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ARTICLE INFO ABSTRACT

Keywords:
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Introduction: Transverse relaxation time (T2*) is related to tissue oxygenation and morphology. We aimed to
describe T2* weighted MRI in selected fetal organs in normal pregnancies, and to investigate the correlation
between fetal organ T2* and placental T2*, birthweight (BW) deviation, and redistribution of fetal blood flow.
. L Methods: T2*-weighted MRI was performed in 126 singleton pregnancies between 23-+6- and 41+3-weeks’
Magnetic resonance imaging . . . . .
Transverse relaxation gestation. The T2* value was obtained from the placenta and fetal organs (brain, lungs, heart, liver, kidneys, and
To* spleen). In normal BW pregnancies (BW > 10th centile), the correlation between the T2* value and gestational
age (GA) at MRI was estimated by linear regression. The correlation between fetal organ Z-score and BW group
was demonstrated by boxplots and investigated by analysis of variance (ANOVA) for each organ.
Results: In normal BW pregnancies fetal organ T2* was negatively correlated with GA. We found a significant
correlation between BW group and fetal organ T2* z-score in the fetal heart, kidney, lung and spleen. A positive
linear correlation was demonstrated between fetal organ T2* and outcomes related to placental function such as
BW deviation and placenta T2* in all investigated fetal organs except for the fetal liver. In the fetal heart,
kidneys, and spleen the T2* value showed a significant correlation with fetal redistribution of blood flow (Middle
cerebral artery Pulsatility Index) before delivery.
Discussion: Fetal T2* is correlated with BW, placental function, and redistribution of fetal blood flow, suggesting
that fetal organ T2* reflects fetal oxygenation and morphological changes related to placental dysfunction.

due to placental dysfunction from light hypoxia to acidosis and still birth
in the absence of intervention [11]. A direct non-invasive method to
assess the oxygenation of fetal organs could expand our understanding
of the fetal response to placental dysfunction and thereby improve the

1. Introduction

In pregnancies complicated by placental dysfunction the supply of

oxygen and nutrients is inadequate to meet the metabolic demand of the
growing fetus. This condition may lead to fetal growth restriction, fetal
hypoxia [1,2], and in severe cases irreversible ischemic organ damage
and intrauterine fetal death may occur [3-5]. The fetus seeks to adapt to
the hypoxic condition by redistribution of fetal blood flow towards
essential fetal organs such as the myocardium, adrenal glands, and brain
[6]. This finding is also known as “brain sparing” and it can be identified
by ultrasound Doppler flow measurement of the middle cerebral artery
(MCA) [7-9]. In the absence of direct methods to estimate fetal
oxygenation in vivo, the redistribution of fetal blood such as brain
sparing is a recognized clinical marker of fetal hypoxia [10]. Brain
sparing is the first indicator of fetal hypoxia in a timeline of fetal cir-
culatory changes that describes the progression of fetal deterioration

fetal surveillance of high-risk pregnancies.

The magnetic resonance imaging (MRI) transverse relaxation time
(T2*) provides direct estimates of tissue oxygenation in vivo [12,13].
The T2* relaxation time is sensitive to magnetic field inhomogeneities as
created by several factors including deoxyhemoglobin, which shortens
the T2* relaxation time. Thereby, T2*weighted MRI is related to tissue
oxygenation [12,13]. Thus, in hypoxic tissue the amount of deoxy-
hemoglobin is increased and accordingly the T2* value is reduced. The
T2* value is also related to tissue morphology including macromolecular
deposition, water content, and accumulation of lipids [13]. Each tissue
has a specific T2* value and tissue pathology may be identified by
altered T2* value [13]. Over the last decades mapping of brain function
by use of T2* weighted MRI and the blood oxygenation level-dependent
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Abbreviations

BW Birth weight

GA Gestational age

MRI Magnetic resonance imaging
ROI Region of interest

T2* Transverse relaxation time
SGA Small for gestational age
MCA Middle cerebral artery

(BOLD) contrast have revealed new insights in brain physiology in an-
imals and humans [14]. However, the intrauterine environment remains
to be explored.

Placental function has been investigated by the use of T2* weighted
MRI [15]. Placental T2* is reduced in pregnancies complicated by
placental dysfunction such as fetal growth restriction [15,16], pre-
eclampsia [17] placental T2* or histological evidence of vascular mal-
perfusion [18], these findings are most likely related to placental
hypoxia. It is generally accepted, that T2* weighted placental MRI
provides non-invasive information on placental function in vivo [19].

In the fetus T2* weighted MRI is only briefly described. Experimental
animal studies have demonstrated that changes in fetal oxygenation
induced by maternal hyperoxia/hypoxia can be depicted by T2*
weighted MRI [20,21]. However, in the human fetus, only a small
number of preliminary studies are previously published. The studies
focus on different fetal organs such as the fetal brain [22-24], fetal lungs
[25], and selected intraabdominal organs including the fetal liver
[25-28]. These studies suggest, that the T2* value can be obtained from
the selected fetal organs, but the correlation with placental function and
fetal oxygenation remains unexplored. Thus, the aim of this study was to
describe T2* weighted MRI in selected fetal organs in normal preg-
nancies and the correlation with placenta related outcomes such as BW,
placental T2* and Doppler flow in fetal MCA.

2. Materials and methods
2.1. Subjects

A total of 126 singleton pregnancies were included in the cohort.
Fetal MRI was performed at Aalborg University Hospital from February
2018 to November 2019. MRI was performed between 23 + 6 and 41 + 3
weeks’ gestation. The MRI was dedicated to fetal and placental research.
All pregnancies were dated by ultrasound measurements of crown-
rump-length in the first trimester by Fetal Medicine Foundation certi-
fied sonographers [29,30]. Small for gestational age (SGA) was defines
as BW below or equal to the 10th centile for expected gestational age
(GA). Furthermore, the study population was divided in three BW
groups defined according to the reference curve by Marsal et al. [31].
Normal BW = BW deviation between 10th centile and 90th centile,
SGA1 = BW deviation between 10th centile and 2.3rd centile, and SGA2
= BW deviation <2.3rd centile. No BWs were above 90th centile. All
participants gave written informed consent. The study was approved by
the North Denmark Region Committee on Health Research Ethics
(Journal number N-20170052). Data storage and handling were
approved by a regional notification to the Danish Data Protection
Agency (local reference-ID 2017-148) using Research Electronic Data
Capture (REDCap) hosted at Aalborg University Hospital, North
Denmark Region [32].

2.2. Ultrasound

Ultrasound examination was performed in a Voluson E10 ultrasound
system (GE Healthcare, Kretz Ultrasound, Zipf. Austria). Ultrasound
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examination was performed at the time of MRI. Fetal weight was esti-
mated by Hadlock’s formula [33] and weight deviation was calculated
using the reference curve by Marsdl et al. [31] Doppler measurements of
the blood flow in the Umbilical artery (UA) and the MCA was assessed
and the deviation of the pulsatility index (PI) was estimated using the
reference by Parra-Cordero et al. [34].

2.3. MRI

MRI was performed in a 1.5 T MRI system, Optima™ MR450w (GE
Healthcare, Milwaukee, WI, USA). The pregnant woman was placed in a
left lateral tilt position to avoid compression of the inferior vena cava,
and the total scan time did not exceed 30 min. An anterior array body
coil was located over the maternal abdomen covering the entire uterus.
Initially, a T2-weighted localizer scan was performed to obtain infor-
mation about the anatomical orientation of placenta and the fetus. Five
axial slices were placed covering the upper fetal abdomen and lower
thorax and five coronal slices were placed in the central part of the fetus.
The orientation of the slices is illustrated in Fig. 1. The T2* weighted
MRI scan was performed using gradient recalled echo with the following
protocol: TR = 71.2 ms; TE (16):3.0-67.5 ms; field of view 380 x 380
mm; flip-angle 30°; matrix 256 x 128 mm, slice thickness 5 mm, and
slice gap 3 mm. Each slice was acquired in a single 12-s breath-hold.

2.4. MRI analysis

MRI data were processed using an in-house developed software;
RoiTool 3.95 written in MATLAB (The MathWorks Inc, Natick, MA
USA). Regions of interest (ROIs) covering the entire placenta and
selected fetal organs were drawn manually by a single examiner (KB) as
presented in Fig. 2. The T2* value was obtained by fitting the average
signal within each ROI as a function of echo times using a mono-
exponentially decaying function with the equilibrium magnetization
(Mp) and T2* as free parameters using a non-linear least-squares fitting
algorithm [35]. For the spleen, which has a very short T2* relaxation
time, a third free parameter was added to account for the signal not
approaching zero but instead approaching the average noise value. In
each fetal organ, the T2* value was reported as the mean of two slices,
and the placental T2* value was reported as the mean of 3 slices. The
process of ROI drawing and calculating the T2* value was blinded to all
clinical data.

2.5. Statistical analysis

In normal BW pregnancies the correlation between fetal organ T2*
values and GA at the time of MRI was investigated by simple linear
regression. In the total cohort, the fetal organ T2* value was converted
into Z-scores adjusted for GA at MRI using the T2* values of the normal
BW pregnancies as a reference. The correlation between fetal organ Z-
score and the three BW groups was demonstrated by boxplots and
investigated by analysis of variance (ANOVA) for each organ. The cor-
relations between fetal organ T2* Z-score and each of the following
outcomes; placental T2* Z-score, BW Z-score and MCA pulsatility index
Z-score at MRI and just before delivery were estimated by Pearson
correlation analysis. A p-value <0.05 was considered statistically sig-
nificant. Analyses were performed using Stata®16.0 (College Station,
TX, USA).

3. Results

The median GA at the time of MRI was 34.2 week’s gestation (range:
30.6-37.3) and the median time between MRI and delivery was 4.0
weeks (range: 1.4-7.7) (see Table 1).

In normal BW pregnancies (n = 58), the T2* value of each fetal organ
showed a significant negative linear correlation with GA at the time of
MRI (Table 2 and Fig. 3). The normal T2* value at 30 week’s gestation
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Fig. 1. Illustration of the orientation of the five axial (A) and five coronal (B) slices at the fetal MRI scan are demonstrated.

Fig. 2. T2* weighted magnetic resonance images of the selected fetal organs. The white lines indicate the Regions of interest (ROI) drawn manually according to the

outline of each fetal organ.

and the decrease in T2* value per gestational week for each fetal organ
are presented in Table 2.

Analysis of variance (ANOVA) demonstrated a significant correlation
between BW groups and fetal organ T2* Z-score in the fetal heart (p <
0.001), fetal kidney (p = 0.001), lung (p = 0.03) and fetal spleen (p <
0.001) (Fig. 4).

In the total cohort (n = 126), a significant positive linear correlation
was demonstrated between fetal organ T2* Z-scores and BW Z-score as
well as placental T2* Z-score (Fig. 5). This correlation was strongest in
the fetal heart, kidney, and spleen. In these three organs the T2* values
showed a positive significant correlation with redistribution of fetal
blood (MCA PI Z-score) at the last ultrasound before birth, but not at the
time of MRI (Table 3).
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4. Discussion
4.1. Principal findings

This study investigated the T2* value in selected fetal organs in
normal pregnancies and those complicated by placental dysfunction. In
the fetal lungs, heart, kidneys, and spleen the T2* Z-score was significant
reduced n pregnancies complicated by placental dysfunction. Fetal
organ T2* was correlated with outcomes related to fetal oxygenation
including placental function, BW, and redistribution of blood flow. The
T2* value of the fetal heart, kidneys, and spleen showed the most sig-
nificant correlation with placental dysfunction. In these fetal organs, the
T2* Z-score showed a significant correlation with redistribution of fetal
blood as assessed by Doppler ultrasound at birth but not at the time of
MRI. Thus, the fetal organ T2* value may be reduced prior to fetal
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Table 1
Maternal and pregnancy characteristics of the study population.
Characteristics Total study population (n =  Normal BW pregnancies (n SGA1 pregnancies (n = P-value  SGA2 pregnancies (n = P-value
126) =57) 38) 31)
Maternal age (years) 29.0 (26.0-34.0) 29.0 (25.4-30.8) 31.0 (27.0-34.4) 0.430 28.0 (24.0-33.0) 0.211
Maternal Body Mass Index (kg/mz) 27.2 (24.1-30.8) 27.5 (25.4-30.8) 28.4 (24.0-30.8) 0.764 25.5 (23.4-30.0) 0.455
Nulliparous 65 (51.6) 31 (24.6) 15 (11.9) 0.112 19 (15.1) 0.0.538
Gestational Age at MRI (weeks) 34.1 (30.6-37.4) 35.1 (30.5-40.3) 33.6 (31.6-36.3) <0.001 33.0 (30.6-36.0) <0.001
Time from MRI to Birth (weeks) 4.0 1.3-7.7) 4.0 (1.1-8.9) 4.3 (2.6-6.8) 0.388 2.9 (1.4-5.0) 0.031
Smoking 18 (14.3) 3(2.4) 9(7.1) 0.232 6 (4.8) 0.026
Diabetes 11 (8.7) 4(3.2) 5(4.0) 0.246 2(1.6) 0.930
Preeclampsia 9(7.1) 1(0.8) 4(3.2) 0.070 4(3.2) 0.031
Cesarean section 27 (21.4) 7 (5.6) 7 (5.6) 0.456 13 (10.3) 0.001
Ultrasound at time of MRI
Umbilical artery doppler PI > 2 (z- 1 (0.8) 0 (0.0) 1 (0.8) 0.903 0 (0.0) 0.917
score) [1]
Middle cerebral artery PI < -2 (z- 2(1.6) 0 (0.0) 0 (0.0) 0.611 1(1.6) 0.001
score) [1]
Estimated fetal weight deviation —22.9 (-27.0--18.7) —20.1 (—22.8--17.0) —23.7 (—26.4-—19.0) 0.157 —28.4 (—33.3--21.0) 0.002
(%) [2]
Last ultrasound before birth
Time from last ultrasound to birth 1(0.4-1.7) 1.3 (0.6-2.5) 0.8 (0-3-1.3) 0.005 0.7 (0.4-1.0) 0.006
(weeks)
Umbilical artery doppler PI > 2 (z- 4(3.2) 0 (0.0) 0 (0.0) 0.419 4(3.2) 0.255
score) [1]
Middle cerebral artery PI < -2 (z- 8(6.3) 2(1.6) 0 (0.0) 0.955 6 (4.8) 0.026
score) [1]
Estimated fetal weight deviation —26.6 (—31.7-—24.5) —23.8 (—24.5--22.9) —25.7 (—26.6-—24.7) 0.064 —31.8 (—34.8--27.1) 0.008
(%) [2]
Gestational Age at Birth (weeks + 39 + 4 (37+6-41.0) 40.9 (39+6-41 + 4) 38 + 6 (37+6-40.0) <0.001 37 + 1 (35+6-39 + 0) <0.001
days)
Birthweight (g) 2860 (2460-3390) 3400 (3135-3720) 2700 (2560-2830) <0.001 2145 (1885-2440) <0.001
Birthweight deviation (z-score) -1.3 (-1.6--0.6) —0.4 (-1.0-0.1) -1.6 (-1.7--1.4) <0.001 —2.3(-2.8--1.9) <0.001

Data are presented as n (%) or median (interquartile range). fRelative to mean weight for gestation in normal pregnancy [2]. PI, pulsatility index, MRI, Magnetic
resonance imaging. Comparison of normal BW pregnancies and respectively SGA1 and SGA2 pregnancies by students t-test.

Table 2
Normal BW pregnancies: The correlation between fetal organ T2* and gesta-
tional age.

Organ N R P-value  Mean (+SD) decrease Mean (+SD) T2*
in T2* per week (ms/ at GA 30 +
week) 0 (ms)

Brain 37 -0.871 <0.001 —-7.04(£0.7) 170 (+£16.4)

Lungs 58 —-0.571 <0.001 —2.02(+0.4) 85 (£13.6)

Heart 57 —-0.718 <0.001 —2.03 (£0.3) 56 (+£9.3)

Liver 58 -0.414 <0.001  —0.55(+0.2) 31 (+5.7)

Kidneys 54 —-0.871 <0.001  —2.63(+0.2) 65 (£7.2)

Spleen 52 -0.731 <0.001 —1.48(+0.2) 27 (+£10.2)

For each fetal organ the linear correlation between fetal organ T2* value and
gestational age at MRI is estimated by Pearson’s correlations coefficient (R) and
a corresponding p-value. In addition, the decrease in T2* per gestational week
and the average fetal organ T2* at gestational week 30 are presented in the table.
N refers to the number of normal BW pregnancies included for the analysis of the
specific fetal organ.

circulatory changes identified by MCA Doppler. Our findings suggest
that fetal organ T2* may be directly related to fetal oxygenation.

4.2. Results in the context of what is known

In normal BW pregnancies, we demonstrated a significant negative
linear correlation between fetal organ T2* values and GA at the time of
MRI for all investigated organs. This finding is in line with previous
smaller studies of the fetal brain [22-24], the fetal liver [26], and
placenta [15,36,37]. A recent pilot study failed to demonstrate such
correlation [25], however, this finding may be related to the small study
population of nine uncomplicated pregnancies. By the use of cordo-
centesis, Soothill et al. [38] have demonstrated a decrease in the oxygen
content in the umbilical vein with increasing GA in normal pregnancies.
Thus, there may be a reduction in the oxygenation of fetal organs with
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increasing gestational age even in normal pregnancies, which could lead
to the observed reduction in the T2* value. In addition, altered tissue
morphology due to fetal organ maturation may also contribute to the
decrease in the T2* value [39].

The absolute T2* value of the fetal brain is in line with the T2* values
previously reported in the literature. At 30 week’s gestation, the T2*
value of the fetal brain is reported in the range of 150-250 msec
[22-24]. Previous literature demonstrates a large variation in the T2*
value in different areas of the fetal brain with the thalamic area having a
markedly lower value than the white matter of the frontal and the oc-
cipital region [24]. Our MR images did not allow for a separation of
different brain regions, but the white matter of the cerebral hemispheres
did dominate the ROI in our analysis. This may explain why the T2*
value of the fetal brain reported in our study, is in the lower range of the
normal values previously published in the literature. The previous
publications on the T2* value of the fetal liver report a normal value at
30 week’s gestation to be 20-37 msec [25-28], which is very well in line
with the fetal liver T2* value demonstrated in our study. The normal T2*
values of the remaining fetal organs have only been sparsely reported in
the previous literature. The T2* value of the fetal lung, kidney, and
spleen was recently explored in a small pilot study of nine uncompli-
cated pregnancies [25], and the reported values are slightly lower than
the values of this current study.

In the fetal lungs, heart, kidneys, and spleen, we found a significant
correlation between the T2* Z-score and outcomes related to placental
function including placental T2* Z-score and BW deviation. These
findings suggest that fetal organ T2* may be related to fetal oxygenation.
However, altered fetal tissue morphology due to chronic hypoxia may
also contribute to the observed correlations. The correlation between
placental dysfunction and fetal hypoxia has previously been demon-
strated directly during pregnancy by cordocentesis [1] and immediately
after delivery in elective cesarian section by blood samples from the
umbilical artery and vein [40].

Among the investigated fetal organs, the fetal heart, kidneys, and
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Fig. 3. Fetal organ T2* versus gestational age at MRI in the selected fetal organs. Normal BW pregnancies (BW over the 10th centile of the expected for GA) is marked
with closed circles and SGA pregnancies (BW below or equal to 10th centile of the expected for GA) is marked with open squares. Linear regression (black line) with
95% prediction interval (grey lines) for normal BW pregnancies. Pearson correlation coefficients are given in Table 2.

spleen showed the strongest correlation with placental function. This
may be explained by redistribution of fetal blood flow also known as
“brain sparing”. In pregnancies complicated by placental dysfunction, it
is expected that the peripheral organs such as the fetal kidneys and
spleen show a greater extent of hypoxia than the highly prioritized or-
gans such as the fetal brain [41]. Accordingly, during hypoxia the
reduction in the T2* value of the peripheral organs is expected to be
more pronounced than in the fetal brain, as demonstrated by our data.
Concerning the fetal heart, it is important to notice that the main content
of the ROI is fetal blood within the fetal heart rather than the fetal
myocardium. The high content of blood and deoxyhemoglobin in this
ROI can explain the significant findings of this organ, even if the fetal
heart is among the highly prioritized organs in fetal circulation. Un-
fortunately, it was not possible to discriminate between fetal blood and
the myocardium in the current MR images.

4.3. Clinical implications

For the fetal heart, kidneys, and spleen we found a positive corre-
lation between fetal organ T2* and the vascular resistance in fetal ce-
rebral circulation (MCA PI) at the last ultrasound before birth but not at
the time of MRI. Decreasing resistance of the fetal cerebral circulation is
part of the redistribution of fetal blood flow in response to fetal hypoxia
also known as brain sparing. Accordingly, decreasing MCA PI (brain
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sparing) is an indirect marker of fetal hypoxia [10,42]. Thereby, the
correlation between MCA Doppler and fetal organ T2* supports the
hypothesis, that fetal organ T2* is associated with fetal oxygenation.
Surprisingly, we found a correlation between fetal organ T2* and MCA
PI assessed at the last ultrasound before birth, but not at the time at MRI.
This finding indicates that fetal organ T2* starts to deviate from normal
prior to Doppler flow abnormalities.

According to our data, the T2* value of the fetal liver shows a very
large variation in measurements even in the normal BW fetus. The liver
is a large organ that is very easily outlined when drawing the ROI in the
MR image. Thus, the variation in the T2* value of the fetal liver may
predominantly rely on regional oxygenation differences rather than
technical issues in the process of ROI drawing. The liver receives its
vascular supply from two sources with very different oxygen content.
The left liver lobe is supplied by the well oxygenated umbilical vein,
whereas the right liver lobe is supplied by a mixture of umbilical vein
blood and the less oxygenated portal vein [43]. Because of this dual
blood supply, the oxygenation of the right liver lobe tends to be mark-
edly lower than the left lobe. During hypoxia, this difference becomes
even more pronounced due to ductus venosus shunting [44], as previ-
ously demonstrated by T2* weighted MRI in a sheep model [45]. In this
current study, the orientation of the MRI images did not allow for proper
discrimination between the two liver lobes. Therefore, the liver ROIs
contained a varying mixture of both liver lobes explaining part of the
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2.3rd centile). P-value indicates analysis of variance (ANOVA).
large variation in the T2* measurements in this organ.
4.4. Research implications

Our data demonstrated that the T2* value can be obtained from
selected fetal organs and suggest that fetal organ T2~ is related to fetal
oxygenation due to placental dysfunction. In pregnancies complicated
by placental dysfunction fetal organ T2* may be reduced prior to
Doppler flow changes associated with redistribution of fetal blood flow.
According to our data, fetal organs such as the heart, kidneys, and spleen
showed the strongest correlation with placental dysfunction. However,
the timely association between changes in fetal organ T2* and changes
in Doppler flow measurements as well as the association between fetal
T2* and major obstetric outcomes needs to be further elucidated.

4.5. Strengths and limitations

In this cohort of pregnancies, 54% had BW below the 10th centile but
only a small proportion of pregnancies showed Doppler abnormalities
and the majority of pregnancies were delivered at term. Thus, this
cohort of pregnancies only moderate clinical manifestations of placental
dysfunction a significant correlation we demonstrated a significant
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correlation between fetal organ T2* and placental function and fetal
oxygenation. These findings underline the strong potential of T2*
weighted fetal MRI in the identification of mild fetal hypoxia in vivo.

Due to fetal movements, the orientation of the MR images in the fetal
organs did vary between subjects. Accordingly, we did not achieve the
T2* value of all available fetal organs in the total cohort. The ROIs were
not placed in exactly the same orientation in each of the fetal organs,
which may have increased the variation in T2* measurements between
individuals. Because of the exploratory nature of this study, we aimed to
cover the entire fetus using two separate sets of five slices. In future
studies, the MRI protocol should be dedicated to one or two target fetal
organs. According to our findings focus should be on the fetal heart,
kidney or spleen.

A strength of this study was the large number of pregnancies
included. ROI drawing was performed by a single observer blinded to all
clinical outcomes, and the majority of T2* values were calculated as an
average of two slices from each organ, which improves the reproduc-
ibility of the T2* values [15]. The MRI scan time was less than 30 min.
The ROI drawing and the calculation of average T2* values of the
placenta and six fetal organs lasted less than 15 min per pregnancy. The
fact that the method is fast to obtain and easy to analyze is highly
important in a clinical perspective.
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Fig. 5. The correlation between fetal organ T2* and placenta T2* in selected fetal organs. Linear regression (black line) with 95% prediction interval (grey lines).

Table 3

The correlation between fetal organ T2* and Middle cerebral artery Doppler flow, placental T2* and birth weight deviation.

Fetal organ (T2* z-score) =~ MCA Doppler at MRI (MCA PI z-score)

Last MCA Doppler before birth (MCA PI z-score)

Placenta T2* (T2* z-score) =~ BW deviation (BW z-score)

R p-value R p-value R p-value R p-value

Heart 0.11 0.23 0.34 < 0.001 0.65 < 0.001 0.49 < 0.001
Kidney 0.17  0.08 0.45 < 0.001 0.66 < 0.001 0.46 < 0.001
Spleen 0.02 0.12 0.31 0.004 0.43 < 0.001 0.30 0.001
Brain 0.23 0.032 0.14 0.146 0.41 < 0.001 0.27 0.01
Liver 0.10  0.299 —0.07  0.541 —0.06 0.535 -0.04  0.65
Lung 0.29  0.002 0.16 0.122 0.45 < 0.001 0.28 0.002
Placenta 0.23 0.009 0.39 < 0.001 - - 0.46 < 0.000

Middle cerebral artery (MCA). Pulsatility index (PI). Birth weight (BW). Pearson correlation coefficient (R).

5. Conclusion

This study provided reliable T2* values from selected fetal organs.
Our data demonstrates, that the fetal organ T2* value is reduced in
pregnancies complicated by placental dysfunction, suggesting that fetal
organ T2* may be related to fetal oxygenation. This method has a great
potential to expand our knowledge on fetal physiology in response to
placental dysfunction.
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