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Methods to determine hepatic iron content

INTRODUCTION

Hereditary hemochromatosis, hematopoietic stem cell transplantation, myelodysplastic
syndrome, chronic liver disease, dialysis, and blood transfusions for sickle cell disease and
thalassemia can all cause iron to accumulate in the liver [1,2]. Iron overload is not just limited to
the liver, but can also accumulate in other organs, particularly the heart and endocrine organs,
resulting in end-organ damage and dysfunction [3]. Hemosiderosis is a commonly used term
for iron accumulation in tissues from any cause. (See "Approach to the patient with suspected
iron overload".)

Oxidative stress resulting in excess oxygen radicals and injury from tissue peroxidation are the
main reasons why iron overload causes tissue damage [1,4]. Reducing the degree of iron
overload is therefore paramount for most of these diseases to achieve successful treatment.
Assessment of total body iron stores can be used to tailor titration of chelation therapy or
phlebotomy in an attempt to reduce iron overload and its attendant complications [5].
Phlebotomy has been shown to slow the progression to cirrhosis in hereditary
hemochromatosis, and it also reduces the risk of developing hepatocellular carcinoma [6]. Liver
fibrosis may be reversible with phlebotomy therapy [7]. The risk of complications related to
fibrosis and cirrhosis increases when there is significant iron overload, which is defined as
hepatic iron concentration (HIC) greater than three times the upper limit of normal (greater
than 90 micromol/g dry weight). Measurement of the HIC in liver tissue remains the reference
method for evaluating the magnitude of body iron load. The term HIC was traditionally used for
iron content in liver tissue as determined by chemical means. However, the terms HIC or liver
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iron concentration have been applied for liver iron content using other non-invasive modalities
[8,9]. Noninvasive imaging studies such as magnetic resonance imaging (MRI) are also used to
evaluate for iron overload. (See 'Magnetic resonance imaging' below.)

Since the discovery of the HFE gene mutation (substitution by tyrosine for cysteine at amino acid
282; C282Y) and two other genetic mutations (aspartate for histidine [H63D] and cysteine for
serine [S65C]), the diagnosis of hereditary hemochromatosis has become more straightforward
[2]. Tests for the HFE gene are performed when serum ferritin and transferrin saturation are
elevated. However, a small number of individuals with hereditary hemochromatosis may be
missed with these genetic tests [3]. Non-HFE forms of hereditary hemochromatosis are related
to mutations in genes involved in iron homeostasis other than HFE. These uncommon
conditions are caused by defects that affect the hepcidin-ferroportin axis. Additionally,
phenotypic penetrance in HFE hereditary hemochromatosis is variable with regard to the
degree of iron overload and the risk of liver disease, fibrosis, and cirrhosis [10]. As a result, a
positive genetic test does not ensure that iron overload had developed. (See "Clinical
manifestations and diagnosis of hereditary hemochromatosis", section on 'Diagnostic criteria'.)

Determination of the tissue HIC is the most definitive proof of iron overload [11]. It can be used
to estimate the total iron burden and the approximate amount of phlebotomy required for a
patient with iron overload [1,12-14]. The HIC can also detect mild iron overload, which may be
missed with less sensitive modalities [15]. An elevated serum ferritin level alone is often not
adequate for estimating total iron burden, particularly if coexisting inflammation is present.

This topic will review the tests that can be done to determine hepatic iron content. The
approach to a patient with suspected iron overload and the diagnosis of hereditary
hemochromatosis are discussed separately. (See "Approach to the patient with suspected iron
overload" and "Clinical manifestations and diagnosis of hereditary hemochromatosis".)

DISORDERS ASSOCIATED WITH HEPATIC IRON DEPOSITION

Several forms of liver disease are associated with hepatic iron deposition, including:

Hereditary hemochromatosis: The first stage of fibrogenesis in hereditary
hemochromatosis is believed to be iron deposition [4]. A ductular reaction characterized
by a proliferation of the most terminal branches of the biliary tree precedes the
development of fibrosis in patients with hereditary hemochromatosis [16]. Hepatocyte
senescence and replicative arrest occur with iron overload and are positively correlated
with the hepatic iron concentration (HIC). (See 'Hepatic iron concentration' below.)

●
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Non-HFE hereditary hemochromatosis: Different patterns of iron overload can be seen.
Patients with these conditions typically have earlier disease onset as compared with HFE
hereditary hemochromatosis. In addition, cardiac involvement and hypogonadism are
more prevalent and liver fibrosis and cirrhosis are more commonly seen [17].

●

Alcohol-associated liver disease: Mild hemosiderosis is found in more than half of
patients with alcohol-associated liver disease, even in the absence of cirrhosis [18,19].
However, liver explants from patients with alcohol-related liver disease undergoing liver
transplantation show a similar pattern of iron deposition as hereditary hemochromatosis
[20].

●

Hepatitis C virus (HCV) infection: Iron deposition is seen in patients with HCV once
cirrhosis develops. In a study of patients with HCV who had paired liver biopsies, histologic
progression (defined by increasing fibrosis and portal inflammation) was not associated
with a significant increase in HIC. However, a significant increase in HIC was observed
once cirrhosis had developed [21].

●

Nonalcoholic fatty liver disease (NAFLD): Iron deposition has been seen in NAFLD
( picture 1). In two large series, hepatic iron was identified in 35 and 49 percent of
patients with NAFLD, respectively [22,23]. In a series of patients with NAFLD and
dysmetabolic iron overload syndrome attributed to metabolic abnormalities, the HIC was
shown to reach up to 100 micromol/g dry weight [9,24,25]. Hepatic iron has been shown to
be related to the development of fibrosis in NAFLD [4], and phlebotomy may improve
serum indices in patients with NAFLD [26].

●

Cirrhosis: Iron overload occurs in cirrhosis regardless of the cause. There is marked
heterogeneity in iron distribution from one nodule to another. Because of this,
measurements such as the HIC that are taken from liver biopsies may not be reliable or
reflective of total iron stores [8,21]. As a result, assessment of hepatic iron in patients with
cirrhosis should be interpreted based on histologic findings. Although there is increased
iron deposition in noncirrhotic chronic liver disease, the HIC is typically <100 micromol/g
dry weight [27].

●

Wilson disease: Iron overload can be found in association with high copper and zinc levels
in Wilson disease [28].

●

Porphyria cutanea tarda (PCT): Moderate to marked liver iron overload, whether tested
for by serum markers or by HIC, may be seen in patients with PCT. In a cohort of patients
with PCT, 19 percent were shown to be homozygous for C282Y and 7 percent
heterozygous for C282Y mutation [29]. By comparison, only one percent of control

●
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The causes of iron overload are discussed elsewhere. (See "Approach to the patient with
suspected iron overload", section on 'Causes of iron overload'.)

HEPATIC IRON CONCENTRATION

Use of HIC in clinical practice — Determining the hepatic iron concentration (HIC) is rarely
needed to make a definitive diagnosis of hereditary hemochromatosis due to the availability of
genetic testing [5,32]. However, patients with hereditary hemochromatosis may undergo a liver
biopsy to determine the severity of liver disease, in which case the HIC can also be determined
to estimate total iron stores. Patients with a serum ferritin >1000 microg/L are at particular risk
of advanced fibrosis and may benefit from a staging liver biopsy [5,33]. Studies suggest that the
HIC is a reliable indicator of whole liver iron concentration, provided an adequate sample is
available (≥1 mg dry weight) [34]. (See "Clinical manifestations and diagnosis of hereditary
hemochromatosis", section on 'Diagnostic criteria'.)

Determining the HIC can also be used for a patient with a suspected genetic iron overload
disorder but negative testing for the common genetic mutations: C282Y, H63D, and S65C [10].
However, alternative tests to determine hepatic iron stores (such as magnetic resonance
imaging [MRI]) are less invasive. The HIC correlates well with T2-weighted MRI [35], but studies
suggest that the sensitivity of MRI is variable [15], so if the suspicion for iron overload is high
but an MRI is negative, calculation of the HIC may still be needed. (See 'Magnetic resonance
imaging' below.)

Measurement — The HIC is determined using either a colorimetric method or atomic
absorption spectrophotometry (AAS) [27]. AAS is the biochemical assay considered to be the
reference method [36]. The tests can be performed using fresh liver tissue that has been
desiccated or liver tissue removed from a formalin-fixed, paraffin-embedded (FFPE) specimen
[27,34]. One study found that the iron content measurements were equivalent using fresh or
FFPE tissue [37], while a second study found that FFPE tissue had approximately 23 percent
more iron [38]. Dry liver weight taken from FFPE tissue, particularly when the dry weight is ≥0.4
mg, is as accurate as fresh tissue. FFPE to determine the HIC is particularly useful when no fresh
tissue is available and the diagnosis of hemochromatosis is only made based on histology [39].

The HIC is usually reported as micrograms of iron per gram of dry liver weight. The value is then
converted to micromoles of iron per gram by dividing by 56, which is the molecular weight of

patients had an HFE mutation. Phlebotomy is the mainstay of treatment in PCT patients
with heavy iron overload [30,31].
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iron [37].

As an example:

Interpretation — Normal HICs range from 10 to 35 micromol/g dry liver weight [40]. Values
>71 micromol/g are considered to be liver iron overload [12]. The HIC is often higher in C282Y
homozygotes than in C282Y/H63D compound heterozygotes [41]. In one study, the mean HIC
was 13,563 +/- 10,400 mcg/g for C282Y homozygotes versus 7781 +/- 4954 mcg/g for compound
heterozygotes [42]. The difference was seen in both patients with and without cirrhosis.

The severity of iron overload can be classified as follows [43]:

In patients with hereditary hemochromatosis, the HIC and serum ferritin level are linearly
related to the amount of iron removed with phlebotomy (and as a result, total body iron stores)
[12]. Changes in the HIC and ferritin levels can help estimate phlebotomy needs over time,
though neither can accurately predict the phlebotomy requirements for a given patient at the
time of initial diagnosis [12]. HIC is also predictive of total body iron stores in patients with
thalassemia major [34,44].

In patients with hereditary hemochromatosis, the HIC is higher in patients with cirrhosis than in
patients without cirrhosis [45]. In the absence of other chronic liver disease, cirrhosis typically
develops once the HIC is over 250 to 300 micromol/g [46]. In one study, the HIC was 85 percent
sensitive and 84 percent specific for predicting cirrhosis when a cutoff value of ≥283 micromol/g
was used [45].

HEPATIC IRON INDEX

The hepatic iron index (HII) is calculated from the hepatic iron concentration by dividing the
quantitative iron in micromoles per gram of dry liver weight by the patient's age. Prior to the
discovery of the HFE gene mutation, an HII of >1.9 was considered to be diagnostic for
hereditary hemochromatosis [6]. However, the HII has been shown to be elevated even in those
without the HFE genetic mutation [47].

HIC = 1550 mcg/g dry ÷ 56 = 27.68 micromol/g dry liver weight

Mild: HIC >70 to <99 micromol/g dry weight●

Moderate: HIC 99 to 200 micromol/g dry weight●

Severe: HIC ≥200 micromol/g dry weight●
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A simple semiquantitative grading system for the amount of iron deposition (0 to 3) in liver
biopsies based on iron staining has shown good correlation with the HII in patients with
hereditary hemochromatosis [48]. In one study, a score of 1+ corresponded to an HII ≤1.9, a
score of 2+ with an HII score of >2, and a score of 3+ correlated with an HII ≥4.4 (up to 8.3) [48].

OTHER METHODS TO DETERMINE IRON OVERLOAD

Other methods to evaluate iron overload include serum iron indices, magnetic resonance
imaging (MRI), and histologic evaluation of liver biopsy specimens.

Iron indices — Serum ferritin and transferrin saturation levels are the values most commonly
used to determine iron overload [5]. However, increased levels of serum ferritin can be caused
by a variety of inflammatory states, metabolic disorders, neoplastic processes, diabetes,
nonalcoholic fatty liver disease, and alcohol liver injury, and do not necessarily quantitatively
reflect body iron content [2].

Magnetic resonance imaging — Noninvasive imaging studies such as magnetic resonance
imaging (MRI) using T2 and R2 (FerriScan) measurements have become increasingly accurate
for determining hepatic iron deposition and quantifying its severity ( image 1) [49-53]. Liver
iron concentration (LIC, estimated by MRI) that is >3 to 7 mg Fe/g dry weight (equivalent to
approximately 53 to 125 micromol/g dry weight) indicates hepatic iron overload. The indications
for and diagnostic accuracy of MRI in the evaluation of patients with suspected iron overload is
discussed separately [15]. (See "Approach to the patient with suspected iron overload", section
on 'Noninvasive imaging (MRI)'.)

The noninvasive reference standard for measurement of liver iron concentration is the
biomagnetic liver susceptometry (BLS) using a superconducting quantum interference device
(SQUID), which measures magnetic susceptibility, a quantitative property of tissue. When iron is
present, the magnetic susceptibility of the liver is altered. Despite the advantages of the SQUID
biomagnetometer, this system is available in only a few centers worldwide [54]. MRI-based
quantitative susceptibility mapping (QSM) and confounder-corrected R2 mapping of the liver to
estimate liver iron concentration has been shown to correlate with SQUID-BLS [54]. Because of
correlation with SQUID, the MRI-based QSM shows promise as a more accessible method to
determine liver iron concentration.

Liver biopsy — Liver biopsies remain the reference standard for measuring HIC [8]. In patients
with hereditary hemochromatosis (HH) biopsies are typically performed to stage the degree of
fibrosis, assess hepatic damage, and sometimes to quantify the HIC [11]. In addition, liver
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biopsy can identify both the pattern and grade of liver iron deposition [48,55]. Liver biopsy can
also identify other concurrent pathology, such as fatty liver disease and other metabolic
disorders [27]. (See "Clinical manifestations and diagnosis of hereditary hemochromatosis",
section on 'Liver biopsy for selected patients'.)

Liver biopsy specimens may be processed routinely, embedded in paraffin, and stained with
hematoxylin-eosin, Masson trichrome, and a Perls' Prussian blue stain. The Prussian blue stain
will highlight the degree and pattern of distribution of iron deposition ( picture 2) [27].

Early in the course of hereditary hemochromatosis, there is a decreasing gradient of
parenchymal iron distribution from periportal to centrilobular areas (seen in >93 percent of
patients) ( picture 3) [56]. The pattern is not specific for the C282Y HFE gene mutation [55].

Several scoring systems for hepatic iron deposition have been developed. Although not
validated, the most commonly used are the Scheuer method and its modified version because
of their simplicity [57]. The score is based on the percentage of hepatocytes with iron, and
ranges from 0 to 4. Other scoring systems that have been developed are the Deugnier and
Turlin, Rowe, Sindram and Marx, Conn, and Brissot systems [27]. Deugnier's histological scoring
system correlates with measurement of the HIC [36]. There is also a modification of the
histological scoring system for iron overload by Sindram and Marx that includes the size of iron
granules to reach a final score. When this system was used in one study, there was a strong
correlation between histologic score and HIC [58].

SUMMARY

The role for hepatic iron concentration (HIC) and hepatic iron index (HII) determination has
greatly diminished since genetic testing for hereditary hemochromatosis has become
widely available. Determining the HIC is rarely needed to make a definitive diagnosis of
hereditary hemochromatosis. However, patients with hereditary hemochromatosis may
undergo liver biopsy to determine the severity of liver disease, in which case the HIC can
also be determined to estimate total iron stores. The HIC appears to be a reliable indicator
of whole liver iron concentration, provided an adequate sample is available (≥1 mg dry
weight). (See 'Use of HIC in clinical practice' above.)

●

Determining the HIC can be used for a patient with a suspected genetic iron overload
disorder but with negative testing for the common genetic mutations: C282Y, H63D, and
S65C. However, alternative tests to determine hepatic iron stores (such as magnetic

●
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GRAPHICS

Iron overload in nonalcohol-associated fatty liver disease

There are fine to coarse blue granules in the cytoplasm of hepatocytes corresponding to deposits of iron.
Note that these are associated with vacuoles, representing steatosis. (Perls' Prussian blue stain, original
magnification ×400.)
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Hemochromatosis on magnetic resonance imaging

72-year-old female with hemochromatosis suggested by MRI. T1-
weighted images show a black hypointense liver characteristic of
iron overload (arrows) and a similar low intensity of the spleen (thick
arrow).

Courtesy of Martina Morrin, MD.
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Iron overload in hereditary hemochromatosis

There is diffuse deposition of coarse iron granules (++++) involving the hepatic parenchyma, the
reticuloendothelial system (Kupffer cells and portal macrophages), and endothelial cells. The typical
decreasing gradient from periportal to centrilobular zones initially seen in this disease is not apparent due
to the panlobular involvement by iron in this case. (Perls' Prussian blue stain, original magnification ×400.)
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Hepatic iron distribution in hereditary hemochromatosis

Early in the course of hereditary hemochromatosis, there is a decreasing gradient of parenchymal iron
distribution from periportal to centrilobular areas. (Prussian blue stain.)
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