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Objective: To compare the two-point Dixon T, weighted
imaging (T,WI) with conventional fat-sat 7,WI in fat
suppression (FS) quality and staging performance for
patients with TAO.

Methods: We enrolled 37 thyroid-associated ophthal-
mopathy (TAO) patients and 15 healthy controls who
underwent both coronal two-point Dixon and fat-sat
ToWI. Qualitative (overall imaging quality, FS uniformity)
and quantitative [signal intensity ratio of extraocular
muscle (EOM-SIR)] parameters were assessed between
the two-point Dixon To,WI and fat-sat 7,WI. Additionally,
water fraction of intraorbital fat (IF-WF) was measured
on Dixon image. Dixon-EOM-SIR, Fat-sat-EOM-SIR and
Dixon-IF-WF values were compared between active and
inactive TAO groups, and the diagnostic efficiency for
the active phase were evaluated.

Results: Two-point Dixon T,WI showed significantly
higher overall image quality score, FS uniformity score
as well as EOM-SIR value than fat-sat T,WI in both TAO
and control groups (all p < 0.05). Active TAOs had

INTRODUCTION

Thyroid-associated ophthalmopathy (TAO) is one of
the most common autoimmune inflammatory orbital
diseases." The course of the disease includes the active
inflammatory phase and the inactive fibrotic phase. The
active phase pathologically manifests as mononuclear cell
infiltration and edema of the orbital tissues, and is gener-
ally responsive to anti-inflammatory treatments.> However,

significantly higher Dixon-EOM-SIR (p < 0.001), Fat-sat-
EOM-SIR (p < 0.001) and Dixon-IF-WF (p = 0.001) than
inactive TAOs. ROC curves analyses indicated that Dixon-
EOM-SIR >3.32 alone demonstrated the highest staging
sensitivity (75.0%). When integrating Dixon-EOM-SIR
>3.32and Dixon-IF-WF >0.09, improved staging effi-
ciency and specificity could be achieved (area under the
curve, 0.872; specificity, 97.1%).

Conclusion: Compared with conventional fat-sat tech-
nique, two-point Dixon T,WI offers better image quality,
as well as improved staging sensitivity and specificity for
TAO. Dixon ToWI is suggested to be used to evaluate the
patients with TAO in clinical practice.

Advances in knowledge: Two-point Dixon T,WI offers
better image quality than fat-sat 7,WI. Dixon-EOM-SIR
alone demonstrated the highest staging sensitivity.
Combining with Dixon-IF-WF showed improved staging
efficiency and specificity. Dixon ToWI is suggested to be
used to evaluate TAO patients in clinical practice.

the inactive phase, characterized by interstitial fibrosis,
collagen deposition and fat infiltration,” is only rescuable
by surgical treatment.*® Therefore, the immediate and
accurate discrimination of the two phases is crucial for
establishing a proper therapeutic plan and subsequently
patients’ prognosis.
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Recently, fat suppression (FS) T, weighted imaging (T,WI)
has been increasingly applied for staging TAO due to high soft
tissue resolution, no ionizing radiation, and more distinctively,
the ability to detect orbital inflammation and edema.”® Among
the array of FS techniques, fat saturation (fat-sat) by mean of
chemical shift selective suppression (CHESS) is one of the most
common applications. Previous studies based on fat-sat T,WI
have demonstrated that the signal intensity ratios (SIRs) of orbital
tissues, especially those of the extraocular muscles (EOMs), were
positively correlated with the clinical activity, and could be useful
for predicting disease activity.”'' However, this conventional
FS technique is susceptible to magnetic field inhomogeneity
induced by several factors, such as the anatomic geometry and
the presence of tissue-tissue and tissue-air interfaces in the orbit
and face.'*"? Thus, the quality of FS with this method is some-
times unsatisfactory, resulting in deviation during quantitative
measurement of signal intensity (SI) and consequently limited
staging performance.''*

As a novel alternative for FS to circumvent magnetic field
inhomogeneity, the Dixon FS technique, based on the water/
fat chemical shift difference, by acquiring (at least) two echoes
after the exciting radiofrequency pulse, can generate in-phase
and opposed-phase images, and water-only and fat-only images
after post-processing.'>~!” Thus, essentially it is a water—fat sepa-
ration method manifesting as improved homogeneity of FS.'®
Moreover, the enablement of fat and water quantification further
broadened its applications in various organs and diseases, such
as spine, breast, chest and so on.'”?? However, although the
Dixon technique is already routinely used in many examina-
tion protocols, the data about its usefulness in the orbit remain
scarce.”>** Little is known about whether Dixon T,WTI is supe-
rior than conventional fat-sat T,WI when used in orbit, and till
now, the performance of Dixon T,WI in the discrimination of
active TAO remains unclear.

Therefore, the aim of our study was to systematically compare
the two-point Dixon T,WI and conventional fat-sat T,WTI in FS
quality and staging performance for the patients with TAO.

METHODS AND MATERIALS

Patients

This study was approved by our institutional review board
and the informed consent requirement was waived due to its
retrospective nature. From July 2018 to November 2019, 37
consecutive patients (mean age, 43.7 = 4.4 years; male/female
ratio,10/27) who were clinically diagnosed with TAO based on
Bartley’s criteria were enrolled.”” The inclusion criteria include:
(1) pre-treatment orbital MRI, including both coronal two-point
Dixon T,WI and coronal fat-sat T,WI were available; (2) no
history of radiotherapy or surgical decompression; (3) no other
orbital pathologies.

The disease activity for each unit of eye was assessed according
to the modified 7-point formulation of clinical activity score
(CAS) proposed by Mourits et al*®, which includes: spontaneous
retrobulbar pain, pain on attempted up or down gaze, redness
of the eyelids, redness of the conjunctiva, swelling of the eyelids,
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Table 1. Imaging parameters of coronal Dixon and fat-sat
ToWls

Coronal T,WI
Parameters Dixon Fat-sat
Sequence TSE TSE
Repetition time (ms) 4000 4000
Echo time (ms) 87 75
Field of view (mm) 180 180
Matrix 179*256 224*320
Number of excitations 2 2
Number of sections 18 18
Section thickness (mm) 3.5 35
Acquisition time (min:s) 2:18 2:26

TSE, turbo spin echo; T,WI, T, weighted imaging;fat-sat, fat
saturation.

inflammation of the caruncle and/or plica and conjunctival
edema. Eyes with CAS >3 were enrolled in the active phase,
otherwise inactive phase. Finally, a total of 40 eyes were defined
as active and 34 eyes as inactive. In addition, 15 healthy subjects
(mean age, 36.3 + 11.9 years; male/female ratio, 4/11) were
included.

Image acquisition

MRI scans were performed on a 3.0T MRI system (Magnetom
Skyra; Siemens Healthcare, Erlangen, Germany) with a
20-channel head coil. Each patient was instructed to rest in supine
position and close eyes to reduce motion-related errors. Two sets
of coronal FS imaging sequence (Two-point Dixon T,WI and fat-
sat T,WTI) were performed with comparable imaging parameters.
Detailed imaging parameters were summarized in Table 1. Other
imaging protocols included axial T;WI (repetition time [TR]/
echo time [TE], 635/6.7 ms), axial and sagittal fat-sat T,WI (TR/
TE, 4000/79-117 ms).

Image analysis

Imaging data of coronal Dixon images of water-only and fat-
only and coronal fat-sat T,WI were analyzed in each unit of eye.
Qualitative measurements concerning the quality of FS include:
(1) overall image quality for Dixon image of water-only and fat-
sat T,WI, (2) FS uniformity with emphasis on two areas that are
prone to incomplete FS (peri-inferior-EOM and temporal-facial
regions, respectively) for Dixon image of water-only and fat-sat
T,WL Both of them were graded by using a 5-point Likert-like
scale (1 = poor, 2 = suboptimal, 3 = acceptable, 4 = good, and 5
= excellent).!®

Quantitative measurements include: (1) SI ratio of extraocular
muscle (EOM-SIR) for Dixon image of water-only and fat-sat
T,WI. The EOM-SIR was calculated by using the following
formula: EOM-SIR = SIgom/Slipsitateral temporal muscle>” A circular
ROI measuring 5-10mm?* was placed in the area of the most
inflamed muscle with the highest SI observed by naked eye.
The SI of ipsilateral temporal muscle was measured using an

2 of 6 birpublications.org/bjr

Br J Radiol;94:20200884


http://birpublications.org/bjr

Dixon T2WI vs fat-sat T2WI in FS quality and staging TAO

Figure 1. The methods for measurements of EOM-SIR and IF-
WEF. Coronal Fat-sat T,WI (a) and two-point Dixon T,WI of
water-only (b) and fat-only (c) in a 32-year-old female with
active TAO. For the quantitative measurement of EOM-SIR (a,
b), a circular ROI (yellow, 5-10mm?) was placed in the area
of the most inflamed muscle with the highest signal inten-
sity observed by naked eye and in ipsilateral temporal mus-
cle, respectively. For the quantitative measurement of IF-WF
(b, ©), a circular ROI (red, 5-10mm?) was placed in the area
of intraorbital fat. EOM, Extraocular muscle; fat-sat, fat sat-
uration; IF, intraorbitalfat; ROI, region of interest; SIR, signal
intensity ratio; To,WI, T, weighted; TAO, thyroid-associated
ophthalmopathy; WF, Water fraction.

ROI with the similar size. (Figure la and b) (2) water fraction of
intraorbital fat (IF-WF) for Dixon image. The IF-WF was defined
and calculated as: IF-WF = SI e/ (SLyater + Slp).2® A circular
ROI about 5-10mm? was placed in the area of intraorbital fat.
(Figure 1b and ¢)

Two radiologists (Observer 1: with 6 years of experience in head
and neck radiology; Observer 2: with 4 years of experience in
head and neck radiology) independently accessed the qualita-
tive parameters and placed the ROIs. They were blinded to study
design, acquisition parameters, and clinical information. The
measurement results of these two observers were used to assess
the inter observer agreement, and the measurement was repeated
by observer one with a washout period of at least 1 month, in
order to evaluate the intra observer reproducibility.

Statistical analysis

All numeric data were averaged and reported as mean + stan-
dard deviation. Kolmogorov-Smirnov test was used for
normality distribution analysis. The differences of qualitative
parameters between two-point Dixon and Fat-sat T,WIs were
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compared using Wilcoxon signed rank test. Quantitative param-
eter of EOM-SIR was compared between the two techniques by
Wilcoxon signed rank test after correction by averaging values
of both eyes.”” Two-factor split-plot ANOVA was used to eval-
uate the differences of Dixon-EOM-SIR, fat-sat-EOM-SIR and
Dixon-IF-WF between active and inactive phases.”” ROC curves
analyses were performed to evaluate the efficiency of significant
quantitative parameters and their combinations in differenti-
ating active from inactive TAOs.

Inter- and intraobserver agreements of qualitative and quan-
titative parameters were accessed by k analyses and intraclass
correlation coeflicient (ICC), respectively. The k and ICC values
range between 0 and 1.00, and values closer to 1.00 represent
better reproducibility. They were interpreted as follows:<0.40,
poor; 0.41-0.60, moderate; 0.61-0.80, good;>0.81, excellent. All
statistical analyses were carried out with SPSS software package
(v. 23.0; IBM, Armonk, NY). A two-sided p-value less than 0.05
was considered statistically significant.

RESULTS

INTER- AND INTRAOBSERVER AGREEMENTS OF
QUALITATIVE AND QUANTITATIVE PARAMETERS
Good to excellent inter- and intraobserver reproducibility were
obtained when assessing overall image quality and FS unifor-
mity for both two-point Dixon and fat-sat T,WI (k ranged from
0.717 to 0.898). Meanwhile, excellent intra- and interobserver
agreements were obtained for measurements of EOM-SIRs and
Dixon-IF-WF values (ICC ranged from 0. 815 to 0.980). Detailed
k and ICC values were shown in Table 2.

Qualitative and quantitative parameters between
Dixon and fat-sat To,WIs

Two-point Dixon T,WI showed significantly higher scores of
overall image quality and FS uniformity as well as higher value
of EOM-SIR than fat-sat T,WTI in both TAO and control groups
(all p < 0.05). Detailed comparison results between the two tech-
niques were shown in Table 3. Representative Dixon and fat-sat
T,WTIs of a patient with active TAO were shown in Figure 2.

Table 2. Inter- and intraobserver reproducibility for qualitative and quantitative parameters

Intraobserver

Interobserver

Parameters Dixon

Fat-sat Dixon

Fat-sat

Qualitative K

Overall image quality

0.825 (0.593-1.000)

0.816 (0.541-1.000)

0.775 (0.509-0.949)

0.717 (0.404-0.948)

FS uniformity

0.898 (0.636-1.000)

0.846 (0.621-1.000)

0.740 (0.383-1.000)

0.800 (0.580-0.954)

Quantitative

ICC

EOM-SIR

0.980 (0.969-0.987)

0.976 (0.963-0.984)

0.887 (0.827-0.926)

0.914 (0.869-0.944)

Dixon-IF-WF

0.958 (0.936-0.973)

0.815 (0.717-0.879)

EOM, extraocular muscle; FS, fat suppression; ICC, intraclass correlation coefficient; IF, intraorbital fat; SIR, signal intensity ratio; WF, water

fraction;fat-sat, fat saturation.

Data in parentheses indicate the 95% confidence intervals.
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Table 3. Comparisons of qualitative and quantitative parameters between the two techniques in TAO and HC groups

TAO HC
Parameters Dixon Fat-sat p Dixon Fat-sat P
Qualitive
Overall image quality 3.81+0.40 3.00 + 0.41 <0.001°* 3.80 £ 0.56 3.20 £ 0.41 0.007*
FS uniformity 3.89 +0.31 2.78 £ 0.42 <0.001°* 3.93+0.26 2.73 £ 0.59 0.001*
Quantitative
EOM-SIR 3.50 £ 1.42 2.95 % 1.07 <0.001°* 2.06  0.32 1.78 £0.26 0.001°

EOM, extraocular muscle; FS, fat suppression; Fat-sat, fat saturation; HC, healthy control; SIR, signal intensity ratio; TAO, thyroid-associated

ophthalmopathy.
The numeric data were reported as the mean * standard deviation.
FStatistical significance is indicated by p values less than 0.05.

Quantitative parameters between active and
inactive phases

Active TAOs had significantly higher Dixon-EOM-SIR (4.26 +
1.37 vs 2.61 + 0.85, p < 0.001), fat-sat-EOM-SIR (3.50 + 0.10 vs
2.30 + 0.74, p < 0.001) and Dixon-WEF-IF (0.10 + 0.03 vs 0.08 +
0.02, p =0.001) as compared to inactive TAOs. Detailed compar-
isons between active and inactive TAOs were shown in Figure 3.

Staging performance for significant parameters
ROC curves analyses indicated that Dixon-EOM-SIR demon-
strated the highest area under the curve (AUC) of 0.860 (cut-off,
3.32; sensitivity, 75.0%; specificity, 85.3%), followed by fat-sat-
EOM-SIR (AUC, 0.852; cut-off, 2.99; sensitivity, 70.0%; spec-
ificity, 91.2%), and Dixon-IF-WF (AUC, 0.676; cut-off, 0.09;
sensitivity, 70.0%; specificity, 67.6%). Dixon-EOM-SIR>3.32
alone showed the highest diagnostic sensitivity for active TAOs
(75.0%). After integrating Dixon-EOM-SIR >3.32and Dixon-
IF-WF 20.09, improved diagnostic efficiency and specificity were
achieved (AUC, 0.872; specificity, 97.1%). ROC curves for the
detailed staging efficiencies of significant parameters were shown
in Figure 4.

Figure 2. Coronal Fat-sat To,WI (a) and two-point Dixon To,WI
of water-only (b) in a 67-year-old female with active TAO.
Coronal two-point Dixon T,WI of water-only (b) showed
better quality of FS than fat-sat T,WI (a), especially in peri-
inferior-EOM and temporal-facial regions. EOM, Extraoc-
ular muscle; fat-sat, fat saturation; T,WI, T, weighted; TAO,
thyroid-associated ophthalmopathy.

DISCUSSION

Our study illuminated two main findings. First, two-point Dixon
T,WI showed better quality of FS as well as higher EOM-SIR
value than conventional fat-sat T,WI. Second, two-point Dixon
T,WI exhibited both improved staging sensitivity and specificity
for active TAOs compared with Fat-sat T,WIL. Our findings might
provide relevant insight into the potency of Dixon technique in
the utilization of TAO and other orbital diseases.

In this study, the two-point Dixon technique was superior to fat-
sat technique in respect of overall image quality and FS unifor-
mity in orbit, which was consistent with prior studies referring to
lumbar and neck.'®?! The conventional fat-sat technique is prone
to poor quality of FS caused by magnetic field inhomogeneity.
The magnetic inhomogeneity can shift the resonance frequencies
of both water and lipid, resulting in errors during the frequency-
selective process.'? As a virtually water—fat separation method,
Dixon technique was deemed to achieve improved homoge-
neity of FS and improved image quality with circumvention
of magnetic field inhomogeneity.” In the present application
regarding TAO, the improved FS efficiency, especially in peri-
inferior EOM and temporal-facial regions by Dixon method,
seemed to be even more significant, after considering the highest

Figure 3. Bar graph showing the comparisons of quantitative
parameters between active and inactive TAOs. An asterisk
indicates a significant difference (**p < 0.001, *p < 0.01). EOM,
extraocular muscle; IF, intraorbital fat; SIR, signal intensity
ratio; TAO, thyroid-associated ophthalmopathy; WF, water
fraction.
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Figure 4. Receiver-operating characteristic curves of signifi-
cant parameters for discriminating active TAOs. EOM, extraoc-
ular muscle; IF, intraorbital fat; SIR, signal intensity ratio; TAO,
thyroid-associated ophthalmopathy; WF, water fraction.
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involvement rate of inferior EOM and the importance for the
detection of internal high signal edema.*®*!

Our study indicated that the EOM-SIRs generated from two-
point Dixon T,WI were significantly higher than those from
fat-sat T,WI. In the previous study of Gaddikeri et al'®, similar
results were obtained during the comparison between Dixon
and the other FS techniques of spectral presaturation with
inversion recovery and STIR. Concerning the possible reason,
the better quality of FS by Dixon method might be respon-
sible. In our opinion, better FS would highlight the water
signal to a greater extent. During our process of quantitative
measurements, we found that the SIs of the edematous EOMs
by Dixon technique were mostly higher than those by fat-sat
technique, while the SIs of temporal muscles showed little
difference between the two techniques. Therefore, it is reason-
able that value of Dixon-EOM-SIR would be higher than that
of fat-sat-EOM-SIR.
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All the quantitative parameters of Dixon-EOM-SIR, fat-sat-
EOM-SIR and Dixon-IF-WF increased significantly in active
phase. The EOMs of the TAO patients in acute phase were histo-
logically characterized by mononuclear cell infiltration, fibro-
blast proliferation, and edema in EOMs and intraorbital fat. By
contrast, the EOMs were characterized by interstitial fibrosis and
collagen deposition with minimal edema in inactive phase.*****
Different histological feature would lead to the corresponding
change of quantitative metrics.

Further ROC curves analyses indicated that Dixon-EOM-SIR
demonstrated higher AUC than fat-sat-EOM-SIR (0.860 vs
0.852), and also the highest diagnostic sensitivity for the active
phase (75.0%). Integrating EOM-SIR and IF-WF derived from
Dixon image, improved diagnostic efficiency and specificity
could be achieved (AUC, 0.872; specificity, 97.1%). Base on the
optimized image quality and elevated staging sensitivity and
specificity demonstrated in our study, we suggest that the Dixon
T,WI could be used as a potent alternative beyond conventional
sequence when assessing TAO patients in clinical practice.

Our study has several limitations. First, this is a retrospective
study with relatively small study cohort. Further study with
larger sample size is needed to verify our results. Second, only the
two-point Dixon technique was applied because of the retrospec-
tive nature, which was relatively prone to phase error induced by
field inhomogeneity. Further application of three- or multipoint
Dixon techniques would help to correct this kind of error and
generate more pure water-only and fat-only images."®

In conclusion, our study indicates that the two-point Dixon
T,WI offers better overall image quality, FS uniformity, as well as
improved sensitivity and specificity in staging TAOs compared
with conventional fat-sat technique. We suggest to use Dixon
T,WI technique to evaluate the patients with TAO in the daily
practice.
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