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OBJECTIVE: The underlying pathophysiology of pre-
eclampsia is thought to be abnormal trophoblast inva-
sion of the spiral arteries leading to maldevelopment of
uteroplacental perfusion. We estimated whether uter-
ine artery Doppler measurements made in the early
second trimester would predict the subsequent devel-
opment of preeclampsia.

METHODS: Uterine artery Doppler measurements be-
fore 21 weeks of gestation (median 16.6 weeks) were
correlated with subsequent development of preeclamp-

sia in a cohort of 2,188 low-risk nulliparous women in a
randomized control trial of antioxidant supplementation
for prevention of preeclampsia. Preeclampsia developed
in 165 (7.5%) women.

RESULTS: Development of preeclampsia overall was as-
sociated with increased resistance index, pulsatility in-
dex, a pulsatility index or resistance index multiple of the
median at or above the 75th percentile but not the
presence of a notch or a bilateral notch before 21 weeks
of gestation. The sensitivity was 43% (95% confidence
interval [CI] 35–51) and specificity 67% (95% CI 65–69)
for prediction of preeclampsia overall. The presence of a
notch or bilateral notch, resistance index, and pulsatility
index multiple of the median was significantly associated
with early onset (before 34 weeks of gestation) compared
with late onset or no preeclampsia (odds ratio [OR] 6.9,
95% CI 2.3–20.9; sensitivity 78%, 95% CI 52–94; specificity
66%, 95% CI 64–68). The presence of a notch or resis-
tance index multiple of the median at or above the 75th
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percentile increased the odds of developing severe com-
pared with mild or no preeclampsia (OR 2.2, 95% CI
1.4–3.7; sensitivity 53%, 95% CI 40–65; specificity 66%,
95% CI 64–68).

CONCLUSION: Our data show poor sensitivity of sec-
ond-trimester Doppler ultrasound measurements for
prediction of preeclampsia overall in a well-character-
ized, low-risk, nulliparous population. The technique has
utility in identifying poor trophoblast invasion of spiral
arteries of a magnitude that severely compromises utero-
placental blood flow and gives early-onset disease.
(Obstet Gynecol 2012;120:815–22)
DOI: http://10.1097/AOG.0b013e31826af7fb

LEVEL OF EVIDENCE: II

Preeclampsia is a pregnancy-specific syndrome
characterized by the onset of hypertension and

proteinuria after the 20th week of gestation. It is the
leading cause of fetal growth restriction, indicated
premature delivery, and is responsible for over 50,000
maternal deaths annually worldwide.1,2 In the United
States, the syndrome affects up to 7% of the 4.25
million pregnancies resulting in live births each year.
A screening test that could identify, early in preg-
nancy, those women who would later develop pre-
eclampsia would allow increased surveillance of those
at risk and reduce surveillance for those unlikely to
develop the syndrome.3,4

Our current state of knowledge describes pre-
eclampsia as a two-stage phenomenon resulting in the
systemic preeclampsia syndrome in women “sensi-
tive” to the insult. In this paradigm the initial insult is
thought to be abnormal placentation leading to mal-
development of uteroplacental perfusion that then
leads to the increased inflammatory response and
endothelial dysfunction of the syndrome. In several
large prospective studies, Doppler measurements of
the uteroplacental vasculature performed in the sec-
ond trimester or in the late first trimester reportedly
could identify women who subsequently develop
preeclampsia or intrauterine growth restriction.5 It
was most sensitive identifying women requiring de-
livery before 32 weeks of gestation.6

This study was performed by the Maternal-Fetal
Medicine Units Network of the Eunice Kennedy Shriver
National Institute of Child Health and Human Devel-
opment as part of the Combined Antioxidant and
Preeclampsia Prediction Studies in which the overall
objective was to identify potential biochemical and
biophysical markers for prediction of preeclampsia.
In this analysis we address the hypothesis that uterine
artery Doppler measurements made in the early

second trimester would predict the subsequent devel-
opment of preeclampsia.

PATIENTS AND METHODS
The Eunice Kennedy Shriver National Institute of Child
Health and Human Development Maternal-Fetal
Medicine Units Network conducted this study as a
planned observational cohort of a larger randomized
controlled trial to estimate whether antioxidant sup-
plementation (1,000 mg vitamin C and 400 interna-
tional units of vitamin E) prevented preeclampsia in
nulliparous women at low risk for developing the
syndrome. The full details of the trial have been
reported previously.7 Women were eligible to partic-
ipate in this cohort if they were enrolled in the
randomized clinical trial between 9 0/7 weeks and 12
6/7 weeks of gestation. Exclusion criteria were: a
prior pregnancy lasting beyond 19 6/7 weeks, an
elevated blood pressure (systolic pressure 135 mm Hg
or greater or diastolic blood pressure 85 mm Hg or
greater), proteinuria (24-hour urine collection of 300
mg protein or greater or a dipstick value more than
trace), use of antihypertensive medication, pregesta-
tional diabetes, regular use or use within 7 days of
platelet active drugs or nonsteroidal anti-inflamma-
tory agents, known fetal abnormalities or demise at
the time of enrollment, or a history of medical
complications. These blood pressures were chosen to
ensure that individuals with blood pressures of 140
mm Hg or greater systolic or 90 mm Hg or greater
diastolic later in gestation truly had pregnancy-asso-
ciated hypertension. Written informed consent was
obtained from every patient before enrollment and
the study was approved by the institutional review
board at each clinical site and the data coordinating
center. Clinical information including demographics,
medical, obstetrical, social, and sexual history was
obtained at the time of enrollment by patient inter-
view and chart review.

All women in the cohort were scheduled to have
an initial uterine artery Doppler at 16 weeks of
gestation performed specifically for the research pro-
tocol. If a notch was present at the time of the initial
ultrasound measurement, a second ultrasonogram
was scheduled for 24 weeks of gestation to determine
whether a notch was still present. The earliest the
Doppler was to be performed was 14 0/7 weeks of
gestation, and the latest was 26 6/7 weeks of gestation.
To focus on early prediction and ensure there was no
overlap in gestational age for the initial and repeat
Dopplers, this analysis included only initial Dopplers
performed before 21 weeks of gestation. Before per-
forming any uterine artery Doppler examination,
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ultrasonographers completed a certification examina-
tion that included written questions and expert review
of images to ensure standard procedures were used
across the clinical centers. The Doppler examinations
were performed as follows. All examinations were
performed transabdominally. The transducer was
placed in the lower lateral quadrant, angled medially,
and color Doppler used to identify the common iliac
bifurcation into the internal and external iliacs. The
internal iliac was followed medially until close to the
lateral edge of the uterus until the main branch
entering the uterus was identified and insonated as it
entered the uterus and 1 cm distal to its apparent
crossing of the external iliac artery. Gate, gain, and
scale were optimized to obtain the waveform. If the
ultrasonographer was unable to obtain an adequate
image transabdominally, a transvaginal approach was
used. Three waveforms from the right and left uterine
arteries were recorded. A diastolic notch, defined as
the presence of a clear upswing in the waveform at the
beginning of diastole, on any waveform, was consid-
ered positive for the presence of a notch. The resis-
tance index and pulsatility index for each waveform
were calculated using the software packages on the
ultrasound machine or, if not available, manually
using the following formulas:

RI�(systolic�diastolic)/systolic

PI�(systolic�diastolic)/[(systolic�diastolic)/2]

in which RI indicates resistance index and PI indi-
cates pulsatility index.

The mean resistance index and pulsatility index
were calculated by taking the average of the wave-
forms from both the left and right uterine arteries. No
data related to Doppler findings were revealed to the
treating clinician.

The primary outcome was the development of
preeclampsia. Secondary outcomes included the se-
verity and gestational age of preeclampsia onset. The
diagnosis of hypertension was based on blood pres-
sure measurements obtained during or after the 20th
week of pregnancy, excluding intraoperative blood
pressures and intrapartum systolic pressures. Mild
pregnancy-associated hypertension was defined as a
systolic pressure between 140 and 159 mm Hg or a
diastolic pressure between 90 mm Hg and 109 mm
Hg on two occasions 2 to 240 hours apart. Severe
pregnancy-associated hypertension was defined as a
systolic pressure of 160 mm Hg or more or a diastolic
pressure of 110 mm Hg or more on two occasions 2 to
240 hours apart or a single blood pressure measure-
ment that was severely elevated and that led to

treatment with an antihypertensive medication. Mild
preeclampsia was defined as mild pregnancy-associ-
ated hypertension with documentation of proteinuria
within 72 hours before or after an elevated blood
pressure measurement. Proteinuria was defined as
total protein excretion of 300 mg or more in a 24-hour
urine sample or 2� or higher on dipstick testing or a
protein-to-creatinine ratio of 0.35 or more if a 24-hour
urine sample was not available. Severe preeclampsia
was defined as preeclampsia with either severe preg-
nancy-associated hypertension or protein excretion of
5 g or more in a 24-hour urine sample or as mild
pregnancy-associated hypertension with oliguria (less
than 500 mL in a 24-hour urine sample), pulmonary
edema (confirmed by radiography), or thrombocyto-
penia (platelet count of less than 100,000 per cubic
millimeter). Preeclampsia included mild and severe
preeclampsia, hemolysis, elevated liver enzymes, low
platelet (HELLP) syndrome, and eclampsia. For this
analysis, severe preeclampsia, HELLP syndrome, and
eclampsia were combined as severe preeclampsia.
The time of onset of preeclampsia (early onset defined
as less than 34 weeks of gestation or late onset defined
as 34 weeks of gestation or greater) was determined as
the time at which individuals first met the criteria for
diagnosis of preeclampsia given previously. To deter-
mine the diagnosis of preeclampsia, deidentified med-
ical charts of all women with pregnancy-associated
hypertension were reviewed centrally by at least three
reviewers.

Categorical variables were compared using the �2

test and continuous variables using the Wilcoxon
rank-sum test for comparison of two groups and the
Kruskal-Wallis for comparison of three groups. Tests
for trend were performed using the Cochran-Armit-
age trend test for categorical variables and the Jonck-
heere-Terpstra test for continuous variables. Multiples
of the median were computed for pulsatility index
and resistance index by taking the observed measure-
ment and dividing by the expected median. The
expected median was derived from multiple regres-
sion of gestational age at Doppler, maternal weight in
kilograms, and racial group in the women who did
not have an elevated blood pressure or proteinuria.
All variables that were significant with a P value �.1
were included in the final calculation. The equation
for the expected median resistance index is as follows:

exp(�0.06651�0.00333*gestational age of Doppler

�0.0008466*maternal weight�0.02524*

[1 if African American, 0 otherwise]�0.05276*

[1 if Hispanic, 0 otherwise]).
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The equation for the expected median pulsatility
index is as follows:

exp(1.05827�0.00766*gestational age of Doppler

�0.00112*maternal weight�0.05973*

[1 if African American, 0 otherwise]�0.10852*

[1 if Hispanic, 0 otherwise]).

The 75th percentile cutoff was defined using the
women who did not have an elevated blood pressure
or proteinuria. The ability of the model to accurately
discriminate between women with and without pre-
eclampsia was determined by receiver operating char-
acteristic curves and by calculating sensitivity, speci-
ficity, positive and negative predictive values, and
positive and negative likelihood ratios. Receiver op-
erating characteristic curves were compared using the
nonparametric approach of DeLong et al.8 A nominal
P value �.05 was considered to indicate statistical
significance and no adjustments were made for mul-
tiple comparisons. Analyses were performed using
SAS software.

RESULTS
A total of 2,434 women were enrolled in the cohort
and outcome data were available on 2,394 (Fig. 1). Of
these, 2,188 women (91%) had an initial Doppler at
less than 21 weeks of gestation (median 16.6, range
13.6–20.9). Population characteristics are presented
in Table 1. The incidence of notching of the wave-
form, the resistance index, or the pulsatility index was
not different between patients assigned to either the
antioxidant or placebo groups and data were there-
fore combined for the analysis.

Of the 2,188 women who had an initial uterine
artery Doppler examination performed at less than 21
weeks of gestation, 165 women subsequently devel-
oped preeclampsia. The presence of a notch or a
bilateral notch was not significantly associated with
the development of preeclampsia (Table 2). However,
resistance index and pulsatility index were signifi-
cantly higher in women who developed preeclampsia
(Table 2). The presence of a resistance index or
pulsatility index multiple of the median at or above
the 75th percentile (values of 1.10 and 1.20, respec-
tively) also was associated with a significantly in-
creased incidence of preeclampsia (Table 2). How-
ever, the diagnostic utility was not great for any of
these measurements; notch or resistance index multi-
ple of the median at or above the 75th percentile had
a sensitivity of 43% (95% confidence interval [CI] 35–
51), specificity of 67% (95% CI 65–69), positive predic-
tive value of 10% (95% CI 8–12), negative predictive

value of 93%, (95% CI 92–95) positive likelihood ratio
1.29 (95% CI 1.07–1.55), and negative likelihood ratio
0.86 (95% CI 0.75–0.98). Receiver operating character-
istic curves were also constructed for resistance index
and pulsatility index multiple of the median and the
development of preeclampsia (Fig. 2). The area under
the curve was significantly higher for pulsatility index
compared with resistance index (0.58 compared with
0.56, P�.04).

Data were additionally analyzed to estimate
whether Doppler characteristics were related to the
time of onset of preeclampsia or to the severity of
preeclampsia. Of the 165 women who developed
preeclampsia, 18 had early onset (less than 34 weeks
of gestation) and 66 had severe preeclampsia. The
presence of a notch or bilateral notch and resistance
index and pulsatility index multiple of the median
was significantly associated with time of onset of
preeclampsia (Table 3). Women with early-onset pre-
eclampsia were more likely to have the presence of a
notch (44.4% compared with 15.2%, P�.003) and
bilateral notch (22.2% compared with 5.8%, P�.019)
compared with women with late-onset preeclampsia

Notch absent
n=182

(Preeclampsia: n=14)

Enrolled in 
prediction cohort

n=2,434

Uterine artery Doppler 
repeated at 21 weeks of 

gestation or beyond
n=268

Notch present
n=86

(Preeclampsia: n=11)

Notch present
n=336

(Preeclampsia: n=30)

Uterine artery Doppler 
performed before 21 
weeks of gestation 

n=2,188

Outcome data available
n=2,394

Enrolled in CAPPS 
randomized controlled trial

N=10,154
Not enrolled in cohort

n=7,720

Lost to follow-up
n=40

Uterine artery Doppler 
not performed before 21 

weeks of gestation 
n=206

Uterine artery Doppler not 
repeated at 21 weeks of 

gestation or beyond
n=68

Notch absent
n=1,852

(Preeclampsia: n=135)

Fig. 1. Flow of participants in the Combined Antioxidant
and Preeclampsia Prediction Studies (CAPPS).
Myatt. Uterine Artery Doppler in Prediction of Preeclampsia.
Obstet Gynecol 2012.
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or no preeclampsia. Similarly, both resistance index
and pulsatility index multiples of the median were
significantly associated with early-onset preeclampsia
compared with women who had late-onset or no
preeclampsia (P�.002 and P�.002, respectively). The
presence of a notch or a resistance index multiple of
the median at or above the 75th percentile signifi-
cantly increases a woman’s odds of developing early-
onset preeclampsia compared with women who had
late-onset or no preeclampsia (odds ratio [OR] 6.9,
95% CI 2.3–20.9) and had a sensitivity of 78% (95%
CI 52–94), specificity of 66% (95% CI 64–68), posi-

tive predictive value of 1.9% (95% CI 1.0–3.1), neg-
ative predictive value of 99.7% (95% CI 99.3–99.9),
positive likelihood ratio of 2.30 (95% CI 1.79–2.97),
and negative likelihood ratio of 0.34 (95% CI 0.14–
0.80). When severity of preeclampsia was examined,
there was a significant trend for pulsatility index
multiple of the median but not notch, bilateral notch,
or resistance index multiple of the median (Table 4).
Women with severe preeclampsia were more likely to
have the presence of a notch (24.8% compared with
15.1%, P�.018) but not a bilateral notch (12.3%
compared with 5.8%, P�.05) compared with women
who had mild or no preeclampsia. Both resistance
index and pulsatility index multiples of the median
were significantly associated with development of
severe preeclampsia compared with women who had
mild or no preeclampsia (P�.001 for both). The
presence of a notch or a resistance index multiple of
the median at or above the 75th percentile signifi-
cantly increases a woman’s odds of developing severe
preeclampsia compared with women who had mild
or no preeclampsia (OR 2.2, 95% CI 1.4–3.7) and had
a sensitivity of 53% (95% CI 40–65), specificity of
66% (95% CI 64–68), positive predictive value of 5%
(95% CI 3–6), negative predictive value of 98% (95%
CI 97–99), positive likelihood ratio of 1.58 (95% CI
1.25–2.00), and negative likelihood ratio of 0.71 (95%
CI 0.55–0.91).

Of the 336 women who had a notch on their
initial Doppler examination, 268 (80%) had a repeat
Doppler performed at 21 weeks of gestation or greater
(median 24.1, range 22.0–27.9) (Fig. 1). Of these 268

Table 1. Population Characteristics

Characteristic
Preeclampsia

(n�165)
No Preeclampsia

(n�2,023) P

Gestational age at enrollment (wk) 11.6 (10.6–12.3) 11.6 (10.7–12.3) .78
Maternal age (y) 22 (19–25) 23 (20–27) .02
Race �.001

African American 59 (35.8) 454 (22.4)
Hispanic 49 (29.7) 496 (24.5)
White or other 57 (34.5) 1,073 (53.0)

Previous pregnancy (before 20 wk of gestation) 34 (20.6) 454 (22.4) .59
Family history of preeclampsia 24 (14.5) 266 (13.1) .61
Smoked during pregnancy 27 (16.4) 334 (16.5) .96
BMI at enrollment (kg/m2) 27.1 (23.0–31.6) 24.6 (21.8–28.7) �.001
Blood pressure at enrollment (mmHg)

Systolic 112 (106–118) 110 (102–118) .007
Diastolic 66 (60–70) 66 (60–70) .78

Treatment group .31
Vitamins C and E 89 (53.9) 1,008 (49.8)
Placebo 76 (46.1) 1,015 (50.2)

BMI, body mass index.
Data are median (25th–75th percentile) or n (%) unless otherwise specified.

Table 2. Relationship of Preeclampsia and
Uterine Artery Notch, Resistance Index,
and Pulsatility Index

Preeclampsia
(n�165)

No Preeclampsia
(n�2,023) P

Notch 30 (18.2) 306 (15.2) .31
Bilateral notch 14 (8.5) 116 (5.7) .15
RI 0.63 (0.57–0.70) 0.61 (0.55–0.68) .009
RI MoM 1.04 (0.94–1.15) 1.01 (0.91–1.11) .006
PI 1.20 (1.00–1.53) 1.12 (0.92–1.37) .001
PI MoM 1.09 (0.88–1.33) 1.00 (0.83–1.22) .001
RI MoM 75th

percentile or
higher

62 (37.6) 533 (26.3) .002

PI MoM 75th
percentile or
higher

60 (36.6) 530 (26.2) .004

RI, resistance index; MoM, multiples of the median; PI, pulsatility
index.

Data are n (%) or median (25th–75th percentile) unless otherwise
specified.
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women, only 25 developed preeclampsia. Among the
268, the persistence of a notch occurred in 86 women
(32%); however, this was not associated with subse-
quent development of preeclampsia; a notch was
present in 44% of women with preeclampsia and 31%
of women without preeclampsia (P�.19). The pres-
ence of a bilateral notch also was not associated with
the development of preeclampsia in these women.
Multiples of the median of the pulsatility index and
resistance index were not calculated because there

was not an adequate group of women in which to
derive the expected median. Pulsatility index but not
resistance index was associated with the subsequent
development of preeclampsia (median 1.10 in women
with preeclampsia, 0.98 in women without pre-
eclampsia, P�.02).

DISCUSSION
We estimated whether uterine artery Doppler mea-
surements made before 21 weeks of gestation would
predict the subsequent development of preeclampsia.
Whereas the presence of a notch or bilateral notch in
the waveform was not associated with preeclampsia,
we found a significant relationship of resistance index
and pulsatility index multiples of the median to
preeclampsia at this time. However, selection of a
notch or resistance index or pulsatility index multiple
of the median at or above the 75th percentile as a
positive predictor did not yield clinically useful sen-
sitivity (43%) and specificity (67%) for predicting
preeclampsia.

Previous studies show that Doppler ultrasonogra-
phy performed at 11–14 weeks of gestation9,10 has the
best utility for prediction of delivery before 32 weeks
of gestation and, if performed in the second trimester,
will identify those women who develop preeclampsia
or intrauterine growth restriction,5 particularly severe
preeclampsia11 or preeclampsia requiring delivery
before 32 weeks of gestation.6 In this low-risk popu-
lation, the presence of a notch or resistance index
multiple of the median at or above the 75% percentile
gave an OR for developing early-onset preeclampsia
of 6.9 with a sensitivity of 78% and specificity of 66%.

S
en
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tiv

ity

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1-Specificity
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Resistance index MoM
Pulsatility index MoM

Fig. 2. Receiver operating characteristic curve for the
development of preeclampsia. Receiver operating charac-
teristic curves were constructed for resistance index and
pulsatility index multiple of the median (MoM) data. The
area under the curve was significantly higher for pulsatility
index compared with resistance index (0.58 compared with
0.56, P�.04).
Myatt. Uterine Artery Doppler in Prediction of Preeclampsia.
Obstet Gynecol 2012.

Table 3. Relationship of Time of Onset of Preeclampsia and Uterine Artery Notch, Resistance Index,
and Pulsatility Index

Early-Onset
Preeclampsia

(n�18)

Late-Onset
Preeclampsia

(n�147)

No
Preeclampsia

(n�2,023) P

Notch 8 (44.4) 22 (15.0) 306 (15.2) .003
Bilateral notch 4 (22.2) 10 (6.8) 116 (5.7) .01
RI 0.71 (0.61–0.78) 0.63 (0.57–0.69) 0.61 (0.55–0.68) .003
RI MoM 1.19 (0.99–1.36) 1.04 (0.94–1.13) 1.01 (0.91–1.11) .002
PI 1.69 (1.14–1.89) 1.19 (1.00–1.42) 1.12 (0.93–1.37) �.001
PI MoM 1.57 (1.03–1.81) 1.08 (0.87–1.28) 1.00 (0.83–1.22) �.001
RI MoM 75th percentile or higher 12 (66.7) 50 (34.0) 533 (26.3) �.001
PI MoM 75th percentile or higher 11 (64.7) 49 (33.3) 530 (26.2) �.001
Notch and RI MoM 75th percentile or higher 6 (33.3) 15 (10.2) 165 (8.2) �.001
Notch and PI MoM 75th percentile or higher 6 (33.3) 15 (10.2) 178 (8.8) .001
Notch or RI MoM 75th percentile or higher 14 (77.8) 57 (38.8) 674 (33.4) �.001
Notch or PI MoM 75th percentile or higher 13 (76.5) 56 (38.1) 658 (32.7) �.001

RI, resistance index; MoM, multiples of the median; PI, pulsatility index.
Data are n (%) or median (25th–75th percentile) unless otherwise specified.
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The presence of a notch or a resistance index multiple
of the median at or above the 75% percentile had an
OR of 2.2 with a sensitivity of 53% specificity 66% for
development of severe preeclampsia. The high nega-
tive predictive value for early-onset and severe pre-
eclampsia suggests Doppler ultrasonography is useful
as a rule-out test. However, the cost of screening large
numbers of women to identify the small number who
will subsequently develop early-onset preeclampsia,
for which we have no current treatment, brings the
benefit into question. Overall our data show poor sen-
sitivity of second-trimester Doppler ultrasound measure-
ments for prediction of preeclampsia overall in a well-
characterized low-risk nulliparous population.

Doppler ultrasonography demonstrates that utero-
placental impedance12 and pulsatility index13 are re-
duced with advancing gestational age in line with in-
creasing uteroplacental blood flow. Inclusion of an
early diastolic notch, present in 55% of patients at
11–14 weeks of gestation,9 to define abnormal flow
velocity waveform improved the sensitivity for pre-
dicting preeclampsia, but although decreasing with
gestational age,14,15 it may persist in 24% of patients at
24–26 weeks of gestation16 giving a remaining high
false-positive rate. Inclusion of a second screening
ultrasonogram at 24 weeks of gestation to increase
specificity14 could identify women who subsequently
develop preeclampsia or intrauterine growth restric-
tion,5 particularly those requiring delivery before 32
weeks of gestation.6 We found that 15% of women
had a notch at less than 21 weeks of gestation and with
repeat Doppler at 21 weeks of gestation or greater,

approximately one-third still displayed the notch sug-
gesting uteroplacental impedance was still high. How-
ever, only 13% of these women subsequently devel-
oped preeclampsia. A recent meta-analysis and
systematic review highlighted the heterogeneity of
patient characteristics, timing of studies, and clinical
definitions used in previous Doppler ultrasound stud-
ies15 and the consequent disparity in findings. This
meta-analysis claimed that of second-trimester param-
eters measured, increased pulsatility index with
notching had the highest positive likelihood ratio,
being 7.5, for development of preeclampsia in low-
risk patients.15 This contrasts with the positive likeli-
hood ratio of 1.29 we found for resistance index or a
notch for development of preeclampsia. The differ-
ence in findings from those previously reported may
be the result of the particular focus on a well-defined
low-risk nulliparous population with no obvious pre-
existing risk factors, the definitions of outcomes used,
and the heterogeneity of ethnicity in this population.

Preeclampsia is modeled as abnormal trophoblast
invasion and development of the uteroplacental cir-
culation leading to subsequent inflammation with
maternal endothelial dysfunction.17 There is increas-
ing evidence that there may be different phenotypes
of preeclampsia18 and indeed that early- or late-onset
and mild or severe preeclampsia may have differing
underlying pathophysiologies.19 Our data suggest that
in this low-risk population, abnormal development of
the uterine vasculature has a stronger involvement in
the development of early-onset and severe pre-
eclampsia than in late-onset or mild preeclampsia.

Table 4. Relationship of Severity of Preeclampsia and Uterine Artery Notch, Resistance Index, and
Pulsatility Index

Severe
Preeclampsia

(n�66)

Mild
Preeclampsia

(n�99)

No
Preeclampsia

(n�2,023) P

Notch 17 (25.8) 13 (13.1) 306 (15.2) .09
Bilateral notch 8 (12.3) 6 (6.1) 116 (5.7) .05
RI 0.65 (0.60–0.72) 0.62 (0.56–0.68) 0.61 (0.55–0.68) .75
RI MoM 1.09 (0.97–1.18) 1.02 (0.93–1.13) 1.01 (0.91–1.11) .17
PI 1.25 (1.04–1.61) 1.16 (0.98–1.40) 1.12 (0.93–1.37) .013
PI MoM 1.15 (0.97–1.41) 1.07 (0.84–1.25) 1.00 (0.83–1.22) .001
RI MoM 75th percentile or higher 31 (47.0) 31 (31.3) 533 (26.3) �.001
PI MoM 75th percentile or higher 30 (45.5) 30 (30.6) 530 (26.2) �.001
Notch and RI MoM 75th percentile or higher 13 (19.7) 8 (8.1) 165 (8.2) .005
Notch and PI MoM 75th percentile or higher 13 (19.7) 8 (8.1) 178 (8.8) .014
Notch or RI MoM 75th percentile or higher 35 (53.0) 36 (36.4) 674 (33.4) .002
Notch or PI MoM 75th percentile or higher 34 (51.5) 35 (35.7) 658 (32.7) .003

RI, resistance index; MoM, multiples of the median; PI, pulsatility index.
Data are n (%) or median (25th–75th percentile) unless otherwise specified.
Significance of differences calculated using Cochrane-Armitage trend test for categorical variables or Jonckheere-Terpstra test for

continuous variables.
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Also women who are pre-eclamptic during preg-
nancy have an increased risk of developing cardio-
vascular disease later in life,3,4 suggesting they may
have subclinical vascular disease before pregnancy,
which the vascular stress test of pregnancy exposes as
preeclampsia. Hence, abnormal trophoblast invasion
may not be the primary etiologic factor in all cases of
preeclampsia and as shown here, Doppler interroga-
tion of uteroplacental blood flow may not identify all
women at risk of preeclampsia. Thus, the technique
has poor predictive power when applied to the overall
population of low-risk women. The need to perform
large population-based studies evaluating multiple
markers has been recently stressed20 and may aid in
identifying subgroups of at-risk women. We have
recently shown that despite evaluation of multiple
first-trimester clinical and biochemical parameters in
this same low-risk population, we were unable to
identify an algorithm that could predict subsequent
preeclampsia, achieving a sensitivity of only 46%
(95% CI 38–54) for 80% specificity.21 Addition of the
pulsatility index from this Doppler data to the best
biomarkers identified (ADAM12, PlGF, and PAPP-A)
yielded a sensitivity of only 43% (95% CI 35–51)
reinforcing the limited utility of Doppler measure-
ments in predicting preeclampsia.
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