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ABSTRACT

Introduction Doppler sonography of the uterine artery (UA)

is done to monitor pregnancies, because the detected flow

patterns are useful to draw inferences about possible disor-

ders of trophoblast invasion. Increased resistance in the UA is

associated with an increased risk of preeclampsia and/or intra-

uterine growth restriction (IUGR) and perinatal mortality. In

the absence of standardized figures, the normal ranges of

the various available reference curves sometimes differ quite

substantially from one another. The causes for this are differ-

ences in the flow patterns of the UA depending on the posi-

tion of the pulsed Doppler gates as well as branching of the

UA. Because of the discrepancies between the different refer-

ence curves and the practical problems this poses for guide-

line recommendations, we thought it would be useful to cre-

ate our own reference curves for Doppler measurements of

the UA obtained from a singleton cohort under standardized

conditions.

Material and Methods This retrospective cohort study was

carried out in the Department of Obstetrics of the Charité –

Universitätsmedizin Berlin, the Department for Obstetrics

and Prenatal Medicine of the University Hospital Halle (Saale)

and the Center for Prenatal Diagnostics and Human Genetics

Kurfürstendamm 199. Available datasets from the three study

locations were identified and reference curves were gener-

ated using the LMS method. Measured values were correlated

with age of gestation, and a cubic model and Box-Cox power

transformation (L), the median (M) and the coefficient of var-

iation (S) were used to smooth the curves.

Results 103720 Doppler examinations of the UA carried out

in singleton pregnancies from the 11th week of gestation

(10 + 1 GW) were analyzed. The mean pulsatility index (Mean

PI) showed a continuous decline over the course of preg-

nancy, dropping to a plateau of around 0.84 between the

23rd and 27th GW, after which it decreased again.

Conclusion Age of gestation, placental position, position of

pulsed Doppler gates and branching of the UA can all change

the flow pattern. The mean pulsatility index (Mean PI) showed

a continuous decrease over time. There were significant dif-

ferences between our data and alternative reference curves.

A system of classifying Doppler studies and a reference curve

adapted to the current technology are urgently required to

differentiate better between physiological and pathological

findings.

ZUSAMMENFASSUNG

Einleitung Die Doppler-Sonografie der Arteria uterina (AU)

wird zur Überwachung von Schwangerschaften eingesetzt,

weil durch ihr Flussmuster auf eine gestörte Trophoblasten-
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invasion geschlossen werden kann. Erhöhte Widerstände in

der AU werden mit einem erhöhten Risiko für eine Präeklamp-

sie und/oder intrauterine Wachstumsverzögerung (intrauter-

ine growth restriction, IUGR) sowie perinatalem Tod assozi-

iert. Mangels Standardisierung weichen die Normbereiche

der unterschiedlichen Referenzkurven teils erheblich von-

einander ab. Ursächlich hierfür sind Unterschiede im Fluss-

muster der AU in Abhängigkeit der Position des Pulsed-Dopp-

ler-Gates sowie mögliche Verzweigungen der AU. Aufgrund

der Diskrepanzen der unterschiedlichen Referenzkurven und

der praktischen Probleme der Leitlinienempfehlungen schien

es uns sinnvoll, eigene Referenzkurven für die Doppler-Mes-

sung der AU an einem Einlingskollektiv unter standardisierten

Bedingungen zu erstellen.

Material und Methoden Die vorliegende retrospektive Ko-

hortenstudie erfolgte in der Klinik für Geburtsmedizin der

Charité – Universitätsmedizin Berlin, der Klinik für Geburtshil-

fe und Pränatalmedizin des Universitätsklinikums Halle (Saale)

und dem Zentrum für Pränataldiagnostik und Humangenetik

Kurfürstendamm 199. Verfügbare Datensätze der Studien-

standorte wurden identifiziert und Referenzkurven mittels

LMS-Methode erstellt, bei welcher die Messwerte entspre-

chend dem Gestationsalter in einem kubischen Modell durch

Box-Cox-Power-Transformation (L), den Median (M) und den

Variationskoeffizienten (S) geglättet wurden.

Ergebnisse 103720 Doppler-Untersuchungen der AU bei

Einlingsschwangerschaften ab der 11. Schwangerschaftswo-

che (10 + 1 SSW) wurden analysiert. Der Median des mittleren

Pulsatilitätsindex (Mean PI) zeigte im Verlauf des Schwanger-

schaftsalters einen kontinuierlichen Abfall auf ein Plateau, wo-

bei dieser zwischen ca. 23 und 27 SSW bei etwa 0,84 lag, um

im folgenden Verlauf weiter abzufallen.

Schlussfolgerung Durch Gestationsalter, Plazentalage, die

Position des Pulse-Doppler-Gates und mögliche Aufzweigun-

gen der AU ändert sich auch das Flussmuster. Der Median

des mittleren Pulsatilitätsindex (Mean PI) zeigt einen kontinu-

ierlichen Abfall. Im Vergleich zu alternativen Referenzkurven

ergeben sich deutliche Unterschiede. Eine Systematik für

Doppler-Studien und eine der Technik angepasste Referenz-

kurve ist zwingend erforderlich, um besser zwischen physiolo-

gischen und pathologischen Befunden differenzieren zu kön-

nen.
Introduction

Doppler sonography of the uterine artery (UA) was already de-
scribed in the 1980s and has been used extensively since the
1990s to monitor high-risk pregnancies.

Increased resistances in the UA is the sonographic correlate for
disordered trophoblast invasion which leads to reduced develop-
ment of the vascular bed and high resistance [1]. Doppler sonogra-
phy of the UA can therefore be used for screening as increased re-
sistance with or without notching is an indicator of reduced blood
flow in the maternal compartment of the placenta [2,3].

Several studies have shown that increased resistances in the UA
are also associated with an increased risk of preeclampsia and/or
intrauterine growth restriction (IUGR), premature placental
abruption and perinatal death [4–7].

However, use of the method is still not sufficiently standard-
ized and the normal ranges of the different reference curves vary
quite considerably. Possible explanations for this could be differ-
ences in data collection, differences in study populations or diver-
gences in the definition of preeclampsia.

Standardizing Doppler measurement of the UA is important for
two reasons:
1. Uterine vascular resistance decreases over the course of the UA

from proximal (near the cervix) to distal (crossing the external
iliac artery).

2. The flow profile changes depending on branching of the UA
because the flow pattern and vascular resistance of the UA do
not necessarily represent blood flow in the main branch of the
UA.
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It is known that the values for the pulsatility index (PI) in the im-
mediate vicinity of the cervix are normally higher than the values
measured more distally [8].

With certain limitations, the current guidelines of the Interna-
tional Society of Ultrasound in Obstetrics and Gynecology (ISUOG)
only differentiate between findings obtained by transvaginal mea-
surement and findings of transabdominal examinations [9]. The
reference curves of Papageorghiou and colleagues should be used
for transvaginal measurements [10] and the reference curves of
Gomez et al. for abdominal measurements [11].

From a practical point of view, using two different reference
curves to assess the same artery is problematic.

Our working groups carry out transabdominal measurements
of uterine vascular resistance in the ascending branch of the UA
in the section proximal to the external iliac artery crossing the
UA. If the UA branches out prior to crossing the external iliac
artery, the branch with the higher systolic blood flow velocity is
assessed. In transvaginal measurements, resistance in the UA is
measured in the paracervical area. Irrespective of whether the ex-
aminer chooses a transabdominal or a transvaginal approach, the
incidence angle between the ultrasound probe and the artery
should be less than 60° and the maximum systolic flow velocity
should be at least 60 cm/s.

Although percentile curves are useful in routine clinical prac-
tice for comparing age-dependent measurements with normal
ranges, as a statistical method they represent a challenge because
of the statistical variance within the reference cohort, which can
result in the distribution appearing irregular. This then has to be
compensated for by smoothing the curve.

The discrepancies between different reference curves and the
practical problem of offering recommendations in guidelines
prompted us to create our own reference curve for Doppler mea-
517
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surements of the UA based on a singleton cohort and obtained
under standardized and feasible conditions.
▶ Fig. 1 Correct positioning of the pulsed Doppler gates on the UA
proximal to crossing the external iliac artery.
Material and Methods

Study population

This retrospective cohort study was carried out in the Department
of Obstetrics of the Charité – Universitätsmedizin Berlin, the De-
partment of Obstetrics and Prenatal Medicine of the University
Hospital Halle (Saale) and the Center for Prenatal Diagnostics
and Human Genetics Kurfürstendamm 199. Ultrasound examina-
tions of singleton pregnancies with Doppler measurement of the
UA carried out from January 2000 to September 2016 (Charité),
from January 2011 to September 2016 (Halle) and January 2008
and September 2016 (Center for Prenatal Diagnostics) were iden-
tified in the Viewpoint ultrasound reporting database (GE Health-
care, Solingen, Germany). The datasets examined in this retro-
spective analysis were obtained during routine screening without
the women being targeted for intervention; the data was anony-
mized for further processing. Patients gave their written consent
to the examination. Age of gestation was determined based on
the date of the last menstruation or a previous ultrasound exami-
nation. To minimize any overrepresentation of pathological cases,
e.g., because of repeated controls, only cases who underwent a
maximum of three ultrasound examinations during the course of
the pregnancy were included in the study.

Examinations were carried out using the ultrasound systems
Accuvix V20, A30 or WS80A (Samsung Medison, Seoul, Republic
of Korea), Philips iU22 or Epiq 7W (Koninklijke Philips Electronics
N.V., Eindhoven, The Netherlands) and Voluson E8 or E10 (Gener-
al Electric Healthcare, Milwaukee, WI, USA). All examinations were
done by experienced DEGUM-certified ultrasound specialists.

After determining the course of the UA, resistance in the UA is
routinely measured transabdominally on the ascending branch of
the UA proximal to crossing the external iliac artery. The insona-
tion angle to the artery should be less than 60° and the maximum
systolic blood flow velocity should be at least 60 cm/s (▶ Fig. 1).

If the UA branches out prior to crossing the external iliac ar-
tery, measurements obtained for the uterine branch with the
higher flow velocity were used.

The pulsed Doppler gate was positioned proximal to the cross-
ing. The signal was then activated until three consecutive wave-
forms were obtained. The PI of the left and right artery was deter-
mined and used to calculate the mean of both values (Mean PI).

Statistical analysis

Pregnancy-specific percentile curves were generated using the
LMS Chartmaker Pro software (v2.54, The Institute of Child
Health, London, United Kingdom). Coleʼs Lambda, Mu, and Sigma
(LMS) method [12] was used to create the curves. The starting
point was the generation of three auxiliary curves to show the
skew (L for Lambda), the median (M for µ) and the coefficient of
variation (S for Sigma). The three curves were then approximated
and smoothed.

Skew reveals the power of the Box-Cox transformation which
adjusts the distribution of data by stabilizing the variance. “Penal-
518
ized likelihood” and “Akaike Information Criterion (AIC)” methods
were employed to adjust the three curves using non-linear regres-
sion with cubic splines. The extent of smoothing was determined
in equivalent degrees of freedom (edf) for each L, M, and S curve.

If these parameters are known and it can be assumed that val-
ues are normally distributed, it is possible to calculate any re-
quired percentile.

The Q test was used to validate the model; it was optimized
where necessary by adjusting the edf of L, M and S [13]. The per-
centiles for P5, P50 and P95 were calculated and plotted as
smoothed curves.

Analysis of variance of the measurements of the Mean PI was
done for the 22nd–24th weeks of gestation.

Statistical analysis was done using GraphPad Prism, version 6.0
(GraphPad Software, San Diego, CA, USA) and JMP 12 for Macin-
tosh (SAS Institute Inc., Cary, NC, USA, www.jmp.com).
Results

Data analysis

During the investigated period (January 2000 to September 2016
[Charité], January 2011 to September 2016 [Halle], and January
2008 and September 2016 [Center for Prenatal Diagnostics]) a to-
tal of 104208 Doppler examinations of the UA in singleton preg-
nancies from the 11th week of gestation were identified (Charité:
20393; Halle: 3271; Center for Prenatal Diagnostics: 80544). In
103720 cases, data were available for both the left and right UA
(99.53%). Of these, 17249 examinations were done during the
first trimester screening (11 + 0 to 13 + 6 week of gestation) and
54143 examinations between the 22nd and 24th week of gesta-
tion (GW) (▶ Fig. 2).

Statistical analysis

The obtained values were analyzed using the LMS method. Each L,
M, and S curve was smoothed and the 5th, 50th and 95th percent-
iles were calculated.
Weichert A et al. Reference Curve for… Geburtsh Frauenheilk 2017; 77: 516–523
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▶ Fig. 3 5th, 50th and 95th percentiles of the mean pulsatility index of the uterine arteries (Mean PI, mean of the right and left uterine arteries)
together with the formula for the linear trend which corresponds to a weekly decrease in the Mean PI of about 0.026.
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▶ Fig. 2 Dot plot of measurements used to calculate Mean PI according to the age of gestation.
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▶ Table 1 5th, 50th and 95th percentiles according to the week of
gestation (GW).

GW 5th
percentile

50th
percentile

95th
percentile

10 0.96 1.71 2.72

11 0.92 1.60 2.57

12 0.88 1.50 2.41

13 0.83 1.40 2.26

14 0.79 1.30 2.11

15 0.74 1.21 1.97

GebFra Science |Original Article
The graph in ▶ Fig. 3 shows the 5th, 50th and 95th percentiles
in relation to the week of gestation at the time of examination.
Median values decreased till the 22nd GW after which values pla-
teaued until about the 27th week of gestation. Median values
showed a negative trend over the course of pregnancy, which cor-
responded to a weekly decline in Mean PI of around 0.026.

Interestingly, the 95th percentiles changed during this period
from a Mean PI of 1.35 in the 22nd week of gestation to around
1.44 in week 27. This effect was also found when the datasets
were analyzed separately according to study location (not shown
here). ▶ Table 1 shows the results grouped according to the week
of gestation.
16 0.71 1.13 1.84

17 0.67 1.06 1.72

18 0.64 0.99 1.62

19 0.62 0.94 1.53

20 0.60 0.90 1.45

21 0.59 0.87 1.39

22 0.58 0.85 1.35

23 0.57 0.83 1.34

24 0.57 0.83 1.36

25 0.57 0.84 1.40

26 0.57 0.84 1.43

27 0.56 0.83 1.44

28 0.55 0.82 1.43

29 0.54 0.79 1.40

30 0.52 0.77 1.35

31 0.51 0.75 1.31

32 0.50 0.74 1.28

33 0.49 0.72 1.25

34 0.49 0.71 1.21

35 0.48 0.70 1.18

36 0.48 0.69 1.16

37 0.48 0.69 1.14

38 0.48 0.68 1.12

39 0.48 0.68 1.10

40 0.48 0.68 1.09

41 0.48 0.68 1.08

42 0.49 0.68 1.06
Discussion

This study analyzed the mean pulsatility index of the UA obtained
from around 104000 Doppler examinations of singleton pregnan-
cies. Doppler sonography has been used in obstetrics to investi-
gate the UA for more than 30 years.

The association between increased resistance in the UA and an
increased risk of various complications of pregnancy (IUGR, pre-
mature placental abruption, perinatal death) is well known.

Dugoff and colleagues were able to show an association be-
tween increased Doppler values and developing intrauterine
growth restriction in the first trimester of pregnancy. Women
with a mean resistance index (mean RI) above the 75th percentile
had an almost 5.5× higher risk of fetal IUGR (95% CI 1.6–18.7)
[14].

The value of Doppler sonography of the UA for predicting pre-
eclampsia was investigated in a review article by Cnossen and col-
leagues [15], which evaluated 74 studies with around 80000
pregnant women. Cnossen et al. postulated that the prediction
of preeclampsia based on Doppler examination of the UA was eas-
ier in the second trimester of pregnancy compared to the first. In
women with a low risk of developing preeclampsia, increased
uterine artery PI with notching was the best predictor of overall
risk (sensitivity 23%, specificity 99%, positive likelihood ratio
[+LR] 7.5, negative likelihood ratio [−LR] 0.59). Increased PI was
the best predictor of severe preeclampsia (sensitivity 78%, speci-
ficity 95%, positive likelihood ratio [+LR] 15.6, negative likelihood
ratio [−LR] 0.23) or bilateral notching (sensitivity 65%, specificity
95%, positive likelihood ratio [+LR] 13.4, negative likelihood ratio
[−LR] 0.37).

In a high-risk collective, increased PI with notching was useful
for assessing overall risk (sensitivity 19%, specificity 99%, positive
likelihood ratio [+LR] 21, negative likelihood ratio [−LR] 0.82). In
this group, an increased resistance index (RI) was the best indica-
tor for the risk of severe preeclampsia (sensitivity 80%, specificity
78%, positive likelihood ratio [+LR] 3.7, negative likelihood ratio
[−LR] 0.26).

Other factors apart from trophoblast invasion also influence
uterine blood flow. Additional factors include physical activity
[16], local anesthesia [17] but also the location of the placenta
[18].

Placental location also appears to be a co-factor in developing
intrauterine growth restriction. Kalanithi et al. reported that loca-
520
tion of the placenta on one of the side walls was almost 4× more
common in pregnancies with IUGR (OR 3.8; 95% CI 1.3–11.2)
[19].

This is why it is particularly important to always investigate
both uterine arteries and to calculate the average of both findings
for the assessment.

The site where the Doppler probe is placed also affects the out-
comes. If it is placed near the cervix, i.e. proximally, values will be
higher than those obtained from more distal sites [8].

Nicolaides determined that the standard site of measurement
during examinations carried out as part of first trimester screen-
Weichert A et al. Reference Curve for… Geburtsh Frauenheilk 2017; 77: 516–523
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▶ Fig. 4 Comparisons of the 5th, 50th and 95th percentiles of the reference curve of Gomez et al. with our reference curve over the course of
pregnancy. Up until the 24th week of pregnancy, our figures are lower than those of the Gomez curve, even though measurements for the Gomez
curve were obtained distal to the crossing of the arteries and values should therefore be lower. After about the 24th GW, the 95th percentile of our
data is above the 95th percentile of the Gomez curve, which would appear to indicate a broader distribution.
ing should be in the paracervical region on the main branch of the
UA [10].

After the start of the second trimester of pregnancy, the au-
thors of the international guidelines of the ISUOG recommend
measuring the PI of the UA proximal to crossing the external iliac
artery [9]. The reference curve of Papageorghiou should be used if
measurement is done vaginally, [10] and the reference curve of
Gomez should be used for abdominal measurements [11].

But even from a practical point of view, this approach which
uses two different reference curves to assess uterine vascular re-
sistance is not useful. Matters are made even more complicated
by the fact that the guideline recommends a proximal UA mea-
surement site in the first trimester of pregnancy, irrespective of
whether measurement is done transvaginally or abdominally (i.e.
in the area covered by the Papageorghiou reference curves) but
suggests that findings should be evaluated using the Gomez
curve.

Things become even more complicated if the UA branches out
near the point where it crosses the external iliac artery. To be con-
sistent, if the UA branches out, measurements would have to be
taken prior to the point where the UA crosses the external iliac ar-
tery, i.e. just distal to the crossing and prior to the branching, and
it would be necessary to use the reference curves of Gomez as
these were purportedly generated from measurements taken dis-
tal to the crossing of arteries [11].

If, however, the UA branches out proximal to its crossing of the
external iliac artery, then resistance in the UA should be measured
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proximal to this branching of the UA and in the vicinity of the cer-
vix, and the standard curve of Papageorghiou should be used for
evaluation as the data on UA resistance was collected from sites
near the cervix along the main branch of the uterine vaginal ar-
tery [10].

In view of the known decline in PI as the probe is moved dis-
tally, it would be expected that the median of the Gomez curve
(where data are obtained distal to the crossing of arteries) would
be lower than that of the curve of Papageorghiou. But this is not
the case as the values for both curves are almost identical (22nd
GW: Gomez, median: 1.00; 95th percentile: 1.47; Papageorghiou,
median: 1.04; 95th percentile: 1.63). This casts doubts on the
statement that the Gomez curves really were generated from
measurements of uterine resistance taken distal to the crossing
of the UA and the external iliac artery.

A look at our data shows that up until the third trimester the
median of our data is lower than that of the Gomez curve, even
though data were obtained from proximal sites (▶ Fig. 4).

Evaluation of the data of our cohort also showed flattening of
the median curve with broadening of the inter-percentile range
(i.e. between the 5th and the 95th percentiles) between the
23rd and 27th week of gestation. One possible explanation for
this finding would suggest that the broadening was due to over-
representation of Doppler controls after measurements showed
increased resistance when the women were examined to get a
more precise diagnosis. We were able to counteract this effect
by only including pregnant women in the study who had a maxi-
521



Mean PI for 24th GW to 32nd GW≥ ≤

0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3

R
e

la
ti

v
e

fr
e

q
u

e
n

cy
(%

)

25

20

15

10

5

0

▶ Fig. 5 Distribution of mean pulsatility indices (Mean PI) between the 24th and 32nd week of gestation. 75% of measured PI values were less than
0.98.
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▶ Fig. 6 Distribution of mean pulsatility indices (Mean PI) between the 22nd and the 24th week of gestation. Compared to the Papageorghiou
curve (median: 1.04; 95th percentile: 1.63) our figures showed, as expected, a shift to lower mean pulsatility indices between the 22nd and 24th
GW (median 0.84; 95th percentile 1.34)
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mum of three Doppler ultrasounds over the course of their preg-
nancy. What also mediates against this explanation is that this ef-
fect was also detectable when each of the three study locations
was analyzed separately. The most probable explanation is that
this broadening was due to distribution, because around 75% of
522
measured PI values were less than 1 (median: 0.795; 75th per-
centile: 0.98; ▶ Fig. 5).

A comparison of our data with the data of Papageorghiou
showed, as expected, a shift to lower mean pulsatility indices be-
tween the 22nd and 24th GW (median: 0.84; 95th percentile:
1.34; ▶ Fig. 6).
Weichert A et al. Reference Curve for… Geburtsh Frauenheilk 2017; 77: 516–523



In our working groups, uterine vascular resistance is measured
both transabdominally and transvaginally in the paracervical re-
gion proximal to the crossing of the UA. If the UA has already
branched out in this section, which occurs less frequently than
when measurements are taken distal to the crossing, we used
the figure obtained for the uterine branch with the higher flow ve-
locity.

As far as we know, this study is one of the biggest evaluations
carried out to generate reference curves for the mean UA pulsatil-
ity index. The strengths of the study are its sample size of almost
104000 Doppler examinations and the high quality of the mea-
surement results, as only examinations carried out by experienced
and certified ultrasound specialists were included in the study.

The latter is particularly important as the investigatorʼs experi-
ence affects the validity of the examination and thus can even af-
fect pregnancy outcomes. A study by Gardosi et al. reported that
after the introduction of a training and accreditation program to
identify pregnancies with intrauterine growth retardation, the
number of stillbirths dropped significantly [20].

Nevertheless, our study also has its limitations. It was a retro-
spective study which meant that there was only a limited extent
to which co-variables could be taken into account. Moreover, de-
spite the large number of cases included in the study, it is not pos-
sible to exclude selection bias as the cases all came from limited
regional cohorts and the study centers are facilities which special-
ize in the diagnosis and treatment of difficult pregnancies and
therefore receive physician-referred patients. But we were able
to reduce the impact of this effect by excluding multiple pregnan-
cies and pregnancies which required more than three ultrasound
examinations during the course of pregnancy as it was assumed
that patients who had more ultrasound examinations required
above-average monitoring because of potential pathologies.
Conclusion

The mean pulsatility index (Mean PI) of our reference curve
showed a continuous decrease over the course of pregnancy.
There were significant differences compared to other alternative
reference curves, which were most likely due to the method used
to capture the signals. A system of classifying Doppler studies and
a reference curve adapted to the current technology are urgently
required to differentiate better between physiological and patho-
logical findings. Our data confirm the need for prospective studies
to obtain further insights and allow the risks for affected pregnan-
cies to be assessed better.
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