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Abstract

Purpose The aim of this study was to evaluate the role
of maternal serum total Homocysteine (tHcy) and uterine
artery (Ut-A) Doppler as predictors of preeclampsia
(PE), intrauterine growth restriction (IUGR), and other
complications related to poor placentation.

Fatients and methods A prospective cohort study was
conducted on 500 women with spontaneous pregnancies.
tHcy was measured at 15-19 weeks, and then, Ut-A
Doppler was performed at 18-22 weeks of pregnancy.
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Results 453 pregnant women completed the follow-up
of the study. The tHcy and Ut-A resistance index were
significantly higher in women who developed PE, IUGR,
and other complications when compared to controls
(tHcy: 7.033 + 2.744, 6.321 + 3.645, and 6.602 + 2.469
vs 4701 + 2.082 pmol/L, respectively, p value <0.001
and Ut-A resistance index: 0.587 + 0.072, 0.587 + 0.053,
and 0.597 + 0.069 vs 0.524 + 0.025, respectively, p value
<0.001). The use of both tHcy assessment and Ut-A
Doppler improved the sensitivity of prediction of PE
relative to the use of each one alone (85.2 relative to 73.33
and 60%, respectively).

Conclusion The use of elevated homocysteine and uterine
artery Doppler screening are valuable in prediction of
preeclampsia, IUGR, and poor placentation disorders.
ClincalTrial.gov ID NCT02854501.

Keywords Homocysteine - Uterine artery Doppler -
Preeclampsia - Poor placentation disorders

Introduction

Placentation is a complex process initiated in the first
trimester of pregnancy and correct vascular adaptation
between maternal and fetal circulations is necessary for
establishment of adequate placental growth [1]. To reduce
the vessel resistance and to increase uteroplacental blood
flow, the spiral arteries undergo a series of vascular
transformations through two waves of trophoblastic
invasion at 11-14 and 20-24 weeks of gestation [2].
Uterine artery mean flow velocity normally increases
nearly eight times from non-pregnant state (8.4 cm/s) to
36 weeks of pregnancy (61.4 cm/s) [3].
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The underlying cause of preeclampsia (PE) is believed to
be poor placentation [4]. The hypothesized factors leading
to abnormal trophoblastic invasions are disruptions of
endothelial junctional proteins [5], subendothelial changes
in uterine arteries [6], and generalized vascular spasms [7].

Homocysteine is an amino acid that is closely linked
to folate metabolism. Its level declines during normal
pregnancy [8]. Elevated total homocysteine (tHcy) levels
have been shown to be deleterious on vascular endothelium
[9, 10]. The abnormal high level during pregnancy has been
linked to PE [8], abortions [11, 12], low birth weight [8],
and increased incidence of type 2 diabetes in the offspring
[13].

The prediction of the obstetric complications that are
related to abnormal placentation before they become
clinically evident is an important aim in the antenatal
screening of low-risk populations. Hence, indicators of
increased resistances in the placental vascular bed due to
impaired placentation such as elevated tHcy level and
abnormal uterine artery (Ut-A) Doppler velocimetry may
be used in the screening of low-risk population [8, 14-18].
Analysis of uterine arteries Doppler waveform helps in
assessment of blood flow at the maternofetal level. From
the 24th week of pregnancy, persistence of high resistance
in the uterine arteries may reflect the failure of normal
placentation and the wave may have a diastolic notch [1].

The aim of our study was to evaluate the role of maternal
serum total homocysteine and uterine artery Doppler as
predictors of preeclampsia and poor placentation disorders.

Materials and methods

This prospective cohort study was conducted at Kasr El
Aini Hospital, Cairo University, Egypt, in the period from
September 2015 to August 2016. Informed written consent
was obtained from all participants. The study was approved
by the local ethics committee.

500 women with spontaneous pregnancies without
history of previous risk factors were enrolled in the current
study. None of our patients had history of PE. Exclusion
criteria included multiple pregnancy, age above 40 years,
impaired renal function, and hypertensive disorder before
20 weeks of gestation. Patients having diabetes or other
chronic diseases were excluded. Women taking folic acid
supplementations or antifolate drugs were also excluded
from the study.

During the first antenatal care visit, participants were
questioned about age, parity, past and family history of
chronic diseases, and smoking status. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared. Systolic and diastolic blood
pressure readings were recorded. Gestational age (GA)
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was calculated using the date of last menstrual period and
confirmed by first trimesteric ultrasound.

Samples of the tHcy measurement were collected
between 15 and 19 week GA. Venous blood samples were
taken after overnight fasting for serum homocysteine
estimation. The serum was separated by centrifugation.
Assay for homocysteine by chemiluminescence technique
was performed using a calibrated fully automated system;
Advia Centaur CP immunoassay system (Siemens
Healthcare, Erlangen, Germany) [19].

All  participants had uterine artery Doppler
investigations, as part of a routine scan between the 18th
and 22nd weeks of pregnancy. Uterine artery Doppler
velocimetry was performed with the Medison X6
ultrasound scanner (Medison, Seoul, South Korea) at the
crossing of the uterine and external iliac arteries with an
insonation angle of less than 30° and a velocity of more
than 60 cm/s. The sample volume was set at 2.0 mm. Three
measurements were taken on each side and the averages
were calculated [7]. One operator performed the Doppler
measurements for consistency. The use of uterine artery
resistance index (Ut-A RI) cut-off points and bilateral
or unilateral notches has already been shown to improve
the efficacy of uterine artery Doppler screening for
complications related to uterplacental insufficiency [20].

Follow-up for all pregnant women was done every
2-4 weeks until delivery according to the hospital protocol
in each case. During these follow-up visits, measuring of
blood pressure with or without ultrasound was done. The
ultrasound examination was performed for confirmation
of fetal viability, estimation of fetal weight, assessment of
amount of liquor and measuring gestational age through
assessment of the biparietal diameter, head circumference,
abdominal circumference, and femur length.

The participants were then divided into four groups
according to the outcome: the first group (group 1) did
not develop any of the complications, and the second
group (group 2) were pregnant women who developed
preeclampsia. The third group (group 3) of participants
were those who had IUGR, while the fourth group (group
4) were participants who developed other complications
(abruptio placentae or stillbirth). Preeclampsia was
diagnosed as: the development of hypertension (persistent
systolic blood pressure of 140 mmHg or higher, or a
diastolic blood pressure of 90 mmHg or higher) after
20 weeks of gestation in a woman with previously
normal blood pressure and proteinuria (greater than or
equals 300 mg per 24 h urine). New onset hypertension
in the absence of proteinuria but combined with other
complications as renal insufficiency, thrombocytopenia,
renal insufficiency, liver impairment, pulmonary edema,
or cerebral or visual symptoms was also diagnostic of PE
[21]. TUGR was defined as delivery of a living infant with
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a birth weight below the tenth centile for gestation [22].
Abruptio placentae was diagnosed when the separation of
the normally implanted placenta resulted in concealed or
revealed antepartum hemorrhage [23].

Sample size calculation was based on the sensitivity of
abnormal Doppler and homocysteine level in predicting
pregnancy complications. Prior data indicated that the
average sensitivity of abnormal Doppler and homocysteine
level in predicting pregnancy complications was 61%
and the incidence of PE, IUGR, and other complications
ranged from 3 to 15% taking 10% as average [24]. Setting
the type I error probability at 0.05 and power at 80%, 430
participants were needed. Considering 10% drop rate so we
started with 500 participants. Calculations were done using
Flahault and associates tables [25].

Data were statistically described in terms of
mean =+ standard deviation (+SD), median and range,
or frequencies (number of cases) and percentages
when appropriate. Comparison of means between
the study groups was done using one-way analysis of
variance (ANOVA) test with posthoc multiple two-
group comparisons after adjustment for alpha error.
Kruskal-Wallis test was used for comparing medians
between groups. For comparing categorical data, Chi-
square (%) test was performed. Exact test was used instead
when the expected frequency is less than 5. Receiver
operator characteristic (ROC) analysis was used to
determine the optimum cut-off value for the studied tHcy
and Ut-A RI for prediction of poor placentation disorders. p
value less than 0.05 was considered statistically significant.
All statistical calculations were done by the SPSS software,
version 23 (IBM Corp., Armonk, NY, USA).

Results

Flow chart of the study population is presented in Fig. 1.
453 pregnant women completed the follow-up until
delivery and were included in the analysis of data.

There was no significant difference between all study
groups regarding age, parity, and body mass index
(Table 1). The GA at sampling for tHcy was statistically
slightly higher (only 0.5 week difference) in the IUGR
group relative to other groups; however, this was of no
clinical importance (Table 2). There was a significant
difference between women who developed PE and IUGR
when compared to wuncomplicated group regarding
gestational age at delivery (37 + 1.52 and 37.35 + 1.47
vs 38.84 + 1.98 weeks, respectively, p value <0.001).
The percentages of smokers were significantly higher in
the IUGR and other complications groups relative to the
uncomplicated and PE groups (34.6 and 32 vs 14.1 and 11%,
respectively, p value 0.003) (Tables 1, 2). The neonatal birth

' N
578 pregnant women
met the inclusion
criteria

500 accepted to
participate and signed
informed consent

47 pregnant women
were lost during
follow up

453 women followed
till delivery

Fig. 1 Flow chart of the studied population

weight was significantly lower in women who developed
PE, TUGR, and other complications when compared to
uncomplicated group (2793.33 + 247.4, 2466.54 + 306.1,
and 2993.76 + 252.06 vs 3277.07 + 243.06 g, respectively,
p value <0.001), while the occurrence of intrauterine fetal
death was higher in PE, TUGR, and other complications
groups relative to uncomplicated group (6.7, 11.5, and
11.8 vs 0%, respectively, p value 0.001). The percentage
of preterm birth was higher in the PE, IUGR, and other
complications groups when compared to the uncomplicated
groups (26.7, 21.2, and 20.34 vs 8%, respectively; p value
<0.001) (Tables 1, 2).

The tHcy and Ut-A RI were significantly higher
in PE, IUGR, and other complications groups when
compared to the uncomplicated group (for tHcy:
7.033 + 2.744, 6.321 + 3.645, and 6.602 + 2.469 vs
4.701 + 2.082 pmol/L, respectively, p value <0.001 and for
Ut-A RI: 0.587 + 0.072, 0.587 + 0.053, and 0.597 + 0.069
vs. 0.524 + 0.025, respectively) (Tables 1, 2).

The percentages of participants who had uterine artery
notch (unilateral or bilateral) were significantly higher in
PE, IUGR, and other complications groups when compared
to the uncomplicated group (Tables 1, 2).

The sensitivity, specificity, and other accuracy measures
of plasma total homocysteine and uterine artery RI for
prediction for PE, IUGR, and other complications are
shown in Table 3 and Figs. 2 and 3. The combined use
of abnormal uterine artery Doppler and tHcy -cutoffs
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Table 1 Characteristics of the study groups

Group 1; no Group 2; PE (n = 45) Group 3; IUGR (n = 52) Group 4; other p value®
complications complications®
(n=297) (n=159)
Age (in years) 27.37 + 3.66 28.33 +3.25 28.54 + 3.05 28.51 +3.1 0.09¢
Parity 1(0-3) 1(0-4) 1(0-3) 1 (0-4) 0.23¢
BMI 2449 +2.04 24.83 +2.0 245 +2.15 242 + 1.85 0.48°
GA at sampling (in weeks) 16.38 + 1.14% 16.53 + 0.89%" 16.88 + 1.04" 16.51 + 0.84&" 0.04¢
GA at delivery (in weeks) 38.84 + 1.98¢ 37 + 1.52" 37.35 + 1.47" 38.23 +1.38 <0.001°¢
NBW (in grams) 3277.07 + 243.068 2793.33 + 247.4 2466.54 + 306.19 2993.76 + 252.06" <0.001°¢
Smoking 41 (14.1%)" 511%)" 18 (34.6%)¢ 19 (32%)¢ 0.003°
PTB 24 (8%)" 12 (26.7%)* 11 (21.2%)¢ 12 (20.34%)# <0.001°¢
IUFD 0 (0%)" 3(6.7%)% 6 (11.5%)2 7 (11.8%)¢ 0.001°
tHey (umol/L) 4701 +2.082" 7.033 £2.744 ¢ 6.321 +3.645 ¢ 6.602 + 2.469¢ <0.001°¢
Ut-A RI 0.524 + 0.025" 0.587 +0.072 ¢ 0.587 +0.053 & 0.597 + 0.069¢ <0.001°¢
Ut-A notch
Absent 255 (86%) 21 (46.7%) 32 (61.5%) 31 (52.5%) 0.03°
Presence of unilateral or 42 (14%)" 24 (53.3%) 20 (38.5%)2 28 (47.5%)
bilateral notch
Unilateral 33 (11%) 15 (33.3%) 10 (19.2%) 14 (23.7%)
Bilateral 9 (3%) 9 (20%) 10 (19.2%) 14 (23.7%)

Data are described in the form of mean + SD, median (range) and count (percent)

PE preeclampsia, IUGR intrauterine growth restriction, BMI body mass index, GA gestational age, NBW neonatal birth weight, PTB preterm

birth, /UFD intrauterine fetal death, tHcy total homocysteine, Ut-A uterine artery, RI resistance index

# Abruptio placentae and stillbirth

® p values are described for comparisons for each characteristic between groups

¢ ANOVA test

¢ Kruskal-Wallis test
¢ Chi-square test

F Fisher test

&biJ Means or percentages that do not share a letter are significantly different

improved the accuracy in prediction of PE relative to the
use of each predictor alone (for the combined predictors:
sensitivity: 85.2%, specificity: 89.9%, positive predictive
value, PPV: 83.6%, negative predictive value, and NPV:
91.2%). Improved accuracy measures were observed also
for prediction of ITUGR and other complications groups
(Table 3; Fig. 4).

Discussion

The current prospective study investigated the role of tHcy
and Ut-A Doppler in prediction of complications related to
impaired placentation, such as preeclampsia and [UGR.
There was a significant difference between women
who developed PE, IUGR, and other complications
when compared to controls regarding homocysteine
level measured between 15 and 19 weeks of gestation
and uterine artery resistance index done at 18-22 weeks
of gestation. The combined use of tHcy and Ut-A RI
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improved the sensitivity for prediction of preeclampsia
(85.2 vs 73.3% for tHcy alone and 60% for Ut-A RI). Other
accuracy measures were also improved for prediction of
preeclampsia and other abnormal placentation disorders
with the use of both predictors.

Increased tHcy is an established risk factor for
endothelial dysfunction. Elevated plasma homocysteine
was suggested as a risk factor for vascular diseases, such as
atherosclerosis and occlusive vascular disorders, and it has
also been associated with some pregnancy complications,
such as neural tube defects, repeated miscarriages [26],
abruptio placentae, fetal death, preeclampsia, and IUGR
[27, 28]. Vitamins B6, B9, and B12 and folic acid are
needed as cofactors for proper function of the enzymes in
homocysteine cycle. Thus, nutritional deficiency of these
vitamins can lead to increase in blood tHcy levels. Dietary
supplementation for such vitamins has been suggested to
treat elevation of plasma homocysteine [29].

There are similar studies investigating the association
between uterine artery Doppler velocimetry, elevated
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Table 2 Pairwise comparisons for characteristics having significant differences between groups

PE (group 2) vs IUGR (group 3) Other IUGR (group 3) vs Other Other complications
uncomplicated vs uncomplicated  complications PE (group 2) complications (group 4) vs IUGR
(group 1) (group 1) (group 4) vs (group 4) vs PE (group 3)
uncomplicated (group 2)
(group 1)
GA at sampling® NS 0.5 (0.05-0.94), NS NS NS NS
(in weeks) p 0.02
GA at delivery® (in —1.838 (—2.582 —1.492 (-2.201 NS NS 1.220 (0.368, 0.874 (0.055,
weeks) to —1.095), to —0.784), p 2.073), p 0.001 1.694), p 0.03
p <0.001 <0.001
NBW? (in grams)  —483.7 (=603.6 —810.5 (—924.8 —283.3 (-393.0 —326.8 (—462.6 200.4 (68.4 to 527.2 (400.4 to
to —363.8), to —696.3), to —173.6), to —191.0), 332.4), p 0.001 654.1), p < 0.001
p <0.001 p <0.001 p <0.001 p <0.001
Smoking® NS More by 20% More by 18% More by 23% More by 21% NS
(5-35%), p 0.006  (4-31%), p (7-39%), p (6-36%), p 0.02
0.009 0.008
PTB® More by 18% More by 13% More by 12% NS NS NS
(4-32%), p 0.008  (1-25%), p 0.03 (1-23%), p :0.04
IUFD® More by 7% More by 12% More by 12% NS NS NS
(1-13%), p 0.03 (3-20%), (4-20%), p
p <0.001 0.001
tHey (pmol/L)* 2.332(1.101- 1.620 (0.447- 1.901 (0.774- NS NS NS
3.564), 2.793), p 0.002 3.027),
p <0.001 p <0.001
Ut-A RI* 0.06 (0.04-0.09)  0.06 (0.04-0.09), 0.07 (0.05-0.1), NS NS NS
p <0.001 p <0.001
Presence of More by 39% More by 24% More by 33% NS NS NS
Ut-A notching® (23-55%), p 0.04  (9-39%), p 0.004  (18-47%), p
(unilateral or 0.04
bilateral)

# Tukey pairwise comparisons of ANOVA test presented as differences in means (95% CI, confidence interval) and p values

b Chi-square and Fisher pairwise comparisons for percentages presented as differences in percentages (95% CI) and p values

PE preeclampsia, IUGR intrauterine growth restriction, GA gestational age, NBW neonatal birth weight, PTB preterm birth, /UFD intrauterine
fetal death, tHcy total homocysteine, Ut-A uterine artery, R/ resistance index, NS non-significant

Table 3 Accuracy measures
of tHey, Ut-A RI, and their
combination for prediction
of PE, IUGR, and other

complications

Cut-off ~ Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

PE

tHey 5.85 73.33 85.86 70.21 87.63 81.94

Ut-A RI 0.555 60 85.86 65.85 82.52 77.78

Both* 85.2 89.9 83.6 91.2 84.7
IUGR

tHey 54 48.08 73.74 49.02 73 64.9

Ut-A RI 0.54 82.69 65.66 55.84 87.84 71.52

Both 84.9 89.8 66.32 88.76 78.31
Other complications

tHey 5.35 64.41 73.74 59.38 77.66 70.25

Ut-A RI 0.56 67.80 91.92 83.33 82.73 82.91

Both 72.76 93.78 84.99 88.73 86.36

# Both means the combination of abnormal Doppler findings and elevated homocysteine above the cut-off
value

PE preeclampsia, IUGR intrauterine growth restriction, tHcy total homocysteine, Ur-A uterine artery, R/
resistance index, PPV positive predictive value, NPV negative predictive value
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Fig. 3 ROC curve for uterine artery Rl as a predictor of preeclampsia (a), [UGR (b), and other complications (c)

homocysteine concentration with abnormal placentation.
Lopez and co-workers studied 94 low-risk pregnant
women. They measured tHcy, folate, and Vitamin
B12 and assessed the uterine Doppler velocimetry.
They concluded that there was a value for the addition
of measuring plasma homocysteine to Doppler data
in prediction of pregnancy complications [1]. Onalan
and colleagues evaluated the value of a combined
second trimesteric maternal serum homocysteine
and uterine artery Doppler screening in prediction of
preeclampsia, intrauterine growth restriction (IUGR),
abruptio placentae, and stillbirth. They found that the
sensitivity for prediction of preeclampsia using the
combined method was 61.3% [24]. Another cohort study
was performed on 100 antenatal women between 8 and
12 weeks of gestation. The investigators found significant
correlation between first trimestric elevated homocysteine
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level and some adverse maternal and perinatal outcomes
as miscarriage and preeclampsia [30].

In contrast to our study, Kaymaz and associates did not
find that the addition of assessment of homocysteine level
increased the sensitivity in prediction of preeclampsia
[2]. However, only 103 pregnant women were studied and
few pregnant women developed complications.

To the best of our knowledge, this is the first
prospective study with a large sample size that was
done to evaluate the combined accuracy homocysteine
and uterine artery Doppler in prediction of abnormal
placentation disorders.

The main limitation of our study is the inability to
continue follow-up for neonatal outcome including
neonatal ICU admission until discharge or follow-up
development of maternal complications.
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Fig. 4 ROC curve for both uterine artery Doppler finding and elevated homocysteine in prediction of preeclampsia (a), IUGR (b), and other

complications (c¢)

Conclusion

The use of elevated homocysteine and uterine artery
Doppler screening is valuable in prediction of preeclampsia,
IUGR, and poor placentation disorders. The combined
use of uterine artery doppler velocimetry and serum total
homocysteine improved the accuracy of prediction of poor
placentation disorders more than each predictor alone.
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