
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2022 April 6; 10(10): 2976-3320

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I April 6, 2022 Volume 10 Issue 10

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 10 Number 10 April 6, 2022

REVIEW

Gut microbiota in gastrointestinal diseases during pregnancy2976

Liu ZZ, Sun JH, Wang WJ

Targeting metabolism: A potential strategy for hematological cancer therapy2990

Tang X, Chen F, Xie LC, Liu SX, Mai HR

MINIREVIEWS

Elevated intra-abdominal pressure: A review of current knowledge3005

Łagosz P, Sokolski M, Biegus J, Tycinska A, Zymlinski R

ORIGINAL ARTICLE

Case Control Study

Changes in corneal nerve morphology and function in patients with dry eyes having type 2 diabetes3014

Fang W, Lin ZX, Yang HQ, Zhao L, Liu DC, Pan ZQ

Combined sevoflurane-dexmedetomidine and nerve blockade on post-surgical serum oxidative stress 
biomarker levels in thyroid cancer patients

3027

Du D, Qiao Q, Guan Z, Gao YF, Wang Q

Retrospective Cohort Study

Early warning prevention and control strategies to reduce perioperative venous thromboembolism in 
patients with gastrointestinal cancer

3035

Lu Y, Chen FY, Cai L, Huang CX, Shen XF, Cai LQ, Li XT, Fu YY, Wei J

Dose-response relationship between risk factors and incidence of COVID-19 in 325 hospitalized patients: A 
multicenter retrospective cohort study

3047

Zhao SC, Yu XQ, Lai XF, Duan R, Guo DL, Zhu Q

Retrospective Study

Preventive online and offline health management intervention in polycystic ovary syndrome3060

Liu R, Li M, Wang P, Yu M, Wang Z, Zhang GZ

Evidence-based intervention on postoperative fear, compliance, and self-efficacy in elderly patients with 
hip fracture

3069

Fu Y, Zhu LJ, Li DC, Yan JL, Zhang HT, Xuan YH, Meng CL, Sun YH

Significance of dysplasia in bile duct resection margin in patients with extrahepatic cholangiocarcinoma: A 
retrospective analysis

3078

Choe JW, Kim HJ, Kim JS



WJCC https://www.wjgnet.com II April 6, 2022 Volume 10 Issue 10

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 10 April 6, 2022

Diagnostic value and safety of medical thoracoscopy for pleural effusion of different causes3088

Liu XT, Dong XL, Zhang Y, Fang P, Shi HY, Ming ZJ

Observational Study

Oxaliplatin-induced neuropathy and colo-rectal cancer patient’s quality of life: Practical lessons from a 
prospective cross-sectional, real-world study

3101

Prutianu I, Alexa-Stratulat T, Cristea EO, Nicolau A, Moisuc DC, Covrig AA, Ivanov K, Croitoru AE, Miron MI, Dinu MI, 
Ivanov AV, Marinca MV, Radu I, Gafton B

Breast-conserving surgery and sentinel lymph node biopsy for breast cancer and their correlation with the 
expression of polyligand proteoglycan-1

3113

Li FM, Xu DY, Xu Q, Yuan Y

SYSTEMATIC REVIEWS

Clinical significance of aberrant left hepatic artery during gastrectomy: A systematic review3121

Tao W, Peng D, Cheng YX, Zhang W

META-ANALYSIS

Betel quid chewing and oral potential malignant disorders and the impact of smoking and drinking: A 
meta-analysis

3131

Lin HJ, Wang XL, Tian MY, Li XL, Tan HZ

Effects of physical exercise on the quality-of-life of patients with haematological malignancies and 
thrombocytopenia: A systematic review and meta-analysis

3143

Yang YP, Pan SJ, Qiu SL, Tung TH

CASE REPORT

Primary malignant peritoneal mesothelioma mimicking tuberculous peritonitis: A case report3156

Lin LC, Kuan WY, Shiu BH, Wang YT, Chao WR, Wang CC

Endoscopic submucosal dissection combined with adjuvant chemotherapy for early-stage neuroendocrine 
carcinoma of the esophagus: A case report

3164

Tang N, Feng Z

Lymph-node-first presentation of Kawasaki disease in a 12-year-old girl with cervical lymphadenitis 
caused by Mycoplasma pneumoniae: A case report

3170

Kim N, Choi YJ, Na JY, Oh JW

Tuberculosis-associated hemophagocytic lymphohistiocytosis misdiagnosed as systemic lupus 
erythematosus: A case report

3178

Chen WT, Liu ZC, Li MS, Zhou Y, Liang SJ, Yang Y

Migration of a Hem-o-Lok clip to the renal pelvis after laparoscopic partial nephrectomy: A case report3188

Sun J, Zhao LW, Wang XL, Huang JG, Fan Y



WJCC https://www.wjgnet.com III April 6, 2022 Volume 10 Issue 10

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 10 April 6, 2022

Ectopic intrauterine device in the bladder causing cystolithiasis: A case report3194

Yu HT, Chen Y, Xie YP, Gan TB, Gou X

Giant tumor resection under ultrasound-guided nerve block in a patient with severe asthma: A case report3200

Liu Q, Zhong Q, Zhou NN, Ye L

Myomatous erythrocytosis syndrome: A case report3206

Shu XY, Chen N, Chen BY, Yang HX, Bi H

Middle thyroid vein tumor thrombus in metastatic papillary thyroid microcarcinoma: A case report and 
review of literature

3213

Gui Y, Wang JY, Wei XD

Severe pneumonia and acute myocardial infarction complicated with pericarditis after percutaneous 
coronary intervention: A case report 

3222

Liu WC, Li SB, Zhang CF, Cui XH

IgA nephropathy treatment with traditional Chinese medicine: A case report3232

Zhang YY, Chen YL, Yi L, Gao K

Appendico-vesicocolonic fistula: A case report and review of literature3241

Yan H, Wu YC, Wang X, Liu YC, Zuo S, Wang PY

Scedosporium apiospermum infection of the lumbar vertebrae: A case report3251

Shi XW, Li ST, Lou JP, Xu B, Wang J, Wang X, Liu H, Li SK, Zhen P, Zhang T

Woman diagnosed with obsessive-compulsive disorder became delusional after childbirth: A case report3261

Lin SS, Gao JF

Emphysematous pyelonephritis: Six case reports and review of literature3268

Ma LP, Zhou N, Fu Y, Liu Y, Wang C, Zhao B

Atypical infantile-onset Pompe disease with good prognosis from mainland China: A case report3278

Zhang Y, Zhang C, Shu JB, Zhang F

Mycobacterium tuberculosis bacteremia in a human immunodeficiency virus-negative patient with liver 
cirrhosis: A case report

3284

Lin ZZ, Chen D, Liu S, Yu JH, Liu SR, Zhu ML

Cervical aortic arch with aneurysm formation and an anomalous right subclavian artery and left vertebral 
artery: A case report

3291

Wu YK, Mao Q, Zhou MT, Liu N, Yu X, Peng JC, Tao YY, Gong XQ, Yang L, Zhang XM

Dedifferentiated chondrosarcoma of the middle finger arising from a solitary enchondroma: A case report3297

Yonezawa H, Yamamoto N, Hayashi K, Takeuchi A, Miwa S, Igarashi K, Morinaga S, Asano Y, Saito S, Tome Y, Ikeda H, 
Nojima T, Tsuchiya H



WJCC https://www.wjgnet.com IX April 6, 2022 Volume 10 Issue 10

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 10 April 6, 2022

Endoscopic-catheter-directed infusion of diluted (-)-noradrenaline for atypical hemobilia caused by liver 
abscess: A case report

3306

Zou H, Wen Y, Pang Y, Zhang H, Zhang L, Tang LJ, Wu H

Pneumocystis jiroveci pneumonia after total hip arthroplasty in a dermatomyositis patient: A case report 3313

Hong M, Zhang ZY, Sun XW, Wang WG, Zhang QD, Guo WS



WJCC https://www.wjgnet.com X April 6, 2022 Volume 10 Issue 10

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 10 April 6, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Hui-Jeong Hwang, MD, PhD, Associate Professor, 
Department of Cardiology, Kyung Hee University Hospital at Gangdong, Kyung Hee University College of 
Medicine, Seoul 05278, South Korea. neonic7749@hanmail.net

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xu Guo; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

April 6, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 3206 April 6, 2022 Volume 10 Issue 10

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 April 6; 10(10): 3206-3212

DOI: 10.12998/wjcc.v10.i10.3206 ISSN 2307-8960 (online)

CASE REPORT

Myomatous erythrocytosis syndrome: A case report

Xin-Yu Shu, Na Chen, Bi-Yun Chen, Hui-Xia Yang, Hui Bi

Specialty type: Obstetrics and 
gynecology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Hidaka E, Dai Hai

Received: October 1, 2021 
Peer-review started: October 1, 
2021 
First decision: January 11, 2022 
Revised: January 20, 2022 
Accepted: February 23, 2022 
Article in press: February 23, 2022 
Published online: April 6, 2022

Xin-Yu Shu, Bi-Yun Chen, Hui-Xia Yang, Hui Bi, Department of Obstetrics and Gynaecology, 
Peking University First Hospital, Beijing 100034, China

Na Chen, Department of Obstetrics and Gynaecology, The Hospital of Cang Town, Cangzhou 
223900, Hebei Province, China

Corresponding author: Hui Bi, MD, Chief Doctor, Department of Obstetrics and Gynaecology, 
Peking University First Hospital, Xishiku Street, Beijing 100034, China. bihuipku@163.com

Abstract
BACKGROUND 
Uterine myoma is the most common benign tumor among women and is often 
accompanied by anemia. Here, we report the case of a patient with a very large 
leiomyoma but with a hemoglobin level as high as 197 g/L. After undergoing 
hysterectomy, all her hematological parameters returned to normal. Immunohis-
tochemical staining of her myoma for erythropoietin showed strong positivity, 
which suggested that erythropoietin may be the cause of her erythrocytosis. A 
multidisciplinary team played a significant role in treating the disease.

CASE SUMMARY 
A 47-year-old woman visited our department complaining that her abdomen had 
been continuously growing for the past 2 years. After careful examinations, she 
was suspected of having a very large leiomyoma. She was also diagnosed with 
erythrocytosis because her RBC count was 6.49 × 1012/L, hemoglobin was 197 g/L. 
Following a multidisciplinary team consultation, bilateral ureteral stents were 
placed, and 800 mL blood was removed by phlebotomy. The patient then 
underwent hysterectomy and bilateral salpingectomy. She recovered well from 
the operation, and her hemoglobin level decreased sharply following the surgery. 
Low-molecular-weight heparin was administered daily to prevent postoperative 
thrombosis. She was discharged from the hospital on the fourth postoperative 
day. Two months later, all her hematological parameters returned to normal. 
Pathological analysis of the myoma revealed that it was a benign leiomyoma, with 
partial hyalinization, and strong positivity for erythropoietin in immunohisto-
chemical staining suggested that erythropoietin may be responsible for the 
erythrocytosis.

CONCLUSION 
Erythropoietin ectopically produced from the myoma was responsible for the 
erythrocytosis in this patient. A multidisciplinary team is strongly recommended.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i10.3206
mailto:bihuipku@163.com
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Core Tip: Despite chronic lung disease and malignant tumors, uterine myoma can also be the cause of 
secondary erythrocytosis, the mechanisms of which may be ectopically produced erythropoietin 
originating from the leiomyoma. A multidisciplinary team is strongly recommended to ensure that the 
patient has received the optimal treatment and has a good prognosis.

Citation: Shu XY, Chen N, Chen BY, Yang HX, Bi H. Myomatous erythrocytosis syndrome: A case report. World 
J Clin Cases 2022; 10(10): 3206-3212
URL: https://www.wjgnet.com/2307-8960/full/v10/i10/3206.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i10.3206

INTRODUCTION
Myoma is the most common benign tumor in the female reproductive system and is often accompanied 
by anemia but seldom by erythrocytosis. When a patient presents extraordinarily high levels of RBCs, 
hemoglobin (Hb), or hematocrit (Hct) in routine blood tests, myomatous erythrocytosis syndrome 
(MES) is indicated, which is a very rare type of secondary erythrocytosis, the occurrence of which is 
only 0.02%-0.5%[1]. Since Thomson and Marson[2] reported the first case in 1953, only approximately 50 
cases have been published worldwide. The diagnostic criteria include (1) Erythrocytosis; (2) Uterine 
fibroid myoma; and (3) The normalization of the RBC count after surgical removal of the myoma[3]. 
Here, we report a patient with a large myoma as well as an Hb level as high as 197 g/L, and all of her 
hematological parameters decreased immediately after hysterectomy. With the immunochemical 
staining of her myoma for erythropoietin showing strong positivity, we believe that the ectopically 
produced erythropoietin (EPO) was responsible for her erythrocytosis. The importance of a multidiscip-
linary team (MDT) cannot be neglected in treating the disease.

CASE PRESENTATION
Chief complaints
A 47-year-old premenopausal nulliparous woman visited our hospital, complaining that her abdomen 
had been growing in size over the past 2 years.

History of present illness
The patient had a history of myoma more than 20 years previously. At first presentation, the myoma 
measured 2-3 cm in diameter, but it continued to grow yearly. Six years ago, the myoma had grown to 8 
cm, but the patient did not have any symptoms, including abnormal uterine bleeding or frequent 
micturition, and she refused to undergo surgery at that time. She claimed that her abdomen had grown 
over the past 2 years, but she thought that she was just gaining weight, so she decided to diet and 
exercise and lost more than 5 kg within 2 years. Despite these efforts, her abdomen continued to grow, 
which raised her family’s concern, so she finally visited our hospital.

History of past illness
Her past medical history was unremarkable, and she denied having any history of systemic diseases or 
allergies. She claimed to have a normal routine blood test 2 years ago, but she had not been reexamined 
since.

Personal and family history
The patient was gravida 0, para 0, and reported a regular menstrual cycle, with no family history of 
tumors or chronic diseases. She is an illustrator.

Physical examination
Her height was 163 cm, and her weight was 53 kg (body mass index 19.95 kg/m2). She looked as if she 
was carrying a full-term fetus. A very large mass was observed rising from the pelvis to the xiphoid, 

https://www.wjgnet.com/2307-8960/full/v10/i10/3206.htm
https://dx.doi.org/10.12998/wjcc.v10.i10.3206
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which was hard in texture.

Laboratory examinations
Her routine blood test showed that her Hb was 197 g/L, her RBC count was 6.49 × 1012/L, and her Hct 
was 58.2%.

Imaging examinations
Gynecological ultrasound revealed a very large mass originating from the posterior wall of the uterus, 
which was more than 35 cm in diameter, with only slight venous vascularity on color flow imaging, 
suggesting a uterine myoma. The enhanced CT showed a similar result. Right-sided hydronephrosis (1.6 
cm in width) was also noted on ultrasound.

FINAL DIAGNOSIS
The patient was diagnosed with a giant uterine leiomyoma and erythrocytosis.

TREATMENT
After careful consultation with an MDT consisting of experienced gynecologists, urologists, anesthesi-
ologists, hematologists, and doctors from the blood transfusion department, transabdominal hyster-
ectomy and bilateral salpingectomy were scheduled. Two days before surgery, bilateral ureteral stents 
were placed through a cystoscope to ensure the safety of the operation. To minimize the risk of 
thrombosis, 800 mL blood was removed by phlebotomy before the operation, and 2500 mL normal 
saline and 500 mL colloid were transfused back into her vein. The first pack of blood was dark brown, 
while the second pack was dark red (Figure 1). The surgery was difficult but successful, with a blood 
loss of 200 mL, and the operation lasted 112 min.

OUTCOME AND FOLLOW-UP
The whole uterus weighed 6500 g, with the largest diameter of 35 cm (Figure 2A and B). The pathology 
revealed a benign uterine leiomyoma with partial hyalinization that originated from the posterior wall 
of the uterus, and there were no signs of malignancy. Immunohistochemical staining of the myoma of 
this patient for EPO (ABclonal Technology, China) was compared with that of 2 other large myomas 
from patients without erythrocytosis as controls. Although three myomas were positive for EPO, but the 
myoma of this patient showed a stronger positivity than the others (Figure 2C and D).

On the first day after surgery, her RBC count decreased to 5.43 × 1012/L, her Hb was 166 g/L, and her 
Hct was 49.5%. She was encouraged to get out of bed and walk on the first day after surgery, and low-
molecular-weight heparin (0.4 mL) was administered daily to prevent thrombosis. She was discharged 
from the hospital 4 d after surgery and was instructed to continue injecting low-molecular-weight 
heparin for another 10 d. After 2 mo, all of her hematological parameters returned to normal, with an 
RBC count of 4.36 × 1012/L, an Hb of 129 g/L and an Hct of 38.8%. She was pleased with the outcome 
and was instructed to undergo routine blood tests regularly. The changes in her hematological 
parameters are shown in Figure 3.

DISCUSSION
Secondary erythrocytosis is a condition where excessive production of RBCs occurs outside the bone 
marrow. Secondary erythrocytosis is defined as an elevated Hb of 165 g/L and above or an Hct of 48% 
and above in females[4]. Etiology includes low oxygen conditions such as living at high altitude, chronic 
lung diseases, or malignant tumors such as renal cell carcinoma, hepatocellular carcinoma, or cerebellar 
hemangioblastoma. Under rare conditions, secondary erythrocytosis can originate from benign tumors, 
such as uterine myoma[4], which is called myomatous erythrocytosis syndrome. As myoma may cause 
abnormal uterine bleeding, which leads to fluctuations in hemodynamics such as anemia, the actual 
occurrence of MES may be higher than reported[5,6].

Recently, Mui et al[5] reported a case of MES and summarized all 55 previous similar cases. In his 
study, the mean age at presentation was 48.7 ± 12.3 years, and there was no difference in parity or 
menopausal status among the patients in the reported cases. The most common symptom was abdomin-
opelvic distension or a mass (93%); myomas weighed 4.9 ± 3.6 kg on average and were 22.6 ± 10 cm in 
length. However, some small myomas can also cause MES; for instance, the uterus can weigh approx-
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Figure 1 The blood that was removed from the patient. The first pack (left) was dark brown, while the second pack (right) was dark red after fluid infusion.

Figure 2 Gross and microscopic analysis of the uterus. A: The uterus weighed 6500 g, with the largest diameter of 35 cm; B: The sagittal plane of the 
uterus showed that the large myoma originated from the posterior wall of the uterus, with the cut surface appearing yellow white with scattered red hemorrhagic 
areas; C: Under the microscope (200 ×), via immunohistochemical staining, the cytoplasm of the leiomyoma cells of this patient showed strong positivity for 
erythropoietin; D: Compared with the myoma of this patient, the myoma of a patient without erythrocytosis showed weaker erythropoietin staining in 
immunohistochemical analysis (200 ×).

imately 1000 g[7-9].
The mechanism of MES is complex and has not been elucidated. In 1955, Horwitz and McKelway[10] 

first showed that an arteriovenous shunt was responsible for excessive RBCs and that deoxygenated 
arteries may stimulate the marrow to generate more RBCs as compensation. However, this notion was 
rebuked since peripheral arteriovenous fistulas may only increase focal RBCs rather than affect all 
hemodynamic parameters[3]. Subsequently, the compression theory was proposed, arguing that either 
the renal parenchyma or the diaphragm was compressed by the large myoma, which caused additional 
EPO production[11,12]. However, these theories were rejected, as compression symptoms, such as 
hydronephrosis or dyspnea, were not always seen[1].

To date, the prevailing view is that uncontrolled ectopically produced EPO is responsible for the 
overproduction of RBCs[7,13-15]. EPO is a hematopoietic cytokine that is usually produced in the 
kidneys of adults[4]. EPO acts on progenitor RBCs via the stimulation of cell growth, differentiation, and 
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Figure 3 Changes in hematological parameters during the perioperative period. All the hematological parameters decreased following the operation, 
with hemoglobin declining the most sharply immediately after the surgery.

antiapoptotic factors and interacts with its receptor (EPO-R), which is commonly expressed in erythroid 
cells, and together they regulate the formation of RBCs during the process of hematopoiesis[16]. Under 
pathologic conditions, EPO can also be generated ectopically in ischemic tissue, in the retinopathy 
protection process and in tumor promotion, whereas EPO-R can also be expressed outside RBCs, such 
as in the endothelial cells of the vascular tissue of embryos and cancer cells, participating in 
angiogenesis[16,17]. In 2002, Yasuda et al[18] showed that in female reproductive malignant tumors, 
both the mRNA and protein of EPO are expressed, with EPO-R also expressed in the capillary 
endothelium of the tumor, suggesting that a paracrine and autocrine loop of EPO and EPO-R may exist 
and contribute to tumorigenesis. Similar results have been demonstrated in leiomyoma patients. In 1999, 
Yoshida et al[19] found that the EPO level from the myoma was extremely high. Kohama et al[13] and 
Suzuki et al[20] later proved that EPO mRNA was also strongly expressed in these patients. However, in 
myomas without erythrocytosis, the expression of EPO was weaker[8]. This is in accordance with our 
findings as well as those of Pollio et al[14], who studied a control group of 16 myoma patients without 
erythrocytosis (half of whom were pregnant women). By comparing the immunohistochemical 
expression of EPO and EPO-R, Pollio et al[14] found that in addition to strong expression of EPO and 
EPO-R in the case group (MES in a pregnant woman), EPO was also moderately or weakly expressed in 
all 8 pregnant control patients, and EPO-R was weakly expressed in 6 patients. In the nonpregnant 
control patients, although the expression of EPO and EPO-R was also observed, the frequency and 
intensity were much lower (4/8 with weak EPO expression and 3/8 with weak EPO-R expression). The 
author then pointed out that EPO was exclusively localized within the cytoplasm of uterine smooth 
muscles, whereas EPO-R was almost entirely localized within the vascular endothelial cells, in both the 
case and the control groups[14], proving that this autocrine or paracrine mechanism may exist, 
stimulating myoma cell growth, stabilizing vascular integrity, increasing the number of epithelial cells, 
protecting them against ischemia and apoptosis, and thus contributing to the unusual size of the myoma
[15,16]. According to our findings, we also believe that the EPO produced by the uterine myoma is the 
cause of the excessive RBCs in the blood system, and the level of erythrocytosis is related to the amount 
of EPO. Notably, even with the prevailing theory, the EPO level of the myoma may still be normal in 
some patients. Macciò et al[21] reported the case of a patient with MES with a uterus weighing 5400 g 
and a high serum EPO level (45 mIU/mL, normal: 0-29 mIU/mL), but surprisingly, the EPO level in the 
myoma tissue was similar to that in the control samples (1.5 mIU/mg and 1 mIU/mg). The author 
attributed this to the physiological obstacle preventing the oxygenation of the blood due to the 
compression of the large uterus, which suggests that some other mechanisms may also exist in this 
syndrome.

It is important to differentiate MES from polycythemia vera (PCV), a primary erythrocytosis, which is 
a myeloproliferative neoplasm. PCV is also characterized by elevated RBC, Hb and Hct levels, 98% of 
which is due to Janus kinase 2 genetic mutation but more notably presents a lower serum EPO level, 
unlike in MES[22]. In the case of the patient presented here, although screening for Janus kinase 2 gene 
mutations was not performed, with the sharp decrease in RBC, Hb, and Hct levels after the removal of 
the myoma together with the EPO immunohistochemistry results, we have reason to believe that it was 
MES rather PCV that caused erythrocytosis.

As erythrocytosis is a leading cause of thrombotic diseases[4,23], anticoagulation is essential in the 
perioperative period. Common treatment includes physical therapy, such as pneumatic compression 
stockings, and preventive medicine, such as acetylsalicylic acid (75-81 mg/d), hydroxyurea (500 mg/d), 
and fondaparinux (2.5 mg/d)[5,24,25]. Moreover, phlebotomy is also used, especially when Hct is above 
55%, the frequency of which was reported to range from every two days to twice a week, to minimize 
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the risk of thrombosis, embolization, and other cardiovascular complications[5,25,26], and the average 
amount of blood removed is 1.8 ± 1.2 L[5]. Normovolemic hemodilution is also helpful in preventing 
massive bleeding during surgery.

Since leiomyomas are often very large and sometimes cause hydronephrosis, bilateral ureteral stents 
are often used on such occasions to avoid urinary injuries[5]. Gonadotropin-releasing hormone agonists 
have also been used in several reports, for instance, to induce amenorrhea while waiting for elective 
surgery[25] or to decrease estradiol levels and to reduce blood loss[13]; however, they do not reduce the 
size of the myoma.

The strength of our study is that we not only comprehensively presented this rare case but also 
attempted to discover the underlying mechanisms of MES via immunohistological analysis of the 
myomas of this patient and other myoma patients. Furthermore, we are the first to stress the importance 
of an MDT, and with joint efforts, we successfully completed the surgery without any complications. 
However, the lack of EPO results in the serum test is one limitation of our study, as the findings would 
be more convincing if we had quantitatively measured and compared the EPO levels of this patient with 
those of the other reported patients and performed immunohistochemical staining for EPO-R at the 
same time. The current findings support the prevailing view that EPO overproduction in the myoma is 
the cause of the excessive RBCs in the blood system.

CONCLUSION
MES is a rare disease of erythrocytosis secondary to uterine myoma. It is believed that the uncontrolled 
ectopic production of EPO from the myoma and EPO-R from the vascular endothelium together via an 
autocrine and paracrine loop contributed to erythrocytosis and resulted in the overgrowth of the 
myoma. The cooperation of the multidisciplinary team was the key to the thorough evaluation and 
ensured successful treatment. In the future, EPO/EPO-R inhibitors may be a potential therapy, 
especially in the preoperative period, or serve as a conservative treatment.
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