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Abstract. In 55 women with singleton pregnancies, colour flow mapping and pulsed wave 
velocimetry were used to measure impedance to flow in the uterine arteries at 10-13 weeks 
gestation and again at 19-22 weeks. In the first trimester, examinations were performed 
both transabdominally and transvaginally and in the second trimester transabdominally 
only. There were significant associations between the first- and second-trimester measure
ments obtained with both Doppler techniques. These associations were higher when trans- 
vaginal than transabdominal Doppler was used and when the measurement of impedance 
was the pulsatility index (PI) rather than the resistance index. These data suggest that impe
dance to flow in the uteroplacental circulation in the second trimester is dependent on 
impedance in the first trimester. In any prospective, first-trimester, uterine artery Doppler 
screening study for pregnancy complications, it may be preferable to use transvaginal 
Doppler and measure PI.

Introduction

Doppler studies of the uteroplacental cir
culation have documented increased impe
dance to flow in pregnancies complicated by 
fetal growth retardation and/or pregnancy- 
induced hypertension. Furthermore, several 
screening studies at 18-24 weeks gestation 
have suggested that abnormal Doppler re
sults may precede these pregnancy complica
tions by several weeks [1-6]. The commonly 
cited pathophysiologic basis for this observa
tion is the histologic demonstration of im

paired trophoblastic invasion of the mater
nal spiral arteries [7-9],

Since the onset of trophoblastic migration 
into the spiral arteries normally starts in the 
first trimester [10, 11], it is hypothesized 
that establishment of the uteroplacental cir
culation in the second trimester is not a ran
dom phenomenon, but rather a consequence 
of events in the first trimester. If this was the 
case, screening for pregnancy complications 
by Doppler studies of the uteroplacental cir
culation could be extended to the first tri
mester. In this study, two different Doppler
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techniques for measurement of impedance 
to flow in the uterine arteries in the first tri
mester are applied for the investigation of 
the mode of development of the uteroplacen
tal circulation and compared.

Patients and Methods

In 55 women with singleton pregnancies, impe
dance to flow in the uterine arteries was measured by 
Doppler ultrasound at 10-13 weeks gestation and 
again at 19-22 weeks. Examinations were performed 
by colour flow mapping and pulsed wave velocimetry; 
in the first trimester both transabdominally and 
transvaginally and in the second trimester transab
dominally only.

All women were healthy, and they were referred to 
our unit for fetal karyotyping by early amniocentesis 
or chorionic villus sampling [ 12]. The Doppler inves
tigations were performed before the invasive test. In 
all cases included in this study, the fetal karyotype 
was normal. Subsequently, the patients were reviewed 
for detailed ultrasound examination at 19-22 weeks, 
and no fetal abnormalities were detected. Gestational 
age was calculated by the maternal menstrual history 
and confirmed by ultrasound measurement of the 
fetal crown-rump length. The study was approved by 
the hospital ethics committee, and informed consent 
was obtained in each case.

Transabdominal Doppler examinations were per
formed with the patient in the supine position with 
left lateral tilt. For transvaginal examinations, the 
patients were lying on the examination couch with 
their knees bent. In each case, flow velocity wave
forms (FVWs) were obtained from the left and right 
uterine arteries. In all Doppler examinations, the high 
pass filter was set at 100 Hz.

For both transvaginal and transabdominal stud
ies, colour flow mapping was used to visualize each 
uterine artery and FVWs were obtained by pulsed 
wave Doppler (Aloka color Doppler SSD-680; Aloka, 
Japan, with 3.5-MHz transabdominal and 5-MHz 
transvaginal curvilinear transducers). In the first-tri
mester studies, each uterine artery was visualized at 
the level of the internal os and in the second trimester 
at the level of its crossing with the corresponding 
external iliac artery [13-15]. The resistance index 
(RI) and pulsatility index (PI) were calculated using

the built-in spectrum analyzer [16, 17], For each uter
ine artery, a minimum of four FVWs were measured, 
and the values were averaged.

Inta-observed variation was determined from the 
study of 10 measurements from each artery, in 3 
patients, in each group (transvaginal and transab
dominal at 10-13 weeks and transabdominal at 19- 
22 weeks). For the transabdominal and transvaginal 
first-trimester studies, the mean intra-observer varia
tions for Rl and PI were 5.95 and 9.23, and 3.1 and 
6.16%, respectively; for the second-trimester transab
dominal studies, the mean intra-observer variations 
for Rl and PI were 4.13 and 7.07%, respectively.

Regression analysis was used to examine the sig
nificance of inter-correlations of the Doppler indices 
between the left and right uterine arteries and be
tween measurements in the first and second trimes
ters with the different Doppler techniques.

Results

With colour flow mapping and pulsed 
wave Doppler, both uterine arteries were 
seen and FVWs were obtained in all cases 
with transvaginal sonography in the first tri
mester and in all with transabdominal so
nography in the second trimester. However, 
with transabdominal sonography in the first 
trimester, the uterine artery could not be 
seen in 4 cases on the right and in 1 case on 
the left.

Impedance to flow decreased with gesta
tion (table 1; fig. 1). There were significant 
associations for RI and PI between left and 
right uterine arteries and between first- and 
second-trimester measurements for each 
vessel; these associations were higher when 
transvaginal than transabdominal Doppler 
was used and when the index of impedance 
was the PI rather than the RI (table 2; 
fig. 2, 3).

The difference in PI between the left and 
right uterine arteries at 10-13 weeks gesta
tion was significantly higher than at 19-22
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Fig. 1. PI and RI in the left uterine artery measured transvaginally at 10-13 weeks gestation and transab- 
dominally at 19-22 weeks.

Table 1. Mean ( ± SD) RI and PI from the left and 
right uterine arteries in 55 patients at 10-13 weeks 
and at 19-22 weeks gestation by transvaginal and 
transabdominal ultrasonography

10-13 weeks 19-22 weeks 
abdominal

abdominal vaginal

Uterine RI
Left
Right

0.75 ±0.10 
0.73 ±0.07

0.78 ±0.09 
0.76±0.09

0.59 ±0.08 
0.59 ±0.09

Uterine PI
Left
Right

1.78 ±0.57 
1.71 ±0.45

2.05 ±0.67 
1.86 ± 0.53

1.05±0.27 
1.05 ±0.29

Student’s paired t test demonstrated that in all 
cases the measurements at 19-22 weeks were signifi
cantly lower than those at 10-13 weeks.

Table 2. Inter-correlations for RI and PI between 
the left (L) and right (R) uterine arteries and between 
measurements in the first (1st) and second (2nd) tri
mesters with the different Doppler techniques

RI pi

n r n r

TA 1st L vs. TA 1st R 50 0.29* 50 0.29*
TV 1st L vs. TV 1st R 55 0.35** 55 0.37**

TA 1st L vs. TA 2nd L 54 0.56*** 54 0.60***
TV 1st L vs. TA 2nd L 55 0.62*** 55 0.69***
TA 1st R vs. TA 2nd R 51 0.45** 51 0.54***
TV 1 st R vs. TA 2nd R 55 0.55*** 55 0.58***

TA 1st L vs. TV 1st L 54 0.55*** 54 0.68***
TA 1st R vs. TV 1st R 51 0.54*** 51 0.61***

TA 2nd L vs. TA 2nd R 55 0.53*** 55 0.58***

TA = Transabdominal: TV = transvaginal. 
*p <  0.05; **p <  0.01; *** p <  0.001.
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Fig. 2. Relationship of PI in the left uterine artery measured transvaginally and transabdominally at 10-13 
weeks gestation (1st) and transabdominally at 19-22 weeks (2nd).

Fig. 3. Relationship of PI and R1 in the left uterine artery measured transvaginally at 10-13 weeks gestation 
(1st) and transabdominally at 19-22 weeks (2nd).
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Fig. 4. Difference in PI and RI between the left and right uterine arteries measured transvaginally at 10-13 
weeks gestation and transabdominally at 19-22 weeks.

weeks (fig. 4; transvaginal mean difference = 
0.225, SEM = 0.049, t = 4.62, p <  0.0001; 
transabdominal mean difference = 0.279, 
SEM = 0.061, t = 4.57, p <  0.0001). The 
difference in RI between the left and right 
uterine arteries at 10-13 weeks gestation was 
not significantly compared to that at 19-22 
weeks (fig. 4: transvaginal mean difference = 
0.021. SEM = 0.015, t = 1.40, p = 0.17; trans
abdominal mean difference = 0.010, SEM = 
0.012, t = 0.84. p = 0.40).

Discussion

The findings of this study demonstrate 
that impedance to flow in the uterine arteries 
decreases with gestation between 10 and 22 
weeks. Furthermore, these results indicate

that impedance to flow in the uteroplacental 
circulation in the second trimester is depen
dant on impedance in the first trimester.

Histological studies suggest that second- 
trimester endovascular trophoblast migra
tion into the myométrial segment of the spi
ral arteries is preceded and influenced by 
changes in the decidual spiral arteries in
duced by the trophoblast during the first tri
mester [10, 11, 18]. The decrease in impe
dance to flow in the uterine arteries with ges
tation is compatible with these histological 
findings and has also been reported in pre
vious Doppler studies which used either con
ventional real-time ultrasonography or co
lour flow mapping to visualize the arteries 
[13. 14. 19. 20].

With the application of transvaginal col
our flow mapping, the uterine arteries can
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be positively identified in the first trimes
ter at the level of the internal os as they 
approach the uterus laterally and curve up
wards alongside the uterine body. The low 
intra-observer variation in measurements 
demonstrates the high accuracy of this 
technique. With transabdominal scanning 
in the first trimester, visualization of the 
uterine arteries at the level of the internal 
os is more difficult. This may explain the 
higher intra-observer variation and the 
poorer association between first and second 
trimester measurements with transabdomi
nal compared to transvaginal Doppler. 
With second-trimester transabdominal scan
ning, the uterine arteries can be visualized 
reliably at the level of their crossing with the 
corresponding external iliac artery, and the 
intra-observer error is not different from 
that of first trimester transvaginal scan
ning.

In the first trimester, the mean difference 
in impedance between left and right uterine 
arteries is greater, and the significance of the 
association in values between the two vessels 
is poorer than in the second trimester. A 
likely explanation for these findings is that 
the anastomotic network between the two 
uterine arteries improves with advancing 
gestation.

In the calculation of PI, in addition to the 
peak systolic and end-diastolic velocities 
which are used for calculation of RI, the area 
under the waveform is taken into account, 
and therefore PI may provide a better mea
sure of the actual impedance to flow [ 16, 17], 
Although the intra-observer errors for PI 
were higher than for Rl, more significant 
associations between first- and second-tri
mester measurements were achieved with 
PI, and therefore this may be the preferred 
index in any subsequent screening study.

Doppler studies of the uteroplacental cir
culation at 18-24 weeks gestation can pre
dict the subsequent development of fetal 
growth retardation and/or pregnancy-in
duced hypertension [1-6], The findings of 
the present study indicate that impedance to 
flow in the second trimester is significantly 
associated with impedance in the first tri
mester. A large prospective study of first-tri
mester transvaginal Doppler will determine 
the degree to which pregnancies destined to 
develop pre-eclampsia and intra-utcrine 
growth retardation will demonstrate patho
logical FVWs and whether screening in the 
first trimester is more or less predictive than 
in the second trimester.
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