
 
 

The final version of this paper was published in Journal of American Heart Association 2014; 

3(3):e000953 

 

Heart valve prostheses in pregnancy: Outcomes for women and their babies 

 

First author surname and short title: Lawley, Heart valve prostheses in pregnancy 

 

Claire M. Lawley BSc(Med)Hons, MBBS(Hons)1, 2  

Charles S. Algert BA, BSc, MPH1 

Jane B. Ford BA(Hons), PhD1 

Tanya A. Nippita BSc(Med), MBBS(Hons), FRANZCOG3 

Gemma A. Figtree MBBS, DPhil (Oxon), FRACP2 

Christine L. Roberts MBBS, DrPH, FAFPHM1 

 

1. Clinical Population Perinatal Health Research, Kolling Institute, University of Sydney, 

Sydney, Australia 

2. Department of Cardiology, Royal North Shore Hospital, St Leonards, Australia  

3. Department of Obstetrics and Gynaecology, Royal North Shore Hospital, St Leonards, 

Australia 

 

Word count: 6 259 words 

 

Corresponding author: 

Dr Claire Lawley 

Clinical Population Perinatal Health Research Group 

The Kolling Institute 

University of Sydney at Royal North Shore Hospital 

Sydney, Australia 

Telephone:  +61 2 9462 9790 

Fax: +61 2 9462 9058    

Email: claw2317@uni.sydney.edu.au

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Sydney eScholarship

https://core.ac.uk/display/41242074?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


1 
 

Abstract 

Background: As the prognosis of women with prosthetic heart valves improves more of these 

individuals are contemplating and undertaking pregnancy.  Accurate knowledge of perinatal 

outcomes is essential, assisting counselling and guiding care.  The aim of this study was to 

assess outcomes in a contemporary population of women with heart valve prostheses 

undertaking pregnancy, and to compare outcomes for women with mechanical and 

bioprosthetic prostheses. 

Method and results: Longitudinally-linked population health datasets containing birth and 

hospital admissions data were obtained for all women giving birth in New South Wales, 

Australia, 2000-2011. This included information identifying presence of maternal prosthetic 

heart valve.  Cardiovascular and birth outcomes were evaluated.  Among 1 144 156 

pregnancies, 136 involved women with a heart valve prosthesis (1 in 10 000).  No maternal 

mortality was seen among these women, although the relative risk for an adverse event was 

higher than the general population, including severe maternal morbidity (13.9% v. 1.4%, 

RR=9.96, 95% CI 6.32-15.7), major maternal cardiovascular event (4.4% v. 0.1%, RR 34.6, 

95% CI 14.6-81.6), preterm birth (18.3% v. 6.6%, RR=2.77, 95% CI 1.88-4.07) and small-

for-gestational-age infants (19.3% v. 9.5%, RR=2.12, 95% CI 1.47-3.06).  There was a trend 

towards increased maternal and perinatal morbidity in women with a mechanical valve 

compared to bioprosthetic. 

Conclusions: Pregnancies in women with a prosthetic heart valve demonstrate an increased 

risk of an adverse outcome, for both mothers and babies, compared with pregnancies in the 

absence of heart valve prostheses.  In this contemporary population, the risk was lower than 

previously reported. 
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Introduction 

With advances in surgical technique, prosthetic heart valve design and anticoagulation there 

has been an overall improvement in prognosis and quality of life of young women with a 

prosthetic heart valve 1-4.  There still remains a paucity of data in regards to the maternal, fetal 

and infant outcomes of the pregnancies of these women. 

Normal pregnancy is a procoagulant state 5, 6 in which the body experiences an increased 

haemodynamic load 7-9.  Tolerance of these changes by women with pre-existing heart disease 

during pregnancy is known to vary 10.  With gradual improvements in risk stratification and 

understanding of what conditions and cardiac parameters drive high risk during pregnancy, 

the number of these women counselled explicitly against pregnancy is decreasing 10, 11.  

Current knowledge of pregnancy outcomes for women with a previous heart valve prosthesis 

implantation remains limited.  Previous research on the outcomes of pregnancies in these 

women reflects a population of women with largely older, more thrombogenic mechanical 

valves and focuses on anticoagulation regimen 12-17.  There is a need to examine pregnancy 

outcomes in a contemporary population, particularly given the increasing number of 

bioprosthetic valves implanted in women wishing to bear children, in accordance with 

international guidelines which advocate the consideration of this 11, 18, 19. 

Improvement in care for chronic and congenital cardiac disease as well as the delayed age of 

childbearing is expected to contribute to an increase in the number of women with heart valve 

prostheses experiencing pregnancy.  Routinely collected birth and hospital data represent an 

important resource for identifying women experiencing pregnancy with an existing heart 

valve prosthesis and provides data useful for exploring rare conditions, interventions and 

subsequent health outcomes.  Contemporary knowledge is vital in assisting pre-pregnancy 

counselling and guiding care for women with heart valve prostheses and their offspring 
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during pregnancy and beyond.  The aim of this study therefore was to assess the 

cardiovascular and birth outcomes of a contemporary population of women with a heart valve 

prosthesis undertaking pregnancy, and to compare outcomes for women with mechanical and 

bioprosthetic valves. 

Methods 

The study population included all women giving birth in New South Wales (NSW), Australia 

between 2000 and 2011.  New South Wales (NSW) is Australia’s most populous state with 

over 7 million residents (32% of the Australian population) and 95,000 births per annum 20. 

Data were obtained from two routinely collected population datasets, the NSW Perinatal Data 

Collection (PDC) and NSW Admitted Patient Data Collection (APDC).  The PDC, referred to 

as ‘birth records’, is a population-based surveillance system of all births (including all live 

births and stillbirths of at least 20 weeks gestation or 400 grams in weight).  The APDC, 

referred to as ‘hospital records’, is an administrative database of all public and private 

hospital admissions.  It includes 20 or more diagnoses and procedures for each hospital 

admission, coded according to the International Classification of Diseases Australian 

Modification (ICD10-AM) and the Australian Classification of Health Interventions.  Record 

linkage of the PDC and APDC (including mothers’ and infants’ hospital admissions for the 

birth) and longitudinal linkage of hospitalisations up to 10 years prior to birth and 6 weeks 

postpartum) was undertaken by the NSW Centre for Health Record Linkage.  As Australia 

does not have a unique registration number for citizens, the separate datasets were linked 

using probabilistic linkage methods and a best practice approach in preserving privacy 21, 22.  

This involves a process of blocking and matching combinations of selected variables such as 

name, date of birth, address and hospital and assigning a probability weight to the match.  

The validity of the probabilistic record linkage is extremely high 23.  For this study, quality 
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assurance assessments reported false positive and negative rates of 0.3% and <0.5% 

respectively.  Over 98% of birth records linked to a mother’s hospital record.  The study was 

approved by the NSW Population and Health Services Research Ethics Committee (Approval 

number: 2012/12/430). 

Hospital records were used to identify women who had heart valve prosthesis implanted prior 

to the time of giving birth.  Separate procedure codes for heart valve prosthesis implantation 

surgery by valve location and type of prosthesis exist.  Women who had a heart valve 

prosthesis implanted prior to 2000 could be identified only by a ICD 10 AM diagnostic code 

indicating an extant prosthesis (Z95.2, Z95.3, T82.0) in the pregnancy/delivery hospital 

records, with no specification of valve type or location.  After 2000, valve location and type 

of prosthesis was identifiable.  Diagnoses of valvular disease and other maternal medical 

conditions, as well as cardiovascular outcomes, were also obtained from the hospital records; 

this information was not documented in the birth records.  Valvular disease aetiology was 

obtained taken from any admission record with the relevant code, before or after valve 

replacement, or during pregnancy. 

Maternal cardiovascular outcomes evaluated included stroke, myocardial infarction, heart 

failure, a new arrhythmia and endocarditis.  Other vascular outcomes evaluated included new 

pulmonary embolism or other severe thromboembolic events.  A composite outcome for any 

major cardiovascular event was used (stroke, myocardial infarction, heart failure, 

thromboembolic event and endocarditis) during pregnancy or up to 42 days postpartum.  

Severe maternal morbidity during the birth admission was measured using a validated 

composite outcome indicator that was developed specifically for use in routinely collected 

population health data 24. 
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The hospital and birth records provided maternal characteristics (age, country of birth, 

medical conditions), while birth records provided pregnancy characteristics (parity, induction 

of labour, mode of delivery, place of birth) and birth outcomes (gestational age, birthweight, 

perinatal death) for women who had a birth ≥20 weeks gestation. The birth record was also a 

supplemental source to identify women who suffered chronic hypertension, pregnancy 

hypertension (including gestational hypertension, preeclampsia and eclampsia) and diabetes 

(pre-existing and gestational).  Only miscarriages (spontaneous abortion before 20 weeks 

gestation) that resulted in admission to hospital were identifiable from hospital records.  

Stillbirth was defined as fetal death of at least 20 weeks gestation or 400 grams birthweight.  

Neonatal death was defined as death of a live born infant during the first 28 days of life.  

Perinatal death included all stillbirths and neonatal deaths.  Small for gestational age (SGA), 

a proxy for intrauterine growth restriction, was defined as <10th birthweight percentile for 

gestational age and infant sex 25.  Maternal length of stay and intensive care unit (ICU) 

admission during the birth hospitalisation (to discharge home) were obtained from the 

hospital data.  Only pregnancy outcomes reliably reported in the population health data were 

included in the analyses 24, 26-28.  Information on medication use during pregnancy (i.e. use of 

oral anticoagulant or heparin) was not available on either dataset.   No pregnancy or birth 

outcome information was missing for women with a heart valve prosthesis. 

For the analysis of miscarriage and maternal characteristics, the study denominator was all 

pregnancies, including miscarriage.  The analysis of delivery and birth outcomes was 

restricted to births ≥20 weeks gestation, for which outcomes such as SGA and perinatal death 

could be assessed.  Admission summaries for women experiencing a miscarriage were also 

searched for diagnoses of major cardiovascular events, but none of the miscarriages in the 

study population were associated with such an event.  The rates of birth outcomes for women 

with and without a prosthetic heart valve prosthesis (and mechanical versus bioprosthetic 
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valve type) were compared using contingency table analysis and by calculating rate ratios 

(RR) with 95% confidence intervals (CI). The comparisons of outcomes for women with 

mechanical prostheses versus bioprosthetic valves were similarly performed using 

contingency table analyses, as for almost all outcomes there were too few events to support a 

multivariable adjusted analysis. 

Results 

From 2000 to 2011, 87 women with heart valve prostheses experienced a total of 136 

pregnancies.  The prevalence of heart valve prostheses among the pregnant population was 

approximately 1 per 10,000 pregnancies (136/1 144 156).  Baseline characteristics of the 

pregnancies with and without heart valve prostheses are shown in Table 1.  

Thirty-five women had an admission record for their valve implantation procedure; this group 

experienced 58 pregnancies subsequent to this surgery.  The average age at time of surgery 

for these women was 26.0 years (standard deviation ±6.2 years) and the mean interval 

between surgery and subsequent birth was 2.3 years (range 0.7 to 8.8 years).  The remaining 

52 women with a code identifying the presence of a heart valve prosthesis did not have an 

admission record for the valve insertion procedure, performed prior to 2000.  The age of 

these 52 women as of 2000 ranged from 11 to 36 years, with a median age of 25 years.  This 

group experienced 78 pregnancies during the study period.  With the exception of four 

women (with six pregnancies) who had a diagnostic code indicating a xenograft valve, the 

valve prosthesis type and age at insertion in these women with pre-2000 valve prosthesis 

insertion was unknown. Combined with the four women identified as having a pre-2000 

xenograft, the valve type (mechanical or bioprosthetic) was known for a total of 39 women 

experiencing 64 pregnancies.  Valvular disease aetiology could be ascertained for 75 (55%) 

pregnancies, and of these 26 (19%) were attributed to rheumatic heart disease. 
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Of women with a known bioprosthetic valve, 46% experienced more than one pregnancy, as 

opposed to only 29% of those with a mechanical prosthesis.   No pregnancies with prosthetic 

valves were complicated by pre-existing diabetes, but 13 were complicated by chronic 

hypertension. 

Twenty-one women with a heart valve prosthesis were hospitalised with a miscarriage, 19 

before 14 weeks gestation and two in the 14-19 gestational week category.  A hospital 

admission with miscarriage was more frequent among women with valve prostheses than 

those without (15.4% versus 9.3%, RR=1.65, 95% CI 1.12-2.45), and among those with 

mechanical valves compared with bioprosthetic valves although this latter difference did not 

reach statistical significance (30% versus 14%, RR=2.20, 95% CI 0.81-5.98).  For the 21 

pregnancies ending in miscarriage with an associated hospital admission, no major 

cardiovascular events were identified, although one woman was diagnosed with a 

supraventricular tachycardia.  Miscarriages not associated with a hospital admission were 

unable to be identified in women with or without prostheses. 

Pregnancy outcomes for births ≥20 weeks gestation, with and without a prosthetic valve, are 

reported in Table 2.  Compared with births where the mother did not have a prosthetic heart 

valve (n=1 144 020), those with valve prostheses (n=136) were more likely to have a hospital 

admission for arrhythmia (5.2% versus 0.3%, RR=16.0, 95% CI 7.35-35.0), have their 

pregnancy care in a tertiary centre (71.3% versus 44.7%, RR=1.60, 95% CI 1.42-1.79) and be 

admitted to intensive care during the birth admission (6.1% versus 0.8%, RR=7.34, 95% CI 

3.58-15.1).  One of the admissions for arrhythmia was an antenatal admission, the other five 

were at birth or postpartum.  Of the arrhythmias documented, five were atrial fibrillation; one 

was non-specifically labelled as “tachycardia”.  Only five women with prosthetic valves 

suffered a major cardiovascular event. None of the women with a prosthetic heart valve were 
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diagnosed with endocarditis during pregnancy or the postpartum period.  Women with a 

valve prosthesis were significantly more likely to have a preterm delivery (18.3% versus 

6.6%, RR=2.77, 95% CI 1.88-4.07). These preterm deliveries were most commonly 

iatrogenic; by planned pre-labour caesarean section or induction of labour (12.2% versus 

2.8%, RR=4.37, 95% CI 2.68-7.14). Overall, infants of mothers with a heart valve prosthesis 

had an increased rate of SGA (19.3% versus 9.5%, RR= 2.12, 95% CI 1.47-3.06). 

Birth outcomes by mechanical versus bioprosthetic valve type, for the 52 births where valve 

type was known, are shown in Table 3. Numbers were small, with only incidence of 

caesarean section delivery and planned births (by labour induction or pre-labour caesarean) 

reaching statistical significance, which was higher in the group with a mechanical prosthesis.  

The point estimates of risk for preterm birth, postpartum haemorrhage, ICU admission and 

severe maternal morbidity were all higher for mechanical valve pregnancy.  The rate of major 

CV events was roughly comparable between women with mechanical versus bioprosthetic 

valve, although a major cerebrovascular accident attribute to thrombosis was seen in one 

woman with a mechanical valve.  The three events among women with bioprosthetic valves 

were all admissions due to congestive heart failure.  

Discussion 

From this large, contemporary, population-based study, pregnancies in women with a 

prosthetic heart valve demonstrate an increased incidence of adverse outcomes, for both 

mothers and babies, when compared with pregnancies in women without a prosthetic heart 

valve.  Women with a prosthetic heart valve are at an increased risk of ICU admission, severe 

maternal morbidity or a major maternal cardiovascular event during pregnancy.  Their babies 

are at an increased risk of preterm birth and small for gestational age.  However, the 

frequency and rate ratios for these adverse outcomes were lower than previously reported in 
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population studies 29, 30 and a systematic review of women with mechanical heart valve 

prostheses only 17. 

A previous systematic review of outcomes of women with heart valve prostheses undertaking 

pregnancy, focusing on impact of anticoagulation regimen, found maternal mortality 

complicated 2.9% (95% CI 1.9-4.2) of pregnancies in women with a mechanical heart valve 

prosthesis.  A higher prevalence of other adverse events in these pregnancies was also 

reported, including major bleeding (2.5%, 95% CI 1.7-3.5) and thromboembolic events 

(3.9%-33.3%, dependent on anticoagulant regimen) 17.  While still demonstrating a higher 

incidence of perinatal mortality than among women without a heart valve prosthesis, 

complications in this NSW population were much fewer, with no maternal mortality seen.  

This likely reflects the contemporary population of valve recipients; with less of the more 

thrombogenic cage-and-ball style valves, accounting for 49.7% of the valves in women in the 

previous systematic review, as well as the presence of bioprosthetic valve recipients.  In 

addition to the higher rate of thromboembolic events, the higher level of anticoagulation 

required for cage-and-ball valves is associated with an increased incidence of haemorrhagic 

events and fetal demise 17.  Based on the use of cage-and-ball valves over time in Australia 31, 

32, and the maternal age of the study population, we estimate that no more than 3 of the 136 

(2.2%) pregnancies in this study are likely to have occurred in the context of these valves.   

The choice of valve prosthesis type in women of reproductive age remains at the discretion of 

the physician and woman.  International guidelines recommend that bioprosthetic valves be 

considered in women wishing to undertake pregnancy in the future to avoid the complications 

associated with anticoagulation required for mechanical valves 11, 18, 19.  Current evidence 

suggests that there is no increase in deterioration of bioprosthetic valves during pregnancy 33-

35 although there is a noted propensity for earlier valvular dysfunction with bioprosthetic 
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valves as opposed to mechanical valves, with implications for re-operation 36.  From the 

population data evaluated in this study there was a trend towards mechanical valve 

association with higher relative risk of ICU admission, cardiac events, PPH and stillbirth, 

when compared to bioprosthetic valves.  Despite having 10 years of longitudinally linked 

birth data, a longer time frame may be needed to have sufficient number of birth outcomes by 

valve type to draw conclusions about relative birth outcomes. 

Recently published studies which examine contemporary pregnancies in the setting of 

maternal mechanical or bioprosthetic heart valves include only small numbers of women with 

bioprosthetic heart valves, precluding subgroup analysis 30, 37, 38.  Larger studies focusing 

solely on pregnancies in those women with a bioprosthetic heart valve contain scant 

information on pregnancy and infant outcomes 33, 34, 39.  The cohort presented in this study, 

containing 38 pregnancies in which the woman was known to have a bioprosthetic heart 

valve, represents the largest published series examining maternal, fetal and infant outcomes 

in women with this type of prostheses with all pregnancies occurring in the contemporary 

setting (after 2000). 

The propensity for development of congestive heart failure, seen in 8% of the women with a 

bioprosthetic valve and in previous studies 40-42, supports the need for a structured regimen of 

cardiac surveillance during pregnancy.  There has been limited work advocating the role of 

serial B-type natriuretic peptide (BNP) measurements in predicting cardiovascular adverse 

events in pregnancy 43, not yet explored in the prosthesis setting.  BNP has also been shown 

as a measure of valvular disease severity outside the pregnancy setting 44.  Further work in 

this area may allow women to be better informed about the risks of undertaking pregnancy 

and guide both obstetricians and cardiologists.   

Infants born to women with a heart valve prosthesis in this study had an increased incidence 
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of preterm birth as well as SGA.  Of the 21 preterm births, 14 were iatrogenic (12.2% versus 

2.8%, RR 4.37, 95% CI 2.68-7.14).  In a large, population-based Danish study prematurity 

was also the predominant adverse neonatal event, affecting 49% of live births.  This was 

similarly iatrogenic, attributable to a high preterm caesarean section rate 30.  This method of 

delivery allows control of the anticoagulation regimen and decreases the risk of intracerebral 

haemorrhage associated with vaginal delivery of an anticoagulated fetus.  SGA infants may 

also have been delivered electively pre-term due to concerns about intrauterine growth 

restriction or other fetal compromise, potentially contributing to the number of iatrogenic 

preterm births.  The risk for extreme prematurity (gestational age 20-27 weeks), carrying the 

most significant morbidity, of infants born to mothers with a heart valve prosthesis in the 

NSW population was small (2.6%), although not insignificant. 

The higher incidence of SGA infants seen has been noted in previous cohort studies 

examining populations of women with heart disease undertaking pregnancy 10, 45, 46 and 

specifically in pregnancy in the setting of heart valve prostheses 40, 42, 47.  A number of reasons 

have been proposed to account for this.  Firstly, the potential inability of women with a 

degree of cardiac insufficiency to increase requirements sufficient for normal fetal growth, as 

postulated in studies where having a SGA infant was used to predict later maternal 

cardiovascular mortality in healthy women 48.  Or secondly, as a reflection of the poorer 

health status in general of women with chronic heart disease 46.  There has been limited work 

examining the longitudinal outcomes of infants born to a woman with a heart valve 

prosthesis, a potentially important area of further research given the increase in number of 

women with any heart disease undertaking pregnancy. 

The strengths of this study include the size of the population evaluated, representing one of 

the largest reported series of pregnancies in contemporary heart valve recipients.  This study 
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also provides the most comprehensive consideration of cardiac and perinatal outcomes in 

pregnancies subsequent to 2000 where a maternal bioprosthetic heart valve is present.  

Another strength is the known reliability of the reporting of the perinatal factors in the PDC, 

used in this study 26, 27.  While the validity of the identification of valve prostheses in routinely 

collected data has not been evaluated, other cardiac procedures (for example, angioplasty and 

coronary artery bypass grafting), the basis for billing, are reliably and accurately reported 49. 

The high quality of the record linkage for the study highlights the value of record linkage in 

exploring rare conditions, interventions and subsequent health outcomes, with all women 

experiencing ongoing pregnancies in NSW and outcomes included. 

While this study explores the pregnancy and birth outcomes for women with and without an 

existing prosthetic heart valve it is unable to answer whether women with a prosthetic heart 

valve are less likely or unable to experience pregnancy.  Other limitations include a lack of 

detailed clinical information; data on medication use or the temporality of events during an 

admission was unavailable.  Information on specific heart valve type (mechanical or 

bioprosthetic) for some women undergoing valve prosthesis implantation prior to 2000 was 

also unavailable, contributing to an incomplete profile for these pregnancies.  There is also 

under-ascertainment of miscarriages and terminations of pregnancy in both women with heart 

valve prostheses and the wider population as this is only available if there is an associated 

hospital admission. 

Conclusion 

Pregnancies in women with a heart valve prosthesis, even in the contemporary setting, still 

demonstrate a higher incidence of adverse cardiovascular and pregnancy outcomes.  The risk 

of these is relatively low and no maternal mortality was seen in this population.  While this 

contemporary data supports that bioprosthetic valves are safer during pregnancy, larger 
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numbers of women are needed to confirm this as well as longer follow-up of valve related 

complications and childhood outcomes.  Ongoing attention in this area is needed for the 

development of a structured, multidisciplinary regimen for obstetric and cardiac surveillance 

during pregnancy in women with a heart valve prosthesis.  

Acknowledgements 

We thank the NSW Ministry of Health for access to the population health data and the NSW 

Centre for Health Record Linkage for linking the data sets. 

Sources of Funding 

This work was supported by Australian National Health and Medical Research Council 

(NHMRC) (APP1001066) and Australian Heart Foundation grants.  Christine Roberts is 

supported by a NHMRC Senior Research Fellowship (APP1021025), Jane Ford by an 

Australian Research Council Future Fellowship (FT120100069) and Gemma Figtree is co-

funded by a NHMRC Career Development Fellowship (APP1062262) and a Heart 

Foundation (Australia) Future Leader Fellowship.  The funding agencies listed had no role in 

study design, data collection and analysis, decision to publish, or preparation of the 

manuscript. 

Disclosures 

The authors report no conflicts of interest.



15 
 

References 

1. Fernandes SM, Pearson DD, Rzeszut A, Mitchell SJ, Landzberg MJ, Martin GR, 

American College of Cardiology ACHDWG, Adult Congenital Cardiac Care 

Associate Research Network. Adult congenital heart disease incidence and 

consultation: A survey of general adult cardiologists. Journal of the American College 

of Cardiology. 2013;61:1303-1304 

2. Marelli AJ, Mackie AS, Ionescu-Ittu R, Rahme E, Pilote L. Congenital heart disease 

in the general population: Changing prevalence and age distribution. Circulation. 

2007;115:163-172 

3. Khairy P, Ionescu-Ittu R, Mackie AS, Abrahamowicz M, Pilote L, Marelli AJ. 

Changing mortality in congenital heart disease. Journal of the American College of 

Cardiology. 2010;56:1149-1157 

4. Ruel M, Kulik A, Lam BK, Rubens FD, Hendry PJ, Masters RG, Bedard P, Mesana 

TG. Long-term outcomes of valve replacement with modern prostheses in young 

adults. European Journal of Cardio-thoracic Surgery. 2005;27:425-433; discussion 

433 

5. Hui C, Lili M, Libin C, Rui Z, Fang G, Ling G, Jianping Z. Changes in coagulation 

and hemodynamics during pregnancy: A prospective longitudinal study of 58 cases. 

Archives of Gynecology & Obstetrics. 2012;285:1231-1236 

6. Bremme KA. Haemostatic changes in pregnancy. Bailliere's Best Practice in Clinical 

Haematology. 2003;16:153-168 

7. Gilson GJ, Samaan S, Crawford MH, Qualls CR, Curet LB. Changes in 

hemodynamics, ventricular remodeling, and ventricular contractility during normal 

pregnancy: A longitudinal study. Obstetrics & Gynecology. 1997;89:957-962 



16 
 

8. Abbas AE, Lester SJ, Connolly H. Pregnancy and the cardiovascular system. 

International Journal of Cardiology. 2005:98:179-189 

9. Poppas A, Shroff SG, Korcarz CE, Hibbard JU, Berger DS, Lindheimer MD, Lang 

RM. Serial assessment of the cardiovascular system in normal pregnancy. Role of 

arterial compliance and pulsatile arterial load. Circulation. 1997;95:2407-2415 

10. Siu SC, Sermer M, Colman JM, Alvarez AN, Mercier LA, Morton BC, Kells CM, 

Bergin ML, Kiess MC, Marcotte F, Taylor DA, Gordon EP, Spears JC, Tam JW, 

Amankwah KS, Smallhorn JF, Farine D, Sorensen S, Cardiac Disease in Pregnancy I. 

Prospective multicenter study of pregnancy outcomes in women with heart disease. 

Circulation. 2001;104:515-521 

11. Bonow RO, Carabello BA, Chatterjee K, de Leon AC, Jr., Faxon DP, Freed MD, 

Gaasch WH, Lytle BW, Nishimura RA, O'Gara PT, O'Rourke RA, Otto CM, Shah 

PM, Shanewise JS, American College of Cardiology/American Heart Association 

Task Force on Practice G. 2008 focused update incorporated into the acc/aha 2006 

guidelines for the management of patients with valvular heart disease: A report of the 

american college of cardiology/american heart association task force on practice 

guidelines (writing committee to revise the 1998 guidelines for the management of 

patients with valvular heart disease). Endorsed by the Society of Cardiovascular 

Anesthesiologists, Society for Cardiovascular Angiography and Interventions, and 

Society of Thoracic Surgeons. Journal of the American College of Cardiology. 

2008;52:23 

12. Basude S, Hein C, Curtis SL, Clark A, Trinder J. Low-molecular-weight heparin or 

warfarin for anticoagulation in pregnant women with mechanical heart valves: What 

are the risks? A retrospective observational study. BJOG: An International Journal of 

Obstetrics & Gynaecology. 2012;119:1008-1013 



17 
 

13. Yinon Y, Siu SC, Warshafsky C, Maxwell C, McLeod A, Colman JM, Sermer M, 

Silversides CK. Use of low molecular weight heparin in pregnant women with 

mechanical heart valves. American Journal of Cardiology. 2009;104:1259-1263 

14. Quinn J, Von Klemperer K, Brooks R, Peebles D, Walker F, Cohen H. Use of high 

intensity adjusted dose low molecular weight heparin in women with mechanical 

heart valves during pregnancy: A single-center experience. Haematologica. 

2009;94:1608-1612 

15. McLintock C. Anticoagulant therapy in pregnant women with mechanical prosthetic 

heart valves: No easy option. Thrombosis Research. 2011:127 

16. Castellano JM, Narayan RL, Vaishnava P, Fuster V. Anticoagulation during 

pregnancy in patients with a prosthetic heart valve. [review]. Nature Reviews 

Cardiology. 2012;9:415-424 

17. Chan WS, Anand S, Ginsberg JS. Anticoagulation of pregnant women with 

mechanical heart valves: A systematic review of the literature. Archives of Internal 

Medicine. 2000;160:191-196 

18. Regitz-Zagrosek V, Blomstrom Lundqvist C, Borghi C, Cifkova R, Ferreira R, 

Foidart JM, Gibbs JSR, Gohlke-Baerwolf C, Gorenek B, Iung B, Kirby M, Maas 

AHEM, Morais J, Nihoyannopoulos P, Pieper PG, Presbitero P, Roos-Hesselink JW, 

Schaufelberger M, Seeland U, Torracca L, Bax J, Auricchio A, Ceconi C, Dean V, 

Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Knuuti J, Kolh P, 

McDonagh T, Moulin C, Poldermans D, Popescu BA, Reiner Z, Sechtem U, Sirnes 

PA, Torbicki A, Vahanian A, Windecker S, Baumgartner H, Aguiar C, Al-Attar N, 

Garcia AA, Antoniou A, Coman I, Elkayam U, Gomez-Sanchez MA, Gotcheva N, 

Hilfiker-Kleiner D, Kiss RG, Kitsiou A, Konings KTS, Lip GYH, Manolis A, 

Mebaaza A, Mintale I, Morice MC, Mulder BJ, Pasquet A, Price S, Priori SG, 



18 
 

Salvador MJ, Shotan A, Silversides CK, Skouby SO, Stein JI, Tornos P, Vejlstrup N, 

Walker F, Warnes C. ESC guidelines on the management of cardiovascular diseases 

during pregnancy. European Heart Journal. 2011;32:3147-3197 

19. Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias G, Baumgartner H, 

Borger MA, Carrel TP, De Bonis M, Evangelista A, Falk V, Iung B, Lancellotti P, 

Pierard L, Price S, Schafers HJ, Schuler G, Stepinska J, Swedberg K, Takkenberg J, 

Von Oppell UO, Windecker S, Zamorano JL, Zembala M, Bax JJ, Ceconi C, Dean V, 

Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J, 

Kolh P, McDonagh T, Moulin C, Popescu BA, Reiner Z, Sechtem U, Sirnes PA, 

Tendera M, Torbicki A, Von Segesser L, Badano LP, Bunc M, Claeys MJ, Drinkovic 

N, Filippatos G, Habib G, Pieter Kappetein A, Kassab R, Lip GYH, Moat N, 

Nickenig G, Otto CM, Pepper J, Piazza N, Pieper PG, Rosenhek R, Shuka N, 

Schwammenthal E, Schwitter J, Mas PT, Trindade PT, Walther T. Guidelines on the 

management of valvular heart disease (version 2012). European Heart Journal. 

2012;33:2451-2496 

20. Australian Bureau of Statistics. Births Australia 2011. 2013;3301.0 

21. Kelman CW, Bass AJ, Holman CD. Research use of linked health data--a best 

practice protocol. Australian & New Zealand Journal of Public Health.26:251-255 

22. Jaro MA. Probabilistic linkage of large public health data files. Statistics in 

Medicine.1995;14:491-498 

23. Meray N, Reitsma JB, Ravelli AC, Bonsel GJ. Probabilistic record linkage is a valid 

and transparent tool to combine databases without a patient identification number. 

Journal of Clinical Epidemiology.2007;60:883-891 



19 
 

24. Roberts CL, Cameron CA, Bell JC, Algert CS, Morris JM. Measuring maternal 

morbidity in routinely collected health data: Development and validation of a 

maternal morbidity outcome indicator. Medical Care. 2008;46:786-794 

25. Roberts CL, Lancaster PA. Australian national birthweight percentiles by gestational 

age. Medical Journal of Australia.1999;170:114-118 

26. Roberts CL, Bell JC, Ford JB, Morris JM. Monitoring the quality of maternity care: 

How well are labour and delivery events reported in population health data? 

Paediatric and Perinatal Epidemiology. 2009;23:144-152 

27. Taylor L, Pym, M., Bajuk, B., Sutton, L., Travis, S., Banks, C. Validation study: Nsw 

midwives data collection 1998. New South Wales Public Health Bulletin 

Supplementary Series. 2000;11:97-99 

28. Roberts CL, Bell JC, Ford JB, Hadfield RM, Algert CS, Morris JM. The accuracy of 

reporting of the hypertensive disorders of pregnancy in population health data. 

Hypertension in Pregnancy. 2008;27:285-297 

29. Abildgaard U, Sandset PM, Hammerstrom J, Gjestvang FT, Tveit A. Management of 

pregnant women with mechanical heart valve prosthesis: Thromboprophylaxis with 

low molecular weight heparin. Thrombosis Research. 2009;124:262-267 

30. Sillesen M, Hjortdal V, Vejlstrup N, Sorensen K. Pregnancy with prosthetic heart 

valves - 30 years' nationwide experience in denmark. European Journal of Cardio-

thoracic Surgery. 2011;40:448-454 

31. Nidorf M, Tofler O, Gibson P, Brooks B. Valvular surgery in western australia: A 15-

year review. Medical Journal of Australia. 1988;148:6-9 

32. Hunt D, Sloman G, Sutton L. The St Jude medical valve - The Australian experience. 

Medical Journal of Australia. 1981;2:276-278 



20 
 

33. El Shaer F, Hassan W, Latroche B, Helaly S, Hegazy H, Shahid M, Mohamed G, Al-

Halees Z. Pregnancy has no effect on the rate of structural deterioration of 

bioprosthetic valves: Long-term 18-year follow up results. Journal of Heart Valve 

Disease. 2005;14:481-485 

34. Avila WS, Rossi EG, Grinberg M, Ramires JAF. Influence of pregnancy after 

bioprosthetic valve replacement in young women: A prospective five-year study. 

Journal of Heart Valve Disease. 2002;11:864-869 

35. Jamieson WRE, Miller DC, Atkins CW, Munro AI, Glower DD, Moore KA, 

Henderson C. Pregnancy and bioprostheses: Influence on structural valve 

deterioration. Annals of Thoracic Surgery. 1995;60:S282-S287 

36. Yun KL, Miller DC, Moore KA, Mitchell RS, Oyer PE, Stinson EB, Robbins RC, 

Reitz BA, Shumway NE. Durability of the hancock mo bioprosthesis compared with 

standard aortic valve bioprostheses. Annals of Thoracic Surgery. 1995;60:S221-S228 

37. Mazibuko B, Ramnarain H, Moodley J. An audit of pregnant women with prosthetic 

heart valves at a tertiary hospital in south africa: A five-year experience. 

Cardiovascular Journal of Africa. 2012;23:216-221 

38. De Santo LS, Romano G, Della Corte A, D'Oria V, Nappi G, Giordano S, Cotrufo M, 

De Feo M. Mechanical aortic valve replacement in young women planning on 

pregnancy: Maternal and fetal outcomes under low oral anticoagulation, a pilot 

observational study on a comprehensive pre-operative counseling protocol. Journal of 

the American College of Cardiology. 2012;59:1110-1115 

39. Nishida H, Takahara Y, Takeuchi S, Mogi K, Murayama H. Long-term evaluation of 

bovine pericardial bioprostheses in young women: Influence of pregnancy. Japanese 

Journal of Thoracic & Cardiovascular Surgery. 2005;53:557-561 



21 
 

40. Sadler L, McCowan L, White H, Stewart A, Bracken M, North R. Pregnancy 

outcomes and cardiac complications in women with mechanical, bioprosthetic and 

homograft valves. BJOG: An International Journal of Obstetrics & Gynaecology. 

2000;107:245-253 

41. Sbarouni E, Oakley CM. Outcome of pregnancy in women with valve prostheses. 

British Heart Journal. 1994;71:196-201 

42. Heuvelman HJ, Arabkhani B, Cornette JMJ, Pieper PG, Bogers AJJC, Takkenberg 

JJM, Roos-Hesselink JW. Pregnancy outcomes in women with aortic valve 

substitutes. American Journal of Cardiology. 2013;111:382-387 

43. Tanous D, Siu SC, Mason J, Greutmann M, Wald RM, Parker JD, Sermer M, Colman 

JM, Silversides CK. B-type natriuretic peptide in pregnant women with heart disease. 

Journal of the American College of Cardiology. 2010;56:1247-1253 

44. Steadman CD, Ray S, Ng LL, McCann GP. Natriuretic peptides in common valvular 

heart disease. Journal of the American College of Cardiology. 2010;55:2034-2048 

45. Siu SC, Sermer M, Harrison DA, Grigoriadis E, Liu G, Sorensen S, Smallhorn JF, 

Farine D, Amankwah KS, Spears JC, Colman JM. Risk and predictors for pregnancy-

related complications in women with heart disease. Circulation. 1997;96:2789-2794 

46. Leary PJ, Leary SE, Stout KK, Schwartz SM, Easterling TR. Maternal, perinatal, and 

postneonatal outcomes in women with chronic heart disease in washington state. 

Obstetrics and Gynecology. 2012;120:1283-1290 

47. Lee CN, Wu CC, Lin PY, Hsieh FJ, Chen HY. Pregnancy following cardiac prosthetic 

valve replacement. Obstetrics and Gynecology. 1994;83:353-356 

48. Pariente G, Sheiner E, Kessous R, Michael S, Shoham-Vardi I. Association between 

delivery of a small-for-gestational-age neonate and long-term maternal cardiovascular 

morbidity. International Journal of Gynecology & Obstetrics. 2013;123:68-71 



22 
 

49. Henderson T, Shepheard J, Sundararajan V. Quality of diagnosis and procedure 

coding in ICD-10 administrative data. Medical Care. 2006;44:1011-1019 

 

 

 

 

  



23 
 

Table 1. Pregnancy characteristics by maternal prosthetic heart valve status for all 

pregnancies*  

Pregnancy 

characteristics 

Any 

prosthetic 

valve N=136 

(87 women) 

Mechanical 

valve 

N=20  

(14 women) 

Bioprosthetic 

valve  

N=44  

(25 women) 

Valve 

prosthesis 

type 

unknown 

N=72 

(48 women) 

No valve 

prosthesis 

N=1,144.020 

(651,072 

women) 

 

Maternal age 

(mean± 

standard 

deviation) 

30.2 (5.6) 29.5 (7.4) 29.8 (4.5) 30.7 (5.7) 30.5 (5.7) 

 n (%) n (%) n (%) n (%) % 

Nulliparous 48 (35)   9 (45) 12 (27) 27 (38) 42.1 

Maternal birth 

in Australia/NZ 

101 (74) 13 (65) 35 (80) 53 (74) 68.4 

      

Valve disease 

aetiology 

     

Rheumatic 

heart disease 

26 (19)   6 (30) 8 (18) 12 (17) 0.06 

Non-

rheumatic 

49 (36) 12 (60) 25 (57) 12 (17) 0.21 

Not recorded 61 (45) 2 (11) 11 (25) 48 (67) ─ 

      

Valve 

prosthesis 

location 

     

Mitral 21† (15) 10 (50) 11† (25) NA ─ 

Aortic 15† (11)   6 (30)   9† (20) NA ─ 

Tricuspid or 

pulmonary 

23 (17)   4 (20) 19 (42) NA ─ 

Not recorded 78 (57)   0 (0)   6 (14) 72 (100) ─ 

      

Miscarriage 

admission 

21 (15) 6 (30) 6 (14) 9 (13) 9.0 

 

* Includes pregnancies ending in live birth, stillbirth or hospital admission for miscarriage 

† One woman had both a mitral and aortic bioprosthesis at the time of pregnancy 

NA not available, NZ New Zealand 
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Table 2. Pregnancy outcomes, by prosthetic heart valve status (all births ≥ 20 weeks) 

 Pregnancy outcome Valve 

prosthesis 

N=115 

n (%) 

No valve 

prosthesis 

N=1,037,159 

% 

Rate ratio* 

RR (95% CI) 

Pregnancy hypertension  17 (14.8) 9.5 1.67 (1.08-2.59) 

Gestational diabetes 2 (1.7) 4.7 0.30 (0.08-1.17) 

Induction of labour  32 (27.8) 25.2 1.10 (0.82-1.48) 

Caesarean section    

Pre-labour  38 (33.0) 16.1 2.06 (1.59-2.67) 

Intrapartum  14 (12.2) 11.9 1.02 (0.63-1.67) 

Gestational age    

20-27 weeks 3 (2.6) 0.7 3.94 (1.29-12.0) 

28-33 weeks 6 (5.2) 1.4 3.72 (1.71-8.11) 

34-36 weeks 12 (10.4) 4.5 2.31 (1.35-3.95) 

37-38 weeks 41 (35.7) 22.1 1.61 (1.26-2.06) 

≥ 39 weeks 53 (46.1) 71.3 0.64 (0.53-0.78) 

Planned preterm birth† 14 (12.2) 2.8 4.37 (2.68-7.14) 

Perinatal death 2 (1.7) 0.9 1.96 (0.50-7.73) 

SGA infant‡ 22 (19.3) 9.5 2.12 (1.47-3.06) 

Birth admission 

    Severe maternal morbidity 

    Length of admission (days: median, IQR) 

    ICU admission 

    Postpartum haemorrhage 

 

16 (13.9) 

4 (3-7) 

 7 (6.3) 

17 (14.8) 

 

1.4 

4 (2-5) 

0.8 

7.1 

 

9.96 (6.32-15.7) 

 

7.34 (3.58-15.1) 

2.09 (1.35-3.24) 

Major maternal cardiovascular event to 42 

days postpartum 

5 (4.4) 0.1 34.6 (14.6-81.6) 

    

* Rate ratio of each outcome among births where the mother had a prosthetic heart valve compared to 

those who did not have a prosthetic valve 

† Induction of labour or pre-labour caesarean section at <37 weeks 

‡ Denominator for SGA infant is all births >24 weeks, n=114



25 
 

Table 3. Pregnancy outcomes by heart valve prosthesis type (mechanical or bioprosthetic) 
Pregnancy outcome Mechanical 

valve 

N=14 

n (%) 

Bioprosthetic 

valve 

N=38 

n (%) 

 

RR (95% CI)* 

Caesarean delivery 10 (71) 16 (42) 1.70 (1.03-2.79) 

Preterm Birth (<37 weeks) 4 (29) 6 (16) 1.81 (0.60-5.47) 

Planned birth† 

   Any planned 

   Planned preterm birth 

 

13 (93) 

  4 (27) 

 

24 (63) 

  4 (11) 

 

1.47 (1.11-1.95) 

2.71 (0.78-9.41) 

SGA infant 3 (21) 6 (16) 1.38 (0.39-4.70) 

Perinatal death 0 (0) 1 (3) not calculated 

Postpartum haemorrhage 4 (36) 7 (18) 1.55 (0.53-4.50) 

ICU admission 2 (14) 3 (8) 1.81 (0.34-9.72) 

Severe maternal morbidity  4 (29) 6 (16) 1.81 (0.60-5.47) 

Maternal major cardiovascular event 2 (14) 3 (8) 1.81 (0.34-9.72) 

* Rate ratio of each outcome among births where the mother had a mechanical heart valve compared 

to those who had a bioprosthetic heart valve 

† Induction of labour or pre-labour caesarean section 

 


