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Prediction of preeclampsia by means of Doppler flowmetry
of uterine artery and flow-mediated dilation of brachial artery*

Predição de pré-eclâmpsia por meio da dopplerfluxometria das artérias uterinas e da dilatação
fluxo-mediada da artéria braquial
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dilation of brachial artery. Radiol Bras. 2014 Jan/Fev;47(1):14–17.

Abstract

Resumo

Objective: To evaluate the association of Doppler of uterine artery and flow-mediated dilation of brachial artery (FMD) in the assessment

of placental perfusion and endothelial function to predict preeclampsia.

Materials and Methods: A total of 91 patients considered as at risk for developing preeclampsia were recruited at the prenatal unit of the

authors’ institution. All the patients underwent FMD and Doppler of uterine arteries between their 24th and 28th gestational weeks.

Calculations of sensitivity and specificity for both isolated and associated methods were performed.

Results: Nineteen out of the 91 patients developed preeclampsia, while the rest remained normotensive. Doppler flowmetry of uterine

arteries with presence of bilateral protodiastolic notch had sensitivity of 63.1% and specificity of 87.5% for the prediction of preeclampsia.

Considering a cutoff value of 6.5%, FMD showed sensitivity of 84.2% and specificity of 73.6%. In a parallel analysis, as the two methods

were associated, sensitivity was 94.2% and specificity, 64.4%.

Conclusion: The association of Doppler study of uterine arteries and FMD has proved to be an interesting clinical strategy for the

prediction of preeclampsia, which may represent a positive impact on prenatal care of patients considered as at high-risk for developing

such a condition.
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Objetivo: Avaliar, para a predição de pré-eclâmpsia, a capacidade associada da dopplerfluxometria de artérias uterinas e da dilatação

fluxo-mediada da artéria braquial (FMD), como métodos de avaliação da perfusão placentária e da função endotelial.

Materiais e Métodos: Um total de 91 pacientes consideradas de risco para o desenvolvimento de pré-eclâmpsia foi recrutado do

serviço de pré-natal de nossa instituição. Todas foram submetidas a FMD e a dopplerfluxometria de artérias uterinas entre 24 e 28

semanas de gestação. Cálculos de sensibilidade e especificidade dos dois exames isolados e associados foram realizados.

Resultados: Do total de 91 pacientes recrutadas, 19 desenvolveram pré-eclâmpsia, sendo que as restantes se mantiveram normoten-

sas. Para a predição de pré-eclâmpsia, a dopplerfluxometria de artérias uterinas, através da presença da incisura protodiastólica bilateral,

apresentou sensibilidade de 63,1% e especificidade de 87,5%. Considerando um valor de corte de 6,5%, a FMD apresentou sensibi-

lidade de 84,2% e especificidade de 73,6%. Os dois testes associados, em análise paralela, apresentaram sensibilidade de 94,2% e

especificidade de 64,4%.

Conclusão: A associação entre a dopplerfluxometria de artérias uterinas e a FMD mostrou-se uma estratégia interessante para a

predição de pré-eclâmpsia, o que pode representar um impacto positivo no acompanhamento pré-natal das pacientes consideradas de

risco para pré-eclâmpsia.

Unitermos: Pré-eclâmpsia; Dopplerfluxometria; Endotélio vascular; Predição.
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INTRODUCTION

Pregnancy-specific hypertensive disorders are responsible

for the greatest part of maternal mortality and perinatal

morbidity worldwide. Preeclampsia (PE) stands out in this

scenario, increasing the risk for events such as premature

placental separation, acute renal failure, cerebral hemor-

rhage, hepatic insufficiency, pulmonary edema and dissemi-

nated intravascular coagulation, besides possible progression

to severe presentations such as eclampsia and HELLP syn-
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drome. In all over the world, 10–15% of maternal deaths

are directly related to PE or to eclampsia(1). The morbimor-

tality rate is also significant among fetuses and neonates as a

function of the increased risk of restricted intrauterine growth

and preterm delivery in cases of pregnancies affected by PE.

Despite the clinical and social relevance of such condi-

tion, even nowadays its prediction represents a challenge and

therefore a fertile area for studies.

PE is a multifactorial condition characterized by in-

crease in the arterial pressure associated with proteinuria

whose clinical manifestation typically occurs in the second

half of the gestation. The association between PE and prob-

lems in the development of the placental vascularization at

early stages of pregnancy is known e documented(2,3). Such

alterations may result in placental hypoperfusion and thus

cause hypoxia and ischemia, leading to increase in the pro-

duction of antiangiogenic factors and other substances ca-

pable of causing systemic endothelial dysfunction. An injured

endothelium is characterized by increased vascular perme-

ability, vasoconstriction, activation of the coagulation sys-

tem and microangiopathic hemolysis. All those alterations

are responsible for hypertension, proteinuria and other clini-

cal manifestations of PE such as visual disorders, headache,

epygastralgia, thrombocytopenia and hepatic impairment.

The systemic endothelial dysfunction caused by the chain

of events initiated with inappropriate placentation explains

the clinical manifestations of PE(4). Arterial pressure eleva-

tion results from vascular wall tonus control deregulation.

Proteinuria and edema are caused by the increase in the vas-

cular permeability. Coagulopathy is the result from abnor-

mal endothelial expression of coagulation factors. Headache

and convulsion, visual symptoms, epygastralgia and fetal

growth restriction are sequelae from vascular endothelial dys-

function of target organs – brain, liver, kidneys and placenta.

Laboratory evidences which corroborate the relationship

between systemic endothelial dysfunction and PE include

serum fibronectin concentration, factor VIII and thrombo-

modulin(5); impaired flow-mediated vasodilatation(7); de-

creased production of vasodilators such as nitric oxide and

prostacyclin; increased production of vasoconstrictors such

as endothelins and thromboxanes; and, biophysically, by

impairment of the brachial artery flow-mediated dilation

(FMD)(8,9).

Once the physiopathology of PE is briefly understood,

the poor placental perfusion and endothelial dysfunction may

be perceived as the most remarkable events in the develop-

ment of such a condition. Considering that both events pre-

cede the clinical manifestations of the disease, and taking

the mentioned evidences into consideration, it is suggested

that clinical methods aimed at evaluating these two events

may be useful to predict PE.

The present study was aimed at evaluating the associa-

tion of Doppler flowmetry of uterine artery and FMD as

methods to predict PE. As already mentioned, the tests evalu-

ate, respectively, the placental perfusion and the endothelial

function which represent the determining factors in the PE

physiopathology events preceding the clinical manifestations

of the disease.

MATERIALS AND METHODS

Patients

A total of 91 patients were recruited for the present lon-

gitudinal study at the unit of high-risk prenatal assistance of

Hospital das Clínicas da Universidade Federal de Minas

Gerais (HC-UFMG). The study was approved by the Com-

mittee for Ethics in Research of HC-UFMG. After under-

going the regular prenatal consultation between 24+0 and

27+6 weeks of gestation, the patients were invited to partici-

pate in the present study. The selected patients were given

information about the study at the moment of their recruit-

ment and subsequently signed a term of free and informed

consent. Then, the patients were submitted to Doppler

flowmetry of uterine arteries and FMD. All the procedures

were performed by a single trained and certified sonographist

of the HC-UFMG.

Amongst the 91 patients, 19 pregnancies were compli-

cated by PE and the other 72 patients were not diagnosed

with the condition until two weeks after delivery. All the

selected patients presented with at least one of the following

risk factors for development of PE, according the study by

Duckitt et al.(10): chronic arterial hypertension (23; 25.5%);

pregestational diabetes mellitus (according to the criteria

defined in 2011 by the American Diabetes Association(11))

(16; 17.5%); personal history of PE in a previous gestation

(21; 23.0%); familial history (either mother or sister) of PE

(16; 17.5%); high body mass index (defined as > 35 kg/m2)

(15; 16.5%).

The criteria for defining the presence of chronic arte-

rial hypertension were the following: patient diagnosed with

hypertension before the pregnancy; patient with pressoric

levels > 140 × 90 mmHg before the 20th gestational week;

or patient who remained hypertensive for at least 12 weeks

after delivery. The diagnosis of PE was made according to

the criteria defined by the National High Blood Pressure

Education Program Working Group on High Blood Pres-

sure in Pregnancy, 2000(12). According to such a classifica-

tion, PE is defined as elevation of the arterial pressure after

20 gestational weeks pressoric levels ≥ 140 × 90 mmHg

observed at two measurements with a six-hour interval), as-

sociated with the presence of proteinuria (1+ or above at

proteinuria tape or 24h proteinuria > 0.3 g/24 h). The su-

perimposition of PE in patients with chronic arterial hyper-

tension was considered, according to the American College

of Obstetricians and Gynecologists report(13) (which was

modified by the authors’ institution), when one of the fol-

lowing factors was present: 1) marked arterial pressure el-

evation (> 160 × 110 mmHg); 2) massive proteinuria (> 2.0

grams in 24 hours); 3) significant increase in pressoric lev-

els after a period of appropriate management; 4) serum crea-

tinine levels > 1.2 mg/dl.
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Methods

Flow-mediated dilation of brachial artery

The FMD technique was performed with a SonoAce

8800 color Doppler ultrasonography apparatus (Medison;

Seoul, South Korea) with a 4–8 MHz linear transducer. The

patients were placed at rest for 15 minutes in dorsal decubi-

tus. All the patients had their arterial pressure measured and

their brachial artery medially identified in the antecubital

fossa of the dominant upper limb. An image from the vessel

was obtained at approximately 5 cm from the upper limb

elbow, and a longitudinal section (B-mode) was performed

during the moment of lesser distension of the vessel, corre-

sponding to the cardiac diastole. The image was obtained

by means of image recovery on the cine loop display of the

equipment and frozen to get a mean of the three measure-

ments of the vessel caliber (D1). After this first measurement,

the sphygmomanometer cuff positioned distally (over the

forearm) to the site of the brachial artery measurement was

inflated for five minutes up to a pressure > 250 mmHg, and

later was slowly deflated, The mean of three further mea-

surements of the vessel caliber was obtained with the already

described technique one minute after the cuff deflation (D2),

The FMD value was obtained by the following equation:

FMD (%) = [(D2 – D1)/D1] × 100

where: D1 = basal diameter and D2 = post-occlusion diam-

eter.

Doppler flowmetry of uterine arteries

Doppler flowmetry of uterine arteries is performed with

a 3.5 MHz convex transducer. The artery insonation is per-

formed at its proximal third at a maximum 60° angle. The

evaluation of the uterine arteries flow is based on a wave simi-

lar to at least three other symmetrical waves. The presence

of the protodiastolic notch was the parameter considered on

the flow wave, and the study was considered as altered only

in the cases where the incisures was present bilaterally.

Statistical analysis

The continuous data normality was analyzed with the

Shapiro-Wilks test. The Student’s t-test was utilized to com-

pare variables with normal distribution between groups of

patients who developed PE. The Pearson’s chi-squared test

was utilized to compare categorical variables and the Student’s

t test to compare continuous variables without normal dis-

tribution. Statistical significance was defined with p < 0.05.

The analyses were performed with the software SPSS®19

(SPSS Inc.; Chicago, IL, USA). Sensitivity and specificity

were calculated isolatedly or associated in parallel. The FMD

cutoff value was defined with basis on a study developed in

the authors’ institution with a population considered at high-

risk for developing PE.

RESULTS

Amongst the 91 patients, 19 developed PE and 72 re-

mained normotensive during the whole gestational period,

delivery and puerperium. Table 1 presents demographic and

gestational data, as well as the analysis of the sonographic

studies of the patients who developed PE and of the group

without PE.

Doppler flowmetry of uterine arteries was considered as

altered in cases where the presence of protodiastolic inci-

sures was observed bilaterally. The FMD study was consid-

ered as altered in the cases where the percentage of brachial

artery dilation after induced hyperemia was < 6.5%. Table 2

presents the values for sensitivity and specificity of the tech-

niques in the prediction of PE, either isolatedly or associ-

ated in parallel analysis.

DISCUSSION

The identification of pregnant women at increased risk

for development of PE may determine a more specialized

and rigorous prenatal follow-up, allow earlier interventions

as necessary and thus predict and even change the PE natu-

Table 1—Characteristics of the patients recruited for the study.

Variable

Maternal age (mean ± standard deviation)

Preconception weight (median ± interquartile interval)

Number of gestations (median ± interquartile interval)

Primigravidas – n (%)

Gestational age at delivery (median ± interquartile interval)

Fetal weight (median ± interquartile interval)

BMI (median ± interquartile interval)

Bilateral protodiastolic notch

Present

Absent

Flow-mediated dilation

24+0 to 27+6 weeks (median ± interquartile interval)

Mean arterial pressure

24+0 to 27+6 weeks (median ± interquartile interval)

Preeclampsia (n = 19)

30.42 ± 4.36

64 ± 20

2.00 ± 3.1

6 (31.6)

35 ± 6

2620 ± 623

23.03 ± 7.23

12 (63.2)

7 (36.8)

3.00 ± 3.00

93.33 ± 10.00

Normotensive (n = 72)

29.18 ± 6.24

62 ± 21

2.50 ± 3.55

21 (29.2)

39 ± 1

3100 ± 288

23.10 ± 8.11

9 (12.5)

63 (87.5)

9.00 ± 5.00

83.33 ± 10.00

p-value

0.418*

0.341†

0.140†

0.092‡

< 0.001†

< 0.001†

0.278†

< 0.0001‡

< 0.0001†

0.082†

* Student’s t-test; † Non parametric Mann-Whitney test; ‡ Chi-squared test.
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ral history, improving maternal and perinatal outcomes re-

lated to the condition(2,14).

As regards the analysis of the demographic and gesta-

tional data as determining factors in the prediction of PE,

only gestational age at the delivery, fetal weight, presence

of bilateral protodiastolic notch at Doppler flowmetry of

uterine arteries and presence of alterations at FMD demon-

strated statistically significant difference between the group

of normotensive patients and the group of patients who de-

veloped PE.

The analysis of results demonstrates an increment in sen-

sitivity (94.2%) to predict PE in cases of association in par-

allel between the identification of presence of bilateral

protodiastolic notch and altered FMD values, as compared

with their evaluation as isolated prediction factors (63.1%

and 84.2%, respectively). Endothelial injury evaluated by

FMD is well established in patients with diagnosis of PE,

either in cases of early or late presentation(15). In a study

developed by Savvidou et al., the methods association was

more effective in the identification of the patients at risk for

developing PE and restricted intrauterine growth than Dop-

pler flowmetry of uterine arteries alone(16). As regards FMD,

its utilization alone late in the second gestational trimester

could identify approximately 90% of cases of PE, in a study

developed by Takase et al.(17). The FMD results are signifi-

cantly poorer in patients with late development of PE as from

the 24th gestational week(18,19).

The association between the indirect evaluation of the

endothelial function by FMD and of the placental perfusion

by Doppler flowmetry of uterine arteries has proved to be

highly accurate in the prediction of PE. In this context, the

authors envisage further studies to deepen the direct evalua-

tion of the endothelial function with biochemical markers

such as asymmetric dimethylarginine, angiogenesis factor and

vasoactive peptides. This would allow for the identification

of a group that could benefit from more invasive investiga-

tions such as angiotensin II test or even therapies still under

study such as dietary supplementation with L-arginine, or

the administration of angiotensin 1-7. Additionally, FMD

might be utilized to evaluate the response to the introduc-

tion of such pharmaceuticals. One might raise the theoreti-

cal hypothesis that in the case of reversion of an established

endothelial injury, a concomitant decrease in the risk for

developing PE might occur.
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Table 2—Prediction of pre-eclampsia by Doppler flowmetry of uterine arteries –

BPN and FMD.

BPN

FMD – cut-off 6.5%

Parallel analysis of BPN + FMD

Sensitivity

63.1%

84.2%

94.2%

Specificity

87.5%

73.6%

64.4%

BPN, bilateral protodiastolic notch; FMD, flow-mediated dilation of brachial artery.


