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Abstract
Purpose: To determine normative R2* values in the liver and heart at 3T, and establish the
relationship between R2* at 3T and 1.5T over a range of tissue iron concentrations.

Materials and Methods: A total of 20 healthy control subjects and 14 transfusion-dependent
patients were scanned at 1.5T and 3T. At each field strength R2* imaging was performed in the liver
and heart.

Results: Normative R2* values in the liver were estimated from the control group to be 39.2 ± 9.0
second−1 at 1.5T and 69.1 ± 21.9 second−1 at 3T. Normative cardiac values were estimated as 23.4
± 2.2 second−1 at 1.5T and 30.0 ± 3.7 second−1 at 3T. The combined R2* data from patients and
control subjects exhibited a linear relationship between 3T and 1.5T. In the liver, the line of best fit
to the 3T vs. 1.5T data had a slope of 2.00 ± 0.06 and an intercept of −11 ± 4 second−1. In the heart,
it had a slope of 1.88 ± 0.14 and an intercept of −15 ± 4 second−1.

Conclusion: These preliminary data suggest that the iron-dependent component of R2* scales
linearly with field strength over a wide range of tissue iron concentrations. The incidence of
susceptibility artifacts may, however, also increase with field strength.
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PATIENTS WITH CERTAIN HEREDITARY anemias such as thalassemia major require
regular blood transfusions to maintain adequate hemoglobin levels. However, the body has
limited capacity to excrete iron, so frequent transfusions result in iron accumulation,
particularly in the liver, spleen, endocrine organs, and heart. Iron is sequestered within
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intracellular lysosomes in the form of ferritin, which subsequently degrades into hemosiderin.
When this storage mechanism becomes saturated or compromised, free iron levels increase
within the cells, causing oxidative damage through the production of hydroxyl radicals (1,2).
Tissue damage in the myocardium causes conduction disturbances and left ventricular
hypertrophy. The resulting cardiac complications, including ventricular arrhythmias and
congestive heart failure, remain the leading cause of death in patients with thalassemia major
(3).

To minimize myocardial injury, transfusion-dependent patients must undergo lifelong
chelation therapy and periodic monitoring of iron burden (4). Since much of the body's excess
iron is deposited in the liver, hepatic iron concentration has traditionally been used as a
surrogate for total body iron and measured using liver biopsy. However, biopsy is invasive and
therefore inappropriate for regular monitoring. Also, its accuracy may be limited by uneven
iron distribution and hepatic fibrosis, which is common in thalassemia as a result of iron-
mediated tissue damage and hepatitis C viral infection (5). Furthermore, evidence suggests that
liver iron concentration is an incomplete predictor of myocardial iron load (6,7).

MRI offers a noninvasive alternative for assessment of tissue iron levels, and can be used to
monitor iron burden in the heart as well as the liver. Since hemosiderin is paramagnetic, it
produces local perturbations in the magnetic field, which increase proton relaxation rates.
Although hemosiderin affects both longitudinal and transverse relaxation rates, its transverse
relaxivity is much higher than its longitudinal relaxivity, due to the large size of the hemosiderin
molecules and their clustered distribution within intracellular lysosomes (8,9).

Most MRI approaches to iron quantification, therefore, involve measuring the transverse
relaxation rates, R2 (= 1/T2) or R2* (= 1/T2*). R2* mapping is typically easier to implement
and quicker to perform, especially in the heart, since gradient-echo images can be acquired
within a single breathhold. However, it is sensitive to large-scale magnetic field
inhomogeneities, which can arise from poor shimming and magnetic susceptibility differences
between organs. R2 mapping uses spin-echo techniques, and is thus insensitive to macroscopic
field inhomogeneities but is inherently much slower to perform. It has been implemented in
the liver using a free-breathing approach (10) and at extremely low resolution with
breathholding (11). It can be applied to the heart, however, only with the aid of both respiratory
and cardiac triggering (12,13). It is also more sensitive to through-plane motion, which can
cause anomalous signal decay through incomplete re-focusing.

Both R2 and R2* have been shown to provide accurate estimates of hepatic iron over the entire
clinically relevant range (11). Evidence suggests that R2 remains highly specific for iron
concentration even in the presence of hepatic fibrosis (14). While the relationships between
hepatic iron concentration and MRI relaxation rates are now well established at 1.5T (10,11),
they have not yet been investigated at 3T. With the increasing availability of 3T scanners, there
is a growing need to assess the practicality of evaluating iron burden at 3T. Since relaxation
rates are in general field-dependent, their relationship to tissue iron concentration must be
reevaluated at 3T, either directly by means of biopsy, or indirectly through calibration against
1.5T values. The goal of this study was to determine normative R2* values in the liver and
heart at 3T, and to establish the relationship between R2* values at 3T and 1.5T over a range
of tissue iron concentrations.

MATERIALS AND METHODS
Subject Cohort

A total of 20 healthy control subjects and 14 transfusion-dependent patients were enrolled in
the study, which had received prior approval from the Institutional Review Boards of both
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participating hospitals. All adult subjects provided written informed consent before taking part;
minors gave assent and their parents provided written informed consent. The control group
included 10 men and 10 women, aged 26.1 ± 6.6 years (range 20–41 years). The patient cohort
comprised six men and eight women, aged 24.1 ± 9.4 years (range 12–44 years), of whom 11
had β-thalassemia, one had hemoglobin E (HBe)/β-thalassemia, one had Δ-β thalassemia, and
one had congenital dyserythropoietic anemia. Three of the patients completed the imaging
protocol twice, at intervals of 175, 195, and 345 days.

Imaging Protocol
Each subject was scanned at 1.5T and 3T with an intervening break of less than 15 minutes.
The scans were conducted on GE Healthcare Signa Twinspeed systems, using a cardiac phased-
array coil at 1.5T and a torso phased-array coil at 3T. The software platform on each scanner
was upgraded from EXCITE II (version 11.0) to HD (version 12.0) midway through the study.
The 3T system was further upgraded to HDx (version 14.0) toward the end of the study.

R2* imaging was performed in the liver and heart at both field strengths. A breathheld multiple
gradient echo (MGRE) technique was used to acquire a series of images with increasing echo
times (TE) at each slice position. The MGRE sequence was run with a flip angle of 20° and a
readout bandwidth of 83.3 kHz. In the liver, 16 echoes were acquired in a single axial slice,
using six averages (NEX) and a matrix size of 128 × 128, giving an echo spacing of ΔTE ≈ 1.0
msec. The echo time of the first echo was between 1.2 and 2.0 msec, depending on the software
version, and the repetition time was TR ≈ 20 msec.

In the heart, a gated segmented version of the MGRE sequence was applied. It was run in four
midventricular short axis slices, using eight echoes, NEX = 1, and a matrix size of 192 × 160,
giving an echo spacing of ΔTE ≈ 1.4 msec. The echo time of the first echo was between 1.6
and 2.0 msec, depending on the software version, and the repetition time was TR ≈ 13 msec.
Pulse gating was used to synchronize the data acquisition to end systole, when the myocardium
is thickest and its motion is minimal. The number of views per segment (i.e., the number of
k-space lines per cardiac cycle) was chosen as a function of the heart rate and breathholding
capability of the subject.

On the HD and HDx platforms, a small-volume shim technique was used to optimize the
gradient settings locally over the liver or heart as appropriate. This feature was not available
on the EXCITE II platform. Because the upgrade from EXCITE II to HD did not occur until
about midway through the study, the majority of the control subjects (19 out of 20) were
scanned without the small volume shim at one or both field strengths. A total of six of the 17
patient studies (including the repeat visits) were also performed without the small volume shim.

After each acquisition the images were examined on the console, either by visual inspection
or using the built-in FuncTool software. If the signal in the tissue of interest (liver or
myocardium) appeared to have dropped to near the noise level by the second or third echo, the
acquisition was repeated using a single-echo technique in order to sample the decay curve more
finely over the short TE range. In the single-echo approach, several images were acquired
during separate breathholds using a conventional fast gradient echo sequence. The echo time
was set to its minimum value for the first image, and then incremented manually by a fraction
of a millisecond (ΔTE = 0.1 or 0.2 msec) between each of the following acquisitions. The echo
time was increased until the tissue of interest appeared dark. Care was taken throughout to
maintain constant values for the repetition time and the prescan parameters (receiver gain,
transmitter gain, shim settings, and center frequency). A bandwidth of 83.3 kHz was chosen
to achieve the shortest possible TE. In the liver, the sequence was run in a single axial slice
with a flip angle of 10°, TR = 10 msec, NEX = 8, and matrix size = 128 × 128, giving a minimum
echo time of TEmin ≈ 0.8 msec. When a single-echo approach was needed in the heart, a gated
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segmented fast gradient echo sequence was used. It was applied in a single midventricular short
axis slice with a flip angle of 10°, TR = 4.4 msec, NEX = 1, and matrix size = 192 × 160, giving
a minimum echo time of TEmin ≈ 1 msec.

Image Analysis
R2* values were calculated offline using customized routines written in MATLAB (Natick,
MA). About 10 regions of interest (ROIs) were chosen in the liver, avoiding all visible vessels.
In the heart, up to three ROIs were chosen per slice. They were placed in the interventricular
septum to minimize the effect of susceptibility differences between the heart and lung. Where
data had been acquired with the MGRE sequence, the ROIs were propagated automatically
through all the images in the series. Where the single-echo technique had been used, the
positions of the ROIs could be adjusted to account for differences in breathholding position
from image to image.

For each ROI a single value of R2* was calculated as follows. The mean intensity within the
ROI was evaluated for each image in the series and plotted as a function of TE. In cases of
rapid signal decay, the data were truncated at the point where the mean intensity fell below
about twice the noise level (15). R2* was then calculated by fitting the intensity data to a
monoexponential decay using a nonlinear Levenberg-Marquardt algorithm.

In addition to the ROI analysis, maps of R2* were generated by applying the same fitting
procedure, pixel by pixel. To avoid misregistration problems between images, maps were
produced only for data acquired in a single breathhold using the MGRE technique.

Statistical Analysis
The mean and SD of R2* over all the ROIs were evaluated in the liver and heart for each subject
and at each field strength. The mean was used as a best estimate of R2* in each case, and the
SD was used as a measure of uncertainty. The 3T values for all participants (patients and control
subjects) were plotted against the corresponding 1.5T values, and the data were fitted to a
straight line, taking into account the uncertainties in both the 3T and 1.5T values. To avoid the
possibility that erroneous data arising from susceptibility artifacts might disproportionately
affect the results, certain points were classified as outliers and excluded from the analysis. A
point was classified as an outlier if its distance from the best-fit line was more than twice the
weighted mean of the uncertainties in its 3T and 1.5T values.

RESULTS
Cardiac Results

Figure 1 shows typical cardiac images and the corresponding R2* maps at 1.5T and 3T from
a patient with β-thalassemia major. Note that the signal in the heart decays more rapidly at 3T
than at 1.5T, indicating a higher R2* value. Note also the radial variation in signal across the
heart wall, with the subepicardium and subendocardium having lower intensity than the center
of the myocardium. The R2* map confirms that the relaxation rate is higher in those regions.
Similar patterns of increased R2* in the subepicardium or subendocardium were observed in
seven of the patients but none of the control subjects. These observations are consistent with
MRI findings by other investigators (16), and with autopsy analyses of iron distribution in
patients with cardiac iron overload (17). For the purpose of comparison between 3T and 1.5T,
R2* was evaluated from ROIs placed at the center of the septal myocardium, avoiding both
right and left ventricular endocardial borders. The resulting R2* values for the patient shown
in Fig. 1 were estimated as 80 ± 13 second−1 at 1.5T and 163 ± 19 second−1 at 3T.
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Figure 2 shows 3T values of R2* in the myocardium plotted against the corresponding 1.5T
values for both control subjects (blue diamonds) and patients (red squares). Figure 2a shows
the complete data set, and Fig. 2b shows an enlargement of the inset. In each case the vertical
axis spans twice the range of the horizontal axis. A total of 15 of the 20 control subjects
exhibited cardiac R2* values that were tightly clustered at both field strengths. Over those 15
people the mean and SD were 23.4 ± 2.2 second−1 at 1.5T and 30.0 ± 3.7 second−1 at 3T. In
four of the remaining control subjects the 3T values were significantly (>2 SD) higher than
average (52 ± 10 second−1, 53 ± 7 second−1, 59 ± 7 second−1, and 78 ± 6 second−1), while the
1.5T values were within the normal range. In one subject the reverse was true, i.e., the 1.5T
result was significantly higher than average (37 ± 5 second−1), while the 3T result was within
the normal range. All the image sets with anomalously high R2* values showed evidence of
susceptibility artifacts, and all were acquired without the small volume shim. Figure 3 shows
examples of cardiac images from one of these subjects. Note that the 3T image exhibits
susceptibility artifacts while the corresponding 1.5T image appears to be artifact-free. The R2*
value measured at 3T in this subject was 59 ± 7 second−1 (>2 SD above average), while the
value at 1.5T was 20.6 ± 1.4 second−1 (within the normal range). Artifacts similar to those in
Fig. 3 have been described previously, and are believed to be due to tissue-air susceptibility
differences at the heart-lung interface (18).

Of the patients, five had cardiac R2* values within the normal range, as estimated from our
control group (see Fig. 2b). The remaining nine patients had significantly higher R2* values,
ranging from 63 ± 10 second−1 to 346 ± 37 second−1 at 1.5T, and from 108 ± 24 second−1 to
600 ± 100 second−1 at 3T. All these patients satisfied the currently accepted criterion for cardiac
iron overload, namely a T2* value of less than 20 msec (i.e., R2* < 50 second−1) at 1.5T
(19). In the patient with the highest apparent cardiac iron overload, a single echo technique
had to be applied at 3T to sample the short TE portion of the decay curve at submillisecond
intervals.

The line of best fit to the cardiac data over all subjects (patients and controls) had a slope of
1.88 ± 0.14 and an intercept of −15 ± 4 second−1. The five control subjects that exhibited
anomalously high R2* values at one field strength were classified as outliers and excluded
from the fitting procedure. These points have been circled in green on Fig. 2 for identification.

Liver Results
Figure 4 shows liver images and R2* maps from the same patient as in Fig. 1. Like the heart,
the liver exhibits faster signal decay (higher R2*) at 3T than at 1.5T. The liver R2* values for
this patient were 252 ± 9 second−1 at 1.5T and 480 ± 21 second−1 at 3T.

Figure 5 shows the 3T values of R2* in the liver plotted against the corresponding 1.5T values
for control subjects and patients. Figure 5a shows the complete data set, and Fig. 5b shows an
enlargement of the inset. Note that the scales are different from those used for the cardiac data,
but the vertical axes still span twice the range of the horizontal axes. Over the control group,
the mean and standard deviation of R2* in the liver were 39.2 ± 9.0 second−1 at 1.5T and 69.1
± 21.9 second−1 at 3T. Three of the control subjects exhibited R2* values that were notably
higher than the means (see Fig. 5b), but in each case the 1.5T and 3T values were correlated,
suggesting that the cause was physiological rather than artifactual.

The liver R2* values among the patients ranged from 57 ± 2 second−1 to 1560 ± 120
second−1 at 1.5T. The lowest of these fell within the range measured in the control group, while
the highest corresponds to an iron concentration of about 41 mg Fe/g tissue dry weight
according to the calibration established by Wood et al (11). Four patients had sufficiently high
iron concentration that it was necessary to use the single-echo technique to sample the short
TE portion of the decay curve at submillisecond intervals. In one of these patients it was not
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possible to obtain an R2* value at 3T because the signal intensity of the liver was less than
twice the noise level at the minimum echo time (0.84 msec). This patient is therefore not
represented in Fig. 5.

Over all subjects (patients and controls) the line of best fit to the 3T vs. 1.5T liver data had a
slope of 2.00 ± 0.06 and an intercept of −11 ± 4 second−1. Two points (circled in green) were
classified as outliers and excluded from the fitting procedure. Both resulted from scans
performed without the local shim, and may thus have been influenced by bulk susceptibility
effects. Note that the remaining data points lie close to the line of best fit, even up to the highest
iron concentrations for which both 1.5T and 3T values of R2* could be measured. The highest
point on the graph had a 1.5T value of 1400 ± 90 second−1, corresponding to an iron
concentration of about 37 mg Fe/g tissue dry weight (11).

DISCUSSION
The cardiac R2* values in the control group were tightly clustered, with the exception of a few
outlying points. Each of the outliers exhibited an anomalously high R2* value at only one field
strength, while the value at the other field strength was within the normal range. This suggests
that the outlying values were due to susceptibility artifacts. Inspection of the image sets in each
case showed evidence of such artifacts, in the form of inhomogeneous or focal darkening across
the myocardium. The fact that four of the five outlying values occurred at 3T may reflect a
greater difficulty in shimming at the higher field strength. Our results suggest that performing
a local small-volume shim may help to resolve this problem. Acquisition of a three-dimensional
(3D) field map may also assist in the identification and possibly the correction of bulk
susceptibility effects (20).

Over the control group the mean hepatic R2* value at 1.5T agreed with previously reported
findings (11). The spread in R2* values among the control subjects was larger in the liver than
the heart, with three people (all male) having liver R2* values that were significantly higher
than the mean at both field strengths. Two of those subjects (aged 38 and 41) were substantially
older than the other men in the cohort, so their higher R2* may be attributable in part to age-
related iron accumulation. Other possible explanations include genetic factors or a prior history
of blood transfusions. The Centers for Disease Control estimate that between 1% and 6% of
people in the United States have some iron overloading as measured by elevated transferrin
saturation levels. The majority of cases are believed to be hereditary hemochromatosis due to
mutations in the HFE gene, which codes for a transmembrane glycoprotein that modulates iron
uptake. Only a small proportion of individuals who inherit the mutations, however, develop
clinical symptoms of iron overload.

The combined R2* data from patients and control subjects exhibited a linear relationship
between 3T and 1.5T in both the heart and the liver. In each case the line of best fit to the 3T
vs. 1.5T data had a slope of two (to within measurement error) and a small negative intercept.
These findings can be interpreted in terms of a simple model of the mechanisms underlying
R2* relaxation as follows.

The value of R2* depends on intravoxel magnetic field inhomogeneities and microscopic
dipole–dipole interactions between protons (21). In iron-overloaded tissue the former is the
dominant contribution due to susceptibility differences between the hemosiderin deposits and
surrounding parenchyma. Since hemosiderin is paramagnetic, the resulting inhomogeneities
scale with the strength of the external field B0. In the static dephasing regime (21), their
contribution to the transverse relaxation is therefore also proportional to B0,
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(1)

Here the function f(CFe) is used to denote the dependence of Rinhom on tissue iron concentration.
In vivo studies suggest that it is linear over a wide range of iron concentrations (11).

Dipole–dipole interactions occur among neighboring spins, particularly between the two
protons in each water molecule. Their contribution to the net relaxation rate is determined
mainly by the rotational correlation time of the water molecules within the tissue matrix, and
is largely independent of field strength (22,23). We will therefore denote it as a constant,
Rd-d. It is expected to be approximately equal to the noniron component of R2.

Expressing the net relaxation rate R2* as the sum of Rinhom and Rd-d, we can write

(2)

According to this model, the relationship between the 3T and 1.5T values of R2* is simply

(3)

Thus the model predicts that the line of best fit to the 3T-vs.-1.5T data should have a slope of
2 and a small negative intercept. This is consistent with our observations. The value of Rd-d
could be determined only roughly from our data, and was estimated as 11 ± 4 second−1 in the
liver and 15 ± 4 second−1 in the heart. These values agree with measurements by Bulte et al
(23) of the noniron component of R2 in the liver, which ranged from 10.4 to 14.5 second−1.

The increase in R2* with field strength has been predicted theoretically (21) and observed
experimentally (24,25) in other contexts. The fact that both R2* and SNR increase with field
strength makes high field imaging an attractive option for applications such as functional MRI
of the brain and kidney (25,26), both of which rely on blood oxygenation level dependent
(BOLD) changes in R2*.

While the increased R2* sensitivity at 3T is advantageous for those applications, it poses a
handicap for quantification of iron overload in certain transfusion-dependent patients. In some
patients, liver iron concentrations can be so high that T2* values fall into the submillisecond
range even at 1.5T. Measurement of such short relaxation times places stringent requirements
on the minimum echo time and echo spacing. The increase in R2* (shortening of T2*) with
field strength makes accurate quantification even more challenging at higher fields. For patients
with extremely high iron overload, therefore, 1.5T would be preferable to 3T for R2* imaging.

In our study we adopted a single-echo approach for R2* measurement in patients with very
high iron levels. This allowed the TE increment to be made arbitrarily small. The disadvantage
compared to the MGRE technique was that multiple acquisitions over separate breathholds
were required to obtain the necessary series of images. Some patients in our study who could
have been scanned using the MGRE technique at 1.5T needed a single-echo approach at 3T.
Even the single-echo method will fail, however, when the R2* value becomes so high that that
the signal at the minimum echo time falls to near the noise level. This occurred at 3T for one
of the patients in our study. Also, it is conceivable that tissue with heterogeneous iron
distribution may exhibit a multiexponential R2* decay, and that the fastest R2* components
may have decayed away before TEmin. To obtain accurate estimates of iron concentration in
such situations it would be necessary to reduce the minimum echo time as well as the echo
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spacing. This requires a different approach, such as the ultrashort TE (UTE) technique
developed by Graeme Bydder's group (27). By using truncated RF excitation pulses and center-
out radial sampling, the UTE technique achieves echo times in the range of microseconds.

Our study focused on the relationship between R2* values at 1.5T and 3T, and we did not
investigate R2 values. This was due to the practical difficulties of implementing spin echo
sequences in the chest and abdomen, where navigator techniques or long breath-holds are
required to avoid motion artifacts. In vitro studies using animal models of iron overload (9,
23) have shown that R2 also varies linearly with field strength. In vivo studies of iron stores
in the brain at 0.5T and 1.5T (28) have suggested that the field-dependent increase in R2 may
be a specific measure of tissue ferritin.

In conclusion, our results demonstrate that assessment of cardiac and hepatic iron burden by
R2* imaging is feasible at 3T, but less straightforward than at 1.5T because of the greater
difficulty of shimming and the more stringent requirements placed on the echo times.
Inadequate shimming can produce erroneously high values of R2*. The apparent scaling of the
iron-dependent component of R2* with field strength means that shorter TEs are needed to
quantify R2* at stronger fields. Extremely high tissue iron concentrations (greater than about
37 mg Fe/g dry weight) may not be quantifiable at 3T without specialized pulse sequences
designed to achieve ultrashort echo times. Nevertheless, 3T scanners are becoming increasingly
widespread, and some sites now have only 3T systems, so it is important to be able to interpret
3T relaxation rates in terms of tissue iron concentration. The present study represents a
preliminary step towards that goal, by comparing R2* values at 3T with those at 1.5T, for
which the calibration against iron concentration has already been established (11). The primary
limitation of the study was the fact that the patient cohort was relatively small, and included
only two people with an apparent hepatic iron concentration of greater than 30 mg Fe/g tissue
dry weight. Further investigation will be needed to confirm the relationship between R2* values
at 3T and 1.5T over a broad range of tissue iron concentrations.
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Figure 1.
Cardiac images and corresponding R2* maps at 1.5T and 3T from a patient with β-thalassemia.
The first, fourth, and seventh images from the MGRE series are shown for each field strength.
The window levels are kept constant across the three images in each series. The intensity scale
bars are shown for the R2* maps in units of second−1, and are identical for both field strengths.
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Figure 2.
3T vs. 1.5T values of R2* in the heart for control subjects (blue diamonds) and patients (red
squares). a: The full data set. b: The inset in greater detail. Note that in each case the vertical
axis (3T) spans twice the range of the horizontal axis (1.5T). The error bars for each subject
indicate the standard deviation of R2* over the ROIs. The line of best fit is drawn in black and
the 95% confidence interval (CI) is indicated by the dotted light blue curves. The green circles
identify points that were classified as outliers and excluded from the analysis.
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Figure 3.
1.5T and 3T images from a control subject whose cardiac data point was classified as an outlier.
The 3T image exhibits susceptibility artifacts (arrows) near the heart-lung interface, while the
1.5T image appears to be artifact-free.

Storey et al. Page 12

J Magn Reson Imaging. Author manuscript; available in PMC 2010 June 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Liver images and corresponding R2* maps at 1.5T and 3T from the same patient as in Fig. 1.
The first three images from the MGRE series are shown for each field strength. The window
levels are kept constant across the three images in each series. The intensity scale for the R2*
maps is identical for both field strengths, but is different from that used in Fig. 1.
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Figure 5.
3T vs. 1.5T values of R2* in the liver for control subjects (blue diamonds) and patients (red
squares). a: The full data set. b: The inset in greater detail. Note that the scales are different
from those used in Fig. 2, but the vertical axes (3T) still span twice the range of the horizontal
axes (1.5T). The line of best fit is drawn in black and the 95% confidence interval (CI) is
indicated by the dotted light blue curves. The green circles identify points that were classified
as outliers and excluded from the best-fit analysis.
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