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Abstract

Accurate evaluation of iron overload is necessary to
establish the diagnosis of hemochromatosis and guide
chelation treatment in transfusion-dependent anemia.
The liver is the primary site for iron storage in patients
with hemochromatosis or transfusion-dependent
anemia, therefore, liver iron concentration (LIC) ac-
curately reflects total body iron stores. In the past 20
years, magnetic resonance imaging (MRI) has emerged
as a promising method for measuring LIC in a variety
of diseases. We review the potential role of MRI in LIC
determination in the most important disorders that are
characterized by iron overload, that is, thalassemia
major, other hemoglobinopathies, acquired anemia, and
hemochromatosis. Most studies have been performed
in thalassemia major and MRI is currently a widely
accepted method for guiding chelation treatment in
these patients. However, the lack of correlation between
liver and cardiac iron stores suggests that both organs
should be evaluated with MRI, since cardiac disease is
the leading cause of death in this population. It is also
unclear which MRI method is the most accurate since
there are no large studies that have directly compared
the different available techniques. The role of MRI in
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the era of genetic diagnosis of hemochromatosis is
also debated, whereas data on the accuracy of the
method in other hematological and liver diseases are
rather limited. However, MRI is a fast, non-invasive and
relatively accurate diagnostic tool for assessing LIC, and
its use is expected to increase as the role of iron in the
pathogenesis of liver disease becomes clearer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Iron homeostasis in humans depends exclusively on
the modulation of iron absorption since iron excretion
is passive (by shedding of intestinal and skin cells, and
additionally, in women by menstruation), and cannot be
actively upregulatedm. Therefore, patients with excessive
iron absorption (hemochromatosis) or with transfusion-
dependent congenital or acquired anemia are at increased
risk for developing iron overload". Excessive iron is toxic
because it generates free radicals and induces oxidative
stress”. Tron overload can result in the development of
diabetes and other endoctinopathies, liver cirrhosis and
hepatocellular carcinoma (HCC), cardiomyopathy and
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premature death in patients with thalassemia major” and

hemochromatosis’ . In turn, the management of iron
overload with chelation therapy in thalassemia major" ™
and with phlebotomy in hemochromatosis reduces the
tisk of diabetes, liver and cardiac disease and death””.

The accurate evaluation of iron overload is necessaty
to establish the diagnosis of hemochromatosis and guide
chelation treatment in transfusion-dependent anemia™"",
Serum ferritin levels are not an accurate measure of
total body iron stores, particularly in patients with high
iron burden, because concurrent conditions, particularly
inflammation and liver disease, increase these levels inde-
pendently of iron burden"*"*". Serum iron, transferrin,
transferrin saturation and transferrin receptor levels are
also imprecise markers of body iron stores™. The liver
is the primary site foriron storage in patients with hemo-
chromatosis or transfusion-dependent anemia, therefore,
liver iron concentration (LIC) accurately reflects total
body iron stores™”*", Liver biopsy with measurement of
iron concentration by atomic absorption spectroscopy is
considered the gold standard for LIC assessment' . How-
evet, hepatic iron distribution appears to be uneven, pat-
ticularly when cirrhosis is present, but also in the absence
of cirrhosis® . In addition, liver biopsy is an invasive
procedure and complications requiring hospitalization are
observed in approximately 0.5% of patients with thalasse-
mia major who undetgo liver biopsy, even in expetienced
centers”. The risks of liver biopsy also preclude repeated
biopsies, which are necessary in patients with thalassemia
major in order to adjust chelation treatment and avoid
iron overload and chelation-associated toxicity™*'™"".

It is apparent that there is a pressing need for non-in-
vasive methods that can provide accurate LIC measure-
ments. Superconducting quantum interference devices
(SQUIDs) has been used for this purpose, but appear to
underestimate LIC and are available in only a few cen-
ters'. In the past 20 years, magnetic resonance imaging
(MRI) has emerged as a promising method for measur-
ing LIC in a variety of diseases. We review the potential
role of MRI in LIC determination in the most important
disorders characterized by iron overload, namely, thalas-
semia major, other hemoglobinopathies, acquired ane-
mia, and hemochromatosis.

LITERATURE SEARCH

A literature search (using PubMed) was performed
using the following key words: “thalassemia major”,
“iron overload”, “MRI”, “livet”, “hemochromatosis”,
“desferrioxamine”, “deferiprone”, “deferasirox”, “thala-
ssemia intermedia”, “sickle cell disease”, “myelodysplastic
syndromes”, “bone marrow transplantation”, “hepatitis
C”, “alcoholic liver disease” and “non-alcoholic liver
disease” up to 13 January 2010. The authors also manually
reviewed the references of retrieved articles for any per-
tinent matetial.

MRI METHODS FOR ASSESSING LIC

The measurement of iron overload with MRI is based
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on the shortening effect of the interaction of iron-con-
taining molecules (particularly ferritin and hemosidirin)
with hydrogen nuclei (mainly in water molecules) on
T2 relaxation time"”*"*, Hepatic iron deposition with
MRI can be quantified by measuring the ratio of the
signal intensity of the liver and of a reference tissue
(mainly paraspinous muscle, which does not develop
siderosis)*"*". These signal intensity ratios (SIRs) can
be derived from ecither spin-echo (SE) T2-weighted
or from gradient recalled-echo (GRE) T2*-weighted
sequencesm’zg]. Liver siderosis can also be determined by
the direct measurement of relaxation time (relaxometry),
either T2 [or 1/T2 (R2)] from SE sequences ot T2* [or
1/T2* (R2%)] from GRE sequences; it is also possible
to measure both R2 and R2* relaxation times (hybrid
method)?"*. SIR-measuring methods are faster than
relaxometry but less sensitive, particularly in patients with
d®"*, In addition, SIR-measuring
methods appear to have smaller interscanner reprodu-
cibility than do relaxometry methods™". Among relaxo-

metry methods, R2 acquisition time is longer than R2*
[30]

severe iron overloa

acquisition time

MRI IN THALASSEMIA MAJOR

LIC determination

Some early studies have assessed the accuracy of LIC
quantification by liver/muscle SIR detived from either
GRE or SE sequencesm’ﬂ’azl. The correlation between
LIC measured in liver biopsy and SIR was stronger when
GRE sequences were used”". However, both methods
were inaccurate in patients with severe iron overload or
liver fibrosis, who represent a sizable percentage of the
thalassemia populationm’}l’?’ﬂ. In contrast, the presence of
viral hepatitis did not affect the correlation between MRI-
and liver-biopsy-based LIC measurements . More recent
studies also have reported moderate correlations between
SIR and LIC (r = 0.65-0.89)""*,

Regarding relaxometry methods, two large studies (1
= 80 and » = 106) have reported moderate correlations
between liver T2 and T2* measured in 1.5 T scanners
with LIC (r = -0.82 and » = -0.81, respectively)[37’38]. The
correlation coefficient between liver T2* and LIC was
stronger in patients without hepatic fibrosis (-0.93 25 -0.68
in patients with liver fibrosis)””. Two smaller studies (# =
46 and # = 52, respectively) reported relatively stronger
correlations between LIC and liver R2 determined in
a 1.5 T and 0.5 T imager, respectively (» = 0.874 and r
= 0.94, respectively)m’m. Interestingly, the presence of
liver fibrosis reduced the accuracy of the method only in
the 1.5 T scanner™™". Liver inflammation and chronic
hepatitis C virus (HCV) infection also had no effect on
the correlation between R2 and LIC in the 0.5 T unit™*",
A recent study also has suggested that measuring liver R2*
in higher field strength imagers (i.e. 3 T »s 1.5 T) yields
less accurate measurements, particularly in patients with
more severe iron overload*'. However, the latter studies
evaluated patients with different characteristics and their

results are not directly comparable[”’m.
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Several studies have shown that relaxometry methods
are more accurate than SIR-measuring methods for LIC
determination®™****!, In an early comparative study, liver
R2 correlated more strongly with biopsy-determined
LIC than liver/paraspinous muscle SIR measured in SE
sequences (r = 0.97 and 0.71, respectively)m]. Moreover,
the presence of liver fibrosis or inflammation did not
affect the correlation between liver R2 and LIC™*, Liver/
subcutaneous fat SIR did not correlate significantly with
LIC™. In another early small study (» = 10), liver R2
relaxation time measured with a 0.5 T MRI unit was better
correlated with LIC than was R2* relaxation time'. In
a large study in patients with thalassemia major (7 = 57),
sickle cell disease (SCD) (7 = 34), thalassemia intermedia
(n = 6) and other causes of iron overload (aplastic
anemia, hemochromatosis and heme-metabolism defects;
n = 5), liver R2 and R2* measured with a 1.5 T scanner
showed a strong correlation with LIC (» = 0.98 and
0.97, respectively; Figure 1)[3(”. R2 showed less variability
between imaging slices and better reproducibility
between examinations compared with R2**". Combined
measurement of R2 and R2* did not improve diagnostic
accuracy”™. We also recently showed in 94 patients with
thalassemia major a strong correlation between liver R2,
R2* and GRE-derived liver/muscle SIR in a 1.5 T unit™,
Liver R2 was more accurate than the other methods in
patients with more severe iron overload™. According to
current guidelines for the management of patients with
thalassemia major, MRI is a feasible alternative to liver
biopsy for determining LIC". The use of R2 sequences
and local individual calibration is recommended"”.

LIC and iron overload in other organs in thalassemia
major

Myocardial iron-overload-induced heart failure is the
cause of death in approximately 60% of patients with
thalassemia major'”. Measurement of cardiac T2* is the
currently recommended method for assessing cardiac
iron overload"’. However, several large cross-sectional
studies (total, » = 429) have not identified a significant
correlation between cardiac and liver T2*¥**1 Only
one large study (# = 180) has reported a weak, albeit
significant, correlation between liver T2* and cardiac
T2% (r = 0.18, P < 0.05)". In smaller studies (» = 46
and 38, respectively), liver R2 and R2* did not correlate
significantly with cardiac R2 and R2: e also found
no correlation between myocardial R2* and liver R2, and
R2* and GRE-derived liver/muscle SIR in 94 patientspbj.
Only a few studies have reported a significant correlation
between liver T2 and heart T2 or between liver R2*
and cardiac R2*""; however, the correlation was weak (r
= 0.34 and 0.23, respectively)l37’51j. Cardiac iron overload
has also been reported in patients with minimal iron
deposition in the liver™ . Finally, in a recent large study
in 652 patients with thalassemia major, liver T2* was very
weakly correlated with cardiac T2* (R*= 0.003, P = 0.04)™.
More importantly, liver T2* was not associated with the
development of heart failure or arrhythmia, whereas
cardiac T2* predicted heart failure and arrhythmia®”
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Figure 1 Plot of transverse relaxivity R2 (1/T2) vs biopsy-measured LIC
in 20 patients (22 biopsies). R value was 0.98, and dotted lines indicate 95%
prediction intervals for the regression. Average R2 value for 13 healthy controls
is shown by “o”, plotted using an LIC value estimated from normative data (no
biopsy) (reproduced with permission from®”).

The lack of correlation between liver and cardiac
iron load might be explained by different mechanisms of
iron uptake in the two organslzgj. In addition, small stud-
ies have suggested that iron deposition and chelation-
induced clearance of iron from the heart lag behind liver

50,54 . .S
PO Moreover, patients receiving treatment

iron changes
with different chelators might experience iron clearance
from the liver and heart at different rates"*™™". Tt ap-
pears that desferrioxamine is more or similatly effective
than deferiprone in removing iron from the liver, but
less effective than the latter in removing iron from the
heart** " Deferasirox, another oral chelator, appears
to be similarly effective to desferrioxamine in reducing
liver iron (assessed with liver biopsy or SQUID) when
appropriately dosed™. In uncontrolled studies, defera-
sirox also has reduced cardiac iron deposition (assessed
with cardiac T2%)"*, These findings suggest that myo-
cardial iron overload should also be monitored closely in
patients with thalassemia major''”. According to recent
guidelines for the management of these patients, myo-
cardial iron deposition should be monitored with T2*
MRI every year in patients with a poor chelation history,
ot in those with LIC, who show a non-optimal response
to chelation therapym.

Endocrine disorders, particularly hypogonadism and
diabetes, are frequently observed in patients with thalas-
semia majormm. However, liver iron load does not appear
to predict the extent of iron deposition in the pancreas
or the pituitary gland, as assessed by SIR*" 211 R
or T2, However, in the largest study that has assessed
the relationship between hepatic and pancreas/pituitary
gland iron stores (7 = 180), liver T2* correlated weakly,
albeit significantly, with pancreas and pituitary gland T2*
(r = 0.35 and 0.17, respectively)™. Liver T2* also cor-
related significantly with pituitary gland T2 and pituitary
gland/muscle SIR (» = 0.21 and 0.63, respectively)".
However, liver T2* was not associated with the presence

of endocrine disorders (diabetes, hypothyroidism, hypo-
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gonadism and hypoparathyroidism)*. No differences in
liver iron overload between diabetic and non-diabetic pa-
tients were reported in other studies using T2*"™ or SIR
obtained from SE or GRE sequencesm. There was also
no correlation between liver T2* and insulin resistance
or pancreatic [3-cell reserve. Only one small study (# =
31) has reported more severe liver iron overload (assessed
with liver/patraspinous muscle SIR in GRE sequences)
in diabetic patients[“]. Regarding hypogonadotropic hy-
pogonadism, one study of 36 patients has reported no
difference in liver/subcutaneous fat SIR between patients
with hypogonadotropic hypogonadism and those with-
out pituitary gland dysfunctionm, whereas another larger
study (z = 50) has identified low liver T2* as a predictor
of the presence of hypogonadism (but not of diabetes)™.
The apparent lack of association between the iron burden
in liver, pancreas and pituitary gland might be partly due
to different mechanisms of iron accumulation in these
organsm’ésw]. In addition, pancreatic T2 and R2 are also
reduced by the development of fatty degeneration, which
might also confound the relationship between liver and

pancreatic relaxation times in MRI! 608,

Liver MRI in patients with thalassemia major who have
undergone bone marrow transplantation

Allogeneic bone marrow transplantation (BMT) from an
HILA-identical donor is a potentially curative treatment for
thalassemia major, particularly when pre-transplantation
chelation treatment is adequate and there is no portal
fibrosis or hepatomegalymm]. In these patients, liver iron
overload progressively decreases without phlebotomy but
may persist for 4-6 years after BMT in older patients[75’76]. In
patients who have undergone BMT for thalassemia major,
higher LIC independently predicts progression of liver
fibrosis” . In these patients, phlebotomy reduces liver iron
overload and improves liver and myocardial function”™ ",
Liver MRI has also been used in these patients to assess
iron overload™. Measurement of liver T2 and T2* with
a 1.5 T imager revealed iron overload in four out of eight
patients, even though a mean time of 11.3 years had
elapsed since BMT, and seven patients had received iron
chelation treatment with phlebotomy, desferrioxamine or
their combination for a mean 39 mo®". In contrast, heart
T2 and T2* were normal in all patients[81].

LIC DETERMINATION WITH MRI IN
OTHER HEMOGLOBINOPATHIES

Thalassemia intermedia is a diverse group of hemoglo-
binopathies that are characterized by less severe trans-
fusion dependency and iron overload than in thalassemia
majorlsz’%]. Liver iron overload assessed with measurement
of the T2* relaxation time is less pronounced in patients
with thalassemia intermedia than in those with thalassemia
major[84]. Even though patients with thalassemia intermedia
have liver iron overload compared with healthy controls,
cardiac T2* does not differ between the former and
the latter™. In a study of 26 patients with thalassemia
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intermedia, liver T2 strongly correlated with LIC (r= -0.82,
P = 0.0003) but not with heart T2 (» = -0.17, P = 0.41)"".
Iron overload can develop in patients with thalassemia
intermedia who have not been regularly transfused**”.
In patients with thalassemia intermedia who received
< 10 red blood cell (RBC) units, liver R2 revealed iron
overload in two-thirds of the patients, whereas cardiac T2*
was normal in all patientswij. In a very recent study in 49
patients with thalassemia intermedia, liver T2* revealed the
presence of hepatic iron ovetload in 77.5% of patients,
even though 44.9% had never been transfused and only
8.2% were being regularly transfused™. In contrast, no
patient had cardiac iron overload and liver T2* did not
correlate with cardiac T2+,

Beta thalassemia/hemoglobin E, a frequent hemo-
globinopathy in Asia, manifests as thalassemia intermedia
in half of the patients and as thalassemia major in the
other half®™™, Tron overload can develop even in patients
who do not require regular transfusions and is due to
increased intestinal absorption of iron™™. In a pivotal
study in patients with beta thalassemia/hemoglobin E
(n = 41), thalassemia major (# = 9) or hereditary hemo-
chromatosis (# = 23), liver R2 strongly correlated with LIC
measured in biopsy (= 0.98, P < 0.0001)". However, R2
variability increased with increasing LIC™,

Hemoglobin H (Hb H) disease is another frequent
hemoglobinopathy in Asia, which results from the deletion
of three of the four a-globin genes (deletional Hb H
disease) or from deletion of two o-globin genes and a
non-deletional mutation of a third a-globin gene (non-
deletional Hb H disease). In all cases, there is an excess
of B-globin chains that form B4 tetramers (Hb H)F,
The clinical phenotype of Hb H disease is variable and
often resembles thalassemia intermedia™ """, Regular
transfusions are infrequently required but iron overload
can develop even in never-transfused patients™”",
Increased intestinal iron absorption due to hemolysis
and ineffective erythropoiesis appears to explain the
development of iron overload in these patients”’. Non-
deletional Hb H disease has more severe presentation
and more frequently leads to iron overload than does
deletional Hb H disease”””. In an early study in 36 non-
transfusion-dependent patients with Hb H disease, liver/
paraspinous muscle SIR obtained from GRE sequences
was more sensitive in detecting iron overload than SIR
determined from SE sequencesml. Liver iron overload
was obsetrved in 33/36 patients, whereas iron ovetload in
the heart and pancreas were present in only one and six
patients, respectivelym. In a large study in 114 Chinese
patients with Hb H disease, liver/paraspinous muscle SIR
measured from GRE sequences revealed liver iron overload
in 85% of the patients[gz]. Iron overload was present even
though only one patient was transfusion-dependent and
only eight had received more than five transfusions (median
number of transfusions: 5.5; range: 5—20)[92‘. Patients
with deletional Hb H disease had more severe iron
overload than those with non-deletional Hb H disease!™.
In a smaller recent study in 37 patients with Hb H
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disease or thalassemia intermedia and serum ferritin levels
> 1000 pmol/L, liver T2* was abnormal in most patients
(84%)™, Log-liver T2* correlated with serum ferritin
levels but not with heart, pancreas or pituitary siderosis,
as assessed by MRI, or with abnormalities in pancreatic
function or the growth hormone axis”*.

Chronic RBC transfusion therapy is increasingly being
used in patients with SCD, particularly for the primary or
secondary prevention of stroke™. However, iron overload
frequently develops in patients with SCD who are receiv-
ing chronic RBC transfusion therapy””. The development
of iron overload in these patients increases the risk for
hospitalizationm and death™ whereas chelation treat-
ment reduces mortality””. In a recent study in patients
with SCD, thalassemia major or bone marrow failure, liver
R2* was strongly correlated with LIC assessed with liver
biopsy (r = 0.96-0.98, P < 0.001), regardless of the pres-
ence of fibrosis””. In another study in 35 patients with
SCD, liver T2 was moderately correlated with LIC (r =
-0.80, P = 0.00001) but not with heart T2 (» = 0.10, P =
0.56)"".

LIC DETERMINATION WITH MRI IN
OTHER HEMATOLOGICAL DISORDERS

Iron overload frequently develops in patients with mye-
lodysplastic syndromes (MDSs), which can result in
abnormal liver function, diabetes and heart failure and
increase the risk of death!”"™. In these patients, treatment
with desferrioxamine improves liver, pancreas and pituitary

(100,102,105 g caral small studies (n =10 or

gland function
11) have assessed liver iron deposition by measuring liver
'T2* and have revealed liver iron overload in almost all
patients“%loﬂ. Log liver T2* correlates with RBC units
transfused"’™""". In contrast, myocardial siderosis was
present in only 10%-15% of patients and cardiac T2* did
not correlate with liver T2*'""*'"™Only one study has
assessed pancreas and pituitary gland siderosis with MRI
in patients with MDS, and has reported no association
between liver T2* and pancreas or pituitary gland siderosis,
but a correlation between log liver T2* and indices
of insulin resistance and reduced beta cell reserve!"".
According to recent guidelines, iron overload should be
monitored in patients with MDS, using serum ferritin and
transferrin levels, whereas liver MRI is considered useful
but not essential””.

Iron overload is frequently observed in patients who
have undergone allogeneic BMT for hematological diseas-
es other than thalassemia major, and results primarily from
RBC transfusions""""”. Iron overload in these patients
appears to be associated with increased risk for infections,
veno-occlusive disease, hepatic dysfunction ™" and
death""""*"" Phlebotomy improves liver function in this
population“ls]. It is recommended that patients who have
undergone BMT and have iron overload should be treated
with phlebotomy and/or chelation therapyﬂm. Liver MRI
is a useful tool for quantifying body iron stores in this
population“m]. In an eatly study in 13 children who had
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undergone autologous BMT, mostly for non-hematologi-
cal disorders (neuroblastoma in 8 patients), liver iron over-
load assessed with liver/paraspinous muscle SIR measured
in SE sequences was present in 10 patients (77%) M Liver
iron overload is correlated with RBC units transfused""”.
Three small studies (z = 32, 19 and 20) have revealed liver
iron overload in the majority of patients (97%, 95% and
85%, respectively) who had undergone allogeneic BMT
for leukemia, MDS, multiple myeloma, lymphoma, aplas-
tic anemia ot myelofibrosis, who had serum ferritin levels
greater than the upper limit of the normal range, > 1000
ng/mL or > 1600 pmol/L, respectively"™"™., Liver iron
deposition was assessed by liver/paraspinous muscle SIR
measured from GRE sequences“zz], R2" or T2+, Liver
siderosis correlated with RBC units transfused' > Patients
with more advanced liver siderosis more frequently exhib-
ited elevated transaminases, which normalized in most of
them after phlebotorny“zz]. However, liver iron deposition
did not correlate with heart, pancreas or pituitary siderosis
as assessed by MRI, or with abnormalities in pancreatic
function or the growth hormone axis". In addition, the
duration of post-BMT follow-up, type of graft or con-
ditioning, and the presence of chronic graft-versus-host-
disease had no effect on the presence of liver iron over-
load"".

Two small case-series (# = 11 and 3, respectively) have
evaluated iron overload with MRI in patients with acute
leukemia or solid tumors who received multiple RBC
transfusions due to chemotherapy-induced anemia'*"*,
Liver/muscle SIR identified liver iron overload in all
patients, whereas cardiac T2* was marginally reduced
and pancreas/skeletal muscle SIR was normal in all
patientsm}’lm.

LIC DETERMINATION WITH MRI IN NON-
HEMATOLOGICAL DISEASES

Hemochromatosis is an autosomal recessive disease with
variable penetrance. In most patients, it results from a
mutation of the HFE gene, which leads to iron overload
by increasing intestinal iron absorption and by enhancing
iron release from macrophages after phagocytosis of
erythrocytes™. In an early study in 20 patients with
hemochromatosis and 18 with hematological disecases
(mainly MDS), liver/muscle SIR obtained from SE
sequences correlated strongly with LIC (7 = 0.98)",
However, in subsequent studies in patients with suspected
hemochromatosis, SIR obtained from GRE sequences has
provided a more accurate determination of LIC than from
SE sequences'“*'?". Tn a more recent and larger study in
174 patients with suspected hemochromatosis or with
chronic HCV infection, Gandon e¢# a/'** have shown that
liver/muscle SIR obtained from GRE sequences identifies
liver iron ovetload with high sensitivity and specificity. The
severity of hepatic siderosis and the presence of cirrhosis
does not affect the accuracy of MRI measurements. The
diagnostic accuracy of the technique proposed by Gandon
et al™ has been replicated in other studies in patients
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with suspected hemochromatosis, chronic HCV infection,
or persistent elevation of transaminase levels!"*"",
However, it should be mentioned that this method does
not appeat to be accurate in assessing LIC in patients with
thalassemia major or MDS, who have higher LIC than
patients with hemochromatosis”™”. Two smaller studies
(n = 11 and 23, respectively) have reported a strong
correlation between liver R2 and biopsy-determined LIC
in hemochromatosis®"”". Some experts consider liver
MRI to be the method of choice for documenting iron
overload in patients with suspected hemochromatosis'”.
Nevertheless, others argue that MRI has limited sensitivity
to detect mild iron overload in patients with suspected
hemochromatosis'.

Besides hemochromatosis, mild to moderate iron
overload is also present in some patients with other liver
diseases, including chronic hepatitis B or C, alcoholic
liver disease and non-alcoholic fatty liver disease!™"* "
In chronic hepatitis B or C and alcoholic liver disease,
low levels of hepcidin, a protein that regulates iron
absorption, may play a role in the development of iron
overload™" "™ Increased iron uptake from hepatocytes
due to upregulation of transferrin receptors might also
contribute™”. In non-alcoholic fatty liver disease, insulin-
induced redistribution of intracellular transferrin receptors
to the hepatocyte membrane, and downregulation of
the iron exporter protein due to the pro-inflammatory
state present in these patients, may contribute to the
development of liver iron overload"™. MRI is a sensitive
method for evaluating liver iron deposition in patients
with chronic HCV infection™"". However, liver biopsy
is required in most of these patients to assess the presence
of inflammation, fibrosis and cirrhosis.

Increased LIC is frequently observed in patients with
non-biliary cirrhosis (not due to hemochromatosis) and
can occasionally be severe; in contrast, liver siderosis is
rare in biliary cirrhosis™", Liver/pataspinous muscle
SIR obtained from SE or GRE sequences has revealed
liver iron overload in 40% of cirrhosis patients[m]
However, in studies in patients with cirrhosis of vatious
etiologies in whom liver biopsy had been performed, there
was only a moderate correlation between liver/muscle
SIR in GRE sequences and histological grading of liver
siderosis (» = 0.515, P < 0.001)""". Moreover, others did
not find a difference in liver iron load (assessed with SIR
obtained from GRE sequences) between patients with
viral hepatitis and cirrhosis'™. In addition, liver siderosis
in either SE or GRE sequences did not increase with the
progression of viral hepatitis-induced cirthosis" . Despite
these discrepant findings, MRI might be particularly useful
when cirrhosis is present because of the risk of bleeding
in these patients duting liver biopsy and because of the
uneven iron distribution in the cirrhotic liver” .

Finally, MRI might be useful for the evaluation of iron
stores in porphyria cutanea tarda, a familial or sporadic
disease that is characterized by decreased activity of
hepatic uroporphyrinogen decarboxylase (UROD), which
is frequently associated with iron overload"", In these
patients, iron inhibits UROD activity, and phlebotomy is
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the treatment of choice!™*'", A recent study in 20 patients

with porphytia cutanea tarda measured liver/paraspinous
muscle SIR from GRE sequences and identified liver iron
overload in 11 (55%)"*.

CONCLUSION

MRI is a potentially useful non-invasive method for evalu-
ating liver iron stores in a wide spectrum of hematological
and liver diseases. Most studies have been performed in
thalassemia major and MRI is currently a widely accepted
method for guiding chelation treatment in these patients.
However, the lack of correlation between liver and cardiac
iron stores suggests that both organs should be evalu-
ated with MRI, since cardiac disease is the leading cause
of death in this population. It is also unclear which MRI
method is the most accurate because there are no large
studies that have directly compared the different tech-
niques. Another issue is the reproducibility of the various
methods in different centers. Liver/muscle SIR obtained
from GRE sequencesms’wm and liver and heart T2* have
been shown to be reproducible in different scanners' "+
but more data are needed. The role of MRI in the era of
genetic diagnosis of hemochromatosis is also debated,
whereas data on the accuracy of the method in other he-
matological and liver diseases are rather limited. However,
MRI is a fast non-invasive and relatively accurate diagnos-
tic tool for assessing liver iron content, and its use is ex-
pected to increase as the role of iron in the pathogenesis
of liver disease becomes clearer.
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