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3 ULTRASOUND
IN THE EVALUATION

OF THE UTEROPLACENTAL CIRCULATION

3.1 PRINCIPLES OF DIAGNOSTIC ULTRASOUND

Ultrasound technology is based on the propagation of waves through tissue, and the

reflection of waves by different structures. Ultrasonic waves, with typical

frequencies of 1-10 MHz, are generated by a piëzo-electrical crystal, which also

acts as a receiver for the reflected waves. Ultrasound waves travel through tissue at

a wave speed (C) of 154,000 cm/sec.

From the wavespeed equation

    C

λ =     

    F

in which λ is wavelength and F is frequency, it follows that wavelengths in clinical

practice range from 0,15 mm (10MHz) to 1,5 mm (1MHz).
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Doppler ultrasound

When an ultrasound beam intersects blood flow in a vessel, the ultrasound waves

are scattered in all directions by the red blood cell mass, as red blood cells are

small compared to the ultrasound wavelength. The moving cells also cause Doppler

shift of the scattered waves,

dependent on the angle of

insonation and the blood flow

velocity, as calculated by the

Doppler equation (Fig 3.1).

For Doppler ultrasound, a normal

ultrasound crystal can be used,

adapted to detect Doppler shift. The

first Dopplers, developed in the

1960s, were continuous wave

Dopplers. In continuous wave

Doppler, the crystal transmits and

receives frequencies simulaneously.

The main disadvantage of this

method is that signals from

different depths can not be

discriminated; the received signal

represents all frequency shifts of

moving objects along the ultrasound beam. To overcome this problem, pulsed

wave Doppler was developed in the mid 1970s. The pulsed wave Doppler uses a

combination of an imaging scanner and a Doppler scanner, which transmits

ultrasound waves in pulses. The distance to the source of the signal can be

determined from the time between transmission and reception of the pulse (Fig

3.2).

Doppler

generator/

receiver

Incident
wave ( ft )

Reflected

wave

θ

fd = 2(ft•cosθ•v)/c

v
c

Fig 3.1: The Doppler equation. (fd = Doppler

shift, ft = transducer frequency, v = blood flow

velocity, θ== angle of insonation, c = velocity of

ultrasound in tissue.)
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Fig 3.2. Continuous- and pulsed wave Doppler system.

From the Doppler equation, the blood flow velocity can be calculated if the angle

and Doppler shift are known. In practice, this is a little more complicated. The

received signal contains multiple Doppler shifts backscattered by millions of red

cells travelling at different speeds; in addition, the carrier frequency and reflected

waves from tissue surrounding the blood vessel are mixed in this signal. Pulsed

wave Doppler eliminates some of these problems, but further processing of this

signal to generate useful information remains a complex process.

First, the signal is amplified and filtered to eliminate the noise frequencies and

transducer frequency. From the remaining signal, a Doppler spectrum is generated

by separating and displaying the range of frequencies in the Doppler signal, in

addition to quantifying the amplitude of the signal at each frequency level. This

spectrum is further analysed, usually with Fourier techniques, although Laplace

analysis has also been used1.  This finally results in the Flow Velocity Waveform.
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(FVW) (fig 3.3) The vertical axis represents the magnitude of frequency shift,

usually the maximum frequency shifts out of the spectrum. The horizontal axis

shows the time interval. The brightness of the spectrum is indicative of the

amplitude of the spectrum.

Fig 3.3  The Flow Velocity Waveform

3.2 DOPPLER ANALYSIS OF UTEROPLACENTAL BLOOD FLOW

PROFILES

Doppler signals from the maternal side of the uteroplacental circulation can be

derived from the uterine artery, the arcuate arteries, or the spiral arteries (fig 3.4).

As described in previous chapters, these vessels undergo profound changes in early

pregnancy, resulting in increased volume flow2. Doppler waveforms from the

uteroplacental circulation in the second and third trimesters of normal pregnancy
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Fig. 3.4  The uteroplacental blood supply.

are different from any other arterial waveform signal due to these unique

circulatory adaptations. The mature placenta is a low resistance, high capacity

system in which arteries have lost their elastic wall and drain directly into large

venous pools without an interposed capillary bed. This results in low systolic

maximum velocity and high forward diastolic flow3,4,5. These changes are

completed in normal pregnancy between 20 and 24 weeks (fig 3.5).

Fig 3.5 Normal third

trimester uteroplacental FVW

with high diastolic flow.

The Doppler indices

Several indices have been described to quantify the information from the Doppler

waveform. These are summarised in fig. 3.6. The Resistance Index (RI) was

introduced in 1974 by Pourcelot6. The Pulsatility Index (PI), a modified version of
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Fig 3.6. Diagrammatic representation of the Doppler indices and diastolic notch.

the resistance index, was introduced at about the same time by Gosling and King7.

The systolic/diastolic ratio8 is also used frequently in clinical practice. Several

authors have noticed the presence of a diastolic “notch”(fig 3.7) in waveforms from

the uteroplacental circulation and used it in the prediction of pregnancy

complications9,10,11. This "notch" is present in most waveforms in nonpregnant

women and early pregnancy but disappears in the second trimester in normal

pregnancy3. The presence of a diastolic notch beyond the 22nd week is generally

considered to be abnormal. The physiological background of the changes in

uteroplacental FVWs has been investigated using computer models to simulate the

uteroplacental circulation. Lee Adamson12 found that increases in placental

vascular resistance increase PI and S/D and create a diastolic notch. Decreasing

uterine arterial radius also causes PI and S/D to increase, however, in this case a

diastolic notch does not appear.
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Fig 3.7. Abnormal FVW with decreased diastolic flow and pronounced diastolic

notch.

Changes in mean blood pressure, on the other hand, had little effect on the

waveform shape. Comparable results were found by Talbert13; however, he found

that the diastolic notch was not related to increased resistance but to arterial wall

compliance, indicating that the appearance – or failure to disappear – of the

diastolic notch may represent abnormal maternal artery wall status.

The influence of sample site, Doppler technique, and circumstantial factors

The maternal side of the uteroplacental circulation is a vascular tree originating

from the uterine arteries on both sides. In normal second- and third trimester

pregnancy, Resistance Index4 and Pulsatility Index14 decrease from proximal sites

(uterine artery) to distal sites (arcuate artery). In the arcuate arteries, FVWs may

vary between one vessel and the next, resulting in low reproducibility for FVWs

obtained from these vessels15,16. This is probably due to different degrees of

physiological adaptation between spiral arteries, as has been described before17. In

a recent study, Matijevic et al. investigated the spiral arteries using pulsed wave
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colour Doppler ultrasound; he found consistently higher PI and RI in the spiral

arteries of the peripheral part of the placenta compared to the central part18. To

obtain reliable information about the uteroplacental circulation, the uterine artery is

the best sample site; it is easy to locate on real time imaging, provides good

reproducibility, and reflects the resistance in the entire distal placental bed14,16.

Continuous wave- and pulsed wave Doppler techniques have both been used to

obtain FVWs from the uteroplacental circulation. Continuous wave Doppler has

the disadvantage of not being able to visualise the sample site; many researchers

overcome this problem by searching until a “typical” uteroplacental FVW is found.

This method is questionable as FVWs vary between proximal and distal sites, and

between arcuate vessels; searching for a familiar "normal" pattern will provide a

bias towards normal FVWs, and a tendency to neglect high-resistance profiles.

Reproducibility of continuous-wave Doppler measurement of the arcuate arteries is

low, with a reported mean coefficient of variation of 24%16. Pulsed wave Doppler

provides the possibility of determining the exact location of the sample site15,16 and

therefore is the preferred method in determining uteroplacental blood flow profiles.

Using pulsed wave Doppler with the uterine artery as the sample source,

reproducibility analysis revealed an inter-observer mean coefficient of variation of

10.1%, and an intra-observer mean coefficient of variation of 10.8%14.

The location of the placenta also influences Doppler flow profiles. Lower PI and RI

values are found in the uterine artery on the placental side at 16-20 weeks4,14; later

in pregnancy, this difference disappears14. In strictly unilateral placentas, there is a

greater incidence of abnormal FVWs compared to central placentas19 and a greater

incidence of pregnancy complications20.

As vascular resistance falls during gestation, the gestational age is also an

important factor. Measurements around the 20th week appear to offer the best

predictive value for the detection of pregnancy complications4,9. Exercise21

temporarily increases uteroplacental resistance; this effect is more accentuated in

complicated pregnancies in which resting uteroplacental FVWs are already
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abnormal.  During Braxton Hicks contractions in term pregnancies, uteroplacental

resistance also increases temporarily22.

In summary, factors which influence the observed uteroplacental FVW include the

Doppler technique used, the sample site, the placental location and exercise or

Braxton Hicks contractions. In all Doppler studies of the uteroplacental circulation,

care should be taken to avoid bias on these grounds.

3.3 PREDICTION OF HYPERTENSIVE DISORDERS OF PREGNANCY BY

DOPPLER ULTRASOUND;  A LITERATURE REVIEW

Doppler ultrasound as a diagnostic and prognostic tool in complicated

pregnancies

In 1983, Campbell et al23. were the first to use Doppler ultrasound of the

uteroplacental circulation to predict poor pregnancy outcome in hypertensive

pregnancies. They used a pulsed Doppler system to detect abnormal flow velocity

waveforms (FVWs) in the arcuate arteries of 31 women with hypertension or

suspected FGR, and found that abnormal FVWs were associated with a higher risk

of proteinuric hypertension, premature delivery, and low birthweight. In addition,

women with normal FVWs were likely to have a normal pregnancy outcome.

Similar findings were reported by Thaler24. Trudinger et al25 found an outcome of

20 severely complicated pregnancies in 28 patients with abnormal FVWs. They

also postulate that in small for gestational age fetuses, abnormal flow may indicate

a maternal (vascular) cause, whereas in cases with normal flow, there is a fetal

cause for growth retardation26. Fleischer et al10. evaluated the value of transvaginal

continuous wave Doppler to predict poor pregnancy outcome in 71 hypertensive

pregnancies. Using the presence of a diastolic notch as definition of an abnormal
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waveform, they found a sensitivity of 87% and a specificity of 95% for detecting

low birthweight or premature delivery.  Other studies, however, found no

significant prediction of FGR27,28  by uterine artery Doppler, but better prediction

when they used the umbilical artery.  The finding that FGR is less strongly related

to abnormal FVWs compared to hypertensive disorders of pregnancy can be

explained by a stronger correlation of hypertensive disorders to uteroplacental

vascular pathology. In addition to hypertensive disorders and FGR, abnormal

FVWs are also seen in placental abruption. In a case report29, extremely abnormal

uterine artery FVWs preceded placental abruption by several hours.

A direct relationship between uteroplacental FVWs and uteroplacental pathology

has been confirmed by several studies. Iwata et al30 studied ischemic changes in

pregnancies complicated by FGR. They found a strong correlation between the

uterine artery resistance index and ischemic changes in the placenta, with poor fetal

prognosis in the presence of these changes. Olofsson et al31 found a significant

association between absence of physiological changes in spiral arteries and

abnormal FVWs in pregnancies complicated by pre-eclampsia and FGR.

Doppler analysis of the uteroplacental circulation as a screening test for

pregnancy complications

The recognition of abnormal uteroplacental FVWs in patients with hypertensive

disorders of pregnancy offered not only prognostic and diagnostic information, but

also the possibility of a screening test in early pregnancy. The prevailing theory on

the etiology of hypertensive disorders of pregnancy implies that uteroplacental

resistance is increased already in the beginning of the second trimester, when

normal adaptation of the spiral arteries has failed to occur. The first screening study

appeared in 198632, followed by more than a dozen publications in the following

decade33-48 involving over 18,000 subjects. The methodological characteristics and
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main results of these studies are summarised in table 3.1. Interestingly, the results

of these studies, some of which very large39,41,48, show great variation. Sensitivity

for "pre-eclampsia" ranges from 6%48 to 93%45, with specificities between 69%32

and 98%48. Eleven studies out of seventeen 32,33,37,39,41,43-48  report significance levels

of < 0.05; some studies, however, do not mention significance levels in their

article34,40,42. Figures which are reported to have a significance level of p<0.05 are

indicated with an * in the table.

A number of explanations can be found for these variations. Population factors

may play a role; most studies used an apparently unselected population or only

nulliparous women. However, "pre-eclampsia" prevalence in these studies varies

between 2.2%41 and 24.6%32. Possibly, this reflects differences in hospital

population or environmental factors, but differences in the definition of

hypertensive disorders of pregnancy are probably also to blame. Arduini33,

Jacobson38 and Haddad43 investigated women at high risk of pre-eclampsia because

of previous pregnancy complications; prevalence rates in these studies are

predictably higher. In Haddad's study, the women were treated with low-dose

aspirin which may have influenced pregnancy outcome.

As mentioned before, the definition of hypertensive disorders of pregnancy is far

from unified and criteria used to diagnose "pre-eclampsia" show great variation

between studies, with several authors not including proteinuria in the diagnosis32-35.

Many studies have calculated predictive values for pregnancy-induced

hypertension as well as for pre-eclampsia. In all of these studies, prediction of

hypertension without proteinuria is generally poor. In the table, only results for

proteinuric hypertension from these studies are given.

Differences in methodology can also explain the contradicting results. The

gestational age at the time of measurement is an important factor. In normal

pregnancy, uteroplacental resistance falls gradually between the late first trimester

and mid second trimester4,9. Screening before 20 weeks, therefore, might result in a

false-positive test result in subjects in which spiral artery adaptation is in normal
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progress but not yet completed. Of the studies mentioned in this article, most

measurements were performed between 16 and 24 weeks. One study used

transvaginal Doppler in the 12th to 16th week44. Surprisingly, their number of

false-positives is quite small. Other studies performed measurements at46 or even

beyond35 26 weeks. Good predictive values are reported in studies where an initial

scan at 18-20 weeks is followed –if abnormal- by a repeat scan at 24

weeks34,36,39,41,44,48.

As mentioned before, pulsed wave Doppler provides the possibility of exact

localisation of the sample source in contrast to continuous wave Doppler. This has

distinct advantages because FVWs from the more distal branches of the

uteroplacental tree show great variation. In many studies where continuous wave

Doppler was used, the method of finding a representative waveform was based on

“pattern recognition”; searching until the characteristic pattern of high diastolic

flow is seen. Obviously, this method leads to bias towards normal test results. In

addition, contamination of the sample with signals from other blood vessels along

the ultrasound beam makes continuous wave Doppler even less reliable. Study

results confirm this observation. Of the seventeen studies referred to in this chapter,

ten used pulsed wave Doppler at the initial scan32,33,38,45,46,47 or follow-up

scan39,41,44,48. Nine of these report significant prediction of pregnancy

complications. In contrast, of the seven studies using continuous wave Doppler

only two report significant levels. In studies that used pulsed wave Doppler, the

uterine artery is most often used as the sampling site as it is easy to identify and

reflects the resistance in the entire uteroplacental circulation. Most studies used the

resistance index with a cut-off value of 0.58 or the presence of a diastolic notch as

an abnormal test result. In one study45, however, a seven-parameter model

including also the umbilical artery achieved very good predictive values.

Does the information gathered over the past 12 years satisfactorily answer the

question of the clinical relevance of uteroplacental Doppler screening? Due to

differences in methodology, the results of these studies can not be combined into a
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meta-analysis. However, several trends emerge from the accumulated data. In the

first place, pulsed wave Doppler performs markedly better than continuous wave

Doppler, for reasons stated above. Two-stage screening (repeating an abnormal test

after 4 weeks) performs well in comparison with single sampling. Secondly,

Doppler screening is more accurate in predicting proteinuric pre-eclampsia

compared to pregnancy-induced hypertension36,38-42. Better predictive values are

found for subgroups such as early-onset pre-eclampsia36, “severe” pre-eclampsia

defined as a diastolic blood pressure over 110 mmHg and severe proteinuria36,41,42,

pre-eclampsia requiring delivery before 37 weeks48, and pre-eclampsia combined

with FGR34,36,44, in comparison to "uncomplicated" pregnancy-induced

hypertension and pre-eclampsia. The disappointing results of some studies can thus

be explained. In a low-risk population, pregnancy-induced hypertension is more

common than pre-eclampsia; in addition, it is often difficult to distinguish

hypertensive disorders of pregnancy from pre-existent hypertension or renal

disease.

In conclusion, pre-eclampsia is associated with abnormal uteroplacental FVWs in

the second trimester. Screening studies show a significant prediction of pre-

eclampsia by second trimester Doppler analysis of the uteroplacental circulation,

but the reported positive predictive value varies considerably, and are too low for

clinical application. However, predictive power improves markedly when severity

of disease is taken into account. Prediction of FGR is relatively poor, except for

FGR in combination with hypertensive disorders of pregnancy.   



__________________________________________________________
Ultrasound 

14

FGR Pre-eclampsia Definitions of abnormal outcomeNo. Population Prevalence

pre-eclampsia

CW/

PW

Gestational age

(weeks) Sensitivity Specificity Sensitivity Specificity

Campbell3

2

(1986)

126 Unselected 24.6% PW 16-18 68% * 69%*

(for either IUGR or pre-eclampsia)

BP  ≥ 140/90

Arduini33

(1987)

60 High-risk 36.6% PW 18-20 NA NA 64% * 84% * BP ≥ 140/90 on 2 occasions

Steel34

(1988)

200 Nulliparous 8.5% CW 18-20

repeat scan 24

33% 91% 29% 92% BP ≥ 140/90

Hanretty35

(1989)

543 Unselected 24% CW 26-34

34-36

7% 88% 6% 94% BP ≥ 140/90

Steel36

(1990)

1014 Nulliparous 7% CW 18

repeat scan 24

18% 89% 63% 89% BP ≥ 140/90 and proteinuria ≥300mg/l

Newnham3

7

(1990)

535 Unselected 13% CW 24 24% * 94% *

(for “fetal hypoxia”)

“fetal hypoxia”= abnormal CTG or low umbilical

artery pH or low APGAR scores

Jacobson38

(1990)

93 High-risk 29% PW 20 56% NA 60% NA Diastolic BP rise of 25mmHg

And proteinuria ≥ 500mg/24 hrs

Harrington
39

(1991)

2437 Unselected 2.4% PW 19-20

repeat scan 24

15% * 96% * 76% * 96% * Diastolic BP rise of 25mmHg

And proteinuria ≥ 500mg/24 hrs

Bewley40

(1991)

977 Unselected 4.6% CW 16-24 15% 96% 24% 95% Diastolic BP ≥90

And proteinuria ≥150mg/ 24 hrs
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Bower41

(1993)

2026 Unselected 2.2% PW 18-22

repeat scan 24

NA NA 78% * 96% * Diastolic BP ≥90

And proteinuria ≥ 300mg/24 hrs

Bower42

(1993)

2058 Unselected 2.2% CW 18-22 46% 86% 29%

88%

79%

84%

85%

85%

Mild pre-eclampsia; rise <30/25mmHg, + on

dipstick

Moderate pre-eclampsia; rise ≥30/25mmHg, + +

Severe pre-eclampsia; diastolic ≥110mmHg, > ++

Haddad43

(1995)

48 Aspirin-

treated

18.7% CW 24 NA NA 100% * 51% * BP ≥ 140/90 and proteinuria  ≥ 500mg/24 hrs

Frusca44

(1997)

419 Nulliparous 7.6% PW 20

repeat scan 24

43% * 94% * 50% * 92% * BP ≥ 140/90 and proteinuria  ≥ 300mg/24 hrs

Harrington
45 (1997)

652 Unselected 4.7% PW 12-16

transvaginal

51% * 85% * 93% * 85% * BP ≥ 140/90 and proteinuria  ≥ 300mg/24 hrs

Irion46

(1998)

1311 Nulliparous 4% PW 26 26% * 92% * 34% * 85% * BP ≥ 140/90 and proteinuria  ≥ 300mg/l

Kurdi47

(1998)

946 Unselected 2.2% PW 20 37% * 89% * 62% * 89% * Diastolic BP rise of  25 mmHg and proteinuria ≥ +

Mires48

(1998)

6579 Unselected 5.5% PW 18-20

repeat scan 22

9% * 98% * 6% *

17% *

98% *

98% *

Mild pre-eclampsia

Severe pre-eclampsia

CW= Continuous-wave Doppler;  PW= Pulsed-wave Doppler; NA= not available; * p<0.05
1Mild pre-eclampsia "according to ICD-9" ; hypertension and proteinuria or oedema, not further specified
2Severe pre-eclampsia "according to ICD-9" ; criteria not specified.
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