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INTRODUCTION

Hypertensive disorders complicate 5 to 10% of edigpancies and together it
forms one member of the deadly triad, along withrharrhage and infection, which
contribute greatly to maternal morbidity and madtyarates. Preeclampsia is a
multisystem disorder and represents a major thi@dbetus and mother when it
emerge$ Apart from its most dreaded complication of pesging into eclampsia,

preeclampsia by itself can result in substantiahpg¢al and maternal morbidity.

It has been reported that the major cause of beaifenmal and fetal morbidity
and mortality is preeclampsia (Bringman et al.,&0Q has been estimated that more
than 14% (58,000) of maternal deaths/year worldwade due to eclampsia and
preeclampsia, but in developed countries, it maaffgcts fetud The incidence of

preterm birth due to preeclampsia is around 15%

The trophoblast normally invades the decidual partof the spiral arteries
beginning by eighth week and this invasion is uguabmplete by the thirteenth
week. After this time the second stage of spir@rgrinvasion starts in, whereby the
myometrial portion of the spiral arteries are sarlyf invaded by the trophoblast. This
is usually completed by 18 to 19 weeks but may ddayeéd upto 22 to 24 weeks. In
an overwhelming majority of preeclamptics, thisgfmrmation does not occur in the
spiral artery bed leading to increased resistanciotv into the intervillous space.
The method of choice to indirectly monitor the gsabf spiral artery bed is by uterine
artery waveforh Increased uterine artery velocimetry determingd Doppler
ultrasound in the first and middle trimester shopitdvide indirect evidence of this

process and thus serve as a predictive test feclammpsia. Performing uterine artery



Doppler studies at 23- 26 weeks’ gestation instedl9- 22 weeks’' gestation

increases the predictive value for adverse pregnantcome$

In the non-pregnant state uterine artery Dopplemshlow peak flow velocity
and early diastolic notch. At 18 to 20 weeks, thisrdigh flow with no diastolic
notch. Impaired uterine artery flow is consideretlew there are high resistance
uteroplacental waveforms and the presence of diastwotch which is the
manifestation of arterial vessel tone and reprassehasticity of the vessel and
vasospasm. It disappears in the second trimestehigh resistance pattern is
associated with higher rate of pregnancy compbeatwith a 70% chance of
developing protienuric hypertension and a 30% chaoica coexisting small for
gestational age fet(sAlthough several studies have used uterine adeppler as a
screening tool for preeclampsia and fetal growstrietion in unselected population,
a debate continues as to its value. Varying sefig@t are obtained depending on the
type of Doppler used, the sampling site, the didini of abnormal uterine artery
resistance, gestational age of assessment ancediffend pointsThis study helps to
evaluate the usefulness of first and midtrimesterine artery Doppler study in both

high risk and low risk women to predict preeclarapsi



AIMS AND OBJECTIVES OF THE STUDY

* To evaluate the usefulness of uterine artery demgueeening in first and mid
trimester to predict the risk for preeclampsia HGR.

* To know the sensitivity and specificity of uterinartery Doppler
indices(Pulsatility index and diastolic notching)prediction of preeclampsia
in pregnant women

 To know the outcome of pregnancy and its relatioth whe uterine artery

Doppler indices.



REVIEW OF LITERATURE

History

The interesting history of hypertensive disorderpiegnancy is probably as
old as human existence. From ancient times, commndswere found in pregnancy
towards term, during labour and postpartum. IndAimarvaveda and Sushruta both
mention about preeclampsia and eclampsia. Hippegrbbd also recognised the

grave prognosis of convulsions occurring durindgdtiirth and differentiated it from

epilepsy.

The disorder was first recognised almost 2000 yegs Celsus described
pregnant women with seizures that abated with dstivThis disorder was termed
eclampsia and for two thousand years was consicerneegnancy specific seizure

disorder.

In the late 1% century, obstetrician Francis Mauericeua identifie
preeclampsia as a specific disorder related to namegy. He observed that the
convulsions often cease after delivery and recona@gnprompt termination of

pregnancy as the best treatment.

In the late 1800s the association of initial pnotiea and later increased blood
pressure with eclampsia was recognised. It wasradged that women with increased
blood pressure and urinary protein antedated theires. From this came the term

preeclampsia..

Later Young in 1974 attributed preeclampsia to plecental toxin that was
elaborated in the area of red infarct in the plée,eand termed preeclampsia as

‘Toxemia of pregnancy’. JCM Browne and Veale in 39%howed the presence of



placental ischemia in pregnancy induced hypertengibout 10 years ago, Roberts et
al formerly proposed that maternal endothelial dgsfion is the key event resulting

in the diverse clinical manifestations of preeclaiab

The first pulsed wave Doppler equipment was depadoby Seattle research
team in 1966. Outstanding contribution was mad®bgand Baker, Dennis Watkins
and John Reid. Duplex Doppler techniques alloweel tittrasound operator to

determine deep fetal and maternal circulation cbeldtudied.

Campbell, a pioneer and consistent leading lighakistetric sonography, was
the first to explore the potential of uterine aytewaveforms in predicting
preeclampsia. Initially, he and his colleagues usetiandheld continuous wave
Doppler device to find the characteristic wavefaatmabout 18weeks. Although his
initial results were encouraging with regard toptedictive ability for preeclampsia,
others initially could not repeat his results. Hoee it became clear that the
continuous wave Doppler did not allow an abilitygmpoint the sampling site (as
with pulse wave Doppler), and, most importantlygeod 25% of patients who
initially have abnormal Doppler at 18weeks’ do cerivover to a normal waveform
by 24weeks’. These late converters do not have ghme predilection for

preeclampsia as those whose waveforms remain albhatr@4weeks.



HYPERTENSIVE DISORDERS IN PREGNANGY

The term ‘Hypertension in Pregnancy is commonlyduse describe a wide
spectrum of patients who may have only mild el@retiin blood pressure (BP)or

severe hypertension with various organ dysfunctions

Incidence

Hypertensive disorders complicate 5 - 10 percerdllgbregnancies. In India,
incidence is 5-159, incidence being more in nullipara, around 15% and
multiparas around 10%% The incidences of the various types of hypertensi

disorders in pregnancy are given in Table 1.

TABLE-1 . Incidence of Hypertensive disorders in Pegnancy.

Gestational hypertension 5%
Preeclampsia 5-7%
Eclampsia 0.5-2%

Preeclampsia superimposed on chronic 25%
hypertension

Chronic hypertension 1-2%




Classification of hypertensive disorders in pregnacy

The working group classification of hypertensiveatders complicating pregnancy

describes four types of hypertensive distase

* Gestational hypertension—formerly termed Pregnandyced Hypertension.
* Preeclampsia and Eclampsia syndrome
* Preeclampsia syndrome superimposed on chronic teyyson

» Chronic hypertension

Definitions(National high blood pressure educationprogram working group

report on high blood pressure in pregnancy 2006)
Gestational hypertension:

Systolic BP 140 or diastolic BP 90 mm Hg for thastftime during pregnancy
No proteinuria
Blood pressure returns to normal before 12 weekfppotum

Final diagnosis made only postpartum

YV V V VvV V

May have other signs or symptoms of preeclampsia.example, epigasti

discomfort or thrombocytopenia

Preeclampsia:

> Minimum criteria:

Blood pressure 140/90 mm Hg after 20 weeks' gestati

Proteinuria 300 mg/24 hours or 1+ dipstick



> Increased certainty of preeclampsia:

Blood pressure 160/110 mm Hg

Proteinuria 2.0 g/24 hours or 2+ dipstick

Serum creatinine >1.20 mg/dl unless known to beipusly elevated

Microangiopathichemolysis—increased LDH

Platelets < 1,00,000/I

Elevated serum transaminase levels—ALT or AST

Persistent headache or other cerebral or visualrdence

Persistent epigastric pain

Eclampsia:

» Seizures that cannot be attributed to other cansesvoman with preeclamp:

Superimposed preeclampsia on chronic hypertension:

> New-onset proteinuria of 300 mg/24 hours in hypertemswomen but r
proteinuria before 20 weeks' gestation
» A sudden increase in proteinuria or blood pressuigatelet count < 100,000/

women with hypertension and proteinuria before 2@ks' gestation

Chronic hypertension:

» Blood pressure 140/90 mm Hg before pregnancy ogndised before :

weeks' gestation not attributable to gestatiomgdhoblastic disease or



» Hypertension first diagnosed after 20 weeks' gestatndpersistent after !

weeks postpartum
Risk factors for preeclampsid® **

» Pregnancy associated factors
* Chromosomal abnormalities
* Hydatidiform mole
* Hydropsfetalis
* Multifetal pregnancy
e Structural congenital anomalies
» Maternal specific factors
* Age less than 20 years
* Age greater than 35 years
* Nulliparity
* Preeclampsia in a previous pregnancy
* Family history of preeclampsia
» Specific medical conditions: gestational diabetgype 1 diabetes, obesity,

chronic hypertension, renal disease, thrombophilias

FETAL FEATURES OF PRE-ECLAMPSIA

Ultrasound features of pre-eclampsia demonstratdteifetus include:

* Fetal growth restriction
* Changes in amniotic fluid volume (oligohydramnios)
* Abnormal Doppler waveforms

Severe growth restriction results in prematureveeyi, with the related risk of

long term respiratory and neuro developmental gmolsl There is an increased



perinatal mortality, particularly in very low birttveight infants. Intrauterine
hypoxia which can occur in FGR may contribute t® tisk for cerebral palsy. If
central redistribution of blood flow in the fetusawrs, there can be ischemia of

the gut leading to necrotizing enterocolitis (Longl2006:266).

MATERNALCOMPLICATIONS

Maternal complications of pre-eclampsia include:
* Placental abruption (1-4%)
* HELLP syndrome (10-20%)
* Pulmonary oedema (2-5%)
* Acute renal failure (1-5%)
* Eclampsia (<1%)

e Death

Death associated with pre-eclampsia-eclampsia nmeydle to cerebrovascular

events, renal or hepatic failure or HELLP syndrome.

NEONATALCOMPLICATIONS

Evidence suggests that pre-eclampsia often coexisigh FGR
(Papageorghiatal.,2008 367). The report on Confidential Enquiry into
Stillbirths and Deaths in Infancy cites one in gtilbirths that occurin
pregnancies complicated by maternal hypertension.

Fetal complications of preeclampsia include:

* Preterm delivery (15-67%)

« FGR (10-25%)

* Hypoxia-neurologic injury (<1%)
» Perinatal death (1-2%)
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Theories for causation of preeclampsia

DISEASE OF THEORIES WITHOUT ANY CAUSE ™. Writings describing
eclampsia have been traced as far back as 2200LB@héimer and colleagues,
1999).1t is not surprising that a number of mechiars have been proposed to explain
its causes. Many of the absurd and especially #regerous thankfully have been
discarded. According to Sibai (2003), currentlyysidle potential causes include the

following®.

* Abnormal trophoblastic invasion of uterine vessels
* Immunological factors

» Endothelial cell activation

* Genetic influences

» Dietary deficiencies
Abnormal trophoblastic invasion of uterine vessels

Preeclampsia is characterised by incomplete trdpitib invasiofy *>. With shallow
invasion, only the decidual vessels that beconmedlwith endovascular trophoblasts.
As a result of which the deeper myometrial artesotio not lose their endothelial
lining and musculoelastic tissue, and their extediameter is only half that of
vessels in normal placenta. In the process of msestulogenesis or vascular
mimicry, the cytotrophoblast differentiates from a@pithelial phenotype to an

endothelial phenotype, as shown in Figurel.

11



FIGURE-1.Normal and abnormal trophoblastic invasionof uterine vessels.
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De wolf and co-workers (1980) observed that earleplamptic changes included
endothelial damage, insudation of plasma constitugrio vessel walls, proliferation
of myointimal cells, medial necrosis and lipid agadation first in myointimal cells
and later in macrophages. Such lipid laden celts associated findings have been
termed Atherosis. Aneurismal dilatations develophi@ vessels affected by atherosis
and are frequently found in spiral arterioles whiwwe failed to undergo normal
adaptation. Luminal narrowing in the spiral artendoy atherosis causes diminished

which eventually leads to the preeclampsia syndtothe
IMMUNOLOGICAL FACTORS
This can be explained by

» Immune dysregulation: During pregnancy, there is immune tolerance torpate
derived placental and fetal antigens. Loss of timlkerance or probably its
dysregulation is another theory cited for preeclsigmpThe microscopic changes
at the maternal placental interface are suggesftiaeute graft rejection. The risk

12



of preeclampsia is enhanced in circumstances whemation of blocking
antibodies to placental antigenic sites providedHgyplacenta is unusually great
compared with the amount of antibody, as with rpldtietuses.

» Immune maladaptation: Dekker and Sibai (1998) have reviewed the possible
role of immune maladaptation in the pathophysiologpreeclampsia. In women
destined to develop preeclampsia at early secomdedter, have a lower
proportion of helper T cells compared with that wbmen who remain
normotensive. This th2 dominance with th1l/th2 irmbak may be mediated by
adenosine which is found in higher serum levelpreeclamptic compared with
normotensive women. These helper t lymphocyteseteapecific cytokines that

promote implantation, and their dysfunction mayofavpreeclampsta®®
Endothelial cell activation

Inflammatory changes are thought to bea continnatifostage 1 changes caused by
defective placentation. In response to ischemicngba certain placental factors
released which causes, a cascade of events in whie@mgiogenic factors and other

inflammatory mediators provoke endothelial celuiyj

Cytokines such as tumor necrosis factor and therleukins contribute to the
oxidative stress associated with preeclampsia. &l stress leads to formation of
free radicals which lead to formation of self-prgaang lipid peroxides which in turn
generate highly toxic radicals that injure endatietells, modify their nitric oxide

production and interfere with prostaglandin balance

Angiogenic imbalance is due to the excessive amotianti angiogenic factors like
soluble endoglin(seng) and placental soluble frke tyrosine kinase 1(sflt-1). The

production of these factors is stimulated by thpdxya at the uteroplacental interface.

13



Sflt-1 antagonises vascular endothelial growth diagvvegf) and placental growth
factor (plgf), blocking the induction of nitric ak@ and vasodilator prostacyclins in

the endothelial cells as shown in Figure2.

FIGURE- 2.Endothelial dysfunction in preeclampsia.
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A rise in sflt-1 levels and a corresponding dropvegf and plgf levels can be
measured 5 to 6 weeks before the onset of climicakclampsia and have been

established as predictors for the subsequent dewelot of preeclampsid”’.
Genetic factors

Preeclampsia is a multifactorial, polygenic disord®ard and Lindheimer (2009) cite
an increased risk for preeclampsia in a patiertt vamily history of preeclampsia in a
first degree relative The below Table 2 represents the incidence @qiaenpsia in a

given patient if the family history of preeclampgdound to be positive.

14



TABLE - 2.Incident risk if patient’s first degree r elative is preeclamptic.

Relatives with history of preeclampsia Incident ri& in the patient
Mother 20-40%

Sisters 11-37%

Twin sister

Heterozygous 22-47%

Monozygous 60%

This hereditary predisposition a result of inhetigeene which control enzymatic and
metabolic functions throughout every organ sysféhus the clinical manifestation in
any given woman with the preeclamptic syndrome wiicupy a spectrum as
discussed under the two stage concept. Around fi@sgeave been identified for their
probable association. Polymorphisms of the genes tid, lymphotoxin and

interleukin-1 have been studied with varying result

Because of heterogeneity of preeclampsia syndroam& other genetic and
environmental factors that interact with its complghenotypic expression, it is

doubtful that any one gene will be found respomsibl
Genes with Possible Associations with PreeclamPgrarome are

e F5(leiden) Factor VLeiden

* AGT (M235T) Angiotensinogen

* NOS3 (Glu 298 Asp) Endothelial nitric oxide
* F2 (G20210A) Prothrombin (factor II)

* ACE (I/Datintron 16) Angiotensin-converting enzyme

15



Nutritional factors

First it was postulated that lowered serum magmesavels during pregnancy might
predispose to seizures during pregnancy in susdeptiomen, such as those with a

tendency toward epilepsy (Suter and Klingman, 1957)

An inverse relationship between calcium intake dngbertensive disorders of

pregnancy was first described in 1980. Epidemialalgand clinical studies led to the
hypothesis that an increase in calcium intake dupnegnancy might reduce the
incidence of high blood pressure and preeclampsiang women with low dietary

calcium. An association has been found betweerciamegsia and hypocalciuria, low
urine calcium to creatinine ratio, hypocalcaemay Iplasma and high membranous
calcium, low dietary milk intake. The lowering cgrem calcium and the increase of
intracellular calcium may cause an elevation ofoldlgoressure in preeclamptic

mothers.
PATHOGENESIS

Vasospasm The concept of vasospasm was advanced by Volfi®18) based on
direct observations of small blood vessels in ta# Ipeds, ocular fundi, and bulbar
conjunctivae. It was also proved from histologichhnges seen in various affected
organs. Vascular constriction causes resistancesabsequent hypertension. At the
same time, endothelial cell damage causes iniafdétakage through which blood
constituents, including platelets and fibrinogerg deposited subendothelially. With
diminished blood flow because of maldistributioe¢chemia of surrounding tissues
would lead to necrosis, haemorrhage and other eg@halisturbances characteristic
of the syndrome. Ironically, vasospasm may be worseomen with preeclampsia

than in those with the hellp syndrotm&: "1/

16



Endothelial cell activation: Over the past two decades, endothelial cell atow has

become the centrepiece in the contemporary undelis@ of the pathogenesis of
preeclampsia. Unknown factors, likely from the plaia are secreted into the
maternal circulation and provoke activation and falystion of the vascular

endothelium. The clinical syndrome of preeclampsi@hought to result from this
widespread endothelial cell changes. In additiomtoro particles, Grundmann and
associates have reported that circulating endaihegil (CEG) levels are significantly

elevated four fold in the peripheral blood of pleatptic womef 1621917

The function of intact endothelium

» It primarily takes part in hemostasis and blunte tksponse of the vascular
smooth muscle to vasospasm.

» It also blunts the response of vascular smooth lauscagonists by releasing
nitric oxide.

» The anticoagulant property is exerted by preveringd clot formation.

> It causes fibrinolysis which is mediated througagphinogen activators.

Damaged or activated endothelial cells secretetanbass that promote coagulation
and increase the sensitivity to vasopressors. Euawvidence of endothelial activation
includes the characteristic changes in glomerudgnillary endothelial morphology,

increased capillary permeability, and elevated tl@oncentrations of substances

associated with such activatidn

Role of vasoactive agents Normally pregnant women have refractoriness to
vasopressor substances viz., angiotensin Il, noepprine, and vasopressin. In

preeclampsia this refractoriness is lost and theeicreased vascular reactivity

17



The vasoactive substances which bring about tHesmeges are

Prostaglandins A number of prostaglandins are central to thégalysiology of
the preeclampsia syndrome. Specifically, the bldinteessor response seen in
normal pregnancy is at least partially due to desed vascular responsiveness
mediated by vascular endothelial prostaglandint®gis. When compared with
normal pregnancy, endothelial prostacyclin (pgi2ddoction is decreased in
preeclampsia.

Endothelins: These are potent vasoconstrictors with 21 amoid peptides and
endothelin 1 is the primary isoform produced by hurendothelium. Plasma ET1
is the primary isoform produced by human endotheliRlasma ET1 is increased
in normotensive pregnant women, but women with @egepsia have even higher
levels. Interestingly treatment of preeclamptic veonwith magnesium sulphate

lowers ET1 concentration'’.

Angiogenic factors Placental vasculogenesis is evident by 21days afinception.

Angiogenic imbalance is used to describe excessivaeunts of antiangiogenic factors

that are hypothesised to be stimulated by worsehympxia at the uteroplacental

interface.

Trophoblastic tissue of women destined to develee@ampsia overproduces at least

two angiogenic peptides that enter the maternaiilgtion.

Soluble fms like tyrosine kinase (sFlt-1): it is a variant of the sflt 1 receptor fo
placental growth factor and vascular endotheliairgh factor. Increased maternal
sflt 1 levels inactivate and decrease circulatireg fplgf and vegf concentrations
leading to endothelial dysfunction. Sflt 1 levelgbes to increase in maternal

serum months before preeclampsia is evid&ht

18



» Soluble endoglin(seng): it is a placental derived 65 Kda moledhi&t blocks
endoglin, also called cd105, which is a co recepborthe tgf b family. This
soluble form of endoglin inhibits various tgf b fepes from binding to
endothelial receptors and result in decreased baliak nitric oxide dependent

vasodilatiort’ 18

The cause of placental overproduction of antiangiog proteins remains an enigma.
The soluble forms are not increased in the fetautation or amniotic fluid, and their

levels in maternal blood dissipate after delivéidmer and associate concluded that
retrospective studies shows that third trimestevation of sflt 1 levels and decreased
plgf concentration correlate with preeclampsia ttgw@ent after 25 weeks as shown

in Figure 3.

Role of nitric oxide: This is a potent vasodilator which is synthesigech L arginine
by endothelial cells of blood vessels of the mothed also fetus. It maintains the
normal low pressure vasodilated state which is adtaristic of fetoplacental

perfusion.

The effect of nitric oxide production in preeclangps unclear. It appears that the
syndrome is associated with decreased endothéliad axide synthetase expression
thus increasing nitric oxide inactivation. Thesepanses may be race related, with

African American women producing more nitric oxidg

19



FIGURE-3*.Angiogenic factors in pathogenesis of preeclampsia

Normal pregnancy Pre-eclampsia

Uterus Uterus

No vessel
remodeling

Vessel

CO!
(i) " Q:mdellng

flow . flow
increases ‘:; decreases
sFit1 1tsFit1
Maintenance levels of free VEGF and PIGF t Free VEGF and PIGF
! |
Normal endothelial function of maternal vessels Endothelial dysfunction of maternal vessels
L
Mormal pregnancy Maternal syndrome

In summary the cause of preeclampsia remains obsalthough more and more
evidence is accruing to support the hypothesisglaenta plays a crucial role. Some
describe aetiology as a two-step process. Thedgsisymptomatic stage (placental)
involves abnormal placentation which is then fokwivby placental elaboration of
soluble factors that enters the maternal circutatind causes widespread endothelial

dysfunction as shown in Figure 4.
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FIGURE- 4%°. Pathogenesis of preeclampsia
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SCREENING FOR HYPERTENSIVE DISORDERS OF PREGNANCY

Preeclampsia and intrauterine growth restrictionai® important causes of maternal
and perinatal morbidity and mortafity*" *> Maternal complications of preeclampsia
include coagulopathy, renal and liver failure atke®’. Adults who were affected

by intrauterine growth restriction in utero areimtreased risk for cardiovascular
disease, hypertension and type 2 diab&t&The substantial loss of life as well as
serious long term sequel of preeclampsia couldabgely eliminated if we could

accurately predict, prevent and better manage laregsia. It is evident at the present

time that there is no clinically useful test to @@tely predict preeclampsia.

Delineation of a reliable and safe screening test dfreeclampsia has been an
investigators dream for many decades and an extesgstematic review of most of
these tests was published in 2004. 87 out of 7dd@é&ntially relevant articles that
described a variety of biophysical and biochemieats assessing their usefulness in
predicting preeclampsia were analysed. The corausvas that there were no

clinically useful screening tests to predict theelepment of preeclampsfa

Attempts have been made to identify early markériaalty placentation, impaired
placental perfusion, endothelial cell activationd amysfunction, and activation of

coagulation.

The list of predictive factors evaluated during tpast three decades is legion.
Although most have been evaluated in the first balpregnancy, some have been
tested as predictors of severity in the third tstee Others have been used to forecast
recurrent preeclampsia. Table 3 shows the list akiers studied since 1980s for the

prediction of development of preeclamp8ia
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TABLE-3.List of markers for prediction of preeclampsia.

Placental perfusion and vascular resistance dysfution related tests:
Mean blood pressure in second trimester

Roll over test

Isometric exercise test

Platelet angiotensin Il binding

24 hr ambulatory blood pressure monitoring

Doppler ultrasound

Fetoplacental unit endocrinology dysfunction- relagd tests:
HCG

Alpha fetoprotein

Estriol

Inhibin A

Pregnancy associated plasma protein A

activinA

corticotrophin release hormone

Renal dysfunction related tests:
Serum uric acid
Microalbuminuria

Urinary calcium excretion
Urinary kallikrein
Microtransferrinuria

Endothelial and oxidant stress dysfunction relatedests/ inflammatory markers:
Platelet count

Fibronectin

Platelet activation and endothelial cell adhesiatetules
Endothelin

Prostacyclins

Thromboxane

Homocysteine

Serum lipids

Insulin resistance

Antiphospholipid antibodies

Plasminogen activator inhibitor

Placental growth factor

Leptin

Total proteins

Antithrombin 1lI

Haptoglobin

Atrial natriuretic peptide

Beta2 microglobulin

CRP

Genetic markers
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1) Vascular Resistance Testing and Placental Perfios

Most of these are cumbersome, time consuming, aerl inaccurate.

Provocative Pressor TestsThree tests have been extensively evaluated tesasse
the blood pressure rise in response to a stimdls.roll-over test measures the
hypertensive response in women at 28 to 32 weels avh resting in the left
lateral decubitus position and then roll over t® $lipine position. Increased blood
pressure signifies a positive test. The isometrer@se test employs the same
principle by squeezing a handball. The angiotedsimfusion testis performed by
giving incrementally increasing doses intravenousind the hypertensive
response is quantified. In their updated metaaisaly§onde-Agudelo and
associates (2014) found sensitivities of all thtests to range from 55 to 70
percent, and specificities approximated 85 percent.

Uterine Artery Doppler Velocimetry: Faulty trophoblastic invasion of the spiral
arteries results in diminished placental perfusaoil upstream increased uterine
artery resistance. Increased uterine artery veletyndetermined by Doppler
ultrasound in the first two trimesters should pdaviindirect evidence of this
process and thus serve as a predictive test foeclammpsia (Gebb, 2009a,
b;Groom, 2009). Increased flow resistance resmltan abnormal waveform
represented by an exaggerated diastolic notch.eThage value for fetal-growth
restriction but not preeclampsia (American Collegé Obstetricians and
Gynecologists, 2013a). Several flow velocity wavefs, alone or in combination
have been investigated for preeclampsia predictiorsome of these, predictive
values for early-onset preeclampsia were promighgraiz, 2012).At this time,
however, none is suitable for clinical use (Condgséelo, 2014; Kleinrouweler,

2012; Myatt, 2012a).
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* Pulse Wave Analysis.Like the uterine artery, finger arterial pulse ffsiess” is
an indicator of cardiovascular risk. Investigatbesre preliminarily evaluated its

usefulness in preeclampsia prediction (Vollebr2gg9).

2)Fetal-Placental Unit Endocrine Function

Several serum analytes have been proposed to hedficp preeclampsia. Many of
these gained widespread use in the 1980s to igiefetidl malformations and were
also found to be associated with other pregnancyrabalities such as neural-tube
defects and aneuploidy. Although touted for hypesien prediction, in general, none

of these tests has been shown to be clinicallyfimalefor that purpose.

3) Tests of Renal Function

» Serum Uric Acid: One of the earliest laboratory manifestations @eptampsia
is hyperuricemia (Powers, 2006). It likely resdiftsm reduced uric acid clearance
from diminished glomerular filtration, increasedbular reabsorption and
decreased secretion (Lindheimer, 2008a). It is ubgd some to define
preeclampsia but Cnossen and coworkers (2006) tezbdhat its sensitivity
ranged from O to 55 percent, and specificity wa®795 percent.

* Microalbuminuria. As a predictive test for preeclampsia, microalbwmsn has
sensitivities ranging from 7 to 90 percent and HBp#tes between 29 and 97
percent (Conde-Agudelo,2014). Poon and colleaga®®8) likewise found

unacceptable sensitivity and specificity for uralleumin:creatinine ratios.

4) Endothelial Dysfunction and Oxidant Stress

Endothelial activation and inflammation are majartgipants in the pathophysiology

of the preeclampsia syndrome. As a result, comp®sndh as those listed in Table-3
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are found in circulating blood of affected womendaome have been assessed for

their predictive value.

Fibronectins: These high-molecular-weight glycoproteins are dela from
endothelial cells and extracellular matrix follogiendothelial injury (Chavarria,
2002). More than 30 years ago, plasma concentstigere reported to be
elevated in women with preeclampsia (Stubbs, 198dlJowing their systematic
review, however, Leeflang and associates (2007¢laded that neither cellular
nor total fibronectin levels were clinically usetol predict preeclampsia.
Coagulation Activation: Thrombocytopenia and platelet dysfunction are irgkeg
features of preeclampsia. Platelet activation causereased destruction and
decreased concentrations, and mean platelet volises because of platelet
immaturity (Kenny, 2014). Although markers of cokgion activation are
increased, the substantive overlap with levels armmotensive pregnant women
stultifies their predictive value.

Oxidative Stress: Increased levels of lipid peroxides coupled wittcrdased
antioxidant activity have raised the possibilityatthmarkers of oxidative stress
might predict preeclampsia. For example, malondi®de is a marker of lipid
peroxidation. Other markers are various prooxidamt¢heir potentiators. These
include iron, transferrin, ferritin, blood lipid#cluding triglycerides, free fatty
acids and lipoproteins and antioxidants such a®rbgc acid and vitamin E
(Bainbridge,2005; Conde-Agudelo, 2014; Mackay, 20RBwers, 2000).These

have not been found to be predictive.

Hyperhomocysteinemia causes oxidative stress athokleelial cell dysfunction and is

characteristic of preeclampsia. Although women valbvated serum homocysteine
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levels at midpregnancy had a three to fourfold olpreeclampsia, these tests have
not been shown to be clinically useful predictosApnna, 2004; Mignini, 2005;

Zeeman, 2003).

5)Circulating Angiogenic Factors.

Host of recent studies throw light on the role ofgiagenic proteins in the
pathogenesis. There is an imbalance of pro andaragiigenic factors. Two
antiangiogenic factors implicated are soluble fike tyrosine kinaselreceptor/ sflt 1
and solubleendoglin /seng 1 whose levels are &dva women with preeclampsia.
Pro angiogenic proteins decreased in preeclampsiasascular endothelial growth
factor/vegf and placental growth factor/ plgf. Vegindothelial specific mitogen
promotes angiogenesis mediated by 2 high affiretyeptor tyrosine kinases vegfr-1
(flt 1) and vegfr- 2 (kinase insert domain regi@@jectively expressed on vascular
endothelial cell surface. Vegfr 1 has 2 isoforma transmembranous isoform and a
soluble isoform (svegfr 1 or sflt 1). Sflt 1 cantagonise biological activity of vegf
and also of plgf. sflt 1 is elevated during cladipreeclampsia. This is associated

with fall in free plgf and vegf.

Soluble endoglin (antiangiogenic) which is tgf lutreceptor impairs tgfbl binding to
cell surface receptors and decrease endothelia oitide signalling. Recently seng
is demonstrated in high concentration in sera agpant women, increased in
preeclampsia. Urine screening with plgf assay fedd by blood confirmation with

sflt 1/plgf can be done. Recently isoforms of 4f14 produced by the placenta is
found.Vegfl65b is a variant of vegf pre mRNA is egulated in maternal circulation
in normal pregnancy but this increase is delayediarinished in women who

develop preeclampsia. Sensitivities for all cadga@eclampsia ranged from 30 to 50
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percent and specificity was about 90 percent. Tiredictive accuracy was higher for
early-onset preeclampsia. These preliminary ressitggest a clinical role for

preeclampsia prediction.
6) Cell-Free Fetal DNA

Cell-free fetal DNA can be detected in maternaspia. It has been reported that
fetal maternal cell trafficking is increased in gmancies complicated by preeclampsia
(Holzgreve, 1998). It is hypothesized that cellefl@NA is released by accelerated
apoptosis of cytotrophoblasts (DiFederico, 1999jonk their review, Conde-
Agudeloand associates (2014) concluded that aedlfietal DNA quantification is not

yet useful for prediction purposes.
7) Proteomic, Metabolomic, and TranscriptomicMarkers

Methods to study serum and urinary proteins anhlileelmetabolites have opened a

new vista for preeclampsia prediction.

* Placental protein 13/ppl3 It is the member of galectin family expressed
predominantly by the placenta (syncytiotrophobl#sbught to be involved in
implantation and maternal artery remodelling. Magéserum 1 trimester pp
13 helps in predicting preeclampsia mainly the yearset preeclampsia.
Various studies show that maternal serum pp 13 edration are
significantly reduced during the first trimester @amg women who

subsequently develop preeclampsia — early onset.
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ROLE OF DOPPLER ULTRASONOGRAPHY IN PREGNANCY INDUCE D

HYPERTENSION

The condition of pregnancy induced hypertensioroften predictable with twin

pregnancy, diabetes, in elderly women and certaioimmune diseases and renal
diseases like nephritic syndrome. In such conditimgilant obstetrician can always
suspect and diagnose it early and treat accordinfpyvever, in some women this
condition sets in a subtle way and gradually suomen develop severe degree of
preeclampsia leading to dreadful complications. déeim routine antenatal care, if
any predictive test can be applied as a screeestgdr all women, then this dreadful

multisystemic condition can be treated in time
Introduction to Doppler Ultrasonography
Doppler ultrasonography makes use of the concepts:

> Doppler Effect

> Doppler Shift

Doppler Effect: When a sound wave hits a movingeobjthe frequency of the
reflected wave depends on the speed and directidgheomoving object. When a
source of a wave and the observer move closerrdguéncy of the reflected wave

increases and when they move apart, the frequestrgases.

Doppler Shift: It is the difference in the frequgnaf the emitted and the reflected

wave. It is also called frequency shift.
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Doppler equation is given by and is shown in Figure

_ 2(fo.cosA)V
=

fd
fo: incident ultrasound beam frequency
fd: frequency shift
A:angle between the incident ultrasound beam amdabblood flow
C:speed of sound in medium

V:velocity of blood flow

FIGURE- 5.The Doppler shift and the derivation of equation.

The velocity of flow in a particular vascular bedmversely proportional to the

downstream impedance of flow.

30



The frequency shift depends on

* The downstream impedance to flow and
* The cosine of angle the ultrasound beam makesbhothd vessel. If
A=0°cosA=1,the maximum velocity and if A=8@0sA=0,there is no

Doppler shift as shown in figure-5.

Ideally one should measure velocity with as smalhagle as possible. Usually 30-

60° angle is used.
Doppler indices

Figure-6 shows the waveform obtained from the thlgessel and it has a first peak
corresponding to systole(S) and a second peakspmneling to diastole(D). M is the

mean of both the systolic and diastolic velocities.

FIGURE 6- .Doppler waveform.

frequency shift
5- peak systolic velocity

N
S M- mean
cam/s /\M D- end diastolic velocity
)
D
N
time(s)

The various Doppler indices used in clinical preetare

» Pulsatility index= peak systolic velocity — endst@lic velocity/mean velocity (S-

DIM)
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» Resistivity index= peak systolic velocity — endgddic velocity/systolic velocity
(S-DIS)
» Peak systolic velocity/ end diastolic velocity ($Hatio

» End diastolic velocity/ mean velocity (D/M) ratio

S/D ratio is simple and describes the rate at wimlv velocities fall away during
diastole. This closely corresponds to the perigheesistance to blood flow.
Increasing peripheral resistance causes an incnegmasatility and Pl. As peripheral
resistance is increased, systolic peak decreaskghais decreased Pl. When end

diastolic frequencies disappear, D is 0 and S/ibfisity and Rl is1.

Doppler modes

» Continuous wave Doppler:The transducer assembly contains two elements, one
for continuous transmitting and other for receividglvantages are that it can be
used for vascular diagnosis. E.g. Umbilical artBgppler velocimetry, external
fetal heart rate monitoring. It is inexpensive dra$ low acoustic energy output.
Disadvantage is that it cannot discriminate betwai#farent locations from which
the signal is originating.

» Pulsed wave Doppler:Here the same crystal functions both as transnaitel
receiving transducer. The advantage is that it ggivelocity information of
specific target vessel and the disadvantage isittiiails if the operator is unable
to identify the correct location and has samplimgithtion and range velocity
limitations. It is useful in uterine artery Doppkemd assessing fetal circulation.

» Colour flow Doppler: It is an extension of pulsed Doppler where colognal is
assigned. It is conventional to use red to desgyflatv towards the probe and

blue away from it. Advantage is that it can detdobd flow velocity in the same
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plane and also direction and small blood vesseisbeavisualised. Disadvantage
is that, there is absence of spectral display amskrece of colour does not
necessarily indicate absence of flow.

* Power Doppler: It is a recent development and quantifies and layspflow
information as an amplitude of scatter of the gliand beam rather than as a
frequency shift. The advantage is that the blooa flrelocity is independent of

the angle of insonation and helpful in high blotmhf velocity assessment.
Other modes of Doppler are two dimensional Dopaitet high definition Doppler.
Modes of Doppler ultrasound mapping

» Colour flow mapping: Map of vessels are obtainedctviis superimposed on
the grey scale image
* Doppler spectrum: Graph showing flow charactersstis a waveform. These

are then quantified as velocities, ratios and ieslic
Uterine artery Doppler
Rationale for uteroplacental waveform analysis

Uteroplacental waveforms are acquired from theingeartery by means of colour,
pulsed Doppler ultrasound. As it was not alwayssjiide to determine whether these
waveforms arose from the uterine artery or the aecartery by using pulsed wave
Doppler alone, they are still commonly referrechsouteroplacental waveforms. With
the use of color Doppler, the uterine artery carrddi@ably identified so that pulsed
wave doppler information can be acquired. Failurgp@or trophoblastic invasion is

characteristic of pre-eclamptic and growth-restdctpregnancies. Assessment of
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uterine artery blood flow is an established scmgniest for these pregnancy

problemg.
Finding the uterine artery waveform

Ideally, the equipment should be designed spedifidar obstetric purposes as
cardiovascular equipment has high power outputldevdeally 4 MHz probe has to
be selected and the vessel wall filter (also knasrthe thump filter) has to be set to
50 Hz, the frequency range to 4 kHz and the sweegdsto 5 m /s. It has to be
ensured that the balance control is exactly ahitposition and that the gain control

is set at about 50% of maximum.

Multiple transducers

Fumber of Efements: 128

Figure:7 Showing different probes and there speatifons.

Use of color flow imaging to identify the bifurcaton of the common iliac artery

in longitudinal section.

The uterine artery originates from the internaddliartery and meets the uterus just
above the cervix. The main uterine artery branch&s the arcuate arteries, which
arch anteriorly and posteriorly and extend inwanddbout one third of the thickness
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of the myometrium. They are tortuous and vary iickihess and in the area they
supply. The arcuate artery network anastomosestheanidline. The radial arteries
arise from this network, are directed towards ttexine cavity, and become spiral

arteries when they enter the endometrium

The probe is moved medially and angled slighthwaads the symphysis pubis to
reveal the uterine artery just medial to the biftiian, as it ascends toward the uterus.
It is conventional to place the uterine artery skngate of the pulsed wave Doppler
at the point of maximal colour brightness closeht® bifurcation as shown in Figure
7. When the waveform is seen, the frequency rangdtered on the equipment until
the waveform fills about two-thirds of the heighittbe screen. The waveform itself
will contain a range of frequencies, represented bgnge of differing colours within
it as shown in Figure 8. If the waveform obtainggears very bright, contains few
colours and the background is noisy, then the Dmpphin is reduced until the

optimal balance is obtainéd

FIGURE-8. Localising uterine artery.
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FIGURE:9- .Obtaining uterine artery waveform.(normal waveform)

LT UTERINE ARTERY

Rt U-ED

Rt Ut-S8/D

Rt Ut-P1

Rt Uty

Rt Ut-MD

Rt Ut-TAmax -13.28cm/'s
Rt Ut-HR Tobpm

FIGURE: 10 Non pregnant uterine artery wave form
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1l

Rt Ut-FS 45.51cmis
RiU-ED 4.51cmis
Rt Ut-R1 0.90

FIGURE: 11 First trimester uterine artery wave form.

SCHLUANYA SURESH

Lt Ut-ED B7.98cmis
Lt Ue-R1 _ 058

FIGURE: 12 Second trimester uterine artery wave fom
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LtuL-PS 59.07cmis
Lt Ut-ED T 83cmis
Lt Ut-8D T.45
Lt Ut-P1 224
Lt Ut-Ri 087
Lt Ut-MD d.0Temla
Lt Ut-TAmax 22 8icmis
LiUt-HR

LtULPS 161.50cm/s
LtULED 16.03cm's
Ltut-R1 080

FIGURE: 14 Notching in second trimester.
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Taking measurements

After obtaining an optimal waveform, the image tabe freezed when the automatic
calculations are displayed. The three waveforms tha machine has chosen to
ensure that they are free from substantial noigkthat the machine has correctly
chosen the maximum systolic point and the lowestjdency in end-diastole are
examined. If the machine does not have a maximwguincy follower then the

image is freezed and Doppler indices are measuestlally. Various measurements
of the uterine artery waveform can be calculatdie Tost commonly used is the
resistance index (RI). The systolic/diastolic (SfBjio and pulsatility index (PI) can

also be used as shown in figure 9 and 10.

FIGURE-15. Doppler indices commonly used.
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Figure 2. Relation between parameters of flow velocity wawveform and the Da
pler indexes. (R, resistance index; Pl, pulsatility index; A, systolic peak: B, er
diastole; Vim, mean velocity; C, start of diastole; D, maximum diastole).

FIGURE- 16. Uterine artery Doppler study with reporting.(right side)
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Reporting of uteroplacental waveforms

Loss of end-diastolic frequencies is extremely rarthe uteroplacental circulation so
a simple index of impedance to flow, such as th@RPI, is sufficient. A subjective
assessment of the flow velocity waveform is alsoallg performed to note the
presence or absence of notches. The waveforms ldatim sides of the uterus are

recorded and reported as follows:
High resistance pattern

» Persistent diastolic notch-bilateral notches.

» Persistent high impedance- RI>0.6 or more thaff pBrcentile for the
gestational age or PI > 1.6 or more thalf! pBrcentile for the gestational age.

» Significant difference between the flow of rightddeft uterine arteries.

» SID > 2.6.
Impaired uterine artery Doppler is seen in

» Fetal growth restriction
* Preeclampsia
* Preterm delivery

* Non reassuring fetal status in labour.

Low resistance pattern All other situations as shown in the Figurel2 abhis a

normal Doppler waveform.
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FIGURE 17 .Abnormal color Doppler waveform of the uerine artery at 24
weeks with the presence of a‘'notch’ at the end of/stole and reduced
end-diastolic flow.

FIGURE18 -.Normal color Doppler waveform of the uteine artery at 24 weeks.
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Problems

If the signal is not visualized the machine settirge checked and restarted. The
vessel wall filter, frequency range, sweep speed gain controls should be

rechecked.

When there is difficulty in distinguishing wavefosnifrom the Internal iliac artery
from pathological Uteroplacental waveforms, pathalouteroplacental waveforms
are identified by a biphasic deceleration slopesystole, whereas those from the

internal iliac artery have a smooth, steep slope.

FIRST TRIMESTERSCREENING

According to Pilalist al (2007 : 532), 1st trimester abnormal uterine artery
Doppler flow patterns are likely to identify the ses of pre-eclampsia
associated with severe growth restriction and havgreater sensitivity in
identifying early onset of severe disease. A lIstdster uterine artery Doppler
assessment is thus useful in identifying a subgrouphe population at n
considerable risk for early, severe pre-eclampsiar @rowth

restriction(Pilaligtal2007; 532)

In a study done by Pilaligt al the results suggest that uterine artery Doppler
examinations are helpful in predicting pre-eclarapgiom as early as

thelsttrimester (Pilaliet al., 2007 :139).

Melchiorre and co workers (2000 : 135) found thttrimester uterine artery
Doppler indices and prevalence of bilateral notghim normal pregnancies were

considerably different from those in women destined develop preterm
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pre-eclampsia but not term pre-eclampsia. The tesof a study done by
Melchiorre and coworkers (2009:528 )indicated anificant relationship between
1%trimester uterine artery Doppler indices and theseguent development to small

for gestational age fetuses.

SECOND TRIMESTERSCREENING
Second trimester uterine artery Doppler screenig groven to be a sensitive
and accurate method for predicting preeclampsia fated growth restriction

especially the severe forms and early onset oflitease(Pilalis2007:533)

Doppler screening in the second trimester is magasiive than in the
1%trimester, in identifying the more severe and tf@eeclinically most relevant
cases of pre-eclampsia and FGR.

IDEAL TIME FORSCREENING

Screening for pre-eclampsia by uterine artery Depplkssessments is possible
from at least 11 weeks of gestation. Trophoblastasion is maximal in the
1sttrimesterand pre-eclampsia develops from aiveldailure of this event,
validates the evaluation of uterine artery Dopplassessment in the
1%%trimester(Melchiorrie2008: 133), however screeniog early leads to false
positive rates and lower positive predictive values what appears to be
abnormal uterine artery Doppler waveforms in eadgond trimester may fully

develop and normalize by late second trimester(8pa@l2004 :6).

Screeningin these second trimester leads to improvemanthe false

positive rates and positive predictive values(Swaet2004:6).

Cnossen and colleagues (200B3), echo Swanepoel's view that Doppler

testing for both preeclampsia and FGR is less ateun the Ttrimester tharin
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the 2%rimester, while Papageorghiou (2008 : 308) argtieat in the 1st
trimester the sensitivity for predicting severe early onset disease is much
higher than is for mild or late onset disease. Mielcie (2005 : 134) is of the
opinion that fandearlysecond trimester tests are only likelye@ble to predict
the development of preterm pre-eclampsia caseshidnze defective spiral

artery changes.

Numerous studies found the potential advantageadiee screening is that
prophylactic intervention, such as maternal ingestf low dose aspirin may be
more effective in the prevention of the subsequdevelopment of pre-

eclampsia and FGR (Marstal.,2001:586),

Aspirin therapy may be of specific benefit if seattin the first trimester in
women at high risk of developing the disease on liheis of history and
abnormal first trimester uterine artery Doppler efavms (Papageorghiou 2000
: 369). In a study by Yu and coworkers, (20@38) there is particular evidence
that the administration of low dose aspirin to womeith abnormal flow in
theuterinearteriesatthisearlystagemayprovideetffeptophylaxisagainstpre-

eclampsia.

A reason for a move towards first trimester scnegnis that prevention of
pre-eclampsia by starting pharmacological interneenin the second trimester has
by and large failed (Papageorghiou 2008 :369).

Screening of high-risk populations

Women at increased and/or high-risk for preeclampamnd intrauterine growth
restriction are usually identified from the matédrnistory at pregnancy booking. The

prevalence of complications in this group of pregnes is much higher than in the
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normal population. Uterine artery Doppler screenmg validated screening tool for

this group.
Screening of low-risk pregnancies

Although several studies have used uterine artesgpl®r as a screening tool for
preeclampsia and fetal growth restriction in ungelé populations, debate continues
as to its value. Varying sensitivities are obtaimegending on the type of Doppler
used, the sampling site, the definition of abnorotatine artery resistance, gestation
of assessment and different end-points. Currentig, following statements are
supported by at least one published study for tisges (20- and 24-week) screening,

using color pulsed wave doppler of the uterinerease

e The presence of a low resistance pattern is agsocwith a very low chance of

pregnancy complications:
Less than 1% chance of developing proteinuric hgosion.
Less than 1% chance of a coexisting small for-ajestal-age fetus.

e A high resistance pattern is associated with ahdrigrate of pregnancy

complications:

70% chance of developing proteinuric hypertension
30% chance of a coexisting small-for-gestationgé fetus’
Uterine artery Doppler studies in normal pregnancy

Schulman and colleagues determined that in thepnegnant state there is a rapid rise
and fall in uterine artery flow velocity during $gk and a notch in the descending
waveform in early diastole. During pregnancy, tmmed a significant increase in
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uterine artery compliance between 8 and 16 weekghacontinued to a lesser extent
until 26 weeks gestation. This physiological chaimgeompliance resulted in the loss
of the diastolic notch between 20 and 26 weeksagest This finding was
corroborated by Jurkovic and Juaniaux who foundlamechanges in the resistance
index(RI) and pulsatility index(Pl) of the uteringtery Doppler signal. They
determined that the RI decreased from 0.8 to Oed®den 8 and 17 weeks, and that

the PI decreased from 2.0 to 1.3 between 8 andeBkswyestatiofr
Criteria for an abnormal test

The majority of research has centred on an elevatidhe Pl or the persistence of a
uterine artery diastolic notch to detect the presenf increased uteroplacental

vascular resistance.

A recent metaanalysis concluded that a PI withimogchad the best predictive value
for pregnancy outcomes (Cnossen’s). It appears @lsathe impedance to flow
increases in the placenta there is momentary aostithe uterine artery in the late
systole or early diastole, or an increase in therdtream resistance as the relatively
inflexible distal artery recoils from distensionusad by the systolic pulse. This is
manifested as an early diastolic notch in the @e&pwaveform. Most studies use
subjective criteria for the definition of a diastohotch, but a drop of atleast 50 cm/s

from the maximum diastolic velocity is a reasonatlteria after 20 weeks.

There are no current standards for gestationahttgsting or criteria for an abnormal
uterine artery Doppler study. Once adequately &cim the technique, a reasonable
approach would be to use an ultrasound machine thighcapability to perform

continuous wave and or pulsed wave Doppler studfigke uterine, arcuate and the

subplacental arteries.
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Pl has been commonly reported but using levelvalioe 98 percentile or PI1>1.6

appears to be appropriate. Recent reports show stilitg in assessment of uterine
artery flow in the first trimester. However the ged trimester has yielded more
consistent results. Performance at 18-20 weekstymstis a reasonable approach.
There is some evidence that repeating tests at2B4weeks may add further

benefits*
STUDIES

Cnossen JS, Morris RK et al made a systematieweand bivariable meta-analysis
in which they identified relevant studies througirious databases of April 2006 and
found that uterine artery Doppler ultrasonogragbhpvided a more accurate
prediction when performed in the second trimedtantin the first-trimester and an
increased pulsatility index with notching was thestb predictor of preeclampsia
(positive likelihood ratio 21.0 among high-risk jeats and 7.5 among low-risk
patients). It was also the best predictor of ovdpsitive likelihood ratio 9.1) and

severe (positive likelihood ratio 14.6) intrauterigrowth restriction among low-risk

patients.

Bhattacharyya Sanjoy Kumar, KunduSarmila and Kalffankar Prasad made a
prospective study of 179 pregnant women of gestatiage less than 16 weeks from
August 1, 2007 to July 31, 2008 to predict the ommce of preeclampsia using
uterine artery Doppler velocimetry as a screenasj at 24 to 26 weeks of gestation
to note the abnormalities i.e., notching, resigtiundex>0.6. They divided them into

high and low risk group and followed up to look the development of preeclampsia.
It was found that sensitivity and specificity ofraiomal uterine artery Doppler study

for prediction of preeclampsia were 73.33 and 8%48 high risk and 57.14 and
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95.83% in low risk group. Relative risk with 95% nédence interval was
5.427(2.272-12.958) in high risk and 13.65(5.66%883) in low risk women and
concluded that Doppler velocimetry of uterine artat 24 weeks can be a reliable

screening test for prediction of preeclampsia ithiiogh risk and low risk woménh

Steel SA, Pearce JM et al in January 2001 madedy sin early Doppler ultrasound
screening in prediction of hypertensive disorddrgregnancy in which they screened
1198 nulliparous women in early pregnancy by Doppidrasound waveforms

(median 18 weeks). Among 1014 available for analy$il8(12%) had persistently
abnormal waveforms on repeat ultrasound scans aivéks. Hypertension was
significantly more frequent among those women thamong women with normal

Doppler waveforms [29/118 (25%) vs. 45/896 (5%)}pErtension in women with

abnormal waveforms was more likely to be severe{10®6) had proteinuria and 15
(13%) intrauterine growth retardation compared wit{0.8%) and 0, respectively, of
those with normal waveforms. The sensitivity waghhfor hypertension associated

with either proteinuria (63%) or intrauterine growetardation (100%).

Caforio L, Testa AC et al studied uterine arteryppler velocimetry performed at 18-
20 and 22-24 weeks of gestation in predicting deeepsia and adverse pregnancy
outcome in high and low risk patients. 865 pregvemtien were evaluated: 335 and
530 pregnant women represented the high and ldngrisups, respectively. At 18-20
weeks of gestation the sensitivity for the predictof preeclampsia was 100 and 94%
in low and high-risk groups, respectively. At 22-®deks of gestation the sensitivity
for the prediction of preeclampsia was 100 and 9i@%ow and high-risk groups,
respectively. They concluded that Doppler evalumatb the uterine artery at 18-20
and 22-24 weeks of gestation represents a useddiqtive test in high-risk pregnancy

and can also be used in prenatal surveillancd@faisk population.
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Schwarze A, Nelles [, et al in 2000 made a studgs®ess the role of uterine artery
colour Doppler waveform analysis in the predictminadverse pregnancy outcome
such as preeclampsia, intrauterine growth retamdatplacental abruption or a
combination of outcome parameters. They found thdbw risk pregnancies, the
sensitivity of uterine artery notching for predasti of preeclampsia was 88 % and
concluded that the predictive value of uterine rgri@oppler for adverse pregnancy
outcome in a low-risk population is of limited draggtic value. Performing uterine
artery Doppler studies at 23-26 weeks' gestatiatead of 19-22 weeks' gestation

increases the predictive value for adverse pregnaatcomes.

Coleman et al made a study on mid trimester uteaimery Doppler screening as a
predictor of adverse pregnancy outcome in high w&knen. In their study, the
sensitivity and specificity of RI>0.58 for preeclpsia was found to be 91 and 42 %

respectively. Among women with RD.7, 58 % developed preeclampsia.

Ratanasiri T during 2004-2005 made a prospectivaystio assess the performance of
diastolic notch of uterine arteries as a preditwopreeclampsia among 378 pregnant
women between 18 to 22 weeks of gestation usingpRostudies. Diastolic notch
was found in one or both uterine arteries in 5ljeunib, yielding 78.6% sensitivity,
89.0% specificity, 21.6% positive predictive val®9,.1% negative predictive value,
88.6% accuracy, with likelihood ratio of positivadanegative test result of 7.2 and
0.2 respectively in the prediction of preeclampdiiey concluded that although
having high sensitivity and specificity, diastohotch of uterine artery found in the
second trimester provides too low predictive valude used as a routine screening

for preeclampsia.
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Chien PF, Arnott N et al in 1999 made a quantitatsystematic review of
observational diagnostic studies using online $eagcof the medline database and
found that in the low risk population a positivetteesult predicted preeclampsia with
a pooled likelihood ratio of 6 x 4 (95% CI 5 x %1), while a negative test result had
a pooled likelihood ratio of 0 x 7 (95% CI 0 x 6x08) and concluded that uterine
artery Doppler flow velocity has limited diagnostiaccuracy in predicting

preeclampsia, intrauterine growth retardation agrhptal death.

ArisAntsaklis, George Daskalakis in 2010 in theudy concluded that uterine artery
Doppler screening meets all the requirements faodhwhile screening program in
prediction of preeclampsia. The sensitivity for gjoting severe preeclampsia was
between 80 and 90% for a false positive rate af 3% and that the detection rate
could be better if they would have set a higheeeserpositive rate. Uterine artery
screening at 20-24 weeks gestation was found tosuperior to first trimester

screening.

C K H Yu, O Khouri et al in 2008 made a multitterprospective Doppler study of
the uterine artery at 22-24 weeks of gestationnselected women with singleton
pregnancies and found that in 30,639 pregnancies, median uterine artery
pulsatality index was 1 and ©5percentile was1.58. 614(2%) of cases developed
preeclampsia and the mean uterine artery Pl waseab8" centile in 77.2% of
women who developed preeclampsia requiring delibefpre 34 weeks, in 35.9% of
those delivering at 34-37 weeks and in 21.9% o$eéhdelivering after 37 weeks. The
respective percentages were 82.3%, 46.9% and 28B¥ose with preeclampsia
and small for gestational age infants and 43.8%2%1and 8.4% for those with small

for gestational age but without preeclampsia.
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Progrojpaw D et al in 2008 screened 330 singleigh hisk pregnancies with uterine
artery Doppler between 20 and 24 weeks. Pulsatiiiyex of > 1.58 or the presence
of diastolic notch were defined abnormal and fouhdt 27 (8.18%) women
developed preeclampsia. 16 (4.84%) women has SGedalhe sensitivity of Pl >
1.58 and diastolic notch for preeclampsia, SGA wé&®25% and 56.25%
respectively. The specificity of PI1>1.58 and diéistootch for these outcomes were
66.67% and 65.60% respectively and concluded rthdttrimester uterine artery
Doppler waveform analysis cannot be used as sergemethod in women at higher

risk for the development of preeclampsia and SGlididsa

Onwudiwe N, Yu CK et al in 2008 studied 3529 #tgn pregnancies at 22-24
weeks with combined screening with maternal demaqagc characteristics, uterine
artery Doppler and mean arterial pressure. Multiplgression analysis was used to
determine the significant predictors of pre-eclaimpgestational hypertension and
small for gestational age (SGA) among maternal attaristics, uterine artery
pulsatility index and MAP. Among 3359 cases avaéa preeclampsia developed in
101 ( 3%) in which 23 (0.7%) delivered before 34else and 78 ( 2.3%) after 34
weeks . 74 ( 2.2%) developed gestational hypsiten366 (10.9%) delivered SGA
new-borns with no hypersensitive disorders and 28@&3.8%) were unaffected.
Maternal characteristics, uterine artery-Pl and Rvigxovided significant independent
contribution for a false positive rate of 10%, #stimated detection rates of early and
late preeclampsia were 100% and 56.4% respectivaelyd concluded that the

combination of test is an effective screening tool.

Asnafi N, Hajina K in 2011 studied 70 high risk gnant women with Doppler
ultrasonography between 18-24 weeks for evaluatfouterine artery notching and

found that 27 women ( 39.20-%) had notching andhbwwveight range was
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2,897.5+757.15 where as other 43 women with nohmogchad babies with birth
weight 3,248.39+374.27. Preeclampsia, abruption landbirth weight babies were
significantly higher in the group with notching ke term delivery did not show any

statistical difference between the two groups.

Elisa Llurba , Elena Casseras et al in 2008 mapspective study in women with
singleton pregnancies at 19-22 weeks. They studiean pulsatility index (MPI) of

both uterine arteries in 6586 women. Among 6035, preeclampsia developed
in 75 (1.2%) and IUGR in 69 (1.1%) cases. Uterirterg mean Pl was 0.99 and"®0

centile was 1.4. For 10% false positive rate, neeDoppler mPI identified 70.60% of
pregnancies that subsequently developed early gmseiclampsia and 73.3% of
pregnancies that developed early onset IUGR andahader detection rate for late

onset forms of the disease (23.5% for preeclanmgsila30% for IUGR)
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MATERIALS AND METHODS

This was a prospective study involving 280 pregnvemitnen. We excluded 30 cases
because they had missing outcome data. In the namga250 pregnant women with
gestational age 12 to 14 weeks and 20 to 26 weels aorrect LMP attending

antenatal clinic at KGH Hospital, (tertiary heattlre centre) Triplicane & Institute of

Obstetrics & Gynaecology, Egmore, Chennai, cortsiitthe study population.

After taking the informed written consent from tipeegnant women willing to

participate in the study, a preliminary data watected to include

Thorough history to know the patient demographjestational age and to know any

high risk factors associated with the pregnancy.
BMI was calculated using the formula : weight (kgjght (nf).

Recording of blood pressure was done in sittingtjposafter 10 minutes of rest the

reading was repeated when above 140/90 mmHg afteurs.

Preeclampsia is defined as a blood pressure adaat 1140/90 mmHg measured on
two occasions each 4 hours apart, accompanieddigipuria of atleast 300 mg per

24 hours, or at least 1+ on dipstick testing.
Severe preeclampsia is defined as having one o ofdhe following criteria:

* Blood pressure of at least 160/110 mm Hg measumnetivo occasions each 4
hours apart.

* Proteinuria of at least 5 g per 24 hr, or at I&sbn dipstick testing, oliguria
of less than 500ml per 24 hr.

* Cerebral or visual disturbances
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» Epigastric or right upper quadrant pain

* Impaired liver function

* Thrombocytopenia

» Fetal growth restriction (defined as the conditiorwhich the new-born has

birth weight less than 10% for gestational age)

Proteinuria was diagnosed on 2 midstream urine kEesngwllected at least 4 hours
apart showing albumin “+”or more using dipstick. indry tract infection was

excluded by routine urine analysis.

The protein portion of the dipstick reagent stripasures the protein based on the
protein error of PH dye indicator, principle (methousing bromophenol blue.
Development of colour range from yellow for negatithrough yellow green and

green to green blue for a positive reaction

Table -4.Showing sensitivity/ limit of detection olrinary protein.

Test result Negative | Traces(+/- 1+ 2+ 3+ 4+

Protein(mg/dl) 0 10 30 100 300 | 1000

Routine haematological investigations were noted.

Clinical examination was done at each visit alornithweight gain, blood pressure

and protienuria.

Ultrasound scan was done at 12 to 14 weeks and 26 tweeks.
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Based on the following high risk factors, the wom&are categorized into two

groups—high risk and low ridk

* H/o chronic hypertension

» Diabetes

* Renal disease

« Obesity (BMI >30);

» Age<20 or>35 years (in primigravida)

» Past bad obstetric history of—preeclampsia, in&o¢ growth restriction,
and intrauterine fetal demise.

* Family h/o preeclampsia or IUGR in mother or sister
NCLUSION CRITERIA :

» All pregnancies with correct LMP

» Patients who gave informed written consent.
EXCLUSION CRITERIA :

» Patients who did not give consent
* Multiple pregnhancy

« Anomalous foetus.

Sequential uterine artery Doppler recordings waken at 12 to 14 weeks and 20 to
26 weeks of gestation. The woman was examinedsena recumbent position after
10 minutes of bed rest under real time ultrasonugrausing volusionGEmachine
with frequency of 2- 5 MHz.Transabdominally, thelpe was placed longitudinally in
the lower lateral quadrant of the abdomen, anglediatly. Color flow mapping is

useful to identify the uterine artery as it is seeossing the external iliac artery. The
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sample volume was placed 1 cm downstream fromdtussover point. In a small

proportion of cases if the uterine artery branchefore the intersection of the
external iliac artery, the sample volume shoulgplaeed on the artery just before the
uterine artery bifurcation. The same process ieatgul for the contralateral uterine
artery. With advancing gestational age, the utersisally undergoes dextrorotation.

Thus, the left uterine artery does not run as d@s does the rigt
Impaired uterine artery flow was considered infilwing.

» Persistent diastolic notch- unilateral or bilaterathe main uterine artery. An
early diastolic notch is defined as a V shapededttin towards the baseline
in early diastole.

* Elevated mean Pl > 1.6

* Both of the above.

All pregnant women under study were carefully faléa up regularly and her blood
pressure, weight gain, fundal height was measunelduginary protein analysis was
done at each antenatal visit. The patient wasvi@tbup till delivery and the outcome
was noted with respect to the gestational age hvedg birth weight and the

perinatal events.

The pulsatility index is defined as a measure efvariability of blood velocity in a
vessel equal to the difference between the peatolgysand minimum diastolic
velocities divided by the mean velocity during tterdiac cycle. Pulsatility index is
an arterial blood-flow velocity waveform index dgsed to quantify the pulsatility or

oscillations of the waveform.
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Pl is calculated with the aid of software instaledthe ultrasound machine using

the following formula:

Pulsatility index = (Vmax-Vmin)/Vmaxmean.

Where Vmax is the peak systolic velocity, Vmintie minimum forward diastolic
velocity in unidirectional flow, or the maximum rege velocity in diastolic flow

reversal, and Vmax mean is the maximum velocityayed over (at least) one cardiac

cycle.

Table 5: Showing pulsatility index by Gomez et.al

Gestational age] 1 trimester(Pl) | 2™trimestei(Pl) [ 3 trimester(Pl)
5"centile 1.1 0.7 0.6
50"centile 1.7 1.0 0.8
95"centile 2.7 1. 1.2

The above table shows the PI values for tﬂé 5d0Nand 9%'centiles for the
different gestational ages. Ideally as gestatiocreiases the pulsatility index

should decrease.

Literime artery mean Pl

L=

o 6 =15 e 25

e e s

10 (= ] 1=

FIGURE: 19 Showing pulsatility index at different gestationalage
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METHODS FOR STATISTICAL ANALYSIS

Demographic data of the included women is preseasedescriptive statistics using
range, mean and standard deviation for metric datd range, median and

interquartile range for discrete data.

Data were analysed using SPSS version 20 for wisdéwequency distribution of
category variables were computed and Chis squatdde proportions were used to
analyse Pl values and notching positivity with idah preeclampsia or no
preeclampsia& IUGR. Sensitivity, specificity, pos#t predictive value, negative
predictive values were determined for both PI amdciing in £' and second

trimesters. Notching and preeclamsia was also levect with IUGR.
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FIGURE: 20 :ULTRASOUND MACHINE GE VOLUSION 730USED IN THIS STUDY

FIGURE: 21 —Different probes.
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OBSERVATIONS AND RESULTS

In this prospective study a total of 280 pregnanm&n were recruited, however
30 patrticipants had to be excluded from the finalgsis due to the following

reasons:
1) Did not return for follow up scans

2) Pregnancy outcomes were not available.

Records of 250 participants were available forfihal analysis due small sample size
did not allow for regression models could not beduand instead cross tabulations
were employed. Out of these 250 women 55 womembeiw high risk group and rest
of 195 women belong to low risk group accordingth® risk factors already
mentioned.55(22.5%) and 195(78%) were in high rekd low risk groups

respectively.

BASELINE OBSTETRIC ANDDEMOGRAPHIC CHARACTERISTICS

Table: 6- Baseline obstetric and demographic data

DATA N =250 MEAN | £ STANDARD DEVIATION
Age range(years)
18-29 170 (68%) 27.0 +5.42
24 (20%)
30-34 14 (12%)
35-39 1 (1%)
40+
Parity N/A
1% preghancy 87 (35%) NIA
65(26%)
2" pregnancy 52 (21%)
45(18%)
3 pregnancy
4" pregnancy
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As shown in table Gf can be seen that majority of participants, {G8%)were ir
the age group 1829, while 24 (20%) were between 30 and 34 yeaisgef and 1.
(12%) were older than 35 years of age, with themagge being 27.0 (zSD 5.4
Parity : 87 (35%) patients it was their first pregnancy &

65(26%) weregravida 2,5z (21%) gravida 3 and 458%) gravida ¢

BLOOD PRESSURE

Thesystolic blood pressure (meant) was 131.62+12.74

The diastolic blood pressure (meanz) was 87.62+10.67.

The mean systolic and diastolic blood pressuithe populatn is represented in ti

graph .

| Blood pressure
DBP

SBP 131.62

0 20 40 GOBP mmHgSO 100 120 140

GRAPH- 1. Mean systolic and diastolic blood pressur

HIGH RISK FACTORS

Various high risk factors and the associated riggreéclampsia was studied like ¢
maternal history of chronic hypertension, diabetesal diseas, past bad obstetric
history and family history was taken into accousttlaese factors have been see

be associated with the higher incidenf preeclampsia and is shown iable 8
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TABLE-7.Distribution of various risk factors in the high risk group and the

association between various risk factors and devedment of preeclampsia

Risk factors

No. of women (55)

Preeclampsia

IUGR, IUFD

Age <20 13 3(19%)
Age>35 6 2(36%)
h/o chronic hypertension 7 5(60%)
h/o diabetes 2 0
h/o chronic renal disease - -
Past h/o preeclampsia, 27 10(38%)

COMPLICATIONS

The women in study group developed various comipina associated with the
decreased uteroplacental blood flow, the most itapbr being preeclampsia.
48(19.2%).The incidence of IUGR were 68(27%).Thie raf still birth and early
neonatal death were 2(0.8%),4(1.6%) in respectivehych was statistically not
significant as there were other causative factdes birth asphyxia, congenital
anomalies contributing significantly for the petmlamortality in the low risk group.

The incidence of oligohydramnios was 5(2%) of wordereloping oligohydramnios

as shown in Table 9 and Graph 6.

TABLE — 8 Various complications in the study group

Complications in the study group

Preeclampsia 48(19%)
IUGR 68(27%)
Still birth 2(0.8%)
Early neonatal death 4(1.6%)
Oligohydramnios 5(2%)
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VARIOUS COMPLICATIONS
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Graph 2: Various complications in the study group

PREGNANCY INDUCED HYPERTENSION.

Among the 55 high risk patients, developed pregnancy induced hypertens
Gestational hypertensi was seen in 2(2%gnd mild, severe preeclampwas seen

in 3(15%),12(75%).

TABLE 9. Severity of pregnancy induced hypertensic

Complication HR PIH

Gestational hypertensiot 2(12%)

Mild preeclampsia 3(18%)

Severe preeclampsi 11(75%)
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Graph 3-.showing types of pregnancy induced hypertensit

PREDICTIVE VALUE OF UTERINE ARTERY DOPPLER FOR

PREECLAMPSIA

UTERINE ARTERY DOPPLER SCREENING
Uterine artery Doppler screening was performedhia 1" and 2™ trimester of
pregnancy for each patient to assess its sengitivigredicting PET dUGR

Table 10: UTERINE ARTERY DOPPLER PULSATILITY INDICES
(CURRENT STUDY)

DEPENDAN +STD
NUMBER RANGE
T VARIABLE DEVIATION
Uterine artery PI 250 (0.6-2.9) +0.47

1st trimester

2nd trimester

250 (0.5-2.3) +0.3%

The above table demonstrates the mean pulsatititgx (PI) for each trimest
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Table 11 UTERINE ARTERY DOPPLER SPECTRAL WAVEFORM

ANALYSIS

DEPENDANT VARIABLE NUMBER
Notching (Ftrimester) N=250
Yes 70(28%)
No 180 (72%)
Notching (2nd trimester) N=250
Yes 48 (23%)
No 202 (76%)

Participants with notching decreased from 70 in tfetrimester to 48 in the"?
trimester. The majority of participants (72%-in thst lrimester), (76%-in the"®
trimester) had a uterine artery spectral waveforhciv displayed no notching, in

keeping with normal trophoblast invasion of the enaal spiral arteries.

PREGNANCY OUTCOME:
32 pregnant women delivered before 37 week sfajen and rest of 198 pregnant

women delivered between 37 to 42 weeks of gestatio

TABLE 12: PREGNANCY OUTCOMES

OUTCOME N =250
Gestational age at delivery
<37 weeks 32(14%)
37 - 42 weeks 198(80%)
>42 weeks 0
Birth weight
<2500g 68(27%)
>2500g 182 (72%)
Developed PET 48 (19.2%)
Intrauterine fetal death 2(0.8%)
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Babies weighing less than 2500 g at term were densd small for gestational age,
whereas fetal growth restriction (FGR) implies tlaafetus has not achieved its

optimal growth potential.

Pl FIRST TRIMESTER

Valid Cumulative
Frequency | Percent Percent Percent
Valid |[NEGATIVE 164 65.6 65.6 65.4
P1 POSITIVE 86 34.4 34.4 100.0
Total 250 100.0 100.0

Interpretation: 86 women out of 250 women showdsatility index above cutoff
value in first trimester and 164 women had Pl withormal range.

NOTCHING FIRST TRIMESTER

Frequency Percent Valid Cumulative
Percent Percent
Valid NEGATIVE 180 72.0 72.G 72.Q
POSITIVE 70 28.0 28.0 100.4G
Total 250 100.d 100.d

Interpretation: 70 women out of 250 women shouastdlic notching in first
trimester and 180 women had no diastolic notching.

Pl SECOND TRIMESTER

Frequency | Percent | Valid Percent C(:eulinelilcaetlnvt
Valid PINEGATIVE 174 69.6 69.6 69.4
Pl1 POSITIVE 76 30.4 30.4 100.4

Total 250 100.d 100.d

Interpretation: 76 women out of 250 women showdsatility index above cutoff
value in second trimester and 174 women had Plimatarmal range.
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NOTCHING SECOND TRIMESTER

Frequency | Percent| Valid Percent Cl;:zz:tril\t/e
Valid NEGATIVE 192 76.8 76.8 76.9
POSITIVE 58 23.2 23.2 100.¢

Total 250 100.d 100.d

Interpretation: 58 women out of 250 women showsstdlic notching in second

trimester and 192 women had no diastolic notching.

PREECLAMPSIA
Frequency | Percent Valid Cumulative
Percent Percent
Valid NO PREECLAMPSIA 202 80.9 80.8 80.9
PREECLAMPSIA 48 19.2 19.2 100.(¢
Total 250 100.d 100.d

Interpretation: 48 women out of 250 women had dspesdl preeclampsia and 202

women had no evidence of preeclampsia.

IUGR
Frequency | Percent | Valid Percent Cl;)r;]?!ztri]\t/e
Valid NO IUGR 182 72.8 72.8 72.9
IUGR POSITIVE 68 27.2 27.2 100.¢
Total 250 100.C 100.C

Interpretation: 68 fetus had developed IUGR o258 birth remaining 182 foetus

had no evidence of IUGR.

Association between Notching in®ltrimester and preeclampsia

40% of patients who had notching in™ Zrimester had significantly higher

preeclampsia while 88.9% of them who did not haetemng had no preeclampsia

(42=27.1, p<0.001)
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Association between Notching in'l trimester and preeclampsia Cross tabulation

PREECLAMPSIA CAT
NO Total
oreECLAMPS|A | TREECLAMPSIA
NOTCAT1 NEGATIVE Count 160 20 180
Expected Count 145.4 34.4 180.(
% within NOTCAT1 88.9% 11.194 100.09
% within 79.2% 41.7% 72.09
PREECLAMPSIACAT
% of Total 64.0% 8.099 72.09
POSITIVE Count 42 28 70
Expected Count 56.4 134 70.0
% within NOTCAT1 60.0% 40.09% 100.09
% within 20.8% 58.3% 28.09
PREECLAMPSIACAT
% of Total 16.8% 11.294 28.09
Total Count 202 48 250
Expected Count 202.C 48.0 250.(
% within NOTCAT1 80.8% 19.294 100.09
% within 100.09 100.0% 100.09
PREECLAMPSIACAT
% of Total 80.8% 19.29% 100.09
Chi-Square Tests
Asymp. Sig.| Exact Sig. | Exact Sig.
Value df (2-sided) (2-sided) (1-sided)
Pearson Chi-Square 27.113 .000
Continuity Correctioh | 25.283 .000
Likelihood Ratio 24.754 .000
Fisher's Exact Test .000 .000
Linear-by-Linear 27.004 1 .000
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less tham&.ninimum expected count is 13.44.

b. Computed only for

a 2x2 table
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Bar Chart
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NOTCHING FIRST TRIMESTER

Sensitivity of notching was only 58% (95% CIl betweé3% and 72%) while

specificity was 79% (95% CI between 72% and 84%.pbsitive predictive value

was 40% and negative predictive value was 88%.

Condition
Absent Present Totals
Test Positive 42 28 70
Test Negative 160 20 180
Totals 202 48 250
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95% Confidence Interval

Estimated

Value Lower Limit Upper Limit

Prevalencs 0.192 0.146204 0.247495
Sensitivity]  0.583333 0.432754 0.720676
Specificity] 0.792079 0.728257 0.844524

For any particular test result, the probabilityttivavill be:

Positive) 0.28 0.226144 0.340752

Negative 0.72 0.659248 0.773856

For any particular positive test re

sult, the proligithat it is:

True Positive 0.4 0.286898 0.524136
False Positivg 0.6 0.475864 0.713102

For any particular negative test result, the prditgithat it is:
True Negativg 0.888889 0.831419 0.929149
False Negativ( 0.111111 0.070851 0.168581

likelihood Ratios:
[C] = conventional [W] = weighted bygwalence

Positive [C] 2.805556 1.957342 4.021342
Negative [C] 0.526042 0.375443 0.737049
Positive [W]| 0.666667 0.472231 0.941159
Negative [W] 0.125 0.082579 0.189212

70




Association between Notching™® trimester and pre-eclampsia

Notching was positive in 65.5% of patients withgmampsia and negative in 94.8%

of patients without preeclampsigE104.4, p<0.001)

NOTCHING 2'° TRIMESTER VS PREECLAMPSIA Cross tabulation

PREECLAMPSIACAT
NO
PREECLAMP P?/EES?:A Total
SIA

NOTCAT |[NEGATIVE |[Count 182 10 192
2 Expected Count 155.1 36.9 192.0
% within NOTCAT2 94.8% 5.29% 100.09
% within 90.1% 20.8% 76.8%

PREECLAMPSIACAT
% of Total 72.8% 4.0% 76.8%
POSITIVE |Count 20 38 58
Expected Count 46.9 11.1 58.0
% within NOTCAT2 34.5% 65.5% 100.09
% within 9.9% 79.2% 23.2%

PREECLAMPSIACAT|
% of Total 8.0% 15.2% 23.2%
Total Count 202 48 250
Expected Count 202.C 48.0 250.0
% within NOTCAT2 80.8% 19.2% 100.09
% within 100.09 100.0% 100.09

PREECLAMPSIACAT]
% of Total 80.8% 19.2% 100.09
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Chi-Square Tests

Asymp. Sig.| Exact Sig. | Exact Sig.
Value df (2-sided) (2-sided) (1-sided)
Pearson Chi-Square | 104.438| .000
Continuity Correctioh | 100.581 .00
Likelihood Ratio 91.261 .000@
Fisher's Exact Test .000¢ .00G
Linear-by-Linear 104.014 .000¢
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less tham&.niinimum expected count is 11.14.
b. Computed only for a 2x2 table

Bar Chart

2007

1504

Count

100+

509

MEGATINE

POSITIVE

NOTCHING Il TRIMESTER

72

PREECLAMPSIACAT

Bno PREECLAMPSIA
EIPREECLAMPSIA



Sensitivity of notching in ¥ trimester was 79% (95% CI between 64% and 89%)
while specificity was 90% (95% CI between8 4% aB&o0®. The positive predictive

value was 65% and negative predictive value 94%.

Condition
Absent Present | Totals
Test Positive 20 38 58
Test Negative 182 10 192
Totals 202 48 250
Estimated 95% Confidence Interval
Value Lower Limit Upper Limit
Prevalenct 0.192 0.146204 0.247495
Sensitivity 0.791667 0.645963 0.890442
Specificity 0.90099 0.849161 0.936976
For any particular test result, the probabilityttihavill be:
Positive) 0.232 0.182155 0.290263
Negative 0.768 0.709737 0.817845
For any particular positive test result, the proligthat it is:
True Positivd 0.655172 0.517957 0.771798
False Positivg 0.344828 0.228202 0.482043
For any particular negative test result, the prdigbhat it is:
True Negativg 0.947917 0.903557 0.973316
False Negativ 0.052083 0.026684 0.096443
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence
Positive [C] 7.995833 5.146593 12.42246
Negative [C] 0.231227 0.133069 0.401791
Positive [W] 1.9 1.272497 2.836943
Negative [W] 0.054945 0.030034 0.100518
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Association between PI first trimester and preeclapsia

Pl was above cutoff in 23.3% of patients with pftaepsia and below cutoff in

82.9% of patients without preeclampsia though rgrtiBcant ((2=1.39, p=0.24)

Pl " TRIMESTER VS PREECLAMPSIA Cross tabulation

PREECLAMPSIA CAT
NO Total
REECLAMPSIA PREECLAMPSIA

PICAT1 [NEGATIVE |Count 136 28 164

Expected Count 132.5 31.5 164.0

% within PICAT1 82.9% 17.19% 100.09

% within 67.3% 58.3% 65.6%
PREECLAMPSIACAT

% of Total 54.4% 11.2% 65.6%

Pl POSITIVE/Count 66 20 86

Expected Count 69.9 16.5 86.0

% within PICAT1 76.7% 23.3% 100.09

% within 32.7% 41.7%  34.4%
PREECLAMPSIACAT

% of Total 26.4% 8.0% 34.4%

Total Count 202 48 250

Expected Count 202.¢ 48.0 250.0

% within PICAT1 80.8% 19.2% 100.09

% within 100.09 100.0% 100.09
PREECLAMPSIACAT

% of Total 80.8% 19.2% 100.09
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Chi-Square Tests

Asymp. Sig. | Exact Sig. (2{ Exact Sig. (1
Value df (2-sided) sided) sided)
Pearson Chi-Square | 1.39C 1 .238
Continuity Correctioh | 1.020 1 312
Likelihood Ratio 1.360 1 .243
Fisher's Exact Test 242 .156
Linear-by-Linear 1.385 1 .239
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less tham&.nlinimum expected count is 16.51.

b. Computed only for a 2x2 table
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Sensitivity of Pl inlst trimester was 41% (95% l§&tween 27% and 56%) while

specificity was 67% (95% CI between 60% and 73%) positive predictive value

was 65% and negative predictive value 94%.
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Condition
Absent Present Total
Test Positive 66 20 86
Test Negative 136 28 164
Totals 202 48 250
Estimated 95% Confidence Interval
Value Lower Limit Upper Limit
Prevalenc 0.192 0.146204 0.247495
Sensitivity 0.416667 0.279324 0.567246
Specificity 0.673267 0.603329 0.736493
For any particular test result, the probabilityttihavill be:
Positive) 0.344 0.285985 0.406895
Negative 0.656 0.593105 0.714015
For any particular positive test result, the proligithat it is:
True Positivg  0.232558 0.151059 0.338373
False Positiv§  0.767442 0.661627 0.848941
For any particular negative test result, the prdiglthat it is:
True Negativg  0.829268 0.760944 0.881739
False Negativ 0.170732 0.118261 0.239056
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence
Positive [C] 1.275253 0.864385 1.881418
Negative [C] 0.866422 0.678967 1.10563
Positive [W] 0.30303 0.202889 0.452599
Negative [W] 0.205882 0.146576 0.289185
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Association between Pl ? trimester and preeclampsia

Pl was above cutoff in 23.7% of patients with pteepsia and below cutoff in

82.8% of patients without preeclampsia though rgrtiBcant ((2=1.41, p=0.23)

Association between Pl % trimester and preeclampsia Crosstabulation

PREECLAMPSIA CAT
NO Total
PREECLAMPSIA PREECLAMPSIA

PICAT2 |PI NEGATIVE |Count 144 30 174

Expected Count 140.6 334 174.Q

% within PICAT2 82.8% 17.2% 100.09

% within 71.3% 62.5% 69.6%
PREECLAMPSIACAT

% of Total 57.6% 12.0% 69.6%

PI POSITIVE |Count 58 18 76

Expected Count 61.4 14.6 76.0

% within PICAT2 76.3% 23.7% 100.09

% within 28.7% 37.5% 30.4%
PREECLAMPSIACAT

% of Total 23.2% 7.2% 30.4%

Total Count 202 48 250

Expected Count 202.0 48.Q 250.0

% within PICAT2 80.8% 19.2% 100.09

% within 100.09 100.0% 100.09
PREECLAMPSIACAT

% of Total 80.8% 19.2% 100.09
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Chi-Square Tests

Asymp. Sig.| Exact Sig. | Exact Sig.
Value df (2-sided) (2-sided) (1-sided)
Pearson Chi-Square 1.415] .234
Continuity Correctioh 1.031 310
Likelihood Ratio 1.375 241
Fisher's Exact Test .295 155
Linear-by-Linear 1.410 .235
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less tham&.nfinimum expected count is 14.59.

b. Computed only for a 2x2 table
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Interpretation: Using Pearson Chi-square testfausid that Pl is significantly

associated with Pre-eclampsia.
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Sensitivity of Pl in 2nd trimester was 37% (95% ligtween 24% and 52%) while

specificity was 71% (95% CI between 64% and 77%p Positive predictive value

was 23% and negative predictive value 83%.

Condition
Absent Present Total
Test Positive 58 18 76
Test Negative 144 30 174
Totals 202 48 250
Estimated 95% Confidence Interval
Value Lower Limit Upper Limit
Prevalencg 0.192 0.146204 0.247495
Sensitivity 0.375 0.243214 0.526663
Specificity 0.712871 0.644382 0.773103
For any particular test result, the probabilityttihavill be:
Positive 0.304 0.248437 0.365702
Negative 0.696 0.634298 0.751563
For any particular positive test result, the proligiihat it is:
True Positive 0.236842 0.149988 0.350704
False Positivg 0.763158 0.649296 0.850012
For any particular negative test result, the prdlgbhat it is:
True Negative 0.827586 0.76138 0.878929
False Negativ 0.172414 0.121071 0.23862
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence
Positive [C] 1.306034 0.853873 1.997635
Negative [C] 0.876736 0.701463 1.095805
Positive [W] 0.310345 0.20339 0.473542
Negative [W] 0.208333 0.150094 0.289171
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Association between Notching and IUGR

70.7% who had notching had no IUGR and 26.6% witinotching had IUGR

(42=0.17, p=0.68)

Association between Notching and IUGR Crosstabulatn

IUGR CAT
IUGR
NO IUGR | POSITIVE | Total
NOTCAT2 |NEGATIVE |Count 141 51 192
Expected Count 139.8 52.2 192.Q
% within 73.4% 26.6% 100.09
NOTCAT2
% within IUGR 77.5% 75.0% 76.8%
CAT
% of Total 56.4% 20.4% 76.8%
POSITIVE Count 41 17 58
Expected Count 42.2 15.8 58.0
% within 70.7% 29.3% 100.09
NOTCAT2
% within IUGR 22.5% 25.0% 23.2%
CAT
% of Total 16.4% 6.894 23.2%
Total Count 182 68 250
Expected Count 182.0 68.0 250.0
% within 72.8% 27.2% 100.09
NOTCAT2
% within IUGR 100.09 100.0% 100.09
CAT
% of Total 72.8% 27.2% 100.09
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Chi-Square Tests

vaue | ot | "R | (eded) | (osidec)
Pearson Chi-Square 170 1 .680
Continuity Correctioh | .059 1 .807
Likelihood Ratio .168 1 .682
Fisher's Exact Test 737 .399
Linear-by-Linear .169 1 .681
Association
N of Valid Cases 250
a. 0 cells (.0%) have expected count less tham&.nfinimum expected count is 15.78.
b. Computed only for a 2x2 table
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The sensitivity of notching with [IUGR was poor &2 and specificity was 77%)
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Condition
Absent Present Total
Test Positive 41 17 58
Test Negative 141 51 192
Totals 182 68 250
Estimated 95% Confidence Interval
Value Lower Limit Upper Limit
Prevalenc 0.272 0.218755 0.332393
Sensitivity 0.25 0.156329 0.372248
Specificity 0.774725 0.705774 0.831813
For any particular test result, the probabilityttihavill be:
Positive) 0.232 0.182155 0.290263
Negative 0.768 0.709737 0.817845
For any particular positive test result, the proligithat it is:
True Positive 0.293103 0.18463 0.429102
False Positive 0.706897 0.570898 0.81537
For any particular negative test result, the prdlgbhat it is:
True Negative 0.734375 0.665009 0.794168
False Negativ 0.265625 0.205832 0.334991
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence
Positive [C] 1.109756 0.678509 1.815096
Negative [C] 0.968085 0.841313 1.11396
Positive [W] 0.414634 0.269006 0.639099
Negative [W] 0.361702 0.284843 0.4593

Diastolic notch is not significantly associated wit IUGR.
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Association between Pl in first trimester and IUGR

Pl FRIST TRIMESTER VS IUGR Crosstabulation
IUGR CAT
IUGR
NO IUGR | POSITIVE | Total
PICAT1 |[NEGATIVE |Count 130 34 164
Expected Count 1194 44.6 164.0
% within PICAT1 79.3% 20.7% 100.09
% within IUGR CAT 71.4% 50.0% 65.6%
% of Total 52.0% 13.69%4 65.6%
PI POSITIVE/Count 52 34 86
Expected Count 62.6 23.4 86.0
% within PICAT1 60.5% 39.5% 100.09
% within IUGR CAT 28.6% 50.0% 34.4%
% of Total 20.8% 13.6% 34.4%
Total Count 182 68 250
Expected Count 182.C 68.0 250.0
% within PICAT1 72.8% 27.2% 100.09
% within IUGR CAT 100.09 100.0%4 100.09
% of Total 72.8% 27.2% 100.09
Chi-Square Tests
Value df Asgir(;.p' E(;a;;ig E()l(asC.tdjclg
(2-sided)
Pearson Chi-Square 10.073 1 .002
Continuity Correctioh | 9.146 .002
Likelihood Ratio 9.788 .002
Fisher's Exact Test .003 .001
Linear-by-Linear 10.033 1 .002
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less tham&.ninimum expected count is 23.39.

b. Computed only for

a 2x2 table
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Condition
Absent Present Total
Test Positive 52 34 86
Test Negativd 130 34 164
Totals 182 68 250
Estimated 95% Confidence Interval
Value Lower Limit Upper Limit
Prevalence 0.272 0.218755 0.332393
Sensitivity 0.5 0.377433 0.622567
Specificity 0.714286 0.641884 0.777463
For any particular test result, the probabilityttiavill be:
Positive 0.344 0.285985 0.406895
Negative 0.656 0.593105 0.714015
For any particular positive test result, the pralitgithat it is:
True Positive 0.395349 0.293312 0.506827
False Positive 0.604651 0.493173 0.706688
For any particular negative test result, the prdlbhat it is:
True Negative 0.792683 0.720991 0.850331
False Negativs 0.207317 0.149669 0.279009
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence
Positive [C] 1.75 1.257433 2.435517
Negative [C] 0.7 0.549546 0.891645
Positive [W] 0.653846 0.478467 0.893509
Negative [W] 0.261538 0.19329 0.353885
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Association between Pl in second trimester and IUGR

Association between Pl in second trimester and IUGrosstabulation

IUGR CAT
NO IUGR IUGR
POSITIVE Total

PICAT2 PINEGATIVE Count 135 39 174

Expected Count 126.7 47.3 174.

% within PICAT2 77.6% 22.49 100.09

% within IUGR CAT 74.2% 57.4% 69.69

% of Total 54.0% 15.69 69.69

P1 POSITIVE Count 47 29 76

Expected Count 55.3 20.7 76.0

% within PICAT2 61.8% 38.2% 100.09

% within IUGR CAT 25.8% 42.69 30.49

% of Total 18.8% 11.6% 30.49
Total Count 182 68 250

Expected Count 182.G 68.0 250.(

% within PICAT2 72.8% 27.2% 100.09

% within IUGR CAT 100.09 100.09 100.09

% of Total 72.8% 27.2% 100.09

Chi-Square Tests
Asymp. Sig. Exact Sig. Ex.act
Value ot (2-sided) (2-sided) ng'
(1-sided

Pearson Chi-Square 6.622 .010
Continuity Correctioh 5.850 .016
Likelihood Ratio 6.395 .011
Fisher's Exact Test .013 .009
Linear-by-Linear 6.595 .01Q
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less thamé.rminimum expected count is 20.67.

b. Computed only for a 2x2 table
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Condition
Absent Present |Total
Test Positive 47 29 76
Test Negative 135 39 174
Totals 182 68 250
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95% Confidence Interval

Estimated
Value Lower Limit Upper Limit
Prevalencs 0.272 0.218755 0.332393
Sensitivity 0.426471 0.309264 0.552019
Specificity 0.741758 0.670736 0.80236
For any particular test result, the probabilityttihavill be:
Positive 0.304 0.248437 0.365702
Negative 0.696 0.634298 0.751563
For any particular positive test result, the proligihat it is:
True Positive 0.381579 0.274653 0.500569
False Positivg 0.618421 0.499431 0.725347
For any particular negative test result, the prdlgbhat it is:
True Negativd 0.775862 0.705244 0.834018
False Negativ 0.224138 0.165982 0.294756
likelihood Ratios:
[C] = conventional
[W] = weighted by prevalence
Positive [C] 1.651439 1.141172 2.389869
Negative [C] 0.773203 0.627558 0.952648
Positive [W] 0.617021 0.4408 0.863691
Negative [W] 0.288889 0.218403 0.382122

Severe IUGR is best predicted in second trimesterybincreased pulsatility index

(positive likelihood ratiol.65, negative likelihoodatio 0.77(Cl 0.62-0.95).
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Association between Preeclampsia and IUGR

50% of patients with preeclampsia had IUGR while824 of patients without

preeclampsia had IUGRZ4=15.6, P<0.001)

ASSOCIATION BETWEEN PREECLAMPSIA AND IUGR CROSS TAB ULATION

IUGR
NO IUGR Total
IUGR POSITIVE

PREECLAMPSIA |NO Count 158 44 202

PREECLAMPSIA |gxnected Count 147.1 54.9 202.0

% within 78.2% 21.8%  100.09
PREECLAMPSIACAT|

% within IUGR CAT 86.8% 64.7% 80.8%

% of Total 63.2% 17.6% 80.8%

PREECLAMPSIA |Count 24 24 48

Expected Count 34.9 13.1 48.0

% within 50.0% 50.09%  100.09
PREECLAMPSIACAT|

% within IUGR CAT 13.2% 35.3% 19.2%

% of Total 9.6% 9.6% 19.2%

Total Count 182 68 250

Expected Count 182.0 68.Q 250.0

% within 72.8% 27.2%  100.09
PREECLAMPSIACAT|

% within IUGR CAT 100.09 100.0%  100.09

% of Total 72.8% 27.2%  100.09
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Chi-Square Tests

vatwe | ot | ") | Geted) | (sided)
Pearson Chi-Square 15.595 .000
Continuity Correctioh 14.203 .000
Likelihood Ratio 14.325 1 .000
Fisher's Exact Test .000 .000
Linear-by-Linear 15.533 1 .000
Association
N of Valid Cases 250

a. 0 cells (.0%) have expected count less tham&.ninimum expected count is 13.06.

b. Computed only for a 2x2 table
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Interpretation: Using Pearson Chi-square testfausid that Preeclampsia is

significantly associated with [IUGR at 0.001 levekmnificance.
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Using pulsatility index >1.6 and diastolic notch tag abnormal Doppler study the

predictive value of the test was calculated.

In the first trimester screening 70(28%) patierasl ldiastolic notching on Doppler
study of which 28 patients developed preeclampsianining 42 patients even
though had notching had no preeclampsia. In 18@mia without diastolic notching
on Doppler, 20 developed preeclampsia. In 86 patiamo had PI1>2.3, 20 patients
developed preeclampsia and 66 patients had no lamegsia even though Pl was
above 58 centile level. The sensitivity, specificity, pdgé and negative predictive
value, positive and negative likelihood ratios tfee abnormal test using uterine artery
notching and PI1>2.3 were 58%, 79%,40%, 88%,4.02 @@ respectively and

41%,67%, 65%,94%,1.8 and 1.1 respectively.

In the second trimester screening 58(23%) patieatsdiastolic notching on Doppler
study of which 38 patients developed preeclampsiaaining 20 patients even though
had notching had no preeclampsia . In 192 patiefittsout diastolic notching on

Doppler, 10 developed preeclampsia. In 76 patigrite had PI>1.6 , 18 patients
developed preeclampsia and 58 patients had rexlprapsia even though Pl was
above cut off level. The sensitivity, specificipgsitive and negative predictive value,
positive and negative likelihood ratios for the abmnal test using uterine artery
notching and PI>1.6 were 79%, 90%,65%, 94%,12.4 @4 respectively and

37%,71%, 23%,83%,0.8 and 0.2 respectively.

The relative risk of development of preeclampsighwabnormal uterine artery
Doppler in the HR and LR group were 3.482 and 3rEspectively with the p value

of <0.0001 which is statistically significant
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Proportion of patients developing preeclampsia witimal and abnormal uteril

artery Doppler ifirst trimester
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Proportion of patients developing preeclampsia waimal and abnormiuterine

arterydoppler irsecond trimeste

NO OF PREGNANTS

40

30

20

10

name1

SECOND TRIMESTER

91

I MNOTCH
PRES ..

B NOTCH
ABSENT

. Fl
ABOVE
CUTOFF

I F
BELOW
CUTOFF



TABLE-13.Relative risk of developing preeclampsian abnormal uterine artery

Doppler velocimetry using PI.

Level of
P value T
significance
Lo 5.094 _—

High risk 95%Cl 2.423-16.15 <0.0001 Significant
7.071

Low risk 95% Cl4.268- <0.0001 Significant
15.41

BIRTH WEIGHT

The mean £SD of birth weight in high and low rislogp was 2.522+0.655 kg and
2.730+0.467 kg with the t value of 2.2856 and pugabf 0.0234 which was

statistically significant as given in Table 1&lan Graph 14.

TABLE- 14. Mean birth weight in HR and LR group.

Statistical
HR LR T value P value o
significance
Birth weight | 2.522+0.655 | 2.730+0.467| 2.2856 0.0234 Significan
(kg)
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DISCUSSION

The findings of this study will be summarized instichapter so that conclusions
can be drawn on the sensitivity of uterine artegppler screening in predicting

preeclampsia and fetal growth restriction.

Pre-eclampsia is the most common pregnancy contiplicassociated with serious
maternal-fetal morbidity and mortality. At preséhe only effective treatment is
delivery of the placenta. Uterine artery Dopplervefarms can identify women

with obstetric complications related to abnormahcgintation, since Doppler
ultrasonography is a useful method to assess tloeitye of uterine artery blood

flow. An abnormal velocity waveform is characteddgy a high resistance to flow
and or an early diastolic notch. Early screeningpi@-eclampsia by uterine artery
Doppler has been suggested based on the concéphéehpathogenic mechanisms
of pre-eclampsia may be modified if prophylactiertipies are initiated early in

pregnancy (Herraiz 2009 : 1123).

Abnormal uterine artery Doppler waveforms are abte to identify foetuses at
high risk of preterm delivery and low birth weiglfGhidini2008 : 259).
Pregnancies complicated by FGR warrant close dlanee for maternal and fetal
complications and interventions in anticipation aofpreterm delivery due to an
apparent high risk for the development of pre-eglsian (Mitanet al., 2009 : 886).
It is hypothesised that the ability to predict thagomen at risk for pre-eclampsia
early in pregnancy might decrease maternal and fetabidity through closer

surveillance programmes.

93



The purpose of this study was to assess the satysitf uterine artery Doppler
screening in predicting pre-eclampsia and FGR lkefloe onset of the disease. The
Results of this study could be used to evaluate thdneit is worthwhile

implementing a routine screening program for prevapsia.

In this prospective study First and second-trinteSteppler screening was carried out
in 280 consecutive singleton pregnancies at 12At128-26 weeks of gestation We
excluded 30 cases because they had missing outdatae In the remaining 250
pregnant women there were 48 (19.2%) pregnant wdeeldped pre-eclampsia,
including 11 (23%) in which delivery was before ®éeks (early preeclampsia) and
37 (76%) with delivery at 34 weeks or later (latee-pclampsia), 6(2.3%) who
developed gestational hypertension, 68(27%) whiveleld IUGR. This was slightly
higher than the various other studies which shoaekigher incidence of IUGR
associated with abnormal Doppler values and atgafsiantly higher in the high risk
group In the study by Bhattacharya et al, incidence d6RJwas 36.54%. In various
other studies the incidence of preeclampsia wagimgnfrom 8.18% t039.2%.The
tests used to predict preeclampsia include clinluatory, examination findings,
laboratory and hemodynamic tests. In general, testarly pregnancy for predicting
later development of preeclampsia have better Bpiggithan sensitivity as alpha
fetoprotein, fibronectin and uterine artery Doppl@ilateral notching) all have
specificities above 90%.0nly uterine artery Doppleulsatility index and
combinations of indices have a sensitivity of 066f6.In other such similar studies,
various demographic factors were studied and tleeligiive value of the uterine

artery Doppler was also studied.
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MATERNAL AGE

Preeclampsia is more common in extremes of agepgfregnant women below 20
years and above 35 years are at an increaseandkn the latter group preeclampsia
superimposed on chronic hypertension is seen. tnstudy majority (89%) of the

patients who developed PET were between the agds aind 34 years, 3(19%)

patients were <20 years & 2 (36%) patients was 86y out of the 48 pregnant
who developed pre-eclampsia Data suggests thaiskef pre-eclampsia increases
by 30% for every additional year over the age afl84our study age, therefore, did

not play a role as a risk factor for PET

PARITY

Pre-eclampsia is twice as common in primi gravidnea as compared to women
for whom it is their second or more pregnancy . Véanwith pre-eclampsia are
therefore twice as likely to be nulliparous as wameithout preeclampsia. In
DuGkitts study (2005:2) nulliparity almost triplabe risk for developing pre-
eclampsia. In our study, 12 (25%) patients out g 88 who developed pre-
eclampsia were primigravida, thus indicating thaavglity was not a strong
predisposing factor for the disease.

BLOOD PRESSURE

The mean systolic blood pressure in the in thedthirmester of pregnancy was
131.62+12.74 mmHg. The diastolic blood pressuream8&D) was 87.62+10.67
mmHg. The raised blood pressure in preeclampsiauésto release of placental anti
angiogenic factors and other factors which causegernal endothelial cell

activation/ endothelial dysfunction.
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BIRTH WEIGHT

The mean zstandard deviation of birth weight was22+0.655kg. In the study by
Bhattacharya et al,mean birth weight was 2.25+(Qy58kany studies show a lower
birth weight in high risk patients with abnormagrine artery Doppler studi&s® In

our study since more number of high risk patiengsl labnormal uterine artery
Doppler and subsequently intrauterine growth retsbm, the birth weight had a

statistically significant p value.
UTERINE ARTERY DOPPLER WAVEFORM ANALYSIS

Uterine artery Doppler waveforms were performed assess uteroplacental
circulation in the first and second trimester ihpalrticipants. A series of screening
studies involving assessment of impedance to flowhe uterine arteries, have
examined the potential value of doppler assessinertentifying pregnancies at

risk of complications due to impaired placentation.

Increased impedance to flow in the uterine artanggegnancies attending routine
antenatal care identifies about 50% of those petidmat subsequently develop
preeclampsia and it identifies about 30% of thos#iepts that subsequently
develop FGR. Shear and colleagues (2005: 1119Y)tezpa relationship between
pre-eclampsia and FGR. Their study showed criticalernal complications more

frequently in pre-eclamptic patients with assod&#&R.
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The current study assessed the sensitivity of Bl diastole notching as a
diagnostic tool to predict pre-eclampsia and IUGR out of the 48 patients who
developed pre-eclampsia had abnormal Doppler wavefavhich were evident

from as early as the first trimester. The studyrdf@e demonstrated that an
abnormal uterine artery waveform with early diastabtching could predict 58%
of cases that developed PET from as early as theidester. What is however
significant is that uterine artery waveform, anadysas able to predict PET in the
most severe cases in patients who presented witlh emnifestations of the

disease and had the worst pregnancy outcomes.

Pl VALUES

A study done by Melchiorre (2008: 135) reportedt theerine artery Doppler
indices were significantly higher in women who deped preterm pre-

eclampsia.

In the current study Pl values up to th&8%ntile of the Pl chart was considered
as normal. The following table was populated widtadobtained from a study
done by Gomez and co workers(2000 :130).

TABLE 15 UTERINE ARTERY DOPPLER INDICES

Gomezet al 1st trimester (Pl)| 2"n trimester (PI)
5" centile 1.1 0.7
50" centile 1.7 1.0
95" centile 2.7 1.5

These values represent thé"séntile for each of the trimesters of pregnancy at
12 weeks and 22 weeks of gestation and are alsb aseut off values by the
Fetal Medicine Unit at Chris Hani Baragwanath Htapin ,Johannesburg
(Nicolaou, 2011).

97



Table 16.UTERINE ARTERY DOPPLER INDICES (50"centile-current
study)

Current study 1st trimester (Pl) | 2ndtrimester (PI)
50"centile 1.3 0.9

Comparing the mean values in our study to the mesdmes in the study done by
Gomez and colleagues, a difference in the mealficésile) in the 1st trimester is
noted. The 2nd trimester mean values in this sweghe similar to the values obtained
by Gomezet al. In both studies it can be seen that the mean Rkesallecreased as

gestation increased as is to be expected in a h@nagnancy.

In our study the 1st trimester Pl values in pasesho developed pre-eclampsia was
not a strong predictor of PET. None of the valuesorded were above the 95th
centile when compared to the values by Gomez andorkers. However, in clinical

practice a 1st trimester Pl value of >1.5 is deemasdelevated and warrants
monitoring (Nicolaou, 2011: Personal communicatidn)the group that developed
PET, 1st trimester Pl values ranged between 0.9 1an8l respectively. It is thus

evident that only in selected cases an increasestaace to flow was recorded in the

1st trimester.

In the 2nd trimester most of PET cases hada Plevaloove the 50th centile

signifying that Pl performed better as a predictoPET in the 2 trimester.

Comparing the mean PI values in the patients wheldped pre-eclampsia to the
mean Pl values developed by Gonetzal., only 6out of 20 cases were recorded
values were on the B6entile in the 1st trimester, while 12 out of 1&d2rimester

values were above the Bentile. Doppler Pl values obtained in this studyrevabove
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the 50th centile. a few patients had increasedaRleg of who most were marginally

elevated.

Predictive value of uterine artery Doppler

In our study when the predictive value of PI inismester was evaluated, the

sensitivity and specificity were 41% and 67% resipety in the 1st trimester which

was similar to the studies by Coleman et al aneb@atkt al. The positive and negative

predictive value was similar to the study by Cnaosset al, the positive and negative

likelihood ratios were similar to other studies®lyien et al and our study had negative

likelihood ratio of 1.2 and positive likelihood maiof 0.8, P-0.24. Our study also gives

the higher sensitivity and specificity compareatioer studies

TABLE- 17. Various studies showing predictive valuef the uterine artery

Doppler using Pl in 1™ trimester.

Type of

Sample

Sensi

study size tivity%% Specificity | Ppv | Npv | Plr | NIr
Present study | Prospective 250 41 67 65 94 1.2/0.8
Cnossen et al| Prospective 4966 25 95 - - 5.4/0.78

It was found that mean Pl in the first trimested heduced statistical significance in

detecting preeclampsia .This is consistent withfith@ings of another study by martin

et al and holis, who have shown an unchanged Rlugfmout the 11-14 weeks

interval, but gomez et al demonstrated a lower ohapee in the uterine artery of

normal outcome pregnancy than in complicated casggesting lack of a normal

uteroplacental circulation at this early stage oégmancy may predict the later

development of some pregnancy complications. Thistieg data suggest that

increased impedance to flow in the uterine artadestify about 25% of those who

subsequently develop preeclampsia.
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In 2" trimester, the sensitivity and specificity for thterine artery pulsatility index
were 37% and 71% using PI>1.6 as the abnormal @omplidy criteria which was
similar to the studies by Cnossens et al. In ostedies by Papageorghiouet al and
Ratanasiri et al, the sensitivity and specificitgsahigher compared to the present
study. The present study has the positive and ivegatedictive value similar to
studies by Bhattacharya et al and Ratanasiri tre.positive and negative likelihood
ratio of the present study were 1.99 and 1.09 whiels similar to the study by
Cnossens et al, Jimmy Espinoza et al and Chieh butiRatanasiri et al showed a
higher positive likelihood ratio implicating bettpredictive value of the test as shown

in Table.

TABLE-18.Various studies showing predictive value bthe uterine artery

Doppler using Pl in 2" trimester.

Type of study | Sample | Sensitivity | Specificity | Ppv | Npv | PIr NIr
size

Prajapati et al Prospective 200 30.30 94.01 50 22875.06 | 0.74
(2.29, | (0.59,
11.18)| 0.93)

Jimmy Prospective 4190 33.3 90.5 11 975 349 0.74

Espinoza et al

Pongrojpaw et | Prospective 330 59.25 65.60 - - - -

al

Cnossen JS et | Systematic 351 19 99 - - 21 0.82

al review

Present study Prospective 250 37 71 23 | 83 199 | 1.0

The predictive value of the uterine artery was mehen pulsatility index was used
with a higher sensitivity, specificity, predictivalue, higher positive likelihood ratio
and lower negative likelihood ratio. Also, the tala risk was higher when pulsatility
index was used. Various studies have proved a highaictive value of uterine
artery Doppler study for preeclampsia and othereesty pregnancy outcomes when

pulsatility index is used as seen in the presemtysalso.
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Swanepoel (2004:6) suggested that the presencetoh ns a significantly better
predictor of poor pregnancy outcome than the piityaindex; however, in other
studies the presence of notching in the 2nd triemes a low risk population has been
associated with a high probability for developin@Rtand preeclampsia. In high-risk
pregnancies the risk increases up to 60% (HernaAddradeet al., 2002: 441). It
has been established that uterine artery notchiag) persist after 26 weeks of
gestation be considered a risk factor for poor paegy outcomes (Andradeal.,
2002 : 440). An early diastolic was found to pdrsi25-40% of cases after 26 weeks

gestation (Swanepoel: 2004:6)

In our study the presence of notching in the seddantester was the best predictor

for the development of pre-eclampsia.

Uterine artery Doppler analysis in the high riskpplation has shown potential for

predicting adverse pregnancy outcomes (Harringtah, 2004: 50).

The results of our study confirm the work done hialR (2007 : 533) and
Harrington (2004:54) who both found that seconthéster uterine artery Doppler
screening has proven to be a sensitive and acdo@téor predicting pre-eclampsia

and fetal growth restriction in high risk populaiso

In 1*" trimester, the sensitivity and specificity for theerine artery diastolic notch
were 58 and 79% as the abnormal Doppler studyrieritghich was lower to the
studies by Cnossens et al. The positive and negékelihood ratio of the present
study were 2.8 and 0.5 which was higher to theystoyl Cnossens et al, Jimmy

Espinoza et al and Albaiges G et al.
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In 2" trimester, the sensitivity and specificity ftvetuterine artery diastolic notch
were 79 and 90% as the abnormal Doppler studyrieritghich was similar to the

studies by Cnossens et al. The positive and negékelihood ratio of the present
study were 4 and 1.09 which was also similar tostuely by Cnossens et al, Jimmy

Espinoza et al and Chien et al.

We found that % trimester notching persisted into th&® 2rimester in (23)43%
patients who developed pre-eclampsia. The presehceotching, even with a

normal Pl index, places the patient at a highdrfos adverse fetal outcomes.

The findings of our study thus concur with the fimgs by Mcleod (2009:728) who
states that the presence of an early diastolichnidcassociated with adverse
pregnancy outcomes. Our study also supports tlagenfys of Kurdi (1998:344) who
found that women with notching represent a grouphwvan increased risk of

developing complications, in particular those tteafuire early delivery.
PREGNANCY OUTCOMES IN THE STUDY POPULATION

In the current study 80% of the population delides term, and 72% of the
population delivered babies weighing more than 25Q®%patients developed
pre-eclampsia, and 2 patient who developed prevgadea had an IUFD at twenty

eight weeks gestation.
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CROSS TABULATIONS IN LOW BIRTHWEIGHT BABIES

Cross tabulations were done on low birth weightigmloising notching in the first
&second trimesters as predictors for FGR. Notchimghe second trimester was
once again the best predictor. Mothers with notghim the second trimester are
six(6) times more likely to deliver a low birth vghit baby than mothers with no

notching in the second trimester.

Intrauterine growth restriction in low-risk patismivas best predicted in the second
trimester by an increased pulsatility index withaming (positive likelihood ratio 1.6,

95% CI -1.1 -2.3; negative likelihood ratio 0.73%® Cl 0.62—-0.95).

ASSOCIATION BETWEEN PREECLAMPSIA AND IUGR

It has been proved beyond doubt, in the previoudies and in the present study that
preeclampsia is significantly associated with IUGRe sensitivity in the present

study of finding IUGR in patients with preeclampsvas 50% and specificity was

21%. This proves that both these entities preedsanpnd IUGR, stems from a

common pathophysiology which has been known todoky eefective placentation.
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SUMMARY

Preeclampsia is a pregnancy specific disorder &howvn aetiology accounting for
14% of maternal deaths worldwide. Incidence of ttisorder is around 8-10%.
Uterine artery Doppler screening meets all the irequents of a worthwhile
screening program in prediction of preeclampsia&ridée artery screening at 22 to 24
weeks gestation is superior to first trimester eaheg in prediction of preeclampsia
and other adverse pregnancy outcomes. Despite timpeessive results, few
hospitals have established uterine artery scregmogyams in the second trimester as
there is no effective preventive therapy when tnesit is commenced after 24 weeks

and also patients may develop adverse pregnancgretbefore 24 weeks gestation.

A study was conducted in our hospital to know thedjctive value of uterine artery
Doppler to 14 weeks and 24 to 26 weeks gestatiamgudiastolic notching and

pulsatility index as the abnormal test resultsathithe high risk and low risk groups.

The results showed that abnormal uterine arterypl@oghad a good predictive value
in predicting women who developed preeclampsia.ensorin the high risk group and
that pulsatility index is a better Doppler indextive prediction of preeclampsia. This

was in accordance to various other studies.

Doppler ultrasound is anon-invasive and reliabletho@ for prediction of
preeclampsia and adverse pregnancy outcome, bréntiyrthere are no effective
interventions to prevent adverse outcomes baseanombnormal result. Studies are
needed to find out such an intervention. Until surhe, routine uterine artery
Doppler screening of women is not required. Onlgening in high risk women will

suffice as to be more cautious during the pregnancy
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CONCLUSION

Preeclampsia accounts for 10% of perinatal moytalitd 14% of maternal mortality
and morbidity. Early recognition of women of presuabsia will help in identifying

high risk women who may benefit from early propbyga&enhanced surveillance.

Abnormal uterine artery Doppler studies in thetfaed second trimester have been
associated with subsequent adverse pregnancy oescmciuding preeclampsia, fetal

growth restriction, and perinatal mortality.

Mid trimester uterine artery Doppler velocimetryndae used as a reliable screening
test for prediction of preeclampsia especiallyhe tigh risk group and it helps to

reduce maternal and fetal complications by eledrievery.

Increased pulsatility index with notching in secotrtmester predicted overall
preeclampsia in high risk and low risk patientgréased pulsatility index or bilateral
notching predicted severe preeclampsia. Howéweptediction is of not much use
as there are no effective pharmacological treatnrepireventing preeclampsia and
other complications. As this is a small study, tlsefulness of the uterine artery

Doppler study has to be evaluated using a largertoh

Pre-eclampsia is significantly associated with IU@Rhe low risk population.

The mean PI cut-off which can differentiate patsenho develop pre-eclampsia and

IUGR was >1.6 in second trimester.
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PROFORMA

Particulars of the patient:

a kr 0N e

Name

Age
Occupation
Address

Phone number

History:

g.

-~ o a0 T p

1. Duration of amenorrhea

2. Any history of high risk factors:

Age <20 years

Age> 35 years

H/o diabetes

H/o chronic hypertension

H/o chronic renal disease

Past bad obstetric history of preeclampsia,
iugr and iufd

Family history of preeclampsia/ iugr

Obstetric history: married life, consanguinity, téigc index, history of

present pregnancy

Menstrual history: previous cycles, regularityt laeenstrual period (LMP),
estimated date of delivery(EDD) and period of gémta

Investigations

* Haemoglobin
¢ Urine albumin
e Urine routine

e Ultrasonography at 16 to 18 weeks:
Single/multiple:
Gestational age:
EDD according to scan:

Any fetal anomalies:
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VI.  Category of the patient: high risk / low risk

VII.  Uterine artery doppler ultrasonography at 12 tave4s and at 24 to 26

weeks:
» Diastolic notch: present/ absent unilatevadteral

* Pulsatality index: right eftl
NORMAL/ ABNORMAL

VIII. Follow up chart:

—

Date | Gestational age Any complaints BP Urinaryiprot USG findings

IX.  Outcome:
* Mode of delivery: vaginal/caesarean/instrumental
» Gestational age at delivery: preterm/term/postterm
* Any comlications: abruption/imminent symptoms/eqtesm/IUGR/still birth

* Perinatal outcome: birth weight/NICU admission
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INFORMATION SHEET

> We are conducting a study offFirst Trimester and Midtrimester Uterine

Artery Doppler Sonography in Predicting Preeclampand IUGR” your

participation in the study is very valuable to us.

» The purpose of this study is to find out whetherstFiTrimester and
Midtrimester Uterine Artery Doppler Sonography cges is significant in

predicting preeclampsia and IUGR in pregnant women.

» We will do Uterine Artery Doppler Sonography iregnant women between

12-14 weeks and 20-26 weeks.

» The privacy of the patients in the research willnb@ntained throughout the
study. In the event of any publication or preseatatresulting from the

research, no personally identifiable informatiofi & shared.

» Taking part in this study is voluntary. You areefrto decide whether to
participate in this study or to withdraw at any einyour decision will not

result in any loss of benefits to which you areeotbise entitled.

» The results of the special study may be intimabegbu at the end of the study
period or during the study if anything is found albmal which may aid in the

management or treatment.

Signature of investigator Signature of partigipa
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INFORMED CONSENT FORM

Title: “First Trimester and Midtrimester Uterine Artery [pdgr Sonography in
Predicting Preeclampsia and IUGR”

Name of the investigator: Dr. PRIEYA DHARSHINI.J
Name of the participant:

Name of the institution: Govt. Kasturba Gandhi Hdp& Institute of obstetrics and

gynaecology, MMC, Chennai.

I have réadinformation in this form (or it has

been read to me). | was free to ask any questiodgrey have been answered. | am
over 18 years of age and exercising my power ofcehdereby give my consent to
be included as a participant in this study.

1. | have read and understood this consent forntlanthformation provided to me.
2. | have read the consent document explained to me

3. I have been explained about the nature of tekyst

4. | have been explained my rights and responsdslby the invigilator,

5. | have informed the investigator of all the treants | am taking or have taken in

the past months/years including any native treatsnen
6. | have been advised about the risks associatadwy participation in the study

7. | agree to cooperate with the investigator amllinform him/her immediately if |

suffer unusual symptoms.
8. I have not participated in any research studgiwithe past.

9.1 am aware of the fact that | can opt out of shely at any time without having to

give any reason. This will not affect my futureatraent in the hospital.
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10. I am also aware that the investigators mayiteate my participation in this study

at any time, for any reason, without my consent.

11. | hereby give permission to the investigatorseiease the information obtained
from me as result of participation in this studythe sponsors, regularity authorities,
Govt. agency and IEC if required.

12. | understand that my identity will be kept adeftial if my data are publicly

presented.
13. | have had my questions answered to my satisfac
14. 1 consent voluntarily to participate in thegasch/study

| am aware that if | have any question during 8tigdy, | should contact the
investigator. By signing this consent form, | attdeat the information given in this
document has been clearly explained to me and studer by me. | will be given a

copy of this consent document.
FOR ADULT PARTICIPANTS

1. Name and signature /thumb impression of the ppédidior legal
representative if participant incompetent)
Name Signature Date

2. Name and signature of impartial witness(requiredlliterate patients)

Name Signature Date

3. Name and signature of the investigator or his isgtative obtaining consent

Name Signature Date

115



&5 6U6L Q&ML [JL Lilg 6)LD

SMELLIL: (PHEL CLPETMI OTHLD WHMID @I MD eP6TM DTS SIHLIEHL HLD6wTl L TLleny
OMHMEHMS GOILTTHTSHS Q&M (h (L0 63TE,60 eUedlLIL] MHMID GLOhmSUi6 alaTj&s Getenm
SIMIG6L.

Levstrangmyewsnuest QuI: LISLJ. Q. NflwgFadeh
URIGsmUITefledT QLILI:
Himieusors Heor QUWIT: SLICUMILIED HMILD QustIIGesaTTUNLIEL BM)I6U6ILD, 6TLD.6TLD.&, Q& siTen 6.

IbTeoT Bh& LgeudHHed §861m6vLl LilgSHEH[HSHCME (SI60608 T
THGL LSS0 UL (emengl). beh 6he GCoeraismend CHL& SUIMSHINMED, 606

SOETHHNGD UHL HenLGSHF. BstT 18 UKD C6L QHEHCMeT, CHijey Q&I 6T6dT
S HMeneLl LWETU(RSHHCET, Qv g UaNed LURIGHHUTETTTES GEFI&HSLILIL. 6165 JEDILDSIUT6m60T
SIeMEHCM6.

1 @b% @RUUHL LIQeIGHMSU|D 6T60T6HE QUPRISGLILILL §HEUMEU|D BHT6T uTfSHS LfbHs
QamearGL6dr.

2. 2L1L|§ 6D S, 6160015618 [HIT6T Lilg.&H (5 SHHCmedt.
3. QU6 GedTemio LM et exXlen&LILIL (BeTGeredr.
4. 616018 2_[fleMLO 6T LOMMILD QUITMILILSET UM BHTedr eNeTSSLILL (HeTGenedr.

5. &LH% &ev TGRS BT THHGL MTHE HHFMFHEREGLD Le06tTeNFTT6m6T0T
NGS5 SEHCmedT

6. 166D 6T65T LIMuGEMLILIL 63T QG TL[JLIEML_ I SILMLITISET UMM BIT6sT SdleymiS SLILIL Lg. (6 SHCMedT

7. 6T LOenMUGUTET(HL 65T €25HI6MNESH @HSHISQASTATHGCHET MMID  BHI6T  FTSHT60T
NG D SHenen SDILIENG STV 2L 6TTIq UITE 6D / 6UEFHS (S FleaNIGL6H.

8.85Lh% &MeLSHHMG 6T BT 610G % TMUSFEUNVILD LRIGCHMHSHeTN6Lm6L.

9. 6MhH CHISHWID €HHAUTGH STIUSHDETED BTet Qbd <puileNled QBhHE eNvHs
Qamemer  (plgUD 6TeoTLEMS BIedT MBS GESACMET. Q& 6T60T  6THFHML HEFMFMIL
LD(5SSHIQULDEM6TTUTEL LITHSSTG] 6T6TTLEMSWID SDNHE (1 HEHCm6dT.

10. 6T S Q6UM(H SMTTEISHHDSTSHELD, 6T60T snILOEUN6tTN oy Wiewmany 6T6dT LRICHMemL F&H8 (Llg U|Ld
6TetTLIEM & SIMIHE) (5 SECM6dT.

11. @H& < UIeaTN6L LMIGSHHUTETTSETTE, S LLIEUTETISHET S8 HMeusTd mHmID IEC g &weubMnHE&
CoemeulULLImed, eTemeaNLOBh& QUOUULL  S&euemed Geuelull  Leusmileé@ isind
21615 GG 60T
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12. 616018 HJ6) LUAJHRIGLONS QULDMIGLILLLTED, 6T631%H] ML ITENSH NG JHEILDTE 66U S LLINS

b6t Uil &IQEmeT&Gmer.
13.6165T H1(HLISGG 61601 CHATONH @55 LSl6L SHeMGHSHLILLL ).
14. QYOMIES / 9y l16&aMN6D LIRIGEHMS BT &H6oT60TTT6US SHIL 63T 62 LILISQSTETHCM60T

Ans Spuieler GuTg 61601HG MU CaeTasem @BHSMED, BHITEH LV6TTUIEUTETEnI)
QamLiy Qamster GCeusai(d 6T6Im) 6160165 QFHHWD. QHF RULSHVISHTEN  Ligelsens
O&BCIMILILA(R6UG 6T cLpeVLD, QHG Y 6UEISHSlL QSTHSHSLILLL HEH6UGET CG6MN6UTs 6T6315HE
aNerseIUL (b 6TemsH@  UflhHaN LG eleiueng Bist FTOmeNSHCOer. Qbhg  6LILG60

S4,6L6TIIS 60T &IV 616016 ULPMISLILIEHLD.
LILDRIGLq. UGLILITET& €& E

URIGsMUTeledr QUL WMHMID SQUTILLD / SLenL6lfed 2 amljened (606G LIRIGCSHLITENT)

SGSwmmeuiy sTerfleb &L LNTHHE)

Quiwlry E0&CITLILILD )

UTJUL&LoMHm FTL&Suesr QL wmmID ensGuimiuL (UighuMleumm Ghmumeils@rs@ CoHene)

Quwiry M SGUITLILILD DATE

L6V 63T F 606007 9606V Si6UTS| LNTHHIH SHsDILHLILIG SIS Sl6tT QLT LOHMILD HSQUIMLILILD

Quwlry O&CILITLILILD 3
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KEY TO MASTER CHART

GA- gestational age at
delivery(weeks)

Sbp- systolic blood pressure
Dbp- diastolic blood pressure
C-caesarean delivery

N- normal delivery
In-instrumental delivery

Sp- severe preeclampsia
Mp- mild preeclampsia

Gh- gestational hypertension
le- imminent eclampsia
Ape- antepartum eclampsia
lugr-intrauterine growth
restriction

Abr- abruption
Oligo-oligohydramnios

L-live birth

D- still birth

BW-birth weight in gms

n- no NICU admission

y- NICU admission
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SN- serial no.

BMI- body mass index kg/m
Gra- gravidity

m- multigravida

p- primigravida

H-high risk

L- low risk

UAD- uterine artery Doppler
DN+/- : diastolic notching
Rt- right side

Lt — left side

Pi- pulsatality index

N- normal



