
fmed-11-1419092 August 7, 2024 Time: 17:37 # 1

TYPE Case report
PUBLISHED 12 August 2024
DOI 10.3389/fmed.2024.1419092

OPEN ACCESS

EDITED BY

Danijela Lekovic,
University of Belgrade, Serbia

REVIEWED BY

Moon Ley Tung,
The University of Iowa, United States
Apurva Patel,
The Gujarat Cancer & Research Institute,
India

*CORRESPONDENCE

Elisa Rumi
elisarumi@hotmail.com;
elisa.rumi@unipv.it

RECEIVED 17 April 2024
ACCEPTED 30 May 2024
PUBLISHED 12 August 2024

CITATION

Borsani O, Varettoni M, Riccaboni G and
Rumi E (2024) Erythrocytosis in congenital
heart defects: hints for diagnosis
and therapy from a clinical case.
Front. Med. 11:1419092.
doi: 10.3389/fmed.2024.1419092

COPYRIGHT

© 2024 Borsani, Varettoni, Riccaboni and
Rumi. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Erythrocytosis in congenital
heart defects: hints for diagnosis
and therapy from a clinical case
Oscar Borsani1,2, Marzia Varettoni2, Giacomo Riccaboni1 and
Elisa Rumi1,2*
1Department of Molecular Medicine, University of Pavia, Pavia, Italy, 2Department of Hematology,
Fondazione Istituto di Ricovero e Cura a Carattere Scientifico Policlinico San Matteo, Pavia, Italy

Erythrocytosis is one of the most common abnormalities that clinical

hematologists, general practitioners, and internal medicine specialists could

have to face off in their routine clinical practice. While diagnostic criteria

for primary erythrocytosis (i.e., polycythemia vera) are well known and

characterized, there are several causes of secondary erythrocytosis that should

be kept in mind to avoid misdiagnosis. Congenital heart defects are rarely cause

of secondary erythrocytosis as they are normally recognized and treated at an

early stage. Eisenmenger syndrome is a complex clinical syndrome that arise

as consequence of an untreated congenital heart defect associated with large

intracardiac shunt. The clinical picture of this syndrome usually includes a severe

erythrocytosis that could tempt clinicians to start an intensive phlebotomy (or

venesection) program. However, clinicians should be aware that erythrocytosis

in Eisenmenger syndrome is a compensatory mechanism aimed at improving

blood oxygen-carrying capacity; accordingly, phlebotomies should be reserved

for those cases complaining hyperviscosity symptoms. Here we present a case

of an adult female patient with Eisenmenger syndrome that has been evaluated

because of severe and persistent erythrocytosis. In this case we present a step-

by-step approach by which clinical hematologist could proceed to reach the

definitive diagnosis. We will also provide some hints that could help clinicians

when choosing the best treatment strategy to avoid unnecessary and potentially

harmful procedures.
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1 Introduction

Erythrocytosis commonly refers to a clinical condition characterized by a higher-than-
normal red cell mass (RCM). Historically, isotope dilution methods has been considered
the gold standard for the assessment of RCM (1); however, given the limited availability of
this testing, hemoglobin (Hb) and hematocrit (Hct) values are commonly used as surrogate
marker of RCM and completed replaced RCM calculation in the last edition of the WHO
criteria for diagnosis of polycythemia vera (PV) (2). While WHO criteria clearly define
specific Hb and Hct thresholds required for a diagnosis of PV (2), the most appropriate
Hb and Hct thresholds to define a clinically significant erythrocytosis outside of PV are not
universally recognized (3).

Frontiers in Medicine 01 frontiersin.org

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2024.1419092
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2024.1419092&domain=pdf&date_stamp=2024-08-12
https://doi.org/10.3389/fmed.2024.1419092
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2024.1419092/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-11-1419092 August 7, 2024 Time: 17:37 # 2

Borsani et al. 10.3389/fmed.2024.1419092

TABLE 1 Pathophysiological classification of different causes
of erythrocytosis.

Primary
erythrocytosis

Secondary erythrocytosis

Congenital
• EPO receptor mutations

Congenital
• Mutations in proteins involved in oxygen-sensing

pathways (e.g., mutations of HIF1A, VHL, and
PHD)

• High oxygen-affinity hemoglobin
• Bisphosphoglycerate mutase deficiency

Acquired
• Polycythemia vera

Acquired
• Hypoxia-driven (chronic lung disease,

right-to-left cardiopulmonary shunts,
high-altitude habitat, tobacco use, carbon
monoxide poisoning, sleep apnea syndrome, and
renal artery stenosis)

• Hypoxia-independent
◦ Pathologic EPO production (e.g.,

EPO-producing tumors)
◦ Exogenous EPO administration (drug

related)

EPO, erythropoietin; HIF1α, hypoxia inducible factor 1 subunit alpha; VHL, Von Hippel-
Lindau tumor suppressor; PHD, proline hydroxylases.

Whenever increased Hb and/or Hct values are detected,
relative erythrocytosis due to plasma volume contraction
(hemoconcentration) should be ruled out. Accordingly, signs
and symptoms of dehydration should be considered (e.g.,
hypotension, xerostomia, headache, dizziness, confusion, oliguria,
fatigue, thirst, and increased capillary nail refill time), and all
causes of relative erythrocytosis should be excluded (e.g., diuretic
use, gastrointestinal fluid losses, and alcohol or tobacco abuse) (4).

Once the presence of absolute erythrocytosis (i.e., due to a real
increase in RCM) has been established, distinction between primary
and secondary forms must be performed (Table 1).

Primary erythrocytosis is characterized by an increased red-
blood cells (RBC) production because of a congenital [i.e.,
erythropoietin (EPO) receptor mutation] (5) or acquired (i.e., PV)
(2) bone marrow defect. In primary erythrocytosis, serum EPO
levels are usually lower than normal because of negative feedback
that high blood oxygen levels exert on EPO-producing renal cells.

In contrast, secondary erythrocytosis are usually EPO-driven
and can be classified as congenital or acquired. Congenital
secondary erythrocytosis may be due to the presences of high
oxygen-affinity Hb (6), mutations in proteins involved in oxygen-
sensing pathways (7–9) or because of bisphosphoglycerate mutase
deficiency (10). Acquired secondary erythrocytosis are usually
driven by increased levels of EPO because of hypoxia condition
(endogenous adaptive production), pathologic production (EPO-
producing tumors) or external administration (drug related) (11).

2 Cyanotic congenital heart diseases
and adaptive mechanisms to
chronic hypoxemia

Cyanotic congenital heart diseases (CCHD) are a heterogenous
group of congenital heart malformations characterized by

structural abnormalities of heart or intrathoracic great vessels that
ultimately results in low oxygen blood level (hypoxemia).

The common mechanism that underlies hypoxemia in
CCHD is the presence of anatomical abnormalities that allow
deoxygenated blood (or at least a part of it) to bypass lungs
and enter systemic circulation without being oxygenated, thus
producing a mixture of oxygenated and unoxygenated blood that
results in hypoxemia and systemic hypoxia. This long-standing
hypoxemia is sensed by kidneys and causes an increased renal
EPO production which, in turn, is responsible for erythrocytosis
(12, 13).

Another adaptive mechanism that plays a role in chronic
hypoxemia states consists in the slight rightward shift of the
oxygen-Hb dissociation curve aimed at improving oxygen delivery
to peripheral tissues by increasing its release from Hb (14).
Indeed, it has been demonstrated that, in hypoxic conditions,
RBC increase 2,3-bisphosphoglicerate (2,3-DPG) production by
shunting its glycolytic precursor, 1,3-bisphosphoglicerate (1,3-
BPG), to the Luebering–Rapoport pathway, in which a phosphoryl
group is transferred from the C1 to C2 of 1,3-BPG by the enzyme
bisphosphoglycerate mutase (15). Once generated, 2,3-BPG binds
to Hb and produce a rightward shift of the oxygen-Hb dissociation
curve, thus reducing the oxygen affinity of Hb (i.e., increasing
Hb p50) and facilitating oxygen release from RBC to peripheral
tissues (16).

3 Management of erythrocytosis in
cyanotic congenital heart diseases

According to actual guidelines (17), patients affected with
PV should be treated with phlebotomies and/or cytoreductive
therapy to reach and maintain Hct value less than 45% in order
to reduce the risk of thrombotic events associated with this
myeloproliferative disease.

Secondary erythrocytosis may be clinically distinguished in
“compensated erythrocytosis” or “decompensated erythrocytosis”
according to erythrocytes indices, iron status and presence
(or absence) of hyperviscosity symptoms (e.g., headache, visual
disturbances, tinnitus, fatigue, dizziness, lightheadedness, and
acral paresthesias).

In compensated erythrocytosis, chronic hypoxemia induces
an appropriate increase in Hct level to reach a new equilibrium
in which the higher RCM restores normal blood oxygen
levels and allow normal tissues oxygenation. In these cases,
iron metabolism is preserved and hyperviscosity symptoms are
generally absent or mild.

On the other hand, decompensated erythrocytosis is
characterized by the inability to reach a new equilibrium despite
high Hct level. In these cases, dietary iron is usually insufficient
to balance the physiological request and a negative iron balance is
generally observed, producing an iron-deficiency erythrocytosis
and, accordingly, microcytosis (12).

The Hct threshold value for phlebotomy is less defined for
patients with secondary erythrocytosis. The British Society for
Haematology recommends that phlebotomies should be provided
to maintain a Hct level less than 55% and suggests to consider
a lower Hct target whenever other cardiovascular risk factors are

Frontiers in Medicine 02 frontiersin.org

https://doi.org/10.3389/fmed.2024.1419092
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-11-1419092 August 7, 2024 Time: 17:37 # 3

Borsani et al. 10.3389/fmed.2024.1419092

present or for those patients that reported previous thrombotic
events (11).

Nowadays, there are no studies that define the optimal Hct level
for patients with CCHD. According to the actual clinical practice,
patients affected with CCHD are phlebotomized to maintain Hct
lower than 65% or whenever hyperviscosity symptoms are reported
(18). Phlebotomies cause a fall in RCM and, consequently, in serum
viscosity. This, in turn, leads to a reduction of peripheral vascular
resistances that cause an increase in stroke volume and cardiac
output. The increased systemic blood flow leads in turn to an
increased oxygen delivery to peripheral tissues, thus ameliorating
hyperviscosity symptoms (19).

According to previous studies that reported a relation between
high Hct values and an increased risk of thrombotic events (20)
and to the well-known inverse relationship between cerebral blood
flow and Hct level reported in patients with PV (21), phlebotomies
are supposed to also reduce the risk of thrombotic strokes.
However, studies failed to demonstrate the same thrombotic risk
in patients with CCHD, thus arguing how phlebotomies should be
performed in patients affected with CCHD (22). Indeed, it has been
demonstrated that chronic phlebotomies lead to iron deficiency
and consequently to the development of microcytosis. Microcytic
RBCs are stiffer and less deformable than normal erythrocytes (23),
thus leading to an increased risk of hyperviscosity symptoms and
of cerebrovascular events (24, 25).

Therefore, it is noteworthy that chronic phlebotomies, while
having a temporary beneficial effect in lowering Hct levels, could
exacerbate hyperviscosity symptoms and cerebrovascular events
by facilitating an iron-depletion status that leads to production of
microcytic, rigid, and less-deformable erythrocytes.

4 Clinical case description

A 36-year-old female was evaluated at the Emergency
Department of our hospital because of severe dyspnea of new onset.

Her past medical history was remarkable for an untreated
perimembranous ventricular septal defects since her childhood.
Physical examination revealed a central cyanosis and a symmetrical
digital clubbing (Figure 1), a grade 2 systo-diastolic cardiac
murmur and a symmetrical absence of lung sounds at both lung
bases.

The arterial blood gas analysis performed at admission revealed
a severe hypoxemia (pO2 30.4 mmHg) for which non-invasive
oxygen administration was started. A Doppler echocardiography
detected an increased pulmonary artery pressure and other
signs of pulmonary arterial hypertension (PAH), including right
ventricular dilatation, severe tricuspid regurgitation and a severe
right atrial dilatation (Figure 2); it also revealed the well-known
sub-aortic ventricular septal defect associated with a bidirectional
shunt. A right heart catheterization was performed confirming a
severe PAH.

The patient was diagnosed with Eisenmenger syndrome (ES).
A complete blood count revealed a marked erythrocytosis

(hemoglobin 175 g/L, hematocrit 58.8%, leucocytes 6.13 × 109/L,
platelets 154 × 109/L) for which hematology consultation was
requested. A complete assessment of the erythrocytosis was
performed, showing normal serum EPO level (9 mU/ml) and
absence of V617F and exon 12 JAK2 mutations.

FIGURE 1

Digital clubbing presenting as bulbous uniform swelling of the soft
tissue of the terminal phalanx of all digits with subsequent loss of
the normal angle between the nail and nail bed.

These results confirmed the secondary nature of the
erythrocytosis so that phlebotomies were not prescribed.

5 Eisenmenger syndrome: clinical
management of erythrocytosis

Eisenmenger syndrome was first described by Victor
Eisenmenger in 1897 as a condition characterized by PAH
due to increased pulmonary vascular resistances that causes shunt
at aorto-pulmonary, ventricular or atrial level (26).

This syndrome is the consequence of a CCHD associated with
large, unrepaired atrial or ventricular septal defects that causes
long-standing PAH and, consequently, reversion of the original
left-to-right shunt to a right-to-left shunt (27). While high-income
countries have drastically reduced the development of ES because
of early diagnosis and surgical correction of CCHD (28), ES is
still a clinical problem in middle- and low-income countries (29).
Some cases of patients with long-term survival have been reported,
however most of patients die before 40 years old (26).

The clinical picture of ES is characterized by chronic hypoxemia
and heterogeneous multiorgan involvement.

Patients with ES experience variable long asymptomatic period
after which they undergo to a progressive onset of exercise
intolerance and exertion dyspnea. Other symptoms gradually
emerge, including chest pain, syncope, heart failure, and rhythm
disturbances (especially atrial fibrillation) (30). Sometimes, ES
patients present with hemoptysis which could be a consequences
of rupture of pulmonary artery, hemorrhage from pulmonary
arteriole, pulmonary thromboembolism, coagulation alterations, or
thrombocytopenia (30).

Most of physical signs that could be observed in patients
affected with ES depends on the chronic hypoxemia state and
include cyanosis, clubbing fingers and, whenever right ventricular
hypertrophy is present, a parasternal lift. Examination of heart
sounds reveals a systolic murmur due to tricuspid regurgitation and
a fixed split of the S2 (30).

Patients presenting with hyperviscosity symptoms should be
assessed to rule out dehydration or other causes. Brain imaging
should be considered whenever neurological symptoms or signs
are present to exclude the presence of a brain abscess, which is a
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FIGURE 2

Doppler echocardiography showing cardiac signs of PAH, including right ventricular dilatation, severe tricuspid regurgitation, and a severe right atrial
dilatation.

common and potentially life-threatening complication in patients
affected with ES (31, 32).

Presence of a chronic hypoxemia state leads to erythrocytosis
which is a hallmark of this syndrome and is associated with multiple
systemic involvement, including gout, renal dysfunction (which is
associated with a worse survival), osteoarthropathy and gallstones
formation (33, 34). Chronic tissue hypoxia observed in ES lead to a
progressive impairment of renal function by both a direct effect of
hypoxia on renal function and an indirect effect through secondary
erythrocytosis and associated hyperviscosity, glomerulopathy, and
interstitial and tubular damage (35).

According to the clinical distinction between compensated and
decompensated erythrocytosis, secondary erythrocytosis observed
in ES is usually decompensated and, consistently, iron deficiency
is often present.

As stated before, iron deficiency typically found in secondary
decompensated erythrocytosis is associated with increased
manifestation of hyperviscosity symptoms and with a higher rate
of thrombotic events (24, 25). Thus, iron supplementation could
be safely administered in patients with ES and has been associated
with an improvement of exercise tolerance and quality of life (36).
However, it should be noted that in ES intestinal absorption of oral
iron could be hampered and that, given the long “time to effect” of
oral iron supplementation, intravenous iron administration should
be considered (37). Patients that received iron supplementation
should be carefully monitored for their iron status (by periodic
evaluation of serum level of iron, transferrin and ferritin) in order
to choose for how long iron supplementation should be continued.

According to the well-known role of iron deficiency in
exacerbation of hyperviscosity symptoms (24, 25), therapeutic
phlebotomies should not be considered in routine clinical practice
(38, 39). Indeed, therapeutic phlebotomies should be provided
only for patients with significantly increased Hb concentration
(i.e., above 220 g/L) or Hct level (i.e., 65%) and for those patients
presenting with hyperviscosity symptoms in which other etiologies
(e.g., dehydration) have been ruled out (18). Whenever phlebotomy
is performed, small volume of blood (ideally 200–250 ml) should be
taken and a simultaneous intravenous fluid administration should
be administered to avoid hemodynamic imbalance (18).

6 Conclusion

Secondary decompensated erythrocytosis could be a
consequence of a CCHD. In these cases, iron deficiency plays
a pivotal role in exacerbation of hyperviscosity symptoms and
in increasing cerebrovascular thrombotic events (24, 25). ES is
a complex syndrome caused by a CCHD with large unrepaired
cardiac defect that ultimately leads to PAH and to a reversed right-
to-left shunt (26, 27). Erythrocytosis due to chronic hypoxemia is
a hallmark of ES and should be carefully assessed and managed.
Venesections represent an appealing therapeutic option to
counteract negative effects of erythrocytosis; however, it should
be noted that iron deficiency could be worsened by periodic
phlebotomies. For this reason, despite contrasting opinions about
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the role of therapeutic phlebotomies in ES, it is nowadays
largely accepted that, whenever possible, this procedure should
be avoided and reserved only for patients presenting with
hyperviscosity symptoms or with significant high level of Hb
or Hct (18).
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