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Abstract

Background During pregnancy, the placenta plays an important role in the development of the fetus by supplying
it with oxygen and nutrition, eliminating waste, and acting as an immunological barrier. Pseudo-continuous arterial
spin labelling (pCASL) MRI was recently shown to be a promising sequence for measuring perfusion in the placenta.
The aim was to obtain the perfusion measurements of the placenta in normal pregnancies using 3 Tesla MRI from 19
to 38 weeks of gestational age.

Results This was a cohort observational study. One hundred and sixty (160) singleton pregnancies from 19

to 38 weeks of gestational age were included. A 3D pCASL sequence was performed in the axial plane for placen-

tal blood flow (PBF). Data post-processing was performed on a workstation using Ready View software for 3D ASL
with automated generation of quantitative placental pattern-based morphometry (PBM). The mean values of pla-
cental perfusion were extracted by averaging the data obtained. A significant positive correlation was observed
between the PBF and increasing GA using Karl Pearson’s coefficient of correlation values (r-value 0.77, p-value <0.001),
respectively. Average PBF values from 19 to 38 weeks were (89.4+13.5 to 155.3+2.8 ml/100 g/min). According to our
intra-class correlation coefficient (ICC), inter-observer reproducibility of placental blood flow shows good agreement
between observers (0.98).

Conclusions Normal PBF values using ASL in 3T MRI from 19 to 38 weeks of gestational age were provided. Statisti-
cal analysis revealed a significant positive correlation between gestational age and placental blood flow. In the future,
it may help to identify placental perfusion abnormalities like placental insufficiency, preeclampsia, and fetal growth
restriction (FGR).
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oxygen and nutrients are not adequately supplied to the
fetus through the feto-placental circulation [1].

Ultrasound is the primary imaging modality in the
assessment of placenta and fetal health due to its low
cost, strong safety profile, and real-time imaging capa-
bilities. Uterine artery (UA) Doppler has previously been
deemed useful in detecting an abnormal increase in pla-
cental vascular resistance. However, the UA Doppler
measures blood flow in the uterine artery and not in the
placenta [2]. Unfortunately, ultrasound provides a limited
number of image contrasts and thus may be insensitive to
detecting early functional precursors to pregnancy com-
plications [3].

Magnetic resonance imaging (MRI) is an emerging
modality for the longitudinal monitoring of placental
health in utero. It has an excellent safety profile and can
acquire 3D volumes in any orientation [3]. Functional
MRI allows the assessment of several functional aspects
of the tissue, which include microvascular parameters,
oxygenation, and metabolism [4]. Arterial spin labelling
(ASL) is a powerful MRI technique that does not require
contrast agents because it utilizes the water molecules in
arterial blood as an endogenous contrast agent, making it
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optimal for examining placental perfusion in pregnancy
[5]. The aim of this study is to find the perfusion meas-
urements of the placenta in normal pregnancies using 3
Tesla MRI. There are few articles regarding placental per-
fusion using 3 T MRL

Methods

Subject population

This prospective study was conducted in Department
of Radiology. The study was approved by the institu-
tional ethical committee (IEC) (N1/22/APR/82/58), and
informed consent was obtained from all the patients.
The data were collected from the MR imaging studies
done between April 2021 and December 2022 (Fig. 1).
Our study included 160 singleton pregnancies with ges-
tational ages ranging from 19 to 38 weeks, with a mean
of 26+5 weeks. Maternal age ranged between 18 and
40 years, with a mean of 28 + 4 years. Patients referred for
the examination of MRI placenta or fetus to evaluate sus-
pected placental abnormalities (predominately placental
adherence) or fetal anomalies on ultrasound who were
later found to be normal on MR imaging and prenatal
follow-up were included in this study. Pregnancies with

Study population

L

Singleton pregnancies (19 — 38 weeks GA)

(APR-2021- DEC-2022)

I}

Total no. of Fetal and placental
MRI studies done (n=345)

I}

- Delivery notes

Follow up

e Neonatologist examination
notes from hospital database.
- Telephonic conversation

i}

¥

Included perfusion
(n=160)

Fig. 1 Flow chart for determining study population included in the study
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(1) severe anomalies (2) Poor image quality/artifacts (3)
Placental morphological abnormalities (4) Women with
infections and metabolic disorders (5) Contraindications
to MRI like pacemakers, claustrophobia were excluded.
The follow-up of these fetuses was obtained from the
delivery notes and neonatologist examination notes in
the hospital database. A telephone conversation with the
parents provided further confirmation of the normalcy of
the fetuses.

MR imaging

All the scans were performed on a Signa Architect GE3 T
MRI by using a phased array 16-channel body coil. The
patients were positioned feet first in a supine position,
and a body coil was placed over the abdomen. The local-
izer was centered over the anterior superior iliac spine.
Our routine imaging protocol included a T2 weighted
(T2W) single shot fast spin echo sequence (SSFSE)
obtained in three planes and a T1 Weighted (T1W) fast-
spoiled gradient echo sequence (FSPGR) obtained in
the axial plane. These sequences were performed with
the following parameters: T2W: TR: 1600-1900s, TE:
120 ms, matrix: 512512, number of excitations: 1, slice
thickness: 5 mm, FOV: 30 cm. T1W: TR: 100-150 ms,
TE: 2-5 ms, matrix: 512x 512, number of excitations: 1,
slice thickness: 5 mm, FOV: 30.
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A 3D pCASL sequence was performed in the axial
plane for placental blood flow by using the following
acquisition parameters: TR: 5000 ms, TE: 53 ms, matrix:
103 %103, number of excitations: 1, spatial resolution:
3.6X4.2x4 mm?2, slice thickness: 4 mm, post-labelling
delay: 1525 ms. The scan time of the whole sequence
was about 5 min. Respiratory gating was used to keep
the acquisition time low and to reduce the effect of any
motion artifacts.

Post-processing and data analysis

Post-processing of the data was performed on a worksta-
tion using Ready View software for 3D ASL with auto-
mated generation of quantitative placental pattern-based
morphometry (PBM) maps. Multiple elliptical regions of
interests (ROIs) (40-60 mm?2) were placed on the pla-
cental pattern-based morphometry maps overlaid on
T2-weighted images for each slice (Figs. 2 and 3). All pla-
centae were measured in the same way. The mean values
of placental blood flow were extracted by averaging the
data obtained from multiple ROIs. A radiologist with
more than 10 years of experience in interpreting fetal
imaging first reviewed all MRI studies to identify normal
placental studies. A trained research scholar obtained
the measurements. To check the consistency of manually
measured values, the radiologist and the research scholar
evaluated the reproducibility of measurements from a

Fig.2 A 25-year-old female with 31 weeks of gestation was referred for placental magnetic resonance imaging (MRI) in the evaluation of placenta
previa and it showed normal placenta with placental blood flow value (191 ml/min/100 g) (arrows) a-T2 weighted SSFSE axial image. b-placental

Pattern-based morphometry map (PBM) of placental image
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Fig. 3 A 28-year-old female with 35 weeks of gestation was referred for placental magnetic resonance imaging (MRI) in the evaluation of placenta
accreta and it showed normal placenta with placental blood flow value (124 ml/min/100 g) (arrows) a-T2 weighted SSFSE axial image. b-placental

Pattern-based morphometry map (PBM) of placental image

20% sample independently. Each observer was blinded to
the results of the other observer.

Statistical analysis

The statistical analysis was performed using SPSS 19.0
(Armonk, NY: IBM Corp.) software. A one-way ANOVA
was used to calculate the mean and standard deviation of
quantitative variables. The correlation between param-
eter and gestational age was assessed using Karl Pearson’s
coefficient of correlation. Bland—Altman plots were used
to assess inte-robserver agreement and mean difference,
and the 95% limits of agreements are given. In addition,
for inter-observer agreement, intra-class correlation
coefficients (ICCs) were estimated; agreement was con-
sidered poor when ICC<0.2, fair when 0.2<ICC<04,
moderate when 0.4 <ICC<0.6, good when 0.6 <ICC<0.8
and excellent when ICC>0.8. P<0.05 was considered to
be statistically significant.

Results

A total of 160 singleton pregnancies between 19 and
38 weeks gestational age were included in our study out
of 345 pregnancies and 185 fetuses who had anomalies
were excluded. The mean PBF values were calculated
for each gestational week (Table 1). The average means
placental blood flow value ranged from 89.4+13.57

at 19-20 weeks and increased to 155.3+2.85 at
37-38 weeks. In normal pregnancies, thus the mean pla-
cental blood flow values estimated by pCASL MRI were
found to be 106.4+20.22 ml/100 g/min for gestational
age ranging between 19-38 weeks. Placental blood flow
(PBF) showed a positive and significant correlation with
increasing gestational age with correlation values (r-value
0.77, p-value<0.001) (Fig. 4). Bland-Altman analysis
demonstrated that there was no significant bias between
observers as the mean difference was near zero (Fig. 5),
with upper limit (5.849) and lower limit (— 5.198) val-
ues, respectively. According to our intra-class correla-
tion coefficient (ICC), inter-observer reproducibility of
placental blood flow shows good agreement between
observers (0.98).

Discussion

ASL is the only fMRI technique that gives a quantita-
tive measurement of placental blood flow without any
invasiveness. Some studies have shown the feasibility of
measuring placental perfusion using pulsed ASL (PASL)
[6, 7] and velocity-selective ASL (VSASL) [8]. Pseudo-
continuous ASL (pCASL), which employs a train of dis-
crete RF pulses to mimic flow-driven adiabatic inversion,
is capable of labelling the maternal feeding aorta and dis-
tinguishing the source of perfusion [9].
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Table 1 Showing the mean and standard deviation values of placental blood flow during 19-38 weeks gestation along with

correlation(r) and p-value

Gestational weeks n Mean + Std. Deviation Correlation between PBF & GA P value (2 tailed test)
(r-value)
19-20 weeks 10 894+1357
21-22 weeks 39 94.8+12.44
23-24 weeks 31 955+6.13
25-26 weeks 13 97.3+4.17
27-28 weeks 10 109.4+8.00 0.77 0.000<0.001
29-30 weeks 17 113.2+£9.72
31-32 weeks 11 121.0+15.76
33-34 weeks 14 127.2+£20.32
35-36 weeks 09 129.9+24.06
37-38 weeks 06 1553+285
Total 160 1064 +20.57
¥
17500

150 00

12500+

10000+

Placenta PBF(m1/min/100 g))

7500

20 2s 30 P s
Gestational age ( weeks)

Fig. 4 Scatter diagram showing positive correlation between Placental blood flow values (PBF) & Gestational age (n=160)

The aim of this study was to obtain the perfusion meas-
urements of the placenta in normal pregnancies using
ASL on 3 Tesla MRI from 19 to 38 weeks of gestational
age. One hundred and sixty (160) pregnant women were
included in this study, and the placental blood flow (PBF)
obtained was expressed in ml/min/100 g of placenta.

Almost twenty years ago, placental ASL was first
reported by a group that published three different

studies. Gowland et al. [6] conducted a longitudinal study
in which they used the FAIR (Flow alternative inversion
recovery), a PASL sequence in a 0.5 T MRI to examine
singleton pregnancies at 20-40 weeks and reported
that placental perfusion did not change with gestational
age and obtained a value for PBF of 176 ml/min/100 g.
Duncan et al. [10] reported placental perfusion of
209 ml/100 g/min using a PASL technique at 0.5 T MRI
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Fig. 5 Bland-Altman plot showing no inter-observer bias and good agreement between two observers for placental blood flow measurements

in normal pregnant women (n=45) with no correlation
with GA.

Derwig et al. [11] reported placental ASL using FAIR,
a PASL technique, in 1.5 T MRI from 24 to 29 weeks
(n=37). They studied the association between placental
perfusion (using MRI) and uterine artery Doppler ultra-
sound, and their relationship to pregnancy outcome.
They concluded that small-for-age (SGA) foetuses exhib-
ited reduced placental perfusion and increased imped-
ance Doppler values. The FAIR ASL technique measures
the movement of both maternal and fetal flow, which
are around 600 ml/min and 360 ml/min at term [10].
As a result, an overestimation of placental perfusion
complicates the understanding of maternal blood sup-
ply. Additionally, it requires a long scan time, has a low
signal-to-noise ratio (SNR), and is susceptible to motion
artifacts.

Liu et al. [2] reported that pCASL is promising for
non-invasive assessment of PBF during pregnancy
and provided average PBF values for 16 and 20 weeks
(104.9+£31.4 and 111.3+25.9 ml/100 g/min using 3 T
MRI) and revealed a significant correlation between ges-
tational age and placental blood flow. Perfusion-related
image parameters for ischemic placental disease were
significantly decreased compared to normal pregnancy
during early gestation. Our values at 20-week gestational
age were slightly lower than this study’s reported value.

Shao et al. [9] demonstrated the feasibility of measur-
ing volumetric placental blood flow using a multi-delay

pCASL sequence at 3 T from 14 to 22 weeks during
the second trimester (111.4+26.7 ml/100 g/min) and
showed a significant increase in placental perfusion.
Compared to this study, our study provides average
PBF values from 19 to 38 weeks (89.4+13.5 ml/100 g/
min to 155.3+2.8 ml/100 g/min), normal PBF val-
ues in the second trimester from 19 to 22 weeks were
89.4+13.57 ml/100 g/min to 95.5+6.13 ml/100 g/min
respectively. The PBF values obtained by our study at
19-22 weeks were slightly lower than the reported PBF
values and showed a positive and significant correlation
between increasing GA (Fig. 4). When the trophoblastic
invasion and spiral arteries proceed, placental perfusion
increases throughout pregnancy. Because of this, it might
show a positive and significant correlation between
increasing GA [1].

As compared to the previous studies, our study was
conducted on 3 T MRI using pCASL from 19 to 38 weeks
of gestation. This advancement has led to an increase in
SNR and is good for clinical scans with limited scan time.
The mean placental perfusion measured in normal preg-
nancies was found to be 106.4 ml/100 g/min for the sec-
ond and third trimesters, which is slightly lower than the
reported PBF values and shows a positive and significant
correlation between increasing GA. These results are
acceptable because our 3D pCASL sequence included the
separation of the blood flow contributed from maternal
and fetal sources. These results are related to the funda-
mental change in the nature of placental tissue perfusion
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during pregnancy. Based on the estimated maternal
blood supply of 600 ml/min and the placental mass of
550 g, the normal placental perfusion rate was predicted
to be 110 ml/100 g/min [10]. However, because maternal
blood does not pass through the placenta in capillaries
but rather collects in pools or lobes and combines with
the tissue, there may be a systematic difference between
PBF and the normal perfusion rate [6]. The absolute flow
rate includes many assumptions (modelling, blood T1,
blood tissue fraction, labelling efficiency, etc.), which may
cause errors among different ASL techniques. We have
demonstrated that inter-observer reproducibility of pla-
cental blood flow and our results are in agreement with
those of previous studies [2, 9].

Flo et al. [12] and Rigano et al. [13] reported measure-
ments of volume blood flow in the uterine arteries of nor-
mal pregnant women throughout the second and third
trimesters (19—41 weeks) via Doppler sonography, and
both groups also demonstrated a significant increase in
uterine blood flow with increasing gestational age.

Assessment of normal PBF at different gestational age
is a complementary approach to understanding the vas-
cular structure and the potential pathological changes
associated with observed perfusion variation and to
increasing knowledge of placental insufficiency. It may
permit a better characterization of placental perfusion in
cases of genetic and developmental abnormalities, abnor-
mal placental function, fetal growth restriction, preec-
lampsia, and fetal death in utero [14].

Limitations

This study has several limitations. First our preliminary
study data involves a relatively small sample size. Sec-
ond, though we used respiratory gating, there can still be
movement due to maternal and fetal causes that is not
compensated. The third limitation of our study is that the
correlation between different BMI groups was not per-
formed. Another limitation is that we have not evaluated
pregnancies of normal volunteers for placental perfusion;
rather, we have included pregnancies with suspected fetal
and placental abnormalities that were later found to be
normal. We did not correlate the MRI perfusion val-
ues with Doppler results, as many of the patients in our
cohort did not have Doppler examinations.

Conclusions

This study provided the reference PBF values by using
ASL in 3 T MRI from 19 to 38 weeks of gestational age.
Statistical analysis revealed a significant positive cor-
relation between gestational age and placental blood
flow. The average means placental blood flow values
ranged from 89.4+13.57 at 19-20 weeks and increased
to 155.3+2.85 at 37-38 weeks. In normal pregnancies,
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thus the mean placental blood flow values estimated by
pCASL MRI were found to be 106.4+20.22 ml/100 g/
min for gestational age ranging between 19 and 38 weeks.
In the future, it may help to identify placental perfusion
abnormalities like placental insufficiency, preeclampsia,
and fetal growth restriction (FGR).

Abbreviations

MRI Magnetic resonance imaging

GA Gestational age

PBF  Placental blood flow

PBM  Pattern-based morphometry maps
ASL  Arterial spin labelling
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