
www.manaraa.com

MAGNETIC RESONANCE

Impact of MRI technique on clinical decision-making in patients
with liver iron overload: comparison of FerriScan- versus R2*-derived
liver iron concentration

Marshall S. Sussman1,2
& Richard Ward3,4

& Kevin H. M. Kuo3,4
& George Tomlinson5,6

& Kartik S. Jhaveri1,2

Received: 23 May 2019 /Revised: 8 August 2019 /Accepted: 12 September 2019
# European Society of Radiology 2019

Abstract
Objectives The purpose of this study was to compare clinical decision-making in iron overload patients using FerriScan and an
R2*-based approach.
Methods One-hundred and six patients were imaged at two consecutive timepoints (454 ± 158 days) on a 1.5-T Siemens
MAGNETOM Avanto Fit scanner. For both timepoints, patients underwent the standard FerriScan MRI protocol. During the
second exam, each patient additionally underwent R2*-MRI mapping. For each patient, a retrospective (simulated) decision was
made to increase, decrease, or maintain chelator levels. Two different decision models were considered: The fixed threshold
model assumed that chelator adjustments are based strictly on fixed liver iron concentration (LIC) thresholds. Decisions made
with this model depend only on the most recent LIC value and do not require any clinician input. The second model utilized
decisions made by two hematologists retrospectively based on trends between two consecutive LIC values. Agreement (κA)
between hematologists (i.e., interobserver variability) was compared with the agreement (κB) between a single hematologist
using the two different LIC techniques.
Results Good agreement between R2*- and FerriScan-derived decisions was achieved for the fixed threshold model. True
positive/negative rates were greater than 80%, and false positive/negative rates were less than 10%. ROC analysis yielded areas
under the curve greater than 0.95. In the second model, the agreement in clinical decision-making for the two scenarios (κA vs.
κB) was equal at the 95% confidence level.
Conclusions Switching to R2*-based LIC estimation from FerriScan has the same level of agreement in patient management
decisions as does switching from one hematologist to another.
Key Points
• Good agreement between R2*- and FerriScan-derived decisions in liver iron overload patient management
• Switching to R2*-based LIC estimation from FerriScan has the same level of agreement in patient management decisions as
does switching from one hematologist to another.
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Abbreviations
κ Kappa value
AUC Area under the curve
LIC Liver iron concentration
LIC(R2∗) R2*-derived estimate of FerriScan LIC
LICFerriScan FerriScan-derived estimate of LIC
MRI Magnetic resonance imaging
ROC Receiver operating characteristic

Introduction

The assessment of liver iron concentration (LIC) is essential in
the optimal management of patients with iron overload disor-
ders [1]. Many patients, particularly those with anemia, are
placed on iron chelation therapy. The historically and widely
accepted target for LIC is between 3 and 7 mg iron/g liver (dry
weight ≡ DW) [1, 2]; although with effective chelator choices
now available, many are aiming to normalize LIC. A
prolonged period of high LIC leads to iron overload compli-
cations (e.g., fibrosis, cirrhosis, and hepatocellular carcino-
ma), while a lower concentration could lead to chelator toxic-
ity. Amajor factor in the clinical decision whether to adjust the
chelator dose is the LIC level. An accurate assessment of LIC
is therefore critical for patient management.

The current non-invasive method of choice for estimating
LIC is MRI [3]. One of the most widely used MRI techniques
is the FerriScan method, by Resonance Health, likely due to
the fact that it has regulatory approval for providing MRI-
derived LIC values. FerriScan generates an R2 map of the
liver. It then applies a previously validated calibration curve
to relate liver R2 values to iron concentration. However,
FerriScan has a number of drawbacks: First, data must be
transferred offsite for post-processing. This adds a delay to
the receipt of information. Second, offsite processing incurs
additional costs for each exam. Moreover, some researchers
have argued for more frequent LIC testing in cases such as
change in chelator regimen, rapid reduction in serum ferritin,
or very high LIC [4]. The offsite processing costs present an
impediment to this approach, especially from the public or
private insurer’s perspective. Finally, a complete FerriScan
exam is relatively lengthy—typically at least 15 min.

As an alternative to FerriScan, a number of researchers
have developed MRI-based R2* LIC quantification methods
[5–10]. However, there has been some hesitation in adopting
these methods due to the uncertainty in the relationship be-
tween LICs derived from R2* techniques and FerriScan’s
regulatory-approved values. There is concern that an alterna-
tive technique may lead to different clinical decisions relative
to the FerriScan reference standard. In this paper, we explore
this question in detail. Specifically, we analyze clinical
decision-making using both FerriScan and an alternate R2*-
based LIC quantification method that has been developed

previously by our group [11]. The R2* scan itself can be
completed in a breathhold.

Methods

MRI-based LIC quantification

All LIC data used in this paper were acquired as part of a
previous study [11]. The purpose of that study was to investi-
gate the sources of uncertainty between FerriScan- and R2*-
derived LIC values. In that study, 106 patients with iron over-
load states due to hematological diseases were prospectively
enrolled (mean age of 38 years, range of 19–72). The diseases
included beta thalassemia (79), alpha thalassemia (4), sickle
cell disease (7), hereditary spherocytosis (4), other chronic
anemia (7), and other rare disorders (2). In three patients, there
was no information about the disease type. These patients
received FerriScan-MRI exams at two clinically indicated
consecutive intervals (454 ± 158 days) on a 1.5-T Siemens
MAGNETOM Avanto Fit scanner. The FerriScan data
consisted of R2 maps of the liver. FerriScan converted these
R2 maps into liver LIC values. During the second FerriScan
exam visit, these patients additionally underwent R2* map-
ping MRI. R2* data were acquired using a prototype 3D bi-
polar 6-echo breathhold gradient echo acquisition [12] of the
whole liver. Relevant pulse sequence parameters include the
following: TEmin = 1 ms,ΔTE = 1.4 ms, TR = 12 ms, flip an-
gle 6°, FOVread = 400 mm, base matrix = 160, 48 slices of
4 mm thickness, parallel imaging acceleration × 3, and
breathhold time 15 s.

The R2* data was converted in-house into LIC values

(≡ dLIC R2*ð Þ ) using the equation derived in our previous study
[11]:

dLIC R2*ð Þ ¼ 0:0278 � R*
2
1:029 ð1Þ

In theory, LIC values derived from Eq. 1 could be used in
lieu of FerriScan-derived LIC values to guide patient manage-
ment. However, as demonstrated in our previous study, there
is a range of uncertainty of up to 30% between FerriScan- and
R2*-derived LIC values. This uncertainty could lead to dis-
crepancies in clinical decision-making between the two
techniques.

Clinical decision-making

We analyzed the impact of using R2*-derived LIC values on
the clinical decision of chelator dose adjustment using two
separate decision models: The first model assumes that chela-
tor decisions are strictly guided by fixed patient LIC thresh-
olds. The decisions made with this model depend only on the
most recent LIC value and do not require any clinician input.
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Such a scenario may arise in the case of a patient’s first or
baseline MRI. The second model utilizes decisions made by
expert hematologists in patient management based on trends
between two consecutive LIC values [4]. Note that in all cases,
patient management was simulated and retrospective. No ac-
tual clinical decisions were taken based on either model.

Clinical decisions based on fixed thresholds

The objective of treatment in iron overload disorders is to
maintain total body iron accumulation in a range that is as
close to a normal as possible, while avoiding chelator toxicity.
The historically and widely accepted target for LIC is between
3 and 7 mg iron/g liver (dry weight ≡ DW) [1, 2]. In a fixed
threshold decision model, chelation treatment is altered if the
LIC falls outside this range: chelation is increased if > 7, de-
creased if < 3 mg iron/g liver DW, and maintained at
current levels otherwise. To simplify the analysis,
decision-making for upper (7 mg iron/g liver DW) and
lower (3 mg iron/g liver DW) thresholds will be consid-
ered separately.

To quantify the impact of using R2*-derived LIC for clin-
ical decision-making, the true/false positive and true/false
negative rates of the clinical decisions may be calculated:

True Positive Rate ¼ ∑True Positives

∑Condition Positives
≡Sensitivity ð2Þ

True Negative Rate ¼ ∑True Negatives

∑Condition Negatives
≡Specificityð3Þ

False Positive Rate ¼ ∑False Positives

∑Condition Negatives
ð4Þ

False Negative Rate ¼ ∑False Negatives

∑Condition Positives
ð5Þ

A “condition positive” is defined as an LIC value
which triggers that an action must be taken. For the pur-
poses of this section, it will be assumed that clinical de-
cisions based on FerriScan-derived LIC (i.e., LICFerriScan)
are the reference standard. Therefore, for the upper thresh-
old, a condition positive occurs if LICFerriScan is above the
threshold value (≥ 7 mg iron/g liver DW). In this case, an
action (i.e., increased chelation) is required. A “condition
negative” is defined as an LIC value that indicates no
action is required. For the upper threshold, a condition
negative occurs if the reference LICFerriScan is below the
threshold, i.e., < 7 mg/g DW. In this case, no action (i.e.,
no change in chelation) is required. For the case of the
lower threshold, a condition positive occurs when
LICFerriScan is below the threshold ( ≤ 3 mg iron/g liver
DW), since action is required (i.e., decrease chelation).
A condition negative occurs when the LICFerriScan is

above the threshold. Figures 1 and 2 illustrate this
concept.

We next assess the total number of true/false positives
and true/false negatives (i.e., the numerators in Eqs. 2–5)

associated with the use of dLIC R2*ð Þ for decision-making.

We start by considering an upper dLIC R2*ð Þ threshold of
7 mg iron/g liver DW. The true/false positive and true/
false negative regions may be identified in the manner
shown in Fig. 1. As an example, the “false negative”
region is where LICFerriScan > 7 mg iron/g liver DW, but

dLIC R2*ð Þ ≤ 7 mg iron/g liver DW. For data in this region,

the (incorrect) clinical decision based on dLIC R2*ð Þ would be
for no change in chelation. The other regions may be analyzed
similarly. The numerators in Eqs. 2–5 are calculated by sum-
ming over all of the data in each of the corresponding regions.

Figure 2 illustrates the true/false positive and true/false

negative rates associated with a lower dLIC R2*ð Þ threshold
of 3 mg iron/g liver DW.

In some clinical scenarios, it may be advantageous to alter
the relative size of the true/false positive and true/false nega-
tive regions. This may be accomplished by altering the

dLIC R2*ð Þ thresholds. Figure 3 illustrates an example where

an upper dLIC R2*ð Þ threshold of 15 mg iron/g liver DW is
used. With this threshold, the false positives have been
completely eliminated, although this has come at the expense
of decreased true positives and increased false negatives.

True/false positive and true/false negative rates were calcu-

lated using dLIC R2*ð Þ thresholds that covered the full range of
values encountered in this study.

Clinical decisions based on (simulated) patient
management

In the fixed threshold model, the objective is to maintain
the current LIC within a specified range (e.g., 3–7 mg
iron/g liver DW). However, at many institutions, the de-
cision to alter treatment is not based solely on the current
LIC measurement [4]. Rather, clinical decisions are based
in part on trends in LIC over time. For example, If LIC
levels are > 7 mg iron/g liver DW, but decreasing on con-
secutive LIC assessments, the decision may be to main-
tain current chelation levels. To simulate patient manage-
ment, anonymized LIC values from two consecutive
FerriScan exams were presented to two hematologists
for independent and blinded review. Each hematologist
was required to make a recommendation as to increase,
decrease, or maintain the current chelation. Subsequently,
all FerriScan-derived LIC values at the second timepoint
were replaced with R2*-derived LIC values. Clinical
decision-making was then repeated in a similar manner.
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The patient order was randomized between the FerriScan
and R2* analyses. Each reviewer was also blinded to the
results of the other.

Clinical decisions were made under the following guide-
lines [4, 13]:

1) An LIC of < 5 mg/g DW was desired, and as close to
normal range (1.18 mg/g DW) as possible.

2) For patients with very high LIC at baseline, a large reduc-
tion between the two scans would not trigger a dose
change as chelator toxicity was not expected.

Fig. 1 Decision-making for the upper LIC threshold (= 7 mg iron/g liver
DW). The reference LICFerriScan data are plotted against the corresponding
R2* values, as well as the resulting maximum likelihood LIC estimates

( dLIC R2*ð Þ ) derived from Eq. 1. The green line indicates the 7-mg iron/g
liver DW upper threshold value based on LICFerriScan. The “condition
positive” data (blue asterisks) are those with LICFerriScan > 7 mg iron/g
liver DW. If LICFerriScan were used to guide treatment, these patients
would receive an increase in chelation. The “condition negative” data

(red circles) are those with LICFerriScan ≤ 7 mg iron/g liver DW. If
LICFerriScan were used to guide treatment, these patients would receive

no change in chelation. The purple line indicates an dLIC R2*ð Þ value of
7 mg iron/g liver DW. If this value is used as a threshold for treatment
(rather than LICFerriScan), some patients will be treated incorrectly. The
four differently shaded rectangles indicate the true positive (TP), false
positive (FP), true negative (TN), and false negative (FN) regions

Fig. 2 Decision-making for the lower LIC threshold (= 3 mg iron/g liver
DW). The reference LICFerriScan data are plotted against the corresponding
R2* values, as well as the resulting maximum likelihood LIC estimates

( dLIC R2*ð Þ ) derived from Eq. 1. The green line indicates the 3-mg iron/g
liver DW lower threshold value based on LICFerriScan. The “condition
positive” data (blue asterisks) are those with LICFerriScan ≤ 3 mg iron/g
liver DW. If LICFerriScan were used to guide treatment, these patients
would receive a decrease in chelation. The “condition negative” data

(red circles) are those with LICFerriScan > 3 mg iron/g liver DW. If
LICFerriScan were used to guide treatment, these patients would receive

no change in chelation. The purple line indicates an dLIC R2*ð Þ value of
3 mg iron/g liver DW. This R2* value corresponds to an LIC estimate of
3 mg iron/g liver DW. If this value is used as a threshold for treatment
(rather than LICFerriScan), some patients will be treated incorrectly. The
four differently shaded rectangles indicate the true positive (TP), false
positive (FP), true negative (TN), and false negative (FN) regions
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3) LICs in the low/low-medium range with a large reduction
on follow-up would trigger a dose reduction (“soft land-
ing”). This is due to concerns for impending chelator
toxicity if the trend continued at the same trajectory.

4) Where the LIC was well within the normal range, and
there was a further reduction on the second scan, a dose
reduction was recommended for the same reasons as #3.

5) For very high LIC and with only a small reduction on the
follow-up scan, a dose change was recommended due to
suboptimal response.

6) Since chronically transfused patients continually load
iron, stopping chelation was not an option.

The above protocol represents the (simplified) patient man-
agement workflow that is employed at our institution. It pro-
vides guidelines, rather than a rigid algorithm for patient man-
agement. As a consequence, patient management depends in
part on the judgment of the individual hematologist. Therefore,
there may be differences in patient management between he-
matologists (i.e., interobserver variability). The objective in this
section is to determine whether differences in clinical decision-
making caused by replacing FerriScan with R2* are significant
in comparison with interobserver variability.

Statistical methods used for clinical decision-making

The objective of the statistical analysis is to determine whether
R2*-derived LIC values may be used as an acceptable alterna-
tive to FerriScan for clinical decision-making in iron overload

disease. To make this determination, we consider two different
scenarios (Table 1). In scenario A, we consider the level of
agreement between two hematologists assessing the same
FerriScan data sets (i.e., interobserver variability). Since this
represents the situation occurring in actual clinical practice, it
will be assumed that the level of agreement achieved in this
scenario is clinically acceptable. In scenario B, we consider the
level of agreement between the same hematologist making clin-
ical decisions using R2*- versus FerriScan-derived LIC values.
If this agreement is similar to the (clinically acceptable) level of
agreement found in scenario A, then, R2* may be considered
an option for clinical decision-making in iron overload disease.

To assess the levels of agreement discussed above, kappa
coefficients are calculated. First, we calculate the kappa coef-
ficient between management decisions under scenario A
(≡ κA) and for each reader under scenario B (≡ κB). We then
estimate the difference between κA and κB and its 95% con-
fidence interval; a narrow interval is evidence that the level of
agreement between scenarios A and B is similar. We also
compute a p value to test the hypothesis that the difference
between κA and κB is 0. Since both kappa estimates use some
of the same data, they are not independent. As a result, no
closed form solution exists for inferences on this difference
of kappas. Instead, we use the blocked bootstrap method [14]. In
this approach, the entire set of readings for each patient subject is
a block that is resampled using the non-parametric bootstrap.
Kappa values and their differences are calculated on each boot-
strap sample. The distribution of these values across 2000 boot-
strap samples is used to (a) calculate a percentile-based 95%

Fig. 3 Decision-making for the upper LIC threshold (= 7 mg iron/g liver
DW). The reference LICFerriScan data are plotted against the corresponding
R2* values, well as the resulting maximum likelihood LIC

estimates ( dLIC R2*ð Þ ) derived from Eq. 1. The green line indicates the 7-
mg iron/g liver DWupper threshold value based on LICFerriScan. The “condi-
tion positive” data (blue asterisks) are those with true LIC > 7 mg iron/g liver
DW. If LICFerriScan were used to guide treatment, these patients would receive
an increase in chelation. The “condition negative” data (red circles) are those

with LICFerriScan ≤ 7 mg iron/g liver DW. If LICFerriScan were used to guide
treatment, these patients would receive no change in chelation. The purple

line indicates an dLIC R2*ð Þ value of 15 mg iron/g liver DW. If this value is
used as a threshold for treatment (rather than LICFerriScan), some patients will
be treated incorrectly. The four differently shaded rectangles indicate the true
positive (TP), false positive (FP), true negative (TN), and false negative (FN)
regions
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confidence interval for the difference and (b) calculate the stan-
dard error of the difference, which can be used in a z-test with the
observed difference to calculate the approximate significance
level from which the hypothesis may be tested.

Results

For the fixed threshold model, Table 2 lists the true/false pos-
itive and true/false negative rates for upper and lower

dLIC R2*ð Þ thresholds of 7 and 3 mg iron/g liver DW respec-
tively. Figure 4a plots the true/false positive and true/false

negative rates over the full range of dLIC R2*ð Þ thresholds.
For reference, the solid orange line indicates the rates achieved

when an dLIC R2*ð Þ threshold of 7 iron/g liver DW is
employed (note that the intersection of the orange line and
the various curves corresponds to the data listed in Table 2).

If a different dLIC R2*ð Þ threshold is used, then, the true/false
positive and true/false negative rates (relative to the FerriScan-
derived LIC reference standard) will change. Figure 4b illus-
trates this concept as an ROC curve. The area under the curve
(AUC) is 0.97. Figure 5 is the same plot for the lower thresh-
old data. The AUC is 0.95.

For the simulated patient management model, Table 3 lists
the data for scenario A. The percent agreement is 82%, and κA
is 0.79. As discussed previously, since this represents current
practice, we take this level of agreement as clinically accept-
able. Table 4 lists the data for scenario B. The percent agree-
ment and κB for reader 1 are 82.4% and 0.76 respectively. The
percent agreement and κB for reader 2 are 85% and 0.81
respectively. Qualitatively, these results indicate that the level

of agreement between scenarios A and B is very similar.
Quantitatively, Table 5 shows the results from the bootstrap
analysis assessing κA–κB. The p values are large, providing no
evidence of differences between the two kappa values. This
implies that the level of agreement in switching to R2*- versus
FerriScan-derived LIC measures (scenario B) is about the
same as the level of agreement associated with different clini-
cians assessing the same data (scenario A).

Discussion

Themanagement of patients with iron overload states is multi-
factorial and complex. Clinical decision-making regarding ad-
justment of chelation therapy includes many considerations
beyond iron overload status [15–18]. These include the fol-
lowing: chelation drug and dosage, transfusion and chelation
therapy side effects (e.g., arrhythmias, cardiomyopathies, dia-
betes, renal dysfunction, pubertal hypogonadism, and growth
retardation), and laboratory data (e.g., serum ferritin level and
ferritin trend, proteinuria, serum creatinine, ALT, absolute
neutrophil count). Despite these additional considerations,
quantification and serial monitoring of the degree of iron bur-
den (represented by liver iron concentration) is fundamental to
the management of patients with iron overload. This study
therefore attempted to address the question as to whether the
use of different MRI-based LIC measurement strategies has a
significant impact on iron chelation management decisions.

In the fixed threshold model, clinical decisions are based
on whether the LIC is outside of the desired range (in this
study, 3–7 mg iron/g liver DW). Decision-making was ana-
lyzed in terms of the true/false positive and true/false negative
rates. Overall, there was very good agreement between

Table 1 Two different scenarios compared for clinical decision-
making. In scenario A, decisions are made based on a comparison of
FerriScan-derived LIC values at both timepoints. Here, the agreement
(κA) is calculated between the decisions made by two hematologists.
This scenario is representative of current clinical practice. In scenario B,
we determine the agreement (κB) between the clinical decisions made by

a single hematologist when the first decision is based on two FerriScan-
derived LIC timepoints, and the second decision is based on a comparison
of an initial FerriScan- and a second R2*-derived LIC timepoint.
Although not indicated in the table, the scenario B analysis is also per-
formed by hematologist 2

Timepoint #1 Timepoint #2 Decision-makers Agreement between
decisions

Scenario A (current clinical practice) FerriScan FerriScan Hematologist 1 κA
FerriScan FerriScan Hematologist 2

Scenario B FerriScan FerriScan Hematologist 1 κB
FerriScan R2* Hematologist 1

Table 2 True/false positive and negative rates for upper and lower R2*-derived LIC ( ¼ dLIC R2*ð Þ ) thresholds in the fixed decision model

dLIC R2*ð Þ threshold True positive rate True negative rate False positive rate False negative rate

Upper (7 mg iron/g liver DW) 0.95 0.94 0.06 0.05

Lower (3 mg iron/g liver DW) 0.81 0.91 0.09 0.19
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FerriScan- and R2*-based decision-making (AUC > 95%).
However, there were some cases where discrepancies oc-
curred. In the context of iron overload treatment, the decisions
that most adversely affect patient outcome are false negatives.
If a false negative occurs, patients who have an LIC outside
the desired range will (incorrectly) not receive a change in
chelation. In these cases, iron levels would remain either too
high (if the false negative is related to upper threshold) con-
tributing to continued liver injury and complications of iron
overload, or too low (if related to the lower threshold) and
place the patient at risk of chelator toxicity. Thus, one strategy
could be to set thresholds that minimize false negatives. On
the other hand, the false positive rate must also be considered.
These patients have FerriScan-derived LICs in the appropriate

range, but R2*-derived LIC values would indicate that a
change in chelation is required. The results of this study may
be used to establish R2*-derived LIC thresholds that strike an
appropriate balance over the patient population. For example,
Figure 5b indicates that a substantial increase in the true pos-
itive rate could be achieved if the 3-mg iron/g liver DW lower
threshold is adjusted to permit a slight increase in the false
positive rate.

The second type of clinical decision-making analyzed in
this study was based on the simulated management of patients
in our study. The results indicated that agreement between
different reviewers assessing the same FerriScan data (i.e.,
interobserver variability) was the same magnitude as the
agreement when same reviewer used R2*- compared with

Fig. 5 Lower threshold data for (a) true/false positive and true/false negative rates. The orange line indicates an dLIC R2*ð Þ threshold of 3 mg iron/g. b
ROC curve, with area under the curve (AUC) indicated. The orange asterisk corresponds to the 3-mg iron/g threshold

Fig. 4 Upper threshold data for (a) true/false positive and true/false negative rates. The orange line indicates an dLIC R2*ð Þ threshold of 7 mg iron/g. b)
ROC curve, with area under the curve (AUC) indicated. The orange asterisk corresponds to the 7-mg iron/g threshold
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FerriScan-derived LIC values. Thus, from a statistical point of
view, switching to R2*-based decision-making from
FerriScan is no more likely to cause a difference in patient
management than switching decision-making from one hema-
tologist to another. It is also worth examining the nature of the
disagreement in the two scenarios. In the case of interobserver
variability (scenario A), the two hematologists disagreed
mostly on whether there should be no change versus an in-
crease in chelation. In contrast, the disagreement in scenario B
(FerriScan- vs. R2*-based decision-making) was more uni-
formly distributed among the different treatment possibilities.
However, there were no cases in either scenario where in-
crease in chelation by one method or hematologist
corresponded to a decrease in chelation by the other method
or hematologist (or vice versa). These latter situations repre-
sent the most severe (and problematic) form of disagreement.

Other works comparing clinical decision-making between
R2* and FerriScan techniques include a study by Chan et al
[5]. They found a sensitivity and specificity of 95% and 89%
respectively for the detection of LIC > 7 mg iron/g liver DW
by R2* (using FerriScan as the reference standard). In con-
trast, our fixed threshold model had a sensitivity and specific-
ity of 95% and 94% respectively for R2* (see Fig. 4b). A
study by Nichols-Venezula et al [19] found a false positive
rate of about 14% and a false negative rate of 1% for the

detection of LIC > 7 mg iron/g liver DW by R2* (again, with
FerriScan as the reference standard). For comparison, our
study had a false positive rate of 6% and a false negative rate
of 5%.

The clinical decision models used in this study assumed
that FerriScan provides true, gold standard measures of LIC.
In turn, this implied that any discrepancy between R2*- and
FerriScan-derived LIC values was due to deficiencies in the
R2* technique. In reality, this assumption is likely overly pes-
simistic. The dominant source of discrepancy between
FerriScan-derived LIC and the LIC values obtained using
our R2* protocol was found to be the spatial heterogeneity
of iron across the liver [11]. This was because the two tech-
niques analyzed different regions of the liver. However, there
is (to our knowledge) no study which demonstrates the “opti-
mal” liver ROI for LIC assessment. It is therefore not clear that
decisions made based on R2* would be necessarily inferior to
those guided by FerriScan. Note that if the R2* liver regions
were more closely matched to those of FerriScan, it is likely
that the discrepancy in LIC values (and thus clinical decision-
making) would be correspondingly reduced. However, the
discrepancy would likely not be completely eliminated. Less
prominent sources of variation (e.g., differences in MRI ac-
quisition parameters, relaxometry methodology, or physical
modes of iron relaxation) would remain [8].

There are a few limitations of this study that should be men-
tioned: Firstly, all statistics were calculated based on the patient
population at our institution. The patient mix and, in particular,
the distribution of LICsmay differ at other sites. In turn, this may
impact some of the results—especially the true/false positive and
true/false negative calculations. On the other hand, our institution
is the largest thalassemia center in North America. Therefore,
most patient types are likely represented at our site. Secondly,
the analysis of clinical decision-making was performed using the
current Canadian consensus standard for patient management
[4]. If the strategies used by other institutions deviate significant-
ly from this, the results of this study may not be directly appli-
cable. However, note that US guidelines are similar [13] .
Thirdly, the results of this study cannot necessarily be extrapo-
lated to the pediatric population. Though the principles of
adjusting chelation are similar, the degree of tolerable iron
overloading as well as the need to not overchelate may be differ-
ent in children. Finally, asmentioned previously, the patientman-
agement protocol used in this study was somewhat simplified in
comparison with actual patient management used in the clinic.
Our intent was to isolate the impact of R2* and FerriScan on
clinical decision-making from other confounding variables. In
particular, in addition to LIC values, patient management is in-
dividualized and takes into account other markers of iron over-
load morbidity as well as patient-specific iron chelator medica-
tion adherence factors. It was also assumed that patients fully
adhered to their chelation, the chelator dose was not already at
maximum, there was no chelator toxicity, and there was no

Table 4 Agreement between clinical decisions made with FerriScan-
and R2*-derived LIC values (scenario B) for hematologists 1 and 2 in the
simulated clinical management model. The number of patients with de-
cisions to decrease (d), maintain (m), or increase (i) chelation is listed. For
hematologist 1, the percent agreement is 82.4%, and κB is 0.76 (95% CI
0.67–0.86). For hematologist 2, the percent agreement is 85.2%, and κB is
0.81 (95% CI 0.72–0.90)

Hematologist 1 2

FerriScan FerriScan

d m i d m i

R2* d 5 2 0 6 1 0

m 6 49 9 3 32 5

i 0 2 35 0 7 54

Table 3 Agreement between readers (scenario A) in the simulated
clinical management model. The decision to decrease (d), maintain (m),
or increase (i) chelation for each read is listed. The percent agreement is
82.4%, and κA is 0.79 (95% CI 0.70–0.89)

Hematologist 1

d m i

Hematologist 2 d 9 2 0

m 0 37 23

i 0 1 40
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significant cardiac siderosis. The above assumptions are not fully
consistent with real-life practice. However, they were employed
to allow the clinicians to focus specifically on the role of LIC
values in decision-making.

One issue that should be mentioned is the fact that R2*
technique for LIC estimation was utilized along with
FerriScan only at the second timepoint (FerriScan alone was
used at the first timepoint). This was done in order tominimize
the number of variables, and therefore minimize the random
uncertainty (which, from our previous study [11], is known to
be large). However, one problem with this approach is that if
there is significant systematic error (e.g., a bias or offset) be-
tween FerriScan and R2*, this could in turn bias clinical
decision-making when using different techniques at the two
timepoints. Fortunately, our previous study demonstrated that
the uncertainty between LICs derived from FerriScan and R2*
is predominantly random [11]. Furthermore, the results of this
study show that, even if such a bias in clinical decision-
making exists, it is at a level that is not significant in compar-
ison with interobserver variability. A more comprehensive
study would compare clinical decision-making using
FerriScan and R2* over an extended time period. However,
note that our previous study [11] showed that much of the
R2*-FerriScan discrepancy is likely caused by differences in
liver ROIs analyzed between the two techniques. Therefore, to
properly interpret the results, it would also be necessary to
compare clinical decision-making using FerriScan alone with
different ROIs.

The study demonstrated that clinical decision-making in
iron overload disease may be affected by switching from
FerriScan to R2*. It also showed that decision-making may
be impacted by interobserver variability. In our study, we
demonstrated that the magnitude of agreement is similar in
both situations. However, the more general question as to
the ultimate clinical impact of this variability on patient out-
come is at present unknown. This question was not addressed
in our study, nor (to the best of our knowledge) in any other
study to date. To properly investigate the actual real-life im-
pact, a long-term observational cohort study would be re-
quired assessing impact of each technique and other con-
founding factors on eventual patient outcome measures (e.g.,
cardiac complications, development of endocrine disorders,
liver cirrhosis and failure, and death).

The objective of this study was to examine the impact on
clinical decision-making in iron overload patients using
FerriScan versus an R2*-derived LIC approach. Our study
addressed this question by examining two different clinical
decision-making models between FerriScan and an R2*-
based technique: In the fixed threshold model, true/false pos-
itive/negative rates and ROC curves were calculated. Good
agreement was achieved, with AUC > 0.95. In the patient
management model, the agreement in clinical decision-
making between R2*- and FerriScan-derived LICs was found
to be similar to the agreement associated with interobserver
variability using FerriScan alone. This implied that switching
to R2*-based LIC estimation from FerriScan has the same
level of agreement in patient management decisions as does
switching from one hematologist to another.
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Table 5 Comparison of difference in kappa values in scenarios A and B in the simulated clinical management model. The null hypothesis being tested
is that the two kappa values are equal (i.e., there is no difference in the level of agreement between scenarios A and B)

Hematologist κA κB κA–κB 95% confidence level for κA–κB Approximate
p value

Lower Upper

1 0.79 0.76 0.03 − 0.10 0.15 0.65

2 0.81 − 0.02 − 0.13 0.09 0.73
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