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INTRODUCTION 

A growing number of adult women with congenital heart disease (CHD) is treated 
with prosthetic heart valves (PHV). Still, the choice of type of valve prosthesis is 
difficult in young women with future desire to become pregnant. 

While current European guidelines advise to consider implantation of a biological 
PHV in women with a pregnancy wish, the underlying evidence is limited.1 The 
high deterioration rate of biological PHV at young age poses the woman at risk of 
going through pregnancy with a stenotic or regurgitant PHV.2 Young women with 
a biological PHV inevitably face re-operation because of valve deterioration, with 
associated risks. Whether or not pregnancy itself accelerates the deterioration 
rate of PHVs is a debated controversy.2-5

Mechanical PHV necessitate anticoagulation therapy, but there are no 
anticoagulation regimens that are sufficiently proven to be effective as well as 
safe for both mother and child.6-9 Vitamin K antagonists (VKA) are associated 
with increased risk of pregnancy loss and with embryopathy, especially at 
higher dosages.10 Anticoagulation with unfractionated or low-molecular weight 
heparin (UFH or LMWH) appears to be associated with increased risk of PHV 
thrombosis, even with monitoring of anticoagulation effect and dose adjusting. 
9 11-13 Current anticoagulation advices are largely based on expert opinion since 
randomized studies are lacking and reported series are often small.6 14 European 
and American guidelines advise the use of a combined regimen of VKA and 
LMWH in a substantial proportion of pregnancies, but there are relatively 
few data to support this advice.9 15 Furthermore, data concerning outcome of 
pregnancies in women with right sided mechanical PHVs are scarce. 9 11 12 16 Even 
less is known about non-cardiac (obstetric and foetal/neonatal) complications 
and their relation with cardiac complications and PHV type in pregnant women 
with PHV. With insufficient evidence, an explicit preference for either biological 
or mechanical PHV in young women who wish to become pregnant is hard to 
substantiate. We therefore aim to perform a retrospective multicentre cohort 
study to evaluate and compare cardiovascular, obstetric and foetal/neonatal 
outcomes of pregnancy in women with mechanical and biological PHV for CHD 
and discuss anticoagulation regimen.

METHODS

Patient inclusion
We recruited women with pregnancy after PHV implantation from the Dutch 
PROSTAVA (PROSTheses in Adult congenital heart VAlve disease) study. 
This study primarily aims to investigate functional outcome related to PHV 
characteristics in patients with CHD.17 The secondary aim is to retrospectively 
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evaluate PHV complications, including pregnancy-related complications, which 
was the primary goal of our sub study.18-20 The study has been approved by 
the institutional review board of all participating centres. For the PROSTAVA 
study, patients with CHD and a PHV were identified through the Dutch national 
CONCOR database, founded in 2001.21 CONCOR registers all adults with CHD 
in the Netherlands with their informed consent.21 All women enlisted in the 
PROSTAVA database who had been pregnant after PHV implantation were 
included in the current analysis. Data were collected from their medical files. A 
detailed and structured questionnaire was obtained from women who had given 
their consent to be contacted by PROSTAVA investigators, in order to clarify and 
supplement data from the medical files. Complications identified through the 
questionnaire were only registered when confirmed by medical files.

End points
Our primary endpoint consisted of cardiovascular complications during 
pregnancy and up to 6 months after pregnancy. Secondary endpoints were 
obstetric, foetal/neonatal and general pregnancy outcomes. Furthermore, we 
evaluated anticoagulation regimes in women with a mechanical PHV and the 
possible relation with complications.

Collected data
Only pregnancies after implantation of PHV were taken into account. Baseline 
characteristics included age, underlying heart disease, PHV characteristics 
(type, size, location, date of implantation and times of re-surgery), history of 
prosthesis-related complications as defined by previously published guidelines 
(including valve deterioration, valve thrombosis, embolism, haemorrhage 
and endocarditis), history of other cardiovascular complications (including 
documented and treated heart failure and any documented pre-pregnancy 
arrhythmias needing treatment) and general medical history.22 Pregnancies were 
defined as completed (>20 weeks and not abortus provocatus) or incompleted 
(≤20 weeks or abortus provocatus).

Pregnancy related complications were collected for all pregnancies and 
analysed for completed pregnancies and defined as occurring during pregnancy 
and up to 6 months postpartum. Pregnancy related complications were defined 
in accordance with our previous studies and according to guidelines.20 22 23 We 
collected prosthesis related cardiovascular complications (including valve 
deterioration, valve thrombosis, embolism, haemorrhage, endocarditis and 
haemolytic anaemia), other cardiovascular complications (including need for 
urgent invasive non-prosthesis related cardiovascular procedures, heart failure 
or arrhythmias requiring (change of) treatment, myocardial infarction, intensive 
care or coronary care unit (IC/CCU) admission). Furthermore we collected New 
York Heart Association (NYHA) class deterioration ≥2 points as a secondary 
cardiovascular outcome measure.22 
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For evaluation of anticoagulation regimes data concerning anticoagulation 
medication and monitoring before and during pregnancy were retrieved from 
medical files. Obstetric complications were defined in line with previous papers 
of our group as primary obstetric events (including assisted delivery (forceps/
vacuum extraction, elective or emergency Caesarean Section), pregnancy induced 
hypertension, (pre)eclampsia, HELLP syndrome, non-cardiac death, postpartum 
haemorrhage (blood loss >500 mL (vaginal delivery) or >1000 mL (caesarean 
section), >1mmol/L drop in haemoglobin levels or need for transfusion therapy), 
haemorrhage from the placenta, premature labour, preterm prelabor rupture 
of membranes) and induction of labour as a secondary obstetric event. General 
maternal complications included haemorrhage (not postpartum, defined as an 
estimated loss of >0.5 L of blood, >1mmol/L drop in haemoglobin levels or need 
for transfusion therapy or documented intracerebral bleeding), hospitalization 
>1 night, anaemia, maternal infection and fever.23

Foetal/neonatal complications were defined as previously described and 
included foetal/neonatal death (death after ≥20 wks. of gestation up to 28 
days postpartum), neonatal respiratory distress syndrome, infection leading to 
hospital admission, neonatal intensive care unit (NICU) admission, premature 
birth (birth <37 wks. gestation, spontaneous or iatrogenic), low birth weight (birth 
weight <2500 grams), small for gestational age (birth weight <10th percentile, 
adjusted for gestational age, based on population values), occurrence of CHD 
or other congenital disease in the offspring and Apgar-score<7 (at one and five 
minutes after birth). 23

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics Premium' V 22 for 
Windows (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, version 
22.0. Armonk, NY: IBM Corp.) Missing data were excluded for analysis. Continuous 
data are presented as mean with standard deviation (SD) or median with 
interquartile range (IQR) or range, depending on their distribution. Normality 
was tested with the Kolmogorov-Smirnov test with Lilliefors’ correction. Absolute 
numbers and percentages were presented for categorical data. We used the Chi-
square test for comparison of categorical variables, the independent t-test for 
comparison of two means, Pearson correlation for correlation coefficients and 
the Kruskall Wallis test for comparison of non-parametric data. A p≤.05 was 
considered statistically significant, all tests are two-tailed.

RESULTS

Fifty-one women had 102 pregnancies after PHV implantation, of which 28 
pregnancies (28%) occurred in women with a mechanical PHV. Pregnancies 
occurred from 1991 to 2013.
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INCOMPLETED PREGNANCIES

Data concerning all pregnancies including incompleted pregnancies (n=24) are 
displayed in table 1. Six women had a miscarriage within the first trimester, timing 
of the miscarriages of the other women were unknown (by definition ≤20 wks). 

Warfarin embryopathy was not reported. One woman with a biological PHV 
used anticoagulation therapy (VKA, unknown indication), as did all women with 
mechanical PHV (VKA or LMWH). Use of anticoagulation therapy (VKA or LMWH) 
was associated with miscarriages (47% vs. 24%, r=.2, p<0.05). Six out of eight 
women (75%) with mechanical PHV used VKA during their non-vital pregnancies 
or spontaneous abortions, two women used LMWH (n.s.).

COMPLETED PREGNANCIES

Baseline characteristics
Baseline characteristics for 46 women with completed pregnancies (n=78) are 
described in table 1. 

Primary outcome
Overall, cardiovascular complications during pregnancy were observed in 
17% (n=13), obstetrical complications in 68% (n=42) and foetal/neonatal l 
complications in 42% (n=27) of the pregnancies in women with a PHV for CHD, 
see figure 1. The chances of going through a completed pregnancy without 
cardiovascular, primary obstetric or foetal/neonatal events was 30% (n=13, 
missing data in n=16) in women with biological PHV and 6% (n=1, missing data 
in n=1) in women with mechanical PHV, p<0.05. 

Cardiovascular complications
Data concerning cardiovascular complications are presented in table 2. 

Thrombo-embolic complications
PHV thrombosis occurred during 3 pregnancies in 3 women with a mechanical 
PHV (16%) (table 2 and 3). Two out of 3 women with a pulmonary mechanical PHV 
had a PHV thrombosis during a total of 5 pregnancies (40%). One woman with a 
pulmonary PHV (St. Jude Medical) had a PHV thrombosis the 1st day post-partum 
after cessation of intravenous unfractioned heparin (UFH) anticoagulation 
therapy because of severe post-partum haemorrhage. Another woman with a 
pulmonary PHV (St. Jude Medical) had a PHV thrombosis in the 2nd trimester 
while on LWMH therapy without anti-Xa monitoring. She was treated with 
thrombolysis and continued her pregnancy using VKA. The third woman had 
an aortic PHV (St. Jude Regent) thrombosis 3 times during 1 pregnancy. She 



7
 ―

 1
0

9

presented at 20 weeks of pregnancy with PHV thrombosis while she used VKA. 
In hindsight, her thrombosis had, based on her medical history of a cold arm 
and immeasurable blood pressure in that arm, probably developed 8 weeks 
earlier when she used LMWH therapy without anti-Xa level monitoring. She was 
successfully treated with thrombolysis but developed 2 recurrent episodes of 
valve thrombosis in the second and third trimester despite intensified LMWH 
therapy with anti-Xa level monitoring (anti-Xa levels ranging from 0,24 – 0, 92 
U/l) for which she repeatedly received thrombolysis.

Other cardiovascular complications
Heart failure occurred in 2 women with biological PHV. In one woman with 
structural PHV failure occurred 9 years after implantation (aortic PHV), and in 
another woman after CS in a triplet pregnancy complicated by pre-eclampsia 
(pulmonary PHV). Heart failure in 2 women with mechanical PHV occurred 
around delivery in a woman with a mechanical AVR, PVR and MVR who had a 
compromised LV function, and in a woman with a mechanical AVR and MVR, this 
woman had a SVT earlier in the same pregnancy for which she used metoprolol.

Secondary outcomes 
Anticoagulation regimes and related complications
Details concerning anticoagulation regimes and complications during preg-
nancies in women with mechanical PHV (n=19) are presented in table 3. A 
regime in which women switched from VKA to LMWH in the first trimester of 
pregnancy, with restart of VKA in second trimester, was used most frequently 
(n=7). In 3 pregnancies in which women were anticoagulated with LMWH (n= 11, 
partly or throughout), anti-Xa monitoring was reported (27%). All women used 
(low molecular) heparin around the delivery.

Post-partum haemorrhage (PPH) occurred in 50% of the pregnancies in women 
with mechanical heart valves, significantly more compared to pregnancies in 
women with biological PHV, as presented in table 2.

Other significant haemorrhagic events (vaginal, hematoma of the extremities 
and paracolpium) occurred in 2 pregnancies in the same woman, during heparin 
therapy combined with thrombocyte aggregation inhibitors. 

Obstetric complications
Data concerning primary obstetric complications in pregnancies in women with 
PHV could be sufficiently retrieved in 62 pregnancies (80%) and are presented 
in table 2. Obstetric complications occurred significantly more often in women 
with mechanical PHV than in women with biological PHV. Primary obstetric 
complications co-occurred in all but one (n=12, 92%)) of the pregnancies 
with cardiovascular complications, significantly more than the occurrence of 
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obstetric complications in pregnancies without cardiovascular complications 
(n=30, 61%), p=.03. Obstetric complications in pregnancies with cardiovascular 
complications were CS (n=8), pre-eclampsia (n=3), PIH (n=1) and PPH (n=4). In 
women with biological PHV none of the emergency CS (n=3) were performed 
for cardiovascular indication, planned CS (n=4) was performed for maternal 
cardiovascular indication once (valve failure). Emergency (n=4) and planned (n=5) 
CS in women with mechanical PHV were performed for maternal cardiovascular 
indication 3 times (PHV thrombosis in 2 women and aortic dissection in 1).

General complications
General complications are listed in tables 2.Anemia occurred in in the first 
week post-partum (n=14) and was related to PPH in 93% (n=13). Most hospital 
admissions were for labour and delivery. 

Foetal/neonatal complications
Foetal/neonatal outcome is presented in tables 2 an 3.Fetal/neonatal compli-
cations occurred significantly more often in women with mechanical PHV 
mainly due to a higher incidence of SGA and LBW. Three out of five neonates who 
were delivered by planned CS in women with mechanical PHV, were delivered 
prematurely (1 for maternal cardiovascular complication, 2 unknown reason). 
All foetal/neonatal complications occurred in pregnancies with primary and/
or secondary obstetric complications (r=.46, p<.001). Congenital disease in the 
offspring occurred 3 times, one had Marfan syndrome, and two CHD (hypoplastic 
left heart syndrome, this baby died; and ventricular septal defect). 

DISCUSSION 

In this series of 102 pregnancies in women with prosthetic heart valves we 
found that women with PHV have a high incidence of cardiovascular, obstetric 
and foetal/neonatal complications during pregnancy. The miscarriage rate was 
high in women who used anticoagulation therapy. Women had an overall low 
chance of going through an uneventful pregnancy. Women with a mechanical 
PHV had a significantly lower chance of an uneventful pregnancy compared to 
women with a biological valve. This was due to the higher rate of cardiovascular, 
obstetric and foetal/neonatal complication rates in women with mechanical 
PHV. This was mainly caused by PHV thrombosis and bleeding complications 
in the women with mechanical PHV. Pulmonary mechanical valves accounted 
for 2 out of 3 PHV thromboses. All three cases of PHV thrombosis were related 
to necessary cessation of anticoagulation around delivery or to (in hindsight, 
according to current guidelines but not necessarily according to state of the art 
at the time of the event) insufficient (monitoring of) anticoagulation. Bleeding 
complications (mostly PPH) were more frequently seen in pregnancies in women 
with mechanical PHV. 
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Incompleted pregnancies
Non-vital pregnancies and spontaneous abortion rates in women with biological 
PHV are comparable to miscarriage rates reported in other women with CHD. 
However, in women with a mechanical valve the miscarriage rate was high (30%) 
and associated to the use of anticoagulation therapy. Miscarriages appeared to 
occur especially during the use of VKA therapy, in line with previous literature.3 9 

24 25 Recent literature suggests that the miscarriage rate is significantly lower in 
women needing low dosages of VKA or in women who switch to LMWH or UFH 
during the 6-12th week of pregnancy.10 15 26 27 

Completed pregnancies
Anticoagulation regimes
Current guidelines advise an individualized approach to anticoagulation in 
pregnant women with mechanical PHV. Women who use low dose VKA therapy 
(2 pregnancies in this study) are advised to continue this treatment until a few 
weeks before delivery, because of the effective protection from PHV thrombosis 
and the relatively low risk of embryopathy and pregnancy loss. In our study, 7 
women with a mechanical PHV used predominantly LMWH in the first trimester 
with a switch to VKA in the second trimester. Interestingly, although this regimen 
is recommended in current American and European guidelines1 6 14 the number 
of pregnancies described with this regimen is limited (N=60).9 13 15 None of the 
women who used LMWH throughout had thrombotic or bleeding complications 
during pregnancy, however, this concerned only 3 pregnancies. A recent 
prospective population-based study from the UK reported a high incidence of 
maternal and foetal/neonatal complications, including 9% maternal mortality 
and PHV thrombosis in another 16% of the pregnancies in women who were 
largely anticoagulated with LMWH throughout pregnancy. 13

PHV thrombosis
The occurrence of PHV thrombosis was responsible for the significant difference 
in cardiovascular complications between pregnancies in women with mechanical 
and biological PHV. This may be related to LMWH therapy; when LMWH is used 
during pregnancy, the dose needs to be increased due to an increased glomerular 
filtration rate and renal clearance of LMWH. Therefore, current guidelines 
recommend that LMWH is only used in women with mechanical PHV when close 
monitoring of anti-Xa levels is performed.6 7 11 12 14 28 The optimal range of anti-Xa 
levels, whether to measure peak or through levels and interval of measurements 
is still debated.6 11-13 Current European guidelines recommend maintaining peak 
anti-Xa-levels between 0.8 and 1.2 U/ml, but higher target levels (possibly 1.0-1.2 
U/ml) may be necessary.13 6 In 8 out of 11 pregnancies anti-Xa level monitoring 
was not performed while using LMWH therapy, of which 4 pregnancies occurred 
before guidelines recommendations.29 30 In 2 pregnancies in which anti-Xa 
monitoring was not performed PHV thrombosis occurred. In 1 woman the 



7
 ―

 1
1

2

thrombosis recurred twice during LMWH with anti-Xa level monitoring with, 
in hindsight according to recent literature, too low targeted anti-Xa levels.13 No 
evidence-based advice regarding the frequency of anti-Xa monitoring exists, but 
experts recommend weekly anti-Xa controls. 6 13 Additionally, the data from a 
recent study suggest that a higher starting LMWH dose than the usual weight-
base recommended dose may be advisable in these pregnant women.13

It is striking that two out of the three PHV thromboses occurred in bi-leaflet 
pulmonary PHV’s, though only 5 of the 19 pregnancies with mechanical PHV 
involved a pulmonary mechanical PHV. It is also notable that in one woman 
who had 3 mechanical valves, only the pulmonary valve thrombosed. While 
one of the pulmonary PHV thromboses could possibly have been prevented by 
adequate anti-Xa monitoring, the other occurred during necessary interruption 
of heparin therapy because of severe PPH. These two pulmonary PHV’s were also 
mentioned in our previous study on the outcome of patients with mechanical 
pulmonary PHV.18 Our current study adds a different perspective to these cases, 
and reveals that pulmonary mechanical PHV’s are probably more vulnerable for 
thrombosis during pregnancy than valves in other positions. While mechanical 
pulmonary valve implantation is only performed in few centres in the world, it 
is probably best avoided in women of fertile age who may have a future desire 
to get pregnant.18 

Bleeding complications
Bleeding complications occurred significantly more often in pregnancies in 
women with mechanical PHV. The incidence of PPH in women with mechanical 
PHV was 5-20 times higher than its incidence in women with CHD in general or in 
women with high maternal cardiovascular risk (WHO class III).31-33 Contemporary 
American guidelines recommend to add a thrombocyte aggregation inhibitor 
to the VKA in the second and third trimester.14 In our study these were the only 
pregnancies (n=2) in which haemorrhage (not PPH) occurred. Similar findings 
were recently reported in the ROPAC study.9 Since the benefit of thrombocyte 
aggregation inhibitors in addition to VKA is not proven while 2 studies report 
increased bleeding complications, the addition of thrombocyte aggregation 
inhibitors to VKA seems not advisable. 

Other cardiac complications
Other cardiac complications (heart failure and arrhythmia) occurred frequently 
but were not related to PHV type and their incidence is comparable to pregnancies 
in women with other CHD.31 33-35 In both cases of biological PHV failure the risk 
of failure was already high pre-pregnancy.2 36 37 Women with a mechanical valve 
often had a history of re-surgery related to deterioration of a biological valve 
before pregnancy. Our data therefore illustrate that despite the better pregnancy 
outcome implantation of a biological PHV is not automatically the best choice in 
women with a desire to get pregnant. 
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Obstetric and foetal/neonatal complications
Obstetric complications occurred in almost all pregnancies with cardiovascular 
complications and significantly more frequently in pregnancies in women 
with mechanical PHV. We included assisted deliveries in our primary obstetric 
complications as we used to do in our previous publications23, because the 
choice for assisted delivery will often be driven by the heart disease and in 
women without heart disease other choices would have been made. The overall 
incidence of obstetric complications may have been increased by this inclusion, 
however, these was no significant difference in incidence of assisted delivery 
for pregnancies in women with mechanical PHV versus biological PHV. The 
higher incidence of obstetric complications in pregnancies in women with 
mechanical PHV was mainly due to the significant higher rate of CS and PPH 
in these pregnancies. Planned CS was observed frequently as mode of delivery 
in women with mechanical PHV. While vaginal delivery is usually preferred and 
CS is generally reserved for obstetric indications, planned CS can be considered 
according to guidelines in women with mechanical PHV to minimize the time 
on LMWH or heparins and the time without anticoagulation (and therefore 
minimize maternal thrombotic risk).6 Furthermore, vaginal delivery while the 
mother uses VKA is contra-indicated, because of the risk of foetal intracranial 
haemorrhage.6 Switching anticoagulation therapy from VKA to LMWH or 
heparins in the 36th week of pregnancy is therefore advised1 6 All foetal/neonatal 
complications in completed pregnancies occurred in pregnancies with obstetric 
complications. Especially LBW and SGA occurred more often in pregnancies of 
women with a mechanical PHV. We could not relate this to anticoagulant therapy, 
nor to cardiovascular or obstetric complications. However, while not statistically 
significant, the incidence of prematurity was >2 times higher in neonates from 
women with mechanical PHV. This may be related to the higher rate of planned 
CS in women with mechanical PHV, causing prematurity in 3 out of 5 neonates.

LIMITATIONS

The women included in our study were mostly treated in a tertiary hospital which 
may have biased the results. However, most women with a mechanical valve are 
treated in tertiary care centres, especially during pregnancy. Furthermore, we 
could not reliably present mortality rates because data were primarily retrieved 
from a survival cohort. Limited data concerning anti-Xa measurements deprived 
us of substantiated statements of LMWH therapy during pregnancy. 
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CONCLUSION

Women with PHV have a high incidence of cardiovascular, obstetric and foetal/
neonatal complications during pregnancy or the post-partum period. The higher 
incidence in complications in pregnancies in women with mechanical PHV was 
mainly related to the higher occurrence of PHV thrombosis, and pulmonary 
mechanical PHV appeared at especially high risk. PHV thrombosis occurred 
during periods of inadequate monitoring of anticoagulation or necessary 
interruption of anticoagulation. Because biological valve deterioration with the 
necessity for valve replacement appears to occur often in young women even 
before they get pregnant, the choice for a biological PHV in these young women 
is not indisputable.
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TABLES AND FIGURES

Figure 1. The occurrence of cardiovascular, primary obstetrical and foetal/neonatal 
complications during pregnancy or the post-partum period in women with biological 
of mechanical PHV.
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 Valve Type 

 All  Biological PHV only Mechanical PHV/ 
Combined  

Women, all (N) 52 40 12 

Pregnancies, all (N) 102 74 28 

Abortus provocatus (N) 5 4 1 

Miscarriages (N, %) 19 (19%) 11 (16%) 8 (30%) p=.12 

Women with completed 
pregnancies (N) 

46 36 10  

Completed pregnancies (N) 78 59 19  

Underlying heart disease * 
(N women) 

Congenital AOV 20 8 

 ToF 6 1 

 PS 8 0 

 Marfan 0 1 

 Other 2 0 

Location of PHV * (N 
pregnancies) 

AVR  19 9 

 PVR  26 2 

 MVR  2 0 

 PVR + AVR 12 3 

 MVR + AVR 0 3 

 PVR + AVR  + MVR 0 2 

Pre-pregnancy re-surgery 
for PHV * (N pregnancies) 
(%) 

16 (21%) 8 (14%) 8 (42%) 
‡ 

p<.02 

Pre-pregnancy 
cardiovascular and 
prosthesis related history * 
(N pregnancies) 

Rhythm disorder 8 5 

Heart failure  3 4 

Arterial thrombosis  1 0 

PVLeakage 0 3 

 Infection 0 3 

 Trombo-embolism 0 1 

Gravida * 1 (1-8) 1 (1-6) 2 (1-8) 

Parity * 0 (0-4) 0 (0-4) 1 (0-3) 

Nulliparous * (%) (39) 55% 30 (58%) 9 (47%) 

Age at pregnancy  
* (years, range) 

29 (20-41) 29 (20-41) 30 (23-40) 

Time between last PHV 
surgery and pregnancy 
*(years, range) 

6 (0-22) 6 (0-21) 6 (2-22) 

 

Table 1. Baseline characteristics for pregnancies in women with PHV for CHD. 

Completed pregnancies: >20 weeks and not abortus provocatus. Incompleted pregnancies: 
≤20 weeks or abortus provocatus. Missing data were excluded for analysis. *Analysis 
performed in completed pregnancies,  AVR = aortic valve replacement, CHD = congenital 
heart disease, Congenital AOV= congenital aortic valve disease including aortic stenosis, 
aortic regurgitation and bicuspid aortic valves, Cong PS = congenital pulmonic valve stenosis, 
MVR = mitral valve replacement, PHV = prosthetic heart valve(s), PVLeakage = paravalvular 
leakage, PVR = pulmonary valve replacement, ToF = Fallots tetralogy. ‡ Re-surgery was related 
to deterioration of a biological PHV even before pregnancy could occur in 2 women.
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Table 2. Cardiovascular, primary obstetric and foetal/neonatal outcome and complications 
in completed pregnancies in women with PHV for CHD. 

 CHD = congenital heart disease, CS = Caesarean section, IC/CCU= intensive care/coronary 
care unit, LBW = low birth weight, NICU = neonatal intensive care admission >1 day, NRDS 
= neonatal respiratory distress syndrome, PHV= prosthetic heart valve(s), PIH= pregnancy 
induced hypertension, PPH= post-partum haemorrhage, SD = Standard deviation, SGA = 
small for gestational age, (S) VT = (supra) ventricular tachycardia. * History of pre-pregnancy 
arrhythmias in n=4 (including 2 women with biological PHV who had a combined SVT 
and VT) ** in a woman with Marfan syndrome *** 1 unknown brand, 9 years after PHV 
placement, 1 Carpentier Edwards 5 years after implantation. **** two pregnancies in the 
same woman. 

e
 = including 2 children out of a triplet pregnancy, 

e
 = including triplet. Apgar 

≤ 7 defined as at 1and 5 minutes. Missing data concerning primary obstetrical and foetal/
neonatal complications were excluded for analysis.

 

 Valve type N (%) 

 Biological 
PHV 
 

Mechanical  
PHV/combined  

 

Women with completed pregnancies  36 (78%) 10 (22%)  

Completed pregnancies 59 (76%) 19 (24%)  

Median timing of delivery, wks. + days (IQR)  38 +6 (38-
40) 

39 (36-40) n.s. 

Pregnancies with sufficient obstetric outcome 
data 

44 (75%) 18 (95%)  

Pregnancies with cardiovascular complications  7 (12%) 6 (32%)  P<.05 
Pregnancies with cardiovascular complications 
not (related to) PHV thrombosis 

7 (12%) 3 (16%) P=.6 

Heart failure 2 (3%) 2 (9%)  
S(VT) * 4 (7%) 2 (10%)  
PHV thrombosis 0 3 (16%) P<.02 
Systemic arterial embolus 0 1 (5%)  
Aortic dissection 0 1 (5%) **  
Structural valve failure 2 (3%) *** 0  
IC/CCU admission 1 (2%) 2 (11%)  
Pregnancies with primary obstetric 
complications 

26 (59%) 16 (89%) P=.02 

Assisted vaginal delivery 8 (18%) 2 (11%)  
CS all 7 (16%) 9 (50%) P<.02 
     Planned CS 4 (9%) 5 (27%) P=.1 
     Emergency CS 3 (15%) 4 (22%) P=.09 
PIH 4 (9%) 0  P>.6  
Pre-Eclampsia 5 (11%) 1 (6%) P>.6 
     all hypertensive disorders 9 (20%) 1 (6%) P>.2 
PPH 10 (22%) 9 (50%) P<.02 
Premature rupture of membranes 2 (5%) 0  
Pregnancies with general complications    
Hospitalization > 1 night, not only for delivery 21 (36%) 10 (53%) .29 
Hospitalization for infection 4 (7%) 2 (11%)  
Haemorrhage (not PPH) 0 2 (11%)**** P=.057 
Anaemia 6 (14%) 8 (50%) P=.01 
Pregnancies with sufficient foetal/neonatal 
outcome data 

47 (80%) 18 (95%)  

Mean birth weight in grams (SD) 3045 (704) 2704 (661) p=.09 
Pregnancies with foetal/neonatal complications    16 (34%) 11 (61%)  p<.05 
NRDS 0  1 (6%)  
Infection  2ₐ (4%) 1 (6%)  
NICU 1 (2%) 2 (13%)  
Prematurity 7ₑ (15%) 6 (33%) P=.09 
CHD  2 (4%) 0  
Other congenital disease 1 (2%) 2 (12%)  
SGA 6ₐ (13%) 7 (37%) P<.05 
LBW 8ₑ (17%) 7 (41%) P<.05 
Apgar ≤ 7 2 (5%) 1 (7%)  
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Table 3. Anticoagulation regimes and complications during pregnancy in women with mechanical PHV. 

Additional biological PHV are presented in italics. Anticoagulation regimes are sorted according to 
anticoagulation used in 1st trimester, 2nd trimester, 3rd trimester and around delivery. Regime 1: VKA, 
LMWH, VKA, LMWH; Regime 2: Vitamin K antagonists (VKA) throughout, Heparin intravenous (iv) 
around delivery; Regime 3: VKA, Heparin subcutaneous (sc), VKA, Heparin iv; Regime 4: Heparin iv, 
Heparin sc, VKA, Heparin iv; Regime 5: VKA, LMWH, VKA, Heparin iv; Regime 6: Low molecular weight 
heparin (LMWH) throughout (early switch from VKA to LMWH); AVR = aortic valve replacement, 
CCU = coronary care unit admission, CS= Caesarean section, HF = heart failure, MVR = mitral valve 
replacement, NRDS = neonatal respiratory distress syndrome, PHV = prosthetic heart valve(s), PPH= 
post-partum haemorrhage, PVR = pulmonic valve replacement, SGA = small for gestational age, SVT 
= supraventricular tachycardia, TAI = thrombocyte aggregation inhibitor; Prematurity is defined as 
delivery <37 weeks. * This child had congenital metabolic disease, ** presented in 18th week of pregnancy.

Woman Year of 
pregnancy 

PHV 
location 

Anticoagulation 
regime 
 

Cardiovascular 
complications 

Obstetric 
complications 

Foetal/neonatal 
complications 

1 
 

2010  PVR + 
AVR 

 

Regime 1. Xa +, 
range unknown 

 

No PPH, anaemia,  
1 wk. post-partum 
haemorrhagic shock 
due to rupture of 
varix 

Prematurity, 
LBW, SGA* 

2 
 

2001 AVR + 
MVR 

Regime 1. Xa - 
 

No PPH, anaemia, 
induction of labour  

No 

 2004  AVR + 
MVR 

Regime 1. Xa - 
 

No PPH, anaemia No 

 2006 AVR + 
MVR 

Regime 1. Xa - 
 

HF, SVT (CCU) PPH, anaemia, 
induction of labour  

No 

3 
 

2007 PVR Regime 2, low dose 
VKA 

No Emergency CS for 
foetal indication 

LBW  
SGA  

 2010 PVR Regime 2, low dose 
VKA 

Post-partum PHV 
thrombosis   

Planned CS, 
PPH (shock), anaemia 

Prematurity, 
SGA, LBW,  
NRDS (infection) 

4 
 

1991 AVR Regime 3 No PPH, induction of 
labour, use of forceps 

No 

 1995 AVR Regime 2 ** No Induction of labour LBW, SGA 

5 
 

2005 AVR Regime 1. Xa - 
 

No No  No 

6 
 

2006 AVR Regime 3. Xa +  
range 0,24-0,92 U/l 
 

Systemic arterial 
thrombosis, 
PHV thrombosis  
(3 times) 

Planned CS for 
maternal cardiac 
complication 

Prematurity,  
LBW 

7 
 

1994 AVR Regime 3, 
combined with TAI 
throughout 

Haemorrhage in 
2nd trimester 

Use of vacuum 
extractor 

LBW, SGA, 
Apgar <7 

 1996 AVR Regime 4, 
combined with TAI 
throughout 

Haemorrhage in 
2nd trimester  

PPH, anaemia No 

8 
 

1996 PVR + 
AVR 

Unknown No Emergency CS for 
foetal indication, 
PPH, anaemia 

SGA 

 1998 PVR + 
AVR 

Unknown SVT Planned CS SGA 

 2005 Ross, 
AVR + 
PVR + 
MVR 

Regime 1. Xa - 
 

No Planned CS No 

 2010 Ross, 
AVR + 
PVR + 
MVR 

Regime 5, Xa- 
 

PHV thrombosis 
in 18th week, HF 

Emergency CS for 
pre-eclampsia, PPH, 
anaemia 

Prematurity  

9 
 

2005 AVR Regime 6, Xa range 
0,20-1,47 U/l 

No Unknown Unknown 

10 
 

1998 AVR Regime 6, Xa - No Planned CS Prematurity, 
LBW 

 2001 AVR Regime 6, Xa - 
 

Aortic dissection  Emergency CS for 
maternal cardiac 
complication 

Prematurity 

 
 






