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MYOCARDITIS AND CARDIOMYOPATHY

Early diagnosis of hemochromatosis-related cardiomyopathy
with magnetic resonance imaging
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The hallmark of hemochromatosis is the deposition of iron in multiple tissue types, most notably the skin, liver, pancreas, thyroid, and heart.
Definitive diagnosis of iron deposition generally requires invasive methods, such as direct tissue biopsy. We describe a 40 year-old woman
with end-stage liver disease secondary to hereditary hemochromatosis and alcohol abuse, who was referred to the cardiology service as part
of an evaluation for orthotopic liver transplant. The patient had no cardiac history but a dobutamine stress echocardiogram, performed as a
portion of the pre-operative cardiac evaluation, could not be completed due to intermittent, supraventricular tachycardia. Additional cardiac
testing, including electrocardiography and resting echocardiography, raised suspicion for cardiomyopathy related to hemochromatosis but
was non-diagnostic. Cardiac magnetic resonance (MR) of this patient revealed deposition of iron in the myocardium and established the
diagnosis of hemachromatosis-related cardiomyopathy. These findings suggest that cardiac MR may be more sensitive than other noninvasive, diagnostic tools in the initial evaluation of hemochromatosis-related cardiomyopathy and may be used as an alternative to
myocardial biopsy. We propose that conventional T1- and T2-weighted spin echo MR sequences can be used routinely as non-invasive
modalities to assess the presence of iron deposition in the tissues of patients with hemochromatosis.
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1.

Introduction

Hereditary hemachromatosis is an autosomal recessive
disorder caused by a series of mutations in the HFE gene,
leading to increased intestinal absorption of iron. Elevated
serum iron, transferrin saturation, and ferritin eventually lead
to iron deposition in many tissue types, most notably the skin,
liver, pancreas, thyroid, skin, and heart. The prevalence of
homozygous carriers of HFE mutations is 5–8/1000 among
people of European descent (1, 2). Not all carriers of the
mutation present with signs and symptoms consistent with
tissue destruction secondary to iron deposition. It is thought
that environmental factors, notably other illnesses, play an
important role in the development of clinical hemochromatosis. Affected individuals typically do not present with
clinical evidence of tissue iron deposition until middle age
(3, 4). The sentinel sign of disease is skin pigmentation. Some
patients also present with abnormal liver function tests. As the
disease progresses, patients can develop cirrhosis, diabetes
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mellitus, hypothyroidism, and dilated cardiomyopathy, based
on the usual pattern of tissue deposition described above. The
combination of skin pigmentation and diabetes mellitus led to
the previous description of this disorder as ‘‘bronze diabetes.’’
Destruction of tissue secondary to iron deposition is
frequently difficult to document with non-invasive methods.
Definitive diagnosis requires verification of iron deposition in
affected organs. Previously, invasive methods such as direct
biopsy were required, as iron deposition is frequently difficult
to document with most non-invasive methods (5).
Recent reports in the literature have described the utility of
MR in the quantitation of iron deposition in tissues, most
notably in patients with thalassemia (6–10). These studies
have exhibited the ability of customized cardiac MR (CMR)
sequences to assess the levels of iron in solid organs
longitudinally. We report here a case of hereditary hemochromatosis where early diagnosis of hemochromatosisrelated cardiomyopathy was determined with a conventional
CMR sequence.

2.

Report of a case

A 40-year-old woman with a history of alcohol abuse
presented with a two year history of fatigue and progressive
darkening of skin. During the three months prior to admission
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Figure 1. A. T1-weighted, SE image in axial plane. Attenuation of
signal in left ventricular myocardium (large white arrow) and
superior pole of liver (small white arrow) suggests iron deposition in
contrast with signal for skeletal muscle (black arrow). T1-weighted
sequence obtained with double inversion recovery SE: TE 20, echo
trail length (ETL) 32, bandwidth (BW) 62.5, FOV 36,
matrix = 256  256. B. T2-weighted, SE image in identical axial
plane as Fig. 1A. Significant signal attenuation is seen in
myocardium, as compared to skeletal muscle. This T2-weighted
sequence obtained with double inversion recovery SE: TE 80, ETL
32, BW 62.5, FOV 36, matrix = 256  256.

to our hospital, the patient had been admitted to outside
hospitals several times with these complaints and was found
to have anemia; three separate transfusions with packed red
blood cells were performed. Pertinent findings on initial
physical exam at our hospital included evidence of encephalopathy, jaundice, and shifting dullness in the abdomen
suggesting significant accumulation of ascites. Pertinent
laboratory values included abnormal liver function tests and
evidence of poor liver synthetic function (AST 57, ALT 31,
total bilirubin 9.6, alkaline phosphatase 59), most notably low
albumin, total protein (2.0 and 5.1, respectively), and
coagulopathy (INR 2.3, PT 26.1, PTT 56.7). The patient’s
complete blood count revealed only anemia (white blood cell
count 4.7, hemoglobin 10.3, hematocrit 29.5, platelet count
62). Blood chemistry analysis and thyroid function studies did
not reveal any abnormalities. Screening tests for the Hepatitis
A, B, and C viruses were negative. Abdominal ultrasound and
CT scans revealed significant ascites but did not reveal any
evidence of cirrhosis or abnormality in the biliary tree. The
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patient’s family history was significant for hereditary
hemochromatosis in her mother. In light of this family
history and presentation with apparent liver failure, iron
studies were performed. These studies revealed iron overload:
total iron 120, ferritin 5520, and total iron binding capacity
below measurable limit. Genetic testing for known HFE
mutations was performed and revealed a homozygous H63D
mutation (1, 11). Given the patient’s coagulopathy, liver
biopsy was considered to be imprudent and was therefore not
performed. The patient’s advanced liver failure and progressively worsening clinical status led to workup for orthotopic
liver transplantation.
The patient had no cardiac history but a dobutamine stress
echocardiogram, performed as a portion of the pre-operative
cardiac evaluation, could not be completed due to intermittent
junctional tachycardia. Twelve-lead electrocardiogram revealed diminished amplitude in the limb and precordial leads
that did not meet the criteria for low voltage. Resting echocardiogram revealed mild left ventricular enlargement with
left ventricular end-diastolic volume (LVEDV) of 132 mL and
left-ventricular end-systolic volume (LVESV) of 65 mL. A
mild reduction in left ventricular ejection fraction (LVEF) to
51% was also noted. No global or focal wall motion abnormalities were found during the resting or stress phases of
the study. Pericardial effusion was not present. Mild to moderate tricuspid regurgitation was noted, with a right ventricular systolic pressure of 31 mmHg.
These findings raised suspicion for cardiomyopathy, but
were inconclusive. Based on this patient’s complex medical

Figure 2. Four-chamber, long axis view obtained using SSFP (TE
1.6, flip angle 45, BW 125, FOV 36, matrix = 224  224).
Attenuation of signal in the septum and the free walls of both
ventricles is increased as compared to standard myocardial
generated from SSFP imaging. These findings are consistent with
the iron deposition pattern typically observed in histopathological
analyses of cardiac hemochromatosis.
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myocardial iron deposition in four-chamber (Fig. 2) and twochamber (Fig. 3) images. SSFP short-axis cine images were
also obtained in order to ascertain the dimensions of the left
ventricle: LVEDV was 162.6 ml, LVESV was 75.2 ml. In
addition, the stroke volume was 87.4 cc and LVEF was
53.8%. Signal-to-noise ratios (SNR) of the myocardium for
the T1- and T2-weighted SE and the SSFP sequences were
5.6, 0.6, and 3.4, respectively (14).
The observed pattern of MR signal changes is best
explained by myocardial iron deposition; therefore, it appears
that hemochromatosis is the most likely etiology for the
cardiomyopathy observed in this patient (13, 15). During the
course of this evaluation, a simultaneous workup for
orthotopic liver transplant was performed. The patient was
denied a transplant due to history of poor compliance and
failure to abstain from alcohol consumption. Liver failure
progressed, and the patient expired several weeks after initial presentation.
Figure 3. Two-chamber, long-axis view obtained using SSFP. Note
homogeneous attenuation of signal throughout the thickness of the
wall of the LV.

history, there was a broad differential diagnosis for cardiac
dysfunction. In light of hemochromatosis in this patient, the
presence of hemochromatosis-related cardiomyopathy could
not be excluded. Echocardiography did not reveal evidence of
other types of cardiomyopathy: there were no gross structural
abnormalities, the appearance of the myocardium did not
have a speckled appearance that may suggest amyloid
deposition or infiltrative disease, and there was no obvious
evidence of ischemic cardiomyopathy.
In an attempt to further characterize the nature of this
putative cardiomyopathy, a series of magnetic resonance
studies were conducted. Magnetic resonance was chosen due
to its ability to detect iron with high specificity. All imaging
was performed using a 1.5T GE Signa whole-body scanner
(Milwaukee, WI). T1-weighted, double-inversion, spin-echo
(SE) image was notable for abnormal attenuation of signal in
myocardium and liver, and normal skeletal muscle signal
(Fig. 1A). Further attenuation of myocardial and liver signal
on T2-weighted SE image in comparison to normal skeletal
muscle (Fig. 1B) was suggestive of iron deposition in the
myocardium (12, 13). Skeletal muscle signal was attenuated
to a much lower extent in the T2-weighted image, consistent
with the relative sparing of non-cardiac, striated muscle in the
early stages of hemochromatosis. The extent of liver signal
attenuation was similar to myocardial signal attenuation,
consistent with the natural history of the disease in this
patient. The signal intensities measured from the T2-weighted
SE images of the liver, myocardium, and skeletal muscle were
39, 43, and 52, respectively. Steady-state free precession
(SSFP) sequences were also performed (parameters: TR 3.8,
TE 1.6, slice thickness 10 mm, slice gap 0). Images obtained
with the SSFP sequences demonstrated diffuse, homogeneous

3.

Discussion

Up to one-third of patients with hereditary hemochromatosis
present with cardiac morbidity, most notably a dilated
cardiomyopathy caused by iron deposition in the myocardium. Definitive diagnosis of this type of cardiomyopathy is
commonly made with direct myocardial biopsy, as most noninvasive methods cannot reliably document the presence of
myocardial iron. Evidence from these non-invasive methods
is indirect: diminution of voltages observed with twelve-lead
electrocardiography is an associated but not a specific finding.
Similarly, echocardiography in these patients will frequently
reveal dilated cardiomyopathy but is not sensitive enough to
reveal iron deposition in tissues.
Definitive diagnosis of iron deposition is important in
patient management, as it determines the subsequent
treatment strategy. This is particularly important in the case
detailed above, as there were several plausible explanations
for her cardiomyopathy. Myocardial biopsy is useful to this
end but can be associated with significant morbidity. Invasive
procedures of this type may be particularly dangerous in patients who are clinically unstable due to hepatic dysfunction.
Previous studies have shown that several MR methods can
be used to quantitate iron deposition in several tissue types,
most notably liver (6, 7) and cardiac tissue (8, 10). Several of
these methods have been shown to be quite sensitive in the
detection of iron deposition. In particular, the T2* method
appears to be sensitive and highly specific, useful for quantitation and longitudinal tracking of iron deposition (8, 10).
There are several reports describing the use of the T2* method
in order to quantitate drops in myocardial iron deposition in
thalassemia major patients undergoing iron removal therapy
(9). Other techniques, including gradient echo and SSFP
sequences could be useful to detect both T2* effects of iron
deposition and wall motion simultaneously (6, 7).
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In this study, specially designed T2* sequences were not
used. Instead, we used conventional T1- and T2-weighted SE
and SSFP sequences readily available on commercial MR
scanners. These sequences revealed a highly specific
signature for iron deposition in tissue: significant attenuation
of myocardial signal in the T2-weighted spin echo images in
comparison with the skeletal muscle signal and the marked
attenuation of the myocardium in the SSFP images (11, 16).
This attenuation pattern is not associated with normal myocardium nor is it associated with deposition of any other
infiltrative disease of the myocardium. The conventional
sequences were used, in part, to illustrate that the T2weighted SE sequence is adequately sensitive for the assessment of iron deposition. The T2 and T2* sequences are
both readily available and can be used routinely by clinicians
to make initial assessments of iron deposition.
Our case study shows that conventional cardiac MR
sequences may assist in the initial diagnosis of cardiomyopathy due to iron deposition. This is in agreement with the
experience of other centers (17). In addition, previous studies
have shown that cardiac MR can provide comprehensive
information, including an assessment of stress-induced
ischemia, viability, and quantitative resting LVEF, which
may eliminate the need for multiple diagnostic modalities. We
conclude that cardiac MR can be used as a non-invasive
alternative to biopsy in patients with cardiomyopathy
suspected to be secondary to hemochromatosis.

References
1. Bomford A. Genetics of haemochromatosis. Lancet 2002; 360:1673 –
1681.
2. McCarthy GM, McCarthy CJ, Kenny D, Crowe J, Eustace S.
Hereditary hemochromatosis: a common, often unrecognized, genetic
disease. Clevel Clin J Med 2002; 69:224 – 237.
3. Flexner JM. Hemachromatosis: diagnosis and treatment. Compr Ther
1991; 11:7 – 9.
4. Krumholz HM. Congestive heart failure in a middle-aged man. Hosp
Pract 1990; 15:66.
5. Ardehali H, Qasim A, Cappola T, Howard D, Hruban R, Hare JM,
Baughman KL, Kasper EK. Endomyocardial biopsy plays a role in

Ptaszek et al.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

diagnosing patients with unexplained cardiomyopathy. Am Heart J
2004; 147:759 – 760.
Alustiza JM, Artetxe J, Castiella A, Agirre C, Emparanza JI, Otazua P,
Garcia-Bengoechea M, Barrio J, Mujica F, Recondo JA, The Gipuzkoa
Hepatic Iron Concentration by MRI Study Group. MR quantification
of hepatic iron concentration. Radiology 2004; 230:479 – 484.
Bonkovsky HL, Rubin RB, Cable EE, Davidoff A, Rijcken TH, Stark
DD. Hepatic iron concentration: noninvasive estimation by means of
MR imaging techniques. Radiology 1999; 212:227 – 234.
Westwood M, Anderson LJ, Firmin DN, Gatehouse PD, Charrier CC,
Wonke B, Pennell DJ. A single breath-hold multiecho T2*
cardiovascular magnetic resonance technique for diagnosis of
myocardial iron overload. J Magn Reson Imaging 2003; 18:33 – 39.
Anderson LJ, Westwood MA, Holden S, Davis B, Prescott E, Wonke
B, Porter JB, Malcolm Walker J, Pennell DJ. Myocardial iron
clearance during reversal of siderotic cardiomyopathy with intravenous
desferrioxamine: a prospective study using T2* cardiovascular
magnetic resonance. Br J Haematol 2004; 127:348 – 355.
Anderson LJ, Holden S, Davis B, Prescott E, Charrier CC, Bunce NH,
Firmin DN, Wonke B, Porter J, Walker JM, Pennell DJ. Cardiovascular T2-star (T2*) magnetic resonance for the early diagnosis of
myocardial iron overload. Eur Heart J 2001; 22:2140 – 2141.
Mahon NG, Coonar AS, Jeffery S, Coccolo F, Akiyu J, Zal B,
Houlston J, Levin GE, Baboonian C, McKenna WJ. Haemochromatosis gene mutations in idiopathic dilated cardiomyopathy. Heart 2000;
84:541 – 547.
Blankenberg F, Eisenberg S, Scheinman MN, Higgins CB. Use of cine
gradient echo (GRE) MR in the imaging of cardiac hemochromatosis.
J Comput Assist Tomogr 1994; 18:136 – 138.
Waxman S, Eustace S, Hartnell GG. Myocardial involvement in
primary hemochromatosis demonstrated by magnetic resonance
imaging. Am Heart J 1994; 128:1047 – 1049.
Wen H, Denison TJ, Singerman RW, Balaban RS. The intrinsic signalto-noise ratio in human cardiac imaging at 1.5, 3, and 4 T. J Magn
Reson 1997; 125:65 – 71.
Ooi GC, Khong PL, Chan GCF, Chan KN, Chan KL, Lam W, Ng I, Ha
SY. Magnetic resonance screening of iron status in transfusiondependent beta-thalassaemia patients. Br J Haematol 2004; 124:385 –
390.
Desai MY, Lima JA, Bluemke DA. Cardiovascular magnetic
resonance imaging: current applications and future directions.
Methods Enzymol 2004; 386:122 – 148.
Pennell DJ, Sechtem UP, Higgins CB, Manning WJ, Pohost GM,
Rademakers FE, van Rossum AC, Shaw LJ, Yucel EK, Society for
Cardiovascular Magnetic Resonance, Working Group on Cardiovascular Magnetic Resonance of the European Society of Cardiology.
Clinical indications for cardiovascular magnetic resonance (CMR):
consensus panel report. Eur Heart J 2004; 25:1940 – 1965.

