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Introduction

Preeclampsia (PE) affects about 2–4% of pregnancies and is 
the biggest cause of maternal and perinatal morbidity and 
mortality [1-4]. In Brazil, it is responsible for about a quarter 
of maternal deaths [5]. Severe hypertensive disorders were 
the main cause of severe maternal morbidity and the mortal-
ity index was 10.7% in a Brazilian multicenter study [6].

Besides the impact on mortality, PE is one of the main 
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Objective
To evaluate the performance of the preeclampsia (PE) screening algorithm of the Fetal Medicine Foundation (FMF) 
during the first trimester in a Brazilian population using maternal characteristics, mean arterial pressure (MAP), and 
uterine artery Doppler data. 

Methods
This is a prospective cohort study that evaluated 701 pregnant women during the first trimester ultrasound screening 
for chromosomal abnormalities (11–13+6 weeks). All patients provided information regarding clinical and obstetric 
history, MAP, and mean uterine artery pulsatility index (mean PI). Patients were assigned to four groups based on the 
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including patients from group 2 and patients that presented PE with delivery between 34 and 37 weeks (n=17); and 
group 4, PE and delivery before 42 weeks of gestation, including patients from both groups 2 and 3 and patients that 
presented PE with delivery between 37 and 42 weeks of gestation (n=34). 

Results
After the exclusion of 96 patients, we evaluated the data of 605 patients. By combining maternal characteristics, MAP, 
and the mean uterine artery PI for the detection of PE, we found a sensitivity of 71.4% in group 2, 50% in group 3, 
and 41.2% in group 4 (false positive rate=10%). 

Conclusion
Using maternal characteristics, MAP, and uterine artery Doppler data, we were able to identify a significant 
proportion of patients who developed preterm PE.
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causes of severe maternal morbidity. This disease causes 
multisystem commitment due to a generalized vasospasm 
associated with endothelial lesions and a change in microcir-
culation at the level of the central nervous system, kidneys, 
lungs, liver, retina, and other organs. For this reason, it has 
the potential to cause multiple organ failure and sequelae.

Despite numerous studies in the last decades, the physio-
pathology of PE is not completely known. It has a multifacto-
rial pathogenesis which involves immunological, genetic, hor-
monal, and environmental factors. Until now, the only cure 
for PE has been the removal of the placenta, which seems to 
be the pathogenic root of all of the disease’s manifestations 
[7]. In PE, trophoblastic invasion is deficient and causes an 
increase in the resistance of uterine and placental circulation, 
placental hypoxia, and local oxidative stress [8]. This process 
leads to a systemic inflammatory response and vasospasms 
which result in hypertension, edema, and proteinuria.

Several studies have been conducted in an attempt to iden-
tify high risk PE patients in the first trimester of pregnancy so 
that they may benefit from an effective prophylaxis with ace-
tylsalicylic acid (ASA) before 16 weeks [9]. In order to obtain 
a higher sensitivity in identifying these patients, the follow-
ing variables have been combined: maternal characteristics, 
mean arterial pressure (MAP), uterine artery pulsatility index 
(PI), and biochemical markers.

The Fetal Medicine Foundation (FMF) has developed a 
prediction algorithm for PE in the first trimester. Since it uses 
all variables, it achieves expressive results in detecting pre-
term PE, with a sensitivity of 76% (false positive [FP], 10%). 
Although the combined method has an acknowledged su-
periority, in developing countries such as Brazil biochemical 
markers are unavailable in the public health system and are 
thus unavailable for the majority of the population. Unfor-
tunately, without these biomarkers, the sensitivity rate for 
identifying patients at high risk for PE is lower.

Thus, the goal of our study was to evaluate the perfor-
mance of the FMF algorithm when predicting PE in the first 
trimester by using the most feasible variables in our context: 
maternal characteristics, MAP, and uterine artery Doppler 
data.

Materials and methods

We conducted a prospective cohort study during the first 

trimester screening in the Department of Obstetrics, Paulista 
School of Medicine- Federal University of São Paulo (EPM-
UNIFESP). The project was approved by the research ethics 
committee of the Federal University of São Paulo (UNIFESP) 
and all participants signed a consent form.

This study included the first trimester screening examina-
tion of 701 patients between 11 and 13+6 weeks of gesta-
tion. In addition to the complete morphological assessment, 
including the risk for trisomy, we performed a uterine artery 
Doppler velocimetry via the abdomen according to FMF 
recommendations. Patients were in the semirecumbent posi-
tion and a sagital section of the uterus and internal cervical 
os was obtained by transabdominal ultrasound. After the 
internal cervical os was identified, the transducer was tilted 
from side to side and color Doppler was used to identify the 
uterine arteries as aliasing vessels coursing along the side of 
the cervix and uterus. Pulsed wave Doppler obtained three 
similar consecutive waveforms from the ascending branch of 
the uterine artery at the level of the internal cervical os. The 
PI was measured and the mean PI of the left and right arter-
ies was calculated [10].

After the ultrasonography examination, we conducted a 
thorough anamnesis of patients which included informa-
tion regarding personal and obstetrical history of chronic 
hypertension (CH), diabetes mellitus (DM), systemic lupus 
erythematosus (SLE), antiphospholipid antibodies syndrome 
(AAS), in vitro fertilization, regular use of ASA, PE, parity and 
prematurity, and family history of PE.

Weight and height were also measured. Blood pressure 
was measured only once, after a minimum rest period of five 
minutes, with the patient seated and the cuff placed on the 
right or left arm which was maintained at heart level. For 
the establishment of diastolic blood pressure (DBP), we used 
the 5th Korotkoff sound, which corresponds to the disap-
pearance of sound. A periodically calibrated manual mercury 
sphygmomanometer was used according to the sector’s 
maintenance regulations.

With regard to maternal outcomes, information was col-
lected by analyzing patient records. Pressure levels during 
admission and hospitalization, laboratory examinations, 
proteinuria values, usage and dosage of hypotensive medica-
tion, eventual usage of magnesium sulfate, and gestational 
age at hospitalization and delivery were all evaluated in order 
to characterize hypertensive disorders.

To identify PE cases, we followed the definition as stated in 
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the guidelines of the National High Blood Pressure Education 
Program (NHBPEP) [7]: systolic blood pressure (SBP) higher or 
equal to 140 mmHg and/or DBP higher or equal to 90 mmHg 
on at least two occasions, with an interval between mea-
surements of at least 4 hours in a previously normotensive 
patient, which is associated with a 24 hour proteinuria of 
300 mg or more, or a urine dipstick test with at least one 
cross, or, exceptionally, the presence of 1 g of protein in the 
isolated sample.

Patients were divided into five groups based on maternal 
outcome: group 1, control (n=571 patients); group 2, PE 
and delivery before 34 weeks (n=7); group 3, PE and delivery 
before 37 weeks (n=18 [7+11]); group 4, PE and delivery 
before 42 weeks (n=34 [7+11+16]), and group 5, gestational 
hypertension (n=12).

We therefore retrospectively calculated each patient’s in-
dividual risk of developing PE before 34, 37, and 42 weeks 
of pregnancy, using the first trimester screening program 
software, version 2.8.0, based on the FMF 2012 specifica-
tions. This software calculates the risk of aneuploidies by 
combining maternal history, pregnancy characteristics, fetal 
nuchal translucency thickness and other ultrasound markers, 
and maternal serum biochemistry in the first trimester. The 
program also calculates separate risks for PE, fetal growth 
restriction, and spontaneous preterm delivery based on ma-
ternal history and pregnancy characteristics, ultrasound, and 
biochemical and biophysical markers in the first trimester. In 
addition, it provides a detailed database of patients screened, 
a reporting system, and a detailed audit section.

The following variables were evaluated using multivariate 
logistic regression analysis: maternal characteristics, mean 
uterine artery PI, and MAP value (a single measurement was 
repeatedly filled in the four designated fields since the origi-
nal program includes four arterial pressure measurements 
and considers their average).

Data were compiled in an Excel spreadsheet (Microsoft 
Corp., Redmond, WA, USA) and analyzed by SPSS software 
version 19.0 (SPSS Inc., Chicago, IL, USA). The maternal 
characteristics, MAP, and uterine artery Doppler data of 
patients in groups 2, 3, and 4 were compared to group 1 
(control). The chi-square (χ2) or Fisher’s exact test was used 
to compare qualitative variables, and the Student’s t-test was 
used to compare quantitative variables. The mean uterine ar-
tery PI was converted to multiples of median (MoMs) by FMF 
software in order to correct the influence of gestational age, 

race, weight, parity, and smoking [11]. After the FP rate was 
set at 5 and 10%, we determined the cut-off, the calculation 
sensitivity and specificity, the positive and negative predic-
tive values, and the positive and negative likelihood ratios 
for combined risk using the FMF algorithm. The predictive 
performance was also evaluated by the receiver operating 
characteristic (ROC) curve, with calculation of the area under 
the curve. The rejection level for the null hypothesis was set 
as P≤0.05 (5%).

Results

A total of 84 patients out of 701 were excluded due to: loss 
to follow-up (48), unclassified hypertensive disorder (14), late 
miscarriage (11), fetus or newborn with chromosomal anom-
alies (4), fetus or newborn with severe structural defects (3), 
fetal death before the 24th gestational week (2), regular use 
of ASA (2), and gestational hypertension (12). Fig. 1 shows 

Fig. 1. Screening and follow up of the included patients on the 
study. ASA, acetylsalicylic acid; PE, preeclampsia.
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the flow chart of the patients included in the study.
Out of the 605 patients included in this study, 34 (5.6%) 

developed PE. At any gestational age, the incidence of PE 
was 5.6% (34 cases). The average age was 29.8 years (stan-
dard deviation [SD] = 6.5 years). A total of 309 (54.3%) 
patients were classified as mixed race, 250 (41.3%) were 
nulliparous, 49 had a history of PE (8% of the total sample 
and 23% among those who developed PE), 65 (10.7%) 
were chronically hypertensive, 23 (3.8%) were diabetic,  
16 (2.6%) had SLE or AAS, and 10 (1.6%) had chronic renal 
disease. The median gestational age was 39 weeks (inter-
quartile range [IQR]=38–40) and the median birth weight 
was 3,190 grams (IQR=2,850–3,500). Tables 1 and 2 show 
the maternal characteristics of our sample.

The incidence of PE before 34 weeks was 1% (7 cases). 
The development of the disease in this group was significant-
ly associated with the presence of a history of PE, CH, and 
chronic renal disease. Other risk factors did not show signifi-
cant differences. The mean uterine artery PI was significantly 
higher in the PE groups than in the control group. However, 
there were no significant differences in MAP values. The sen-
sitivity achieved through the combination of variables (ma-
ternal characteristics, MAP, and mean uterine artery PI) was 

71.4%, with an FP rate of 10% and a negative predictive 
value of 99.6%.

Table 1. Maternal variables evaluated in Brazilian patients (n=605) in accordance with gestational age at delivery

Variables
Control

Mean (SD)
PE<34 weeks

Mean (SD)
PE<37 weeks

Mean (SD)
PE<42 weeks

Mean (SD)

Age (yr) 29.8 (6.5) 33.1 (8.2) 29.3 (7.1) 29.9 (6.9)

Weight (kg) 66.3 (13.8) 64.1 (8.7) 69.8 (13.5) 73.0 (18.3)

Height (cm) 1.60 (0.06) 1.56 (0.06) 1.59 (0.08) 1.59 (0.07)

BMI 26 (5.0) 26.5 (3.9) 27.6 (4.2) 28.8 (6.2)

MAP (mmHg) 79.6 (8.9) 86.1 (13.5) 88.2 (13.7) 88.5 (13.0)

UtAPI 1.49 (0.5) 1.90 (0.45) 1.78 (0.45) 1.75 (0.48)

SD, standard deviation; PE, preeclampsia; BMI, body mass index; MAP, mean arterial pressure; UtAPI, uterine artery pulsatility index.

Table 2. Maternal medical history and characteristics in accordance with gestational age at delivery

Variables Control (%) PE<34 weeks (%) PE<37 weeks (%) PE<42 weeks (%)

Nulliparity 40.5 57.1 50.0 44.1

Previous PE 12.1 66.7 55.6 53.3

CH 8.8 71.4 38.9 44.1

Diabetes mellitus 3.3 0.0 5.6 11.8

Thrombophilia 2.5 14.3 11.1 5.9

Smoke 2.5 14.3 11.1 5.9

PE, preeclampsia; CH, chronic hypertension; Thrombophilia, systemic lupus erythematosus or antiphospholipid syndrome.

Fig. 2. Receiver operating characteristics curve for preeclampsia 
prediction in the first trimester using the combination of the fol-
lowing variables: maternal characteristics, mean artery pressure 
and uterine artery Doppler.
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The incidence of PE before 37 weeks was 3% (18 patients). 
The presence of a history of PE, CH, and chronic renal dis-
ease was significantly associated with the development of PE 
before 37 weeks. The MAP and mean PI values were signifi-
cantly higher than in the control group.

The sensitivity of the combined method for detection of 
preterm PE was 50%, the negative predictive value was 
98.1%, and the FP rate was 10%. The performance of this 
method was evaluated by the area under the curve (0.78) 
and is represented in the ROC curve of Fig. 2.

The incidence of PE before 42 weeks was 5.6% (34 cases). 
In this group, the development of the disease was signifi-
cantly associated with the following variables: weight, body 
mass index, and a history of PE, CH, DM, and chronic renal 
disease. The MAP and mean PI values were also significantly 
higher than in the control group.

The sensitivity of the combined method for detection of PE 
at any gestational age (<42 weeks) was 41.2%, with an FP 
rate of 10% and a negative predictive value of 96.2%.

Discussion

In our study, the predictive performance using maternal 
characteristics, MAP, and uterine artery PI was inferior to the 
results obtaining using the FMF algorithm. 

The high risk of developing PE in our sample was con-
firmed not only by the high incidence of PE (5.6%), which 
was higher than expected in a low-risk population where the 
risk is usually 2 to 3% [12], but also by the augmented pres-
ence of risk factors. When comparing our results to those of 
the FMF case group, our sensitivity to this type of combined 
risk without biochemical markers was inferior. In group 2 
(PE<34 weeks), our sensitivity was 71.4% with an FP rate of 
10%, whereas FMF sensitivity was 90%. In group 3 (PE<37 
weeks), our sensitivity was 50% vs. 72%, and in group 4 
(PE<42 weeks) our sensitivity was 41.2% vs. 57% [13]. It 
is worth noting that the FMF case group included around 
30,000 patients, which means its statistical data have a high-
er impact.

The identification of patients who will develop early PE (be-
fore 34 weeks) is of great interest for further research since 
these cases have a greater disease severity. However, we can-
not ignore the importance of identifying PE in preterm de-
livery (<37 weeks). Late preterm infants between 34 and 37 

weeks frequently require admission to the neonatal intensive 
care unit, which is not always available for most of our coun-
try’s population. We would like to highlight that maternal 
repercussions can still be severe at this stage of pregnancy.

Furthermore, the recent disclosure of the results of the 
Aspirin for Evidence-Based PREeclampsia Prevention (ASPRE) 
study shows that early drug prophylaxis with ASA is effective 
in reducing the incidence of PE in early parturition, which 
increases the urgency to identify cases in this group (<37 
weeks). The authors of this study used the FMF combined 
algorithm (maternal characteristics and biophysical and bio-
chemical markers) with a sensitivity of 76% (FP 10%) and a 
cut-off of 1/100 when detecting PE before 37 weeks (pre-
term) [14]. Patients at high risk for preterm PE that agreed to 
participate in the study were randomized into two groups: 
one group received ASA (150 mg/day) while the other re-
ceived a placebo from the first trimester morphological 
evaluation until 36 weeks of gestation. The incidence of PE 
before 37 weeks was significantly lower in the group that 
received aspirin, with a reduction of 62% [14].

We believe that if obstetricians have a real possibility of im-
plementing PE prophylaxis with ASA, they will have a greater 
interest in assessing the PE risk of each patient as part of pre-
natal routine practice. However, they must be aware of both 
the advantages and the limitations of the different screening 
methods. Also, despite having a reduced sensitivity without 
the use of biochemical markers, the prediction of PE using 
maternal characteristics associated with biophysical markers 
(MAP and uterine artery Doppler) is more accessible to our 
population since biochemical markers are not available in the 
Brazilian public health system. For this reason, the sensitivity 
is lower and may result in an increased number of women 
who use ASA without having any real risk of developing PE. 
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