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Background: Alterations in waveforms in the uterine artery
are associated with the development of pre-eclampsia and
intrauterine growth restriction. We investigated the predic-
tive accuracy of all uterine artery Doppler indices for both
conditions in the first and second trimesters.

Methods: We identified relevant studies through searches of
MEDLINE, EMBASE, the Cochrane Library and Medion data-
bases (all records to April 2006) and by checking bibliogra-
phies of identified studies and consulting with experts. Four of
us independently selected studies, extracted data and as-
sessed study validity. We performed a bivariable meta-analysis
of sensitivity and specificity and calculated likelihood ratios.

Results: We identified 74 studies of pre-eclampsia (total 79 547
patients) and 61 studies of intrauterine growth restriction (total
41131 patients). Uterine artery Doppler ultrasonography pro-
vided a more accurate prediction when performed in the second
trimester than in the first-trimester. Most Doppler indices had
poor predictive characteristics, but this varied with patient risk
and outcome severity. An increased pulsatility index with notch-
ing was the best predictor of pre-eclampsia (positive likelihood
ratio 21.0 among high-risk patients and 7.5 among low-risk pa-
tients). It was also the best predictor of overall (positive likeli-
hood ratio 9.1) and severe (positive likelihood ratio 14.6) in-
trauterine growth restriction among low-risk patients.

Interpretation: Abnormal uterine artery waveforms are a
better predictor of pre-eclampsia than of intrauterine growth
restriction. A pulsatility index, alone or combined with
notching, is the most predictive Doppler index. These indices
should be used in clinical practice. Future research should
also concentrate on combining uterine artery Doppler ultra-
sonography with other tests.

Une version frangaise de ce résumé est disponible a I’adresse
www.cmaj.ca/cgi/content/full/r78/6/701/DCrt
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re-eclampsia and intrauterine growth restriction re-
ABSTRACT main important causes of maternal and perinatal
morbidity and mortality.* Maternal complications of

pre-eclampsia include coagulopathy, renal and liver failure,
and stroke.* Adults who were affected by intrauterine
growth restriction in utero are at increased risk for cardio-
vascular disease, hypertension and type 2 diabetes.**

Pre-eclampsia and intrauterine growth restriction are
characterized by abnormal placenta formation,® which results
in inadequate uteroplacental blood flow. This has led to the
idea of using Doppler ultrasonography to assess the velocity
of uterine artery blood flow as part of routine ultrasound
screening.” Low end-diastolic velocities and an early diastolic
notch characterize the waveforms of uterine artery blood flow
in women who are not pregnant or are in their first trimester.
Persistence of a diastolic notch (beyond 24 weeks’ gestation)
or abnormal flow velocity ratios have been associated with in-
adequate trophoblast invasion.®

Accurate prediction of pre-eclampsia and intrauterine
growth restriction is crucial to allow judicious allocation of
resources for monitoring and preventive treatment to im-
prove maternal and perinatal outcomes.”*® However, studies
investigating the predictive accuracy of uterine artery Doppler
indices (Box 1) have revealed considerably varied results.
Thus, it is questionable whether uterine artery Doppler ultra-
sonography should be used as a predictive test. We undertook
this review to investigate the accuracy of all uterine artery
Doppler indices in predicting pre-eclampsia and intrauterine
growth restriction.
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Box 1: Explanation of Doppler indices

A/C ratio Ratio of peak systolic to early diastolic

velocity

Any notching Presence of early diastolic notching* in

waveform; may be unilateral or bilateral

Bilateral notching Presence of early diastolic notching in

waveform of both main uterine arteries
D/S ratio
D/S or notching

Ratio of diastolic to systolic velocity

D/S ratio with or without unilateral or
bilateral early diastolic notching

Notch index (or Notch flow minus early diastolic flow
notch depth index) divided by notch flow: (D — C)/D

Pulsatility index  Peak systolic flow minus end diastolic

flow divided by mean flow: (A — B)/M

Pulsatility index combined with
unilateral or bilateral early diastolic
notching

Pulsatility index with or without
unilateral or bilateral early diastolic
notching

Peak systolic flow minus end diastolic
flow divided by peak systolic flow:
(A—B)/A

Resistance index combined with unilateral
or bilateral early diastolic notching

Pulsatility index
and notching

Pulsatility index
or notching

Resistance index

Resistance index
and notching

Resistance index with or without unilateral
or bilateral early diastolic notching

Resistance index
or notching

S/D ratio Ratio of peak systolic to late diastolic

velocity (also known as A/B ratio)
S/D ratio with or without unilateral of
bilateral early diastolic notching

Presence of early diastolic notching in
waveform of one main uterine artery

S/D or notching
Unilateral
notching

*Early diastolic notching = characteristic waveform indicating decreased
early diastolic flow in the uterine artery compared with later diastolic flow.

Methods

Literature search

We based our review on our previously published protocols.
Experienced clinical librarians performed 2 electronic searches,
without language restrictions, in the MEDLINE, EMBASE,
Cochrane Library and Medion (www.mediondatabase.nl) data-
bases for all records to April 2006 (details of the search strategies
are provided in Appendix 1, available online at www.cmaj.ca/cgi
[content/full/178/6/701/DC2). We also checked reference lists of
identified articles and consulted with experts (Figure 1). We in-
cluded studies that reported Doppler assessment of the main
uterine arteries in the first and second trimester among pregnant
women in any health care setting and at any level of risk for pre-
eclampsia or intrauterine growth restriction. We included test-
accuracy studies that allowed generation of 2 X 2 tables.

11,12

Quality assessment and data abstraction

For pre-eclampsia, 4 of us (J.C., R.M., G.R. and B.M.) independ-
ently screened titles and abstracts of identified studies and, if rel-
evant, the full-text articles for inclusion and data extraction."* For
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intrauterine growth restriction, this work was carried out by 1 of
us (R.M.), and 10% of the papers were examined by a second in-
dependent reviewer (B.M.)."> One reviewer (R.M.) assessed the
studies for their methodological quality, using the QUADAS
(quality assessment of diagnostic accuracy studies) criteria,** and
whether any preventive interventions had been used (see Appen-
dix 2, available online at www.cmaj.ca/cgi/content/full/178/6/701
/DC2). For multiple publications of the same data set, only the
most recent or complete study was included. Disagreements
were resolved by consensus or by a third reviewer.

Acceptable reference standards for pre-eclampsia were per-
sistently high systolic (= 140 mm Hg) or diastolic (= go mm Hg)
blood pressure and proteinuria (= 0.3 g of protein in 24-hour
urine collection, or dipstick test result of > 1+ [equivalent to
30 mg/dL in single urine sample]) of new onset after 20 weeks
of gestation. We defined severe pre-eclampsia as a systolic
blood pressure of 160 mm Hg or greater or a diastolic blood
pressure of 110 mm Hg or greater plus a high level of protein-
uria (= 2.0 g of protein in 24-hour urine collection or dipstick
test result of > 3+), or the development of pre-eclampsia before
34 weeks’ gestation. We defined superimposed pre-eclampsia
as the development of proteinuria (= 0.3 g of protein in 24-hour
urine collection or dipstick test result > 1+) after 20 weeks of
gestation in patients with chronic hypertension.™

Acceptable reference standards for intrauterine growth re-
striction included birth weight below the 1oth centile adjusted
for gestational age and based on local population values. Se-
vere intrauterine growth restriction was defined as birth
weight below the fifth or third centile. We also assessed ab-
solute birth-weight thresholds, neonatal ponderal index be-
low the 1oth centile, skin-fold thickness and ratio of mid-arm
circumference to head circumference.**

Data analysis
We calculated the sensitivity and specificity for each study and
pooled the results of studies with similar Doppler indices, out-
comes and patient risk. We used a bivariable regression model
that takes into account the (negative) correlation between sen-
sitivity and specificity. This method has been extensively de-
scribed elsewhere and has been recently recommended for
meta-analyses of diagnostic tests.>>** To estimate sensitivity
and specificity with their 95% confidence intervals (CIs), we
used the model with the smallest Akaike’s information crite-
rion (a measure of the goodness of fit of an estimated statisti-
cal model). This model best accounts for heterogeneity be-
tween studies. When several thresholds for a Doppler index
were reported, we used the commonest. We derived likelihood
ratios from the pooled sensitivities and specificities.*>

We performed subgroup analyses as defined a priori: out-
come (severe v. mild or overall), patient risk (low or risk not
specified v. high) and gestational age at testing (before v. after
16 weeks). Sensitivity analyses were performed for application
of preventive interventions (yes v. no or unclear) and high-
quality studies. We considered studies to be of high quality if
they met at least 4 of the following criteria: prospective design
with consecutive recruitment, appropriate reference standard,
adequate description of the index test, follow-up of more than
90% of patients and reporting preventive treatment.
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Results

We included 83 studies in total in our review. Fifty-two of
them had both pre-eclampsia and intrauterine growth restric-
tion as outcomes. We included these 52 studies in the assess-
ments of each of the 2 outcomes.

Pre-eclampsia

We included 74 studies (69 cohort studies, 3 randomized
controlled trials and 2 case—control studies) in which uterine
artery Doppler ultrasonography had been used to predict pre-
eclampsia; from these studies we were able to construct 180
2 % 2 tables. Of the studies, 50 were prospective, 10 were ret-
rospective, and in 14 this was unclear. Details of the studies
are provided in Appendix 3 (available online at www.cmaj.ca
[cgi/content/full/178/6/701/DC2). The total number of women
was 79 547, of whom 2498 were found to have pre-eclampsia.
Samples varied in size from 28 to 16 806 women. In most of
the studies, Doppler ultrasonography was performed be-
tween 18 and 24 weeks’ gestation during a routine prenatal
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scan; 7 articles reported Doppler results before 16 weeks’ ges-
tation. The median rate of pre-eclampsia was 4.9%
(25th—75th centiles 2.2%—-9.8%). Rates of pre-eclampsia var-
ied from 0.4% to 18.7% among patients at low or unspecified
risk and from 3.2% to 44.3% among high-risk patients.

Intrauterine growth restriction

We included 61 studies (57 cohort studies and 3 random-
ized controlled trials) in which uterine artery Doppler ultra-
sonography was used to predict intrauterine growth restric-
tion; from these studies we were able to construct 168 2 X 2
tables. Of the studies, 48 were prospective, 10 were retro-
spective, and in 2 this was unclear. Details of the studies
are provided in Appendix 4 (available online at www.cmaj
.ca/cgi/content/full/178/6/701/DC2). The total number of
women was 41 131, of whom 3723 had intrauterine growth
restriction (as determined by birth weight below the 1oth
centile or less than 2500 g if several thresholds were re-
ported). The samples varied in size from 28 to 7851 wo-
men. Ten articles reported Doppler results before 16 weeks’

Potentially relevant studies identified
of all tests used to predict

« pre-eclampsia

n=17 847 n= 18871

« intrauterine growth restriction

v

Potentially relevant studies identified of uterine

artery Doppler ultrasonography used to predict

« pre-eclampsia
n= 1141

« intrauterine growth restriction
n = 1366

Primary studies retrieved for detailed evaluation
after screening titles and abstracts

e pre-eclampsia e« intrauterine growth restriction

Primary studies included in meta-analysis

« pre-eclampsia
n=74

« intrauterine growth restriction
n=61

n = 255* n=319* .
Pre- Intrauterine
eclampsia growth restriction
I Excluded n=181 n=258
« No prediction or test accuracy
reported 71 122
« Review, letter, commentary or
editorial 24 29
o Outcome reported as pregnancy-
induced hypertension only or
mixture of hypertensive disorders 27 25
« Mean gestational age > 25 wk or
unclear 25 44
« Insufficient data to construct
2 x 2 table 16 26
o Other reason 18 12
Y

Figure 1: Identification of studies of uterine artery Doppler ultrasonography used to predict pre-
eclampsia and intrauterine growth restriction, for inclusion in the meta-analysis. *Includes 6 stud-
ies on pre-eclampsia and 8 on intrauterine growth restriction that were added after manual search

of bibliographies of selected articles.
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gestation. Most of the studies used birth weight below the
1oth centile as the reference standard for intrauterine
growth restriction. One study reported absolute birth-
weight thresholds, and in 2 studies the threshold was un-
clear. Calculated rates of intrauterine growth restriction
correlated poorly with thresholds (birth weight in centiles)
based on local population values. The mean rates of in-
trauterine growth restriction were 9.6% among patients
whose risk was not specified, 8.2% among low-risk pa-
tients and 20.7% among high-risk patients.

Quality assessment

For both pre-eclampsia and intrauterine growth restriction,
over 70% of the studies met the following QUADAS quality-
assessment criteria:** avoidance of partial and differential ver-
ification, independent reference test, and blind assessment of
index test (for the results of the quality assessment, see Ap-
pendix 5, available online at www.cmaj.ca/cgi/content/full
[17816/701/DC2). Studies scored poorly in terms of adequate
descriptions of selection criteria and reference test, blind as-
sessment of the reference test and availability of clinical data.

Table 1: Pooled and single estimates for uterine artery Doppler ultrasonography in predicting pre-eclampsia in patients at low risk or
unspecified risk, by Doppler index, trimester and severity of pre-eclampsia

No. of No. of Sensitivity Specificity Positive likelihood Negative likelihood
Doppler index* studies women (95% Cl), % (95% Cl), % ratio (95% Cl) ratio (95% Cl)
Second trimester
Overall pre-eclampsia
Resistance index (> 0.58
or 90th centile) 11 3778 74 (62-86) 79 (71-87) 3.5 (2.2-4.8) 0.33 (0.18-0.48)
Resistance index (> 0.70
or 95th centile) 1 346 41 (18-67) 88 (84-91) 3.4 (1.7-5.7) 0.67 (0.42-0.90)
Pulsatility index 38 230 42 (25-58) 91 (86-96) 4.5 (1.7-7.3) 0.64 (0.47-0.82)
Bilateral notching 17 36 969 43 (26-60) 93 (90-97) 6.5 (4.3-8.7) 0.61 (0.44-0.79)
Unilateral notching 8016 39 (23-55) 92 (88-95) 4.6 (1.3-7.9) 0.67 (0.48-0.86)
Any notching 4205 74 (60-87) 84 (76-92) 4.6 (2.0-7.3) 0.31 (0.15-0.48)
Resistance index or
notching 7 8 151 79 (62-95) 83 (73-92) 4.5 (2.6-6.5) 0.26 (0.08-0.44)
Resistance index and
notching 5 1654 72 (48-96) 87 (79-96) 5.6 (3.1-8.1) 0.32 (0.07-0.58)
Pulsatility index or
notching 2 18 563 47 (44-51) 92 (88-96) 5.7 (2.9-8.4) 0.57 (0.53-0.62)
Pulsatility index and
notching 1 1757 23 (14-35) 99 (98-99) 7.5 (5.4-10.2) 0.59 (0.47-0.71)
S/D ratio 2 672 76 (68-84) 71 (62-80) 2.6 (1.8-3.5) 0.34 (0.22-0.46)
A/C ratio 3 1284 74 (62-86) 82 (71-92) 4.0 (2.4-5.7) 0.32 (0.20-0.43)
Notch index 2 819 12 (9-15) 86 (81-90) 0.8 (0.5-1.2) 1.00 (0.96-1.10)
S/D or notching 2 1083 28 (18-37) 88 (84-92) 2.4 (1.2-3.5) 0.82 (0.70-0.94)
Severe pre-eclampsia
Pulsatility index 1 15 392 78 (66-87) 95 (94-95) 15.6 (13.3-17.3) 0.23 (0.15-0.35)
Bilateral notching 1 4149 65 (38-86) 95 (94-96) 13.4 (8.5-17.4) 0.37 (0.18-0.62)
Any notching 1 4149 76 (50-93) 85 (84-86) 5.0 (3.4-5.9) 0.28 (0.11-0.56)
Resistance index or
notching 1 2 058 79 (60-92) 85 (83-86) 5.3 (4.0-6.0) 0.24 (0.12-0.45)
S/D ratio 1 122 100 (55-100) 74 (65-82) 3.5 (1.9-3.9) 0.11 (0.01-0.65)
First trimester
Overall pre-eclampsia
Pulsatility index 3 4 966 25 (20-31) 95 (95-96) 5.4 (4.1-6.7) 0.78 (0.72-0.84)
Bilateral notching 1 626 90 (73-98) 70 (66-74) 3.0 (2.4-3.3) 0.14 (0.05-0.36)
Any notching 2 869 93 (87-98) 46 (43-48) 1.7 (1.6-1.8) 0.16 (0.04-0.28)
Severe pre-eclampsia
Pulsatility index 1 433 40 (12-74) 90 (87-93) 4.0 (1.6-7.3) 0.67 (0.35-0.93)

Note: Cl = confidence interval, S/D ratio = ratio of peak systolic to late diastolic velocity (also known as A/B ratio), A/C ratio = ratio of peak systolic to early diastolic
velocity, S/D or notching = S/D ratio with or without unilateral of bilateral early diastolic notching.
*See Box 1 for explanations of Doppler indices. The list of Doppler indices for each category varies depending on whether predictive studies were available.
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Whether the study did or did not include the use of preventive
treatment was reported in 17 of the studies of pre-eclampsia
and 18 of the studies of intrauterine growth restriction. The
randomized controlled trials that applied preventive treat-
ment in a series of women after Doppler ultrasonography
were analyzed together with the cohort studies. We excluded
2 case—control studies from the analyses to further enhance
validity.

Diagnostic test characteristics
For both pre-eclampsia and intrauterine growth restriction,
Doppler testing was less accurate in the first trimester than in
the second trimester. In this section, we noted the test charac-
teristics that best predicted the development of pre-eclampsia
and intrauterine growth restriction (largest positive likelihood
ratio). Test characteristics that best predicted the absence of
pre-eclampsia and intrauterine growth restriction were those
with the smallest negative likelihood ratio (Table 1, Table 2,
Table 3, Table 4).

Pre-eclampsia in low-risk patients was best predicted by an
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increased pulsatility index with diastolic notching in the sec-
ond trimester (> 16 weeks) (positive likelihood ratio 7.5, 95%
CI 5.4-10.2; negative likelihood ratio 0.59, 95% CI 0.47-0.71)
(Table 1, Figure 2). Severe pre-eclampsia in low-risk patients
was best predicted in the second trimester by an increased pul-
satility index (positive likelihood ratio 15.6, 95% CI 13.3-17.3;
negative likelihood ratio 0.23, 95% CI 0.15-0.35) and bilateral
notching (positive likelihood ratio 13.4, 95% CI 8.5-17.4);
negative likelihood ratio 0.4 (95% CI 0.2-0.6) (Figure 3).
Among high-risk patients, pre-eclampsia was best predicted
in the second trimester by unilateral notching (positive likeli-
hood ratio 20.2, 95% CI 7.5-29.5; negative likelihood ratio
0.17, 95% CI 0.03-0.56) and an increased pulsatility index
with notching (positive likelihood ratio 21.0, 95% CI 5.5-80.5;
negative likelihood ratio 0.82, 95% CI 0.72—0.93) (Table 2,
Figure 2). Doppler assessment to predict severe pre-eclampsia
in high-risk patients showed low diagnostic characteristics
(positive likelihood ratio 3.7) (Table 2, Figure 3). Many es-
timates were based on single studies or small numbers of
women.

Table 2: Pooled and single estimates for uterine artery Doppler ultrasonography in predicting pre-eclampsia in high-risk patients, by

Doppler index, trimester and severity of pre-eclampsia

No. of No. of Sensitivity Specificity Positive likelihood Negative likelihood
Doppler index* studies women (95% ClI), % (95% Cl), % ratio (95% Cl) ratio (95% Cl)
Second trimester
Overall pre-eclampsia
Resistance index (> 0.58
or 90th centile) 15 2137 83 (68-98) 72 (61-83) 3.0 (1.8-1.1) 0.24 (0.04-0.44)
Resistance index (> 0.70
or 95th centile) 6 939 51 (22-80) 87 (80-95) 4.0 (1.5-6.4) 0.57 (0.25-0.88)
Pulsatility index 4 547 39 (20-59) 78 (56-100) 1.8 (0.2-3.4) 0.78 (0.52-1.04)
Bilateral notching 8 1081 37 (14-60) 89 (83-95) 3.4 (1.1-5.7) 0.71 (0.46-0.95)
Unilateral notching 1 103 83 (36-100) 96 (90-99) 20.2 (7.5-29.5) 0.17 (0.03-0.56)
Any notching 8 916 63 (41-86) 76 (67-84) 2.6 (1.8-3.4) 0.48 (0.22-0.75)
Resistance index or
notching 1 16 86 (42-100) 78 (40-97) 3.9 (1.3-7.3) 0.18 (0.03-0.74)
Resistance index and
notching 7 1228 57 (21-93) 86 (79-93) 4.1 (1.5-6.7) 0.50 (0.10-0.90)
Pulsatility index or
notching 1 88 54 (37-70) 76 (61-87) 2.2 (1.3-3.8) 0.61 (0.44-0.87)
Pulsatility index and
notching 1 351 19 (5-42) 99 (97-100) 21.0 (5.5-80.5) 0.82 (0.72-0.93)
A/C ratio 1 51 50 (7-93) 79 (64-89) 2.4 (0.6-4.6) 0.64 (0.19-1.1)
Notch index 1 94 14 (0-58) 80 (71-88) 0.7 (0.1-2.9) 1.07 (0.61-1.21)
D/S or notching 1 48 100 (55-100) 51 (35-67) 1.9 (1.0-2.1) 0.16 (0.02-0.99)
Severe pre-eclampsia
Resistance index (> 0.58
or 90th centile) 1 28 80 (28-99) 78 (56-93) 3.7 (1.4-5.3) 0.26 (0.05-0.84)
First trimester
Overall pre-eclampsia
Bilateral notching 1 72 91 (59-100) 46 (33-59) 1.7 (1.1-1.9) 0.20 (0.04-0.85)

Note: Cl = confidence interval, A/C ratio = ratio of peak systolic to early diastolic velocity, D/S or notching = D/S ratio (ratio of diastolic to systolic velocity) with or

without unilateral of bilateral early diastolic notching.

*See Box 1 for explanations of Doppler indices. The list of Doppler indices for each category varies depending on whether predictive studies were available.
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Intrauterine growth restriction in low-risk patients was best 3, Figure 2). Severe intrauterine growth restriction in low-risk
predicted in the second trimester by an increased pulsatility in- patients was best predicted in the second trimester by an in-
dex with notching (positive likelihood ratio 9.1, 95% CI 5.0—  creased pulsatility index (positive likelihood ratio 13.7, 95% CI
16.7; negative likelihood ratio 0.89, 95% CI 0.85-0.93) (Table  10.3-16.9; negative likelihood ratio 0.34, 95% CI 0.23—0.48) or

Table 3: Pooled and single estimates for uterine artery Doppler ultrasonography in predicting intrauterine growth restriction in patients
at low risk or unspecified risk, by Doppler index, trimester and severity of growth restriction

No. of No. of Sensitivity Specificity Positive likelihood Negative likelihood
Doppler index* studies women (95% Cl), % (95% Cl), % ratio (95% CI) ratio (95% ClI)
Second trimester
Overall intrauterine growth
restriction
Resistance index (> 0.58 or 90th
centile) 9 3304 53 (42-64) 87 (79-94) 4.0 (1.6-6.3) 0.54 (0.41-0.68)
Resistance index (> 0.70 or 95th
centile) 2 665 16 (10-23) 91 (86-97) 9 (0.5-3.3) 0.92 (0.83-1.00)
Pulsatility index 3 12 097 18 (16-19) 95 (92-97) 3.4 (1.7-5.1) 0.87 (0.84-0.90)
Bilateral notching 11 10 229 24 (14-34) 91 (86-97) 2.8 (1.7-3.9) 0.83 (0.75-0.91)
Unilateral notching 2 3819 17 (16-19) 93 (91-95) 2.4 (2.0-2.9) 0.89 (0.89-0.89)
Any notching 4 2162 44 (32-57) 82 (72-92) 2.5 (1.4-3.5) 0.68 (0.56-0.80)
Resistance index or notching 5 5043 37 (33-39) 88 (84-93) 3.1 (1.9-4.3) 0.72 (0.67-0.77)
Resistance index and notching 1 946 45 (37-53) 82 (79-84) 2.4 (1.9-3.0) 0.68 (0.58-0.77)
Pulsatility index or notching 2 2116 23 (19-27) 94 (93-95) 3.9 (3.0-4.7) 0.82 (0.77-0.87)
Pulsatility index and notching 1 1757 12 (7-18) 99 (98-99) 9.1 (5.0-16.7) 0.89 (0.85-0.93)
S/D ratio 3 1661 34 (10-57) 88 (79-96) 2.7 (1.6-3.9) 0.76 (0.54-0.97)
Notch index 1 288 33 (13-59) 92 (88-95) 3(1.9-8.4) 0.72 (0.49-0.91)
S/D or notching 3 2173 29 (25-33) 83 (79-93) 2.1 (1.0-3.2) 0.82 (0.74-0.90)
Severe intrauterine growth
restriction
Resistance index (> 0.58 or 90th
centile) 3 1551 65 (56-73) 88 (80-96) 5(1.8-9.2) 0.40 (0.30-0.50)
Pulsatility index 1 1757 67 (53-80) 95 (94-96) 13.7 (10.3-16.9) 0.34 (0.23-0.48)
Bilateral notching 2 2 657 18 (11-24) 95 (93-97) 5(1.7-5.2) 0.87 (0.80-0.94)
Any notching 1 890 53 (27-79) 83 (80-85) 1(1.7-4.4) 0.57 (0.30-0.85)
Resistance index or notching 3 3 650 45 (40-49) 88 (82-93) 6 (1.9-5.3) 0.63 (0.56-0.70)
Resistance index and notching 2 1404 44 (36-51) 87 (78-96) 4 (0.9-5.8) 0.65 (0.52-0.77)
Pulsatility index or notching 1 1757 31 (19-45) 93 (92-95) 4.7 (2.9-7.0) 0.74 (0.60-0.86)
Pulsatility index and notching 1 1757 23 (13-37) 98 (98-99) 14.6 (7.8-26.3) 0.78 (0.68-0.87)
S/D or notching 1 768 26 (12-43) 91 (89-93) 2.9 (1.5-4.9) 0.82 (0.64-0.95)
First trimester
Overall intrauterine growth
restriction
Resistance index (> 0.70 or 95th
centile) 1 1008 67 (35-90) 75 (72-78) 7 (1.6-3.5) 0.44 (0.18-0.81)
Pulsatility index 1 3045 12 (8-16) 96 (95-96) 7 (1.9-3.8) 0.92 (0.88-0.96)
Bilateral notching 3 1420 74 (55-93) 42 (0-84) 3 (0.6-2.0) 0.62 (0.25-0.98)
Any notching 2 866 85 (80-91) 47 (45-50) 6 (1.5-1.7) 0.30 (0.19-0.42)
Severe intrauterine growth
restriction
Pulsatility index 1 999 24 (12-41) 95 (94-97) 5.3 (2.8-9.5) 0.79 (0.64-0.91)

Note: Cl = confidence interval, S/D ratio = ratio of peak systolic to late diastolic velocity (also known as A/B ratio), S/D or notching = S/D ratio with or without
unilateral of bilateral early diastolic notching.
*See Box 1 for explanations of Doppler indices. The list of Doppler indices for each category varies depending on whether predictive studies were available.
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an increased pulsatility index with notching (positive likelihood
ratio 14.6, 95% CI 7.8-26.3; negative likelihood ratio 0.78, 95%
CI 0.68-0.87) (Figure 3). Doppler assessment to predict in-
trauterine growth restriction in high-risk patients showed low
diagnostic characteristics (Table 4, Figure 2). An increased re-
sistance index (> 0.58 or > goth centile) in the second trimester
best predicted severe intrauterine growth restriction in high-
risk patients (positive likelihood ratio 10.9, 95% CI 10.4-11.4;
negative likelihood ratio 0.20, 95% CI 0.14—0.26).

Subgroup and sensitivity analyses

Our exclusion of studies that applied preventive treatment did
not improve the accuracy of Doppler testing in predicting pre-
eclampsia and intrauterine growth restriction. When we in-
cluded only the high-quality studies in the analysis, we found
that unilateral notching in the second trimester best predicted
pre-eclampsia in patients at low risk or unspecified risk (posi-

ARCH

tive likelihood ratio 12.5, 95% CI 5.1—-20.0; negative likelihood
ratio 0.45, 95% CI 0.09—0.80). In high-risk patients, an in-
creased pulsatility index with notching remained the best pre-
dictor of pre-eclampsia in the high-quality studies. Results for
intrauterine growth restriction showed low to moderate pre-
dictive value in both low-risk and high-risk patients. (Data
from the subgroup and sensitivity analyses are available from
the corresponding author.)

Interpretation

We evaluated the accuracy of 15 uterine artery Doppler indices
in predicting pre-eclampsia and intrauterine growth restric-
tion. Uterine artery Doppler ultrasonography predicts pre-
eclampsia, the maternal consequence of placental disease,
more confidently than intrauterine growth restriction. Specif-
ically, an increased pulsatility index with notching in the sec-

Table 4: Pooled and single estimates for uterine artery Doppler ultrasonography in predicting intrauterine growth restriction in high-risk
patients, by Doppler index, trimester and severity of growth restriction

No. of No. of Sensitivity Specificity Positive likelihood  Negative likelihood
Doppler index* studies women (95% Cl), % (95% Cl), % ratio (95% Cl) ratio (95% Cl)
Second trimester
Overall intrauterine growth
restriction
Resistance index (> 0.58 or 90th 6 885 74 (55-94) 68 (56-81) 2.4 (1.7-3.1) 0.37 (0.14-0.61)
centile)
Resistance index (> 0.70 or 95th 4 527 38 (18-58) 85 (78-92) 2.6 (2.0-3.1) 0.73 (0.54-0.91)
centile)
Pulsatility index 2 445 58 (25-91) 75 (72-78) 2.3 (1.0-3.6) 0.56 (0.12-1.00)
Bilateral notching 4 588 29 (6-52) 92 (91-94) 3.8 (0.7-7.0) 0.77 (0.51-1.00)
Unilateral notching 2 151 45 (23-67) 85 (76-94) 3.0 (1.7-4.3) 0.65 (0.43-0.86)
Any notching 10 989 51 (46-57) 78 (72-84) 2.3 (1.7-3.0) 0.62 (0.54-0.70)
Resistance index or notching 4 629 69 (54-83) 69 (48-90) 2.2 (0.5-3.9) 0.45 (0.18-0.73)
Resistance index and notching 4 444 45 (38-52) 90 (81-99) 4.3 (0.6-8.1) 0.62 (0.52-0.71)
Pulsatility index or notching 2 138 68 (47-89) 81 (75-87) 3.6 (2.0-5.1) 0.40 (0.14-0.65)
D/S ratio 1 48 78 (40-97) 62 (45-77) 2.0 (1.1-2.7) 0.36 (0.10-0.94)
D/S or notching 1 48 89 (52-100) 54 (37-70) 1.9 (1.1-2.2) 0.21 (0.04-0.85)
Severe intrauterine growth
restriction
Resistance index (> 0.58 or 90th 2 362 82 (76-87) 92 (92-93) 10.9 (10.4-11.4) 0.20 (0.14-0.26)
centile)
Pulsatility index 1 351 6 (2-14) 95 (92-97) 1.2 (0.5-3.2) 0.99 (0.92-1.00)
Bilateral notching 1 351 6 (2-14) 97 (95-99) 2.3 (0.8-6.7) 0.97 (0.92-1.00)
Resistance index or notching 1 182 64 (41-83) 29 (22-37) 0.9 (0.6-1.2) 1.21 (0.64-2.07)
Resistance index and notching 1 170 42 (23-63) 80 (72-86) 2.1 (1.2-3.4) 0.72 (.50-0.95)
First trimester
Overall intrauterine growth
restriction
Pulsatility index 3 785 34 (24-44) 76 (75-79) 1.5 (1.0-1.9) 0.86 (0.73-0.99)
Bilateral notching 1 72 75 (19-99) 41 (29-54) 1.3 (0.5-1.7) 0.61 (0.11-1.78)

Note: Cl = confidence interval, D/S ratio = ratio of diastolic to systolic velocity, D/S or notching = D/S ratio with or without unilateral of bilateral early diastolic

notching.

*See Box 1 for explanations of Doppler indices. The list of Doppler indices for each category varies depending on whether predictive studies were available.
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ond trimester best predicted overall pre-eclampsia in low-risk
and high-risk patients. An increased pulsatility index or bilat-
eral notching best predicted severe pre-eclampsia. An in-
creased pulsatility index alone or in combination with notch-
ing best predicted severe intrauterine growth restriction in
low-risk patients, whereas the best predictor in high-risk pa-
tients was an increased resistance index. Other Doppler in-

dices showed low to moderate predictive value.

Previous reviews have reported that uterine artery Doppler
ultrasonography has limited accuracy in predicting pre-

eclampsia and intrauterine growth restriction.*> However,
these reviews were restricted in terms of the thresholds and
Doppler indices they reviewed or they reported independently
pooled likelihood ratios, which is now discouraged.** Two re-
views reporting on pre-eclampsia, intrauterine growth restric-
tion and perinatal death were limited to articles retrieved
through MEDLINE: one review* was based on a search of arti-
cles published before January 1997, and the other** included
patients with unspecified risk in articles up to 2001. A third re-
view,* on pre-eclampsia, has been criticized for its methodol-
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Figure 2: Plots of receiver operating characteristics showing pooled and single accuracy estimates, with 95% confidence intervals, for
uterine artery Doppler indices to predict pre-eclampsia and intrauterine growth restriction in the second trimester according to patient
risk. Note: the x axis shows reversed specificity. The closer the index values are to the upper left corner of each graph, the greater the
accuracy of that index. The test index that best predicted the development of pre-eclampsia (highest positive likelihood ratio) in low-
and high-risk patients was an increased pulsatility index with notching. This index was also the best predictor of intrauterine growth re-
striction in low-risk patients. For intrauterine growth restriction in high-risk patients, the Doppler indices showed low predictive value.
(The thresholds for the Doppler indices reported in the studies we reviewed are provided in Appendices 3 and 4 [available online at

www.cmaj.ca/cgi/content/full/178/6/701/DC2].)
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ogy.* A fourth review’ concluded that Doppler assessment
identifies high-risk women in whom acetylsalicylic acid ther-
apy results in a significant reduction in pre-eclampsia. Since
these reviews were published, substantial new evidence has
emerged allowing for more robust and specific inferences for
clinical practice.

The strength of our review was that we carried out exten-
sive literature searches without language restrictions, as-
sessed the quality of studies and their reporting and used re-
cently developed statistical methods. However, our study had

ARCH

several limitations. First, our quality assessment was hin-
dered by the lack of information in many studies, which is a
common problem in diagnostic reviews. Poor study design
and conduct can affect estimates of diagnostic accuracy,”**
although it is not entirely clear how individual aspects of
quality may affect accuracy and to what magnitude. Of many
strategies applied to account for differences in quality, none
has led systematically to less optimistic estimates than that of
ignoring methodologic quality in meta-analyses of test accu-
racy studies.>>*° The reporting of details of how the index test
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Figure 3: Plots of receiver operating characteristics showing pooled and single accuracy estimates, with 95% confidence intervals, for
uterine artery Doppler indices to predict severe pre-eclampsia and severe intrauterine growth restriction in the first and second
trimester. Note: the x axis shows reversed specificity. The closer the index values are to the upper left corner of each graph, the greater
the accuracy of that index. In low-risk patients, an increased pulsatility index was the test characteristic that best predicted the develop-
ment of severe pre-eclampsia or severe intrauterine growth restriction (highest positive likelihood ratio). In high-risk patients, the best
predictor of each outcome was an increased resistance index > 0.58. (The thresholds for the Doppler indices reported in the studies we
reviewed are provided in Appendices 3 and 4 [available online at www.cmaj.ca/cgi/content/full/178/6/701/DC2].)
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was carried out and reference standards were applied was
uniformly poor in the studies we reviewed. Second, defini-
tions of pre-eclampsia have changed over time. Earlier defini-
tions were also based on increases in blood pressure and
edema. The measurement of blood pressure has been poorly
reported, and the importance of recording diastolic blood
pressure with Korotkoff phase V (which is more reliably
recorded and reflects true diastolic blood pressure) has been
underestimated.?* Third, for intrauterine growth restric-
tion, there is still no agreement on the best definition of the
condition at birth, nor on the best predictor of future infant
and childhood morbidity and mortality for term infants. Al-
though population-based birth-weight standards have been
used most commonly, they do not distinguish between the
small healthy infant and the compromised infant. Custom-
ized growth charts that are adjusted for sex, gestational age,
parity, maternal weight and height, and ethnicity have been
shown to improve the detection of infants at risk of still-
birth,** whereas neonatal indices have been shown to identify
the malnourished infant at risk of peripartum asphyxia* and
long-term neurologic sequelae.>* Unfortunately, these have
rarely been used as outcome measures. Fourth, poor report-
ing of patient selection criteria may explain in part the great
variation in rates of pre-eclampsia among so-called high-risk
and low-risk patients. The term “high risk” can have multiple
origins and varying rates. Large cohort studies (> 300 000
women) of populations without specified risk levels have
shown pre-eclampsia rates ranging from 0.8% to 5.1%.>"°
This suggests that small studies of populations at low or un-
specified risk may be prone to selection bias.

Both pre-eclampsia and intrauterine growth restriction have
a relatively low prevalence. A clinically useful test for either
would thus have to have a high positive likelihood ratio (> 10)
and low negative likelihood ratio (< 0.10).* Based on the re-
sults of our review, pulsatility index and bilateral notching are
the most promising Doppler indices to meet these require-
ments and should be used in daily clinical practice, although
the results vary according to patient risk. Doppler assessment
is noninvasive and thus acceptable to patients. It is specialized,
both in terms of the equipment required and the operator’s ex-
pertise. In industrialized countries, Doppler assessment could
be fairly easily performed at the time of a detailed anomaly
scan; in developing countries, it would be difficult to introduce
this test into routine antenatal practice. For mothers, being
identified as at risk in an antenatal test can cause considerable
anxiety. Currently, no pharmacologic treatment or manage-
ment strategy has been shown to be effective in preventing pre-
eclampsia or intrauterine growth restriction or ameliorating
their complications. Research into treatment with acetylsali-
cylic acid, which is inexpensive and readily available, has
shown a small preventive effect (relative risk o.9 for both pre-
eclampsia and intrauterine growth restriction)* in the absence
of any serious side effects. In this case, a false-negative test re-
sult is potentially more harmful than a false-positive test result.
When looking at predictive test accuracy and test-treatment
combinations in pre-eclampsia and intrauterine growth restric-
tion, we should consider whether it is more harmful to classify
a patient’s results as false positive or as false negative.

710 CMAJ

Itis imperative to differentiate between mild and severe dis-
ease, because early or severe pre-eclampsia is associated with
increased maternal morbidity and mortality and pronounced
risks for the fetus, such as severe intrauterine growth restric-
tion.*>** Future research should also concentrate on the use of
combinations of tests — a diagnostic process that is used in
clinical care and may improve the predictive accuracy of the
tests to clinically important values.
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