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Changes in apparent diffusion coefficients in the normal uterus
during different phases of the menstrual cycle
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ABSTRACT. This study investigated the apparent diffusion coefficients (ADCs) of the
uterine zonal structures (myometrium, endometrium and junctional zone) among
reproductive women, and their changes during the menstrual cycle. Magnetic resonance
(MR) images of seven healthy females (aged 24-31 years) were obtained during the
periovulatory, luteal and menstrual phases. Diffusion-weighted imaging (DWI) was
performed with a single-shot echo-planar imaging (EPI) sequence in the midsagittal plane
of the uterus using three b-values (b=0, 500 or 1000s mm2). The ADC values of the three
uterine zonal structures were measured on an ADC map by placing two regions of interest
(ROI) on the corresponding zonal structures. The average changes of ADC values (intra-
individual ADC value variation) over three menstrual phases were 0.41x 10> mm?s™"
(range, 0.08-0.91) for myometrium, 0.55x 103 mm?s ™' (0.35-0.84) for endometrium, and
0.40x 103 mm?s™' (0.18-0.59) for the junctional zone. The ADC values for myometrium
and endometrium were lower in the menstrual phase, although there was some overlap

of individual values. Interindividual variation in ADC value for a given zone or phase
ranged from 0.48x 103 mm?s ™" t0 0.85x 10> mm?s ™ ". Intermeasurement variation
between the two ROIls ranged from 0 to 0.48 x 10~ 3 mm?s
magnitude of these variations was comparable to reported differences between
malignant and non-malignant tissues. These preliminary results, from a small number of
subjects, suggest that the menstrual cycle and individual variation in pre-menopausal
women should be considered when interpreting the ADC values of uterine structures.

Diffusion-weighted imaging (DW) is an emerging
functional imaging technique that is based on the
diffusion of water molecules [1]. DWI can measure the
apparent diffusion coefficient (ADC) of the water in
tissue, which reflects its cell density, cellular oedema and
microcirculation [1, 2]. Malignant tissue tends to have
low ADC values, and so ADCs are increasingly used as a
quantitative parameter to distinguish malignant tissue
from non-malignant tissue [3-5]. Recent studies in
gynaecological imaging have reported ADC values that
were lower than normal in uterine cervical cancer,
endometrial cancer and leiomyosarcoma [6-8].

In pre-menopausal women, T, weighted images of the
uterus, a three-layer zonal structure, change during
the menstrual cycle [9-11]. When the variation in the
appearance of the uterus on T, weighted images and the
underlying physiological changes are considered, it seems
possible that there might be variation of ADCs in the
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normal uterus during the menstrual cycle, which could
affect the baseline ADC values used in the assessment of
uterine abnormalities. Thus, the purpose of this study was
to investigate the ADC values of each zonal structure in
the uterus among reproductive women, and their varia-
tion in three different phases of the menstrual cycle.

Methods and materials

MR scanning protocol

The study protocol was approved by our institution’s
ethics committee and written informed consent was
obtained from participants. Eleven healthy female
volunteers of reproductive age (age range, 24-33 years;
mean, 27.8 years), each with a regular menstrual cycle,
participated in the study. Exclusion criteria were a
history of gynaecological disease, abnormality on MR
imaging and the current use of contraceptive medication
or methods.

MR scans were scheduled during three phases of the
menstrual cycle (menstrual, periovulatory and luteal
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phases) for each volunteer. The date of ovulation was
estimated as either 14 days before the anticipated first
day of the next cycle or on the basis of elevated basal
body temperature. MR scans were performed in the
periovulatory phase within a period two days before or
after the expected ovulation date. MR scans in the luteal
phase were obtained approximately in the middle of this
phase. MR scans in the menstrual phase were obtained
within the first 2 days of menstruation.

MR images were obtained with a 1.5 T Symphony
scanner (Siemens Medical Systems, Erlangen, Germany)
using a phased-array coil. Axial half-Fourier acquisition
single-shot turbo spin-echo (HASTE) images, axial and
sagittal fast spin-echo T, weighted images and sagittal spin-
echo T; weighted images were obtained to define the
anatomy of pelvic organs and to screen for gynaecological
abnormalities. No pre-medication agents, including anti-
cholinergic drugs, were administered to participants.

Diffusion-weighted MR imaging in the midsagittal
plane of the uterus was performed with a single-shot
echo planar imaging (EPI) sequence with the following
parameters: repetition time (TR)/echo time (TE),
8000 ms/99 ms; 5 mm slice thickness; field of view
(FOV), 260 mm; matrix, 128 x46; and bandwidth, 1346
(Hz/Pz). The images were acquired using three different
b-values (b = 0, 500 and 1000 smm™) and the chemical
shift selective fat suppression (CHESS) technique. The
parallel imaging technique was not employed because
this technique was not available at the time of this study.
ADC maps were automatically created from a series of
DW images using a satellite console on the MR unit.

Image analysis

MR images were evaluated by two radiologists. Data
analyses were based on final consensus readings. First,

overall quality of ADC maps was evaluated and images
with poor image quality (i.e. difficult to recognise uterine
contours) were excluded from further analysis.
Recognition of the (outer) myometrium, endometrium
and junctional zone (inner myometrium) on the ADC
map was scored on the following three scales: 1= poor,
where differentiation of three components was difficult;
2= moderate, where differentiation of three components
was possible; 3= excellent, where the three components
were clearly differentiated.

For quantitative analysis, the ADC values of the
uterine zonal structures were measured on the ADC
map images. Two oval regions of interest (ROI) were
placed on the corresponding zonal structures by one
radiologist, and the ROI size and ADC values from the
two ROIs were measured. We measured two ROIs and
used the averaged value, rather than just one ROI, to
reduce random variability in the measurements. For the
myometrium and junctional zone, one ROI was placed
on the anterior wall and another on the posterior wall.
The ROIs were selected to be as large as possible, but did
not include areas affected by susceptibility artefacts. The
mean and standard deviation of the ADC values from
seven participants were calculated for each phase. Intra-
individual difference, which is the difference between
the maximum and minimum ADC values over the three
menstrual phases for each participant, was calculated. To
determine the general variability of ADC for each
woman, the coefficient of variation, which was pre-
viously used to report changes in the ADC of breast
tissue during menstrual cycles, was calculated using the
equation of Partridge et al [12].

As a marker of measurement error, the difference in
ADC values between the two ROIs (intermeasurement
variation) was also examined.

Figure 1 shows a representative T, weighted image
and the corresponding ADC map image of the uterus.

(a)

(b)

Figure 1. (a) T, weighted image and (b) the corresponding ADC map image of the uterus of a 24-year-old female in the
periovulatory phase. Endometrium (white arrowheads), myometrium (white arrow) and junctional zones (black arrows) were

clearly recognised in the ADC map image.
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Results

Among the 11 participants, two were found to have
leiomyomas detectable on MR images and were
excluded from the study. Another two participants were
excluded from the data analysis because of severe
susceptibility artefacts. As a result, seven participants
(age range, 24-31 years; mean, 27 years) were evaluated
for the recognition of zonal appearance and for quanti-
tative ADC measurement on the ADC map.

With regard to the recognition of uterine zonal
anatomy, images from all of the participants were scored
as ““excellent” in the periovulatory phase, and images
from six participants were scored as “excellent” and one
as “moderate” in the menstrual and luteal phases. None
of the images was scored as ““poor”.

The ADCs of each zonal structure were successfully
measured in all of the images. The average size of ROI
was 0.31 cm? for the mgometrium, 0.19 cm? for the
endometrium and 0.08 cm~ for the junctional zone (inner
myometrium). Figure 2 shows the changes in ADC
values in the myometrium, endometrium and junctional
zone during the different menstrual phases. In the
myometrium, the ADC values tended to be lower during
the menstrual phase than during the periovulatory and
luteal phases, although there was wide variation
between individuals. In the endometrium, ADC values
again tended to be lower in the menstrual phase than in
the other phases, but there was some overlap of values
from different individuals. In the junctional zone,
ADC values were lowest in the periovulatory phase,
followed by the menstrual phase. The maximum-
minimum difference in ADC value over the three
menstrual phases ranged within the seven individuals
from 0.08 to 091 (x10 % mm?*s™') for myometrium
(mean + SD, 0.41+0.30 (><1O_3 mm2s_])); from 0.35 to
0.84 (x10> mm?s™ ') (0.55+0.15 (x 10> mm?s ') for
endometrium; and from 0.18 to 0.59 (x107° mm?s™ %)
(0.40+0.22 (x10"2 mm?s™ 1Y) for the junctional zone.
The coefficient of variation over the different phases was
18% for myometrium, 23% for endometrium and 23% for
the junctional zone.

The interindividual maximum-minimum ADC value
differences among the seven women for a given zone
and phase are shown at the bottom of the graphs in
Figure 2. In the myometrium and endometrium, the
difference tended to be greatest during the menstrual
phase, whereas in the junctional zone this difference
tended to be greatest in the periovulatory phase.

Differences (ranges) in measured ADC values between
the two ROIs (intermeasurement error) for the periovu-
latory, luteal and menstrual phases, respectively, were
0.05-0.27 (x10~® mm?s ™), 0.02-0.40 and 0.00-0.31 in the
myometrium; 0.00-0.31, 0.04-0.15 and 0.00-0.41 for the
endometrium; and 0.10-0.48, 0.02-0.34 and 0.02-0.21 for
the junctional zone.

Discussion

Our study investigated layer-specific changes in ADC
over three different menstrual phases. The ADC values
of the myometrium and endometrium tended to be
lower in the menstrual phase than in the periovulatory
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and luteal phases. The mean intraindividual variation in
ADC values over the three menstrual phases was 0.4-0.6
(x107° mm?s™") on average. The mean Interindividual
ADC value variation for a given zone or phase was larger
than the intraindividual variation between the phases,
and ranged from 0.5 to 0.9 ( x 1073 mm?s ™).

Another study showed a smaller effect of phases of the
menstrual cycle on the ADC of breast tissue (coefficient
of variation, 5.5%) [12]. This finding differs from ours,
possibly because of the different nature of the organs, or
the different MRI sequences used. The previous study
used single-shot fast spin echo (SSFSE) for DWI, which is
less sensitive to susceptibility artefact than EPI, and this
might have contributed to the relatively small variation
in ADC seen during the menstrual cycle. EPI-based
sequences are commonly used in pelvic DWI because of
their fast acquisition time and high signal-to-noise ratio
[4, 7, 8]. Nevertheless, our results show that baseline
changes in the ADC of uterine structures over the
different menstrual phases can be large, and hence
images should be interpreted carefully.

As ADC value is affected by cell density, cell
organisation and microcirculation [1, 2], it is possible
that the changes in ADC values seen during the
menstrual cycle may reflect phase-specific physiological
changes in the structures of the different uterine zones.
For the myometrium, oedema in the luteal phase [13]
might have contributed to higher ADC values, whereas
myometrial contraction and relatively low water content
might have reduced ADC values. For the endometrium,
the presence of blood in the cavity could be associated
with decreased ADC values in the menstrual phase akin
to the decreased ADC values seen in acute intracerebral
haemorrhage [14] or endometrial cyst [15]. Little is
known about physiological or histological changes in
the junctional zone, and the observed ADC variation in
the junctional zone is therefore difficult to explain.

The magnitude of ADC changes observed over the
different menstrual phases, if replicated in larger studies,
has implications for the interpretation of ADC values in
oncology imaging. The difference between malignant and
non-malignant lesions (or normal tissue) in the uterus
ranges from 0.45 to 0.65 ( x 1072 mm?s ™) [7, 8], which is
comparable to the variation in the ADC of normal structures
seen during the three phases of the menstrual cycle in our
study. This may be particularly problematic in cases where
changes in ADC values are used as a marker of treatment
response. Such cases may include treatment of a uterine
myometrial or endometrial lesion (e.g. in cervical cancer) in
a pre-menopausal patient [6]. Although it is difficult choose
the timing of an MR scan relative to phases of the menstrual
cycle in clinical practice, we can consider the menstrual
cycle when interpreting ADC values (using either informa-
tion on menstrual cycle from the patient or the appearance
of T, weighted images). Most the uterine lesions lie in either
myometrium or endometrium, and these layers showed a
similar pattern of ADC value, which tended to drop in the
menstrual phase. It would, therefore, be preferable to avoid
using ADC measurements obtained during the menstrual
phase in order to minimise the effect of menstrual ADC
variation on baseline ADC changes.

Relatively large interindividual variation in ADC for
any given cycle phase or zone may also affect the
interpretation of ADC values in clinical study. Our
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Figure 2. Changes in ADC values (x107> mm?s™") of (a) the myometrium, (b) the endometrium and (c) the junctional zone
during three different menstrual phases. Each circle represents the ADC value of a specific tissue layer from a participant in a
specific phase. Mean and standard deviation (SD), maximum and minimum ADC values, and the difference between the
maximum and minimum ADC values per given phase and zone are shown at the bottom of each graph.

findings suggest that ADC values are more accurate in
comparing lesions within a single patient, and that
interindividual comparisons require careful interpreta-
tion. The interindividual ADC variations in the myome-
trium and endometrium were greatest in the menstrual
phase, at 0.85 and 0.70 (x 1072 mm?s ™), respectively;
both of these variations were larger than the reported
differences between malignant and non-malignant
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lesions. Therefore, ADC value is ideally measured in the
periovulatory or luteal phase.

We used the “menstrual”, “periovulatory” and “luteal”
phases because T, weighted MRI images of the uterus
showed distinctive changes between these three phases. The
uterus of the follicular phase is similar to that of the
periovulatory phase, i.e. the junctional zone of the follicular
or periovulatory phases is thinner than that of the menstrual
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phase, but thicker than that of the luteal phase. We did not,
however, use DWI to examine the uterus in the follicular
phase, and this is a possible limitation of this study.

This study has other limitations. First, the results are
based on data from a small number of subjects, although
both the changes over the three different phases of the
menstrual cycle and interindividual variation showed
consistent trends. Second, the parallel imaging technique
was not available at the time of this study, and this is
partially responsible for the severe susceptibility artefact
seen in images from two of the participants. Third, ROI
analysis is prone to measurement error, the greatest
intermeasurement error recorded was as large as
0.45x10"° mm?®s~". Finally, the menstrual phases of
individual participants were not confirmed as accurate
by measuring blood hormone levels. Nevertheless, all of
the patients had regular menstrual cycles and a large
misclassification was unlikely.

In conclusion, we observed changes in ADC values
(0.4 t0 0.6 (x107> mm?s™ ")) in the normal uterus during
different menstrual phases. For myometrium and endo-
metrium, the mean ADC value tended to be lower in the
menstrual phase than in other phases, although there
was some overlap of individual values. The interindivi-
dual variation in ADC value for a given zone or phase
was even greater than intraindividual variation in ADC
value. In addition, intermeasurement variation in ADC
value could be as large as 0.5x107> mm?s™'. The
magnitude of these variations in ADC values is compar-
able to reported differences between the ADC values of
malignant and non-malignant tissues. These preliminary
results, from small number of subjects, suggest that the
ADC values of uterine structures should be interpreted
in the light of the phase of the menstrual cycle and inter-
individual differences in pre-menopausal women.
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