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ABSTRACT

Despite its many advantages, experience with fetal MRI is limited, as is knowledge of how fetal
tissue relaxation times change with gestational age (GA). Quantification of fetal tissue relaxation times
as a function of GA provides insight into tissue change during fetal development, facilitates comparison
of images across time and subjects, and can allow determination of biophysical tissue parameters that
may have clinical utility. The purpose of this study is to demonstrate the feasibility of quantifying the T1
and T2* relaxation times of fetal lungs, intraabdominal organs, and muscle as a function of GA at 1.5 T.
Nine women with singleton, uncomplicated pregnancies (28-38 weeks GA) underwent two 3DIDEAL-SPGR (IDEAL-IQ) acquisitions at different flip angles (6° and 20°) at 1.5 T. Segmentations of the
lungs, liver, spleen, kidneys, muscle at different locations (upper arms, forearms, thighs, lower legs, and
paravertebral) were conducted. DESPOT1 was used to quantify the mean water T1 of the lungs,
intraabdominal organs, and muscle. IDEAL T2* maps were used to quantify the T2* values of the
analyzed tissues. F-tests were performed to see if the T1 and T2* of each analyzed tissue changed as a
function of GA.
No tissue demonstrated a significant change in T1 as a function of GA (p > 0.05). Only the spleen and
muscle T2* showed a significant decrease as a function of GA (p < 0.05). These preliminary data suggest
that the T1 of the investigated tissues is relatively stable over 28-38 weeks GA, while the T2* change in
spleen and muscle decreases significantly in that period.

We have determined T1 &
*
T2 of fetal tissues across
the third trimester in
uncomplicated
pregnancies at 1.5 T.

The objective is to demonstrate the feasibility of quantifying previously unknown T1
and T2* relaxation times of fetal lungs, intraabdominal organs, and muscle in
uncomplicated pregnancies as a function of GA at 1.5 T.

• Acquisitions from 9 women with uncomplicated pregnancies (GA: 28-38 weeks) were analyzed
• Two 3D water-lipid MR acquisitions (IDEAL-IQ) were acquired at 6◦ & 20◦ flip angles
• 3D Slicer (v4.10.2)5 was used to manually segment the lungs, intraabdominal organs (liver,
spleen, kidneys), and muscle at different locations (upper arms, forearms, thighs, lower legs,
and paravertebral) on water-only images
• DESPOT16 was used to quantify mean water T1 of lungs, intraabdominal organs, and muscle
• Mean T2* of segmented volumes were determined from T2* maps generated by IDEAL-IQ
• F-tests were performed to determine if T1 and T2* was changing over GA (i.e., slopes were
significantly different from zero, 𝛼 = 0.05)

RESULTS
• Slopes and Y-intercepts of the water T1 and T2* values of the different muscle locations were
not significantly different from each other (p > 0.05)
• No tissue demonstrated a significant change in T1 as a function of GA (p > 0.05)
• Only the spleen and muscle T2* showed a significant decrease as a function of GA (p < 0.05)

DISCUSSION
• T1 values of investigated tissues is relatively stable over 28-38 weeks GA and consistent with
corresponding adult values7
• Significant decrease in spleen T2* & non-significant decrease in liver T2* values likely associated
with fetal extramedullary hematopoiesis8,9
• Significant decrease in muscle T2* with increasing GA is consistent with accumulation of
myoglobin10
• Limitations include small sample size and limited investigated GA range
• Future work would involve studying a wider range of GA and a larger sample size
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INTRODUCTION
• Fetal life is a significant period in human development because organ systems begin to develop
during this time1
• MRI provides a non-invasive in utero assessment of tissue composition and function, although
experience with the modality is limited2,3
• T1 and T2* are quantitative values that are independent of contrast mechanisms and imaging
protocol4
• Knowledge of fetal relaxation times as a function of gestational age (GA) is limited for most
tissues
• Quantitative relaxometry allows for objective metric to compare MR images and determine
biophysical tissue parameters
• Quantifying fetal relaxation times as a function of GA provides insight into fetal development,
improve comparison of images acquired at different GA, and contribute to clinical methodologies

METHODS

This study demonstrated the feasibility of quantifying T1 and T2* relaxation
times of fetal lungs, intraabdominal organs, and muscle in uncomplicated
pregnancies between 28- and 38-weeks gestation at 1.5 T.
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Whole volume segmentations of the lungs (green), liver (red), and kidneys (blue) conducted
using the water-only images (A), a 3D fetal surface rendering for reference (B), and
segmentations of the fetal muscle of the upper arms (dark green), forearms (dark blue),
thighs (purple), lower legs (light green), and the paravertebral (red) conducted using the
water-only images (C).
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Figure 1. Regression lines of the
mean water T1 relaxation times
of the fetal lungs, fetal
intraabdominal organs, and of all
fetal muscle locations combined
are plotted as a function of
gestational age.

*p < 0.05 for T2*
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Figure 2. Regression lines of the mean
T2* relaxation times of the fetal lungs,
fetal intraabdominal organs, and of all
fetal muscle locations combined are
plotted as a function of gestational
age. The red asterisks indicate the T2*
slope of the tissue as a function of GA
is significantly different from zero.

