rare in patients receiving HIF-PH inhibitor therapy [2]. In Japanese phase III trials of
daprodustat, ischemic stroke was observed in 0.7% (1/149) of non-dialysis-dependent CKD patients and
0.7% (1/136) of dialysis-dependent CKD patients [3,4]. On the other hand, ischemic stroke was not reported
in the other six trials of daprodustat [2]. In all trials, however, patients who experienced recent
thromboembolic events were excluded. Therefore, ischemic stroke is expected to be more common in real-
world data [2].

The exact mechanism of thromboembolism associated with HIF-PH inhibitor therapy is not fully
understood. However, HIF-PH inhibitors are assumed to exert various effects, one of which is erythropoiesis:
HIF-PH inhibitors induce the gene transcription of erythropoietin, which can initiate hypoxia-induced
responses, resulting in erythropoiesis [5,6]. Thus, thromboembolism is considered to be caused by the
erythropoietic effects of HIF-PH inhibitor therapy. Currently, only a few risk factors have been suggested,
such as excessive or acute elevation of hemoglobin levels and iron deficiency [2,7].

The CKD guidelines recommend a target hemoglobin level of <13 g/dL [2,7]. Excessive elevation of
hemoglobin is believed to increase blood viscosity and increase the risk of thromboembolism. Furthermore,
an acute increase in hemoglobin (>0.5 g/dL/week) can also trigger thromboembolism [8]. Because the
hemoglobin level typically reaches a steady state within two months after daprodustat administration,
patients are at risk for thromboembolism until reaching a steady state [9,10].

HIF-PH inhibitor therapy also affects iron metabolism, which may result in iron deficiency and increase
thromboembolic risks [8]. Iron deficiency can lead to thrombocytosis due to the inability to suppress platelet
production and can also reduce the deformability of microcytic red blood cells [11,12]. These mechanisms
might increase blood viscosity. Unfortunately, in our patients, iron deficiency was not sufficiently evaluated.
Therefore, the causal relationship between ischemic stroke under daprodustat therapy and iron deficiency is
unknown. At least, however, daprodustat therapy must have played a certain role in the development of
ischemic stroke, likely through excessive elevation of hemoglobin levels.

Conclusions
The development of ischemic stroke represents a critical concern for the management of patients receiving
daprodustat therapy for renal anemia. Ischemic stroke may occur during excessive elevation of hemoglobin
levels >13 g/dL or during the first two months after daprodustat administration, probably due to the
excessive stimulation of erythropoiesis. Thus, when an ischemic stroke occurs, daprodustat should be
discontinued to prevent recurrence and ensure patient safety.

2024 Uchio et al. Cureus 16(4): e57990. DOI 10.7759/cureus.57990 3 of 4

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Naohiro Uchio

Drafting of the manuscript:  Naohiro Uchio, Hideyuki Matsumoto

Acquisition, analysis, or interpretation of data:  Shogo Komaki, Akihito Hao, Hideyuki Matsumoto

Critical review of the manuscript for important intellectual content:  Shogo Komaki, Akihito Hao,
Hideyuki Matsumoto

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. 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. Gupta N, Wish JB: Hypoxia-inducible factor prolyl hydroxylase inhibitors: a potential new treatment for

anemia in patients with CKD. Am J Kidney Dis. 2017, 69:815-26. 10.1053/j.ajkd.2016.12.011
2. Yap DY, McMahon LP, Hao CM, et al.: Recommendations by the Asian Pacific Society of Nephrology (APSN)

on the appropriate use of HIF-PH inhibitors. Nephrology (Carlton). 2021, 26:105-18. 10.1111/nep.13835
3. Nangaku M, Hamano T, Akizawa T, et al.: Daprodustat compared with epoetin beta pegol for anemia in

Japanese patients not on dialysis: a 52-week randomized open-label Phase 3 trial. Am J Nephrol. 2021,
52:26-35. 10.1159/000513103

4. Akizawa T, Nangaku M, Yonekawa T, et al.: Efficacy and safety of daprodustat compared with darbepoetin
alfa in Japanese hemodialysis patients with anemia: a randomized, double-blind, Phase 3 trial. Clin J Am
Soc Nephrol. 2020, 15:1155-65. 10.2215/CJN.16011219

5. Sato T, Takeda N: The roles of HIF-1α signaling in cardiovascular diseases . J Cardiol. 2023, 81:202-8.
10.1016/j.jjcc.2022.09.002

6. Nagano N: Selectivity of HIF-PH inhibitors: concerns regarding possible off-target effects . Clin Exp
Nephrol. 2021, 25:1047-8. 10.1007/s10157-021-02070-3

7. Mimura I, Tanaka T, Nangaku M: How the target hemoglobin of renal anemia should be . Nephron. 2015,
131:202-9. 10.1159/000440849

8. Hirota K: HIF-α prolyl hydroxylase inhibitors and their implications for biomedicine: a comprehensive
review. Biomedicines. 2021, 9:468. 10.3390/biomedicines9050468

9. Li J, Haase VH, Hao CM: Updates on hypoxia-inducible factor prolyl hydroxylase inhibitors in the treatment
of renal anemia. Kidney Dis (Basel). 2023, 9:1-11. 10.1159/000527835

10. Haase VH: HIF-prolyl hydroxylases as therapeutic targets in erythropoiesis and iron metabolism . Hemodial
Int. 2017, 21 Suppl 1:S110-24. 10.1111/hdi.12567

11. Brissot E, Troadec MB, Loréal O, Brissot P: Iron and platelets: a subtle, under-recognized relationship . Am J
Hematol. 2021, 96:1008-16. 10.1002/ajh.26189

12. Hartfield DS, Lowry NJ, Keene DL, Yager JY: Iron deficiency: a cause of stroke in infants and children .
Pediatr Neurol. 1997, 16:50-3. 10.1016/s0887-8994(96)00290-1

2024 Uchio et al. Cureus 16(4): e57990. DOI 10.7759/cureus.57990 4 of 4

https://dx.doi.org/10.1053/j.ajkd.2016.12.011
https://dx.doi.org/10.1053/j.ajkd.2016.12.011
https://dx.doi.org/10.1111/nep.13835
https://dx.doi.org/10.1111/nep.13835
https://dx.doi.org/10.1159/000513103
https://dx.doi.org/10.1159/000513103
https://dx.doi.org/10.2215/CJN.16011219
https://dx.doi.org/10.2215/CJN.16011219
https://dx.doi.org/10.1016/j.jjcc.2022.09.002
https://dx.doi.org/10.1016/j.jjcc.2022.09.002
https://dx.doi.org/10.1007/s10157-021-02070-3
https://dx.doi.org/10.1007/s10157-021-02070-3
https://dx.doi.org/10.1159/000440849
https://dx.doi.org/10.1159/000440849
https://dx.doi.org/10.3390/biomedicines9050468
https://dx.doi.org/10.3390/biomedicines9050468
https://dx.doi.org/10.1159/000527835
https://dx.doi.org/10.1159/000527835
https://dx.doi.org/10.1111/hdi.12567
https://dx.doi.org/10.1111/hdi.12567
https://dx.doi.org/10.1002/ajh.26189
https://dx.doi.org/10.1002/ajh.26189
https://dx.doi.org/10.1016/s0887-8994(96)00290-1
https://dx.doi.org/10.1016/s0887-8994(96)00290-1

	Ischemic Stroke During Daprodustat Therapy for Renal Anemia: A Report of Three Cases
	Abstract
	Introduction
	Case Presentation
	Case 1
	FIGURE 1: Brain MRI.

	Case 2
	Case 3

	Discussion
	TABLE 1: Characteristics of three cases.

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


