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Abstract (250 words)
Objective: Birth weight (BW) is thought to be determined by maternal health, genetic, nutritional and placental factors; the latter is influenced by anatomical development and perfusion. Maternal cardiovascular changes contribute to utero-placental perfusion, however have not been investigated in relation to fetal growth/BW. We explored the relationship between maternal cardiovascular adaptation, fetal growth and BW in healthy pregnancies.

Methods: We conducted a longitudinal prospective study of 143 women planning to conceive. Maternal cardiac output (CO), cardiac index (CI), pulse wave velocity, aortic augmentation index (AIx), central blood pressure and peripheral vascular resistance (PVR) were assessed prior to pregnancy and at 6, 23 and 33 weeks gestation. Fetal growth was assessed using serial ultrasound biometry.

Results: There were 64 live births with normal pregnancy outcome. We report positive correlations between BW and pre-pregnancy to second trimester changes in CO (ρ = 0.4, P = 0.004), CI (ρ = 0.3, P = 0.02) and PVR (ρ = 0.3, P = 0.02). There was a significant association between pre-pregnancy to second trimester increase in CO ((: 0.8 ± 1.2 L/min; ρ = 0.3, P = 0.02), CI ((: 0.4 ± 0.6; ρ = 0.3, P = 0.04), and reduction in AIx ((:-10± 9%; ρ = 3, P = 0.04) with third trimester ultrasound-estimated fetal weight gain. 

Conclusions: In healthy pregnancy, third trimester fetal growth and BW are associated with incremental maternal CO change in early pregnancy. It is plausible this association is causative, as changes predate third trimester fetal growth and eventual BW.
Key words: cardiac output, vascular resistance, pregnancy, birth weight, haemodynamics 
Introduction

Birth weight (BW) is an important factor influencing neonatal, infant and childhood morbidity and mortality. A fetus with an estimated weight (EFW) below the 3rd percentile, or those with a combination of EFW below the 10th percentile and abnormal umbilical artery blood flow are more likely to suffer from adverse perinatal outcome such as cerebral palsy compared to fetuses of appropriate weight for gestation1


 ADDIN EN.CITE ,2
. Moreover, the ‘Barker hypothesis’ suggests a link between low BW and cardiovascular disease in adulthood
Abnormally high uterine artery Doppler impedance is thought to reflect sub-optimal utero-placental perfusion and is strongly linked to compromised fetal growth. This has led to the hypothesis that placental function determines fetal growth. However, uterine artery flow is also influenced by maternal haemodynamics such as plasma volume and cardiac output (CO). Prospective studies in early pregnancy have reported changes in maternal brachial blood pressure (bSBP), heart rate (HR) and CO as early as 5 weeks (one week after embryonic implantation) in normal pregnancies.
 These changes plateau in the second or third trimester before returning to baseline values in the postpartum period.
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Low maternal CO, insufficient volume expansion and high peripheral vascular resistance (PVR) may predate fetal growth restriction (FGR).
We investigated maternal cardiovascular adaptation from prior to conception to mid-pregnancy in association with fetal growth trajectories and BW in normal pregnancies. 
Methods
This study was designed as a prospective feasibility study of recruitment and completion of follow-up for investigating maternal cardiovascular function from preconception to postpartum. The study was conducted at a single tertiary referral centre. The study received Local Research Ethics Committee and Research and Development on-site approval.

Recruitment

Recruitment was achieved by advertisements over a period of 11 months from July 2010 to June 2011. Study posters were put up in the hospital where the study was based, in GP surgeries in Cambridgeshire, on the hospital website, local newspapers, preschool groups, and National Childbirth Trust newsletters. The advertisements had the contact details of the lead research fellow and women who were interested to participate could contact the research fellow by phone or email. In addition, contact details of women who have had previous adverse obstetric history such as pre-eclampsia, FGR or recurrent miscarriage (RM) were also obtained from the delivery and recurrent miscarriage clinic database of the hospital in which the study was based.  
The study inclusion criteria were: nulliparous women, multiparous women with previous normal pregnancies, previous preeclampsia and/or FGR and previous unexplained RM, between 18–50 years of age. Preeclampsia was defined by the criteria laid by the International Society for the Study of Hypertension in Pregnancy14

 .  FGR was defined as birth weight below third percentile
In total, 184 women expressed their interest in participating in the study. Of this, 143 women met the eligibility criteria and consented to participate (see Figure 1 for recruitment flowchart).

Study protocol

The study protocol is described in Figure 2. Women were recruited prior to conception and had baseline cardiovascular assessments as described below. They then performed digital home urine ovulation tests and pregnancy tests as described in Figure 2. The day of ovulation was estimated by adding one day to the day luteinizing hormone surge was detected. The day of the first positive pregnancy test using sensitive digital urine pregnancy test kits was reported as the implantation day. Women who became pregnant were then followed up with serial ultrasound scans and repeat cardiovascular assessments in very early pregnancy, in second and third trimester and 3–4 months postpartum. Women who did not get pregnant at the end of the 6 cycles or who suffered either miscarriage or ectopic pregnancy but wanted to continue with the study were recruited back into the study. Their baseline cardiovascular assessments were not repeated.

Cardiovascular assessment

Cardiovascular measurements were performed after 10 min rest in the supine left lateral position. Participants were requested to abstain from caffeinated drinks for 4 hours prior to their visit. Brachial blood pressure (BP) and heart rate were measured in the non-dominant arm using an automated blood pressure measuring device (Omron-M7) that has been validated for use in pregnancy16

, using standard cuff sizes according to the arm circumference of the participant. Radial artery waveforms were obtained with a high-fidelity micromanometer (SPC-301; Millar Instruments, Houston, TX, USA) from the wrist, and a corresponding central waveform was generated with a validated transfer function (SphygmoCor; AtCor Medical, Sydney, Australia) as previously described
Cardiac output was assessed using a non-invasive, inert gas re-breathing technique (Innocor, Innovision A/S, Odense S, Denmark), which has previously been validated against thermodilution 
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 methods for measurement of pulmonary blood flow and thus, cardiac output. Reproducibility of this technique has been established previously in healthy individuals with mean values (5.27 to 7.25 L/min), bias (0.00 to 0.32 L/min) and confidence intervals (-0.88 to 0.88 L/min) 
Peripheral vascular resistance was calculated from the formula:
Peripheral vascular resistance (dynes.sec.cm5) = mean arterial pressure (mm Hg) × 80/cardiac output (l min−1).
All measurements were performed in duplicate by a single, trained investigator (AAM), and the mean values were used in subsequent analyses. The within- and between-observer measurement reproducibility values for the aortic augmentation index were in agreement with previously published data.
Ultrasound asssessment
First trimester growth was assessed by measurement of embryonic crown rump length (CRL) by serial ultrasound scans at 6–7, 8–9 and fetal CRL at 10–14 weeks of gestation from last menstrual period (LMP) in all women with a regular 28-day cycle, and where this was not the case they were scheduled from the date of the luteinizing hormone surge. The embryonic CRL was measured transvaginally at 6–7 and 8–9 weeks by placing the calipers at the outer side of the crown and rump of the embryo in a longitudinal, midsagittal section. The fetal CRL at 10–14 weeks was imaged transabdominally in a midsagittal plane with the fetal spine longitudinally in view and the maximum crown to rump length was measured to establish the gestational age. Second and third trimester growth was assessed by deriving estimated fetal weight using the Hadlock four parameter model30

.29

 at 20 weeks, 22–24 weeks and 32–34 weeks gestation. This formula has been shown to have the highest correlation with birth weight
Sample size

This was a feasibility study with no data available from any previous studies thus a formal sample size calculation was not performed. We aimed to recruit 80 participants within the timescale of the study.
Statistical analyses

Statistical analyses were performed using the Statistical Package for Social Sciences (Version 18.0.0, 2009, SPSS, Chicago, IL, USA). The normality of distribution of the demographics data was examined with the Kolmogorov–Smirnov test. Univariate correlations between pre-pregnancy and pregnancy variables and fetal growth and birth weight were assessed using Spearman’s correlation coefficient, and significance assessed using two tailed t-test. Data are expressed as mean ± SD. A P-value of <0.05 was considered significant.

Results
Out of 143 women recruited pre-conception, 70 women were nulliparous, and 35 women were multiparous with previous normal pregnancy outcome. Twenty-six women with unexplained recurrent miscarriage and 12 women with previous PE and/or FGR were also recruited.

 One-hundred and one women conceived within 18 months, of which 71 women had viable pregnancies beyond the first trimester. Five pregnancies developed subsequently developed complications (fetal chromosomal abnormalities, preeclampsia and/or FGR) and were excluded from final analyses, 2 pregnancies were excluded due to incomplete data sets, leaving 64 normal pregnancies with full longitudinal data (see recruitment flow chart in Figure 1).

The study population demographics are described in Table 1, and the results are summarised in Table 2.
Relationship between fetal growth and BW: Second to third trimester growth rate was significantly associated with BW z-score (ρ =0.56, P < 0.001). First trimester fetal growth rate was not associated with 2nd to 3rd trimester fetal growth (Spearman’s correlation coefficient ρ = 0.13, P = 0.3) nor BW z-score (Spearman’s ρ = 0.13, P = 0.3).

Relationship between pre-pregnancy to second trimester cardiovascular changes, fetal growth and BW z-score: Change in CO (0.8 ± 1.2 L/min) and CI (0.4 ± 0.6 L/min/m2) were positively related to BW z-score (CO: ρ = 0.4, P = 0.004; CI: ρ = 0.3, P= 0.02) and 2nd to 3rd trimester fetal growth (CO: ρ = 0.3, P = 0.02; CI: ρ = 0.3, P = 0.04). Reduction in PVR was significantly related to BW z-score (ρ = 0.3, P = 0.02), and showed a trend in association with 2nd to 3rd trimester fetal growth rate, but this was not significant (ρ = 0.3, P = 0.06). Reduction in AIx ((:-10± 9%) was significantly associated with 2nd to 3rd trimester fetal growth rate (ρ = -0.3, P = 0.04). Pre-pregnancy to second trimester decrease in bSBP ((: -5 + 8mmHg) or cSBP ((: -9 + 8mm Hg) were not related to 2nd to 3rd trimester fetal growth rate (ρ = 0.07, P = 0.6 and ρ = -0.06, P = 0.7 respectively) nor BW z-score (ρ = 0.06, P = 0.6 and ρ = -0.04, P = 0.8). 
Overall, there was a significant rise in cardiac output from a pre-pregnancy value of 5.56 ± 0.94 L/min to 6.40 ± 1.09 L/min in the third trimester (P<0.001). This was independent of body surface area since there was also a significant rise in cardiac index from 3.15 ± 0.55 L/min/m2 to 3.52 ± 0.53 L/min/m2 (P<0.001). However, there was significant, inverse association between pre-pregnancy values of cardiac output and the subsequent rise during pregnancy (r=-0.59, P<0.001), which remained after adjusting for body surface area (cardiac index: r=-0.59, P<0.001). 
Of the 64 women with full longitudinal data, 11 had previous pregnancy complications (recurrent miscarriage, PE, FGR). To exclude any bias from previous abnormal obstetric outcome, we performed a sub-analysis of nulliparous and multiparous women with a previous normal pregnancy outcome (53 cases in total). The relationship between pregnancy-driven Aix remained significantly associated with delta 2nd to 3rd trimester EFW (ρ =-0.3, P = 0.02) and BW z-score (ρ =-0.3, P = 0.03). Changes in CO from pre-pregnancy to mid-pregnancy also remained significantly associated with delta 2nd to 3rd trimester EFW (ρ =0.3, P =0.05) but not to BW z-score (ρ =0.2, P = 0.07).
Discussion

We report that changes in maternal cardiovascular adaptation are related to fetal size and growth in normal pregnancy. We find an increase in CO and CI from pre-pregnancy to the second trimester. Furthermore, the increase in CO is significantly positively associated with both BW and 2nd to 3rd trimester fetal growth velocity and a reduction in PVR is associated with greater BW. Importantly, as previously reported
We found no relationship between BP in the different trimesters of pregnancy with fetal growth or BW, however data from the prospective Generation R study
It may be hypothesised that the relationships that we report are more pronounced in pathological pregnancies. It is important to note that this was a feasibility study in healthy pregnancies and was not powered for pathological outcomes, which occur in approximately 10% of pregnancies. 
Studies of cardiac function in pathological pregnancies report that early-onset pre-eclampsia (< 34 weeks gestation) is associated with reduced CO and high PVR; the inverse is observed in pregnancies with late-onset pre-eclampsia (>34 weeks gestation) 9
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. In early-onset pre-eclampsia, there is a high likelihood of FGR whereas in late onset pre-eclampsia BW is either normal or increased
The strength of this study is that it is the first to report pre-conception and pregnancy-induced cardiovascular changes in relation to birth weight and fetal growth velocity. In addition, parameters were measured in a longitudinal design, and therefore changes observed are more likely to reflect true variation within the cohort. A weakness of the study is the relatively small sample size, although adequately powered to observe a change of 0.8L/min in cardiac output, it is likely to be insufficient to detect smaller changes. Further, we only included analyses for normal pregnancy outcome, as the study was a feasibility study and not powered to observe changes in pathological pregnancies. There were 5 pathological pregnancy outcomes: 2 women with FGR babies before 34 weeks (one with pre-eclampsia), one each with pre-eclampsia, FGR and pre-eclampsia/FGR after 34 weeks.
In conclusion, maternal cardiovascular changes in CO and PVR in the first half of pregnancy may play an important part in determining later fetal growth and BW. There is no association between cardiovascular changes and fetal size in the second trimester, suggesting that a larger fetus in the second trimester does not in turn lead to greater cardiovascular changes in the mother. The relationships are only evident when the cardiovascular changes are compared to a woman’s baseline pre-pregnancy measures and perhaps explain why these associations had not been appreciated from studies conducted in already established pregnancy. 
Acknowledgments: We thank our participants and SPD Development Company Ltd for providing the ovulation kits.

Sources of funding: AAM was supported by Cambridge Fetal Care. TRE was funded by Evelyn Trust. IBW and CMM are British Heart Foundation Fellows and supported by the Cambridge Biomedical Research Centre. CCL and FLF are supported by Action Medical Research and NIHR Imperial BRC.

References

1.
Bernstein IM, Horbar JD, Badger GJ, Ohlsson A, Golan A. Morbidity and mortality among very-low-birth-weight neonates with intrauterine growth restriction. The Vermont Oxford Network. American journal of obstetrics and gynecology 2000;182:198-206.

2.
Sung IK, Vohr B, Oh W. Growth and neurodevelopmental outcome of very low birth weight infants with intrauterine growth retardation: comparison with control subjects matched by birth weight and gestational age. The Journal of pediatrics 1993;123:618-24.

3.
Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in infancy and death from ischaemic heart disease. Lancet 1989;2:577-80.

4.
Mahendru AA, Everett TR, Wilkinson IB, Lees CC, McEniery CM. Maternal cardiovascular changes from pre-pregnancy to very early pregnancy. Journal of hypertension 2012;30:2168-72.

5.
Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors influencing changes in cardiac output during human pregnancy. Am J Physiol 1989;256:H1060-5.

6.
Capeless EL, Clapp JF. Cardiovascular changes in early phase of pregnancy. Am J Obstet Gynecol 1989;161:1449-53.

7.
Chapman AB, Abraham WT, Zamudio S, et al. Temporal relationships between hormonal and hemodynamic changes in early human pregnancy. Kidney Int 1998;54:2056-63.

8.
Capeless EL, Clapp JF. When do cardiovascular parameters return to their preconception values? Am J Obstet Gynecol 1991;165:883-6.

9.
Vasapollo B, Valensise H, Novelli GP, et al. Abnormal maternal cardiac function and morphology in pregnancies complicated by intrauterine fetal growth restriction. Ultrasound Obstet Gynecol 2002;20:452-7.

10.
Melchiorre K, Sutherland GR, Liberati M, Thilaganathan B. Maternal cardiovascular impairment in pregnancies complicated by severe fetal growth restriction. Hypertension 2012;60:437-43.

11.
Duvekot JJ, Cheriex EC, Pieters FA, Peeters LL. Severely impaired fetal growth is preceded by maternal hemodynamic maladaptation in very early pregnancy. Acta Obstet Gynecol Scand 1995;74:693-7.

12.
Easterling TR, Benedetti TJ, Carlson KC, Brateng DA, Wilson J, Schmucker BS. The effect of maternal hemodynamics on fetal growth in hypertensive pregnancies. Am J Obstet Gynecol 1991;165:902-6.

13.
Duvekot JJ, Peeters LL. Maternal cardiovascular hemodynamic adaptation to pregnancy. Obstet Gynecol Surv 1994;49:S1-14.

14.
Davey DA, MacGillivray I. The classification and definition of the hypertensive disorders of pregnancy. American journal of obstetrics and gynecology 1988;158:892-8.

15.
Cole TJ, Williams AF, Wright CM, Group RGCE. Revised birth centiles for weight, length and head circumference in the UK-WHO growth charts. Annals of human biology 2011;38:7-11.

16.
de Greeff A, Beg Z, Gangji Z, Dorney E, Shennan AH. Accuracy of inflationary versus deflationary oscillometry in pregnancy and preeclampsia: OMRON-MIT versus OMRON-M7. Blood pressure monitoring 2009;14:37-40.

17.
O'Rourke MF, Gallagher DE. Pulse wave analysis. Journal of hypertension Supplement : official journal of the International Society of Hypertension 1996;14:S147-57.

18.
Wilkinson IB, Fuchs SA, Jansen IM, et al. Reproducibility of pulse wave velocity and augmentation index measured by pulse wave analysis. J Hypertens 1998;16:2079-84.

19.
Anderson JM, Savvidou MD, Kaihura C, McEniery CM, Nicolaides KH. Maternal arterial stiffness in pregnancies affected by Type 1 diabetes mellitus. Diabet Med 2009;26:1135-40.

20.
Laurent S, Cockcroft J, Van Bortel L, et al. Expert consensus document on arterial stiffness: methodological issues and clinical applications. European heart journal 2006;27:2588-605.

21.
Christensen P, Clemensen P, Andersen PK, Henneberg SW. Thermodilution versus inert gas rebreathing for estimation of effective pulmonary blood flow. Crit Care Med 2000;28:51-6.

22.
Gabrielsen A, Videbaek R, Schou M, Damgaard M, Kastrup J, Norsk P. Non-invasive measurement of cardiac output in heart failure patients using a new foreign gas rebreathing technique. Clinical science 2002;102:247-52.

23.
Peyton PJ, Thompson B. Agreement of an inert gas rebreathing device with thermodilution and the direct oxygen Fick method in measurement of pulmonary blood flow. J Clin Monit Comput 2004;18:373-8.

24.
Sobanski P, Sinkiewicz W, Kubica J, Blazejewski J, Bujak R. The reliability of noninvasive cardiac output measurement using the inert gas rebreathing method in patients with advanced heart failure. Cardiol J 2008;15:63-70.

25.
Peyton PJ, Bailey M, Thompson BR. Reproducibility of cardiac output measurement by the nitrous oxide rebreathing technique. J Clin Monit Comput 2009;23:233-6.

26.
Corte TJ, Wells AU, Gatzoulis MA, et al. Non-invasive assessment of pulmonary blood flow using an inert gas rebreathing device in fibrotic lung disease. Thorax 2010;65:341-5.

27.
Jakovljevic DG, Nunan D, Donovan G, Hodges LD, Sandercock GR, Brodie DA. Comparison of cardiac output determined by different rebreathing methods at rest and at peak exercise. Eur J Appl Physiol 2008;102:593-9.

28.
Fontana P, Boutellier U, Toigo M. Reliability of measurements with Innocor during exercise. International journal of sports medicine 2009;30:747-53.

29.
Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. Estimation of fetal weight with the use of head, body, and femur measurements--a prospective study. American journal of obstetrics and gynecology 1985;151:333-7.

30.
Kurmanavicius J, Burkhardt T, Wisser J, Huch R. Ultrasonographic fetal weight estimation: accuracy of formulas and accuracy of examiners by birth weight from 500 to 5000 g. Journal of perinatal medicine 2004;32:155-61.

31.
Mahendru AA, Everett TR, Wilkinson IB, Lees CC, McEniery CM. A longitudinal study of maternal cardiovascular function from preconception to the postpartum period. Journal of hypertension 2014;32:849-56.

32.
Bakker R, Steegers EA, Hofman A, Jaddoe VW. Blood pressure in different gestational trimesters, fetal growth, and the risk of adverse birth outcomes: the generation R study. American journal of epidemiology 2011;174:797-806.

33.
Gelson E, Curry R, Gatzoulis MA, et al. Effect of Maternal Heart Disease on Fetal Growth. Obstet Gynecol 2011;117:886-91.

34.
Valensise H, Vasapollo B, Novelli GP, et al. Maternal and fetal hemodynamic effects induced by nitric oxide donors and plasma volume expansion in pregnancies with gestational hypertension complicated by intrauterine growth restriction with absent end-diastolic flow in the umbilical artery. Ultrasound Obstet Gynecol 2008;31:55-64.



[image: image1.png]Delta CO (L/min)

1000 2000 3000 4000
Birth weight (g)

5000

6000



[image: image2.png]Delta cardiac output (L/min)

500 1000 1500 2000
Delta estimated fetal weight (g)

2500

3000



[image: image3.png]Delta PVR (dynes.sec.cm®)

400

200

-200 A

-400

-600

-800
1000

2000

3000 4000
Birth weight (g)

5000

6000



[image: image4.png]Delta PVR (dynes.sec.cm®)

400

200

-200

-400

-600

-800

500

1000 1500 2000 2500
Change in estimated fetal weight (g)

3000



Figure 1: Recruitment flow chart



Figure 2: Summary of study protocol
Figure 3: Scatterplot depicting the relationship between change in cardiac output from pre-pregnancy to second trimester and (1) birth weight and (2) estimated fetal weight (delta from 2nd to third trimester).


Figure 4 Scatterplot depicting the relationship between change in peripheral vascular resistance (delta PVR) from pre-pregnancy to second trimester and (1) birth weight and (2) change in estimated fetal weight (delta from 2nd to 3rd trimester).


Table 1 Demographic data of 64 participants with normal pregnancies
	Demographic
	All

(64)

	Age, years
	32 ± 4

	Ethnicity, Caucasian (%)
	58/64

(91%)

	Height, m
	1.65 ± 0.07

	Weight, kg
	69 ± 12

	BMI, kg/m2
	26 ± 4

	Gestation at delivery, weeks
	40 ± 1

	Delivery BW, grams
	3545 ± 554


Data: means ± SD
Table 2: Cardiovascular parameters: mean values, pregnancy-induced changes and correlations with fetal growth and birth weight in 64 normal pregnancies.
	Parameter
	Pre-pregnancy value
	Change from 

Pre-pregnancy to 2nd trimester
	2nd to 3rd trimester growth as EFW in grams (P), significance (p)
	BW in grams z-score (P), significance (p)

	HR, bpm
	68 ± 10
	+ 8 ± 10
	0.2, 0.3
	0.2, 0.07

	Brachial SBP, mmHg
	108 ± 9
	- 5 ± 8
	0.07, 0.6
	0.06, 0.6

	Brachial DBP, mmHg
	71 ± 7
	- 9 ± 6
	-0.05, 0.7
	-0.08, 0.5

	Central SBP, mmHg
	99 ± 9
	- 9 ± 8
	-0.06, 0.7
	-0.04, 0.8

	MAP, mmHg
	85 ± 8
	- 8 ± 6
	-0.08, 0.6
	-0.08, 0.5

	CO, L/min
	5.60 ± 0.95
	+ 0.8 ± 1.2
	0.3, 0.02
	0.4, 0.004

	SV, ml
	79 ± 12
	+ 3 ± 14
	0.2, 0.2
	0.2, 0.1

	CI, L/min/m2
	3.18 ± 0.54
	+ 0.4 ± 0.6
	0.3, 0.04
	0.3, 0.02

	PVR, dynes.sec.cm5
	1240 ± 224
	- 258 ± 233
	0.3, 0.06
	0.3, 0.02

	AIx, %
	20 ± 9
	- 10 ± 9
	-0.3, 0.04
	-0.2, 0.2

	aPWV, m/sec
	5.25 ± 0.62
	- 0.5 ± 0.7
	-0.02, 0.9
	0.003, 0.9


Data are means ± SD. + denotes increase from pre-pregnancy value, - denotes decrease from pre-pregnancy value. EFW = estimated fetal weight. P = Spearman’s coefficient, p = significance.
Data excluded for pregnancy complications:
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Full longitudinal data in normal pregnancies:


64





Full longitudinal data available:


69 pregnancies





Incomplete longitudinal data:


2 pregnancies





Viable pregnancies to term:


71








Lost to follow-up: 1





Total number of women recruited: 143


70 Nulliparous, 35 multiparous with previous normal pregnancies, 26 RM, 12 PE/IUGR





Early pregnancy losses: 30 


Miscarriage < 6 weeks (14)


Miscarriage > 6 weeks (12)


Ectopic pregnancy (4)





Total number of pregnancies: 101


55 nullliparous, 24 multiparous with previous normal pregnancies, 15 RM, 7 PE/IUGR





Cardiovascular assessments & blood tests





Post-partum


4 months





Delivery





Home digital urine testing for 6 cycles or till pregnant





Pre-conception





Pregnancy outcome: Gestation, birth weight, pregnancy complications





3rd trimester 


(32 – 34 weeks)





Ultrasound scan: Fetal growth & maternal uterine artery Doppler


Cardiovascular assessments





2nd trimester 


(22 – 24 weeks)





Re-recruited if not pregnant after 6 cycles 





1st trimester 





Ultrasound scan: Fetal growth & maternal uterine artery Doppler 


Cardiovascular assessments





At 6-7 weeks gestation by last menstrual period (LMP), at least 2-3 weeks after first positive pregnancy test:


Ultrasound scan for pregnancy viability, embryonic size measured by crown-rump length (two scans, two weeks apart to check serial first trimester growth)


Cardiovascular assessments and blood tests





Daily ovulation testing - day 6 to detection of Luteinising Hormone (LH) surge followed by daily pregnancy testing - day of LH surge till three consecutive positive pregnancy test results or start of next menstrual cycle





(At least a month after stopping hormonal contraception)


Age, ethnicity, menstrual, obstetric, cardiovascular history


Height, weight, body mass index 


Cardiovascular assessments


Blood tests: Biochemistry and platelet function


Provided digital hormone urine ovulation detection and pregnancy test kits (SPD Company Ltd)
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