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ABSTRACT

Background: Neonatal polycythemia is a condition that is incidentally encountered in clinical
practice. It is characterized by elevated hemoglobin levels (above 22 g/dL) and hematocrit
ratios above 65%. It is important to understand both the prevalence as well as the related risk
factors of this condition as untreated preventable risk factors can result in the development of
hyperviscosity syndromes leading to potential multiple organ failure.

Prevalence and Risk Factors: Risk factors include the presence of twin-to-twin transfusion, pre-
eclampsia, maternal hypertension, operator-dependent cord clamping, and the presence of co-
morbid conditions in neonates. The prevalence of neonatal polycythemia varies among regions
and factors that may affect this variation include elevation above sea level of the patient and
the mother, management of perinatal conditions such as gestational diabetes mellitus, and the
method of delivery.

Conclusions: From this study, it is evident that not only do existing neonatal and maternal
risk factors such as twin-to-twin transfusion syndrome and post-term deliveries, respectively,
increase the risk of neonatal polycythemia but also the geographical and socioeconomic status
are major factors. It is therefore imperative to conduct more thorough large-scale cohort studies
to further understand the reasons for this.

Address: Faculty of Medicine, University of Jordan, Amman, Jordan.

Tel: +962 (79) 6773888

E-mail: jasmine.alzahiri@gmail.com

Neonatal Polycythemia Prevalence and Risk Factors. J Pediatr Rev. 2022; 10(4):??.

Autumn 2022, Volume 10, Issue 4, Number 29




Autumn 2022, Volume 10, Issue 4, Number 29

Introduction

eonatal polycythemia is a hematological
condition that is composed of a spectrum
of risk factors and outcomes [1]. More pre-
cisely, polycythemia is an abnormally el-
evated number of circulating erythrocyte
counts within the bloodstream that can be
characterized by hemoglobin levels greater than 22 g/
dL and hematocrit ratios of 65% or more, which is the
standardized measure to diagnose polycythemia in
newborns [1, 2]. Polycythemia has been known to have
various factors that determine its incidence as well as
the degree to which it can affect neonates [2]. The over-
all prevalence of neonatal polycythemia typically ranges
between 2% to 15% with a higher prevalence predomi-
nant in neonates born small for gestational age [1].

An increased hematocrit can result from three main
mechanisms: Response to hypoxia, blood transfusions,
and decreased plasma volume secondary to multiple
causes [1]. The original source of these disturbances
may be due to both maternal and neonatal factors, sug-
gesting that this is a complex multifactorial process [3]
and the prevalence is highly influenced by these factors
[1]. Several studies demonstrate neonatal polycythe-
mia is likely to prevail in areas such as Tibet and Bolivia
with a percentage of up to 83% [1]. Accordingly, many
reports have concluded that the causality of neonatal
polycythemia in these regions is closely linked to high al-
titude [1]. However, other studies reject this hypothesis
due to the low prevalence (of less than 7%) of neonatal
polycythemia found in Latin America and the Andean
zone, which are areas also known to have high altitudes
[1]. Along with high altitude, other maternal risk factors
can contribute to the development of neonatal polycy-
themia, such as mothers that give birth to babies less
than 34 weeks of age, diabetes, hypertension, mater-
nal cyanotic heart disease, and smoking [3]. Neonatal
factors can also play an equal role, such as newborns
of perinatal asphyxia, twin pregnancies, intrauterine
growth retardation, delayed cord clamping, chromo-
somal anomalies, congenital adrenal hyperplasia, and
thyrotoxicosis [3]. As shown in a study conducted by
Alsafadi et al. in 2014, small gestational age was sug-
gested to be the most common risk factor for neonatal
polycythemia followed by pregnancy-induced hyper-
tension and infants of diabetic mothers [4].

A controversial question that is commonly encoun-
tered in this particular subject is the determination of
whether polycythemia is always physiological or patho-
logical [3]. It can be defined as a pathological process

Journal of Pediatrics Review

due to the increased risk of hyperviscosity and hypoper-
fusion which results in organ failure. Despite that, it can
also be considered a benign condition in the first two
hours of life, usually resolving on its own [3]. There is no
need for further screening if the hematocrit decreases
after two hours of age unless symptoms begin to appear
due to the fatal consequences [3]. Most infants appear
asymptomatic, and if symptoms appear two hours after
birth, it is usually due to the fluid shifting resulting in a
significantly elevated hematocrit [3]. The most common
presenting symptoms are plethora, feeding problems,
and hypoglycemia [3]. Other symptoms include irritabil-
ity, jitteriness, tachycardia, hypotonia, and cyanosis [3].

This paper aims to identify variations, if any, in the
prevalence of neonatal polycythemia in regions around
the world and potentially deduce the basis of these vari-
ations. By identifying risk factors for the development
of polycythemia, this literature review also further aims
to ascertain if any of the identified risk factors would be
preventable.

Materials and Methods

A literature review style was adopted to assess and
consolidate the pre-existing literature. The search strat-
egy utilized was aimed at retrieving articles related to
the incidence, pathophysiology, presentation, etiology,
risk factors, and treatments of neonatal polycythemia.
A combination of controlled keywords was used, includ-
ing, “Incidence,” “Pathophysiology,” “Treatment,” “Eti-
ology,” “Polycythemia,” and “Neonates.” Articles were
initially found using Google Scholar and Pub Med. The
reference list of relevant articles was then screened for
additional literature. Subsequent full-text screening and
application of the inclusion and exclusion criteria final-
ized the articles reviewed in this study.

Articles that were included, had to focus on a factor of
polycythemia incidence, pathophysiology, presentation,
etiology, risk factors, and or treatments. The population
had to be neonates defined as babies within the first 28
days of life. Only free, full-text articles were utilized. Ar-
ticles could not be written in any other language other
than English or could not have been written before the
year 2014. After the application of the inclusion and ex-
clusion criteria, a total of 21 articles were reviewed in
this study.

Articles were compiled on a data sheet and reviewed
by all investigators. Meetings over Zoom were utilized
to plan, discuss, analyze, and review relevant data.
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Table 1. Description of the global prevalence of neonatal polycythemia with an overview of risk factors from each country

Country Overall Incidence

Additional Findings or Risk Factors

21.47% [5]

11.85% [6]

Iraq

10.33% [3]

2.2% (7]

0.4% [8]

Saudi Arabia
14.5% [4]

1.7% in jaundiced patients
[0l
Iran
30.2% in neonates with
confirmed sepsis [10]

Pakistan 7.1% [11]

India 7% [12]

Prevalence of polycythemia overall was 21.47% in 149 patients
Most patients are polycythemic on days 1 and 2 of life
12% of polycythemic neonates had a birth weight of less than 2500 grams

Overall prevalence of polycythemia was 11.85% among 500 neonates (53 neonates)
67.9% of polycythemic neonates were male but this association is not statistically significant
52.8% of polycythemia were identified at age more than 2 hours
18.9% of polycythemic neonates were premature (statistically significant)

13.2% of polycythemic neonates were under the tenth percentile for weight (statistically
significant)

28.3% of polycythemic infants had an APGAR score of less than 3 in the first minute (statisti-
cally significant)

56.6% of polycythemic neonates were born via normal vaginal delivery
9.4% of polycythemic neonates were born to mothers who smoked tobacco during pregnancy
Statistically significant symptoms associated with neonatal polycythemia included plethoric
appearance, irritability, jaundice, jitteriness, and respiratory distress

Prevalence of polycythemia overall was 10.33%
Statistically significant differences existed between normal vaginal delivery (NVD) and
Caesarean-Section
12.4% of NVD neonates were polycythemic
4.8% of Caesarean-Section neonates were polycythemic
Statistically significant prevalence in premature neonates
9.5% of premature neonates were polycythemic
Statistically significant prevalence in low-birth-weight neonates
22.5% of neonates weighing less than 2.5kg were polycythemic

Prevalence of polycythemia overall was 2.2% among 2256 patients (50 patients identified)
Most common presentation in polycythemic neonates was jaundice (29 out of 50 patients
connoting 58%)

Risk of jaundice and lethargy as presenting symptoms was statistically significant
Risk factors for polycythemia identified included preterm, neonate of a diabetic mother, small
for gestational age, and twin pregnancy
Delivery via Caesarean Section was found to reduce the risk of development of polycythemia
28 out of 50 (56%) of patients required partial exchange transfusion

Prevalence of polycythemia overall was 0.4% in 239 infants
Prevalence of polycythemia in neonates with indirect hyperbilirubinemia was 2.6%

Overall prevalence was 14.5%
21.7% of polycythemic neonates were preterm
2.9% of polycythemic neonates were post-term
57% of polycythemic neonates were male
57% of polycythemic neonates were born via Caesarean Section
34% of polycythemic neonates were small for gestational age
18% of polycythemic neonates were infants of diabetic mothers
18% of polycythemic neonates were born to mothers who had pregnancy-induced hyperten-
sion
46% of polycythemic neonates had jaundice, 24% had tachypnea, 14% had poor feeding, and
13% had lethargy
40% of polycythemic jaundiced infants had ABO or Rh incompatibility
28% of polycythemic neonates had hypoglycemia, 24% had hypocalcemia, 21% had thrombo-
cytopenia
39% were asymptomatic and 17% were discovered incidentally
61% of interventions including increased total fluid intake were successful whereas 55%
responded to conservative treatment

Prevalence of polycythemia in jaundiced neonates was 1.7%

13 out of 43 (30.2%) neonates with confirmed sepsis were found to be polycythemic
145 out of 299 (48.5%) neonates with no evidence of blood infections were found to be
polycythemic

Overall prevalence of polycythemia was 7.1%
Prevalence of polycythemia in the group with cord clamping done in less than 1 minute was
2.9%
Prevalence of polycythemia in the group with cord clamping done after 1 minute was 11.2%

All identified polycythemic neonates were born to mothers with gestational diabetes mellitus
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Country Overall Incidence

Additional Findings or Risk Factors

Overall prevalence of polycythemia was 12.77%

Most prevalent maternal co-morbidities included pre-eclampsia, anemia, and urinary tract

Ecuador 12.77% [1]

infections

93% of mothers lived in areas 2000 meters above sea level; 88% of polycythemic neonates

were born to mothers living in these regions

55.5% of polycythemic neonates were asymptomatic

Significant associations existed between polycythemia and low birth weight and maternal
diabetes; however, none of the diabetic mothers had infants with polycythemia

Overall incidence of polycythemia in this study was 5.3% (11/260 participants)

Kenya 5.3% [13]

Incidence of polycythemia in the delayed cord clamping group was 8.6%

Incidence of polycythemia in the umbilical cord milking group was 2.3%

Global Prevalence of Neonatal Polycythemia
Pathophysiology

Polycythemia and hyperviscosity syndrome are non-
synonymous yet interlinked conditions. The Hagen-Po-
iseuille equation characterizes fluid flow in vessels, such
as blood in arteries, with the equation R = 8hL /it r*4
where R represents resistance to blood flow, h repre-
sents viscosity, L represents the length of the vessel, and
r represents the radius of the vessel [14]. Blood viscos-
ity can be increased if any element of whole blood in-
creases in number, including but not limited to platelets,
white blood cells, clotting factors, and plasma proteins
including antibodies. An increase in red blood cell (RBC)
mass for example, also increases blood viscosity, there-
by causing an increase in total resistance to blood flow
and impacting organ perfusion [1]. Increased RBC count
is a compensatory mechanism for states of hypoxia or
overgrowth in cases where nutrient and oxygen de-
mand are increased. The fetus’ physiological response
to the normally hypoxic nature of the uterine environ-
ment is erythropoiesis. Hence, other factors must be
evaluated and confirmed in a clinical diagnosis of neo-
natal polycythemia.

Additional criteria to assess and confirm neonatal
polycythemia include the measure of hematocrit (HCT)
and hemoglobin values. The mean HCT in healthy at-
term neonates is (¥SD) 61 (+7) percent and mean he-
moglobin values are 19.3 (+2.2) g/dL in blood samples
taken from capillaries [15]. To diagnose polycythemia,
measured RBC mass must be greater than two standard
deviations from the mean RBC mass taking into account
the neonatal age and gestational size. To differentiate
neonatal polycythemia from hyperviscosity, neonates
must present with 65% or above HCT in blood samples
taken from peripheral veins. Until 65% of HCT, the re-
lationship between HCT and viscosity is almost linear,
after which, viscosity increases in an almost exponential
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manner when compared to HCT [15]. Thus, minuscule
changes in viscosity after this threshold presents dis-
proportionately concerning impacts on organ perfusion
and neonate mortality. Although a high HCT value can
be suggestive of polycythemia, confounding factors may
play a role in the accuracy of this value in determining
disease impact.

Neonates with mild forms of increased RBCs generally
present without symptoms. The asymptomatic presen

tation of mild polycythemia is of multifactorial etiol-
ogy. For example, the site from which the blood sam-
ple was taken can affect the RBC count. The rouleaux
formation of blood cells results in almost a 5%-25%
increase in HCT in capillary blood when compared to
venous samples. Secondly, the time at which samples
were taken can also affect this diagnosis. In the first
few hours of life, the newborn is going through many
physiological changes, one of them being HCT. Hemato-
crit tends to peak around the second hour of life. Mea-
surements taken from newborns with an HCT of > 65%
demonstrated variation in HCT values when compared
with different sites; umbilical veins, capillaries, and pe-
ripheral veins showed mean values of 71%, 75%, and
63%, respectively [15]. In both cases, though a clinical
diagnosis of polycythemia can be made, the infant is as-
ymptomatic. Symptomatic infants, however, present an
immediate and fatal concern.

Organ systems can be affected due to hyperviscosity,
sub-ideal organ perfusion, hypoglycemia, and hypocal-
cemia. Increased erythropoiesis can cause microthrom-
bi in the microvasculature, affecting the central nervous
system (CNS), gastrointestinal tract, renal vasculature,
and cardiopulmonary systems. Increased RBC count
also increases metabolic demand on the body, decreas-
ing levels of plasma glucose, and therefore, disturbing
glucose uptake in the CNS. It has been demonstrated
that in polycythemia/hyperviscosity syndrome, the ma-
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risk factors that have been implicated in causing neonatal polycythemia

111]

??

77

Passive: Transfusion

Active: Erythrocyte Synthesis

Delayed clamping of the umbilical cord

Intrapartum hypoxia
Acute fetal distress
Holding the baby under introitus
Twin-twin transfusion
Maternal-fetal transfusion

Placental:
Preeclampsia

Hypertensive or vascular disorders

Maternal:
Cardiac or pulmonary disorders
Drugs (beta-blockers)
High altitude
Smoking
Post-term delivery
Maternal diabetes
Fetal:

Large for gestational age
Small for gestational age
Beckwith-Wiedemann syndrome
Endocrine disorders
Chromosomal abnormalities

jor indicator of neurological damage and prognosis is
hyperviscosity. Additionally, increased cell turnover due
to the short lifespan of fetal erythrocytes can cause hy-
perbilirubinemia in the neonate [16].

Risk Factors

In cases of a neonatal polycythemia diagnosis, several
other extraneous factors must be considered before
treatment is started. Common issues seen in neonates
are trouble feeding, vomiting, and diarrhea which can
lead to dehydration and other metabolic abnormalities.
While not always pathological, they can cause a falsely
elevated HCT [1) due to loss of plasma volume resulting
in hypovolemic polycythemia. As mentioned previously,
the timing and location of the blood samples should
also be taken into consideration. After ruling out falsely
elevated blood counts, there are several risk factors and
mechanisms associated with the pathogenesis of neo-
natal polycythemia.

Discussion

Although the majority of cases of neonatal polycythe-
mia are relatively benign, it is important to assess the
severity of the condition of the neonate as well as the
precipitating factors and identify how common they
are and if possible, treatable and preventable. Delayed
cord clamping, for example, increases the amount of
time that placental blood has to transfuse into the new-
born resulting in an increased RBC mass. A delay of >
60 seconds in cord clamping has been associated with
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decreased hospital mortality, a decreased incidence
of low APGAR scores, and a lower proportion of blood
transfusions in preterm infants. For term infants, a de-
lay of 30-60s, though an upper limit, has not been es-
tablished [17]. For those reasons, though delayed cord
clamping can result in polycythemia and hyperbilirubi-
nemia, it is still a recommended practice [17, 18]. Hold-
ing the baby under the level of the introitus applies the
same mechanism of passive erythrocyte transfusion.
Intrapartum hypoxia and acute fetal distress present
with transcapillary leakage of plasma, which increases
blood flow from the placenta into the fetus. As delayed
cord clamping is operator-dependent and may cause a
transient elevation in RBC mass, the benefits outweigh
the risks and therefore, would not be an imminent risk
factor to modify.

Twin-Twin transfusion (TTT) is also a passive mecha-
nism that affects about 9% of monochorionic twins. TTT
occurs when a paucity of artery-to-artery or arteriove-
nous anastomoses are present between twins sharing
one placenta of which complications include twin ane-
mia polycythemia sequence (TAPS). TAPS occurs when
one twin presents with plethoric blood (polycythemia)
and the other twin presents with insufficient blood
(anemia). TAPS occurs spontaneously in 2%-5% of TTT
cases, and 3%-16% of TTT cases treated with laser abla-
tion [19]. TTT is still a passive mechanism of erythrocyte
transfusion, however, it is pathological and seldom pres-
ent asymptomatically. The incidence of mortality in ex-
pectantly managed infants was 43.9% (95% Cl 5.9-87.7),
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treatment with laser presented with a47.3% (95% ClI
21.4-70.0) mortality rate, and treatment with amino re-
duction presented with 28.5% incidence of death [20].
TTT is not a preventable condition; however, the risk for
this condition is severely increased in multiple gestation
pregnancies. According to a study conducted by Visser
et al. [22], recipients of TTT were more prone to chronic
polycythemia. It would therefore be advisable that in
pregnancies associated with TTTs, preparation for a
polycythemic neonate be made and necessary precau-
tions should be undertaken before delivery.

Active mechanisms of polycythemia are sequences
that cause erythropoiesis, thereby increasing RBC mass.
They can be further classified based on their causes: Pla-
cental, maternal, or fetal. Placental distress can result
in hypoxia of the neonate, resulting in increased RBC
production and the diagnosis of polycythemia. Com-
mon reasons include preeclampsia and hypertension
or vascular disorders. In all cases, insufficient blood is
transfused through the placenta, resulting in increased
erythropoietin (EPO) production and increased RBC
mass [21].

Maternal factors that increase hypoxia in the intrauter-
ine environment also induce a compensatory increase
in EPO production. Reversible factors include smoking
habits, beta-blockers, and high-altitude environments,
and irreversible factors include maternal cardiac or pul-
monary issues, intrauterine growth restriction (IUGR),
and post-term deliveries. Maternal factors such as
these generally cause normovolemic polycythemia; in
cases where plasma volume stays the same, but RBC
mass increases [16]. A majority of polycythemia cases in
newborns (22%-29%) can be attributed to maternal dia-
betes. Macrosomia and hypoglycemia in these babies
cause an increased need for oxygen and nutrients, and
so, increase EPO production [16].

Fetal conditions can also increase the risk of de-
veloping neonatal polycythemia. Conditions such as
Patau syndrome (trisomy 13), Edward’s syndrome
(trisomy 18), Down’s syndrome (trisomy 21), and Beck-
with-Wiedemann syndrome have all been linked with
an increased incidence of neonatal polycythemia. An
increased incidence of polycythemia has also been cor-
related with babies suffering from congenital hypothy-
roidism, congenital adrenal hyperplasia, and neonatal
thyrotoxicosis. An increase in fetal gestational mass
also increases the fetus’ need for nutrients and oxygen,
thereby increasing erythropoiesis [15, 16].

Conclusion
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Polycythemia in neonates is a relatively common oc-
currence with mild presentations and a multifactorial
etiology. The development can be traced to several risk
factors which impact both the incidence and the sever-
ity of presentation. From this study, it can be concluded
that altitude, maternal and fetal causes of hypoxia, op-
erator-dependent practices, and various other risk fac-
tors all affect the HCT and RBC mass in neonates. Mild
presentations have not warranted much investigation
into treatment; however, slight increases in HCT levels
present exponentially increasing mortality rates. Ad-
ditionally, TAPS is a concerning and familiar outcome
of monochromatic twins. Much literature has been
dedicated to the description of neonatal polycythemia;
however, future curiosities should be geared toward
treatment and prevention through large cohort and
case-control studies.
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