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Hemochromatosis and Heart Involvement

Pestome

[eMOXpoMaTo3 Mpu OTCYTCTBUM Tepanuu npeacTaBaseT coboi onacHoe 1A XMU3HU COCTOAHUE, CBA3AHHOE C M36bITOYHBIM COepXKaHUeM Xenesa
B OpraHusMe. BblAensAtoT NepBUYHbIi (HaC1eACTBEHHDIN) reMOXPOMATO3, BO3HUKAOWMIA B Pe3y/ibTaTe MyTaLuii FeHOB, M BTOPUYHBINA (Npro6peTeH-
HbIl1) B pe3y/ibTaTe Ype3MepHOro NoTpe6ieHUsA UM MOCTYM/IEHUA KeNe3a C NULLEN WK B COCTaBe /IEKapCTBEHHbIX MPenapaTos, 3a60/1eBaHuii neveHn
VI MHOTOKPAaTHbIX reMoTpaHchy3uii. OTNoKeHMe 136bITKa XKe/le3a B MapeHXMMaTO3HbIX TKaHAX NPUBOAUT K KNETOYHON ANCPYHKLUM U KANHUYe-
CKWM MposB/ieHMAM 3aboneBaHnA. Yalle BCero nopaxaroTca neyeHb, NOAKeYA04HaA XKe/esa, CyCTaBbl, KOxa, runodus u cepaue. lfeMoxpomaTos
cepala B paje C/ly4aeB NMPUBOAUT K PasBUTUIO CEPAEYHOM HeJ0CTaTOYHOCTM, KOTOPYIO MOTEHLMaIbHO BO3MOXHO NpesoTBpaTuTh. [epBoHaYansHoO
pasBMBaeTCA AMacToMYecKan AUCOYHKLMA U HapyLIeHNA pUTMa, Ha Bonee NO3HMX CTagMAX — KapTUHa AWaaTalMOHHON KapguoMuonatum. Bol-
ABUTb MPU3HAKMN NMOPaXKEHUsA CepALia NpU reMoXpoMaTo3e MOXHO C MOMOLLbIO KOMM/IEKCHOM 2D- 1 gonniepoBcKoi axokapaunorpadpum, MPT cepaua
C U3MepeHMeM BpeMeHU penakcaumm T2* n Apyrux AMarHOCTUYECKUX METOAOB. «30/10TbIM CTaHAAPTOM» AUArHOCTMKMN NEPBUYHOTO FeMOXpPOMaTo3a
AB/IAETCA reHeTUYeCKoe TeCTUPOBaHUe, KOTOPOe JO/MKHO NMPOBOANTLCA BCEM MaLMeHTaM C NOA03PEHNEM Ha aHHYIO NaTO/0r 1o MOC/Ie UCK/IIOYeHNA
BTOPUYHbIX MPUYUH Neperpysku xenesoM. OCHOBY Tepanuu reMoxpoMaTosa CoCTaBNAT seyebHan ¢pneboToMma 1 xenatuposaHme xenesa. Cpea-
HAA NPOAO/MKUTENBHOCTL XMU3HW Y He/leYeHbIX MaLMeHTOB C FeMOXPOMaTO30M U TAXKE/ION CepAeYHON HeA0CTaTOYHOCTBIO He MpeBbillaeT 04HOro
roga. OAHaKo Npy paHHeM 1 arpecCMBHOM /IeHeHUMN BbKMBAEMOCTb NPUGAMIKAETCA K TAKOBOW Y MaLMEHTOB C Cep/eYHOIN He0CTaTOYHOCTbIO APYrov
3TMOAOTUN.
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Abstract
Hemochromatosis is a life-threatening condition if left untreated, that is caused by excess iron in the body. It can be primary (hereditary) hemochro-
matosis, resulting from genes mutations, and secondary (acquired) as a result of excessive intake of iron from food or drugs, liver diseases or repeated
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blood transfusions. Deposition of excess iron in parenchymal tissues leads to cellular dysfunction and clinical manifestations of the disease. The liver,
pancreas, joints, skin, pituitary gland and heart are most often affected. Cardiac hemochromatosis is an important and potentially preventable cause
of heart failure. Initially, diastolic dysfunction and arrhythmias develop, at later stages a picture of dilated cardiomyopathy can appear. Signs of heart
damage in hemochromatosis can be detected using complex 2D and Doppler echocardiography, cardiac MRI with T2* relaxation time measurement
and other diagnostic methods. Genetic testing is the gold standard for diagnosing hemochromatosis and should be performed after secondary causes
of iron overload have been excluded. The basis of therapy is therapeutic phlebotomy and iron chelation. Median survival is less than a year in untreated
patients with severe heart failure caused by hemochromatosis. However, with early and aggressive treatment, survival approaches that of patients
with heart failure of other etiologies.

Key words: hemochromatosis, heart, heart failure, arrhythmia, phlebotomy, liver fibrosis, liver cirrhosis, hepatocellular carcinoma, diabetes mellitus,
iron chelation, erythrocytapheresis
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MRI — magnetic resonance imaging, LVEF — left ventricular ejection fraction, ECG — electrocardiogram, NT-proBNP — N-terminal precursor of the
brain natriuretic peptide, SAT — transferrin saturation coefficient, SF — serum ferritin, NAFLD — non-alcoholic fatty liver disease, HCC — hepatocellular
carcinoma, CT — computed tomography, AFib — atrial fibrillation, DXA — dual-energy X-ray absorptiometry, HFE — Human homeostatic iron regulator
gene, HAMP — Hepcidin anti-microbial peptide gene, H/V — Hemojuvelin gene, TFR2 — Transferrin receptor 2 gene, SLC40A1 — Ferroportin gene,

DMT1 — Divalent metal transporter 1, T2 — spin echo decay time constant, T2* — gradient echo-induced relaxation time

Introduction

Hemochromatosis is a disease characterized by the
systemic iron overload and iron deposition in various
organs, including the heart. Two hemochromatosis
types exist: primary and secondary disease. Primary
hemochromatosis is a hereditary disease, while second-
ary one results from the prolonged use of iron drugs or
frequent hemotransfusion in anemias, liver diseases [1].

Primary hemochromatosis is a hereditary autoso-
mal-recessive disease caused by decreased levels of
the regulatory hormone hepcidin which controls iron
levels or decreased hepcidin-ferroportin binding. Hep-
cidin regulates the activity of ferroportin, which is the
only known cellular iron exporter. The most common
form of hemochromatosis is caused by homozygous
mutations in the HFE (Homeostatic Iron Regulator)
gene, in particular the C282Y mutation, which occurs
in over 80% of patients with this disease form. Less
common hemochromatosis forms are associated with
mutations in other genes: hepcidin anti-microbial
peptide gene (HAMP), or hemojuvelin gene (HJV), or
transferrin receptor 2 gene 2 (TFR2), or ferroportin
gene (SLC40A1), which prevent hepcidin-ferroportin
binding. Increased plasma iron levels may lead to iron
accumulation in parenchymatous organs and tissues,
especially in hepatocytes, pancreatic cells and cardio-
myocytes, pituitary gland, testes, which results in organ

fibrosis and failure. The diagnosis of hereditary hemo-
chromatosis includes genetic testing, assessment of
serum iron metabolic parameters, imaging data. Hep-
cidin may become an innovative future approach to the
treatment of this disease [2].

The main pathogenetic mechanism of primary
hemochromatosis associated with the HFE gene muta-
tion is the increased iron absorption in the intestine [3].
When discussing the issue of hemochromatosis, the
acquired iron overload (secondary hemochromatosis)
is not considered; rare genetic disorders leading to sys-
temic iron excess due to mechanisms different from
primary hepcidin deficiency are not excluded. Such
disorders include ferroportin loss of function, atrans-
ferrinemia, aceruloplasminemia, or iron overload asso-
ciated with divalent metal transporter 1 (DMTI, also
known as NRAMP2).

Both  HFE-associated

ated hemochromatosis lead to hepcidin deficiency,

and  non-HFE-associ-
increased iron influx from the small bowel cells and
splenic macrophages into plasma (Fig. 1, 2). Increased
plasma iron levels lead to enhanced iron transport into
parenchymatous cells (especially hepatocytes, cardio-
myocytes, and pancreatic cells), which in turn leads to
predominant iron overload of the liver, heart, and pan-
creas. Despite the role of hepcidin in the pathogenesis
of hemochromatosis, its measurement is not necessary
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for diagnosis, as increased transferrin saturation (with
iron) or increased plasma ferritin levels are consid-
ered sufficiently specific hepcidin deficiency mark-
ers. Transferrin saturation is the ratio of the number
of occupied iron binding sites to the total number of
plasma transferrin iron binding sites. The increase of
this parameter is decisive for the diagnosis of hemo-
chromatosis. Besides, strict interpretation of serum fer-
ritin levels (which is the main iron depot protein in the
body) should be used for diagnosis.

o Epidemiology of hemochromatosis

When HFE gene was first identified as a hemochro-
matosis-associated gene, the most common causes of
this disease were identified as homozygous p.Cys282Tyr
(C282Y) and p.His63Asp (H63D) mutations.

Homozygous p.C282Y variant in the HFE gene occurs
among over 80 % of Caucasian people with hemochro-
matosis. Homozygous p.H63D mutations is detected
no more frequently among patients with non-p.C282Y
homozygous hemochromatosis than in the general
population. The total prevalence of p.C282Y/p.H63D
compound heterozygotes among patients with clinically
overt hemochromatosis is 4.1 % [4]. However, p.C282Y/
p-H63D compound heterozygosity itself is not sufficient
to cause hemochromatosis. Phenotypic hemochromato-
sis develops only if this genotype coincides with addi-
tional genetic or ecological risk factors of the liver dis-
ease [5].

The incidence of hemochromatosis and its genetic
cause in various populations were analyzed in multiple
studies. Theyare summarizedin Table 1. Ithasbeen dem-
onstrated that the prevalence of the most well-known
HFE mutations (i.e. p.C282Y and p.H63D) which may
cause hemochromatosis varies depending on ethnic
groups [6]. The most common cause of hemochromato-
sis is definitely homozygous p.Cys282Tyr substitution.

Among patient with the diagnosis of hemochromato-
sis in Australia, UK, France, this reaches 96 %, while
in Italy it is only 62 %, in Greece — 39 %. p.Cys282Tyr/
p-His63Asp compound heterozygosity in the HFE gene
is more common than p.Cys282Tyr homozygosity,
though it has a much lower biochemical and clinical
penetrance.

The Hemochromatosis and Iron Overload Screen-
ing Study (HEIRS) evaluated the prevalence, genetic
and ecological determinants among other hemochro-
matosis factors in the multiethnical primary care
sample among 100,000 adults within 5 years in the USA
and Canada. Among 99,711 subjects not belonging to
the same family, 299 people were C282Y homozygotes.
Presumed C282Y homozygosity prevalence was 0.44 %
among non-Hispanic whites, 0.11% among Native
Americans, 0.027% among Latinos, 0.014% among
blacks, 0.012% among Pacific Islanders, 0.000039 %
among Asians. C282Y homozygosity prevalence in
Ireland was 1.2 %. Besides, the average prevalence of
C282Y homozygosity 0.4% and C282Y heterozygos-
ity 9.2% was demonstrated in the review of 27 stud-
ies including 6302 Caucasians. The same study dem-
onstrated the prevalence of C282Y homozygosity 0.5 %
and C282Y heterozygosity 9% in the North America.
In Asia, Africa, Middle East, and among native Austral-
asians (including indigenous persons, Vanuatu Aus-
tralians, and Papuans), C282Y homozygosity was not
detected (n=3752), though the prevalence of C282Y
heterozygosity varied from 0% to 0.5%. The preva-
lence of C282Y/H63D heterozygosity and H63D homo-
zygosity was 2 % both in the Caucasian population; in
America, the prevalence of compound heterozygosity
was 2.5 %, while the prevalence of H63D homozygosity
was 2.1 %. Other studies reported the highest rate of
C282Y substitution among Europeans of non-Finnish
descent (5.14 % allele prevalence) [7].

Table 1. Separate population studies of homozygous frequencies HFE p.Cys282Tyr

Country Studied population Cohort size Frequency of HFE p.Cys282Tyr
Australia Workers 11 307 1 of 221
Australia Voters of Northern European descent 29 676 1 of 146
USA Primary Health Care Laboratory Clients 99 711 10f 333
Great Britain Persons, registered in the National Health Service 451 243 1 0f 156
Norway Hospitalized persons (Europeans only) 1900 10f 136
Spain Blood donors 5370 1of671
France Visitors of health assessment centers 9396 10f 174
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In the USA, almost 1 out of 300 white Caucasians
suffers from hereditary hemochromatosis; 1 out of
15 persons of North American descent has at least one
mutant HFE copy, which is the most common gene
mutation associated with hereditary hemochroma-
tosis [8]. Hereditary hemochromatosis is not associ-
ated with sex, though it is more likely symptomatic in
males. In females, symptoms of hemochromatosis may
develop at a later age (after menopause) due to regu-
lar menstrual blood losses. Almost 75 % of people have
hemochromatis diagnosed before clinical signs develop
(mainly due to genetic testing). Despite the high preva-
lence of C282Y homozygosity, only a small amount of
people accumulate enough iron to cause organ damage.
Accounting for C282Y autosomal-recessive inheritance,
the prevalence of C282Y homozygosity in males and
females is the same, though the prevalence of clinical
signs differs. One study demonstrated that clinical signs
of hemochromatosis were detected only in 28.4% of
males and 1.2 % of females with C282Y homozygosity.
However, in the beginning of the study, 81.8 % of males
and 55.4% of females had increased serum ferritin
levels, i.e. the biochemical penetrance should be higher
than the clinical one. Other studies revealed that clini-
cal signs of hemochromatosis developed in 25-60 % of
C282Y homozygotes. Various factors (i.e. genetic modi-
fiers, environmental or lifestyle factors) probably deter-
mine the phenotype in C282Y homozygotes [9].

The cohort study that included 22 sites from England,
Scotland, Wales (British biobank; in total 451,243 Cau-
casians) detected 2890 (0.6 %) people with the homo-
zygous p.C282Y phenotype. With that, the diagnosis of
hemochromatosis was established in 21.7% of males
and 9.8 % of females. This confirms the hypothesis that
p.C282Y-associated iron overload may be prevented and
cured with the early intervention. The study of Brazil-
ian blood donors detected the 2.1 % prevalence of HFE
p-C282Y alleles.

« Hemochromatosis classification

4 hereditary hemochromatosis subtypes have been
described — these result from increased iron absorp-
tion into the bloodstream from the gastrointestinal
tract. Decreased hepcidin activity or synthesis cause the
majority of hemochromatosis cases. Type 1 is associated
with mutations in the HFEgene — this causes over 80 %
of hemochromatosis cases, type 2A is caused by muta-
tions in the HJV (or HFE2) gene, type 2B is caused by
mutations in the HAMP gene, type 3 is caused by muta-
tions in the TFR2 gene, type 4 is caused by mutations in
the SLC40A1 gene — these lead to increased ferroportin

activity (this disease was initially classified as type 4B,
and it differs from the ferroportin disease which is
caused by the ferroportin loss of activity and classified
as type 4A) [10].

o Clinical signs of hemochromatosis

Clinical signs of homozygous HFE-associated hemo-
chromatosis (p.C282Y) were initially described by A.
Trousseau and E.D. von Reclinghausen. Early clinical
cohort studies detected significant morbidity and mor-
tality in this disease [11], [12].

After the HFE gene discovery, population studies
demonstrated various biochemical and clinical signs
of hemochromatosis. Crossover cohort studies demon-
strated that hemochromatosis was not associated with
increased mortality. Later population studies dem-
onstrated that p.C282Y-homozygous males (but not
females) had a significantly higher risk of death to the
age of 75 years (19.5% vs. 15.1 % in the control group).
It was also detected that complex or simple p.C282Y
and/or p.H63D heterozygosity was not associated with
the increased risk of premature death [13, 14]. p.C282Y
homozygosity was associated with significant dementia,
delirious disorders, sarcopenia, weakness, and chronic
pain in males over 60 years of age [15, 16].

HFE-associated hemochromatosis may be asymp-
tomatic for over 30 years (even over 40 years in males
and over 50 in females). In non-HFE-associated hemo-
chromatosis, symptoms may emerge at the age of about
20-30 years. In general, symptoms are variable, which
explains late diagnosis [17].

In hemochromatosis, iron location in different tis-
sues is determined by several factors, including the dis-
ease stage, total iron overload value, and genetic predis-
position of specific organs to iron overload. Excess tissue
iron may be stored in the reticuloendothelial system
until the threshold is exceeded. When this occurs, other
organs (including the liver, heart, pancreas, spleen,
pituitary gland) may also serve as excess iron depots.
Animal studies demonstrate that the source of excess
iron may partially determine the iron deposition degree
in the heart.

Fatigue and arthralgia are among the most common
symptoms. Skin signs mainly include melanodermia
(skin pigmentation), sometimes — dry skin and nail
changed (even paradoxical koilonychia, a classic sign
of iron deficiency anemia). Main hepatic symptoms
include hepatomegaly and mild transaminitis with the
preserved liver function. Hemochromatosis may cause
diabetes mellitus, hypogonadism, or hypopituitarism.
It is very important to remember that HFE-associated
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hemochromatosis occurs in Caucasian people, while
non-HFE-associated hemochromatosis may be detected
in many ethnic groups, although it is much less
common [18].

The most common and significant clinical signs
include liver diseases and arthritis [19]. p.C282Y-homo-
zygous males (but not females) have a more than 4-fold
risk of hepatic diseases compared to persons without
HFE mutations. Male p.C282Y homozygotes also have
an increased risk of arthritis, colorectal cancer, and dia-
betes mellitus. Female p.C282Y homozygotes also have
an increased risk of arthritis, colorectal cancer, and
breast cancer compared to females without HFE gene
mutations [13].

o Liver pathology: Progressive liver fibrosis or
cirrhosis in non-HFE-associated hemochromato-
sis is rare before the age of 45 years in the absence of
other concomitant liver diseases [20]. The risk factors
for liver fibrosis or cirrhosis include excessive alcohol
consumption, diabetes mellitus, arthritis, serum ferri-
tin levels over 1000 pg/L, and hepatic iron levels over
200 pmol/g [21].

In HFE p.C282Y-homozygous males, the lifetime
risk of primary hepatic carcinoma is 12-fold compared
to males without HFE gene mutations. HFE p.C282Y-
homozygous females do not have increased hepatic car-
cinoma risks [13]. The largest risk of primary hepatic
carcinoma is present in patients with liver cirrhosis [22];
liver ultrasound every 6 months is recommended for
timely diagnosis [23].

o Arthritis: Joint lesions are detected in at least 24 %
of patients with hemochromatosis. Classic arthropathy
involves metacarpophalangeal joints, followed by the
hip, ankle, wrist, elbow, shoulder, and knee joints, as
well as the lumbar spine. It can be hard to differenti-
ate the hemochromatosis-associated arthropathy from
osteoarthritis. It is unknown why arthropathy affects
only some patients with hemochromatosis. Arthritis
may develop at various disease stages and even after suc-
cessful phlebotomies. Risk factors for arthritis include
older age, progressive liver fibrosis, prolonged periods
of serum ferritin levels over 1000 pug/L and serum iron
transferrin saturation >50 % [24].

Hepatic diseases and arthritis usually manifest
simultaneously. The probability of arthritis is higher
with larger iron loads or during the later stage of liver
lesions [17]. The recent study demonstrated that arthri-
tis was closely associated with significant liver fibrosis,
i.e. arthritis was diagnosed in 84 % of HFE p.C282Y

homozygotes with significant liver fibrosis, while 34 %
of p.C282Y homozygotes with arthritis had significant
liver fibrosis. It is important to note that late-stage liver
fibrosis was observed only in 5% of patients without
arthritis. Thus, the absence of arthritis had a 95 % nega-
tive prognostic value for progressive liver fibrosis [25].

o Other clinical signs: Other conditions typical for
HFE p.C282Y homozygous hemochromatosis include
diabetes mellitus, hyperpigmentation, hypogonado-
tropic hypogonadism, and cardiomyopathy. Such con-
ditions are usually treated in accordance with general
clinical guidelines in combination with the iron over-
load treatment. Cardiomyopathy is a rare complication,
which is potentially reversible with iron overload treat-
ment [14].

o Diagnosis of hemochromatosis

The modern diagnostic approach to hemochromato-
sis is non-invasive, i.e. liver biopsy is no longer required.
Hemochromatosis may be diagnosed only based on the
combination of clinical, laboratory, and imaging data.

1. Laboratory tests

The most common diagnostic biochemistry tests
include the following plasma parameters: iron, trans-
ferrin saturation coeflicient (SAT), and serum ferritin
(SF). Increased SAT is the earliest biochemical disorder
in hemochromatosis, reflecting increased iron absorp-
tion. It is >45% (often >60% in males and >50% in
females) and should be confirmed by the repeated test.
Increased SF (>300 pg/L in males and postmenopausal
females, >200 pg/L in premenopausal females) is typical
for hemochromatosis, but this may also occur in inflam-
matory processes, metabolic syndrome (especially in
diabetes mellitus), alcohol consumption, and hepatic
lesions [26].

2. Genetic testing

Genetic testing is arranged in patients with high SAT
provided that other mechanisms are excluded, except
for iron excess in the body (especially hypotransferrin-
emia due to hepatocellular failure, nephrotic syndrome,
or malnutrition). Hemochromatosis should be consid-
ered not as a simple monogenic disease, but rather as
a complex result of interactions between the environ-
ment, lifestyle, and genetic factors that have not been
yet identified. It is widely thought that homozygous
p-C282Y mutations in the HFE gene form the necessary
basis for iron excess in the body. Regarding p.C282Y/p.
H63D compound heterozygosity, it may predispose
only to mild iron overload, and the physician should
be cautious when informing the patient, as mentioning
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hemochromatosis may lead to unnecessary anxiety of
the patient and his/her family.

If the genetic testing for HFE gene mutations is nega-
tive, further genetic tests may be arranged with other
genes participating in iron metabolism and hepcidin
synthesis. Non-HFE-associated hemochromatosis is less
prone to the effects of cofactors and is characterized by
a more severe and uniform clinical condition manifest-
ing at a younger age. Modern approaches based on the
next-generation sequencing (NGS) expand the diagnos-
tic possibilities of rare lesions; however, at the same time
they create issues for the interpretation of results. Ter-
tiary centers (both state and private ones) are required
for the NGS technology, its costs remain high, though
they tend to decrease with time [26].

It should be noted that the direct sequencing tests
for HIV, HAMP, TFR2, SLC40A1, and even HFE genes
in most hospitals is not widely available globally. Treat-
ment usually does not depend on molecular diagnosis.
Thus, it is important to remember that patients with the
clinical diagnosis of hemochromatosis should not wait
for the DNA test results in cases of difficult access to
genetic identification to start the treatment [27]. Nev-
ertheless, results of genetic tests are important for the
prognosis of the disease course and the assessment of
risk of giving birth to sick children in the family.

3. Tissue biopsy

Liver biopsy is the best method for the quantifying
assessment of iron overload. However, there’s no corre-
lation between iron deposition in the liver and myocar-
dium. Liver deposition in the myocardium progresses
slower than iron absorption by the liver. Endomyocar-
dial biopsy may be required for patients with cardiac
manifestations. Increased iron levels are always detected
during endomyocardial biopsy in patients with the left
ventricular dysfunction associated with the cardiac
hemochromatosis.

4. Imaging methods

Magnetic resonance imaging (MRI) may be useful
for the detection and quantification of iron overload in
the body, especially in the liver and spleen (the contrast
between significant iron overload in the liver and no
iron overload in the spleen is common for hemochro-
matosis). Laboratory tests in combination with MRI
have currently replaced liver biopsy in many situations.

Liver ultrasound is often the first diagnostic step
when the patient demonstrates increased liver enzyme
levels, or the liver disease is suspected. Ultrasound
cannot detect iron in the liver tissue, and, thus, it cannot
be used to diagnose iron overload in hemochromatosis,
though it may be useful in the differential diagnosis to

exclude other causes of elevated liver enzymes and non-
alcoholic fatty liver disease (NAFLD). Ultrasound may
also be used in the diagnosis of liver cirrhosis and hepa-
tocellular carcinoma (HCCQC).

Ultrasound elastography (Fibroscan’) of the liver was
used to evaluate fibrosis in patients with hemochroma-
tosis only in several studies. The issue of whether this
method can be used for HFE-associated liver fibrosis
diagnosis and follow-up should be analyzed addition-
ally [28].

Computed tomography (CT) of the liver can detect
iron in the liver parenchyma, however this method
requires special scanner programming, is semi-quan-
titative, and has several sources of errors. After MRI
implementation, CT is rarely used to detect iron con-
centration in the liver, though it may help to visualize
focal liver lesions [29].

X-ray of joints is used to evaluate the degree of
arthritis. The rheumatological evaluation system based
on X-rays of hands, wrists, knees, and ankles was
checked in the group of patients with hemochromatosis
and arthritis.

Dual-energy X-ray absorptiometry (DXA) is used
to determine the bone tissue density in the diagnosis of
osteopenia and osteoporosis [30].

o Treatment of hemochromatosis

1. Diet therapy

Patients with hemochromatosis should not take oral
iron drugs. Consumption of large vitamin C amounts
quickly mobilizes iron from the heart, increases the
production of free radicals, and causes lethal arrhyth-
mias. Due to this, synthetic vitamin C should not be
used in hemochromatosis, though vegetables and fruit
rich in vitamin C may be consumed. Alcohol increases
iron absorption, while some red wines contain large
amount of iron, so they should not be consumed. The
low-sodium diet is indicated for patients with cardiomy-
opathy and heart failure [31].

2. Iron removal

Phlebotomy. Bloodletting remains the main method
of HFE-associated hemochromatosis treatment. Phle-
botomy is also the preferable treatment method in non-
HFE-associated hemochromatosis; however, additional
oral chelation can be used in the most severe cases
(e.g., in patients with juvenile hemochromatosis). Blood-
letting is also efficient in the treatment of patients with
ferroportin disease, though it should be less frequent,
accounting for the risk of anemia due to poor iron recir-
culation in these patients. Many physicians and patients
insist that high serum ferritin levels corresponds to iron
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overload, and it should be treated with phlebotomy.
However, as mentioned earlier, patients without C282Y
homozygosity may not always have iron overload.

The aim of phlebotomy is to remove excess iron and
prevent further tissue damage. Due to ethical issues,
phlebotomy was not analyzed in randomized clinical
trials, which makes understanding the natural course of
non-treated diseases difficult. Although some persons
(rarely) believe that phlebotomy use is not evidence-
based, the majority of experts think that this iron store
depletion form may improve chronic fatigue and car-
diac function, stabilize the liver function, reverse liver
fibrosis, and decrease skin pigmentation in patients with
hemochromatosis. However, joint symptoms are poorly
controlled by phlebotomy and may worsen. The efficacy
of bloodletting is good if it was started before the devel-
opment of liver cirrhosis. Adverse phlebotomy effects
emerge in 37-50% of patients and include phlebitis,
malaise, fatigue. If adverse effects emerge, increased
intervals between procedures are possible [32].

Phlebotomy is usually arranged in the outpatient set-
ting by nurses. The blood volume of 400-500 mL is usu-
ally removed within 15-30 min with the patient in the
supine position. This process is repeated weekly until
the serum ferritin level reaches ~50 ug/L. Hemoglobin
level is also assessed, and the phlebotomy regimen is
altered if hemoglobin level drops below 11 g/dL (e.g.,
400-500 mL during one session once every two weeks).
Simultaneous oral fluid administration (e.g., a salty
sports drink) in the volume equivalent to that of blood
removed during phlebotomy is important to maintain
the plasma volume during the procedure. The dura-
tion of induction therapy depends on the iron overload
severity, spanning from several months to several years.
After the induction phase, supportive phlebotomies are
conducted to maintain serum ferritin at the levels of
~50 pg/L. If bloodletting is continued after serum fer-
ritin levels reach <20 pg/L, iron deficiency may occur.
Serum hepcidin levels may decrease during bloodletting
[33]. Supportive phlebotomies are conducted 2-4 times
per year, while this depends on the rate of iron reac-
cumulation, which varies in different patients. Serum
ferritin levels are checked 3-6 months after the comple-
tion of induction therapy may be useful to evaluate the
rate of iron reaccumulation. Serum ferritin levels may
be assessed monthly during induction phlebotomy and
weekly when serum ferritin levels drop below 100 ug/L.
As soon as serum ferritin reaches 50 pg/L, serum fer-
ritin levels may be assessed annually or during each
supportive phlebotomy. Although evidence confirm-
ing supportive treatment use is lacking, many patients

appreciate it, especially if they can become voluntary
blood donors [34].

Despite successful iron depot depletion, transferrin
saturation remains increased in some patients. It is pro-
posed that normal transferrin saturation maintenance
may improve symptoms greater than ferritin decrease.
However, transferrin saturation may not decrease until
the patient almost reaches iron deficiency; thus, mainte-
nance of corresponding ferritin and transferrin satura-
tion levels may be difficult [35].

Red blood cell exchange in hemochromatosis. Red
blood cell exchange is the method of selective red blood
cell removal with or without erythropoietin administra-
tion. This process removes iron excess from tissues twice
faster than whole blood phlebotomy. When analyzing
patients with hereditary hemochromatosis, therapeu-
tic red blood cell exchange demonstrated almost 70 %
decrease in the total amount and duration of treatment
vs. phlebotomy. Terminal cardiomyopathy associated
with hereditary hemochromatosis was successfully
treated with red blood cell exchange in combination
with the left ventricular assist device [36].

Chelating agents. Bloodletting is not a treatment
option for patients with anemia (secondary disorders
associated with iron overload) and patients with severe
heart failure. Iron chelating agents are considered the
treatment of choice in these patients. Iron chelating
agents increase the rate of iron elimination due to bind-
ing iron in plasma and tissues, removing iron excess.
Serum ferritin levels should be checked periodically.
If serum ferritin levels drop below 1000 ng/mL, iron
chelating agents should not be started. Deferoxamine,
deferiprone and deferasirox are three iron chelating
agents approved by the US Food and Drug adminis-
tration for the treatment of secondary chronic iron
overload.

Deferoxamine is a hexadentate molecule which
directly binds to labile iron in plasma and tissues, includ-
ing the heart. Deferoxamine has low bioavailability with
oral administration and a short half-life. This product is
administered as subcutaneous or intravenous infusions.
The recommended dose for adults is 40-50 mg/kg/day,
which is administered within 8-12 hours 5-7 times a
week. Deferoxamine treatment decreased myocardial
iron levels almost by 24 %, delays the onset of clinical
cardiac hemochromatosis manifestations, reverses car-
diac hemochromatosis in early stages, improves the left
ventricular function, and increases survival in trans-
fusion-dependent patients with thalassemia. However,
prolonged compliance with deferoxamine treatment
regimen leaves much to be desired [37].
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Deferiprone is an orally active bidentate iron chelat-
ing agent approved for the treatment of iron overload
in patients with transfusion-dependent thalassemia, in
whom the current chelating treatment is inadequate.
The starting deferiprone dose is 75 mg/kg/day, divided
into 3 administrations. The maximum deferiprone dose
is 99 mg/kg/day. Several studies demonstrated that
deferiprone decreased myocardium levels better than
deferoxamine. It was detected that combined deferi-
prone and deferoxamine treatment quickly decreases
iron overload and improves cardiac function in patients
with iron overload, heart failure, and unstable hemody-
namics [37].

Deferasirox is a tridentate iron chelating agent with
good oral bioavailability approved for the treatment
of iron overload related to repeated blood transfu-
sions. The starting oral deferasirox dose is 20 pg/day
once daily (with the maximum dose of 40 mg/kg/day).
Deferasirox decreases serum ferritin levels, decreases
iron overload in the heart and liver. New iron chelat-
ing agents studied in the treatment of iron overload-
associated diseases include silibine, deferitrine, and
starch-conjugated deferoxamine. The transcutaneous
iron and ferritin excretion using the Al-Hijama method
(specific transcutaneous blood volume removal using
special pots) is a new method of iron overload method
in hemochromatosis, -thalassemia, and sideroblastic
anemia [38].

Investigated methods of
hemochromatosis treatment

Hepcidin treatment. Murine models demonstrated
that hepcidin analogues decreased iron overload and
iron-induced tissue hypertoxicity. Minihepcidins rep-
resent smaller hepcidin-like peptides which decreased
iron concentration in the myocardium of mice with
knocked out hepcidin. Minihepcidins prevented iron
overload in the model of severe hemochromatosis in
mice with hepcidin deficiency. Minihepcidins may be
probably beneficial in iron overload-associated disor-
ders or when used separately for prophylaxis, or as con-
comitant therapy with phlebotomy or chelation. Natural
hepcidin and its analogues are investigated in the treat-
ment of iron overload with hemochromatosis.

Apotransferrin treatment. Several studies demon-
strated decreased Faml132b (erythroferrone) erythroid
gene expression, increased hepcidin gene expression
in the liver, increased plasma hepcidin-25 levels, and
decreased intestinal ferroportin-1 in mice with thal-
assemia administered apotransferrin. Apotransferrin

treatment requires further analysis regarding the nor-
malization of iron levels in the myocardium and other
organs [39].

Gene therapy. Gene therapy of such diseases as
B-thalassemia and sickle-cell anemia may prevent the
need in blood transfusions and iron overload in tis-
sues. DMT1 and enterocyte ferroportin gene expression
inhibition were recommended as gene therapy targets
for patients with hereditary hemochromatosis. Other
therapeutic approaches to be investigated include wild-
type HFE gene overexpression in enterocytes and hep-
cidin (regulatory iron peptide) overexpression in the
liver. Mutations in the HFE gene may affect the survival
of patients with myelodysplastic syndrome; studies are
required to determine whether such patients should be
treated with powerful iron chelating agents [40].

o Cardiac hemochromatosis

Cardiac hemochromatosis, or primary cardiomy-
opathy with iron overload, is an important and poten-
tially preventable cause of heart failure. Iron overload-
associated cardiomyopathy is defined as systolic or
diastolic cardiac dysfunction [41] caused by enhanced
iron deposition; it is an important cause of chronic heart
failure due to the increased incidence of this pathology
observed in patients with thalassemia and in patients
with hereditary hemochromatosis. Cardiomyocyte fer-
roportin regulates cellular iron homeostasis, while the
location of iron deposition in the myocardium deter-
mines the severity of cardiac dysfunction [42]. Due to
intensive metabolism, cardiomyocytes are especially
sensitive to toxic iron effects. Consequently, iron depo-
sition in the myocardium may lead to cardiomyopathy
and heart failure, which is a relatively later, but poten-
tially fatal manifestation of hemochromatosis [43].
Myocardium is especially sensitive to iron-induced oxi-
dative stress due to a large amount of mitochrondria and
low antioxidant levels.

The iron from transfusion sources is more likely
to accumulate in the heart than the orally taken one.
During cardiac iron accumulation, iron predominantly
deposits in epicardial myocytes, while affecting the
whole wall thickness only later. Cardiac iron overload
initially leads to increased perinuclear iron deposition
with subsequent deposition in the whole cell. Iron depo-
sition is more widespread in ventricles than in atria. The
cardiac conductive system is often involved. Myocar-
dial dysfunction severity correlates with the amount of
iron deposition in the myocardium. As iron deposits
enhance in the myocardium, this leads to increased left
ventricular wall thickness. This may lead to decreased
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left ventricular compliance, decreased systolic function,
and dilation [44].

Factors affecting the penetrance include sex, age,
physiological and pathological blood losses, blood dona-
tion, dietary iron and alcohol consumption, hepatitis B
and C, obesity, administration of dietary supplements
(with iron and vitamin C) [45].

Mechanical alterations associated with myocardial
hemochromatosis are aggravated by cytotoxic iron
effects inside myocytes. Iron in these cells abruptly
accelerates the production of hydroxyl ions, extremely
reactive free oxygen radicals which may destroy the
cellular lipid bilayer, lysosomes, membranes of other
organelles, leading to cellular dysfunction and death.

o Clinical features of cardiac hemochromatosis

Clinical signs of cardiac hemochromatosis may be
divided into three categories, including arrhythmias,
congestive failure due to systolic dysfunction, and con-
gestive failure due to diastolic dysfunction [43].

Hemochromatosis and arrhythmias. Patients with
cardiac hemochromatosis often develop atrial and ven-
tricular arrhythmias and blocks due to myocardial dys-
function and iron deposition in the atrioventricular
node and the conductive system. Symptoms may include
simple palpitations or overt syncope. Palpitations are
routine and detected in 37 % of patients. Irregular pal-
pitations may be associated with atrial fibrillation,
premature atrial or ventricular contractions, or sinus
arrhythmia. Regular, fast palpitations may be related to
paroxysmal supraventricular tachycardia, sustained or
non-sustained ventricular tachycardia, or atrial flutter.
Palpitations may be accompanied by dizziness, chest
discomfort, diaphoresis, and dyspnea. Several patients
may develop symptoms of pre-syncope or overt syncope
associated with bradyarrhythmias, including inadequate
sinus bradycardia, 2nd degree (Mobitz II) or even 3rd
degree atrioventricular block. Some patients may expe-
rience dizziness before losing consciousness, but in
other situations no preliminary signs develop before
Adams-Stokes attacks. Patients with sick sinus syn-
drome may manifest with palpitations due to tachycar-
dia alternating with dizziness due to bradycardia. This
tachy-brady syndrome may be the result of alternating
atrial fibrillation with quick conductivity and subse-
quent spontaneous conversion to sinus rhythm with
significant sinus bradycardia. The diagnostic evaluation
in a patient with arrhythmia does not differ depending
on whether arrhythmias are caused by hemochromato-
sis or any other disease. This includes electrocardiogra-
phy with subsequent Holter monitoring or even longer

cardiac event monitoring. If these test results are not
decisive, cardiac catheterization and electrophysiologi-
cal study may be required [43].

Chronic heart failure. By the time chronic heart
failure develops due to cardiac hemochromatosis, the
diagnosis of this disease has already been verified in
the majority of cases based on other existing symp-
toms. If chronic heart failure is the main manifestation
of hemochromatosis, dyspnea on physical exertion with
gradually decreasing load tolerance may develop in the
disease onset, followed by paroxysmal nocturnal dys-
pnea (the patient is in a forced position with the elevated
head end of the bed (lying on high pillows) — orthop-
nea); later, dyspnea may emerge even at rest, and pul-
monary edema may develop. Patients with higher iron
deposition in the right ventricle than the left one may
develop right ventricular failure. With isolated right
ventricular heart failure, dyspnea is not prominent, and
pulmonary congestion is absent. In such patients symp-
toms include peripheral edema, weakness, and fatigue.
Congestive hepatomegaly may cause discomfort, which
is usually described as dull pain or heaviness in the right
upper abdominal quadrant or epigastrium. This pain
may be caused by the hepatic capsule distension; it may
be intensive with the quickly increased size of the liver in
acute right ventricular failure. Physical signs of chronic
heart failure in cardiac hemochromatosis also include
increased jugular venous pressure, positive hepatojugu-
lar reflux, pleural effusion, and ascites. Cardiomegaly
may be accompanied by the lateral point of maximum
impulse shift, emergence of pathological additional
S3 and S4 heart sounds (gallop rhythm), systolic mur-
murs or mitral and/or tricuspid regurgitation associated
with dilation of the left or right ventricles. These mur-
murs often decrease or disappear after the restoration of
the cardiac function [45].

» Diagnosis
Biochemistry tests. Cardiac hemochromatosis
should be suspected in any patient with unexplained
heart failure. Systemic iron overload should be screened
for using serum ferritin and transferrin saturation. If the
results of these tests correspond to iron overload, subse-
quent non-invasive and histological investigations are
indicated to confirm organ lesions due to iron overload.
Guidelines recommend that plasma transferrin satu-
ration levels are over 55 %, while serum ferritin levels
are over 200 ng/mL in females or 300 ng/mL in males
when diagnosing patients with iron overload. As serum
ferritin is an acute phase reactant, it is not robust in

diseases with active inflammation. Serum iron studies
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are beneficial for screening for total iron overload, but
are not robust in the diagnosis of organ-specific over-
load (i.e. cardiac iron). Serum ferritin levels do not
correlate with the myocardial iron overload severity.
Despite low serum ferritin levels, myocardial deposition
levels may be high. A strong correlation exists between
plasma N-terminal pro-B-type natriuretic peptide (NT-
proBNP) levels and iron overload parameters [46].

Tissue biopsy. Liver biopsy is the best method for
the quantifying assessment of iron overload. However,
there’s no correlation between iron deposition in the
liver and myocardium. Liver deposition in the myocar-
dium progresses slower than iron absorption by the liver.
Endomyocardial biopsy may be required for patients
with cardiac manifestations. Myocardial iron is con-
stantly detected in endomyocardial biopsy specimens in
patients with left ventricular dysfunction resulting from
cardiac hemochromatosis.

Electrocardiography data. Electrocardiography
(ECQ) is usually not of diagnostic value in early cardiac
hemochromatosis. In advanced cardiac hemochroma-
tosis, ECG demonstrates low QRS voltage and non-spe-
cific ST/T anomalies. Atrial tachyarrhythmias (espe-
cially paroxysmal atrial fibrillation) are commonly
observed. Ventricular arrhythmias develop with LVEF
decrease. Iron deposition in the conductive system may
cause 1st degree, 2nd degree, or complete atrioventric-
ular blocks.

Echocardiography data. In early cardiac hemo-
chromatosis lesions, echocardiography may detect left
ventricular diastolic dysfunction associated with the
impaired relaxation of the left ventricle or its restriction.
Signs typical for dilated cardiomyopathy (phenocopy)
with reduced LVEF typically develop later. Patients with
cardiac hemochromatosis may demonstrate dilation of
the left or right heart chambers and reduced LVEF, or
left atrium and right ventricle dilation with increased
pulmonary artery pressure and normal LVEF. Eccentric
left ventricular hypertrophy may develop as well. Tissue
Doppler echocardiography may be used to diagnose dia-
stolic left ventricular dysfunction in early cardiac hemo-
chromatosis stages [29].

Cardiac magnetic resonance imaging. Although
echocardiography may be used to detect myocardial
iron overload, it does not accurately predict iron levels
in the myocardium. MRI provides quantification of the
myocardial iron loads. In patients with cardiac hemo-
chromatosis, iron-overloaded myocardium demon-
strates changes in the signal intensity and sensitivity
with a shorter relaxation time and a quicker image dark-
ening associated with paramagnetic iron effects. The

relaxation time may be measured using the spin echo
method, in which signals are refocused using a special
radiofrequency impulse or small magnetic fields called
gradients (gradient echo) in specific time intervals
(echo time). Relaxation decay time constant inversely
correlates with myocardial iron levels. The larger myo-
cardial iron levels, the shorter are T2 and T2* — spin
echo decay time constant and gradient echo-induced
relaxation time, respectively. Spin echo is less sensitive
than gradient echo to evaluate myocardial iron levels.
T2* method is more sensitive and highly specific for
quantification and longitudinal follow-up of myocar-
dial iron deposition. A good inverse correlation exists
between the T2* in the patient’s myocardium and LVEF,
as well T2* in the patient’s myocardium significantly
correlates with the requirements for cardiac hemochro-
matosis treatment [47].

T2* relaxation time is determined by iron in the
hemosiderin form, but not iron in the labile cellular
or ferritin form, accurately predicting myocardial iron
levels. Clinical severity of myocardial iron overload in
cardiac hemochromatosis is evaluated using T2* values.
Patients with T2* relaxation time over 20 ms have a low
risk of congestive heart failure. Patients with T2* relax-
ation time 10-20 ms probably have myocardial iron
deposits, thus having an intermediate risk of congestive
heart failure. Patients with T2* relaxation time less than
10 ms have a high risk of congestive heart failure and
require chelation therapy [47].

o Treatment of cardiac hemochromatosis

Treatment of iron overload conditions is important
to prevent or eliminate cardiac dysfunction. Iron excess
removal from tissues in these patients leads to minimum
formation of free radicals, decreasing organ damage. The
treatment to remove excess iron stores includes thera-
peutic phlebotomy and iron chelating agents. Treatment
of the main disease causing iron overload and diet ther-
apy are also important when treating cardiac hemochro-
matosis. Diet therapy includes abstaining from taking
drug-induced iron, mineral supplements, excess vita-
min C, and raw seafood. Congestive heart failure should
be treated using the standard drug therapy of heart fail-
ure [48].

Therapeutic phlebotomy in cardiac hemochro-
matosis. Phlebotomy decreases myocardial iron levels
and improves left ventricular diameter, left ventricular
fractional shortening, LVEF, left ventricular weight, and
left atrial size in these patients. Treatment of cardiomy-
opathy-associated congestive heart failure and serious
arrhythmias in patients with cardiac hemochromatosis
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should be used until therapeutic phlebotomy (some-
times in combination with iron chelating therapy)
decreases excess myocardial iron levels.

Heart transplant in cardiac hemochromatosis.
Heart transplant is a therapeutic option for patients
with cardiac hemochromatosis and severe heart fail-
ure refractory to optimal conservative treatment and
cardiac resynchronization therapy. Out of 16 patients
that underwent heart transplant associated with iron
overload cardiomyopathy, etiology was distributed as
follows: primary hemochromatosis in 11 patients, thal-
assemia major in 4 patients, Diamond-Blackfan anemia
in 1 patient. 30-day mortality was 12 %, while 3 deaths
were related to infectious complications. Actuarial sur-
vival (Kaplan-Meier method) in 1, 3, and 5 years was
81 %, 81 %, and 81 %, respectively. 10-year actuarial sur-
vival was 41 % [49].

Congestive heart failure after liver transplant may
require the use of a biventricular assist device. Com-
bined heart and liver transplant is indicated in patients
with severe cardiomyopathy associated with iron over-
load and liver cirrhosis. All these patients should con-
tinue therapy to decrease iron overload and prevent
hemochromatosis of the transplanted heart. In patients
with secondary iron overload (i.e. myelodysplastic syn-
drome, sickle cell anemia, P-thalassemia, Diamond-
Blackfan syndrome), hematopoietic stem cell transplant
may decrease blood transfusion requirements and slow
down the rate of iron overload in these patients [50].

Investigated methods of
cardiac hemochromatosis
treatment

Calcium channel blockers. L-type and T-type Ca2+-
channels provide the main pathway for iron influx into
cardiomyocytes in iron overload cardiomyopathy. It was
demonstrated that amlodipine decreased iron absorp-
tion and production of free oxygen radicals in murine
hearts with chronic iron overload. Therapy with calcium
channel blockers (nifedipine, verapamil, efonidipine)
and the divalent metal transporter 1 (ebselen) demon-
strated decreased iron deposition in the heart, cardiac
malonic dialdehyde and plasma non-transferrin-bound
iron levels, as well as improved cardiac rhythm vari-
ability and left ventricular function in mice with thal-
assemia and iron overload. Efonidipine and ebselen
decreased mortality in such mice. Further studies are
required to determine whether calcium channel block-
ers may be effective in the prevention and treatment of
iron overload cardiomyopathy [51].

Conclusion

Hemochromatosis is a multisystemic disease, which
starting symptoms include fatigue, arthralgia, decreased
libido, erectile dysfunction, signs of hepatic, cardiac
lesions, and diabetes mellitus. These are subsequently
followed by organ dysfunction with the emergence of
such lesions as liver cirrhosis, cardiomyopathy, pancre-
atic fibrosis, and osteoporosis. Timely detection of this
systemic disease may prevent multiple organ damage.
Biochemical parameters and T2* relaxation time in car-
diac MRI are not only of diagnostic value, but also help
to quantify the therapeutic effect. Treatment includes
phlebotomy and iron chelating agents which provide
normal survival in pre-clinical and early clinical stages.
Specific chelation, red blood cell exchange, and standard
treatment of heart failure may demonstrate significant
benefits even in the late stage. As symptoms and organ
lesions are often irreversible, it is important to start the
treatment as soon as possible, before symptoms and
organ dysfunction develop.
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