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CONTRIBUTION 

What are the novel findings of this work? 

Our BOLD protocol was consistent with a free-diffusion model of oxygenation, illustrating to the 

growing difference in oxygen saturation between mother and fetus across gestation (∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵), and 

changes in placental permeability to oxygen (𝜆𝜆).  

What are the clinical implications of this work? 

In a cohort of 52 uncomplicated pregnancies, both placental T2* histogram analysis and BOLD dynamic 

parameters suggest that the reduction in apparent oxygenation over gestation in baseline conditions, 

assessed by T2* relaxometry, does not reflect a loss in placental ability to uptake and transfer oxygen. 
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ABSTRACT 

 

OBJECTIVES: T2*-weighted sequences have been identified as non-invasive tools to study the 

placental oxygenation in-vivo. This study aims to investigate both static and dynamic responses to 

hyperoxia of the normal placenta across gestation. 

METHODS: We conducted a single-center prospective study including 52 uncomplicated pregnancies. 

Two T2*-weighted sequences were performed: T2*-relaxometry was performed before and after 

maternal hyperoxia. The histogram distribution of T2* values was assessed by fitting a gamma 

distribution as 𝑇𝑇2 ∗ ~ 𝛤𝛤(𝛼𝛼,𝛽𝛽). A dynamic acquisition (BOLD protocol) was also performed before and 

during oxygen supply, until placental oxygen saturation. The signal change over time was modeled 

using a sigmoid function, used to determine the intensity of enhancement (∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵, %), a temporal 

variation coefficient (𝜆𝜆, min-1, controlling the slope of the curve), and the maximal steepness (Vmax, 

∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵.min-1) of placental enhancement.  

RESULTS: The histogram analysis of the T2* values in normoxia showed a whole-placenta variation, 

with a decreasing linear trend in the mean T2* value (R= -0.83, 95% CI [-0.9, -0.71], p<0.001) along 

with a more peaked and narrower distribution of T2* values across gestation. After maternal 

hyperoxia, the mean T2* ratios (mean T2*hyperoxia/ mean T2*baseline) were positively correlated with 

gestational age, while the other histogram parameters remained stable, suggesting a translation of 

the histogram towards higher values with a similar aspect. The ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 showed a non-linear increase 

across gestation. Conversely, the 𝜆𝜆 (𝑚𝑚𝑚𝑚𝑚𝑚−1) parameter, showed an inverted trend across gestation, 

with a significantly weaker correlation (R = -0.33, 95% CI [-0.58, -0.02], p=0.04, R2 = 0.1). As a 

combination of ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 and 𝜆𝜆, the changes in Vmax throughout gestation were mainly influenced by 

the changes in ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 and resulted in a positive non-linear correlation with gestational age.  

CONCLUSION: Our results suggest that the decrease in the T2* placental signal over gestation does 

not reflect a dysfunction. The BOLD effect, representative of a free-diffusion model of oxygenation, 
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highlights the growing differences in oxygen saturation between mother and fetus across gestation 

(∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵), and placental permeability to oxygen (𝜆𝜆).  
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INTRODUCTION 

The placenta is a temporary but yet major organ of pregnancy. It constitutes the main interface 

between mother and fetus and develops across gestation to adapt to its growing needs. Among all the 

roles carried out by the placenta, oxygen supply is a key mechanism to ensure adequate growth and 

fetal development. Through passive diffusion, oxygen transfers from the surrounding maternal 

compartment (intervillous space) into the fetal villous trees, facilitated by the difference in oxygen 

concentration between both compartments (intervillous PO2 > fetal-villous PO2) and the difference in 

hemoglobin oxygen affinity between adult and fetal hemoglobin.1 Hence, placental insufficiency 

reduces the transfer of oxygen leading to complications such as intrauterine growth restriction 

(IUGR).2 Fetus with IUGR remain below their theoretical growth potential and are at higher risk for 

perinatal morbidity and mortality,3 and poor long-term outcomes.4–6 Routine evaluation of placental 

function and fetal growth currently relies on repeated ultrasound weight estimation and Doppler 

measurements throughout the pregnancy.7–10 However, Doppler patterns may remain stable despite 

an altered placental function and predicting the following evolution of a small fetus is challenging. 11,12 

Thus, there is an important need for new methods to assess placental function.  

In-vivo assessment of placental oxygenation may be achieved by using magnetic resonance imaging 

(MRI), particularly through T2*-weighted sequences.13–15 Due to their intrinsic characteristics, T2*-

weighted sequences are sensitive to magnetic field inhomogeneities and thus, to local variations in 

hemoglobin saturation.16 These emerging methods may have the potential to identify placental 

dysfunction with a higher accuracy than ultrasound and Doppler follow-up.17–20 While T2* parametric 

maps may be used to indirectly quantify placental apparent oxygenation and aging,13,21–23 blood-

oxygen level dependent (BOLD) effect quantifies the placental response to a variation of the baseline 

oxygen conditions.24,25 Both acquisition methods provide complementary information and could be 

combined to describe more precisely the placental function and its change across gestation.  
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Thus, we aim to characterize the response of the normal placenta to maternal hyperoxia and to define 

objective and quantitative dynamic parameters to describe the dynamics of placental oxygen uptake 

across gestation. 
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METHODS 

 

Study population  

Patients were recruited prospectively between February 15th to July 30th 2022, as part of the ongoing 

project (ClinicalTrials.gov, NCT04142606). All patients gave written and informed consent. We 

included singleton uncomplicated pregnancies from 16 to 36 weeks of gestation, defined as the 

absence of obstetrical complication including pre-eclampsia, gestational hypertension, low estimated 

fetal weight (<10th centile) or fetal anomaly prior to MRI scan. To ensure their status of uncomplicated 

pregnancy, following MRI scans, complete pregnancy and neonatal outcomes were collected. An 

ultrasound was performed the same day as the MRI scan for all patients. Measurements included fetal 

weight estimation, maternal and fetal Doppler patterns.  

MRI acquisitions and analysis 

Placental MRI scans were performed with a 1.5 Tesla wide-bore 70 cm system, GE OptimaTM MR450w 

(GE Healthcare, Milwaukee, WI). Patients were placed in supine position and an eight-channel cardiac 

coil was placed over the abdomen, covering the entire pelvic area. After anatomical sequences 

performed to localize the placenta, T2* relaxometry was performed under normoxia (baseline 

conditions). This was followed by a dynamic BOLD acquisition, in which the first 3 minutes were 

acquired under normoxia and were followed by a period of oxygen supply (7 to 9 minutes) through a 

non-rebreather facial mask (15L/min), maintained until the end of the whole protocol. Finally, a 

second T2* relaxometry was performed under hyperoxia. The general MRI protocol is summarized in 

Figure 1A, and parameters from both sequences in Table 1.  

The protocol was performed under constant clinical supervision. In case of poor clinical tolerance, the 

acquisition was stopped, resulting in the exclusion of the patient from the BOLD analysis. 
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Placental T2* mapping  

T2* parametric maps were generated from a multi-echo gradient-echo sequence with the following 

parameters: repetition time, 92.7 ms; 16 echoes times ranging from 3.0 to 77.3 ms in steps of 4.96 

ms; field of view, 360 × 360 mm, slice thickness of 7 mm. Two to four slices were obtained in an axial 

orientation. Each slice was acquired within a single breath-hold of 12 s.  

T2* maps were computed by fitting a voxel-wise mono-exponential decay model. Placental T2* values 

were then extracted and merged into a single histogram. Because the distribution of observed T2* 

values was positive and positively skewed, we fitted a gamma distribution by maximum likelihood, as 

𝑇𝑇2 ∗ ~ 𝛤𝛤(𝛼𝛼,𝛽𝛽), describing the structure of the histogram using the mean T2* value, the shape 

parameter (𝛼𝛼) and the rate (𝛽𝛽). Lower values of α result in a more peaked and less skewed distribution. 

The rate parameter (𝛽𝛽) describes the spread of the distribution. Lower values of β widen the 

distribution. These parameters are related by 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝛼𝛼/𝛽𝛽. The procedure was performed under 

normoxia and repeated after hyperoxia (Figure 1B). Ratios of histogram parameters (hyperoxia to 

maternal-normoxia values) were used to compare histogram aspects before and after oxygen supply. 

Examples of T2* mapping, along with their corresponding histograms and gamma distribution are 

displayed in the supplementary material (Figure S1). 

BOLD protocol and dynamic parameters 

Following the first T2* relaxometry, a dynamic acquisition was performed using a gradient-echo echo-

planar imaging sequence with the following parameters: repetition time = 8000 msec, echo time = 50 

msec, flip angle = 90°, Field-of-view of 360x360 mm.  

The mean placental signal-over-time curves were obtained by using an in-house Python script. Our 

protocol resulted in a 3-phase signal change: a first 3-minute steady state (baseline acquisition under 

normoxia) was followed by a second phase of enhancement during oxygen supply and ended-up in a 

new steady-state after reaching a new equilibrium. After exclusion of the first two timepoints, the 

overall signal was normalized to the baseline signal, and a sigmoid function was fitted to the data using 

a non-linear least square regression, modelled by the following equation:  
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𝑆𝑆𝑚𝑚𝑆𝑆𝑆𝑆𝑚𝑚(𝑡𝑡) =
𝑆𝑆(𝑡𝑡)

𝑆𝑆𝑆𝑆𝑚𝑚𝑆𝑆𝑚𝑚𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚
=

∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
1 + 𝑚𝑚−𝜆𝜆(𝑡𝑡−t1/2) + 1 (𝑚𝑚𝑒𝑒. 1) 

 Where:  

- 𝑆𝑆𝑆𝑆𝑚𝑚𝑆𝑆𝑚𝑚𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 was estimated using the mean signal from timepoints 3 to 16  

- ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 (%) describes the percentage of placental enhancement. 

- 𝜆𝜆 (min-1) represents the steepness or slope of the curve, and basically controls how quickly 

the curve transitions from its minimum to its maximum value. 

- t1/2 corresponds to the inflexion point (or time to reach half of the maximum signal).  

Finally, to compare the rate of signal increase (or steepness) during oxygen supply between patients, 

which is not constant but varies along the sigmoid curve, we decided to report the maximal steepness 

that occurs at the inflexion point:  Vmax =
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑡𝑡)

𝑑𝑑𝑡𝑡
 [t1/2] =

𝜆𝜆∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
4

 (% of enhancement.min-1)(𝑚𝑚𝑒𝑒. 2). 

Data and fitted curves are illustrated in Figure 1C and 1D. 

Placental segmentation 

Masks were drawn manually on a single timepoint to cover a large placental area (8 to 15 slices, 

depending on the gestational age). To avoid non-placental tissue in the manual segmentation due to 

maternal breathing, fetal motion and potential contractions within the 10-12 minutes of dynamic 

acquisition, the masks were cropped on the edges, hence containing the largest area common to all 

timepoints.  

Statistical analysis  

Histogram parameters  

The changes in histogram parameters at baseline and after maternal hyperoxia across gestation were 

estimated using ordinary linear regressions. Correlations were assessed by the Pearson product-

moment correlation.  

BOLD protocol and dynamic acquisition 

To model the change in BOLD parameters across gestation, different methods were tested, including 

linear, polynomial, and cubic spline polynomial regressions. Assessment of goodness of fit relied on 
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inspection of residuals with quantile-quantile plots, and residuals vs fitted plots. In two cases, artifacts 

during acquisition resulted in fitting imprecision in both 𝜆𝜆 𝑚𝑚𝑚𝑚𝑎𝑎 𝑉𝑉𝑚𝑚𝑚𝑚𝑉𝑉: those cases were identified as 

outliers and excluded from the final analysis. Details of our method for detection of outliers, along 

with the results of the models with and without outliers are presented in supplemental material 

(Appendix S1, Tables S1 and S2, Figures S2 and S3). All statistical analysis were carried out in R 

(http://www.r- project.org; R Foundation, Vienna, Austria).
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RESULTS 

Study population 

Characteristics of the 52 patients are summarized in table 2. Patients were included from 16 to 36 

weeks of gestation, with a median gestational age at MRI of 26.9 weeks, IQR (23.6, 32.1). The first 

trimester estimation of pre-eclampsia risk was available for 41/52 patients of our cohort who 

underwent their first trimester screening at our institution, with a median risk of 1/548, IQR (1/1368, 

1/230). For 5 patients, despite having no previous medical history of pre-eclampsia or hypertension, 

risk estimation was > 1/100 and Aspirin was prescribed. All five patients had uncomplicated pregnancy 

and delivery. Ultrasound measurements, performed the same day as the MRI scan, confirmed normal 

fetal weight estimation and normal Doppler patterns. Only one patient presented with bilateral 

uterine notch at 23.4 weeks of gestation. 

 

Changes in T2* histogram parameters throughout gestation 

T2* histogram parameters at baseline   

Changes in T2* histogram parameters across gestation in standard conditions (baseline state) are 

presented in Figure 2. The placental mean T2* signal (Fig. 2A) significantly correlated to the gestational 

age and dropped by 4.15 ms per week, following a linear decrease as 221.80 ms-4.15 ms/week 

(Pearson correlation coefficient R= -0.83, 95% CI [-0.9, -0.71], R2=0.69, p<0.001). The aspect of the 

histogram was assessed by the α and β parameters of a gamma distribution. The α parameter 

followed a similar linear decrease across gestation of 23.6-0.42/week, (Pearson correlation coefficient 

R = - 0.64, 95% CI [-0.79, -0.43], p<0.001, Figure 2C). The β parameter, however, seemed unrelated to 

the gestational age, with a mean rate of 0.12+/-0.03 (fig. 2D). Hence, with a fixed β, the overall aspect 

of the histogram only depended on the α-parameter. Altogether, the T2* values decreased with 

advancing gestational age with a narrower distribution (increasing homogeneity), and an increasing 
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skewness (right-tailed extension). The simulated changes in T2* placental histogram throughout 

gestation are illustrated in Figure 3.  

T2* response to hyperoxia 

Maternal hyperoxia had a significant impact on the placental T2* values. The mean placental T2* 

values rose after oxygenation, and this enhancement was positively correlated to gestational age. This 

is confirmed by the analysis of the mean T2* ratios (mean T2*hyperoxia/ mean T2*baseline) that were 

significantly higher in advanced pregnancies than in early ones (Pearson correlation coefficient R = 

0.56, 95% CI [0.32, 0.73], p<0.001, Figure 4A). The  α and β ratios did not correlate with gestational 

age: the α ratio (α hyperoxia/ αbaseline) was 1.2 +/- 0.37 and the β ratio (β hyperoxia/ βbaseline) was 1+/-0.3 

(Figure 4C and 4D), suggesting a translation of the histogram towards higher values with a similar 

overall aspect after hyperoxia.  

Functional and dynamic response to hyperoxia 

BOLD fitting was successfully performed in 41/52 patients of our cohort, and dynamic parameters 

were deduced from the sigmoid model fitted to the data, as illustrated in Figure 1C. Two patients were 

excluded for clinical discomfort. Two others (with uncomplicated pregnancies and normal perinatal 

outcome) were considered as outliers and excluded from the regression analysis (Figures S2 and S3). 

In seven other patients, the fitting could not be performed correctly due to contractions or fetal 

motion close to the placenta, leading to signal changes that could not be controlled for. Overall, 41 

cases were included in the BOLD statistical analysis.  

The ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 (Percentage of BOLD signal enhancement) was positively and significantly related to 

gestational age. After multiple testing, we finally used a spline regression of degree 2 with a single 

knot at 24 weeks. This resulted in a slow increase in ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 before 24 weeks, followed by a faster 

increase around 24-26 weeks of gestation (Figure 5A). Conversely, the 𝜆𝜆 (𝑚𝑚𝑚𝑚𝑚𝑚−1) parameter, 

appeared to be negatively (although weakly) correlated to gestational age (Pearson correlation 

coefficient R = -0.33, 95% CI [-0.58, -0.02], p=0.04, R2 = 0.1, Figure 5B). 
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As a combination of both previous parameters, Vmax (% of enhancement.min-1, eq.2), also positively 

correlated with gestational age (Figure 5C). Hence, the changes in the maximal rate of signal 

enhancement during oxygen supply throughout gestation were more influenced by the variations 

of ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(%) across gestation than 𝜆𝜆 (𝑚𝑚𝑚𝑚𝑚𝑚−1).  
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DISCUSSION 

Assessment of placental functional capacity is challenging. MRI T2*-weighted sequences along with 

the response to maternal hyperoxia show interesting potential in assessing placental function. Our 

histogram analysis of the T2* values in normoxia showed a whole-placenta variation, with a 

decreasing linear trend in both mean T2* signal and α, and a fixed β parameter throughout gestation. 

While the T2* enhancement correlated with gestational age, both α and β ratios remained stable, 

suggesting higher T2* values with a similar histogram aspect. The ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 showed a non-linear 

increase across gestation. Conversely, the 𝜆𝜆 (𝑚𝑚𝑚𝑚𝑚𝑚−1) parameter, showed an inverted and weaker 

correlation with gestation. As a combination of ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 and 𝜆𝜆, variations in Vmax throughout 

gestation were mainly influenced by the changes in ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 and resulted in a positive correlation with 

gestational age.  

 

The mean placental T2* value was the first MRI biomarker suggested to be of clinical interest for 

evaluation of placental maturation or dysfunction 15,17,21,26 and was recently evaluated by Hansen et. 

al as a biomarker of placental dysfunction in a cohort of small-for-gestational-age fetuses with normal 

Doppler patterns 19. The results showed a lower predictive performance, suggesting that the global 

overview of the placental function assessed only by the mean T2* value may not be sufficient.  

The decrease in the α parameter across gestation, describing a wider distribution of T2* values in 

early pregnancies and a progressively sharpening peak, is consistent with previous reports and 

suggests a change in either placental tissue structure (villous maturations) or functional properties 

and oxygen levels 13,22. Indeed, the aging placenta is quite different in tissue maturation and structure 

than the earlier placenta and fetal interaction with oxygen requirements is also different. These 

effects will influence the T2* in a non-linear way (based on local differences in susceptibility): maternal 

blood flow is higher, and the distribution of oxygen through the mature placental tissue will likely be 

quite different.  
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Hence, T2* analysis in baseline conditions alone is insufficient to disentangle these effects: comparing 

baseline to hyperoxia placental histograms appeared essential to evaluate the placental function.  

The intensity of placental response to maternal hyperoxia varied according to gestational age. 

Interestingly, we observed a stability of the other histogram parameter ratios, with both α and β ratios 

remaining close to 1. Altogether, this suggests a translation of the T2* histogram toward higher values 

(i.e. a right-shift of the histogram with a similar shape) once the placenta reaches its maximal oxygen 

uptake capacity, and similar enhancement of all placental areas regardless of gestational age. This 

goes against the idea of placental non-functioning lobules with advancing gestation and aging 

placenta.  

The effect of gestational age on fetal oxygen levels is well known 27. As the placental growth slows 

after the second trimester, fetal growth accelerates, increasing its needs and consumption in nutrients 

and oxygen to maintain adequate development. This increasing mismatch leads to a drop in fetal 

oxygen saturation with gestation 20,28. Our BOLD protocol and subsequent results may be indicative of 

this mismatch and consistent with a simple free-diffusion model of oxygenation, as suggested by 

previous reports 24,25. As maternal arterial blood-pool oxygen saturation is already high, oxygen supply 

increases PaO2 (dissolved O2 in arterial blood pools) rather than SpO2, which, theoretically, should not 

modify the signal. Hence, if we consider a free-diffusion model where, as stated by the first Fick’s law, 

𝐽𝐽(𝑡𝑡) = −𝐵𝐵 ∗ 𝑑𝑑[𝐵𝐵2]
𝑑𝑑𝑡𝑡

, then the increased gradient between maternal and fetal compartments causes an 

increased oxygen transfer from the mother to the fetus. Therefore, the ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 should reflect the 

difference in oxygen saturations between fetal and maternal compartments (i.e. the signal increase in 

both fetal and maternal venous blood), and the 𝜆𝜆 (min-1) parameter should be related to the ability of 

O2 to diffuse across the placental interface. Finally, as a combination of both previous parameters, 

Vmax may be a potential parameter describing the speed of oxygen transfer, depending on both 

permeability to oxygen diffusion (placental structure) and the difference in oxygen saturations.  
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∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 exhibited a slow increase before 24 weeks, followed by a faster increase, quite similar to the 

fetal weight-estimation curves 29. While a similar correlation was found between ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 and fetal 

weight estimation, we found no correlation between the EFW percentile and ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 (Figure S4, 

supplementary material), suggesting that the interpatient variability in fetal weight is not related to 

placental function.  

Overall, our BOLD analysis, constitutes a first step towards the analysis of placental oxygen diffusivity, 

which may be interesting to differentiate constitutionally small fetuses from intrauterine growth 

restriction. 

Limitations 

Several limitations are to be acknowledged. First, our methodology did not allow us to deduce oxygen 

levels and we could not separate fetal from maternal compartment either with our acquisition or 

segmentation method. The choice of lying patients in supine position could be debated, as it is known 

to affect in-utero placental blood flow and oxygen transfer to the fetus, particularly in advanced 

pregnancies 30–32. Hence, while the trends of ∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 across gestation may not be affected, caution 

should be taken when comparing the raw data with other studies. 

A further limitation relies in fitting imprecisions of dynamic parameters in the BOLD protocol. First, in 

early pregnancies, the placental enhancement is close to the intrinsic signal variability. Along with 

important fetal motion close to the placenta, this reduces the accuracy of fitting. Second, in case of 

advanced pregnancies (after 34-35 weeks), the main factor responsible for fitting failure was recurrent 

contractions during the acquisition, known to induce a reduction in the T2* value with a slow 

recovery33.  

 

Conclusion 

Our results suggest that the reduction in the T2* signal and apparent placental oxygenation, does not 

reflect a loss in placental ability to uptake and transfer oxygen to the fetus. Our BOLD results are 
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consistent with a free-diffusion model of oxygenation, highlighting the growing differences in oxygen 

saturation between mother and fetus throughout gestation (∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵), and changes in placental 

permeability to oxygen (𝜆𝜆), on which depends the speed of oxygen transfer to the fetus. Further 

studies are needed to evaluate the interest of combined information from static and dynamic 

measurement of T2* changes, and their ability to determine the remaining placental capacity or 

identify potential histological lesions.  
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FIGURE LEGENDS 

 
 
Figure 1: Illustration of our MRI protocol. Figure 1A summarizes the overall placental MRI protocol. 

After a first T2* relaxometry and mapping, a dynamic acquisition was performed, followed by a second 

T2* relaxometry after oxygen supply); Figure 1B illustrates a T2* relaxometry in a placenta at 29 weeks 

of gestation along with their corresponding histograms. Left image, placental T2* relaxometry in 

standard conditions; Right image, same placenta after oxygen saturation. Blue and red histograms 

correspond to the distribution of T2* values within the placental segmentation before and after 

oxygen supply, respectively; Figure 1C and 1D illustrates the BOLD effect in five pregnancies at 

different gestational ages, with normalized signal-over-time curves (blue lines) and corresponding 

sigmoid fitting (orange line) used to determine the dynamic parameters. Abbreviations: VOI (volume 

of interest); BOLD (blood oxygen level dependent) 

 
 

Figure 2: Histogram parameters at baseline. Histogram parameters at baseline, determined from the 

histogram distribution of placental T2* values. (A) Mean placental T2* signal; (B) minimum T2* values; 

(C) Placental histogram shape parameter (α); (D) Rate parameter (β). Lower and upper dashed lines 

represent the 10th and 90th predicted percentiles, respectively. 

 

 

Figure 3: Simulated changes in placental T2* histogram. The changes in placental T2* histogram 

across gestation were simulated using the results of figure 2 and modelled using a gamma distribution. 

As we did not observe a correlation between the rate parameter (β) and gestational, we set its value 

at 0.12 (mean β in our cohort). Values of the α parameter were generated from the regression 

equation (23.6-0.42*weeks, figure 2C). This illustrates the change in the overall histogram aspect 

across gestation, with a diminution of the mean T2* signal, along with increasing homogeneity and 

right-tailed extension.  

 

 

Figure 4: T2* response to hyperoxia. Effect of hyperoxia on T2* histogram parameters throughout 

gestation. The signal enhancement significantly increases with gestational age, as assessed by the 

mean ratio (A) (Mean T2*hyperoxia/Mean T2*baseline) and the ratio of minimum T2* values (B). The 

changes in α (C) and β (D) ratios were small and did not correlate with gestational age. Lower and 

upper dashed lines represent the 10th and 90th predicted percentiles, respectively. 
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Figure 5: BOLD Functional parameters. Changes in BOLD parameters across gestation. Parameters 

∆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 (5A) and 𝜆𝜆 (5B) were deduced from the sigmoid model. Vmax (5C) describes the maximal 

steepness, and results from a combination of both parameters. Lower and upper dashed lines 

represent the 10th and 90th percentiles, respectively. Red dots: 2 cases identified as outliers in the 

regression model. 
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 Table 1 : Summary of parameters from both acquisitions 

PARAMETERS T2* MAPPING BOLD 

Sequence  ME-GE GE-EPI 

TE [ms] 16 TE (3.0 to 77.3 ms) Single shot (50ms) 

TR [ms] 92.7 ms 8000 ms 

FA 30° 90° 

FOV [mm] 360 x 360 360 x 360 

MATRIX 256 x 256 128 x 128 

In-plane resolution [mm] 1.41 x 1.41 mm 2.81 x 2.81 mm 

Slice thickness [mm] 7 mm 6 mm 

Orientation Axial Axial 

Breath  Breath hold  Free breathing 

Coverage  2-4 slices 8-15 slices 

Timepoints  - 75-90 

 

Abbreviations: TE, echo times; TR, repetition time; FA, flip angle; FOV, field of view.  
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Table 2 : Population characteristics at MRI scan 

Prenatal characteristics, N = 52 

Maternal characteristics Ultrasound features  

Age (years) 33 (30.8, 35) EFW-percentile   50 (39, 69)  

Nulliparous 26 (50%) AC-percentile   62 (44, 75)  

BMI 21.40 (20.45, 23) MCA-PSV (MoM)  1.06 (0.96, 1.18)  

First trimester PE risk 

estimation* 
1/548 (1/1368, 1/230) Uterine artery bilateral notch 

 
1 (1.9%) 

 

Aspirin 5 (9.8%) Positive umbilical diastole   52 (100%)  

Gestational age at MRI scan 

(weeks) 
26.9 (23.3, 32.2) Positive Ductus venosus A wave 

 
52 (100%) 

 

 

Abbreviations: BMI, Body mass index; PE, pre-eclampsia; EFW, estimated fetal weight; AC, abdominal 

circumference; MCA-PSV, middle cerebral artery-peak systolic velocity;  
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figure 1.jpg
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Figure 3.jpg
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figure 4.jpg
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