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Evaluation of the placenta with relative apparent diffusion coefficient 
and T2 signal intensity analysis
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FETAL IMAGING
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PURPOSE 
We aimed to test the null hypothesis that relative apparent 
diffusion coefficient (rADC) and relative signal intensity val-
ues (rSIHASTE) do not change in the evaluation of placental 
maturation with advancing gestational age. 

MATERIALS AND METHODS
Fifty-six fetuses with diffusion-weighted magnetic resonance 
imaging (DW-MRI) data were enrolled in this retrospective 
study. Fetuses were analyzed in three different gestational 
age groups: group 1, 18–23 weeks; group 2, 24–28 weeks; 
and group 3, 29–38 weeks. The rADC (mean ADC/ADCglobe) 
and rSIHASTE values (mean SIHASTE/SIglobe) were obtained. Two 
radiologists experienced in fetal MRI who were blinded to 
the patient information reviewed MRI images independent-
ly. Kruskal-Wallis Test was used to compare the rADC and 
rSIHASTE with gestational age groups. The agreement between 
the two blinded readers was tested using Krippendorff’s al-
pha ratio.

RESULTS
Both placental rADC values and placental rSIHASTE values were 
not significantly different between the gestational age groups 
(P = 0.688 and P = 0.280, respectively). rADC and rSIHASTE 
measurements were reproducible with a good agreement be-
tween the two readers (Krippendorff’s alpha ratio was 0.613 
and 0.778, respectively). 

CONCLUSION
The rADC and rSIHASTE values do not change with advancing 
gestational age. 

T he course of pregnancy depends on the placenta, which is directly 
related to perinatal mortality and morbidity. The fetal growth rate 
and well being rely on the healthy development of the utero-pla-

cental unit. Ultrasonography (US) is the primary modality for the eval-
uation of placental maturation, and color Doppler US enables indirect 
assessment of the utero-placental circulation during pregnancy (1). 

In recent years, antenatal magnetic resonance imaging (MRI) has been 
increasingly used for the evaluation of fetuses. Many studies have been 
published regarding fetal MRI of the placenta (2, 3). However, studies 
that address diffusion-weighted imaging (DWI) as an adjunct to routine 
fetal MRI are limited (3, 4). In addition to assessment of fetuses, MRI 
may provide useful information concerning the placenta (5). DWI is 
based on random Brownian motion of water molecules in the tissue, 
and it is performed using an echo-planar imaging technique. Apparent 
diffusion coefficient (ADC) maps provide quantitative information re-
garding water diffusion (6). Placental ADC values are affected by tissue 
perfusion rather than by diffusion restriction or gestational age (4). Bi-
ologic factors such as patient age and body temperature, and technical 
factors such as the b value, sequence parameters, location, and region 
of interest may affect and change placental ADC values. The normalized 
ADC, also known as the relative ADC (rADC), is proposed to minimize 
the relativity of the ADC measurements, which are calculated by divid-
ing the lesion ADCs by the ADC values of the reference organ (7).

Advancing gestational age causes a density change in the placental 
tissue (8). Placental tissue density change may be demonstrated by the 
signal intensity of the placenta on half-Fourier single-shot turbo spin-
echo (HASTE) sequence images. In the present study, our aim was to 
test the null hypothesis that placental rADC and relative SIHASTE (rSIHASTE) 

values do not change with advancing gestational age.

Materials and methods 
Between June 2008 and September 2012, consecutive fetal MRI exam-

inations including DWI of the placenta and fetus were retrieved from 
our database, revealing 94 singleton fetuses. Written informed consent 
was obtained before all fetal MRI procedures, and no sedation was ad-
ministered to mothers during MR examination. The, Institutional Eth-
ics Committee had approved this retrospective study. Exclusion criteria 
were as follows: examinations with gross fetal movements, intrauter-
ine growth retardation, complex fetal anomalies, fetal cardiovascular 
anomalies, abnormal Doppler US findings and placental anomalies (i.e., 
placenta accreata, placenta percreata, and giant myomas), and mater-
nal conditions such as diabetes, preeclampsia, eclampsia, intrauterine 
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infection, and hematologic disorders. 
The resulting 56 fetuses were included 
in the present study. Gestational age 
ranged from 18 to 38 weeks (mean, 
26.3 weeks) and were estimated ac-
cording to the last menstrual period. 
The antenatal diagnoses of the fetuses 
were mild ventriculomegaly (unilateral 
in eight, and bilateral in four fetuses), 
mega cisterna magna (n=3), unilateral 
renal agenesis (n=1), dacriocystocele 
(n=2), neck lymphangioma (n=1), and 
normal findings (n=37). Fetuses were 
analyzed in three different gestational 
age groups: group 1, 18–23 weeks (15 
fetuses [26.8%]); group 2, 24–28 weeks 
(24 fetuses [42.9%]); and group 3, 29–
38 weeks (17 fetuses [30.4%]).

MRI
All examinations were performed 

using a 1.5 Tesla (T) system (Magne-
tom Symphony, Siemens Healthcare, 
Erlangen, Germany) with a body array 
coil during free maternal breathing. 
The mothers were supine during the 
examination. If the mother could not 
tolerate lying on her back, the exam-
ination was performed in the left lat-
eral decubitus position. After acquiring 
localizer images, if necessary, the coil 
was repositioned to receive the max-
imal signal from the area of interest. 
All patients were examined with our 
routine fetal MRI protocol, including 
HASTE, and/or true fast imaging with 
steady-state precession (True FISP), and 
two-dimensional (2D) fast low-angle 
shot (FLASH) T1-weighted sequences. 
The images were obtained in fetal or-
thogonal planes using the following 
parameters: one signal acquired; slice 
thickness, 3–4 mm; no intersection 
gap; rectangular field of view matrix, 
240×256; field of view, 26–35 cm (op-
timized for gestational week of each fe-
tus); acquisition, 1. The other imaging 
parameters were as follows for HASTE: 
TE, 78 ms; TR, 1000 ms; flip angle, 150; 
echo train length, 179; bandwidth, 230 
Hz/pixel. The parameters for True FISP 
were as follows: TE, 2.3 ms; TR, 4.6 ms; 
flip angle, 80; bandwidth, 501 Hz/pix-
el; 2D FLASH T1 TE, 166 ms; TR, 4.76 
ms; flip angle, 70; bandwidth, 110 Hz/
pixel. After T2-weighted HASTE imag-
ing, and 2D T1-weighted gradient echo 
images, DWI was performed in the ax-

ial plane with single-shot echo-planar 
sequence (TR, 3400 ms; TE, 94 ms; FOV, 
23 cm; matrix, 128×128; slice thickness, 
4 mm; interslice gap, 10%; bandwidth, 
1346 Hz/pixel; spatial resolution, 
1.8×1.8×4.0 mm3). The acquisition time 
of the DWI sequence was 1 min 32 s. 
Gradients were applied in three orthog-
onal directions using different b values 
(0, 500, and 1000 s/mm2). ADC maps 
were automatically calculated by the 
vendor’s preset algorithm using the 
given b values immediately after the 
sequences were completed. All fetal MR 
examinations were performed under 
real-time radiologist supervision. If the 
fetus moved in the first set of DW im-
ages, a repeat scan was obtained subse-
quently. If there was no movement ar-
tifact, the image quality was considered 
adequate. The patients who still had 
motion artifacts in the second set of 
images were excluded from the study. 
The total acquisition time was no more 

than 20 s for each sequence and 20 min 
for each fetus. 

Image analysis
Two radiologists experienced in fetal 

MRI who were blinded to patient infor-
mation reviewed images independently. 
HASTE sequences and ADC maps were 
used to measure SIHASTE and ADC values 
at three different sites in the placenta 
(Figs. 1, 2). Care was taken when posi-
tioning appropriate regions of interest 
(ROIs) to avoid cystic, calcific, hemor-
rhagic, and necrotic parts of the placen-
ta. The ROIs were at least 24 mm2 and 
contained 12 pixels as a minimum. The 
fetal ocular globe was used as the refer-
ence tissue in the same series (Figs. 3, 4). 
SIHASTE and ADC values were obtained 
from the vitreous humour of the ocular 
globe. The mean value of three different 
ROI measurements on the same slice of 
placenta was calculated for ADC and  
SIHASTE separately.

Figure 1. T2-weighted HASTE image obtained from a fetus at 24 weeks of gestation. On the 
sagittal maternal plane, the placenta shows insertion into the posterior uterine wall. The three 
regions of interest (circles) are positioned on three different sites of the placenta for T2 signal 
measurement. 
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The rADC and rSIHASTE values were 
calculated to eliminate the signal dif-
ferences due to equipment, technical 
parameters, and tissue properties. The 
rADC and rSIHASTE values were obtained 
by dividing the mean values by the 
ADCglobe and SIglobe measurements, re-
spectively:

rADC=placental mean ADC/ADCglobe

rSIHASTE=placental mean SIHASTE/SIglobe

Statistical analysis
Kruskal-Wallis test was used to com-

pare the rSIHASTE ratio and rADC values 
between three gestational age groups. 
The agreement between the two blind-
ed readers was tested using Krippen-
dorff’s alpha ratio. Krippendorff’s alpha 
values were classified as follows: 0.01–
0.20, poor agreement; 0.21–0.40, slight 
agreement; 0.41–0.60, fair agreement; 
0.61–0.80, good agreement; 0.81–0.92, 
very good agreement; 0.93–1, excel-
lent agreement. Statistical significance 
was interpreted when P values were 
less than 0.05. All statistical analyses 
were performed using a commercially 
available software (Statistical Package 
for Social Sciences, version 15.0, SPSS 
Inc., Chicago, Illinois, USA) with the 
exception of Krippendorff’s alpha ratio 
for which the Recal 0.1 Alpha program 
was used (http://dfreelon.org/recal/re-
cal3.php). 

Results
 The median placental rADC value 

was 0.71 (min, max; 0.35, 1.31). The 
placental rADC value was not signifi-
cantly different between gestational 
age groups (P = 0.688).

The median rSIHASTE on axial HASTE 
images was 0.56 (min, max; 0.32, 
1.02). The placental rSIHASTE ratio was 
not significantly different between ges-
tational age groups (P = 0.280) .

Median rADC, median rSIHASTE, and 
number of investigated fetuses ac-
cording to gestational age groups were 
shown in the Table. In addition, box 
plot of rADC and rSIHASTE measure-
ments were shown in the Figs. 5 and 6, 
respectively.

According to Krippendorff’s alpha 
ratio, the agreement between the two 
radiologists was good with 0.778 for 
rSIHASTE measurements and 0.613 for 
rADC measurements. 

Figure 2. ADC maps obtained from a fetus at 24 weeks of gestation. On the axial ADC map, 
the three regions of interest (circles) are positioned on different sites of the placenta for ADC 
value measurement. 

Figure 3. In the fetus at 26 weeks of gestation, the fetal ocular globe is used as the reference 
tissue on sagittal T2-weighted HASTE imaging. The region of interest (circle) is positioned in the 
fetal ocular globe.
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Discussion
DWI is used increasingly commonly 

during the antenatal period, providing 
an opportunity for quantitative analy-
sis of ADC values of fetal and placental 
tissues. Various uses of ADC measure-
ments for characterization of renal and 
lung lesions and as a potential nonin-
vasive biomarker of fetal lung maturity 
have been reported (2, 9, 10). Howev-
er, the reproducibility of the ADC mea-
surements remains controversial (7). 
Our data show that evaluation of the 
placenta by means of rADC and rSIHASTE 
measurements is reproducible with 
good inter-reader agreement. To our 
knowledge, this is the first MRI study 
of the placenta to evaluate rADC and 
rSIHASTE parameters.

The connective tissue density of the 
placental villi decreases in the second 
trimester, and the function of extra-
embryonic circulation increases. Al-
though the connective tissue density 
varies according to the type of pla-
cental villi, it may increase partially 
with advancing gestational age and 
increasing fibrous component of the 
connective tissue (11). Placental cal-
cifications also increase with advanc-
ing gestational age. Calcifications may 
cause inaccurate measurements by 
decreasing ADC values (6). In the pres-
ent study, T2 hypointense or hetero-
geneous areas, which might represent 
calcifications, are avoided during ADC 
and signal intensity measurements. 
Calcification was considered an indi-

cator of placental maturation; howev-
er, recent studies did not support this 
assumption (12, 13). In favor of those 
studies, the stable rADC values during 
gestation implicates that water diffu-
sion in the normal placental tissue is 
not affected by the amount of connec-
tive tissue or calcification. 

Abnormal placental angiogenesis 
is associated with development of in-
trauterine growth retardation (IUGR), 
which is responsible for neonatal mor-
bidity and mortality in 8% of all preg-
nancies (14). Evaluation of placental 
maturation is important for early di-
agnosis of placental insufficiency and 
IUGR. Abnormal flow velocity wave-
forms of uterine and umbilical arteries 
on Doppler US are indirect indicators of 
increased placental resistance in IUGR. 
However, Doppler US evaluation of pla-
cental circulation does not reflect the 
dynamics of placental perfusion (15). 
In a study comparing 75 normal and 
27 IUGR fetuses in a 1.5 T MR system, 
Bonel et al. (3) reported a statistically 
significant decrease in the ADC values 
of IUGR fetuses. Loss of cellular integ-
rity, decreased perfusion, and reduced 
oxygen exchange in the extracellular 
space were assumed to be causes of de-
creased ADC values. Moreover, Bonel 
et al. (3) reported that the ADC value 
did not show a statistically significant 
relationship with gestational age in fe-
tuses without placental insufficiency, a 
result that was similar to ours. 

In a study with 157 fetuses in a 1.5 
T MR system by Manganaro et al. (4), 
ADC values and gestational age were 
correlated at a b value of 0–700 s/mm2 
but not at a b value of 50–700 s/mm2. 
That study was based on the placen-
tal ADC values being mainly affected 
by capillary perfusion and microcir-
culation rather than by diffusion of 
extracellular water. Water in normal 
tissues is located in three compart-
ments: the extracellular, intracellular, 
and intravascular compartments (16). 
Upon development of extravascular 
tissue fibrosis, water diffusion might 
be restricted due to extracellular space 
changes. One important finding of our 
study is that placental rADC is not af-
fected significantly by extravascular 
tissue fibrosis of placental aging. Our 
data demonstrated that changes in ad-
vanced placental maturation such as 

Figure 4. In the fetus at 28 weeks of gestation, the region of interest (circle) is positioned in the 
fetal ocular globe on the axial ADC map.

Table. rADC, rSIHASTE, and number of investigated fetuses according to gestational age 
groups

Gestational age	 rADC	 rSIHASTE	
groups		  median (min, max)	 median (min, max)	 n (%)

	 1 (18–23 week)	 0.68 (0.35, 1.31)	 0.50 (0.36, 0.85)	 15 (26.8)

	 2 (24–28 week)	 0.70 (0.38, 1.05)	 0.56 (0.38, 0.74)	 24 (42.9)

	 3 (29–38 week)	 0.74 (0.52, 1.10)	 0.61 (0.32, 1.02)	 17 (30.4)

rADC, relative apparent diffusion coefficient; rSIHASTE, relative signal intensity values on half-Fourier single-shot 
turbo spin-echo.
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development of cavernous spaces, in-
ternal hemorrhage, calcification, and 
sclerosis do not affect water diffusivi-
ty in the extracellular space. However, 
care must be taken to avoid such mor-
phological changes when placing the 
ROI for the ADC measurements.

ADC values are affected by many 
factors, such as the type of the select-
ed sequence, b values, localization and 
area of the ROI, patient age, and tem-
perature. Thus, rADC was proposed to 
reduce this variability in ADC and op-
timization of the DWI findings (7). In 
a previous study, the renal cortex was 
suggested to be the appropriate local-
ization of the reference ADC measure-
ment site in the abdomen (7). In our 
study, the fetal ocular globe was used 
as the reference area for ADC measure-
ments because both kidneys were not 
completely included in the field of 
view in every study, particularly when 
the study was designed for fetal brain 
MRI. Conversely, the fetal ocular globe 
is easy to define and free from exces-
sive fluid motion. It is also clearly de-
lineated from adjacent organs and ex-
hibits a good signal-to-noise ratio. 

Blaicher et al. (8) described a reduc-
tion in the placental to amniotic flu-

id signal intensity ratio with increas-
ing gestation in normal pregnancies 
that was thought to be a reflection of 
morphological changes during pla-
cental aging. However, the use of am-
niotic fluid for signal intensity mea-
surements is controversial because 
fetal movements and pulsations of 
surrounding tissues create artifacts in 
the amniotic fluid, decreasing SI val-
ues. Therefore, we used the fetal ocu-
lar globe as a reference area to calcu-
late the ratio of the fetal rSIHASTE in the 
present study. Contrary to the study 
by Blaicher et al. (8), we did not find 
a statistically significantly different 
between gestational age groups and  
rSIHASTE of the placenta. 

Both Manganaro et al. (4) and Blaic-
her et al. (8) did not evaluate reproduc-
ibility in their studies. However, Bo-
nel et al. (3) reported that two readers 
strongly agreed with the ADC assess-
ments. In the present study, there was 
good agreement between the radiol-
ogists in measurements of rADC and 
rSIHASTE. Reproducibility of the mea-
surements improves the efficiency of 
placental evaluation and may be used 
for further studies to establish a stan-
dardized parameter.

The present study possessed some 
limitations. First, the results are based 
on a given b value. Comparison of 
different b values, particularly low b 
values, may provide more information 
regarding the perfusion characteristics 
of the placenta. Second, in the current 
study, IUGR patients were not includ-
ed to establish the normal ranges of 
rADC and rSIHASTE. The results of the 
present study may serve as a parame-
ter for a target population with IUGR 
findings such as pathological placenta 
in uteroplacental insufficiency in fu-
ture studies.

In conclusion, measurement of the 
rADC and rSIHASTE are highly repro-
ducible when measurement sites are 
selected carefully. The null hypothesis 
that rADC and signal intensity values 
do not change in the evaluation of pla-
cental maturation with advancing ges-
tational age is accepted. 
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