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ABSTRACT

Early diagnosis of gestational hypertensive disorders can effectively reduce fetal-maternal mortality and morbidity.
This study was designed to assess three screening methods including uterine artery Doppler ultrasound, mean
arterial blood pressure (MAP), and maternal serum PAPP-A in the first trimester for predicting gestational
hypertensive disorders. This was a prospective and observational study which conducted on the 300 singleton
pregnant women at 11-13 weeks. All patients underwent three screening methods including UA-PI, MAP, and
PAPP-A. Characteristics information and medical history of all cases were recorded. All participants were followed
during pregnancy to detect any occurrence of hypertensive disorders. From 300 singleton pregnant women, 26
(8.7%) cases showed hypertensive disorders which6 (2%) cases had early preeclampsia (before 34th weeks), 9 (3%)
cases had late preeclampsia (after 34th weeks), and 11 (3.7%) cases had GHTN. Comparison between preeclampsia
and GHTN groups with normal pregnant women showed that MAP and UA- PI increased, while PAPP-A decreased.
The cut-off point of 2.35 in uterine Pl showed specificity of 93.9% and sensitivity of 83% in predicting early PE.
While the cut-off point of 2.1 had specificity of 83.7% and sensitivity of 100%. Finally, according to our results the
cut-off point of 2.1 for UA-PI had the highest sensitivity in predicting hypertensive disorders and PAPP-A had |ower
efficiency. Combination of UA-PI, MAP, and PAPP-A was useful screening methods for predicting hypertensive
disorders especially early preeclampsia in thefirst trimester.
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INTRODUCTION

Hypertension disorders complicate 5-10% of all pewies; and along with hemorrhage and infectimo@ats for
third leading cause of maternal mortality (1). Pragcy induced hypertension is characterized bydjwessure of
140/90 or greater, and will back to normal up towlgeks after delivery. Hypertension in pregnanctersned as
preeclampsia if it is associated with proteinuPaeeclampsia (PE) is divided in two types, earlgeptampsia
(between 20-34 weeks of gestation) and late pregda (>34th week of gestation). Fetal-maternaltatity and

morbidity are more prevalent for early preeclamg2ja
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Although the cause of preeclampsia still remainsnomwn, its manifestation begins early in pregnawity covert
pathophysiological changes. These changes contintess gestation and eventually become clinicglyasent.
Ultimately, it can be result in multi-organ involment and life threatening for both mother and féf)s

Various factors have been proposed for predigiestational hypertension which are biochemical lzinghysical
markers, or combination of them (3). Biochemicalrkees reflect fetal-placental endocrine and endi@he
dysfunction. These markers include placental pnoié, pregnancy associate plasma protein- A (PARRpAIbIn
A and Activin A which belong tg3-growth factors family, antigenic and inflammatdiactors (4, 5). Normal
placenta requires endovascular trophoblastic iovagb maternal decidua, myometerium and blood V®sse
Whenever the elastic muscular wall is lost from ¢beal arteries; then, low resistance blood canliffased into
intervillous space. This mechanism begins in thdyeaf first trimester and almost ends in the ldsys of the
middle trimester. Abnormal placenta is developed ibgufficient placental-fetal blood circulation. paer
ultrasound is used to determine increased uterieeyavelocimetry or to indirect evaluation of thagblast invasion
of the spiral arteries. Histopathological evidenbase identified the reduced endovascular trophsticlanvasion
and the increased uterine artery resistance indices

The most common indices in blood flow velocimetrg Ralsatility index (Pl), Resistance index (Rhdaotching.
Transabdominal ultrasound is used to measure greatartery Pl of the ascending branch of theingeartery at
the level of the apparent crossover with the exsteiliac arteries. There is an association betwizeneased
resistance to the flow in uterine artery and preseasf PE and/or intrauterine growth restriction (6ridence of PE,
intrauterine growth restriction, emergency caessgeplacenta abruption and less harmful conseqadiocdetal-
neonatal are reported to be higher in women withbehgnsion, increased impedance (the resistanex)indnd/or
early diastolic notch in compare to women with hypesion but normal uterine artery waveforms. Altglo, PE is
much more than simply gestational hypertension ithtienuria; so it cannot be predicted or diagddsg single
test. Combining of two or more markers seems tarbeffective method to provide a more certain Pégligtion.
Although the cause and pathophysiology of PE stithain unknown, a variety of strategies used togmne or
modify preeclampsia (7).

This study was designed to evaluate three screengthods including PAPP-A, UA-PI, and MAP for predig
hypertensive disorders in pregnant women.

MATERIALSAND METHODS

This was a prospective study which conducted or8@@esingleton pregnant women in 2013. Pregnant evowho
were referred to first trimester screening to ptahndinic in Imam Khomeini hospital (a tertiaryemgeral, referral,
and university affiliated hospital), Ahvaz, Iran.

Bilateral uterine Doppler ultrasonography, measwm®inof arterial blood pressure from bilateral uplmab, and
maternal serum PAPP-A were performed. Maternaldlmessure was measured following a period of mateest
for at least 10 min; this involved being seated araking two measurements at the level of the hefaystolic and
diastolic blood pressure for each arm, and mearialtpressure was then calculated. Maternal bfpedsure was
recorded by trained staff using an automated deWkdernal serum PAPP-A was measured as part ofittte
trimester screening program. The samples were takéme time of the first trimester ultrasound tvesid analyzed
using a Siemens Immulite assay (Immulite XPi; Diwgjic products Corporation, Siemens Medical Sohgio
Diagnostic, Tarrytown, NY, USA). The raw data weomverted to a Multiple of Median (MoM) value.

Characteristics information (BMI, age, smoking, iBarand medical history of hypertensive disordevere
collected. Multiple of the Median (MOM) was used fepresenting the results of uterine artery Pltemmal serum
PPAP-A, and MAP. Sensitivity and specificity of féifent cut-off points for uterine artery PI, PPARaad MAP
were presented. Then, the best cut-off point fedjating early PE, late PE, and GHTN were chosen.

All participants were followed-up during pregnaroydetect any incidence of hypertensive disorders.
All the patients that include the study had sirmiepregnancies at 11-14 weeks of gestation (basetlast

Menstrual Period). Women who presented with mudtiglregnancies were excluded. All participants fully
completed the study (we had not any missing dataddition, All 300 patients were followed-up chgipregnancy
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to detect any incidence of hypertensive disordetkical approval was gained from the Ethics Coneeitof the
Department of Obstetrics and Gynecology. The erpamtal procedures of this study were approved byethic
committee of Ahvaz Jundishapur University of Medli&ziences (ajums.REC.1392.29". Participants’ imfed
consent was gained; voluntary participation andidentiality were guaranteed.

The analysis was carried out with SPSS versionREteiver operating characteris(ROC) curve was used to
select optimal cut-off and to compare efficiency different predictors. Statistically significantffdrence was
indicated at significance level (P-Value) of 0.05.

RESULTS

This study was conducted on 300 singleton pregnamen in 11-13 weeks of gestation. The mean + S®dg
participants was 27 * 4 years old and their mea®DtBMI was 24 + 2.5. 26 (8.7%) cases had hypeidens
disorders consisting of 6(2%) cases with early®B%) cases with late PE, and 11(3.7%) cases whthNG

Maternal previous hypertension and BMI greater thanvere significantly correlated with gestatiohgpertension
disorders (p=0.001), while age and parity had nghiicant correlation with gestational hyperterssidisorders
individually. Tablel shows MoM results of MAP, UA;Pand PAPP-A in different pregnancy hypertensive
disorders. Increasing of MAP and uterine arterih&1 been observed, while PPAP-A decreased in aadyate PE
as well as GHTN.

Tablel. MoM resultsof MAP, UA-PI, and PAPP-A in different pregnancy hyper tensive disor der

MAP UA-PI PAPP-A
MOM mmHg MOM unit MOM Mu/l
Normal 0.92-1.15 70-88 0.44-1.23 0.75-2.10 1.0®1.51.90-285

Early preeclampsia  1.18-1.26 89-96 1.52-2.17  278-3. 0.38-0.84 0.73-1.6
Late preeclamps ~ 1.0€-1.1¢ 8391 1.2z-14f 21-248* 0.6&1.1¢ 1.2-2.2F
GHTN 1.01-1.23  78-93 1-1.23 1.7-21* 0.76-1.13 148
MAP: Mean Arterial blood Pressure,
UA-PI: Uterine Artery Pulsatility | ndex,
PAPP-A: Pregnancy-Associated Plasma Protein-A,
MoM: Multiples of Median,
Sgnificant correlations are indicated by *

Specificity and sensitivity of each screening metladone and in combination with other method weakewdated
and presented in tables 2. Figures 1 represerivezagerating characterist{f®OC) curve to compare efficiency of
different predictors.

Table 2. Specificity and sensitivity of univariate and multivariate predictorsearly PE

Early Preeclampsia

UA-PI  MAP PAPP-A A B C D
Cut-off point >235 >785 >1.6 >1.73 >-0.193 >1.45>1.7
P value 0.000" 0.27¢ 0.20¢ 0.004* 0.15C 0.000* 0.000*
Sensitivity 83.3 66.7 66.7 83.3 66.7 83.3 83.3
Specificity 93.9 66.3 30 95.6 45.6 95.6 95.6
Overall accurac 93.7 97.2 26.2 95.7 17.2 91.7 95.£

A: UA-PI + MAP + PAPP-A,
B: MAP + PAPP-A,
C: PAPP_A + UA-PI,
D: MAP + UA-PI;
Satistically significant values are indicated by *.
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Figure 1. ROC Curve for predicting early PE
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Figure 2. ROC Curve for predicting Late PE
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Figure 3. ROC Curve for predicting GHTN
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Table 3. Specificity and sensitivity of univariate and multivariate predictors of late PE
Late Preeclampsia
UA-PI  MAP  PAPP-A A B [ D
Cut-off point >2.38  >79F >1.7 >1.5¢ >24¢ >15¢  >1.6t
P value .000* .052 120 .000* .028* 0.000* 0.000*
Sensitivity 66.7 55.6 44.4 66.7 55.6 55.6 55.6
Specificity 90.2 70 33 94.t 63.2 94.¢ 94.F
Overall accuracy 90.3 95 26 93.3 18.3 90.7 93
A: UA-PI + MAP + PAPP-A,

B: MAP + PAPP-A,
C: PAPP_A + UA-PI,
D: MAP + UA-PI;
Satistically significant values are indicated by *.

Table 4. Specificity and sensitivity of univariate and multivariate predictorsof GHTN

GHTN
UA-PI  MAP  PAPP-A A B C D
Cut-off point >2.3t 785 >1.€ >1.3¢ >14z >150( >1.4¢€
P value .000*  .067 277 .000* .113  0.000* 0.000*
Sensitivity 27.3 54.5 27.3 455 273 36.4 27.3
Specificity 93.1 66.4 52 92.7 92 93.1 92.7
Overall accuracy  90.7 57 26.7 91.3 18.3 89.3 91
A UA-Pl + MAP + PAPP-A,
B: MAP + PAPP-A,

C: PAPP_A + UA-PI,
D: MAP + UA-PI;
Satistically significant values are indicated by *.

DISCUSSION

The purpose of this study was to evaluate effigreoic PAPP-A, mean uterine artery pulsatility indgxA-Pl),
mean arterial blood pressure (MAP), and combinatidnthem for early predicting of gestational inddce
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hypertensive disorders. Most importantly, our ressake consistent with evidences reported in tleeipus studies
(8-12). According to our findings, low level of PRFA at 11-13 weeks’ gestation was associated wighdr risk of

pregnancy induced hypertensive disorders, espg@alily preeclampsia, but the mean value was misstally

significant in compare to late preeclampsia and ®HPertaining to uterine artery Pl and MAP paramstee

observed their higher values had significant retatvith early PE in compare to late PE and GTTNe Tihdings of
Akolekar and et al. (2011) have shown sensitivitp %6, 79.4%, and 60.9% for predicting early PEelimediate,
and late PE respectively, when used maternal sdsiophysical, and biochemical markers (11).

In the present study, the cut-off point of 2.3%utdrine artery Pl showed specificity of 93.9% aadsstivity of 83%
for predicting early PE. While the cut-off point 8f1L had specificity of 83.7% and sensitivity of0%0. Therefore,
the cut-off point of 2.1 had a better sensitivitpQ% vs 83.7%) compared to cut-off point of 2.3itrine artery PlI.
The cut-off point of 2.1 of uterine artery PI foregicting late PE and GHTN had sensitivity of 88.9 72%
respectively, which was less sensitive comparetl piigdicting early PE.

With cut-off point of 2.3 of PAPP-A and MAP to pietearly PE disorder had sensitivity of 66.7%, 16.
respectively. In cut-off point of 2.1, uterine awtePl was with high sensitivity to predict pregngninduced
hypertensive disorders. Findings of Poon et akisl\ support our results regarding combinationoée tests.
They observed that these three tests had 5% falitve with sensitivity of 88.5% in predicting &aPI, 46.7% in
predicting late PI, and 35.5% in predicting GHTNB)Y.1While in our study we found sensitivity of 83366.7%,
and 45.5% in predicting early PE, late PE, and GHa#pectively.

CONCLUSION

This study provides evidence that uterine arteryPRIPP-A, and MAP were useful in predicting pregnaimduced
hypertensive disorders, especially early PE. Amitimge tests uterine artery Pl had highest effigieartd PAPP-A
had poor effect in predicting these disorders. Withsideration that preeclampsia is the commorrdésaelated
with fetal-maternal morbidity and mortality, earlyredicting of preeclampsia can reduce its compboat
Therefore, we suggest that pregnant women withgtae®sia would be managed by experienced perirgisaland
gynecologist. Trend of research can be guided forone pathophysiological and cure knowledge of paegy
induced hypertensive disorders.
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