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Abstract 

Background Absolute polycythemia can be primary or secondary. Erythropoietin-producing diseases (for example, 
hypoxia) are the major cause of secondary polycythemia. There are reports of polycythemia secondary to hydrone-
phrosis. However, to our knowledge, there is no report on polycythemia secondary to hydronephrosis due to a urinary 
stone. Herein, we present a case of polycythemia with an elevated erythropoietin level in a patient with a urinary 
stone and unilateral hydronephrosis.

Case presentation A 57-year-old Japanese man presented with polycythemia and an elevated erythropoietin level. 
Erythropoietin accumulation was not due to erythropoietin secretion by a tumor as no obvious lesions were detected 
on contrast-enhanced computed tomography. Abdominal ultrasonography revealed a stone in the left urinary tract 
and renal hydronephrosis, and 2 weeks later, the patient underwent transurethral ureterolithotripsy without compli-
cations. Blood tests 2 weeks after transurethral ureterolithotripsy showed that the erythropoietin level had declined. 
Hemoglobin concentration decreased from 20.8 mg/dL before and immediately after transurethral ureterolithotripsy 
to 15.8 mg/dL 3 months after transurethral ureterolithotripsy. This case was diagnosed as erythropoietin elevation due 
to unilateral hydronephrosis with a urinary stone, resulting in polycythemia.

Conclusions Hydronephrosis is a common disease but is not often associated with polycythemia. Further studies are 
required to elucidate the mechanism and implications of elevated erythropoietin production in hydronephrosis.
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Background
Polycythemia is a blood disorder in which the hemo-
globin (Hb) concentration or hematocrit is higher than 
normal. Its symptoms can be vague (for example, fatigue, 
headache, flushed complexion, and dizziness) or severe 
(for example, the formation of blood clots that can poten-
tially cause heart attack, pulmonary embolism, or stroke) 

[1]. Other possible complications include enlargement of 
organs such as the liver or spleen [1, 2].

Polycythemia vera (primary polycythemia) is diag-
nosed when all three major criteria or the first two major 
criteria and the minor criterion are met. The major cri-
teria include the following: (1) Hb concentration > 16.5 g/
dL (men) or > 16.0  g/dL (women) and hematocrit > 49% 
(men) or > 48% (women); (2) bone marrow biopsy show-
ing hypercellularity for age with trilineage growth; and (3) 
presence of JAK2 or JAK2 exon 12 mutation. The minor 
criterion is subnormal serum erythropoietin (EPO) level 
[3, 4]. The reported prevalence of  polycythemia vera  is 
approximately 22 cases per 100,000 people [5]. Second-
ary polycythemia is diagnosed in accordance with the 
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World Health Organization definition of polycythemia 
vera using Hb reference values of 14.0–18.0 g/dL (men) 
and 12.0–16.0  g/dL (women). Chronic obstructive pul-
monary disease, congenital heart disease, and severe pul-
monary hypertension are the main causes of secondary 
polycythemia; however, data on the epidemiology of sec-
ondary polycythemia are lacking [2].

Polycythemia is classified as relative or absolute. Rela-
tive polycythemia is caused by reduced plasma volume, 
whereas absolute polycythemia usually results from 
EPO-producing diseases such as hypoxia or tumors [2]. 
Although the EPO level is elevated in secondary poly-
cythemia, it is mostly decreased in polycythemia vera 
due to negative feedback [2, 3]. EPO is a hypoxia-induc-
ible hematopoietic protein produced by fibroblast-like 
cells in the kidneys. It stimulates the proliferation of 
erythroid progenitor cells and promotes their gradual dif-
ferentiation into erythrocytes. EPO production usually 
increases when oxygen pressure decreases in the kidney 
[6]. Hypoxia and EPO secretion by tumors can also lead 
to excessive EPO accumulation.

Hydronephrosis is the build-up of urine in one or both 
kidneys and their consequent swelling [7]. It can cause 
permanent kidney damage and kidney failure [8, 9] and 
often results from blockages in the urinary tract by kid-
ney stones. Although there are reports of polycythemia 
secondary to hydronephrosis [10–12], to our knowledge, 
none has focused on polycythemia secondary to hydro-
nephrosis due to a urinary stone. Herein, we present the 
first report of polycythemia with an elevated EPO level 
in a patient with a urinary stone and unilateral hydrone-
phrosis. Unlike previous reports [10–12], we measured 
EPO levels before and after hydronephrosis treatment 
and linked the EPO production to polycythemia.

Case presentation
A 57-year-old Japanese  man presented to our hospital 
with a red face, which was continually pointed out to him 
by his family in the preceding month. He had no notable 
past medical history, no family history of polycythemia, 
and had not been taking any medication. He had never 
smoked and did not take alcohol. He had a clerical job. 
His environmental history revealed no pertinent infor-
mation regarding polycythemia. On presentation, his 
body mass index was 24.1 kg/m2, and his vital signs were 
as follows: body temperature 36.2 °C, pulse 74 beats per 
minute, blood pressure 132/74  mmHg, and percutane-
ous oxygen saturation level 99% (room air). Our hospi-
tal is located on the flatland in Osaka, Japan. On physical 
examination, there were no signs of hypoxia, such as 
shortness of breath, coughing, wheezing, or cyanosis. His 
breath sounds were clear bilaterally. Neurologic examina-
tion identified no abnormalities. A blood test indicated 

polycythemia; his Hb level was 20.8  g/dL (Table  1). No 
abnormality was observed in his chest radiograph (Fig. 1).

Because his EPO level was elevated (70.5 mIU/mL), 
polycythemia vera was unlikely. An EPO-producing 
tumor was considered; however, contrast-enhanced 
computed tomography revealed no obvious lesion. On 
further examination, including abdominal ultrasonogra-
phy, a 17-mm stone in the left urinary tract and left renal 
hydronephrosis were evident (Fig. 2).

Two weeks later, he was admitted to the urology depart-
ment of our hospital for transurethral ureterolithotripsy 
(TUL) on a priority basis. The operation was completed 
without complications. During his 4  days of admission, 
he was prescribed 1.5 L of extracellular fluid and 2 g of 
cefotiam hydrochloride on the day of the procedure and 
the next day. He was prescribed 90 mg of carbazochrome 
sodium sulfonate hydrate for 7 days from the day of the 

Table 1 Results of the laboratory examination at the first visit

The reference value of hemoglobin in men is 14.0–18.0 g/dL

The reference value of erythropoietin is 4.2–23.7 mIU/mL

Variable Amount

Urine protein (–)

Urine occult blood reaction (–)

Urine glucose (–)

Red blood cells in urine 1–4/HF

White blood cells in urine 1–4/HF

White blood cells 6100/μL

Red blood cells 622 ×  104/μL

Hemoglobin 20.8 g/dL

Hematocrit 59.5%

Platelets 21 ×  104/μL

Erythropoietin 70.5 mIU/mL

Total protein 7.8 g/dL

Albumin 4.5 g/dL

Blood urea nitrogen 11.2 mg/dL

Creatinine 0.74 mg/dL

Estimated glomerular filtration rate 84.5 mL/minute/1.73  m2

Lactate dehydrogenase 193 IU/L

Total bilirubin 1.1 mg/dL

Aspartate aminotransferase 28 IU/L

Alanine aminotransferase 32 IU/L

Amylase 53 IU/L

Creatine kinase 53 IU/L

Sodium 142 mEq/L

Potassium 3.8 mEq/L

Chlorine 103 mEq/L

Glucose 98 mg/dL

Glycated hemoglobin 5.7%

C-reactive protein 0.28 mg/dL
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procedure, and 2  weeks after the procedure, his EPO 
level had decreased from 70.5 mIU/mL to 7.5 mIU/mL. 
A follow-up examination showed reduced hydrone-
phrosis (Fig.  3). In accordance with the 90-day half-life 
of red blood cells, his Hb level decreased from 20.8 mg/
dL before and immediately after surgery to 15.8  mg/dL 
3  months after surgery. Simultaneously, the redness in 
the patient’s face lessened. His Hb level was within the 
normal range (16.1  mg/dL) and his EPO remained low 
(5.4 mIU/mL) 6 months after surgery (Table 2).

Discussion and conclusions
We presented a case in which unilateral hydronephrosis 
with a urinary stone caused excessive EPO production, 
leading to polycythemia. Hydronephrosis involves the 

obstruction and dilation of the proximal urine passage 
by congenital abnormalities or masses such as tumors or 
stones. It is a common disease but is not often associated 
with polycythemia.

EPO is a hypoxia-inducible hematopoietic protein that 
stimulates the proliferation of erythroid progenitor cells 
and promotes their gradual differentiation into normo-
blasts and erythrocytes. EPO-producing cells are fibro-
blast-like cells located in the stroma around the proximal 
tubule at the boundary between the cortex and medulla. 
Hypoxia-inducible factor promotes the production of 
EPO by sensing a decrease in oxygen pressure, which is 
determined by the balance between oxygen supply from 
arteries and oxygen consumption in tissues [6].

Hypoxia increases EPO production, and some tumors 
secrete EPO; such tumors include renal cell carcino-
mas, hepatocellular carcinomas, hemangioblastomas, 

Fig. 1 Chest radiograph on admission. The radiograph showed no 
significant findings

Fig. 2 Plain thoracic, abdominal, and pelvic computed tomography. a left renal hydronephrosis. b left urinary tract stone

Fig. 3 Plain thoracic, abdominal, and pelvic computed tomography. 
The white object in the left urinary tract is a double-J catheter, which 
was temporarily placed during transurethral ureterolithotripsy
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pheochromocytomas, and uterine fibroids [2]. The ele-
vated level of EPO in the present case was not due to an 
EPO-producing tumor as no obvious lesions were found 
on contrast-enhanced computed tomography. Hypoxia 
was also excluded; although smokers have been reported 
to develop polycythemia, our patient had no smoking 
history.

The relevance of elevated EPO production in hydro-
nephrosis remains unclear. In mice with unilateral 
hydronephrosis produced by obstructing a ureter, 
EPO maintained the peristaltic movement of the ure-
ter [13]. Therefore, EPO should have maintained our 
patient’s ureteral function. Unlike what was observed in 
this case report, Eterović et  al. [14] reported decreased 
serum EPO levels in 122 patients with partial unilateral 
urinary obstruction; stone sizes ranged from 15  mm 
to 26  mm. Two possibilities were considered in their 
report. The first was the possibility of hyperoxia, which 
reduces EPO production. However, this hypothesis was 
rejected by the authors due to decreased renal blood 
flow in the obstructed kidney. The second was the abnor-
mal functioning of obstructed EPO-producing kidney 
cells. Although the EPO change differed between our 
report and that of Eterović et  al., abnormal functioning 
of EPO-producing cells likely occurred in our case as 
well. Considering that EPO is produced in hypoxic situ-
ations, hypoxia around the EPO-producing cells might 
have been severe in our case. If excessive production of 
EPO had been caused by severe hypoxia in the cortical 
medulla border, it might have been an indication of early 
obstruction release. Hydronephrosis might have caused 
the difference between our case and that of Eterović et al.; 
however, the existence of hydronephrosis in their study 
is unknown. If timely treatment of the urinary stone and 
hydronephrosis had not been performed, hypoxia and 
consequent kidney cell damage might have occurred. 
Fortunately, renal function did not decline in this case.

To investigate changes in Hb levels in similar cases, 
we reviewed 88 cases in which patients with hydrone-
phrosis and urinary stones underwent TUL in the past 
3  years at our hospital. None of these cases involved 
polycythemia as in the present case. Similar to our 
case, 12 of the 88 cases showed a decrease in Hb levels 
after TUL, without causes such as apparent bleeding or 

medications; however, iatrogenic hemodilution due to 
the routine use of intravenous infusion after the proce-
dure should be considered. It is unclear whether these 
cases fully resembled the present case in terms of Hb 
changes because there were no follow-up data regard-
ing Hb levels. Measuring EPO and Hb levels before 
and at various times after TUL would aid in identify-
ing the mechanisms underlying EPO production in 
hydronephrosis.

We present a case in which unilateral hydronephro-
sis with a urinary stone caused excessive EPO produc-
tion and subsequent polycythemia. However, because 
hydronephrosis with polycythemia is uncommon, poly-
cythemia due to hydronephrosis might not be consid-
ered. Further studies of suspected similar cases and 
measurement of EPO levels before and after hydrone-
phrosis treatment are required to determine the mech-
anism, severity, and relevance of EPO production in 
hydronephrosis.
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Table 2 Changes in hemoglobin, hematocrit, and erythropoietin values over time

TUL transurethral ureterolithotripsy

Variable October (first visit) November (before TUL) November (after TUL) February April

Hemoglobin (g/dL) 20.8 20.2 20 15.8 16.1

Hematocrit (%) 59.5 59 56.8 46.3 46.8

Erythropoietin (mIU/mL) 70.5 7.5 9.6 5.4



Page 5 of 5Hajika et al. Journal of Medical Case Reports           (2023) 17:87  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Competing interests
The authors declare that they have no competing interests.

Received: 6 October 2022   Accepted: 15 February 2023

References
 1. Pillai AA, Fazal S, Babiker HM. Polycythemia. StatPearls. 2022. https:// www. 

ncbi. nlm. nih. gov/ books/ NBK52 6081/. Accessed 25 Sep 2022.
 2. Haider MZ, Anwer F. Secondary Polycythemia. StatPearls. 2022. https:// 

www. ncbi. nlm. nih. gov/ books/ NBK56 2233/. Accessed 25 Sep 2022.
 3. Barbui T, Thiele J, Gisslinger H, Finazzi G, Vannucchi AM, Tefferi A. The 2016 

revision of WHO classification of myeloproliferative neoplasms: clinical 
and molecular advances. Blood Rev. 2016;30:453–9.

 4. Randi ML, Bertozzi I, Cosi E, Santarossa C, Peroni E, Fabris F. Idiopathic 
erythrocytosis: a study of a large cohort with a long follow-up. Ann 
Hematol. 2016;95:233–7.

 5. Ma X, Vanasse G, Cartmel B, Wang Y, Selinger HA. Prevalence of 
polycythemia vera and essential thrombocythemia. Am J Hematol. 
2008;83:359–62.

 6. Tanaka S, Tanaka T, Nangaku M. Hypoxia and dysregulated angiogenesis 
in kidney disease. Kidney Dis (Basel). 2015;1:80–9.

 7. Onen A. Grading of hydronephrosis: an ongoing challenge. Front Pediatr. 
2020;8:458.

 8. Chevalier RL, Thornhill BA, Forbes MS, Kiley SC. Mechanisms of renal injury 
and progression of renal disease in congenital obstructive nephropathy. 
Pediatr Nephrol. 2010;25:687–97.

 9. Moghazi S, Jones E, Schroepple J, Arya K, McClellan W, Hennigar RA, et al. 
Correlation of renal histopathology with sonographic findings. Kidney Int. 
2005;67:1515–20.

 10. Katiyar V, Aijaz T, Lingamaneni P, Vohra I, Cisak K. Polycythemia in a patient 
with atonic bladder and hydronephrosis. Cureus. 2021;13: e18094.

 11. Jaworski ZF, Wolan CT. Hydronephrosis and polycythemia: a case of eryth-
rocytosis relieved by decompression of unilateral hydronephrosis and 
cured by nephrectomy. Am J Med. 1963;34:523–34.

 12. Sung CC, Lin SH. Nonobstructive hydronephrosis with secondary poly-
cythemia. N Engl J Med. 2011;365: e1.

 13. Janssen C, Jäger W, Moskalev I, Fazli L, Thüroff JW, Lange D. Erythropoietin 
accelerates the regeneration of ureteral function in a murine model of 
obstructive uropathy. J Urol. 2015;193:714–21.

 14. Eterović D, Šitum M, Punda A, Marković V, Kokić S. Urinary obstruction 
depresses erythropoiesis which recovers after parenchyma-saving sur-
gery but not SWL. Urol Res. 2010;38:51–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.ncbi.nlm.nih.gov/books/NBK526081/
https://www.ncbi.nlm.nih.gov/books/NBK526081/
https://www.ncbi.nlm.nih.gov/books/NBK562233/
https://www.ncbi.nlm.nih.gov/books/NBK562233/

	Polycythemia with elevated erythropoietin production in a patient with a urinary stone and unilateral hydronephrosis: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


