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Abstract
Purpose: We aimed to provide diagnostic models based on different parameters of placental magnetic resonance 
imaging (MRI) to detect intrauterine growth restriction (IUGR), as well as the severity of placental insufficiency.

Material and methods: We included 44 foetuses with appropriate weight for gestational age (AGA) and 46 foetuses 
with documented IUGR, defined as the estimated foetal weight (EFW) below the 10th centile. Using Doppler ultra-
sound, IUGR cases were divided into 2 groups: 1) IUGR with severity signs: EFW < 3rd centile, or cerebroplacental 
ratio < 5th centile, or abnormal umbilical/uterine artery pulsatility index; and 2) non-severe IUGR without any of 
this criterion. For all these participants, placental MRI was performed in the third gestational trimester, and its 
parameters were compared between AGA and IUGR, as well as between the severe and non-severe IUGR groups. 
Two diagnostic models consisting of significant predictors were developed, and their performance was investigated 
with accuracy metrics.

Results: The severity signs were detected in 25 (54.3%) IUGR cases. The diagnostic model for the differentiation 
of IUGR from AGA revealed an acceptable performance (area under the curve [AUC] of 0.749) and consisted of  
2 variables: 1) the largest size of infarct ≥ 25 mm (odds ratio [OR] = 5.01, p = 0.001), and 2) thickness : volume ratio 
≥ 0.043 (OR = 3.76, p = 0.027); while, the logistic regression model for detection of the severity signs was even better, 
with AUC = 0.862, and comprised of 2 predictors: 1) placental infarct percent ≥ 10% (OR = 26.73, p = 0.004), and  
2) placental globular shape (OR = 5.40, p = 0.034).

Conclusions: Placental MRI parameters can differentiate IUGR from AGA, and more precisely, assess the severity of 
placental insufficiency in IUGR foetuses.
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Introduction
Intrauterine growth restriction (IUGR), characterized by 
failure of the foetus to reach its potential growth, is associ-
ated with increased risk of preterm delivery, adverse peri-
natal outcomes, stillbirth, and neurodevelopmental delay in 
the long term [1,2]. Although complex aetiological parame-
ters have been suggested, placental insufficiency is regarded 
as the primary cause of IUGR [2]. This phenomenon is re-
lated to the shallow invasion of the trophoblast into mater-
nal tissue and insufficient conversion of the spiral arterioles, 
resulting in placental ischaemia [3]. The ultrasound-based 
methods of foetal growth quantification alongside Doppler 
measurement in the umbilical arteries are considered as the 
mainstays of IUGR detection. These modalities can also aid 
in the timing of delivery of foetuses with IUGR [4].

However, the diagnostic accuracy of these ultrasound-
based techniques for IUGR identification in late gestation is 
relatively poor, with sensitivities as low as 15% to 50% [5,6]. 
This insensitive detection of placental dysfunction is as-
sumed to be a result of the inadequate correlation between 
umbilical artery Doppler measures and foetal growth re-
striction [7]. Indeed, severe impairment of placental blood 
flow is required for significant alterations in umbilical Dop-
pler values to become evident. Therefore, complementary 
investigations are warranted for further assessment of preg-
nancies complicated by IUGR.

As an adjunct to ultrasound, foetal magnetic resonance 
imaging (MRI) is currently considered an established diag-
nostic modality for the detection of intrauterine abnormali-
ties. Since the first clinical utilization of MRI for evaluation of 
placenta in patients suspected of placenta previa in 1986 [8], 
its role has expanded to various obstetric aspects ranging 
from the investigation of placental invasion in cases of pla-
centa accreta/increta/percreta [9] to the delineation of mor-
phological deformities and placental perfusion using diffu-
sion-weighted imaging (DWI) sequences [10]. It has been 
demonstrated that MRI assessments can detect a wide spec-
trum of placental pathologies from haemorrhages to infarc-
tions and, more importantly, placental insufficiency [11]. 
Furthermore, several MRI findings such as placental vol-
ume and extent of pathological involvement have been veri-
fied to associate with the severity of placental insufficiency 
[12-14]. Despite these promising results, few attempts have 
been made to propose MRI-based models for the detec-
tion and severity assessment of patients with IUGR. Hence, 
we aimed to provide diagnostic models based on different 
parameters of placental MRI to detect IUGR, as well as the 
severity of placental insufficiency.

Material and methods

Patient population and Doppler ultrasound examination

Our institutional review board approved the study, and writ-
ten informed consent was obtained from all pregnant women 

who participated in the study. Ethical approval was obtained 
from the Women’s Yas Hospital Research Ethics Commit-
tee (Rec No: 98-01-98-41442), and the study was con-
ducted in accordance with the declaration of Helsinki [15]. 
Between 2017 and 2019, all pregnant women with pregnan-
cies complicated by IUGR, defined as the estimated foetal 
weight (EFW) below the 10th percentile based on ultraso-
nographic findings, were assessed [16]. Gestational age 
for all foetuses was estimated based on the first-trimester 
crown-rump length. Exclusion criteria were defined as  
(1) multiple pregnancies [6 cases], (2) the presence of pla-
centa accreta spectrum [2 cases], (3) the presence of intra-
uterine infections [1 case], (4) contraindications for MRI 
[1 case], and (5) refusal to sign informed consent for foetal 
MRI [2 cases]. Also, we lost 2 foetuses with severe vascular 
impairment because of emergent caesarean delivery. Ulti-
mately, 46 singleton pregnancies with documented IUGR 
were recruited for placental MRI evaluation in the third 
gestational trimester (IUGR cohort). 

The transabdominal Doppler ultrasound was carried 
out employing a 2-6 MHz curved-array transducer (Affi-
nity 50, General imaging configuration, Philips ultrasound 
machine, USA) for all patients of this cohort in the third 
trimester. The EFW, as well as umbilical artery (UA), mean 
bilateral uterine artery (UtA), and middle cerebral artery 
(MCA) pulsatility indices, were measured and assessed ac-
cording to the reference chart [17]. Additionally, the cere-
broplacental ratio was calculated by dividing the pulsatility 
index of MCA by the UA pulsatility index. By means of this 
ultrasound-based evaluation, the IUGR cohort was divided 
into 2 groups: 1) IUGR with severity signs: EFW < 3rd cen-
tile, and/or cerebroplacental ratio < 5th centile, and/or UA 
or UtA pulsatility index > 95th centile; and 2) non-severe 
IUGR without any of these criteria [18]. 

Another cohort of participants with the same exclusion 
criteria consisted of 44 foetuses with appropriate weight for 
gestational age (AGA) defined as EFW ≥ 10th centile based 
on sonographic measurements, matched with the IUGR 
cohort regarding the maternal and gestational age, were 
also included to serve as the control group (AGA cohort). 
These foetuses were selected from pregnant women who 
were referred for MRI due to suspected abnormalities based 
on the prenatal ultrasound on the central nervous system 
(the majority of cases), pulmonary system, genitourinary, 
and gastrointestinal tracts. The gestational age was based on 
a reliable recollection of the last menstrual period, along-
side ultrasonographic confirmation within the first gesta-
tional trimester. All the included patients were followed un-
til the end of the neonatal period, and the data concerning 
maternal and foetal features were gathered.

Magnetic resonance imaging acquisition  
and interpretation

All foetuses were examined with a 3T MR unit General 
Electric system (GE Healthcare, discovery 750 GEM), using 
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a 16-channel-phased array coil following 4 hours of ma-
ternal fasting. As demonstrated previously, exposure to 3T 
magnetic fields applied in the clinical MRI process does not 
pose any adverse effects to the foetus [19,20]. The placental 
MRI was performed while the participants were in the left 
lateral decubitus position within the same week of ultra-
sound. The duration of performing placental MRI was 30 
± 5 minutes. The examination protocol consisted of con-
ventional sequences for all women including 4 mm single-
shot fast spin-echo T2-weighted sequences in 3 orthogonal 
planes and axial fast multiplanar spoiled gradient-recalled 
acquisition in the steady-state T1-weighted sequences in an 
axial plane. Only T1-weighted sequences were performed 
with breath-holding. DWI sequences were performed 
through the placental surface (b-value, 0-800 s/mm2 in 
3 orthogonal axes [x, y, z]) in the coronal plane without 
breath-holding. The apparent diffusion coefficient (ADC) 
measurements on matched coronal DWI were performed. 
Offline analyses of all morphologic and biometric placental 
measurements were performed on an Infinite Picture Ar-
chiving and Communication System (PACS) and by draw-
ing a freehand region of interest (ROI). 

The MRI images of the placenta were assessed for the 
presence of placental infarct (an area of low T2 signal or 
high T2 signal with low T2 rim), its number, the largest 
size, and involvement percentage in T2-weighted images. 
The involvement percent of the placenta by infarcts was as-

sessed subjectively as 0%, 5%, and up to 100%. Retroplacen-
tal bleeding was assessed in a T1-weighted sequence. The 
placenta shape was also recorded as globular or plate-like 
based on the rounded appearance of its margin (Figure 1).

Placental signal intensity in T1- and T2-weighted se-
quences and ADC in DWI images relative to the amniotic 
fluid signal intensity in these sequences were assessed.  
The signal intensity and ADC of the placenta were measured 
by drawing the 2 largest possible ROIs in the centre (near 
cord insertion) and 2 ROIs at the periphery of the placenta 
(up to 2 cm to the placental edge), and the average of them 
was recorded for the central and peripheral site (Figure 2). 
The central and peripheral signal intensities were divided by 
the amniotic fluid signal intensity in T1- and T2-weighted 
sequences to obtain central and peripheral ratios.

Maximal placental thickness was taken as the thickest 
point of the placenta, usually near the central umbilical 
cord insertion. Placental volume was assessed by manu-
ally drawing the ROIs on each slice. Then the sum of the 
placental area of each slice was multiplied by the sum of 
the slice thickness and slice gap to calculate the volume. 
The largest placental area was also recorded (Figure 2).

All morphologic and biometric analyses were conduct-
ed by a 6-year experienced radiologist (the first author) 
blinded to the patients’ characteristics. In the case of mo-
tion artifact, the sequence was repeated until the acceptable 
image was acquired. 

Figure 1. A) Retroplacental haemorrhage (arrows) in T1-weighted image in 
a 34-week foetus with clinically non-significant intrauterine growth restric-
tion (IUGR). B) Multiple placental infarcts (arrows) with a central high and 
low peripheral rim of T2 signal intensity in a 35-week foetus with increased 
umbilical artery pulsatility index. C) Placenta with plate-like shape in  
a 37-week foetus with clinically non-significant IUGR. D) Placenta with 
globular shape in a 34-week foetus with clinically significant IUGR

Figure 2. Assessment of placental and amniotic fluid signal intensities in 
(A) T2-weighted, (B) T1-weighted, and (C) apparent diffusion coefficient 
(ADC) map by the placement of 2 central and 2 peripheral regions of interest 
(ROIs). D) Measurement of placental thickness and the largest area near  
the cord insertion site (arrow)
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Statistical analysis 

The categorical variables were summarized as numbers 
and percentages and were compared using the c2 test.  
The continuous variables were presented as mean ± stan-
dard deviation (SD) and were analysed between 2 cohorts 
using an independent samples t-test and among 3 cohorts 
using the analysis of variance (ANOVA) method. In the 
case of a significant difference using the ANOVA method, 
post hoc analysis with the Bonferroni statistic was imple-
mented to detect the source of difference.

For model development regarding the diagnosis of 
IUGR, the MRI parameters were compared between AGA 
and IUGR cohorts. These parameters were then compared 
between the 2 IUGR cohorts (severe and non-severe based 
on Doppler ultrasound) to assess the severity of placental 
insufficiency. According to these results, we determined 
the main predictors for both IUGR detection and sever-
ity assessment (those that had p-values less than 0.10). 
Categorical and continuous variables were investigated in 
univariate analysis, and their odds ratios (ORs) and corre-
sponding 95% confidence intervals (CIs) were calculated. 
Also, based on the cut-off values for each MRI parameter 
(with the best accuracy in receiver operating character-
istic [ROC] curve), quantitative MRI parameters were 
converted into categorical ones. The variables with sig-
nificant discriminating values in univariate analysis were 
then included in multivariate analysis (those with p-value 
< 0.05). Only one of the variables (categorical or continu-
ous) for each MRI parameter that demonstrated a better 
predictor value was considered in multivariate analysis. 
The final prediction models consisted of all the MRI pa-
rameters that remained significant in multivariate analysis 
(p < 0.05). Eventually, the accuracy for both models was 
investigated by ROC curves and calculation of area under 
the curves (AUCs). All the analyses were performed using 
Stata (version 13.1; Stata Corp., Texas, USA).

Results
A total of 90 foetuses (46 IUGR and 44 AGA), with foetal 
age ranging from 26 to 39 weeks at the time of MRI inves-
tigation, were included. Among the patients in the IUGR 
cohort, 25 (54.34%) were categorized as severe cases ac-
cording to the criteria previously mentioned. Two severely 
growth-restricted foetuses died during the third gestational 
trimester (both at 32 weeks of gestation). Table 1 pres-
ents the maternal, foetal, and neonatal characteristics of 
the AGA cohort and 2 cohorts of IUGR patients. No sig-
nificant difference was noted except for the foetal gender  
(p = 0.047, more female foetuses in the non-severe IUGR 
cohort) and maternal drug history (p = 0.002, less positive 
drug history in the AGA cohort). Expectedly, there was also 
a significant difference between the groups in terms of EFW 
(p = 0.026, significantly higher in AGA) and birth weight 
(p < 0.001) between these 3 cohorts. Regarding MRI fea-

tures, 9 parameters were significantly different between the 
3 cohorts (Table 2): 1. Central ADC (p = 0.049, lower in se-
vere IUGR), 2. Peripheral ADC (p = 0.006, lower in severe 
IUGR), 3. Infarct number (p < 0.001, higher severe IUGR),  
4. The largest size of infarct (p < 0.001, higher in severe 
IUGR), 5. Involvement percentage with infarct (p < 0.001, 
higher in severe IUGR), 6. Placental thickness (p = 0.04, high-
er in severe IUGR), 7. Thickness-to-volume ratio (p = 0.01, 
higher in severe IUGR), 8. Placental shape (p = 0.001, more 
globular in severe IUGR), and 9. Bleeding (p = 0.011, higher 
chance in severe IUGR) (Figure 3). 

For IUGR detection, 6 variables were identified in 
univariate analysis to be further explored in multivariate 
analysis (Table 3): 1. Infarct number (OR = 1.38, p = 0.002),  
2. Placental globular shape (OR = 2.44, p = 0.047), 3. Bleed-
ing (OR = 8.84, p = 0.044), 4. The largest size of infarct  
≥ 25 mm (OR = 5.63, p < 0.001), 5. Involvement percent 
with infarct ≥ 10% (OR = 4.90, p < 0.001), and 6. Thickness-
to-volume ratio ≥ 0.043 (OR = 4.57, p = 0.007). Among 
these, only 2 variables remained significant in multivariate 
analysis: 1. The largest size of infarct ≥ 25 mm (OR = 5.01, 
95% confidence interval [CI] [1.95-12.85]; p = 0.001), and 
2. Thickness-to-volume ratio ≥ 0.043 (OR = 3.76, 95% CI 
[1.16-12.23]; p = 0.027) (Table 4). The ROC curve analy-
sis for this diagnostic model exhibited acceptable accuracy 
(AUC = 0.749; accuracy = 70.0%; sensitivity = 65.2%; speci-
ficity = 75.0%; negative predictive value (NPV) = 67.3%; 
positive predictive value (PPV) = 73.1%) (Figure 4). 

Concerning the severity of placental insufficiency in 
IUGR patients, 7 MRI parameters correlated with sever-
ity in univariate analysis (Table 3): 1. Peripheral T2 ratio  
(OR = 124.1, p = 0.017), 2. Peripheral ADC (OR = 1.00, 
p = 0.017), 3. Infarct number (OR = 1.83, p = 0.002), 
4. The largest size of infarct (OR = 1.07, p = 0.009), 
5. Placental globular shape (OR = 6.80, p = 0.004),  
6. Involvement percent with infarct ≥ 10% (OR = 32.0,  
p = 0.002), and 7. Thickness-to-volume ratio ≥ 0.035  
(OR = 4.40, p = 0.026). In the final model, 2 variables were 
considered as independent predictors of IUGR severity:  
1. Placental globular shape (OR = 5.40, 95% CI [1.13-25.75]; 
p = 0.034), and 2. Involvement percent with infarct ≥ 10% 
(OR = 26.73, 95% CI [2.77-257.76]; p = 0.004) (Table 4). 
This model reached better accuracy with the AUC = 0.862 
(accuracy = 78.2%; sensitivity = 68.0%; specificity = 90.4%; 
NPV = 70.3%; PPV = 89.4%) (Figure 4).

Discussion
Our study has demonstrated that MRI of the placenta with 
a diagnostic model consisting of 2 predictors (the largest in-
farct size and thickness-to-volume ratio) can detect IUGR 
with relatively good accuracy. For severity assessment of 
placental insufficiency in foetuses suffering from IUGR, 
placental globular shape, and involvement percentage with 
infarct based on placental MRI achieved a superior accu-
racy (with an AUC of more than 0.8). To our knowledge, 
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this is one of the first studies to propose prediction models 
based on placental MRI features for diagnosis, as well as 
severity assessment of IUGR.

Recent studies have demonstrated placental perfusion re-
duction in IUGR patients using DWI and contrast-enhanced 
placental perfusion mapping [12,14,21-23]. Gorkem et al. 
recently investigated the placental diffusion difference in 
IUGR patients with worsening Doppler ultrasound features 
and concluded that placental ADC values have the ability to 
predict IUGR severity with comparable accuracy to the UA 
pulsatility index [14]. Moreover, placental diffusion alteration 
has been detected at the early phases of IUGR onset in con-
trast to the UA pulsatility index [14]. These results suggest 
a possible role of MRI-based methods in the management of 

patients with IUGR. In our study, although placental ADC 
values were significantly correlated with IUGR severity in 
univariate analysis, it was denoted that placental morpholog-
ical parameters (placental shape and involvement percentage 
with infarct) were better predictors after further investiga-
tion by multivariate analysis. This could be because more 
profound and long-standing alterations in placental perfu-
sion are required for placental morphological abnormalities 
to occur. Therefore, morphological abnormalities denote 
more severe perfusion reduction, which is linked to more 
severe growth restriction. Although volumetric evaluation 
of the placenta can be conducted during the first trimester 
using 3D ultrasound, due to limitations in the field of view, 
it becomes increasingly difficult in the course of time [13].  

Table 1. Characteristics of the study population across the groups 

Factor I: AGA (n = 44) II: Non-severe IUGR ( n = 21) III: Severe IUGR (n = 25) Total ( n = 90) p-value

Maternal characteristics

Age 31.12 ± 4.46 29.48 ± 4.20 29.88 ± 5.68 30.38 ± 4.78 0.364

Height (cm) 162.03 ± 10.35 162.00 ± 4.43 161.64 ± 5.60 161.90 ± 7.78 0.980

Weight (kg) 77.08 ± 12.61 75.81 ± 11.29 78.96 ± 14.92 77.33 ± 12.94 0.710

BMI (kg/m2) 29.63 ± 6.01 28.93 ± 4.41 30.21 ± 5.59 29.63 ± 5.47 0.736

Smoking Yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NA

No 44 (100) 21 (100) 25 (100) 90 (100)

Past 
medical 
history

No disease 40 (90.9) 17 (81.0) 21 (84.0) 78 (86.6) 0.489

Chronic conditions  
(hypothyroidism, etc.)

4 (9.1) 4 (19.0) 4 (16.0) 12 (13.7)

Drug 
history

No drug 40 (90.9) 13 (61.9) 14 (56.0) 67 (74.4) 0.002

Any medication  
(mostly levothyroxine)

4 (9.1) 8 (38.1) 11 (44.0) 23 (25.6)

Foetal characteristics

Foetal age (weeks) 32.45 ± 2.48 33.43 ± 3.66 33.72 ± 2.33 33.03 ± 2.79 0.149

Estimated foetal weight (g) 1999.07 ± 463.52 1775.48 ± 560.99 1637.24 ± 406.02 1810.84 ± 494.04 0.026 

Gender Female 15 (34.1) 14 (67.6) 11 (44.0) 40 (44.4) 0.047

Male 29 (56.9) 7 (33.4) 14 (56.0) 50 (55.6)

Death Yes 0 (0) 0 (0) 2 (8.0) 2 (2.2) 0.070

No 44 (100) 21 (100) 23 (92.0) 88 (97.8)

Neonatal characteristics

Birth weight (g) 3058.53 ± 694.26 2670.47 ± 263.60 2178.18 ± 614.93 2701.17 ± 684.56 < 0.001

Gestational age (weeks) 37.80 ± 2.35 37.68 ± 0.88 36.76 ± 1.89 37.46 ± 1.94 0.145

Apgar 
score

< 7 0 (0) 0 (0) 2 (8.0) 2 (2.2) 0.070

≥ 7 44 (100) 21 (100) 23 (92.0) 88 (97.8)

Neonatal 
acidosis

Yes 12 (27.3) 8 (38.1) 12 (48.0) 32 (35.5) 0.216

No 32 (72.7) 13 (61.9) 13 (52.0) 58 (64.5)

NICU 
admission 

Yes 8 (18.2) 4 (19.0) 10 (40.0) 22 (24.4) 0.103

No 36 (81.8) 17 (81.0) 15 (60.0) 68 (75.5)
BMI – body mass index, IUGR – intrauterine growth restriction, NA – not applicable, NICU – neonatal intensive care unit 
Continuous variables are presented as mean ± standard deviation, categorical variables as number (%).
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Table 2. Comparison of MRI parameters across the subgroups

Factor I: AGA
(n = 44)

II: Non-severe IUGR 
(n = 21)

III: Severe IUGR  
(n = 25)

IV: Total IUGR
(n = 46)

V: Total 
(n = 90)

p-valuea p-valueb p-valuec

Central T2 ratio 0.659 ± 0.20 0.676 ± 0.19 0.566 ± 0.17 0.616 ± 0.18 0.637 ± 0.19 0.105 0.315 0.048

Peripheral T2 ratio 0.587 ± 0.19 0.634 ± 0.16 0.508 ± 0.15 0.566 ± 0.16 0.576 ± 0.18 0.052 0.585 0.011

Central T1 ratio 1.694 ± 0.36 1.840 ± 0.74 1.783 ± 0.48 1.810 ± 0.61 1.754 ± 0.51 0.536 0.291 0.761

Peripheral T1 ratio 1.745 ± 0.46 1.786 ± 0.77 1.701 ± 0.39 1.741 ± 0.59 1.743 ± 0.53 0.869 0.972 0.639

Central ADC (mm2/s) 1858.33 ± 375.22 2051.88 ± 360.89 1693.04 ± 538.36 1840.26 ± 501.18 1847.14 ± 454.15 0.049 0.880 0.025

Peripheral ADC (mm2/s) 1675.08 ± 336.54 1935.56 ± 291.02 1515.22 ± 476.86 1687.67 ± 457.11 1682.87 ± 412.46 0.006 0.908 0.003

Amniotic fluid ADC (mm2/s) 3733.33 ± 976.98 3830.62 ±1220.03 4039.57 ± 1096.77 3953.85 ± 1137.90 3869.84 ± 1076.72 0.621 0.434 0.579

Infarct number 2.11 ±1.74 2.14 ± 1.98 5.44 ± 2.97 3.93 ± 3.03 3.04 ± 2.63 < 0.001 0.001 < 0.001

Largest size of infarct (mm) 17.14 ± 12.83 22.81 ± 16.91 37.24 ± 13.29 30.65 ± 16.56 24.04 ± 16.26 < 0.001 < 0.001 < 0.001

Involvement percentage 
with infarct

6.70 ± 7.92 7.86 ±8.74 24.60 ± 18.81 16.96 ± 17.14 11.94 ± 14.33 < 0.001 0.001 < 0.001

Placental volume (mm3) 1182.36 ± 197.12 1182.52 ± 280.29 1136.32 ± 317.66 1157.41 ± 298.79 1169.61 ± 253.12 0.746 0.640 0.607

Placental thickness (mm) 40.77 ± 8.93 42.00 ± 11.69 47.60 ± 12.59 45.04 ± 12.38 42.96 ± 10.98 0.040 0.065 0.127

Placental area (mm2) 6741.6 ± 1657.5 6154.3 ± 2271.5 6429.6 ± 1464.6 6303.9 ± 1859.2 6517.9 ± 1767.4 0.442 0.242 0.622

Thickness-to-volume ratio 0.035 ± 0.007 0.036 ± 0.008 0.046 ± 0.025 0.041 ± 0.015 0.038 ± 0.015 0.010 0.038 0.094

Placental 
shape

Plate-like 32 (72.7) 16 (76.1) 8 (32.0) 24 (52.2) 56 (62.3) 0.001 0.044 0.003

Globular 12 (27.3) 5 (23.9) 17 (68.0) 22 (47.8) 34 (37.7)

Bleeding Yes 1 (2.3) 2 (9.5) 6 (24.0) 8 (17.4) 10 (12.5) 0.011 0.031 0.197

No 42 (97.7) 19 (91.5) 19 (76.0) 38 (82.6) 70 (87.5)
ADC – apparent diffusion coefficient, IUGR – intrauterine growth restriction. 
Continuous variables are presented as mean ± standard deviation, categorical variables as number (%).  
P-values less than 0.05 have been indicated in bold.  
aComparison among 3 columns of I, II, and III using ANOVA method. bComparison between 2 columns of I and IV using the independent samples t-test. cComparison between 2 columns of II and III using the independent 
samples t-test. 

Figure 3. Five foetuses with clinically significant IUGR with impaired Doppler indices. A-C) Placenta with obvious globular shape, increased thickness, and 
multiple infarcts (arrows) in about 60-70% of total area. D, E) Two cases with thick placenta, approximately 68 and 70 mm, respectively, with an obvious 
globular shape and multiple large infarcts (arrows). The leiomyoma has been indicated by an asterisk
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In this regard, placental MRI, with the larger field of view, 
multiplanar capabilities, and high-contrast images, can pro-
vide additional information about placental morphology and 
aid in managing growth-restricted foetuses.

Our findings regarding dysfunctional placenta with mor-
phological and perfusion abnormalities are supported by his-
topathological studies that previously demonstrated that the 
frequency of apoptosis in intramural and endovascular tro-
phoblast is increased in growth-restricted foetuses, and this 
focal loss of endovascular cells may lead to a rather globular 
placental shape and smaller dysfunctional placenta with larg-
er infarct sizes [24,25]. During the first gestational trimester, 
poor trophoblastic invasion observed in IUGR patients re-

sults in chronic placental hypoxaemia, which also induces 
trophoblastic apoptosis [26,27]. These pathophysiological 
processes contribute to poor placental perfusion, thickened 
placenta with the globular structure instead of flattened disc-
shaped appearance, and reduced placental volume with more 
involvement of reduced areas of infarct. In the third trimester 
after 24-28 weeks, the placenta continues to mature, becom-
ing more heterogeneous with a growth in thickness. Multiple 
thin and hypointense lines increasingly appear and cross the 
perpendicular axis of the placenta, representing the interlob-
ular septa, which separates normal cotyledons. These lobu-
lated structures are surrounded by maternal blood, which 
can exchange oxygen and nutrients with the foetal blood in 

Table 3. The univariate and multivariate logistic regression to identify the placental MRI parameters for (A) intrauterine growth restriction (IUGR) detection 
and (B) IUGR severity

Univariate analysis Multivariate analysis

OR  95% CI p-value OR  95% CI p-value

A. IUGR detection

Quantitative MRI parameters

Infarct number 1.38 [1.12-1.70] 0.002 1.08 [0.78-1.49] 0.613

Largest size of infarct (mm) 1.06 [1.02-1.10] < 0.001 – n– –

Involvement percentage with infarct 1.08 [1.02-1.14] 0.004 – – –

Placental thickness (mm) 1.04 [0.99-1.08] 0.074 – – –

Qualitative MRI parameters

Placental globular shape 2.44 [1.01-5.89] 0.047 1.33 [0.38-4.55] 0.647

Bleeding 8.84 [1.05-74.0] 0.044 2.31 [0.21-25.19] 0.490

Infarct number ≥ 3 3.00 [1.22-7.33] 0.016 – – –

Largest size of infarct ≥ 25 mm 5.62 [2.25-14.01] < 0.001 5.01 [1.95-12.85] 0.001

Involvement percentage with infarct ≥ 10% 4.90 [2.00-12.00] < 0.001 1.10 [0.19-6.08] 0.913

Placental thickness ≥ 42 mm 1.58 [0.68-3.67] 0.279 – – –

Thickness-to-volume ratio ≥ 0.043 4.57 [1.51-13.83] 0.007 3.76 [1.16-12.23] 0.027

B. IUGR severity

Quantitative MRI parameters

Central T2 ratio 27.63 [0.95-801.5] 0.053 – – –

Peripheral T2 ratio 124.1 [2.34-6559.4] 0.017 1.01 [0.98-1.02] 0.926

Central ADC (mm2/s) 1.00 [1.00-1.00] 0.039 – – –

Peripheral ADC (mm2/s) 1.00 [1.00-1.00] 0.017 1.00 [0.99-1.00] 0.941

Infarct number 1.83 [1.23-2.71] 0.002 1.47 [0.68-3.19] 0.321

Largest size of infarct (mm) 1.07 [1.01-1.13] 0.009 1.06 [0.90-1.24] 0.460

Involvement percentage with infarct 1.13 [1.02-1.25] 0.015 – – –

Qualitative MRI parameters

Placental globular shape 6.80 [1.83-25.18] 0.004 5.40 [1.13-25.75] 0.034

Infarct number ≥ 3 5.31 [1.49-18.83] 0.010 – – –

Largest size of infarct ≥ 30 mm 3.46 [0.96-12.39] 0.056 – – –

Involvement percentage with Infarct ≥ 10% 32.0 [3.62-282.8] 0.002 26.73 [2.77-257.76] 0.004

Thickness-to-volume ratio ≥ 0.035 4.40 [1.19-16.16] 0.026 2.10 [0.20-21.67] 0.533
ADC – apparent diffusion coefficient, CI – confidence interval, IUGR – intrauterine growth restriction, OR – odds ratio. P-values less than 0.05 have been indicated in bold format.
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the capillaries, preferably identified on single-shot fast spin-
echo (SSFSE) MRI sequences (Figure 5). On the other hand, 
a placental infarct consists of necrosis of a foetal cotyledon 
caused by occlusion of the supplying uteroplacental artery. 
However, as previously mentioned in the method section, 
placental infarcts are areas of low T2 signal or sometimes 
high T2 intensity with low signal rim, usually in the back-
ground of presence of a thick placenta [28].

In a study by Damodaram et al., all pregnancies that end-
ed in perinatal mortality had thickened globular placenta at 
the time of MRI scan [13]. Also, increased placental maximal 

thickness-to-volume ratio, which is a reflection of decline in 
placental surface area, was noted in IUGR cases [13]. Like-
wise, in our IUGR prediction model, this parameter, along-
side the largest infarct size of more than 25 mm, was distin-
guished as an independent predictor of growth restriction.

Previous studies utilizing placental MRI have identified 
different parameters of numerous MRI sequences for placen-
tal insufficiency in foetuses with IUGR. For instance, a recent 
study implementing DWI and magnetic resonance spectros-
copy proposed a combination of placental ADC values and 
choline/lipid ratio to be significantly associated with placental 

Table 4. Final prediction models for detection and severity assessment of intrauterine growth restriction (IUGR) based on placental MRI features

OR  95% CI Standard error Z scores p-value

A. IUGR detection

Largest size of infarct ≥ 25 mm 5.01 [1.95-12.85] 2.40 3.36 0.001

Thickness-to-volume ratio ≥ 0.043 3.76 [1.16-12.23] 2.26 2.21 0.027

Constant 0.37 [0.19-0.73] 0.12 -2.89 0.004

B. IUGR severity

Involvement percentage with infarct ≥ 10% 26.73 [2.77-257.76] 30.91 2.84 0.004

Placental globular shape 5.40 [1.13-25.75] 4.30 2.12 0.034

Constant 0.04 [0.01-0.42] 0.05 -2.71 0.007

Figure 4. ROC curves for the proposed models regarding (A) IUGR diagnosis and (B) IUGR severity assessment
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Figure 5. A-C) Single-shot fast spin-echo (SSFSE) MRI sequence of 3 non-IUGR fetuses at 27, 30, and 36 weeks of their gestational age, respectively. These 
images depict normal evolution of placenta; its general heterogeneity has slightly increased in the third trimester compared to the second trimester. Also, 
the hypointense-lines perpendicular to placenta plane, represent the interlobular septa (arrows) and denote cotyledon

Area under ROC curve = 0.8629
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insufficiency to a great diagnostic value (AUC = 0.939) [29].  
However, that study was a pilot study with a limited patient 
population without addressing these predictors in multi-
variate analysis. Our prediction models were derived from 
the relatively larger population by evaluating multiple MRI 
parameters in univariate and multivariate analyses. More-
over, we developed our models based on T1, T2, and DWI 
sequences, which has wider availability and higher resolution 
than magnetic resonance spectroscopy.

We acknowledge the limitations of our study. First, no 
histopathological examinations were performed to correlate 
with MRI results. However, ultrasound methods with Dop-
pler measurements, which are the basis of IUGR diagnosis 
and management, are conducted in our study for the assess-
ment of MRI precision. Second, our limited study population 
was recruited from solely a single centre. However, it is worth 
mentioning that our sample size was larger than many of the 
previously published studies. Third, we did not follow each 
patient by MRI scans during pregnancy; therefore, we could 
not detect changes in placental parameters. Fourth, we did 
not provide a validation dataset for our proposed models. 

Another limitation was a relatively wide range for the gesta-
tional age of included foetuses (weeks 26-39). On the other 
hand, this wide range can simultaneously ensure good reli-
ability. Although the appropriate time for IUGR screening 
is during the late weeks of the second trimester, all pregnant 
women with suspected foetuses should in practice undertake 
serial follow-up diagnostics. In future, further large-scale 
multicentric studies are warranted to validate the utility of 
these models in diverse patient populations.

Conclusions
Placental MRI parameters can differentiate IUGR from 
AGA and, more precisely, assess the placental insufficien-
cy severity in growth-restricted foetuses. Future studies 
are required for the validation of the proposed models for 
IUGR diagnosis and severity assessment.
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