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DOPPLER ULTRASOUND SCREENING PREDICTS RECURRENCE OF

POOR PREGNANCY OUTCOME IN SUBSEQUENT PREGNANCIES, BUT

NOT THE RECURRENCE OF PIH OR PRE-ECLAMPSIA

(In press, Hypertension in Pregnancy)

M.W. Aardema, M. Lander, H. Oosterhof,

B.T.H.M. De Wolf, J.G. Aarnoudse.
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ABSTRACT

Objective- To assess the role of Doppler uterine artery screening in the prediction

of recurring hypertensive disorders in a high-risk population.

Methods-  94 women with a history of hypertensive disorders in previous

pregnancies underwent ultrasound colour Doppler to analyse blood flow in the

uterine arteries at 21-22 weeks of gestation. We evaluated the performance of the

Pulsatility Index (PI) as well as the diastolic notch to predict recurring hypertensive

disorders. Outcome measures were the recurrence of hypertensive disorders, and

poor pregnancy outcome due to intra-uterine growth retardation, intra-uterine

death, placental abruption, HELLP-syndrome, eclampsia or premature birth.  Onset

of symptoms was before 35 weeks in all cases of poor pregnancy outcome.

Results- Doppler flow recordings were obtained from a well-defined location in

both uterine arteries. The predictive value of the uterine artery PI for recurring

hypertensive disease was poor and not significant; interestingly, however, the

predictive values for poor pregnancy outcome were good (sensitivity 83%,

specificity 71%, P < 0.001). The PI also provides a good test for intra-uterine

growth retardation (sensitivity 80%, specificity 69%, p < 0.01). The "diastolic

notch" did not perform as well as the PI.

Conclusions-  uterine artery screening did significantly predict the recurrence of

poor pregnancy outcome due to hypertensive complications in this high-risk group.

In contrast, gestational hypertension and pre-eclampsia with normal pregnancy

outcome were not significantly predicted by uterine artery screening.
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INTRODUCTION

Hypertensive disorders of pregnancy and intra-uterine growth retardation are major

causes of perinatal morbidity and mortality. One population particularly at risk

consists of women who have suffered from hypertensive disorders in previous

pregnancies; in this group, prevalence rates in subsequent pregnancies as high as

37%1 have been reported. Especially in this group a screening test that accurately

identifies those women with a high risk of recurrence from those whose

pregnancies will remain uncomplicated, could be very useful.

Insufficiency of the uteroplacental circulation due to failure of the trophoblastic

invasion of the spiral arteries is a common etiological factor in both pre-eclampsia2

and intrauterine growth retardation3-5. Many studies, therefore, have focused on

Doppler ultrasound of the uteroplacental circulation as a possible screening test for

hypertensive disorders of pregnancy6, intra-uterine growth retardation1,7,8, or both9-

13. However, the results of these studies have been extremely variable, which is to a

great extent the result of differences in methodology.

The present study was undertaken to predict recurrence in a group of women who

suffered from hypertensive disorders in previous pregnancies. In contrast to most

other studies we have used pulsed-wave Doppler combined with real-time imaging;

the advantage of pulsed-wave Doppler over conventional continuous wave Doppler

is its ability to determine the exact location of the sample source: the uterine artery

where it appears to cross the external iliac artery14. In addition, we emphasised the

prediction of poor pregnancy outcome associated with hypertensive pregnancy

disease rather than the mere presence of hypertension and proteinuria.
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MATERIALS AND METHODS

Between 1992 and 1995, all women attending the University Hospital Groningen

for routine outpatient antenatal care who met our study criteria were asked to

participate. Inclusion criteria were a history of hypertensive disorders in previous

pregnancies, no current pathology and singleton pregnancy. Ninety-four women

were selected. All women visited the clinic regularly throughout their pregnancies

with decreasing intervals according to the routine antenatal programme. All women

gave written informed consent. The study was approved of by the hospital medical

ethics committee.

Pulsed wave duplex Colour Doppler ultrasonography  (ACUSON 128 XP; Acuson,

Mountainview, California) was used to obtain Flow Velocity Waveforms (FVWs)

from both uterine arteries between 21 and 22 weeks of menstrual age.  To

standardise the sample site, as previously described14, we chose the crossing of the

uterine artery with the external iliac artery, which can easily be located and is

situated proximal to the point where the uterine artery branches into the arcuate

arteries. Recorded FVWs from both uterine arteries were analysed using the Bitpad

Plotter System, and the Pulsatility Index (PI) was calculated as previously

described by Gosling and King15. A PI of 1.3 or higher in either uterine artery was

noted as an abnormal finding; we chose this cut-off point based on a Receiver

Operator Characteristic Curve in a large low-risk population from our own hospital

population (unpublished observations). The presence of a "diastolic notch" in either

uterine artery was also noted. The Doppler results were not given to the patients

and were not made available for clinical management.

Pregnancy outcome was classified as normal pregnancy, pregnancy-induced

hypertension (PIH) or pre-eclampsia (PE). In accordance with ISSHP criteria, we

defined PIH as a diastolic blood pressure > 90 mmHg (using Korotkoff IV) and PE

as PIH combined with proteinuria (2+ or more on urinalysis sticks). In addition,

poor pregnancy outcome due to hypertensive disorders was defined as PIH or PE
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with one or more of the following: premature birth, intra-uterine growth

retardation, intra-uterine death, placental abruption, the HELLP-syndrome, or

eclampsia. Intra-uterine growth retardation was defined as a birthweight below the

10th percentile for gestational age and sex16. Analysis of pregnancy outcome was

kept separate from knowledge of the Doppler results.

For statistical evaluation of the results, p-values and predictive values were

calculated using non-parametrical tests (Mann-Whitney, Fisher's Exact Test); p-

values are two-sided.

RESULTS

The prevalence of recurrent hypertensive disease in this study group was 33%.

Thirty-one women developed PIH (n=19) or PE (n=12). Poor pregnancy outcome

was seen in 12 cases (7 cases of PIH, 5 cases of PE). Three outcome groups were

defined as follows; normal pregnancy, PIH/PE with normal pregnancy outcome,

PIH/PE with poor pregnancy outcome. Table 1 shows the obstetric history in the

three outcome groups. Poor pregnancy outcome in the previous pregnancy was

associated with an increased risk of recurrent poor pregnancy outcome (Relative

Risk 4.2, p=0.02).

FVWs from both uterine arteries were obtained from all 94 women participating in

the study. In 34 women (36%), a PI of 1.3 or higher in at least one of the uterine

arteries was found (table 2).

Table 3 shows the most relevant clinical and laboratory data in the three outcome

groups. Birthweight and gestational age at delivery were significantly lower in the

poor pregnancy outcome group. Interestingly, maximum blood pressure and the

presence of proteinuria in the poor pregnancy outcome group were similar

compared to PIH/PE with normal pregnancy outcome. Onset of symptoms was

before 35 weeks in all cases of poor pregnancy outcome.
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The predictive values of the Pulsatility Index for the three outcome groups, as well

as intra-uterine growth retardation separately, are shown in table 4. The predictive

values for poor pregnancy outcome are much better than for recurrent hypertensive

disease in general (sensitivity = 83%, specificity = 71% vs. sensitivity 45%, and

specificity 68%, respectively). Prediction of PE is not better than the prediction of

PIH. The Pulsatility Index also proves a good test for hypertensive IUGR, but did

not reach significant values for non-hypertensive IUGR.

The predictive values of the diastolic "notch" were also evaluated. A bilateral notch

was seen in 8 subjects. Three subjects with a bilateral notch had normal

pregnancies, two women developed mild hypertensive disease, and three women

developed severe hypertensive disease. Predictive values for the bilateral notch

were not significant. Predictive values for the presence of either a unilateral or a

bilateral diastolic notch are given in table 5. Similar to the PI, the diastolic notch

also significantly predicted poor pregnancy outcome but not the recurrence of

hypertensive disease in general. Overall, the diastolic notch did not perform as well

as the PI.
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↓       Outcome of
index pregnancy

Normal
Pregnancy (n=63)

PIH/PE
normal pregnancy
outcome (n=19)

PIH/PE
poor pregnancy
outcome (n=12)

PIH 28 (44%) 10 (53%) 3 (25%)

PE 9 (14%) 2 (11%) 0

PIH or PE with IUGR 2 (3%) 1 (5%) 2 (17%)

PIH or PE with IUD 11 (17%) 2 (11%) 3 (25%)

HELLP-syndrome 6 (10%) 2 (11%) 3 (25%)

HELLP-syndrome
with IUGR

1 (2%) 0 1 (8%)

HELLP-syndrome
with IUD

1 (2%) 0 0

Placental abruption 1 (2%) 0 0

Placental abruption
with IUD

1 (2%) 0 0

Unknown 3 (5%) 2 (11%) 0

Table 1. Complications of previous (index) pregnancy in the various outcome

groups.  PIH=Pregnancy-induced hypertension; PE=pre-eclampsia; IUGR=Intra-

uterine growth retardation; IUD=intra-uterine death.
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Number of patients Pulsatility
Index  <1.3

Pulsatility
Index  > 1.3

Diastolic
notch absent

Diastolic
notch present

Normal pregnancy 43 20 51 12

Recurrent hypertensive
disease

   * PIH
   * PE

* PIH
       +poor pregnancy
       outcome
    * PE
       +poor pregnancy
       outcome

17

      9
      6

      1

      1

14

     3
     1

     6

     4

20

       9
       6

       4

       1

11

      3
      1

      3

      4

Non-hypertensive IUGR 2 3 3 2

Hypertensive IUGR 0 5 2 3

Table 2. Characteristics of the Pulsatility index and the diastolic notch in the

various subgroups. PIH = Pregnancy-Induced Hypertension, PE = pre-eclampsia.
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Outcome of present pregnancy normal
pregnancy
(n=63)

PIH/PE
normal
pregnancy
outcome (n=19)

PIH/PE
poor
pregnancy
outcome (n=12)

Age (years) 31 (21-42) 30 (25-37) 29 (23-39)

Diastolic BP (mmHg) 80
(60-95)

102.5*
(90-110)

102.5*
(80-120)

Proteinuria
                    absent
                    present

55/63 (87%)
8/63  (13%)

12/19 (63%)
7/19  (37%)

7/12 (58%)
5/12 (42%)

Birthweight (grams) 3440
(2000-4500)

3568
(2930-5030)

1908*
(490-2920)

Gestational age at delivery
(weeks)

39 (33-42) 39 (38-42) 35* (25-43)

Complications:
-caesarean section
-delivery <37 weeks
-birthweight <p10
-HELLP syndrome
-placental  abruption
-intra-uterine  death
-admission to neonatal care unit

5/63  (8%)
8/63 (13%)
5/63  (8%)
0/63  (0%)
0/63  (0%)
0/63  (0%)
4/63  (6%)

1/19 (5%)
#
#
#
#
#
0/19 (0%)

7/12 (58%)
10/12 (83%)*
5/12 (42%)*
2/12 (17%)
1/12 (8%)
1/12 (8%)
7/12 (58%)

Table 3. Clinical and laboratory data for the various outcome groups.

All data are median (range) unless noted otherwise.

*p <0.05 compared to normal pregnancy (Mann-Whitney and Fisher's

Exact Test).

# these complications are criteria for poor pregnancy outcome.
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PI > 1.3 Se Sp PPV NPV LR p

Recurrent hypertensive
disease (all) (n=31)

45 % 68 % 41% 72% 1.6 NS

PIH (n=12)

PE (n=7)

25%

14%

68%

68%

13%

5%

83%

88%

1.4

1.2

NS

NS

Poor pregnancy outcome
(n=12)

83 % 71 % 29% 97% 25 <0.001

IUGR (all) (n=10) 80 % 69 % 24% 97% 24 <0.01

   * non-hypertensive
     (n=5)

60 % 69 % 10% 97% 3.1 NS

   * hypertensive
      (n=5)

100 % 69 % 16% 100% 24*
 <0.01

Table 4. Predictive values of the Pulsatility Index. Se=sensitivity; Sp=specificity;

PPV=positive predictive value; NPV=negative predictive value; LR=likelihood

ratio.*LR can not be calculated when sensitivity = 100%; Odds Ratio is given.
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Diastolic notch Se Sp PPV NPV LR p

Recurrent hypertensive
disease (all) (n=31)

36 % 81 % 48% 72% 1.3 NS

PIH

PE

Poor pregnancy outcome
(n=12)

25%

14%

58 %

81%

81%

81 %

20%

8%

22%

85%

90%

90%

1.7

1.4

8.3

NS

NS

0.007

IUGR (all) (n=10) 50 % 76 % 20% 93% 6.9 NS

   * non-hypertensive
     (n=5)

40 % 76 % 9% 95% 8.9 NS

   * hypertensive
     (n=5)

60 % 76 % 13% 97% 19.8 NS

Table 5. Predictive values of the diastolic notch. Se=sensitivity; Sp=specificity;

PPV=positive predictive value; NPV=negative predictive value; LR=likelihood

ratio. (two-sided p calculated by means of Fisher's Exact Test).
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Pulsatility Index

Cut-off point

Se Sp PPV NPV LR p

1.15 92% 66% 28% 98% 50 0.0002

1.25 83% 69% 29% 97% 25 0.0007

1.30 83% 71% 29% 97% 25 <0.0001

1.40 67% 74% 28% 94% 11 0.007

Table 6. Predictive values of the Pulsatility Index for PIH/PE with poor pregnancy

outcome at different cut-off points; Se = sensitivity, Sp = specificity, PPV =

positive predictive value, NPV = negative predictive value, LR = likelihood ratio,

two-sided p calculated by Fisher’s Exact Test.

DISCUSSION

We have described a method to predict recurrence of hypertensive disorders of

pregnancy in a selected, high-risk population. We used a well-defined and precise

method for localising a segment of the uterine artery: the proximal part of the

uterine artery, where it appears to cross the external iliac artery. Using colour

Doppler it proved to be easy to identify and FVWs could be found in all cases.

In contrast to other investigators we included non-proteinuric hypertension (PIH)

as an abnormal result. In our experience, even in severe forms of the hypertensive

disease in pregnancy proteinuria is not always present. For example, in the “index”

pregnancies there were nine cases of intra-uterine death with hypertension but no

proteinuria. Furthermore, the one case of intra-uterine death in the present

pregnancy in this study occurred in a woman who suffered from the HELLP-

syndrome and severe hypertension, but without proteinuria. As shown in a previous

study, hypertension and/or proteinuria may be mild or even lacking in the presence

of the HELLP-syndrome17.
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We found that the best sensitivity was achieved when the higher PI value of the

two arteries was used; or rather, the test was considered positive if a PI of 1.3 of

higher was found in at least one uterine artery. In contrast to others, we did not find

that the diastolic notch (either bilateral or unilateral) performed better compared to

the PI. We chose a cut-off point of 1.3 based on a Receiver Operator Characteristic

Curve in a large low-risk population from our own hospital population

(unpublished observations).  A higher cut-off point would lead to improved

specificity but reduce the sensitivity. Sensitivity and specificity for different cut-off

points are shown in table 6. Lowering the cut-off point increases sensitivity but

leads to an unacceptably high number of false positives. In order to reduce the

number of false-positives without compromising sensitivity, a positive test might

be repeated after 2 weeks, as reported by Steel in 19906. Unfortunately, we did not

have the opportunity to repeat the uterine artery Doppler assessment in this study.

In conclusion, we found low predictive values of uterine artery screening for

recurring hypertensive pregnancy disorders in general, whether we used the

diastolic notch or the Pulsatility Index. Prediction of pre-eclampsia was not better

than prediction of non-proteinuric hypertension. However, we found good

predictive values for poor pregnancy outcome due to PIH/PE. In this group, poor

pregnancy outcome does not appear to be related to severity of hypertension or

proteinuria, but is strongly associated with poor pregnancy outcome in the previous

pregnancy and the early onset of symptoms in the subsequent pregnancy. Women

with a positive test may benefit from increased surveillance, but this group would

already be closely surveyed because of the poor obstetric history. We feel that the

main clinical value of uterine artery screening is that women with a negative test

result in this high risk group can be reassured, in view of the high negative

predictive value (97%) of the test.
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