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Title: Comparison of modified two-point Dixon and IDEAL water-fat separation methods for 

fetal fat quantification 

Abstract 

Background: Fetal fat is indicative of the energy balance within the fetus, which may be 

disrupted in pregnancy complications such as fetal growth restriction, macrosomia, and 

gestational diabetes. Water-fat separated MRI is a technique sensitive to tissue lipid content, 

measured as fat fraction (FF), and can be used to accurately measure fat volumes. Modified two-

point Dixon and IDEAL are water-fat separated MRI techniques that could be applied to imaging 

of fetal fat. 

Purpose/Hypothesis: Here we compare the methods, as modified two-point Dixon has biases 

present that are corrected in IDEAL which may contribute to differences in the measurement of 

fetal fat volume and FF. 

Study Type: Cross-sectional study for comparison of two MRI pulse sequences. 

Population/Subjects/Phantom/Specimen/Animal Model: Twenty-one pregnant women with 

singleton pregnancies. 

Field Strength/Sequence: 1.5T, modified two-point Dixon and IDEAL. 

Assessment: Manual segmentation (A1) of total fetal fat volume and mean FF from modified 2-

point Dixon and IDEAL FF images. 

Statistical Tests: Reliability was assessed by calculating the intraclass correlation coefficient 

(ICC). Agreement was assessed using a one-sample t-test on the fat measurements difference 

values (modified two-point Dixon - IDEAL) for both fat volume and mean FF. The difference 
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scores were tested against a value of 0, which would indicate that the measurements were 

identical.  

Results: The fat volume and FF measured by modified two-point Dixon and IDEAL had 

excellent reliability, demonstrated by ICCs of 0.93 (p<0.001) and 0.90 (p<0.001) respectively. 

They were not in agreement, with IDEAL giving mean fat volumes 180 mL greater and mean FF 

3.0% smaller than modified two-point Dixon. 

Data Conclusion: The reliability between modified two-point Dixon and IDEAL indicates that 

either technique can be used to compare fetal fat measurements in different participants, but they 

are not in agreement due to uncorrected biases in modified two-point Dixon. 
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Introduction 

The assessment of abnormalities in fetal fat development may provide insight into fetal 

metabolic health because it is reflective of the energy balance within the fetus (1). This energy 

balance may be disrupted in the case of placental insufficiency or when there are disruptions in 

maternal metabolism (obesity, diabetes) (2). Previous imaging studies have found increased 

amounts of adipose tissue in macrosomic fetuses (3-5) and fetuses of diabetic mothers (6-8), and 

decreased adipose tissue in fetal growth restriction  fetuses (8-10). However, there are limited 

imaging studies that have examined the lipid content of the fetal fat, which changes through 

gestation as the adipocytes are maturing.  

Water-fat MRI is an ideal technique to assess fetal fat development as it is sensitive to the 

amount of lipid within a tissue (11,12). Two-point Dixon and IDEAL are water-fat MRI methods 

that can be used to assess the lipid content of fetal adipose tissue. Each of these techniques have 

different strengths and weaknesses, which should be compared for the application of assessing 

fetal fat development.  

The modified two-point Dixon technique uses an opposed-phase gradient recalled echo 

combined with two-point Dixon water-fat separation (13).  Using two echoes, two-point Dixon 

produces in-phase and opposed-phase images, which are added or subtracted to give fat-only and 

water-only images. These can then be used to produce a FSF (fat/(water + fat)) image.  Like two-

point Dixon, IDEAL is a gradient recalled echo sequence, but instead of two echoes it acquires 

six echoes that are used for water-fat separation (14-16). The addition of multiple echoes allows 

for modelling of more variables than that of modified two-point Dixon. In IDEAL, the fat 
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fraction values calculated are equal to proton-density fat fraction (PDFF) because of the 

additional variables (14-16). 

Both techniques correct for B0 field inhomogeneities; in modified two-point Dixon this is done 

through post-processing using a region-growing phase-correction algorithm developed by Ma 

(13). In IDEAL, the B0 field inhomogeneities are accounted for in the model used to fit the data 

(16). Both modified two-point Dixon and IDEAL can use small flip angles to reduce the effects 

of T1 relaxation and therefore minimise T1 bias (17).  

IDEAL differs from modified two-point Dixon in the modelling of both R2* relaxation and a 

six-peak fat spectrum to the acquired data (13-16). Meisamy et al. showed through comparison to 

magnetic resonance spectroscopy that failing to correct for R2* relaxation and a multi-peak fat 

spectrum introduces a bias in the fat fraction measured in adult liver (15). Since these biases are 

not corrected in modified two-point Dixon, the FSF measured may not be as accurate as the 

PDFF obtained through IDEAL.  

The strength of modified two-point Dixon lies in its availability and speed. Modified two-point 

Dixon is a more widely available sequence than IDEAL, which increases the use of this 

technique in multiple institutions. IDEAL requires the acquisition of images at more echo times 

(TEs) than modified two-point Dixon (at least 6 echoes, vs. 2), resulting in inherently longer 

acquisitions for the same resolution and anatomic coverage. Additionally, IDEAL has a lower 

signal to noise ratio (SNR) per unit time as compared to modified two-point Dixon (13,18). For 
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this reason, modified two-point Dixon would allow the acquisition of images with better SNR in 

a shorter amount of time, which is key in fetal imaging where motion is a major concern. 

The purpose of this study was to compare modified two-point Dixon and IDEAL techniques for 

the quantification of fetal adipose tissue volume and PDFF/FSF. 

 

Materials and Methods 

This study was approved by our institution’s Human Studies Research Ethics Board (REB# 

xxxxxx).  Informed consent was obtained when women were recruited from low risk and 

specialized high body mass index (BMI) obstetric clinics at our institution.  Inclusion criteria 

consisted of the following: pregnant women over the age of 18 between 29 and 38 weeks 

gestational age. Patients with any medical contraindication to safely undergoing a non-contrast 

MRI, weight/body habitus that would prevent a successful MRI study, or multiple pregnancy 

were excluded. One participant was excluded due to medical contraindication to safely 

undergoing a non-contrast MRI. Clinical data were collected from the participant’s charts 

including gestational age at time of MRI, pre-pregnancy BMI, and diagnoses of fetal growth 

restriction or maternal diabetes (Table 1).  

Consenting participants underwent a fetal MRI in a wide-bore (70 cm diameter) 1.5T MRI 

(General Electric Optima 450w, Milwaukee, WI, USA) with a 32-coil abdominal phased array.  

Women were positioned left decubitus or rolled towards a left lateral decubitus position with a 

cushion under either their back or their right side for comfort. Scout images (T2 weighted Single 

Shot Fast Spin Echo (SSFSE)) were acquired to locate the fetus and determine its orientation.  
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Both 3D IDEAL (specific implementation IDEAL IQ) and modified 3D two-point Dixon (specific 

implementation LAVA-Flex) volumes were acquired in a plane axial to the fetal abdomen during 

a maternal breath hold (imaging parameters in Table 2). The two-point Dixon and IDEAL volumes 

were prescribed to match the anatomic coverage as closely as possible. Phase FOV and resolution, 

and slice thickness were altered as necessary to allow acquisition in the maternal breath hold. A 

second 3D IDEAL volume with anatomic coverage matched to the first acquisition was acquired 

at the end of each MRI exam. 

Water-only, fat-only, PDFF and R2* maps were reconstructed from the 3D IDEAL data using the 

method of Yu et al. (16,18,19). Water-only and fat-only images were reconstructed from the 3D 

Dixon data using the method of Ma et al. (13). FSF image volumes were calculated voxel-by-voxel 

from the two-point Dixon fat and water signal intensities (FSF = Fat/(Water+Fat)). 

Total fetal fat from the entire fetal volume was manually segmented (A1, 2 years experience) from 

all the PDFF/FSF images using 3D Slicer (4.7.0 nightly build 2016-12-06)(20-22) by tracing the 

along the border of high signal intensity corresponding to fetal fat. This included subcutaneous fat, 

perirenal fat, orbital fat, paravertebral fat and bone marrow when visible. Measured variables 

included the total segmented volume and the mean PDFF/FSF within the segmented volume. 

To investigate the failure to correct for R2* decay resulting in the appearance of artefactual 

“pseudo-fat” in Dixon acquisitions, all modified two-point Dixon volumes were evaluated for the 

appearance of fetal liver fat through observation by two trained readers (A1 2 years experience, 

A5 25 years experience). The image volumes were sorted into either a pseudo-fat group when fat 

appeared in the fetal liver, or a pseudo-fat-free group, when no fat appeared in the fetal liver. The 

occurrence of elevated R2* in the fetal liver was evaluated by placing a 15mm spherical ROI 
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within the fetal liver. R2* and PDFF values were measured from these liver ROIs on IDEAL 

images. 

The reliability of fat volume and PDFF/FSF measurements made with modified two-point Dixon 

and IDEAL were tested to assess the consistency of ordering between participants between the 

modified two-point Dixon and IDEAL. The inter-rater reliability of fat volume and PDFF were 

tested to assess the consistency of ordering between participants between two trained 

independent readers (A1 2 years experience, A3 no previous experience), who each manually 

segmented 10 IDEAL PDFF sets. The inter-rater reliability of modified two-point Dixon 

segmentation was previously found to be very high (23). Test-retest reliability of IDEAL derived 

fat volume and PDFF measurements were assessed by comparing measurements from the two 

3D IDEAL acquisitions to assess the consistency of ordering between participants for each test. 

Intra-class correlation was used to test all three reliability assessments.  

To assess the level of agreement (i.e., identical results) between modified two-point Dixon and 

IDEAL measurement of fat volume and PDFF/FSF, a one-sample t-test was performed on the fat 

measurements difference values (modified two-point Dixon minus IDEAL). These difference 

scores were tested against a value of 0, which would indicate that the measurements were 

identical. The average modified two-point Dixon/IDEAL measurement was plotted against the 

difference between the methods in Bland-Altman plots. The level of agreement for inter-rater 

and test-retest was examined in the same manner, with Bland-Altman plots using log values 

when appropriate. Mann-Whitney U tests were applied to detect differences between the pseudo-

fat and pseudo-fat free groups’ R2*, PDFF, and gestational ages. All statistical analyses were 

conducted in SPSS v.24 (IBM Corporation, Armonk, NY, USA), and p-values < 0.05 were 

considered statistically significant. 
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Results 

Twenty-nine women participated in the study. One participant was unable to complete the MRI, 

3 were excluded from analysis for fetal motion, and 2 were excluded from analysis for severe 

artefact. Two fetuses had no segmentable fat. Of the remaining 21 fetuses, one had severe motion 

artefacts in modified two-point Dixon, leaving 20 fetuses for the comparison of modified two-

point Dixon and IDEAL. 3D renderings and segmentations of total fetal fat from modified two-

point Dixon and IDEAL are shown in Figure 1. The ICC between modified two-point Dixon and 

IDEAL for fetal fat volume was 0.928 (p<0.001) and for fetal PDFF/FSF was 0.898 (p<0.001), 

indicating strong reliability for both measurements. The t-test for fetal fat volume difference 

(modified two-point Dixon – IDEAL) against 0 was significant (p<0.001), indicating that the two 

methods were not statistically identical. The mean and standard deviation for fetal fat volume 

measured by modified two-point Dixon was 980 ± 360 mL, and by IDEAL was 1180 ± 390 mL. 

The mean difference (modified two-point Dixon – IDEAL) for fetal fat volume was -180 mL. 

The Bland-Altman plot for fetal fat volume is shown in Figure 2A. The t-test for fetal PDFF/FSF 

difference (modified two-point Dixon – IDEAL) against 0 was also significant (p=0.001), again 

indicating that the two methods were not statistically identical. The mean difference (modified 

two-point Dixon – IDEAL) for PDFF/FSF was 3.0%. The Bland-Altman plot for fetal PDFF/FSF 

is shown in Figure 2B.  

7/21 fetuses had pseudo-fat appear in their livers with modified two-point Dixon, while no 

fetuses had detectable liver fat with IDEAL. Sample images including modified two-point Dixon 

fat images, IDEAL PDFF images, and IDEAL R2* maps for pseudo-fat and pseudo-fat free 

groups are shown in Figure 3. Mann-Whitney U tests indicated that there was a significant 



9 
 

difference in the fetal liver R2* between the pseudo-fat and pseudo-fat free groups (p<0.001) 

(Figure 4A), but not in their liver PDFF measured by IDEAL (p=0.332) (Figure 4B) or their 

gestational ages at MRI (p=0.654) (Figure 4C). All the fetuses with pseudo-fat had liver R2* 

values ≥ 45 s-1, whereas all the fetuses without pseudo-fat had liver R2* values ≤ 35 s-1. 

17 fetuses had 2 sets of motion free IDEAL images and were used for test-retest reliability. The 

ICC for fetal fat volume was 0.971 (p<0.001) and for fetal PDFF was 0.980 (p<0.001), 

indicating strong test-retest reliability. The t-test for difference (test-retest) against 0 for fetal fat 

volume was not significant (p=0.152), indicating the results were statistically similar. No 

proportional bias was detected as shown in the Bland Altman plot (Figure 5A). The t-test for 

difference (test – retest) against 0 for fetal PDFF was significant (p=0.045), indicating that the 

test-retest were not statistically identical. The magnitude of the difference gives an estimate of 

the bias detected, which was 0.9%. The Bland-Altman plot is shown in Figure 5B. 

The ICC between the two readers for fetal fat volume was 0.897 (p=0.002), and for fetal PDFF 

was 0.946 (p<0.001). This shows a strong inter-rater reliability. The t-tests for difference (reader 

1 – reader 2) against 0 for fetal fat volume and PDFF were not significant (p=0.847 and 

p=0.706), indicating the results were statistically similar. No proportional bias was detected as 

shown in Bland-Altman plots (Figure 6). 

 

Discussion 

Our results indicate that modified two-point Dixon and IDEAL measurements of fat fraction and 

fat volume are reliable, but not in agreement. Although both methodologies have good ICCs and 
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can be used for comparison between participants, differences between measured total fetal 

fraction warrants questions regarding accuracy of one or both methods.  

Modified two-point Dixon has biases present in the FSF because it does not correct for R2* and 

does not use a multipeak fat spectrum (13). Meisamy et al. have shown that failing to incorporate 

these two factors into the modeling of signal from Dixon methods introduces a bias compared to 

spectroscopy results (15).  

In our imaging of fetal fat, we observed examples of this bias in the fetal liver. When the fetal 

liver had elevated R2* (short T2*), pseudo-fat appeared in the liver on modified two-point Dixon 

fat images. This was not seen in the IDEAL images, since R2* is accounted for in the modelling. 

This was a common occurrence, with one third of the fetuses we imaged having appearance of 

pseudo-fat in the liver on modified two-point Dixon images. It has previously been shown that 

the fetal liver in the third trimester has a longer R2* (50 s-1 at 1.5T) compared to that in the adult 

liver (36 s-1 at 1.5T) (24). This occurs because the fetal liver is a major hemopoietic site during 

fetal development and therefore acts as a reservoir for iron in the third trimester (24). R2*-

weighted gradient recalled echo sequences have previously been used in the investigation of 

hemochromatosis (25), and together these results suggest that IDEAL could be used in the future 

to investigate hematopoiesis through gestation as well as prenatal detection of hemochromatosis. 

We believe that IDEAL is the preferred method for measuring fetal fat fraction, as the biases 

present in modified two-point Dixon have been corrected (16,18,19). This has been shown in the 

adult liver by comparing to spectroscopy (15), and it is likely that similar factors are at play in 

the fetus, as demonstrated in the fetal livers from our study.  
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Previous studies have used PDFF to distinguish brown adipose tissue from white adipose tissue 

in infants, as brown adipose tissue has a lower PDFF (26-28) Unbiased fat fraction 

measurements are key to this differentiation, therefore IDEAL would be best suited to an 

investigation of brown adipose tissue in the fetus. This would be especially important for 

assessing brown adipose tissue across gestation, as white adipose tissue has a lower lipid content 

at earlier gestational ages (29), and therefore the difference between the fat fractions of brown 

and white adipose tissue may be small. 

Test-retest showed that IDEAL is a reliable method for measurement of fetal fat volumes and 

PDFF. The volumes measured with the IDEAL test-retest agreed; however, their PDFF values 

were not statistically identical. The mean bias between the two methods was less than 1%, which 

is small enough that there should be no practical difference in the values measured. The inter-

rater reliability and agreement of the fetal fat volumes and PDFF was also good, indicating that 

this is a robust method for assessment of fetal fat.  

Strengths of our study include using 3D techniques, the measurement of total fetal fat and 

inclusion of a heterogeneous group of participants. By using 3D techniques to measure total fetal 

fat with both sequences, we minimized the effect of fetal position. Since the fetus is liable to 

move between sequences, it is possible it is in a different position during modified two-point 

Dixon and IDEAL acquisitions. This positional effect is reduced by the assessment of the entire 

fetus with a 3D acquisition, resulting in measuring total fetal fat, regardless of fetal position. We 

recruited a heterogeneous population of participants, including normal and high BMI, growth 

restricted fetuses, and diabetic mothers and have demonstrated that our results are applicable to 

most obstetric populations.  
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Limitations of this study include testing at one field strength only, limited gestational age range, 

and uncertainty about the fetal fat spectrum. We performed this comparison at 1.5 T only and 

although it is expected that results will remain similar at 3.0 T, future studies should be 

conducted for confirmation. Additionally, future studies at an earlier gestational age than 29-38 

weeks can elucidate whether the performance of two-point Dixon and IDEAL are affected by the 

lower FSF expected earlier in gestation. The expectation is that at lower FSF the biases in two-

point Dixon are minimized, whereas IDEAL will struggle at low PDFF values because of its 

lower signal to noise efficiency. Therefore, it is possible that modified two-point Dixon is 

preferable at lower gestational ages. Finally, we did not examine the fat spectrum of fetal fat, and 

it is possible that it differs from the adult fat spectrum employed by Quantitative IDEAL, 

potentially introducing a source of bias in the fetal PDFF measurements. It has been shown that 

over the biologically possible range of multipeak fat spectral models there is minimal difference 

(<2%) when compared in the livers of patients with non-alcoholic steatohepatitis (30), so while it 

is unlikely that it is different in the fetus this still needs to be examined. Magnetic Resonance 

Spectroscopy should be used to determine the fetal fat spectrum, investigate gestational age 

changes and differences from the adult spectrum. This knowledge could be used to alter the 

spectral model of fat used in IDEAL and allow more accurate PDFF estimation for fetal fat 

imaging.  

In conclusion, either modified two-point Dixon or IDEAL can be used to compare fetal fat 

volumes and PDFF/FSF between participants. Caution should be used when imaging fetal liver 

with modified two-point Dixon, particularly in the third trimester where elevated R2* effects are 

common. In terms of potential biases in measuring PDFF and fat volume in the fetus, we feel 

that IDEAL is a better method of choice than modified two-point Dixon.  
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Tables 

Characteristic          n (%) 

Maternal BMI (kg/m²)  

Underweight: < 18.5 2 (9.5%) 

Normal: 18.5 – 24.9 10 (47.6%) 

Overweight: 25 – 29.9 1 (4.8%) 

Class I Obesity: 30 – 34.9 1 (4.8%) 

Class II Obesity: 35 – 39.9 3 (14.3%) 

Class III Obesity: ≥ 40 3 (14.3%) 

Diabetic Status  

Pre-existing Type-1 Diabetes 1 (4.8%) 

Pre-existing Type-2 Diabetes 1 (4.8%) 

Gestational Diabetes 2 (9.5%) 

Non-diabetic 17 (81.0%) 

Growth Restriction 58.1 (0.5 – 96.6) 

Growth Restricted 3 (14.3%) 

Appropriate Growth 18 (85.7%) 

Table 1. Participant demographics. Data is listed as n (%). Total N = 21. BMI = body mass 

index. 
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Parameter Modified two-point 

Dixon 

IDEAL 

Repetition Time 6.0 – 6.6 ms 9.7 – 12.7 ms 

Flip Angle 5° 6 – 7° 

Field of View 50 cm 50 cm 

Frequency Encodes 160 128 – 160 

Phase Encodes 160 128 – 160 

Slice Thickness 4 – 6.5 mm 4 – 6.5 mm 

Number of Slices 42 – 64 42 – 78 

ARC Acceleration Phase 2x 2x 

ARC Acceleration Slice 2x 2.5x 

ARC Acceleration Calibration Lines 32x32 32x32 

Acquisition Time 10-17 s 12 – 24 s 

Table 2. Imaging Parameters for modified two-point Dixon and IDEAL acquisitions 

 



20 
 

Figure Legends 

Figure 1. Total fetal fat A) segmentation on modified two-point Dixon, B) segmentation on 

IDEAL, C) 3D render from modified two-point Dixon, D) 3D render from IDEAL. Images 

A and B are displayed axial to fetal abdomen through the fetal umbilicus. 3D renders C and D 

are created from the segmentations in A and B. The hands and feet have limited fat and therefore 

appear incomplete and patchy in the 3D renders. 

Figure 2. Bland-Altman plots of fetal A) fat volume and B) PDFF/FSF from modified two-

point Dixon and IDEAL. The solid black line indicates the mean difference between the 

techniques (A: -180 mL, B: 3.0%), while the two dashed lines indicate the 95% confidence 

intervals (A: -380, 20 mL, B: -3.6, 9.5%).  This demonstrates that modified two-point Dixon 

underestimates fetal fat volume while overestimating fetal PDFF/FSF compared to IDEAL.  

Figure 3. Comparison of pseudo-fat free and pseudo-fat fetuses. A) Modified two-point 

Dixon fat image without Pseudo-fat in the liver, B) Modified two-point Dixon fat image showing 

pseudo-fat in the liver, C) IDEAL PDFF image from the same patient and slice as A, D IDEAL 

PDFF image from the same patient and slice as B, E) IDEAL R2* map from the same patient 

and slice as A, and F) IDEAL R2* map from the same patient and slice as B. Images are 

displayed axial to fetal abdomen, with the spherical liver ROI outlined in red. Fat images have 

been windowed and levelled to display the signal in the fetal livers. The fat fraction measured in 

image C (pseudo-fat free) was 6.9%, and in image D (pseudo-fat) was 3.7%. The R2* measured 

in image E (pseudo-fat free) was 31 s-1, and in image F (pseudo-fat) was 45 s-1. 

Figure 4. Box and whisker plots of fetal liver A) R2* values and B) PDFF measured from 

IDEAL, and C) gestational age at MRI for the pseudo-fat and pseudo-fat free groups. 
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Mann-Whitney U test indicates a significant difference between the groups R2* values 

(p<0.001), where the pseudo-fat group has a higher fetal liver R2* than the pseudo-fat free 

group. No significant differences were found in the PDFF or gestational age between the groups 

(p=0.881, p=0.654). Outliers are shown as circles outside of the box and whisker plots. 

Figure 5. Bland-Altman plot of fetal A) fat volume and B) PDFF from IDEAL test-retest. 

The solid black line indicates the mean difference between the acquisitions (A: -50 mL, B: 

0.9%), while the two dashed lines indicate the 95% confidence intervals (A: -340, 230 mL, B: -

2.4, 4.2%). This demonstrates that there is no proportional bias in the fetal fat volume between 

the acquisitions, and a small bias (< 1%) for higher PDFF measurements in first IDEAL 

acquisition relative to the second acquisition. 

Figure 6. Bland-Altman plot of fetal A) fat volume and B) PDFF measured by two readers. 

The solid black line indicates the mean difference between the two readers’ measurements (A: 20 

mL, B: -0.4%), while the two dashed lines indicate the 95% confidence intervals (A: -480, 520 

mL, B: -7.2, 6.4%). This demonstrates there is no proportional bias between the readers’ 

measurements of fetal fat volume or PDFF. 
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Figures 

 

Figure 1. Total fetal fat A) segmentation on modified two-point Dixon, B) segmentation on 

IDEAL, C) 3D render from modified two-point Dixon, D) 3D render from IDEAL. Images 

A and B are displayed axial to fetal abdomen through the fetal umbilicus. 3D renders C and D 

are created from the segmentations in A and B. The hands and feet have limited fat and therefore 

appear incomplete and patchy in the 3D renders. 
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Figure 2. Bland-Altman plots of fetal A) fat volume and B) PDFF/FSF from modified two-

point Dixon and IDEAL. The solid black line indicates the mean difference between the 

techniques (A: -180 mL, B: 3.0%), while the two dashed lines indicate the 95% confidence 

intervals (A: -380, 20 mL, B: -3.6, 9.5%).  This demonstrates that modified two-point Dixon 

underestimates fetal fat volume while overestimating fetal PDFF/FSF compared to IDEAL.  
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Figure 3. Comparison of pseudo-fat free and pseudo-fat fetuses. A) Modified two-point 

Dixon fat image without Pseudo-fat in the liver, B) Modified two-point Dixon fat image showing 

pseudo-fat in the liver, C) IDEAL PDFF image from the same patient and slice as A, D IDEAL 

PDFF image from the same patient and slice as B, E) IDEAL R2* map from the same patient 

and slice as A, and F) IDEAL R2* map from the same patient and slice as B. Images are 

displayed axial to fetal abdomen, with the spherical liver ROI outlined in red. Fat images have 
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been windowed and levelled to display the signal in the fetal livers. The fat fraction measured in 

image C (pseudo-fat free) was 6.9%, and in image D (pseudo-fat) was 3.7%. The R2* measured 

in image E (pseudo-fat free) was 31 s-1, and in image F (pseudo-fat) was 45 s-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



26 
 

 

Figure 4. Box and whisker plots of fetal liver A) R2* values and B) PDFF measured from 

IDEAL, and C) gestational age at MRI for the pseudo-fat and pseudo-fat free groups. 

Mann-Whitney U test indicates a significant difference between the groups R2* values 

(p<0.001), where the pseudo-fat group has a higher fetal liver R2* than the pseudo-fat free 

group. No significant differences were found in the PDFF or gestational age between the groups 

(p=0.881, p=0.654). Outliers are shown as circles outside of the box and whisker plots. 
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Figure 5. Bland-Altman plot of fetal A) fat volume and B) PDFF from IDEAL test-retest. 

The solid black line indicates the mean difference between the acquisitions (A: -50 mL, B: 

0.9%), while the two dashed lines indicate the 95% confidence intervals (A: -340, 230 mL, B: -

2.4, 4.2%). This demonstrates that there is no proportional bias in the fetal fat volume between 

the acquisitions, and a small bias (< 1%) for higher PDFF measurements in first IDEAL 

acquisition relative to the second acquisition. 
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Figure 6. Bland-Altman plot of fetal A) fat volume and B) PDFF measured by two readers. 

The solid black line indicates the mean difference between the two readers’ measurements (A: 20 

mL, B: -0.4%), while the two dashed lines indicate the 95% confidence intervals (A: -480, 520 

mL, B: -7.2, 6.4%). This demonstrates there is no proportional bias between the readers’ 

measurements of fetal fat volume or PDFF. 
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