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PI	-	pulsatility index
RI	-	Resistive index
S/D ratio	-	Systolic / Diastolic ratio MCA	-            Middle cerebral artery
UA	-	Uterine artery Umb A	-	Umbilical artery RA	-	Renal artery
US	-	Ultra sound
IUGR	-            Intrauterine growth restriction 
FGR                   -            Fetal Growth Retardation
PIH	-           Pregnancy induced hypertension 
CP ratio	-	Cerebroplacental ratio
IVC	-	Inferior vena cava
NST	-	Non stress test
AFI	-	Amniotic fluid index
BPD	-	Biparietal diameter
AC	-	Abdominal circumference
HC	-	Head Circumference
FL	-	Femur length
CDE	-            Colour Doppler energy
FVW	-            Flow velocity wave form 
  CHD	-           Congenital heart disease
  TCD	-           Trans cerebellar diameter
PPV	-	Positive predictive value

  NPV	-	Negative predictive value

NT                     -            Nuchal translucency

NB                     -            Nasal bone
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Abstract
Background - Pregnancy induced hypertension and Foetal growth restriction is very common complication associated with pregnancy. UAPI may become early predictor for these complication and early intervention may substantially reduce these complications. 	
       Aims and Objectives -
      AIMs – ROLE OF UTERINE ARTERY DOPPLER & LOW DOSE ASPIRIN INTERVENTION ON FETOMATERNAL OUTCOME IN LOW RISK PREGNANT WOMEN	Comment by Tajudeen Waliu: Align Properly. 

[bookmark: _Hlk29676576]     Objectives -
· Prevalence of women with high UAPI in a low risk pregnant woman.	Comment by Tajudeen Waliu: Write in prose in the abstract.  Not bulleted
· To study the role of aspirin in women with high UAPI.
· To compare pregnancy outcome in women with normal UAPI and those with high UAPI started with aspirin.
· To establish the role of UAPI as a recommended screening test for improving feto-maternal outcome.  
 Study setting and Design: A Prospective, Observational, Analytical, study was conducted    over a period of 2 years at a tertiary care hospital in western India.
Methods – The present study was carried out on 64 low risk, primi, singleton pregnant women from routine antenatal clinic at Ruby Hall Clinic, Grant Medical Foundation, Sassoon Road Pune. Patients were divided into study and control group. Study group population undergone UAPI measurement at 11-13+6-weeks pregnancy along with routine NT – NB scan. Patients with high UAPI were given 150 mg of aspirin. Complication markers observed and compared with control group. 


 Result – Over all incidence of preeclampsia and FGR in study group is less,(preeclampsia in study group 12.5% Vs 21.8% in control group & FGR 9.3% in study group Vs 18.75% in control group) attributed by prediction of  feto-maternal outcomes by UAPI value( uterine artery Doppler changes) and early intervention with low dose aspirin(150 mg).While in control group without uterine artery Doppler study and without intervention incidence of preeclampsia and FGR is on higher side.
Conclusion – Uterine artery doppler at 11-13th week of pregnancy is instrumental to predict late onset complication and should be include in routine antenatal investigation irrespective of risk factor. Pregnancy induced hypertensive complications and foetal growth restriction in patients with high UAPI can be reduced by low dose aspirin.   



 
                               



                                  Introduction
Every pregnant woman has the right to give birth to a new born who is undamaged mentally and physically healthy along with her health for the same. The fulfillment of this goal plays pivotal role in materno-fetal medicine, whose sole objective is that every pregnancy should culminate into a healthy baby and a healthy mother. In the present era, where life style has become more stressful, pregnancy complication has also become common. These complications can be detected earliest by the first trimester uterine artery Doppler. 
Intrauterine growth retardation (IUGR) today known as fetal growth restriction (FGR) is most common complication of pregnancy as a result of pre-eclampsia & these two terminologies can be seen with Uterine artery doppler changes either isolated or together 1. These doppler changes represent failure of normal placental invasion and development.
NORMAL PHYSIOLOGY
Uteroplacental circulation is established to maintain fetoplacental circulation. Fetal syncytiotrophoblast and cytotrophoblast invade into maternal endometrium & spiral artery. Placental circulation is established on day 17 postfertilization. Ramsay & Donner described uteroplacental vessel development as proceeding in two waves, the First wave occurs before 12 weeks post-fertilization and it consists of invasion and modification of spiral arteries up to the border between decidua and myometrium. The Second wave occurs between 12 to 16 weeks and involves some invasion of intramyometrial segments of spiral arteries. 2,3
 Failure of this invasion phenomenon is picked up by doppler.
[bookmark: _][bookmark: Fig_1:__Schematic_Diagram_showing_Placen]
FETAL GROWTH RESTRICTION
The most common definition accepted for FGR is “The fetus growth is restricted if its weight is less than the tenth percentile of its gestational age” (Lucheno)
. Two component that are necessary to define an IUGR fetus are.
1. Birth weight < 10 percentile
1. Inadequate interval growth in sequential screening
FGR in association with uterine artery doppler changes with or without association
With pre-eclampsia are symmetrical as it is due to early pregnancy insult. 1
PRE-ECLAPMSIA
   Pre-eclampsia is pregnancy induced hypertension with blood pressure 140/90mm hg (millimeters of mercury) or more on two occasions at least 4 hours apart after 20 weeks of gestation in a previously normal blood pressure and proteinuria 300mg or more per 24 hours. Preeclampsia can affect fetal growth, depending upon severity, associated symptoms and control by management. 4, ACOG	Comment by Tajudeen Waliu: ??
UTERINE ARTERY DOPPLER
  The Uterine artery doppler waveform is characterized by high diastolic flow velocities and by high turbulent flow. Increased resistance to flow and development of diastolic notch are associated with later development of gestational hypertension, pre-eclampsia and fetal growth restriction. 5,6
With the introduction of doppler ultrasound examination it become possible to assess the uteroplacental blood flow, fetoplacental blood flow and assess the fetal blood circulation. The uteroplacental flow gives information on the placental resistance whereas assessing fetal blood circulation using Doppler ultrasound could non-invasively asses the fetal response to hypoxia. This is becoming possible to identify those small fetuses that were at increased risk of perinatal morbidity and mortality due to impaired utero-placental and feto-placental blood circulation.
The major change that is observed is given by Uterine Artery Pulsatility Index. 7,8.9 Where:	Comment by Tajudeen Waliu: The citations don’t need to be bold 
                    Systolic velocity -diastolic velocity        
UAPI=       -------------------------------------------------------------
                                 Mean velocity

ASPIRIN (acetylsalicylic acid)
  A low dose aspirin is widely used to change fetomaternal outcome in terms of pre-eclampsia, FGR, and antiphospholipid antibody syndrome. 10 In oral doses of 50 to 150 mg daily aspirin effectively inhibits platelet thromboxane A2 biosynthesis. It also shows limited effects on vascular prostacyclin production. For women assigned to receive antiplatelet agents the relative risk for development of pre-eclampsia superimposed pre-eclampsia preterm delivery or any adverse pregnancy outcome was significantly decreased by 10 %. 


                         




                             Aim and Objectives
  Aims - ROLE OF UTERINE ARTERY DOPPLER & LOW DOSE ASPIRIN INTERVENTION  ON FETOMATERNAL OUTCOME IN  LOW RISK PREGNANT WOMEN
           
     Objectives :-

· Prevalence of women with high UAPI in a low risk pregnant woman.	Comment by Tajudeen Waliu: Use numbering instead of bullets
· To study the role of aspirin in women with high UAPI.
· To compare pregnancy outcome in women with normal UAPI and those with high UAPI started with aspirin.
· To establish the role of UAPI    as a recommended screening test for improving feto-maternal outcome.  







[bookmark: _Hlk29740150]                                                          Review of literature
         Doppler ultrasound provides a unique, noninvasive and safe method for studying blood flow characteristics in both feto-placental and utero-placental circulations that is being used in clinical evaluation of high-risk    pregnancy. The growing availability of Doppler equipment in mid to late 1980 led to an outpouring of studies, examining this technique in pregnant women.	Comment by Tajudeen Waliu: Align properly and justify
         Many of this study assessed the potential value of doppler study of various fetal blood vessels like, abdominal aorta, ductus venosus, middle cerebral artery and umbilical arteries assess the fetal hemodynamic in a clinically suspected FGR.
In the present Doppler ultrasonography flow velocity waveform in the uterine artery is used. Poon et al -The performance of screening for preterm pre-eclampsia and therefore appropriate selections of the patients that would be benefit from prophylactic use of aspirin, is by far superior if the FMF algorithm is used than the method advocated by ACOG & NICE. ACOG & NICE guidelines should be updated to reflect scientific evidence that the screen target should be preterm PE, the best way to identify the high-risk group is by a combination of maternal factors and biomarkers, aspirin should be started before 16 weeks’ gestation and daily dose should be higher than 100.11
Lvelathur M. N. Plana et al described the accuracy of the uterine artery doppler analysis in first trimester in the prediction of FGR and pre-eclampsia. In 18

studies with 55974 woman, 15 studies enrolled women with low risk pregnancies.

 UAPI >90thth centiles and presence notching (unilateral or bilateral) were used to define abnormal UAPI in first trimester. It was predictive of preeclampsia with sensitivities of 26.4% of pre-eclampsia and 47.8% of early onset pre-eclampsia. FGR was predicted at 15.4%. Early onset FGR was associated with higher sensitivity of 39.2%. 12
L C Y Poon et al -first trimester uterine artery doppler improved the detection rate of early pre-eclampsia to 81%with smaller improvements to 45% and 35%. Patient specific risk for early and late pre-eclampsia and gestational hypertension could be calculated based on maternal factor derived for priority risk and the lowest UAPI value using multivariate regression model. 13	Comment by Tajudeen Waliu: Text is truncated here 
K H Nicolaides & L C Y Poon et al -Earlier screening in pregnancy would allow women at higher risk to be monitored accordingly and participate in early intervention trials and commence prophylactic therapy. 14
Meher et al -Showed no significant difference in effect of antiplatelet therapy for women randomized before 16th weeks gestations compared with those randomized at or after 16th week. The effect of low dose aspirin on preeclampsia and its complications were consistent regardless of whether treatment is started before or after 16 weeks of gestations. 15	Comment by Tajudeen Waliu: ditto
E Bujold et al -Meta-analysis reviewing 27 randomized control trial involving 11348 women with low dose aspirin started at 16 weeks or before, resulted in a greater reduction in preeclampsia and FGR than later commencement. 16	Comment by Tajudeen Waliu: Check, the text is truncated and nullify the meaning.  


Rolnik DL et al -The ASPRE TRIAL demonstrated the therapeutic efficacy of aspirin globally and the size of treatment. Effect was consistent across estimated risk   groups for preterm pre-eclampsia. 17

The ASPRE trial demonstrated that in woman with singleton pregnancy who were identified by means of first trimester combined screening were at high risk for preterm pre-eclampsia. The administration of aspirin at a dose of 150 mg per day from 11-14 weeks until 36 weeks gestational age reduces the incidence of preterm preeclampsia by >60%. 18	Comment by Tajudeen Waliu: Inconsistent Alignment
Uterine arteries Doppler velocimetry in the early trimester is the center of attraction nowadays. Many studies have been done to study the association between Doppler studies and untoward pregnancy outcomes by the measurement of various techniques and indices. Overall, first trimester Doppler velocimetry predicts early onset pre-eclampsia better than late onset. Sensitivity in anticipating untoward pregnancy complication like prior onset preeclampsia and intra-uterine growth restriction is almost 40-70% when Doppler velocimetry is used as a single marker in low-risk pregnant population. Maternal characteristics and biochemical markers when combined with the pulsatility index of the uterine artery. 19
Scadiuzzi et al. have done a prospective study in 2016 involving 162 low-risk singleton pregnancies to study the maternal parameters (maternal ethnicity, age and parity) and Doppler velocimetry of uterine artery in 1st and 2nd trimester as anticipating factors for the prediction of early onset pre-eclampsia. This study showed that combined analysis of these factors for the early trimester screening is very useful for the prediction of early onset pre-eclampsia and other hypertensive disorders. 20
The prophylactic use of low-dose aspirin for prevention of PE has been an important research question in obstetrics for the last three decades. In 1979, Crandon and Isherwood observed that nulliparous women who had taken aspirin regularly during pregnancy were less likely to have PE than women who did not. 
Askie et al conducted meta-analysis on more than 50 trials and concluded that administration of low-dose aspirin in high-risk pregnancies is associated with a decrease in the rate of PE by approximately 10%. 21	Comment by Tajudeen Waliu: Endevour to merge short paragraphs and use proper conjunction words 
Bujold conducted meta-analysis and reported that the prevalence of PE can potentially be halved by the administration of low-dose aspirin started at 16 weeks or earlier . 22 His claim was supported by further studies. 23, 24
According to WHO and other co- agencies preeclampsia (PE) is a major cause of maternal and perinatal morbidity and mortality .25,26 and is thought to be predominantly as the consequence of impaired placentation.
Yu CKH et al classify the preeclampsia into early onset PE, requiring delivery before 34 weeks' gestation and late onset PE, with delivery at or after 34 weeks, because the former is associated with a higher incidence of adverse outcome .27 These subdivisions were supported by subsequent studies.28,29 A major challenge in modern obstetrics is early identification of pregnancies at high-risk of early onset PE and undertaking the necessary measures to improve placentation and reduce the prevalence of the disease.	Comment by Tajudeen Waliu: It is recommended to use only the author’s last name followed by et al NOT initial in the in-text citations.
According to Prinjonberg and Brosens et al the spiral arteries undergo a series of morphological changes during normal pregnancy .30 31 The vessels are firstly invaded by trophoblast, which then becomes incorporated into the vessel wall and replaces the endothelium and muscular layer. This results in the conversion of the small spiral arteries into vessels of greater diameter with low resistance and high compliance, in absence of maternal vasomotor control. This vascular transformation in the uterus is necessary to ensure a dramatic increase in blood supply to the intervillous space. 
In the year 1975 de Wolf et al concluded that development of PE is due to impaired trophoblastic invasion of the maternal spiral arteries and their conversion from narrow muscular vessels to wide non muscular channels.32 Subsequent studies also provide same hypothesis for the development of PE.33, 34, 35, 36
 Doppler ultrasound provides a noninvasive method for the assessment of the uteroplacental circulation. The finding that impaired placental perfusion, reflected in increased uterine artery PI, is associated with the development of PE is compatible with the hypothesis that PE is the consequence of impaired placentation and the results of previous first- and second-trimester Doppler studies as well as histological studies of the maternal spiral arteries .37-40  Moldenhauer et al and later on Egbor et al demonstrated that the prevalence of placental lesions in women with PE is inversely related to the gestation at delivery.41 42
O’Gorman et al and other some other researchers identified women at high risk for preterm preeclampsia by means of combined screening with maternal demographic characteristics and historical factors and biomarkers - a strategy that has been shown to be superior to other methods.43,44,45 
Bujold et al and some other researchers concluded through meta-analysis that aspirin confers greater benefit if it is started at or before 16 weeks of gestation and that prevention is confined to preterm preeclampsia. 46,47
Roseberg et al through meta-analysis concluded that the dose aspirin should be 150 mg/day for prevention of pre-eclampsia. 48
Caron et al concluded that 81 mg of aspirin per day has no appreciable effect on platelet function in up to one third of pregnant women. 49 
 Ayela et al through randomized control trial found that if aspirin is taken at night rather than during the day is more beneficial in reducing the rate of preeclampsia.50
Nicolaides et al concluded that for effective screening of pre-eclampsia measurement of the uterine artery pulsatility index (PI) at11 – 13 weeks’ gestation, should be combination with maternal history, blood pressure, serum pregnancy-associated plasma protein-A and placental growth factor. 51
Akolekar et al and other researchers concluded that new combined method of screening can predict 90% of cases of pre-eclampsia requiring delivery before34 weeks. This estimation is associated with 5% false-positive rate. It has also been concluded that prediction is only 45% in case of late-onset pre-eclampsia. 52,53	Comment by Tajudeen Waliu: If these are quoted paragraph, then it should have the quote punctuation or in italics except its otherwise stated in the journal’s authorship guideline. 
Bujold et al concluded that early-onset, rather than late-onset, pre-eclampsia is associated with an increased risk of perinatal morbidity and mortality, and both short-term and long-term maternal complications. Early identification of women at risk of developing pre-eclampsia and growth restriction is likely to facilitate targeted antenatal surveillance and possibly intervention. It would also potentially avoid the development of serious complications, through interventions such as administration of low-dose aspirin and antihypertensive medication, and early delivery. 54


There are few data regarding the uteroplacental circulation Doppler pattern during the first and early second trimesters of pregnancy. We chose the 11–13 + 6-weeks period to perform the uterine Doppler evaluation because a routine scan for nuchal translucency and early anatomical assessment was already scheduled at this time of gestation in our population. But there are some studies (Jurkovic et al) where Ut-A Doppler measurements before 12 weeks of gestation have been described. 55
Harrington et al and some other authors on Ut-A Doppler studies found significant increase in Ut-A velocities and volume flow, as well as a continuous decrease in both resistance and pulsatility indices, between 12–16 weeks of gestation.56,57
Martin et al and some other authors have shown an unchanged PI throughout the 11–14‐week interval on Ut-A Doppler study. 58,59
Albaiges et al and other authors compare the Ut-A Doppler studies between transvaginal and transabdominal route and they observe significant differences in UAPI measurements between the transvaginal and the transabdominal routes.60, 61 ,62 Values being lower when obtained transabdominally. 
Martinet al and some other authors demonstrated a lower impedance in the Ut-A of normal outcome pregnancies than in the complicated cases, suggesting that the lack of a normal uteroplacental circulation at this early stage of pregnancy may partly predict the later development of some pregnancy complications. 51, 63, 64, 65
 Van den Elzen et al. had examined 352 women at 12–13 weeks of gestation and found that the group with the UAPI in the highest quartile had a fourfold and a twofold increased risk of subsequently developing hypertensive disorders and fetal growth restriction, respectively. 63
 Harrington et al. examined 652 women at 12–16 weeks of gestation with the use of a seven-parameter model, which included uterine and umbilical artery Doppler parameters.64 This model produced a scoring system with a sensitivity of 93% and a specificity of 85% for the prediction of pre‐eclampsia and demonstrated that it is possible to produce results that are comparable with data collected at 20–24 weeks of gestation. 
Aardema et al has reported that defective placentation followed by placental ischemia is more likely to be the cause of severe early‐onset manifestations of hypertensive disorders; this is not the case for the less severe forms, which occur near term. 66
Ness et al concluded that patients which developed complications near term, appears to unrelated to increased uteroplacental resistance and seems to be the result of maternal risk factors that can induce atherosclerotic changes in normally developed uteroplacental arteries. 67
Schuchter et al examining 380 pregnancies at 11–14 weeks of gestation and found that the group of pregnancies with a mean UAPI > 90th percentile contained 25% of those who developed hypertensive disorders, fetal growth restriction and preterm placental abruption.65
According to Cantwell et al preeclampsia/eclampsia was the second commonest cause of direct maternal deaths in the United Kingdom (0.83 per 100,000 maternities). 68 Preeclampsia and fetal growth restriction (FGR) have also been identified as antecedent causes in 6% and 10% of perinatal deaths, respectively. 
In the nonpregnant state and in early pregnancy, Doppler interrogation of the uterine artery typically demonstrates low end-diastolic velocities and an early diastolic notch. Uterine artery impedance can be affected by various factors such as maternal heart rate, antihypertensive use, hormonal changes in the menstrual cycle, and chronic hyperandrogenism in the polycystic ovarian syndrome. Resistance to blood flow within the uteroplacental circulation is transmitted upstream to the uterine arteries and can be measured as an increased pulsatility index (PI) or resistance index (RI). Uterine artery PI values are affected by ethnicity and are lower in women with a high body mass index (BMI). Alves et al and other researchers have determined reference ranges for uterine artery Doppler parameters from 11–14 weeks' gestation to 41 weeks' gestation in various populations.69 - 73
Uterine artery PI and RI values decrease with increasing gestational age, a change that is thought to be secondary to a fall in impedance in uterine vessels following trophoblastic invasion. In a prospective cross-sectional study by Gómez et al., the mean uterine artery PI continued to fall in the third trimester until week 34. 70
Sciscione et al., concluded notching is a common feature of the uterine artery Doppler waveform in pregnancy, as it is present in 46–64% of normal gestations in the first trimester. In pregnancies after 20 weeks, a diastolic notch has been defined as a fall of at least 50 cm/s from the maximum diastolic velocity 74, but most studies have utilized subjective criteria. 
Zhong et al and other researchers concluded that early diastolic notching in the uterine artery represents reduced diastolic velocities compared with those in later diastole and reflects vessel elasticity 70, 75
Mo et al., concluded that persistent early diastolic notching reflects abnormal maternal vascular tone, while defective placentation results in persistently raised uterine artery impedance. 76
Cnossen et al quoted uterine artery Doppler analysis has the potential to predict pregnancy complications associated with uteroplacental insufficiency before the onset of clinical features and it has been utilized as a screening tool for uteroplacental insufficiency, mostly in the second trimester (from 18–23 + 6 weeks' gestation) for almost four decades.77 

Tuuli et al and some other researchers concluded that around 2–8% of pregnancies are affected by preeclampsia. They classify this condition into early-onset (diagnosed and requiring delivery < 34 weeks' gestation) and late-onset disease. Early-onset preeclampsia occurs less frequently (0.4–1%) than late-onset preeclampsia but is responsible for a more significant burden of disease, with its associated prematurity and fetal growth restriction (FGR), in addition to increased long-term maternal cardiovascular morbidity 78,79,80,81.
 Steegers et al and some other researchers concluded that early-onset preeclampsia or “placental PE” results from impaired trophoblast invasion into the spiral arteries, causing placental ischemia and oxidative stress. Placental histology in early-onset preeclampsia or FGR often demonstrates thrombotic changes in the villous trees, lending support to this theory 79, 80, 82, 83
Melchiorre et al and other contemporary researchers on the other hand, late-onset preeclampsia or “maternal PE” is thought to be secondary to maternal cardiovascular and metabolic predisposition for endothelial dysfunction and shares similar risk factors for adult cardiac disease such as hypertension, obesity, impaired glucose tolerance, and dyslipidemia 84, 85. The placenta in such cases may appear normal or have minimal abnormalities histopathologically. Consequently, the uterine artery Doppler parameters may remain within the normal range.
A meta-analysis by Velauthar et al. 86 reviewed the accuracy of uterine artery Doppler analysis in the first trimester in the prediction of FGR and preeclampsia. Eighteen studies involving 55 974 women were evaluated, with fifteen of these studies enrolling women with low risk pregnancies. Uterine artery RI or PI ≥ 90th centile and the presence of notching (unilateral/bilateral) were used to define abnormal flow velocity waveforms (FVW). There were only two studies evaluating the role of uterine artery notching and therefore pooling estimates for prediction of preeclampsia was not feasible for this variable. An abnormal uterine artery PI in the first trimester was predictive of preeclampsia and early-onset preeclampsia with sensitivities of 26.4% and 47.8%, respectively. Fetal growth restriction was predicted at 15.4%, whereas early-onset FGR was associated with a higher sensitivity of 39.2%. The sensitivity achieved for placental abruption was 44.4%. First-trimester Doppler indices showed a low predictive accuracy for stillbirth, with a sensitivity of 14.5%.
Poon et al. investigated the role of uterine artery Doppler in the development of a predictive model for prediction of early preeclampsia. The detection rates for early preeclampsia, late preeclampsia, and gestational hypertension achieved by a model incorporating clinical history (history of preeclampsia, chronic hypertension, and method of conception) and maternal demographics (age, BMI, and ethnicity) alone were 47%, 41%, and 31%, respectively, at a 10% false positive rate. In women who subsequently developed preeclampsia or gestational hypertension, the lowest, mean, and highest uterine artery PI were significantly higher. First-trimester uterine artery Doppler improved the detection rate of early preeclampsia to 81%, with smaller improvements to 45% and 35% for late preeclampsia and gestational hypertension, respectively. Patient specific risk for early and late preeclampsia and gestational hypertension could be calculated based on maternal-factor-derived a priori risk and the lowest uterine artery PI value using a multivariate regression model 87, although other authors have found no significant difference in lower, mean, and higher uterine artery resistance indices in screening sensitivity for the prediction of preeclampsia 88. Including mean arterial pressure led to a further increase in detection rates of early and late preeclampsia and gestational hypertension to 89%, 57%, and 50%, respectively .89
 Allen et al proposed multiple disease markers for the prediction of preeclampsia and other adverse pregnancy outcomes include soluble endoglin (sEng), soluble fms-like tyrosine kinase-1 (sFlt-1), placental growth factor (PlGF), inhibin-A, activin-A, a disintegrin and metalloprotease 12 (ADAM12), and placental protein 13 (PP13). 90
The early prediction of later pregnancy adverse outcomes permits the initiation of management strategies that may prevent or mitigate these complications. The role of aspirin in preventing preeclampsia and adverse pregnancy outcomes has been the subject of a large number of trials. The latest Cochrane review, published in 2007 91 ,found 17% reduction in the risk of preeclampsia associated with the use of antiplatelet agents (46 trials involving 32,891 women, relative risk [RR] 0.83, and 95% CI 0.77–0.89), with a number needed to treat (NNT) of 72 (95% CI 52–119). Antiplatelet agents resulted in a greater risk reduction of preeclampsia for high risk women (risk difference [RD] −5.2% [95% CI −7.5 to −2.9], NNT 19) compared with moderate risk women (RD −0.84 [95% CI −1.37 to −0.3], NNT 119). In addition, antiplatelet use was associated with a 10% reduction in SGA (36 trials, 23,638 women, RR 0.90, and 95% CI 0.83–0.98) as well as an 8% reduction in the relative risk of preterm birth (29 trials, 31,151 women, RR 0.92, and 95% CI 0.88–0.97, NNT 72). Lastly, there was a 14% reduction in fetal or neonatal deaths (40 trials, 33,098 women, RR 0.86, 95% CI 0.76–0.98, and NNT 243).
The risk of severe preeclampsia was also significantly reduced (RR 0.09), and, compared to controls, there was a 78% reduction in preterm birth. Velauthar et al. 86 estimated the NNT for aspirin to prevent early-onset preeclampsia to be 1000–2500, based on a baseline population prevalence of 0.4–1%. In women with abnormal first-trimester uterine artery Doppler waveforms, however, the NNT for aspirin is lowered significantly (to 143–421).
 Current advances in screening have led to a proposal for this model to be modified to permit risk stratification of women from as early as 11–13 weeks. Earlier screening in pregnancy would allow women at a higher risk to be monitored accordingly, participate in early intervention trials, and commence prophylactic therapy. It would also permit the judicious allocation of limited resources .92, 93, 94, 95 








MATERIAL AND METHODS    
[bookmark: _Hlk2330911]Study Design:   A PROSPECTIVE STUDY OF ROLE OF UTERINE ARTERY DOPPLER & LOW DOSE ASPIRIN INTERVENTION ON FETOMATERNAL OUTCOME IN  LOW RISK PREGNANT WOMEN
       Study type:
1. systematic literature review
1. prospective study
1. Analytic method                            
[bookmark: _Hlk523152419]Study Site: Department of Obstetrics & Gynecology and Fetal Medicine
           Ruby Hall Clinic, A Research and Referral hospital,
           40 Sassoon Road, Pune-411001  
Study duration: July 2017 to June 2019

Study population: 
All those patients who satisfied the inclusion criteria mentioned below were included in the study and those who had one or more criteria mentioned vide exclusion criteria were deleted from the study.  

Sample size calculation and justification- Sample size was determined by effect sizes from previously published study (O GOMEZ, J. M. MARTINEZ F. FIGURAS ,M. DEL RIO BOROBIO , B PUERTIO , O COLI V. CARARACH AND J. A. VANRELI ). The total sample size 64 is enrolled for this study with the help of following formula:	Comment by Tajudeen Waliu: Different font.  You can use refence manager for efficiency.  	Comment by Tajudeen Waliu: Recast the grammar.  	Comment by Tajudeen Waliu: What is the name of the formula, is it evidence bases? Kindly reference it.  
Formula;
n       =2*(Z1-α+ Z1-β)2 * (S/d )2


Where n = Minimum sample size
S= Pooled standard deviation of Ut-A artery pulsatility index = 0.59
             d = effect size = 0.29
       Z1-α = Standard normal variant at 5% level of significance =1.96
       Z1-β = Power =0.84
n = 2* ( Zα+Zβ )2* (S/d)2	
n = 2*(1,96 +0.84 )2 *(0.59 /0.29)2
   = 2*(7,84) * (4.13)
   = 64.49	Comment by Tajudeen Waliu: Any proportion for non-response rate/attrition.  And rounding up?  
So, total 64 low risk pregnant women to be studied.
STATISTISCAL ANALYSIS - Data will be collected in a predesigned Performa and will be later tabulated on excel sheets. Data will be analyzed using SPSS software version 20, IBM Corporation. Results on categorical data will be shown as n (% of cases) and the data on continuous measurements will be presented on Mean Standard Deviation or Median (minimum- maximum).  Data on quantitative measurements will be assessed by using independent sample t tests. Descriptive statistical analysis will be done for variables like Blood pressure, weight, height etc. Chi square test or Fishers exact test for qualitative data will be applied for the data whenever needed. P value <0.05 will be considered as statistically significant.	Comment by Tajudeen Waliu: IBM SPSS version 20
Source of data and collection method: 
Data will be collected in Study Proforma. (Annexure -A) 
Patients consent for study taken on Informed Consent form. (Annexure -C)
The cases for the study will include 64 low risk group of pregnant women from routine ANC, in Department of Obstetrics & Gynecology, Ruby Hall Clinic, A Research and Referral hospital 40 Sassoon Road, Pune-411001  

A total 64 women coming for infertility work up and management are taken as subject from July 2017 to June 2019

 Method of collection of Data (including sampling procedures if any):
64 cases of low risk group of pregnant women took from routine ANC OPD in dept of obstetrics & Gynecology.
Sample size: 64 cases
Eligibility Criteria:
Following inclusion and exclusion criteria will be observed during this study. 
 Exclusion Criteria –64 antenatal women will be selected using following criteria	Comment by Tajudeen Waliu: ?

· Preexisting medical conditions like GDM, pregnancy induced hypertension, 
· Multiple pregnancy
· Age >35 year 
·  BMI  36 kg/m2 or more

· Family history of pre-eclampsia
·  Documented congenital anomaly
· Gestational age <11 weeks and > 13+6 weeks
 Inclusion Criteria
· Singleton pregnancy 
· Primi gravidae
· Gestational age between 11-13+6 weeks of pregnancy
· Gestational age will be determined by early first trimester ultrasound examination using CRL and reliable history. (CRL-45 TO 84 MM)
Technique of UTERINE ARTERY DOPPLER
A 5 or 3.5-MHz curvilinear transabdominal transducer is used. A midsagittal section of the uterus and cervical canal is obtained and the transducer is moved laterally until the paracervical vessels are visualized. Color flow Doppler is applied. The uterine arteries are seen as aliasing vessels along the side of the cervix. Using pulsed wave Doppler, flow velocity waveforms from the ascending branch of the uterine artery at the point closest to the internal os are obtained, with the Doppler sampling gate set at 2 mm. Care is taken to use the smallest angle of insonation (<30°) in order to achieve the highest systolic and end-diastolic velocities. When three similar consecutive waveforms are obtained, the PI can be measured. The mean PI is calculated as the average reading from each side combined.
Another site for Doppler insonation of the uterine artery is at the level of its apparent crossover with the external iliac artery. Using this method, the probe is positioned approximately 2-3 cm inside the iliac crests and then directed toward the pelvis and the lateral side of the uterus. Color flow Doppler is used to identify each uterine artery. Pulsed wave Doppler is applied approximately 1 cm above the point at which the uterine artery crosses over the external iliac artery. This ensures that Doppler velocities are obtained from the main uterine artery trunk. 19,20 This is similar to the technique commonly adopted for measurement.
By Ut-A doppler UAPI value is measured. Normally from 11 to 41 weeks gestational age PI value decreases & become more stable at 41 weeks. At 11, 12 ,13 & 14th week Ut-A PI values are 2.70, 2.53 ,2.38, 2.24 respectively which shows 95th centile values. 21   


#NORMAL UTERINE ARTERY DOPPLER WAVEFORMS
[image: ]

#UTERINE ARTERY DOPPLER SEEN ON DOPPLER
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    METHODS –In the present study all the antenatal women will undergo doppler ultrasound study at 11 to 13+6 weeks of gestational age. In these doppler studies uterine artery pulsatility index will be measured.
Study:

· Study includes low risk population of pregnant female, in which there were no risk in previous pregnancy or no risk in present pregnancy, primi gravidae, singleton taken from routine ANC visit.
· For all ANC patients’ history, examination, will be performed.
· Uterine artery doppler will be performed b/w 11-13+6 weeks along with NT-NB SCAN (NUCHAL TRANSLUCENCY &NASAL BONE)
· In study population UAPI will be evaluated.
·  In study population, pregnant females with raised UAPI in 11-13+6 weeks NT-NB USG low dose ASPIRIN 150 mg will be introduced at or after 12 weeks gestational age.
· Follow up of all low risk ANC population up to 36 weeks.
· Low dose ASPIRIN to be stopped in 34th weeks.
· Final fetal & maternal outcome will be evaluated at late pregnancy by routine check-up if raised blood pressure after 20 weeks with or without premonitory symptoms along  with proteinuria in lab parameters  in terms of pre-eclampsia & in USG b/w 32 to 36 week in terms of FGR .
A comparative study of feto-maternal outcome will be done  in 2 groups i.e. low risk population with normal UAPI and low risk population with raised UAPI ;with low dose aspirin in population with raised UAPI will given and final outcome will be evaluated in terms of maternal preeclampsia and FGR.


                                                           FLOW CHART
LOW RISK ANC STUDY POPULATION
of pregnant women

NT- NB scan AT 11-13+6 WKS


NORMAL UAPI

 RAISED UAPI

Follow up                            NO ASPIRIN 	Follow up                       start ASPIRIN34 to 36 weeks USG & DOPPLAR study and fetomaternal evaluation.                                                  
34 to 36 weeks USG & DOPPLAR study and fetomaternal evaluation.                                                  





                              Outcomes                                                          Outcomes
                                FGR  &                                                                FGR &
                                PRE-ECLAMPSIA                                                PREECLAMPSIA                                                                

                                                       

                                                OBSERVATIONS &  RESULTS

In the present study patients were divided into two groups. First group which is having half the study population (32) is considered as control group and no intervention (UAPI along with NTNB scan at 11-13 weeks ± 6 days) is applied to this group. The second group (32 patients) population undergoes UAPI was measured at 11-13 weeks ± 6 days of pregnancy along with NTNB scan. In this group 8 (12.5% of total study population) patients shows high UAPI. (Depicted in Table -1 and Graph -1) These 8 patients with high UAPI undergoes further intervention of aspirin. (Depicted in Table – 2)
                                                   Table - 1
Distribution of UAPI in overall data 
	UAPI 
	No. of Patients (n) 
	Percent (%)

	high
	8
	12.5

	n/d
	32
	50.0

	normal
	24
	37.5

	Total
	64
	100.0



                                                               Graph -1





	Comment by Tajudeen Waliu: Label the chart below and what is n/d in this context?





Table-2
 Distribution of Aspirin (11-14 weeks) overall data
	Aspirin 
	Number of cases (n) 
	Percent (%) 

	Given
	8
	12.5

	Not given
	56
	87.5

	Total
	64
	100

	
	
	




On further study it was found that 11 patients (17.2%) developed pregnancy induced hypertension (PIH) (Depicted in Table - 3) and 9 patients (14.1%) has fetal growth restriction. (Depicted in Table -4)

                                                    Table -3	Comment by Tajudeen Waliu: Format the table headings properly.  
Distribution of PIH in overall data
	PIH 
	Number of patients (n) 
	Percent (%)

	No
	53
	82.8

	Yes
	11
	17.2

	Total
	64
	100.0




Table-4
Distribution of FGR in overall data
	FGR 
	Number of patients (n) 
	Percent (%)

	No
	55
	85.9

	Yes
	9
	14.1

	Total
	64
	100.0





On further detailed study it was found that out of the 64 pregnant women studied, 59 women have shown normal umbilical artery Doppler flow, comprising 92.2% of the total study population. 2 women have shown absent diastolic flow comprising 3.2% of total study population. 2 women have shown placental insufficiency, comprising 3.2% of total study population and 1 woman had showed reversal of diastolic flow comprising 1.6% of total study population. (Depicted in Table -5)	Comment by Tajudeen Waliu: Do not begin a sentence with figure. Use Two in words instead.  
                                                    Table-5
Distribution of Umbilical Artery Doppler in overall data
	Doppler 
	Number of Patients (n) 
	Percent (%) 

	absent diastolic flow
	2
	3.2

	Normal
	59
	92.2

	placental insufficiency
	2
	3.2

	reversal diastolicflow
	1
	1.6

	Total
	64
	100.0



  On further analysis of data following observations were made: (1) Out of total 32 controlled group patients 7 (21.8%) developed PIH. (2) In the study group out of 8 patients which had high UAPI only 2(25%) developed PIH. (3) In the rest of study group patient (24) which had normal UAPI only 2(8.33%) developed PIH. (As depicted in Table – 6 and Graph -2)

                                                           Table-6
Association between PIH and UAPI
	PIH 
	UAPI
	Total

	
	High
	n/d
	normal
	

	no
	6
	25
	22
	53

	yes
	2
	7
	2
	11

	Total 
	8
	32
	24
	64




Graph -2









P value = 0.320 by chi square test . Here P value > 0.05 , as in study group 8 pregnant women with high UAPI value 150mg  aspirin given till 34 weeks of gestation in result P value is showing insignificant value. *P value < 0.05 considered as statistically significant.  	Comment by Tajudeen Waliu: Not clear.  

  

     On further analysis, association between fetal growth restriction (FGR) and UAPI were studied. On this analysis following observations were made; (1) On control group (in which UAPI was not measured at 11-13 weeks) 6 (18.75%) pregnant women were delivered with FGR babies. (2) On study group 1(3.1%) pregnant women out 8 of high UAPI was delivered with FGR baby. (3)  Further on study group 2 (6.33%) pregnant women out 24 normal UAPI were delivered with FGR babies. (Depicted in Table -7 and Graph - 3)
                                                   Table -7
Association between FGR and UAPI
	FGR 
	UAPI
	Total

	
	High
	n/d
	Normal
	

	No
	7
	26
	22
	55

	Yes
	1
	6
	2
	9

	Total 
	8
	32
	24
	64

	
	
	
	
	









Graph - 3










P value = 0.281 by chi square test. Here P value > 0.05, as in study group 8 pregnant women with high UAPI value 150mg aspirin given till 34 weeks of gestation. So, in result P value is showing insignificant value. *P value < 0.05 considered as statistically significant.  


          Comparative analysis of between control and study group

         The average age for both study (28.8±3.06) and control (28.04±2.96) group was similar and there was no significant difference in age distribution between two groups (As depicted in Table -8). The average BMI of both study (22.59±1.71) and control (22.82±2,31) group are similar and there was no significant difference between them (As depicted in Table - 9). 
                                                             Table -8
Distribution of average age between study group & control group
	Age
 in years  
	Mean ± Std.

	
	control group
	study group 

	[bookmark: _Hlk27153750]
	[bookmark: _Hlk27153797]28.4 ± 2.96
	[bookmark: _Hlk27155598]28.8 ± 3.06



Table - 9
Comparison of BMI
	BMI
kg/m2
	control group
	study group
	P Value 
	Statistical Significance 

	
	[bookmark: _Hlk27156597]22.82 ± 2.31
	[bookmark: _Hlk27156718]22.59 ± 1.71 
	0.656
	NS 


Comparison of effective fetal weight was made between study and control group. Initial comparison was made at 28th weeks of pregnancy and later comparison was made 34-36th weeks of pregnancy. At 28th weeks of pregnancy 2 pregnant women from study group shows EFW ≤10 centile compare to 5 pregnant women in control group. At 34-36th weeks of pregnancy 1 pregnant women from study group shows EFW ≤10 centile compare to 4 pregnant women in control group. On both comparison control group shows higher number of pregnant women with EFW ≤10 centile, then study group. The difference was not significant at 28th weeks comparison, but it was significant at 34-36th weeks comparison with p Value 0.0162 (As depicted in Table -10 & 11). 
                                                              Table-10
Comparison of EFW (effective fetal weight) between study group & control group

	At 28 Weeks EFW in centile 
	Group
	P value 
	Statistical 
Significance 

	
	study
	control
	
	

	<10
	2
	5
	0.23	Comment by Tajudeen Waliu: Endevour to be unform in the decimal places.  
	NS 

	>10
	30
	27
	
	

	Total 
	32
	32
	
	



     Table -11

Comparison of EFW (effective fetal weight) between study group and control group

	At 34-36 Weeks EFW in centile 
	Group
	P value 
	Statistical 
Significance 

	
	D
	ND
	
	

	<10
	1
	4
	0.0162
	S 

	>10
	31
	28
	
	

	Total 
	32
	32
	
	



Comparison of presence of edema and its grading was done before 20th week of pregnancy and after 28th weeks of pregnancy. Comparisons were made on both control and study group. On control group before 20th weeks, 29 women does not have edema and 3 women had grade 1 edema. Out of 29 women eventually 5 developed grade 1 edema, 2 developed grade 2 edema and 1 developed grade 3 edema after 28th weeks. Women who had grade 1 edema before 20th weeks, eventually all developed into grade 3 edema after 28th weeks. (As depicted in Table -12)
In study group all 32 pregnant women did not have edema before 20th weeks. But after 28th weeks 6 women developed grade 1 edema, 5 women developed grade 2 edema and 1 woman developed grade 3 edema. (As depicted in Table - 13)
                                                        Table -12
[bookmark: _Hlk28196260]Comparison of EDEMA in control group before 20 weeks and after 28 weeks
	Edema (Before 20th Weeks)
	Edema (After 28th Weeks)

	
	Absent
	Grade 1
	Grade 2
	Grade 3

	Absent (29)
	21
	5
	2
	1

	Grade 1 (3)
	0
	0
	0
	3

	Total
	21
	5
	2
	4












Table - 13
Comparison of EDEMA in study group before 20 weeks and after 28 weeks
	Edema (Before 20th Weeks)
	Edema (After 28th Weeks)

	
	Absent
	Grade 1
	Grade 2
	Grade 3

	Absent (32)
	21
	6
	5
	1

	Total
	21
	6
	5
	1



Study group was those group of population in which UAPI of pregnant women was measured. In present study 8 pregnant women out of 32 shows high UAPI (≥95th centile) and rest 24 shows normal UAPI. On patients with high UAPI, eventually 2 developed PIH and 1 developed FGR. On patients with normal UAPI, eventually 2 developed PIH and 2 developed FGR (As depicted in Table -14& 15 and Graph – 4 & 5).

					
                                                            Table - 14
Comparison in study group
	PIH 
	UAPI
	Total

	
	High
	normal
	

	no
	6
	22
	28

	yes
	2
	2
	4

	Total 
	8
	24
	32



                                                                 Graph - 4











                                                        Table-15
	FGR 
	UAPI
	Total

	
	High
	Normal
	

	no
	7
	22
	29

	yes
	1
	2
	3

	Total 
	8
	24
	32







     Graph - 5










In the study population (in which UAPI was measured), comparison of systolic and diastolic blood pressure was done measuring before 20th weeks of pregnancy and measuring after 28th week of pregnancy. Mean systolic BP (SBP) before 20th weeks was 110.94±11.17 mm Hg and mean SBP after 28th weeks of pregnancy was 115.31±14.80 mm Hg. Systolic BP after 28th weeks pregnancy was found higher but the difference was not significant. Similarly mean DBP was 73.13±14.46 mm Hg and 77.81±8.70 mm Hg respectively before 20th weeks of pregnancy and after 20th weeks of pregnancy. Mean diastolic BP after 28th weeks pregnancy was higher but difference was not significant. (As depicted in Table – 16)
                                                   Table-16
                          Comparison of BP in study population

	Sr.no
	                      Study group
	P value 
	Statistical 
Significance 

	
	BP
	Mean ± Std
	
	

	1
	  SBP before 20
Weeks
	110.94 ± 11.17
	 0.065
	NS

	
	   SBP after 28 weeks
	115.31 ± 14.80
	
	

	2
	DBP before 20 weeks
	73.13 ± 14.46 
	0.092
	NS

	
	DBP after 28 weeks
	77.81 ± 8.70 
	
	




Distribution of urine albumin was observed in study population. Urine albumin was absent in 25 pregnant women (88.1%), trace amount in 2 pregnant women (6.3%), 1+ in 2 pregnant women (6.3%), 2+ in 2 pregnant women (6.3%) and 3+ in 1pregnant women (3.1%). (As depicted in Table - 17)
                                    Table -17
Distribution of Urine albumin in study group after 20th weeks of pregnancy
	U/alb
	Number of Cases (n) 
	Percent (%) 

	1+
	2
	6.3

	Absent
	25
	88.1

	        2+
	2
	6.3

	        3+
	1
	3.1

	Trace
	2
	6.3

	Total
	32
	100.0



   Per abdominal examination was conducted in study group population at 34-36th weeks pregnancy. Out 32 pregnant women 1 showed 4 weeks lag, 1 showed 2-weeks lag, rest 30 had normal P/A findings. (Depicted in Table - 18)

                                       Table -18
Distribution of P/A(per-abdomen) examination in study population at 34-36 weeks
	P/A
	Number of Cases (n)
	Percent (%)

	 4 weeks lag
	1
	3.1

	2 weeks lag
	1
	3.1

	Normal
	30
	93.7

	Total
	32
	100.0



 Evaluation of edema was done study group population. Edema was absent in 20 pregnant women (63%), was present as grade 1 in 6 pregnant women (18.7%), as grade 2 in 5 pregnant women (15.6%), as grade 3 in 1 pregnant woman (3.1%). (depicted in Table - 19)	Comment by Tajudeen Waliu: Check grammar.  
	



                                                                Table-19
Distribution of EDEMA in study group 

	EDEMA After 20 weeks
	Number of 
Cases (n) 
	Percent (%) 

	Absent 
	20
	63

	grade1 
	6
	18.7

	grade 2
	5
	15.6

	grade 3
	1
	3.1

	Total
	32
	100.0




                              Results for UAPI in control group
        Control group is population which does not undergoes UAPI measurement at 11-13 weeks of pregnancy. In this population comparison of blood pressure was done after measuring it before 20th weeks and after 28th week of pregnancy. The mean SBP was 108.69±11.23 mm Hg and 116.56±14.93 mm Hg respectively, at before 20th weeks of pregnancy and after 28th weeks of pregnancy. Systolic after 28th weeks was higher and difference was significant. The mean DBP before 20th weeks pregnancy was 73.56±4.79 mm Hg and the mean DBP after 28th week pregnancy was 76.56±10.35 mm Hg. The mean DBP was higher after 28th weeks of pregnancy but difference was not significant. (As depicted in Table - 20)

                                                                   Table- 20
Comparison of BP in group control group


	Sr.no
	                  Control group
	P value 
	Statistical 
Significance 

	
	BP
	Mean ± Std
	
	

	1
	SBP before 20 weeks
	108.69 ± 11.23
	0.007
	S

	
	SBP after 28 weeks
	116.56 ± 14.94
	
	

	2
	DBP before 20 weeks
	73.56 ± 4.79 
	0.101
	NS

	
	DBP after 28weeks
	76.56 ± 10.35
	
	






Distribution of urine albumin was observed in control group. Urine albumin was absent in 24 pregnant women (75%), was present in trace amount in 2 pregnant women (6.3%), was present as 1+ in 3 pregnant women (9.4%), was present as 2+ in 2 pregnant women (6.3%) and as 3+ in 1 pregnant woman (3.1%). (As depicted in Table - 21)

  Table-21
              Distribution of Urine-albumin control group after 28 weeks 

	Urine albumin
	Number of Cases(n) 
	Percent (%)

	1+
	3
	       9.4

	2+
	2
	6.3

	3+
	1
	3.1

	Absent
	24
	75.0

	Trace
	2
	       6.3

	Total
	32
	100.0




         Per abdominal (P/A) examination was conducted on control group pregnant women. On examination it was observed that 26 women has normal P/A examination as per gestational age, 3 women showed 2 weeks lag from gestational age and 3 women showed 4 weeks lag from gestational age. (As depicted in Table - 22)
                                                             Table-22
Per abdominal examination in control group at 32-36weeks
	P/A 
	Number of Cases(n) 
	Percent (%) 

	
	
	

	2 weeks lag
	3
	       9.4

	4 weeks lag
	3
	       9.4

	Normal
	26
	81.2

	Total
	32
	100.0






Finally, at the end of the study all the patients (Both control and study group) undergoes umbilical artery doppler along with trans abdominal ultrasonography (TAS). On the study group who has high UAPI (8 patients), 1 of them showed absent diastolic flow. On rest of study group patients (24 patients), 1 patient showed placental insufficiency. On control group patients (32), 1 patient showed absent diastolic notch, 1 patient showed placental insufficiency and 1 patient showed reversal of diastolic notch. (As depicted in Table -23)

	                                                    Table-23
     Distribution of between UAPI (at 11-13+6 weeks) and umbilical artery Doppler   changes (at 34-36 weeks)

	UAPI 
	Doppler
	Total

	
	absent diastolic flow
	absent diastolic notch
	Normal
	placental insufficiency
	reversal diastolic notch
	

	High
	1
	0
	7
	0
	0
	8

	Not done
	0
	1
	29
	1
	1
	32

	Normal
	0
	0
	23
	1
	0
	24

	Total 
	1
	1
	59
	2
	1
	64








Discussion	Comment by Tajudeen Waliu: Insert introductory paragraph.  

UAPI measurement has been extensively used in second trimester pregnancy as predictive marker for the later development of preeclampsia and FGR. But in recent years UAPI measurement are increasingly used in 1st trimester also. Various measurement techniques and impedance indices has been used to evaluate the relationship between uterine artery doppler and adverse pregnancy outcome. As isolated marker for further disease, it’s sensitivity in predicting preeclampsia and fetal growth restriction in low risk pregnant women is moderate at 40-70%. Multiparametric predictive models, combining first trimester UAPI with maternal characteristic and bio-chemical marker can achieve detection rate for early onset preeclampsia over 90%.19 In the present study first trimester UAPI measurement is able to identify 17.2% PIH and 14.1% FGR.
A prospective study by Plasencia et al found that the mean UAPI at 11-13+6 weeks gestation measured transabdominally was lower than measured transvaginally: 1.83 (95% CI: 1.78 -1.89) as against 1.98 (95% CI: 1.93 -2.08) (P≤0.05).43 In the present study UAPI was measured transabdominally and comparison with transvaginal UAPI measurement is subject to future study. 
Incidence of preeclampsia was predicted through first trimester UAPI by different study. Farina et al 99 did metanalysis and studied total 554 meditation women and observed that 7% women were preeclamptic which were predicted by first trimester UAPI. Similar metanalysis were conducted by Oliver et al100 (2962 American women) and Park et al101(3066 Australian women), and preeclampsia was predicted in 4.1-5% and 2.3% pregnant women respectively. Skartsted et al102 measured the first trimester UAPI in 541 Norwegian women and preeclampsia was found in 3.7% pregnant women. In the present study observation were made on 32 low risk pregnant women and preeclampsia was found in 12.5% women. (As depicted in Table - 24)

Table -24 Comparison of incidence of Preeclampsia in different studies

	Studies 
	No of participants
	Incidence

	Farina et al 99
	554 Mediterranean women
	7%

	Oliverva et al 100
	2962 American women
	4.1-5%

	Park et al 101
	3066 Australian women 
	2.3%

	Skrasted et al 102
	541 Norwegian women
	3.7%

	Present study
	32 Indian women 
	12.5%




In many different studies it has been found that if first trimester UAPI measurement is associated with other factor such as maternal factor and other biochemical marker sensitivity of predicting preeclampsia has been substantially increased. The Table -25 has depicted the different parameters used for predicting preeclampsia in different studies.




Table -25 Comparison of various parameters used in different studies

	Studies 
	Parameters 

	1. Para-cordero 103
	BMI, Smoking, Lowest UAPI, PIGF

	1. Odibo 104
	HTN, Mean UAPI, PAPP-A, PP-13

	1. Poon 90
	Maternal history, UAPI, PAPP-A

	1. Scazzocchio 105
	Ethnicity, BMI, Parity, Previous PE, Age, HTN, Renal disease, MAP, Mean UAPI

	1. Poon 92
	Ethnicity, BMI, Parity, Previous PE, Age, HTN, DM, Thrombophilia, Smoking, MAP, Lowest UAPI 

	1. Covetto 106
	Maternal characteristics, MAP, UAPI, sFlt-1 

	1. Poon 107
	Maternal characteristics, Lowest UAPI, MAP, PlGF,  

	1. Poon 108
	Maternal factors, UAPI, MAP, PAPPA – A, PlGF

	1. Poon 109
	Ethnicity, BMI, Parity, Previous PE, Age, HTN, DM, Thrombophilia, Smoking, MAP, Lowest UAPI, PAPP-A 

	1. Akolekar 55
	Maternal factor, MAP, UAPI, PAPP -A, PIGF, PP13, sEng, inhibin A, activin A, PTX -3, P slectin

	1. Akolekar 110
	UAPI, MAP, PAPP-A, PIGF

	1. Present Study
	UAPI, Mean SBP, Mean DBP, Urine albumin, Edema



Liona C. Poon et al 111 quoted that combined multi marker screening and randomized patient treatment with aspirin for evidenced based preeclampsia prevention trial demonstrated that in women who were high risk for pre-term preeclampsia with delivery ≤ 37 weeks gestation identified by screening by means of an algorithm that combines maternal factors and bio markers at 11-13 weeks of gestation, aspirin administration from 11-14weeks until 36 weeks gestation was associated with significant reduction in the incidence of preterm preeclampsia. In the present study aspirin was started in those pregnant women which has high UAPI at 11 -13+6 weeks of uterine doppler and it was observed that the rate of preeclampsia in women with high UAPI and women normal UAPI is not significantly different. This result may be due to aspirin cause reduction in rate of preeclampsia. 
Table 26 – FGR finding in current study and other study
	Study
	n-number of populations in which uterine artery doppler studied
	Number of FGR babies

	Anupama dave
	100
	 16

	Present study
	32
	3



Anupama dave and coworkers did uterine artery in 100 pregnant women at 20-24 weeks. Out of 100, 20 females showing uterine artery doppler changes. In 20, 60% (12) delivered FGR baby. Rest 80 in which no doppler changes only 5% babies (4) were FGR babies.
    In present study, 32 pregnant women are studied and uterine artery doppler done in which 8 pregnant women showed high UAPI, Tab aspirin 150 mg added at 11- 13+6 weeks. So, among 8 women 1 pregnant women delivered FGR baby and 2 women in rest 24 with normal UAPI delivered FGR babies. 
        Total study population was 64 in which 32 controlled group uterine artery study was not done. Among this 32-control group 6 FGR babies delivered.
          Total of 20,909 pregnant women randomized to between 50-150 mg of aspirin daily. When aspirin was initiated at ≤16 weeks, there was a significant reduction and a dose-response effect for the prevention of preeclampsia severe preeclampsia and fetal growth restriction. When aspirin was initiated at >16 weeks, there was a smaller reduction of preeclampsia without relationship with aspirin dosage. Aspirin initiated at >16 weeks was not associated with a risk reduction or a dose-response effect for severe preeclampsia and fetal growth restriction .112
             In present study 64 women studied. Study group 32 ,8 are with high UAPI. Tab aspirin 150 mg introduce at 11-13+6 weeks was given to the pregnant women with high UAPI. Out of this 1 woman delivered FGR baby and 2 women developed Pre-eclampsia. Rest women on aspirin had an uneventful pregnancy. Rest 24 who had normal UAPI 2 delivered FGR babies and 2 developed pre-eclampsia. In control group 32 pregnant women were studied without UAPI value out of which 7 developed Pre-eclampsia and 6 delivered FGR babies.
              Nidhi Sharma studied 189 pregnant women with high risk for preeclampsia. 97 pregnant women were given aspirin in which 18 had increased UAPI, out of which 8 pregnant women developed Preeclampsia. 92 pregnant women were not given aspirin out of which 27 had high UAPI out of which 22 pregnant women developed preeclampsia.
Amongst the 97 pregnant women who were given aspirin only 9 developed FGR. And amongst  the 92 pregnant women who were not given aspirin 10 developed FGR.
   
Table -27 , Effect of Aspirin on the incidence of preeclampsia and FGR In different studies 
	
STUDY
	n (no of cases)
	UAPI done 
	High UAPI

	High UAPI 
(Aspirin given)
	Incidence of preeclampsia 

	Nidhi Sharma et al 
	189
	189
	45
	18
	8

	Present study
	64
	32
	8
	8
	2 



       
	STUDY
	n (no of cases)
	Aspirin given
	Aspirin not given
	FGR (in aspirin given)
	FGR (in aspirin not given)

	Nidhi Sharma et al 
	189
	97
	92
	9
	10

	Present study
	64
	8
	56
	1
	8



From above study it is clearly seen that aspirin decreases chances of preeclampsia and FGR if early intervention done with low dose aspirin.



   Conclusion
Uterine artery doppler at 11-13+6th weeks of pregnancy is instrumental to predict late onset complication and should be include in routine antenatal investigation irrespective of risk factor. Pregnancy induced hypertensive complications and fetal growth restriction in patients with high UAPI can be reduced by low dose aspirin.   	Comment by Tajudeen Waliu: Any recommendation for further study? 
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[bookmark: _Hlk29676539]              Aims- ROLE OF UTERINE ARTERY DOPPLER & LOW DOSE ASPIRIN INTERVENTION ON FETOMATERNAL OUTCOME IN LOW RISK PREGNANT WOMEN
         Objectives -
· Prevalence of women with high UAPI in a low risk pregnant woman.
· To study the role of aspirin in women with high UAPI.
· To compare pregnancy outcome in women with normal UAPI and those with high UAPI started with aspirin.
· To establish the role of UAPI as a recommended screening test for improving feto-maternal outcome.  
[image: ]
[bookmark: page78]9.Material and Methods

 Study Design:   A PROSPECTIVE STUDY OF ROLE OF UTERINE ARTERY DOPPLER & LOW DOSE ASPIRIN INTERVENTION ON FETOMATERNAL OUTCOME IN  LOW RISK PREGNANT WOMEN
Study type:
1. systematic literature review
1. prospective study
1. Analytic method                            
Study Site: Department of Obstetrics & Gynecology and Fetal Medicine
           Ruby Hall Clinic, A Research and Referral hospital,
           40 Sassoon Road, Pune-411001  
Study duration: July 2017 to June 2019

Sample size calculation and justification- Sample size was determined by effect sizes from previously published study (O GOMEZ, J. M. MARTINEZ F. FIGURAS ,M. DEL RIO BOROBIO , B PUERTIO , O COLI V. CARARACH AND J. A. VANRELI ). The total sample size 64 is enrolled for this study with the help of following formula:
Formula;
n       =2*(Z1-α+ Z1-β)2 * (S/d )2

Where n = Minimum sample size
S= Pooled standard deviation of Ut-A artery pulsatility index = 0.59
             d = effect size = 0.29
       Z1-α = Standard normal variant at 5% level of significance =1.96
       Z1-β = Power =0.84
n = 2* (Zα+Zβ)2 * (S/d)2	
n = 2*(1,96 +0.84 )2 *(0.59 /0.29)2
   = 2*(7,84) * (4.13)
   = 64.49
So, total 64 low risk pregnant women to be studied.
STATISTISCAL ANALYSIS - Data will be collected in a predesigned Performa and will be later tabulated on excel sheets. Data will be analyzed using SPSS software version 20, IBM Corporation. Results on categorical data will be shown as n (% of cases) and the data on continuous measurements will be presented on Mean Standard Deviation or Median (minimum- maximum).  Data on quantitative measurements will be assessed by using independent sample t tests. Descriptive statistical analysis will be done for variables like Blood pressure, weight, height etc. Chi square test or Fishers exact test for qualitative data will be applied for the data whenever needed. P value <0.05 will be considered as statistically significant.
Source of data and collection method: 
Data will be collected in Study Proforma. (Annexure -A) 
Patients consent for study taken on Informed Consent form. (Annexure -C)
The cases for the study will include 64 low risk group of pregnant women from routine ANC, in Department of Obstetrics & Gynecology, Ruby Hall Clinic, A Research and Referral hospital 40 Sassoon Road, Pune-411001  

A total 64 women coming for infertility work up and management are taken as subject from July 2017 to June 2019

Method of collection of Data (including sampling procedures if any):
    64 cases of low risk group of pregnant women took from routine ANC OPD in dept of obstetrics &Gynecology.

Sample size: 64 cases
Eligibility Criteria:
Following inclusion and exclusion criteria will be observed during this study. 
 Exclusion Criteria –64 antenatal women will be selected using following criteria

· Preexisting medical conditions like GDM, pregnancy induced hypertension, 
· Multiple pregnancy
· Age >35 year 
·  BMI  36 kg/m2 or more

· Family history of pre-eclampsia
·  Documented congenital anomaly
· Gestational age <11 weeks and > 13+6 weeks

 Inclusion Criteria
· Singleton pregnancy 
· Primi gravidae
· Gestational age between 11-13+6 weeks of pregnancy
· Gestational age will be determined by early first trimester ultrasound examination using CRL and reliable history. (CRL-45 TO 84 MM)

METHODS –In the present study all the antenatal women will undergo doppler ultrasound study at 11 to 13+6 weeks of gestational age. In these doppler studies uterine artery pulsatility index will be measured.
Study:
· Study includes low risk population of pregnant female, in which there were no risk in previous pregnancy or no risk in present pregnancy, primi gravidae, singleton taken from routine ANC visit.
· For all ANC patients’ history, examination, will be performed.
· Uterine artery doppler will be performed b/w 11-13+6wks along with NT-NB SCAN (NUCHAL TRANSLUCENCY &NASAL BONE)
· In study population UAPI will be evaluated.
·  In study population, pregnant females with raised UAPI in 11-13+6 weeks NT-NB USG low dose ASPIRIN 150 mg will be introduced at or after 12-weeks gestational age.
· Follow up of all low risk ANC population up to 36 weeks.
· Low dose ASPIRIN to be stopped in 34th weeks.
· Final fetal & maternal outcome will be evaluated at late pregnancy by routine check-up if raised blood pressure after 20 weeks with or without premonitory symptoms along with proteinuria in lab parameters in terms of pre-eclampsia & in USG b/w 32 to 36 weeks in terms of FGR.
A comparative study of feto-maternal outcome will be done in 2 groups i.e. low risk population with normal UAPI and low risk population with raised UAPI; with low dose aspirin in population with raised UAPI will give and final outcome will be evaluated in terms of maternal preeclampsia and FGR.

 
                                                            


[bookmark: page81]Study outcome
1. Low risk singleton primi gravidae in total 64, out of 32 study population in which uterine artery Doppler studied, 8 were showing high UAPI. This is 12.5% of the study population. Rest 24 showing normal UAPI.

2. 8 (12.5%) women in study group with high UAPI, who received Low dose (150mg) aspirin is from 11-13+6 weeks. Among 8(on aspirin) ,2 developed preeclampsia and 1 woman delivered FGR baby. Among rest 24 with normal UAPI ,2 developed preeclampsia, 2 delivered FGR babies. So total incidence of preeclampsia in study group is 4(12.5%) ,3 (9.3%) women delivered FGR babies.	Comment by Tajudeen Waliu: Do not begin sentence with a figure

3 .32  cases in control group  in which uterine artery Doppler is not performed ,these are studied on the basis of  features of  preeclampsia i. e. finding of raised bp 140/90 mm of murcury or >140 /90 mm of mercury ,bilateral pedal edema, proteinuria,  after 20 weeks, and FGR in terms of  less than 10 th centile growth in interval growth scan at 34-36 weeks.  Among these 7 (21.8%) women developed preeclampsia and 6(18.75%) women delivered FGR babies.	Comment by Tajudeen Waliu: Ditto

[bookmark: _Hlk29851029]4. Over all incidence of preeclampsia and FGR in study group is less,(preeclampsia in study group 12.5% Vs 21.8% in control group & FGR 9.3% in study group Vs 18.75% in control group) attributed by prediction of  feto-maternal outcomes by UAPI value( uterine artery Doppler changes) and early intervention with low dose aspirin(150 mg).While in control group without uterine artery Doppler study and without intervention incidence of preeclampsia and FGR is on higher side.

10. Conclusion: 
    Uterine artery doppler at 11-13th weeks of pregnancy is instrumental to predict late       onset complication and should be include in routine antenatal investigation irrespective of risk factor. Pre induced hypertensive complications and fetal growth restriction in patients with high UAPI can be reduced by low dose aspirin. 
11 Limitations:
1) Present study has relatively small sample size that limits the ability to generalize the results 
2) Other pregnancy induced comorbidities are not studied 
3) Other biochemical markers which predict preeclampsia and FGR are not studied 

Recommendations:

· Irrespective of high risk for all pregnant woman uterine artery Doppler should be recommended at earliest 11-13+6 weeks along with NT-NB SCAN.
· All pregnant women with high UAPI value should be advise with 150 mg aspirin till 36 weeks period of gestation.
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ANNEXURE - A

STUDY PROFORMA
TOPIC- “ PROSPECTIVE STUDY OF THE ROLE OF UTERINE ARTERY DOPPLER & LOW DOSE ASPIRIN INTERVENTION ON FETOMATERNAL OUTCOME IN LOW RISK PREGNANT WOMEN– Study by DR.RASHMI BALA PATEL

NAME                              :
ADDRESS                        :
AGE                                  :
OCCUPATION                 :
EDUCATION                   :
LAST MENSTRAUL PERIOD   :
SCAN REPORTS :

OBSTETRIC HISTORY-
GRAVIDA/ PARA STATUS   :
PAST HISTORY    :
PERSONAL HISTORY   :
FAMILY HISTORY   :

GENERAL EXAMINATION-
BMI :
GENERAL CONDITION   :
PULSE:
BLOOD PRESSURE :
RESPIRATORY RATE   :
PALLOR        :
EDEMA            :



SYSTEMIC EXAMINATION-
CARDIOVASCULAR SYSTEM    :
RESPIRATORY SYSTEM   :
CENTRAL NERVOUS SYSTEM   :
PER ABDOMEN EXAMINATION  :

INVESTIGATIONS –
i. HEMOGRAM:
ii. URINE              :
iii. BSL (FASTING)   :
BSL (RANDOM)  :                            
  HbA1C:
iv. BLOOD GROUP:
ABO:                                                      
  Rh:
v. HIV:
vi. HBSAG            :
vii. TSH 
T4:
viii. OTHER INVESTIGATIONS (IF REQUIRED)
ix. OBSTETRIC ULTRASONOGRAPHY
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ANNEXURE –B
PATIENT INFORMATION SHEET

I have been briefed on the foregoing research being conducted by Dr. Rashmi Bala Patel and it has been conveyed to me in my own language.
I  had the opportunity to ask questions about it and all the questions that I  asked have been answered to my satisfaction. I  voluntarily give my consent  to participate as a participant in this research and understand that I have the right to withdraw from the research at any time without in anyway affecting my medical care.




Signature of the participant 
Name of the patient :
Date:





                                                                                                                       ANNEXURE – C
INFORMED CONSENT FORM
Subject identification number for this trial __________________________________
Title of the project   :  “ IN RUBY HALL CLINIC, A RESEARCH AND REFEREAL HOSPITAL AT PUNE.”

Name of the Principal Investigator Dr. Rashmi Bala Patel Tel . no _8860344064___________
I have received the information sheet on the above study and have read and/or understood the written information.
I have been given the chance to discuss the study and ask questions.
I consent to take part in the study and I am aware that my participation is voluntary.
I understand that I may withdraw at any time without this affecting my future care.
I understand that the information collected about me from my participation in this research and sections of any of my medical notes may be looked at by responsible persons (ethics committee members/ regulatory authorities).
I give access to these individuals to have access to my records.
I understand I will receive a copy of the patient information sheet and the informed consent form.


________________________________                     _______________________
Signature / Thumb impression of subject                    Date of signature

_________________________________           
           Printed name of the subject in capitals 

          __________________________________                  ___________________________
         Signature / thumb impression of legally accepted         Date of signature
         representative 








<< The legally acceptable representative signature should be added if the subject is a minor or unable to sign for themselves. The relationship between the subject and the legally acceptable representative should be stated. The impartial witness signature should be added if the subject/ legally acceptable representative is unable to read or write and consent should be obtained in this presence>>


_________________________________________________________
Printed name of legally acceptable representative in capitals.


_________________________________________________________
Relationship of legally accepted representative to subject in capitals 


______________________________                                      _____________________
Signature of the person conducting the                                    Date of signature
informed consent discussion


__________________________________
Printed name of the person conducting the 
informed consent discussion in capitals


_______________________________                                    _______________________
Signature of impartial witness                                                  Date of signature






Printed name of the impartial witness in capitals









( Signature of the Candidate )                                                      (Signature of the guide )




(Head of the Department)




















Overall distibution of UAPI   
No. of Patients (n) 	
high	n/d	normal	8	32	24	

Distribution of FGR 
no	
high	n/d	normal	7	26	22	yes	
high	n/d	normal	1	6	2	UAPI

frequency of FGR (n)



Distribution of PIH 
no	
high	n/d	normal	6	25	22	yes	
high	n/d	normal	2	7	2	UAPI 

frequency  of PIH  (n) 



Distribution of study control group 
no	
high	normal	6	22	yes	
high	normal	2	2	UAPI 

Numbre of  PIH patients 



Distribution of FGR 
no	
high	normal	7	22	yes	
high	normal	1	2	UAPI

Number of FGR patients (n) 
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