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Abstract

Background: Iron overload, diagnosed by means of magnetic resonance imaging
(MRI), is an increasingly recognized disorder in hemodialysis patients. Specific
MRI protocols have been shown to provide a reliable estimation of tissue iron
content in non-renal patient populations but have not been validated in dialysis
patients. Such validation studies require liver biopsy for histological comparison,
but this invasive and risky procedure raises ethical concerns, especially regarding
frail patients with end-stage renal disease.

Materials and methods: We compared in a pilot study Scheuer’s histological
classification and Deugnier and Turlin’s histological classification of iron overload
(Perls staining) with signal-intensity-ratio MRI values obtained with the Rennes
University algorithm in 11 hemodialysis patients in whom liver biopsy was

formally indicated for their medical follow-up.
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Results: For Scheuer’s histological classification, the Wilcoxon non-parametric
matched-pairs test showed no significant difference in the ranking of iron overload
by the two methods eg histology and MRI (sum of ranks = 1.5; p = 1). The MRI
and Scheuer’s histological classifications were tightly correlated (rtho = 0.866, p =
0.0035, Spearman’s coefficient), as were the absolute liver iron concentrations
(LIC) at MRI (rho = 0.860, p = 0.0013, Spearman’s coefficient). The absolute liver
iron concentrations at MRI were also highly correlated with Deugnier and Turlin’s
histological scoring (rtho = 0.841, p = 0.0033, Spearman’s coefficient).

Conclusions: This pilot study shows that liver iron determination based on signal-
intensity-ratio MRI (Rennes University algorithm) very accurately identifies iron

load in hemodialysis patients, by comparison with liver histology.

Keywords: Medicine, Internal medicine, Medical imaging

1. Introduction

During the past three decades, routine use of recombinant erythropoiesis-
stimulating agents (ESA) has enabled anemia to be corrected in most patients
with end-stage renal disease (ESRD), transforming their quality of life and clinical
outcomes [, 2]. As the use of ESA is frequently associated with true or functional
iron deficiency, almost all hemodialysis patients on ESA currently receive
parenteral iron to ensure efficient erythropoiesis [1, 2]. Intravenous (IV) iron
therapy has gained popularity in the nephrology community in the last fifteen years
because of its convenience (infusion during the dialysis sessions), its superiority
over oral preparations for treating true iron deficiency, and its ability to overcome
functional iron deficiency, which is common in this setting. Furthermore, IV iron
products enable cost savings of about 20%—-30% on expensive ESA molecules [1,
3, 4]. Until recently, it was widely considered that iron overload among dialysis
patients was more prevalent during the pre-ESA era, when blood transfusion was
frequently used to treat anemia and when intravenous iron therapy was given
without concomitant ESA administration. Iron overload used to be considered
exceptional among hemodialysis patients in the ESA era but is now an increasingly
recognized clinical problem [3, 4, 5, 6, 7, 8, 9, 10].

The liver is the main iron storage site in humans, and the liver iron concentration
(LIC) correlates closely with total body iron stores in patients with secondary
hemosideroses such as thalassemia major, sickle cell disease and genetic
hemochromatosis [11]. Hepatic magnetic resonance imaging (MRI) is now
considered the gold standard method for estimating and monitoring iron stores in
patients with secondary hemosideroses and genetic hemochromatosis, as it permits
“serial radiological biopsy”. MRI is believed to be one of the major contributors to
the improvement in knowledge and patient care in this setting [11, 12, 13]. There

are currently three main MRI methods for determining LIC: signal-intensity-ratio
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MRI (Rennes University algorithm), R2 relaxometry, and R2* relaxometry, all of
which have been validated in cohorts of non-renal patients with secondary
hemosiderosis, genetic hemochromatosis or other liver diseases, who underwent

liver biopsy for biochemical iron assay [14, 15, 16].

Recent studies of quantitative MRI to estimate LIC in hemodialysis patients have
suggested a strong link between the infused iron dose and the risk of iron overload,
and have challenged the reliability of current iron biomarker cutoff values and
clinical guidelines, especially regarding recommended iron doses [7, 8, 9, 10].
These MRI studies contributed greatly to the organization of the recent KDIGO
(Kidney Disease Improvement of Global Outcomes) controversies conference on
iron management in chronic kidney disease (CKD), which recognized in its final
statement the “iron overload entity” in hemodialysis patients and called for an
agenda of research on this topic, especially MRI techniques [17]. Moreover, in
June 2015 the Dialysis Advisory Group of the American Society of Nephrology
published an aggiornamento on the policy of high “blind” usage of intravenous
iron products in hemodialysis patients, especially in view of recent MRI data on
iron overload [18].

Validation of MRI-based liver iron determination in dialysis patients, by
comparison with liver biopsy, is of paramount scientific importance but is
hindered by ethical concerns due to the invasiveness and risks of biopsy, especially
in frail ESRD patients.

Here we studied 11 hemodialysis patients with a formal indication for liver biopsy,
and compared the histological classifications of iron overload by Perls’ coloration
(Scheuer’s classification and Deugnier and Turlin’s classsification) and by signal-

intensity-ratio MRI using the Rennes University algorithm.

2. Materials and methods
2.1. Patients and dialysis

After receiving the patients’ written informed consent, as well as technical and
ethical approval from the Drug, Devices and Clinical Trials Committee of our
institution (COMEDIMS Claude Galien, 9 December 2004), hemodialysis patients
free of overt inflammation or malnutrition and undergoing chronic intermittent
bipuncture bicarbonate hemodialysis three times a week at Claude Galien’s dialysis
unit, with ultrapure dialysate and single-use biocompatible membranes, were
enrolled in this prospective, cross-sectional and longitudinal study, starting on 31
January 2005 (aimed at studying iron stores by MRI and with planned end date 31
January 2020). The patients were treated for anemia according to European best
practice guidelines. The inclusion and exclusion criteria of the study, and the

treatment of anemia, are described in depth in our first report on this cohort [10].
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This study is registered under International Standard Randomized Controlled Trial
Number (ISRCTN) 80100088. In early 2013, after publication of our original work
revealing the high prevalence of iron overload in dialysis patients [10], discussions
with ethicists in our institution led us to consider that a prospective study
comparing MRI and liver biopsy in frail dialysis patients would be unethical,
especially given the vast amount of relevant MRI data in patients with genetic
hemochromatosis, secondary hemosiderosis and various liver diseases. The
ethicists advised us to compose in a pilot study a prospective cohort of patients
who required liver biopsy or liver surgery for their medical care and to perform
closely a quantitative hepatic MRI. Hepatic MRI is routinely performed in our
institution and is fully reimbursed by the national social insurance system in
France. It is non invasive, brief (less than 30 min), well tolerated, and devoid of
physical and psychological side effects (excepting claustrophobic patients and

other standard contraindications).

2.2. MRI estimation of hepatic iron stores

We used a signal-intensity-ratio method based on T1 and T2* contrast imaging
without gadolinium, as established by Gandon and coworkers at Rennes University
and validated in a cohort of 191 patients who underwent liver biopsy for
biochemical iron assay [14]. Patients on iron therapy received their iron dose at
least one week before MRI. MRI measurements were made by a senior radiologist
(YC) who was unaware of the patients’ medical history and iron biochemistry
values. According to Rennes University, LIC values below 40 pmol/g of dry liver
are normal, whereas values between 41 and 100 pmol/g represent mild iron
overload, 101-200 pmol/g moderate iron overload, and >200 pmol/g severe iron
overload (Table 1) [14]. These MRI categories of iron overload have been shown
to reflect an increasing risk of complications in iron overload disorders (Table 1)
[11, 14]. Briefly, a Sigma MRI unit (GE Medical Systems, Milwaukee, WI, USA)
operating at a field strength of 1.5 Tesla was used. Five weighted gradient-recalled-
echo sequences of the liver (GRE T1, PD, T2, T2+ and T2 + +) were acquired

with a repetition time of 120 ms. Measurements were made in five regions of

Table 1. Magnetic Resonance Imaging grading of liver iron storage according to

Rennes University.

LIC < 40 pmol/g of dry weight Normal

40 < LIC < 100 pmol/g Mild iron overload

100 < LIC < 200 pmol/g Moderate iron overload
LIC > 200 pmol/g Severe iron overload

LIC : Liver iron content.
MRI Classification according : see Ref. [14].
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interest (ROI) larger than 1 cm?® (usually 3 ROI on the right liver and 2 ROI on
paraspinal muscles on the same slice) to calculate the liver-to-muscle ratio. The
software algorithm provided by Rennes University (http://www.radio.univ-

rennes1.fr) was used to determine hepatic iron content.

2.3. Liver histology

Liver specimens obtained by transjugular biopsy, wedge biopsy or partial
hepatectomy were fixed in neutral-buffered formalin, zinc chloride Zenker’s or
Hollande’s fixative, and embedded in paraffin. Hematoxylin-eosin, Masson’s
trichrome, and Perls’ stains were available for each specimen [19, 20]. Each biopsy
was read by the same hepatopathologist for the presence of specific pathological
features [20]. Hepatic iron was assessed (by ML) by light microscopy on Perls-
stained slides and firstly graded on a scale of 0 to 4 according to Scheuer et al. [19].
The normal grade of stainable liver iron is O or 1, while grade 4 is the degree seen
in fully developed untreated hemochromatosis (Table 2) [19, 20]. Hepatic iron was
also secondly graded (by ML) according to Deugnier and Turlin (total iron score: 0
to 60) after determining hepatocyte iron score (0 to 36), sinusoidal iron score (0 to
12) and portal iron score (0 to 12) (Table 3) [20].

In order to avoid hemorrhagic complications after liver biopsy or liver surgery,
patients had dialysis sessions for one month using heparin-coated membranes
(Evodial from Hospal-Gambro-Baxter) plus low-dose anticoagulation of the
extracorporeal circuit with 1000 IU of unfractionated heparin as a bolus at outset
and mid-session; heparin was antagonized at the outset of the dialysis session with
its specific antidote protamine (2000 IU). Hemoglobin was assayed at each dialysis

session during the month following liver biopsy or surgery.

2.4. Statistical analyses

As advocated by Sheskin, for the comparison of two sets of ordinal data (e.g. MRI
and Perls’ categories according Scheuer’s classification), we used Wilcoxon’s non-

parametric matched-pairs signed-rank test. Correlations between the MRI and

Table 2. Histological grading of liver iron storage according to Scheuer.

0 Granules absent or barely discernable at magnification x 400

1 Granules barely discernable at x 250 magnification and easily confirmed at x 100
2 Discrete granules resolved at x 100 magnification

3 Discrete granules resolved at x 25 magnification

4 Masses visible at magnification x 10 or at naked eye

According to Scheuer et al. [19].
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Table 3. Histological grading of liver iron storage according Deugnier and Turlin.

Hepatocytic iron 0, 3, 6,9, or 12 according to granules size in each Rappaport area 0-36
score (HIS)

Sinusoidal iron score 0, 3, 6, 9, or 12 according to granules size in each Rappaport area 0-12
(SIS)

Portal iron score 0, 1, 2, 3, or 4 according to the percentage of iron overloaded 0-12
(PIS) macrophages, biliary cells, and vascular walls

Total iron score 0-60
(TIS)

According to Deugnier Y and Turlin B [20].

histological categories, and between absolute MRI LIC values and scores at the
histological classifications, were analyzed with Spearman’s rank-order correlation
coefficient. We also constructed a scatterplot of ranks for MRI categories and

Perls’ categories according Scheuer’s classification [21].

To permit formal comparison between the MRI scale (4 categories) and the
corresponding Perls’ scale according Scheuer, categories 0 and 1, which indicate
normal liver iron content, were combined for analysis. Thus, the modified Perls-

Scheuer scale also comprised 4 counterpart categories.

As the upper 95% of LIC in healthy adults is 32 pmol/g of dry eight liver, the upper
limit of MRI normality for statistical analyses was thus set at 32 pmol/g and values
between 32 and 100 pmol/g at MRI represent here mild iron overload [11, 14].

Prism 6 software (GraphPad, San Diego, USA) was used for all tests, and p values

< 0.05 were considered to denote statistical significance [21].

3. Results
3.1. Characteristics of the dialysis patients

We recruited 11 patients (4 women and 7 men) from 26 March 2013 to 15 April
2016. Their clinical characteristics are shown in Table 4. Their median dialysis
vintage was 18 months (range 4 to 140). Nine of them had transjuglar biopsy
(performed by RB), while one (patient #1) had wedge biopsy and one (patient #2)
had partial hepatectomy. No complications occurred, including hemorrhagic

events.

In most cases, MRI was performed less than two months before scheduled liver
biopsy (Table 4). In three patients with iron overload (patients #2, #3 and #6),
because of a lag period greater than 6 weeks, the MRI LIC value at the time of liver
biopsy was extrapolated from the slope of the decline between the first MRI and a
second MRI performed 3 to 6 months later, based on the kinetics reported in iron-

overload hemodialysis patients [10].
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Table 4. Characteristics of the patients studied.

Number Age

(Years)
1 59
2 50
3 49
4 70
5 54
6 66
7 59
8 59

Original Ne- Sex (fe- Dialyse Number of LIC at Grade of
phropathy male: F; vintage days between MRI Perls stain-
Male: (months) MRI and micromol/ ing accord-
M) histology g of dry ing Scheuer
liver
Chronic pyelone- M 48 (4 7 20 0
phritis years)
Genetic segmental F 100 (8 60 55 2
glomerulosclerosis years and
3
months)
Late congenital F 20 84 198 2
renal hypoplasia
Diabetic nephrop- M 18 36 30 2
athy
Renal dysplasia  F 29 13 35
ANCA +, anti- F 7 55 154
MPO + vasculitis
Diabetic nephrop- M 4 60 55
athy
Hypertensive ne- M 12 34 20
phropathy

Hepatic iron
score accord-
ing Deugnier
and Turlin

21

Not applicable-
No portal space

6

Type of liv-
er biopsy

Wedge

Partial hep-

atectomy

Transjugular

Transjugular

Transjugular

Transjugular

Transjugular

Transjugular

Purpose of liver histology

Hepatitis C- liver enzyme
anomalies- Liver and spleen
enlargement at echography

Maintenance on the waiting
list - Hepatic tumor- Hepatitis
C

Inscription on the waiting list
(second transplantation)- He-

patic dysmorphia at echogra-

phy

Inscription on the waiting list-
Hepatic dysmorphia at echo-

graphy

Maintenance on the waiting
list- Liver enlargement at
echography with liver enzyme
anomalies

Search for immune hepatitis

Inscription on the waiting list-
Liver enzyme anomalies-
Steatosis at echography- Al-
cohol addiction

Inscription on the waiting list-
Liver enzyme anomalies-

Final diagnosis

Left nephrectomy for
pyonephrosis on under-
lying lithiasis- Portal fi-
brosis

Sclerosed hemangioma
associated with fibros-
teatosis

Hepatic hemosiderosis
with mixed pattern

Mild macrovacuolar
steatosis related to
aziathopurine given for
ulcerative colitis

Cardiac liver related to
heart failure due to fis-
tulae hyperflow

Hepatic hemosiderosis
with mixed pattern

Severe alcoholic fibros-
teatosis

Alcoholic fibrosteatosis

(Continued)
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Table 4. (Continued)

Number Age Original Ne- Sex (fe- Dialyse Number of LIC at Grade of Hepatic iron  Type of liv- Purpose of liver histology Final diagnosis
(Years) phropathy male: F; vintage days between MRI Perls stain-  score accord- er biopsy
Male: (months) MRI and micromol/ ing accord- ing Deugnier
M) histology g of dry ing Scheuer and Turlin
liver
Steatosis at echography- Al-
cohol addiction
9 58 Renal unilateral M 4 20 25 0 0 Transjugular Inscription on the waiting list- Congenital hepatic
agenesia Hepatic dysmorphia at echo- hemiatrophy associated
graphy with renal agenesis
10 67 Diabetic nephrop- M 140 (11 3 200 3 30 Transjugular Maintenance on the waiting  Large cell hepatic dys-
athy years and list - Abnormal hepatic echo- plasia
8 graphy
months)
11 44 Hypertensive ne- M 16 4 108 3 18 Transjugular Maintenance on the waiting  Hepatic hemosiderosis
phropathy list - Abnormal hepatic echo- with reticulo-endothelial

graphy

pattern

uofk1[oH

9ZZ002~ON 21214y
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-
1

Histologic (Perls) classification according Scheuer (with modifications)

=3

1 2 3 4
MRI stages according to Rennes University with modifications

o

To allow a formal comparison between the MRI scale according to Rennes University (4 categories) and its Perls counterpart according Scheuer,
we combined categories 0 and 1, wich relate to nomal liver iron; this category is referred to as category 1.

Fig. 1. Scatterplot of ranks of the MRI and histologic Perls-Scheuer classifications.

Median liver iron concentration at MRI was 55 pmol/g of dry weight (range: 20-200
pmol/g) Four patients had normal LIC values (less than 32 pmol/g of dry liver), while
three patients had mild iron overload (LIC between 32 and 100 pmol/g) and four
patients had moderate iron overload (LIC from 101 to 200 pmol/g) (Table 4).

3.2. Quantitative MRI accurately estimates iron overload in
dialysis patients, by comparison with liver histology

The overall agreement between MRI and histology was very good (82%), as
reflected by the scatterplot of ranks (Fig. 1). Comparison of the two datasets (MRI
and Perls-Scheuer’s histological classification) with the Wilcoxon matched-pairs

test showed no statistical difference in the ranking (sum of the ranks = 1.5; p = 1).

The MRI and Scheuer’s histological classification were tightly correlated (rtho =
0.866, p = 0.0035, Spearman’s correlation rank order coefficient), as were the
absolute liver iron concentrations at MRI (rho = 0.860, p = 0.0013, Spearman’s

correlation rank order coefficient).

The absolute liver iron concentrations at MRI were also highly correlated with
Deugnier and Turlin’s histological scoring (tho = 0.841, p = 0.0033, Spearman’s
correlation rank order coefficient).

4. Discussion

In this pilot study, we found excellent agreement between LIC values determined

by signal-intensity-ratio MRI (Rennes University algorithm) and histological

http://dx.doi.org/10.1016/j.heliyon.2016.e00226
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estimation of iron load in dialysis patients. It should be noted that this study
respected ethical requirements in these frail patients, and that no hemorrhagic
complications occurred after liver biopsy, which was required for their medical

management.

Because of the design of this pilot study, the time period between MRI and biopsy
varied greatly among the patients. Moreover, in three patients (#2, #3 and #6),
because of a lag period greater than 6 weeks, to avoid spurious results, the MRI
LIC value at the time of liver biopsy was extrapolated from the slope of the decline
between the first MRI and a second MRI performed 3 to 6 months later, based on
the liver iron efflux kinetics previously reported [10].

The recent KDIGO conference on iron management controversies in CKD
acknowledged that specific MRI protocols provide a reliable estimate of tissular
iron content in non-renal patients, and that liver iron content appears to be elevated
in the majority of unselected hemodialysis patients and markedly elevated in about
one-third of cases [10, 17]. The same KDIGO conference identified a knowledge
gap in the validation of MRI techniques for quantifying iron content in ESRD
patients [17]. Here, we provide strong evidence that signal-intensity-ratio MRI,
using the Rennes University algorithm, accurately estimates liver iron content in
dialysis patients. This is of major importance, as quantitative MRI has recently
changed the landscape of iron metabolism studies and iron therapy in ESRD
patients, and has been proposed as a tool for determining the toxic dose of
parenteral iron, diagnosis of iron overload, and routine monitoring of iron stores in
dialysis patients [22, 23].

Perls’ stain has been used for more than a century and continues to be the standard
method for visualizing non-heme iron, because of its specificity, simplicity and low
cost [24]. Perls’ method is based on the formation of insoluble Prussian blue in
tissue sections pretreated with ferrocyanide acid [24]. Prussian blue can be
enhanced by using chromogens, 3,3-diaminobenzidine (DAB) being the most
widely used and sensitive reagent [24]. Besides its role in diagnosing and
classifying iron overload disorders, non-heme iron histochemistry has proved to be
a powerful tool for experimental and pathological investigations of the role of non-

heme iron in tissue degenerative changes [24].

For more than half a century, Scheuer’s classification of Perls’ staining, initially
proposed in genetic hemochromatosis, has been the mainstay for diagnosis and
monitoring of both genetic hemochromatosis and secondary hemosiderosis,
although more sophisticated classifications are now used, especially that of Barton
for epidemiological studies [25] and that of Deugnier and Turlin for hepatic
pathophysiology [26]. Because of the design of our study, the Scheuer’s
histological classification seems a very valuable tool since it appears as the

counterpart of MRI classification of iron overload. Today, Deugnier and Turlin’s

http://dx.doi.org/10.1016/j.heliyon.2016.e00226
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classification of Perls’ staining is the best-validated biochemical method for
determining liver iron in tissue specimens, in both hemochromatotic and
nonhemochromatotic iron-overload disorders, but it is still mainly used for
research purposes because of its complexity [20, 26, 27, 28]. Validation of
Scheuer’s classification by comparison with biochemical determination of liver
iron content was, until recently, based mainly on a report published in the 1990s by
Scheuer’s group in thalassemia major patients treated with the chelator
desferrioxamine, but recent publications have also shown its validity in alcoholic
liver disease and sickle cell disease [29, 30, 31]. It is also noteworthy that recent
publications on the epidemiology of iron-overload diseases in African-American
and cirrhotic explants of alphal-antitrypsin deficiency used Perls’ histological

grading as the mainstay of their research [32, 33].

For decades, staining and biochemical analysis of deparaffinated tissue were
complementary methods for liver histopathology, being especially relevant when
the iron distribution is heterogeneous, as in the cirrhotic liver [20]. Recently, the
advent of MRI techniques allowing non-invasive quantification of liver iron
content, together with HFE genetic testing, has narrowed the indications of liver
biopsy, and biochemical determination of liver iron content has become a research

tool available only in a few university hospitals [12, 13, 14, 15, 16].

5. Conclusion

This pilot study specifically shows that, by comparison with liver histology,
quantitative determination of liver iron content by signal-intensity-ratio MRI

(Rennes University algorithm) is very accurate in dialysis patients.
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