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The aim of this prospective study was to establish comple-
mentary data of uteri exposed to diethylstilbestrol (DES)
in utero for transvaginal analysis and vascularity changes
during the menstrual cycle. A total of 28 women with DES-
exposed uteri were compared with 60 non-exposed women.
Transvaginal ultrasound and colour Doppler imaging were
performed on days 5 and 22 of the menstrual cycle. Uteri
were measured on sagittal and transverse scans. Uterine
length, width, thickness and uterine cavity length and width
were measured. Uterine volume and uterine cavity area
were calculated. DES-exposed uterine volume was equal to
31.84 ± 337 cm3. The cavity area of DES-exposed uterus
was equal to 35.85 ± 3.93 cm2. Cervix length of DES-
exposed uterus was significantly smaller than that of non-
exposed uterus. The uterine artery pulsatility index (PI) of
DES-exposed uterus was significantly higher than that of
normal uterus. Blood flow remained stable throughout the
menstrual cycle. The PI of DES-exposed uterus remained
stable during the menstrual cycle, as in non-exposed uterus,
and it decreased during the luteal phase. This lack of
modification in vascularity of DES-exposed uterus may
explain miscarriages and obstetric complications such as
intrauterine growth retardation or pre-eclampsia. The data
may have implications for the assessment of reproductive
status and the design of future studies on disorders of
implantation in DES-exposed uterus.
Key words: colour Doppler imaging/DES-exposed uterus/
transvaginal ultrasonography/uterine arteries

Introduction

Patients exposed to diethylstilbestrol (DES) in utero have long-
term problems with their reproductive organs (Smith et al,
1949). Although prescription was prohibited in the USA after
the publication of papers by Herbst et al. (Herbst and Scully,
1970; Herbst et al, 1971, 1974; Herbst, 1979), an estimated
4 000 000 women had already taken the drug.

The main complication of exposure to DES is uterine
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malformation. The frequency of uterine malformation has been
estimated by Kaufmann et al. (1977) to be 73%. The nsk does
not depend on the total dose absorbed but on how early was
exposure to DES. Several control case studies have been
published to assess the effect of uterine malformations
(Ksenekjian, 1988) on the fertility of women exposed in utero
to DES. Some studies have indicated that a reduction in
fertility is statistically significant. Nevertheless, 80% of women
exposed in utero to DES wanting a child became pregnant and
gave birth to a viable baby (Sandberg, 1981; Kaufman et al,
1984). However, Herbst et al. (1982) reported a higher percent-
age of premature births, ectopic pregnancies and in-utero fetal
deaths in the DES group. Spontaneous miscarriages and late
abortions were found to be significantly higher in the DES
group by Ludmir et al. (1987) and Senekjian (1988). The work
of Herbst et al. (1981) has been confirmed by many authors
(Berger and Goldstein, 1980).

Transvaginal sonography is the least invasive technique used
to assess the uterus and monitor modifications in endometrial
thickness during the cycle. The proximity of the probe and
the use of high frequencies generate echographic images
with excellent definition. Colour Doppler imaging and pulsed
Doppler spectral analysis provide data on blood flow in the
uterine and sub-endometrial arteries. Vascular indices decrease
during the menstrual cycle (Zaidi et al., 1995). An increase in
vascularization is necessary for good uterine receptivity (Steer
et al, 1992).

Our aims were to obtain complementary data on the morpho-
logy and vascularization of DES-exposed uteri using trans-
vaginal sonography and to evaluate vascularization of DES-
exposed uteri during the menstrual cycle

Materials and methods

Object

A total of 28 patients exposed to DES in utero agreed to participate
in this study Some 60 patients with primary or secondary lnfertiLity
also joined this study as controls. The 60 control patients were not
exposed in utero to DES The DES and control patients had regular,
ovulating, menstrual cycles confirmed by a temperature graph. None
of these patients had been given any hormonal treatment over the
previous 6 months

Pelvic ultrasound

An Ultra Mark 9 (ATL) echograph (Advanced Technology Laboratory,
Bothell, USA) equipped with an transvaginal probe in mode B with
a colour Doppler mode was used for all ultrasound examinations.
The vaginal probe was equipped with a 5 MHz transducer for mode
B and the Colour Doppler functions

Transverse and sagittal sections were used for all uten Maximum

2531



B.Salle et al

Table L Characteristics of the two patient groups exposed and non-exposed (values are means ± SD)

DES-exposed uteri
(n = 28)

Normal uteri
(7t = 60) (Student's west)

Age (years)
No of miscarriages
Parity
No. of gestations
Day of the first ultrasound (follicular phase)
Day of the second ultrasound (luteal phase)
Oestradiol concentrations (pg/ml)

30.4 ± 1 8
0 65 ± 0.21
0 60 + 016
1 56 ± 0 38
6 48 ± 0 70

22.60 ±1.41

29.7 ± 0.6
0 08 ± 0.03
0.56 ± 0.13
0 54 ± 0 14
5 60 ± 0 15

25 0 0 ± 018

NS
005
NS
0 05
NS
NS

Day of the first ultrasound
Day of the second ultrasound

DES = diethylstilbestrol; NS =

Table O. Transvaginal measures

not significant

of exposed and non-exposed uterus

62 69 ± 9 20
16 83 ± 3 1 4 0

DES-exposed uten
(n = 28)

51.53 ± 2 43
141 21 ± 5.31

Normal uteri
(n = 60)

NS
NS

P
(Student's f-test)

Utenne length (mm)
Uterine width (mm)
Utenne thickness (mm)
Utenne volume (cm3)
Cavity length (cm)
Cavity width (mm)
Cavity surface (cm2)
Cervix length (mm)
Endometrial thickness (mm)
Follicular phase
Luteal phase

42.77 ±
44 92 ±
29 28 ±
31 84 ±
32.22 ±
2136 ±
35 85 ±
25 60 ±

3 85 ±
8 27 ±

180
1.402
1 13
3.37
161
1.68
3 93
1 19

0 45
0 74

54 90 1
51.36 i
36 93 i
56 17 i
42 21 :
23 50 :
50 58 :
28 86 :

4 98 :
11.01 d

t 0 92
t 1.08
t 0 85
t 2.72
t 0.68
t 0.94
t 2.45
t 0.86

t 0.22
t 0 37

00001
0 001
0001
0001
0 0001
NS
0 0001
001

0 05
001

DES = diethylstilbestrol; NS = not significant.

utenne length (L; cm) was measured on a sagittal section (cm) from
the internal cervical os to the fundus. Uterine width (W; cm) was
calculated on a transverse section passing through the uterine fundus.
Utenne thickness (J) was always measured by a sagittal section (cm)
between the antenor and posterior walls. Uterine volume (cm3) was
estimated using the formula of Viscomi et al. (1980) (4/3rcXL/2x W/
2X772). By tilting the end of the vaginal probe to the rear, cervical
length was measured as the distance separating the external and
internal os

The length of the utenne cavity (cm) was assessed by a sagittal
section of the uterus, from the internal os to the distal extremity of
the endometnum. Endometrial thickness was measured from this
section from one endometrium-myometnum interface to the other
Cavity width was measured as the maximum distance between the
two extremities of the endometrium from transverse sections passing
through the fundus. Uterine cavity surface area was estimated using
the ratio L X 1/2. Uterine measurements were always made during
the follicular phase, on day 5, except for endometnal thickness which
was calculated during two ultrasound examinations on days 5 and 22.

Colour Doppler mode was used to identify the utenne artery as it
ascends just lateral to the internal os. The right and left branches of
the uterine artery were studied at points where the angle of the
ultrasound beam approached zero. The Doppler gate was placed over
each vessel to generate a flow velocity with the highest possible peak
systolic velocity. The anterior and postenor arcuate arteries were
located on a longitudinal section halfway between the uterine edge
and the endometrium. Blood flow impedance was expressed by the
pulsatility index (PI) to allow for the possible absence of diastolic
flow. PI was calculated electronically over three cardiac cycles using
the formula PI = S - DITPMX, where 5 is the peak systolic Doppler
shift frequency, D is the minimum diastolic Doppler shifted frequency

2532

1S the time average maximum velocity over the cardiac
cycle. A reduction in the PI is thought to reflect a decrease in
impedance distal to the point of sampling. We also examined the
mean of the indices for the right and left uterine arteries and the
mean of the indices for the anterior and posterior arcuate arteries, as
described by Kurjak et al. (1991) and Steer et aL (1990). The Doppler
study was earned out on every patient on days 5 and 22 of the cycle.

Hormonal assays

Serum concentrations of oestradiol were measured on examination
days (days 5 and 22) by immunoenzymatic assays (E2 MELA - LMX;
Abbott, Paris France). The echographies were executed at 08:00 h
and hormonal assays were at 08:30 h.

Serum concentration of progesterone was not measured on day 22
All assays were based on the temperature graph. Menstrual cycles
were considered to be normal if all retrospective cntena were fulfilled,
i.e. 25—28 day cycles, shifts in upper temperatures >4/10ths and a
significant increase in oestradiol concentration.

Statistical analysis

The statistical analysis was performed using Student's /-test The
level of statistical significance was indicated by P < 0 005.

Results

Table I summarizes the characteristics for patients exposed
and not exposed to DES in utero. Both groups were similar
in age and oestradiol concentration. Echographies were carried
out on the same day in both groups. The duration of infertility,
the number of gestations and the number of miscarriages were
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Figure 1. Sagittal image of the uterus showing the different measurements taken (day 5 of the menstrual cycle) Measurement 1 =
maximum uterine length; measurement 2 = maximum uterine thickness; measurement 3 = maximum uterine cavity length

Figure 2. Transverse image of the uterus showing the different measurements taken (day 5 of the menstrual cycle). Measurement 1 =
maximum utenne width; measurement 2 = maximum uterine cavity width.

at the limit of significance. Parity was similar in both groups
of patients (P > 0.05). Eight patients exposed to DES m utero
had already had one or several miscarriages. Figure 1 is
an example of a transverse section of the uterus and the
measurements carried out on this section, i.e. utenne length,
cavity length, uterine and endometrial thickness. Figure 2 is
an example of a transverse section through the fundus and
measurements of uterine cavity and utenne widths.

Uterine morphology

Details of utenne measurements are summanzed in Table II
Uterine cavity length was statistically lower in the group
exposed to DES (P < 0.0001). Utenne cavity width was not
significantly different between the two groups (P = 0.24).
Uterine cavity surface area of uten exposed to DES was
significantly smaller (35.8 ± 3.93 versus 50.5 ± 0 9 cm2; P
< 0 0001) All dimensions (length, width, thickness, volume)
of uterine corpus exposed to DES were significantly smaller

than unexposed uten (P < 0.0001). The length of the cervix
of uten exposed to DES was significantly shorter than that of
control uten (P < 0 05) However, this difference was only
3 mm (25.60 ± 1 19 versus 28.80 ± 0 86 mm). The endometrial
thickness of DES-exposed uteri was significantly smaller in
both the follicular and luteal phases. The difference was greater
during the luteal phase (P < 0.001) than in the folhcular phase
(P < 0.01).

Uterine and arcuate arterial blood flow

Average values of uterine and arcuate artery PI are summarized
in Table III. The utenne (Figure 3) and arcuate artery PI of
unexposed uten tended to decrease significantly in the luteal
phase (P < 0.001) The utenne and arcuate artery PI of uten
exposed to DES in utero (Figure 3) remained stable throughout
the cycle (P = 0 32)

The utenne PI of DES-exposed uten was significantly higher
than that of control uten in both the luteal and follicular phases
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