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Abstract

Background: Although congenital erythrocytosis (CE), an inherited disorder, impairs pediatric quality of life, physicians often
overlook high hemoglobin (Hgb) levels and its symptoms due to lack of knowledge of age-adjusted pediatric Hgb levels and
CE’s rarity. Methods: In a retrospective, single-center study, data from hospital records of patients (<18 years) diagnosed
with CE were evaluated. Results: Forty patients from 39 families (male: female ratio = 7:1) had been diagnosed with CE in a
20-year period, at a mean age of 15.31 + 2.49 years (8.34-17.92) and with mean Hgb levels of 17.4 + 1.34 g/dL (14.63-23.0).
No serum erythropoietin levels exceeded the reference levels. Although the most common symptom was headache (80.0%),
40.0% of patients presented with at least one gastrointestinal symptom (e.g., nausea, vomiting, abdominal pain, and rectal
bleeding), and 75.0% exhibited plethora. None had leukocytosis, thrombocytosis, abnormal capillary oxygen saturation, JAK2
mutation, and venous blood gas analysis and Hgb electrophoresis revealed no abnormalities. While 43.6% of patients had
family histories of CE, 28.2% had 15-48-year-old relatives who had experienced myocardial infarction, stroke, and/or sudden
death. Six asymptomatic patients were detected incidentally. When symptoms of hyperviscosity were present, aspirin was
prescribed, and phlebotomy performed. No thrombotic episodes occurred as a result. Conclusion: To detect CE, physicians
should assess Hgb levels in consideration of normal age-adjusted levels in children. Pediatric patients with CE may also present
with gastrointestinal symptoms. Although no thrombotic episode occurred among the patients, their family histories included

life-threatening thrombotic episodes, even in adolescents.

INTRODUCTION

Erythrocytosis is defined as hemoglobin (Hgb) and hematocrit (Hct) levels exceeding 16 g/dL and 48% in
women and 16.5 g/dL and 49% in men, both respectively. In children, a Hgb level exceeding the normal
reference range in the age- and gender-adjusted 99th percentile, or an increase of 2 g/dL in Hgb level from
the baseline in at least two whole blood counts at different times, is considered to indicate erythrocytosis.' 3
A red cell mass greater than 125% of the mass predicted for sex and body mass also indicates erythrocytosis.*

In childhood, erythrocytosis is either familial or secondary to cardiopulmonary disease that causes a hypoxia-
induced rise in erythropoietin (EPO). Among familial cases, congenital erythrocytosis (CE) is an autosomal-
dominant or recessively inherited disorder that enhances EPQO’s effect, as seen in erythropoietin receptor
(EPOR) mutations. In EPOR mutations, erythrocytosis is due to primary cause that is intrinsic to red
cells. EPOR plays a role in stimulating the proliferation of erythroid progenitor cells and preventing their
apoptosis.®®

Other cases of familial erythrocytosis are secondary and due to dysregulated EPO production resulting from
defects in oxygen-sensing pathways. Some mutations in the globin chains of Hgb raise the affinity of Hgb



molecules for oxygen, which impairs the normal loading of oxygen in the lungs and the delivery of oxygen to
tissues. In Hgb variants with high oxygen affinity, serum EPO is elevated, while pO2 and oxygen saturation is
normal due to compensatory erythrocytosis. Certain mutations may also decrease the affinity of Hgb for 2,3-
bisphosphoglycerate mutase and cause erythrocytosis. Although Hgb electrophoresis with high-performance
liquid chromatography, the currently preferred method, cannot detect all variants, sequencing the globin
DNA can enable the detection of such mutations. Oxygen pressure at 50% Hgb saturation (Psg) is low in
the presence of high oxygen affinity Hgb variants, congenital methemoglobinemia, 2,3-bisphosphoglycerate
mutase deficiency, and other rare conditions.”®

In patients with erythrocytosis who also experience leukocytosis, thrombocytosis, and splenomegaly, polycy-
themia vera (PV) may be the correct diagnosis. PV is a myeloproliferative disease rarely seen in childhood in
which erythrocytosis is autonomous and EPO production is low or nonexistent.”® In erythrocytosis, elevated
serum EPO levels or findings of chronic hypoxia (e.g., cyanosis, dyspnea, and finger clubbing) suggest secon-
dary causes.® Along with cardiac and pulmonary disease, living at a high altitude, smoking tobacco, carbon
monoxide poisoning, methemoglobinemia, and obstructive sleep apnea syndrome rank among secondary cau-
ses of erythrocytosis. Beyond that, androgen preparations, renal artery stenosis, post-renal transplantation,
renal cysts, renal cell carcinoma, cerebellar PV, meningioma, parathyroid adenoma, pheochromocytoma, and
hepatocellular carcinoma may cause inappropriate EPO production and, in turn, erythrocytosis.?%?

In EPOR mutations, abnormality is limited to erythroid series in whole blood counts, the spleen’s size is
normal, the serum EPO level is usually in the normal range or lower, secondary causes of polycythemia are
absent, and patients seem healthy.! In the family history, there may be affected relatives requiring regular
phlebotomies and/or early deaths in the family due to thrombotic episodes. Sporadic cases of CE have also
been reported.®® Patients are often diagnosed in childhood or early adulthood, following clinical presenta-
tions varying from an asymptomatic condition to suffering from headaches, weakness, dizziness, tinnitus,
paresthesia, fatigue, blurred vision, and slow mentation. The only physical finding may be plethora.?

In CE, aside from symptoms that impair quality of life, the development of thromboembolic events is the
major complication of the disease.'® Such events—stroke, myocardial infarction, deep venous thrombosis,
and hypertension—may be life-threatening.®6

The presence of high Hgb and Hct levels should be confirmed in multiple blood counts taken at different
times under normal hydration when the patient has no diarrhea and/or inadequate fluid intake or history of
using diuretics. If absolute erythrocytosis remains uncertain, then a red cell mass study and P50 test may
be performed. In patients with high EPO levels, the sequencing of globin genes for Hgb variants with high
oxygen affinity and hemoglobin electrophoresis is useful for differential diagnosis.®

Despite all of those findings, data representing children and adolescents with CE in the English-language
literature on the topic remain thin, and EPOR mutations are rarely identified in patients.!! In the study
presented here, our aim in examining those patients was to raise awareness among pediatricians and pediatric
hematologists about CE in order to improve patients’ quality of life and prevent potential thrombosis in
adolescence and adulthood.

METHODS

In a single-center, retrospective study approved by the institution’s Research Ethics Committee, patients less
than 18 years old who were diagnosed with CE and followed up in a pediatric hematology outpatient unit
formed the sample. The paper-based files and electronic medical records of all such patients diagnosed with
CE from 2000 to 2020 were evaluated by pediatric hematologists to document demographic characteristics,
presenting symptoms, family history, the findings of physical examinations, and the results of laboratory
tests. The center’s routine practice also entailed screening full blood counts of each patient’s parents and
siblings. Capillary oxygen saturation, venous blood gas, and serum EPO levels, along with the results of
Hgb electrophoresis and JAK2 mutation analysis, were recorded as well. Phlebotomy practices and any
complications of the disease during follow-up were assessed. During the study, patients who had aged beyond
20 years and been transferred to adult departments were telephoned to gather up-to-date medical data.



Erythrocytosis was defined as having hemoglobin levels exceeding the age- and gender-adjusted 99th per-
centile or an increase of 2 g/dL in hemoglobin levels from baseline.® Hgb percentile curves were used to
evaluate age- and gender-adjusted values,'? while for diagnosis, full blood counts were performed at least
twice at different times. No patients had serum EPO levels exceeding laboratory reference levels. Patients
with thrombocytosis, leukocytosis, and/or splenomegaly were excluded from the sample, as were patients
with secondary causes of erythrocytosis (e.g., cardiac, pulmonary, renal, and hepatic disorders and malignan-
cies) according to their history, physical examinations, capillary oxygen saturation analysis, venous blood
gas measurement, and serum levels. In patients who reported any bleeding-related symptoms, prothrombin
time, activated partial thromboplastin time, and bleeding time assays were also performed.

Statistical analysis was performed using IBM SPSS version 22.0. Categorical variables were analyzed as
percentages, and quantitative data were recorded as M + SD and median using descriptive statistics.

RESULTS

From 2000 to 2020, 40 patients were diagnosed with erythrocytosis at the center, in a male-to-female ratio
of 7 to 1. Their mean age was 15.31 + 2.49 years (8.34-17.92) years at diagnosis and 17.92 £+ 2.96 years
(11.43-27.17) at data collection, and the median follow-up time was 9 months, ranging from 6 months to
13.80 years. Thirty-two (80.0%) patients had been referred in the past 24 months due to full-blood count
screening performed in schools. In terms of family relatedness, two of the patients were siblings. Table 1
summarizes the demographic and laboratory characteristics of the patients.

The medical histories of the patients involved no other diseases, and patients generally seemed to be healthy.
Seventeen families (43.58%) had relatives with erythrocytosis, or relatives who regularly received phlebo-
tomies, and in seven and five families, fathers and siblings were also affected, respectively. In 11 families
(28.20%), 15-48-year-old relatives had experienced myocardial infarction, stroke, and/or sudden death.

Physical examination revealed that 14 (35.0%) patients had plethora, while none had splenomegaly or any
other pathological findings. The Hgb levels, age, and sex of the patients at diagnosis appear in Figure 1; mean
Hgb at diagnosis was 17.40 £+ 1.34 g/dL (14.63-23.0 g/dL). All patients’ leukocyte counts, platelet counts,
venous blood gas levels, capillary oxygen saturation levels (>95%), and results of Hgb electrophoresis (i.e.,
with high-performance liquid chromatography) were within normal limits. To analyze EPOR mutations, the
blood samples of the first seven patients had been sent to Portugal, but results revealed only a previously
identified heterozygous EPOR nonsense mutation c.1316G>A (p.Trp439Term) in two siblings.'® No patient
exhibited a JAK2mutation or splenomegaly, thrombocytosis and/or leukocytosis which are characteristic
findings of myeloproliferative disease.

Recurrent phlebotomies (i.e., 1-12 times/year) had been performed on demand in all patients in the presence
of symptoms of hyperviscosity, and all patients had reported symptom relief after the procedure (Table 1).
Many patients had been prescribed acetylsalicylic acid as an antiaggregant but had demonstrated poor
compliance. All patients had been informed about potential bleeding and thrombosis at diagnosis, and good
hydration, an active lifestyle, and abstinence from smoking, mountain climbing, and scuba diving had been
recommended. No thrombotic episodes had occurred in any patients during follow-up.

Symptoms and signs of CE detected in the patients are listed in Table 2. The most common presenting
symptoms were headache (80.0%), numbness and tingling in the hands and feet (45.0%), and pruritus
(37.5%). At least one gastrointestinal symptom (e.g., nausea, vomiting, abdominal pain, and rectal bleeding)
was reported in 40.0% of patients. Gastrointestinal symptoms were prominent, and patients reported visiting
numerous pediatricians for years in search of a diagnosis. Six cases of CE (15.0%), despite being asymptomatic
at diagnosis, were detected during routine whole blood screening.

DISCUSSION

Full blood counts are a frequently ordered laboratory assay for pediatric patients, in which physicians eva-
luating Hgb generally focus on the presence of anemia. The normal level of Hgb varies with age and sex
in childhood, however, and physicians are not always aware of normal Hgb levels in children. Beyond that,



symptoms of CE are non-specific, and in some asymptomatic patients, erythrocytosis is an incidental labo-
ratory finding.® In our study, erythrocytosis was indeed incidentally detected in six asymptomatic patients,
and headache was the most common symptom. In the literature, gastrointestinal symptoms such as nausea,
vomiting, abdominal pain, and rectal bleeding are not emphasized among symptoms of hyperviscosity. In the
present study, some patients with gastrointestinal symptoms had been followed up in a pediatric gastroente-
rology outpatient clinic where Hgb levels had been overlooked. Patients with minor transient rectal bleeding
had been referred to the hematology unit for the evaluation of bleeding disorders. Previously, in a sample of
adults with idiopathic erythrocytosis, 4.8% suffered from bleeding: one from gastrointestinal bleeding and six
with minor hemorrhaging. In the same sample, the incidence of bleeding was lower than among patients with
PV, and bleeding did not increase with the use of low-dose aspirin.!* Minor, self-limited mucosal bleeding
(e.g., epistaxis and gingival bleeding) also ranked among the symptoms of three patients at presentation,
although coagulation assays and platelet counts revealed normal results.

Most patients (87.5%) in our study were males, and research suggests that testosterone stimulates EPO
production.'® Some female adolescents in our study had reported a drop in the frequency of symptoms of
hyperviscosity and requirement of phlebotomy after menarche, likely due to menstrual blood loss. None of the
patients’ mothers had erythrocytosis, although their histories included thrombotic episodes in both female
and male maternal and paternal relatives. Most (70%) patients had been at least 15 years old at diagnosis,
whereas the youngest patient had been only eight years of age. The Hgb levels of adolescents generally range
from 16.50 to 18.00 g/dL, and only three patients had shown values ranging from 20.0 to 23.0 g/dL.

5,15

Among other results, 43.58% of patients had a family history of erythrocytosis. In one family, a 10-year-
old girl presented with a 2-year history of headache, abdominal ache, nausea, recurrent rectal bleeding, and
epistaxis, coupled with an Hgb level of 16.3 g/dL. Her mother, a physician, had visited multiple specialists but
never received a diagnosis. Her mother had a normal Hgb level (12.0 g/dL) but experienced an unprovoked
stroke at the age of 40 years. No risk factor of thrombophilia or acquired risk factor (e.g., smoking, obesity,
or diabetes mellitus) could be detected. The maternal grandfather also had erythrocytosis that required
regular phlebotomies, but genetic analysis revealed no EPOR mutation. It is suggested that the mother
experienced the incomplete penetrance of a dominant mutation not already identified. In earlier work, a
pathogenic EPOR variant was identified with sequence analysis in only 12%-15% of patients with CE.16-18
In our series, family history of erythrocytosis was present in 43.58% of patients, and more than half of the
patients may have had de novo mutations.>® The frequency of consanguineous marriage in our series was
not higher than in Turkey’s general population, although recessive mutations are possible.

A normal or low serum EPO level excludes secondary causes of polycythemia associated with hypoxia,
but not PV.2Serum EPO levels below 2.9 mU/mL are specific and moderately sensitive (92% and 64%,
respectively) to PV, while levels exceeding 15.1 mU,/mL, albeit also specific, are largely insensitive (98%
and 47%, respectively) to secondary erythrocytosis.!? In our study, serum EPO levels ranged between 2.65
and 16.9 mU/mL, and 31 patients’ EPO levels were within the normal range of laboratory reference values.
Before 20 years of age, PV is quite rare compared with CE.2° During the 20-year period of our retrospective
study, only one adolescent with PV was diagnosed in pediatric hematology. All 40 patients were referred
from a population of roughly 2 million in that period.

The medical histories and physical examinations of the patients did not reveal any other disease. Tissue
oxygenation shown by capillary pulse oximetry and venous blood gas analysis excluded hypoxia due to
cardiopulmonary disease. All patients had capillary oxygen saturation exceeding 95%. Although invasive,
arterial oxygen saturation is a more sensitive indicator of tissue hypoxia; it is less than 92% in hypoxia except
in cases of chronic carbon monoxide poisoning, smoking, Hgb with high oxygen affinity, and obstructive sleep
apnea.’2122 Arterial oxygen saturation must be performed in patients with elevated EPO levels.

The management of CE in childhood is not evidence-based. Phlebotomy and low-dose acetylsalicylic acid
are recommended in symptomatic patients and patients with any past thrombotic episode or with relatives
who have experienced such episodes.?? Our series did not contain any thrombotic events, and no patient was
older than 27 years at data collection. Diagnosis and treatment, along with heeding recommendations about



lifestyle, can prevent thrombosis. The risk of thrombosis seems to increase with age, although family histories
in our series indicated myocardial infarction in 20-year-old relative and sudden deaths in 15- and 18-year-
old relatives. Thrombotic events in adults with CE are widely documented and known to be less common
than in patients with secondary erythrocytosis.?* Meanwhile, the risk of thrombosis during childhood and
adolescence remains unclear.2® Phlebotomy is recommended to maintain Hect levels less than 45% depending
on experience in PV.26In our study, all patients had undergone phlebotomy with intervals depending on their
needs and the development of symptoms of hyperviscosity. Although some had refused phlebotomy because
they claimed to be well and believed that the procedure makes no difference, with age they confessed that
they indeed had symptoms but had refused phlebotomy for fear of pain caused by the needle. Family histories
included stroke, myocardial infarction, and sudden death but without any diagnosis of CE in most relatives
aged 15—48 years. Pulmonary hypertension has also been reported in CE, and screening for the complication
is recommended during follow-up.27

Limitation of the study: We consider that our patients had EPOR mutations, and erythroid progenitors
are hypersensitive to EPO. Although the means to analyze EPOR mutations are unavailable in the country
where we conducted the study and could not be performed in most patients, we know that many mutations
have remained unidentified.

CONCLUSION

Pediatric patients with CE may also present with gastrointestinal symptoms (e.g., nausea, vomiting, abdo-
minal pain, and rectal bleeding) in addition to common symptoms of erythrocytosis. Plethora was evident
in fewer than half of our sample’s patients. To detect CE, physicians should carefully assess Hgb and Htc
levels in light of age- and sex-adjusted normal values in children. Although phlebotomies and aspirin increase
quality of life and may prevent thrombosis, family histories suggest that thromboembolic complications, even
fatal ones, may develop in adolescents.
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Figure Legend

Figure 1. Distribution of hemoglobin values of patients at diagnosis.
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