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Abstract 

Advances in cardiovascular surgery and postoperative care make pregnancy possible for women with cardiac valvular 

prostheses due to impacts on maternal survival rates. However, mechanical cardiac valvular prostheses represent a high risk 

for increased maternal mortality and morbidity due to haemorrhage, heart failure, valvular thrombosis, and maternal 

thromboembolism events throughout pregnancy. It remains challenging to select an anticoagulation regimen that is safe and 

effective during the pregnancy and postpartum periods. Foetal risks include the teratogenic effects of medications; 

intracranial haemorrhage; intrauterine growth restriction, which results in a child small for its gestational age at birth; 

prematurity; and intrauterine foetal death. Vaginal delivery is recommended, after adapting an anticoagulant therapy. 

Caesarean sections might be considered for obstetric reasons or for patients at high risk for hemodynamic instability or valve 

thrombosis, or in patients taking warfarin. In this review, we provide a pregnancy-centred framework to assist clinicians in 

recommending the right anticoagulation regimen therapy for the management of pre-existing valvular pathology-associated 

pregnancies. A therapeutic anticoagulation schedule may improve both maternal and foetal outcomes. Moreover, a 

contraindication for pregnancy exists in the presence of severe mitral or aortic diseases or a mechanical valvular prosthesis 

when effective anticoagulation is not possible. 

 

Rezumat 

Datorită dezvoltării chirurgiei cardiovasculare și îmbunătățirii îngrijirilor postoperatorii cu creșterea ratei de supraviețuire, sarcina 

este posibilă la pacientele purtătoare de valve mecanice cardiace. Totuși, valvele mecanice cardiace reprezintă un factor de 

risc pe parcursul sarcinii, care se asociază cu creșterea mortalității și morbidității materne prin hemoragie, insuficiență 

cardiacă, tromboză valvulară și accidente tromboembolice materne. Alegerea schemei de tratament anticoagulant sigur și cu 

cele mai puține complicații în sarcină și postpartum rămâne o mare provocare. Riscurile fetale includ efectul teratogenic al 

medicației, hemoragia intracraniană, restricția de creștere intrauterină și feți mici pentru vârsta de gestație la naștere, prematuritatea 

și moartea fetală intrauterină. Se recomandă nașterea pe cale vaginală după adaptarea terapiei anticoagulante la aceste paciente. 

Pentru indicații obstetricale sau în cazul pacientelor cu risc crescut de tromboză valvulară, instabilitate hemodinamică sau 

aflate sub terapie cu warfarină, se indică nașterea prin operație cezariană. Scopul acestui review este să prezinte scheme 

terapeutice de anticoagulante în sarcină, utile pentru clinicianul care trebuie să le recomande gravidelor purtătoare de valve 

mecanice cardiace. Utilizarea tratamentului anticoagulant adaptat sarcinii pare să îmbunătățească prognosticul matern și fetal. 

Totuși, sarcina este contraindicată pacientelor cu leziuni valvulare severe aortice sau mitrale sau la cele cu valve mecanice 

cardiace la care tratamentul anticoagulant nu este eficient. 
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Introduction 

Cardiovascular pathologies comprise an important 

public health problem. They occur in an estimated 1 - 

4% of pregnancies [8]. Maternal survival rates have 

increased among pregnant women with cardiac valvular 

prostheses, mainly due to advances in diagnostics, 

treatment, and follow-ups for valvular heart disease. 

Although mortality during pregnancy is a relatively 

rare occurrence, pregnancy is a serious mortality risk 

factor in women with cardiac valvular prostheses, due 

to haemorrhage, valvular thrombosis, medications, 

and thromboembolism. International guidelines suggest 

that less thrombogenic biological valves should be 

considered in women that desire to become pregnant 

[12, 16, 24, 30, 32]. Compared to mechanical valves, 

bioprosthetic valves require replacement more often, 

particularly in younger patients. After 10 years, 82% 
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of bioprosthetic valves require replacement [7, 17]. 

Among women that are around 20 years of age when 

implanted, there is a 90% risk of re-intervention 

within the first 15 - 20 years after implantation, due 

to a structural dysfunction [7, 17]. In contrast, most 

mechanical valves have the advantage of superior 

hemodynamic profiles and durability. However, their 

use is associated with a life-long need of effective 

anticoagulation and a high risk of thrombotic events. 

The reported maternal death rate among women with 

mechanical valves is around 15%, according to a review 

by Chan et al. [4]. Anticoagulation treatment is critical 

for the prevention of thromboembolic events. However, 

adequate anticoagulation regimens are imperative 

during pregnancy in patients with valvular cardiac 

prostheses. Non-pregnant women with mechanical 

cardiac valvular prostheses receive treatment with 

vitamin K antagonists (VKAs), but these drugs increase 

risk for the foetus, including their intrinsic teratogenic 

effect. Depending on the foetus stage of development 

and the dose of drug, alternative anticoagulation 

regimens have been proposed in pregnancy. Until 

recently, VKAs, such as oral warfarin; unfractionated 

heparin (UFH, parentally); or low-molecular-weight 

heparin (LMWH), such as subcutaneous enoxaparin or 

dalteparin, have been widely used during pregnancy 

associated thrombosis and cardiovascular disease 

[12, 24]. Foetal and neonatal side-effects of these 

medications administered during pregnancy include 

intracranial haemorrhage, intrauterine growth restriction, 

which leads to a small foetus for its gestational age, 

prematurity and intrauterine death. These infants often 

require hospitalization and life-long care, which 

increases the costs to the family and the health care 

system. Preconception counselling, anticoagulation 

medication should be discussed with the patient to 

provide information about maternal and foetal risks. 

This review aimed to provide a pregnancy-centred 

framework to assist clinicians in recommending the 

right anticoagulation regimen therapy for the management 

of pre-existing mechanical cardiac valvular prostheses 

associated pregnancies, based on the scientific literature 

published in the period 2000 - 2019. 

 

Haemodynamics of pregnancy 

The major pregnancy-related hemodynamic change 

is to cardiac output, which substantially increases 

from 6 weeks of pregnancy with an average increase 

in blood volume of 50% [9, 19] and a concomitant 

decrease in blood pressure, as well as systemic vascular 

resistance. The glomerular filtration rate also begins 

to increase by 6 weeks, with a peak of values by 14 

weeks. In the third trimester, glomerular filtration rates 

decrease and return of the filtration fraction to a pre-

pregnancy value of 1/5 [3]. In the second trimester, the 

haemoglobin concentration falls (physiological anaemia). 

Normal pregnancy includes a hypercoagulation state, 

which features increases in fibrinogen and most 

coagulation factors. Additionally, the procoagulant 

state causes an increase in the prothrombin time (PT) 

according to the international normalized ratio (INR), 

with a decrease in the activated partial thromboplastin 

time (aPTT) [12, 19]. These changes contribute to 

physiological haemostasis during delivery, which 

consumes blood coagulation factors and platelets. 

During contractions, oxygen consumption is increased 

and both systolic and diastolic blood pressure rise. A 

temporary increase in cardiac pressure can occur in 

the immediate postpartum period due to compression 

of the inferior vena cava being relieved and the 

significant increase in blood volume despite blood 

loss (500 mL normal during normal labour or 1000 mL 

normal blood loss during Caesarean section). These 

changes might lead to clinical deterioration. In cases 

of pre-existing heart disease, intolerance to these 

changes can cause foetal and maternal morbidity and 

mortality [9, 12]. 

 

Choosing anticoagulant therapy during pregnancies 

associated with mechanical valve prostheses 

When mechanical valve prostheses are present during 

pregnancy, systematic anticoagulant therapy is given, 

with the objective of preventing valve thrombosis and 

thromboembolic events - the main causes of maternal 

mortality [2, 6, 13, 14, 16, 20, 25]. There is not a standard 

protocol for the optimal anticoagulant prescription 

during pregnancy. The present recommendations are 

based on guidelines provided by the American Heart 

Association Task Force, American College of Cardiology, 

European Society of Cardiology, and the Romanian 

Society of Obstetrics and Gynaecology (SOGR), and 

from clinical recommendations in randomized trials 

or meta-analysis [16, 24, 39]. The following anti-

coagulation methods are used in pregnant women 

who have mechanical cardiac valvular prostheses: 

VKAs, UFH, or LMWH throughout pregnancy or 

sequential treatments involving, for example, VKAs 

for 35 weeks followed by UFH or LMWH; UFH for 

12 weeks followed by VKAs to 35 weeks then by 

LMWH; UFH administered parentally for the first 

trimester, and then oral VKAs in subsequent trimesters 

[3, 31]. New oral anticoagulants (danaparoid, hirudin, 

argatroban and fondaparinux) are not used in pregnancy 

due to limited data about their safety [34]; there are 

congenital anomalies, growth restricted foetus cases 

reported when administered [28]. 

The first-generation prosthetic heart valves, such as 

Starr-Edwards or Björk-Shiley, are considered high-

risk maternal complication compared to the second-

generation St-Jude Medical prosthetic heart valves 

[3, 7]. The position of the mechanical valve, the type 

of valve, and existing maternal cardiac complications 

(flutter or atrial fibrillation) determine the risk of valve 

thrombosis. This risk appeared to be lowest among 
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mothers that used vitamin-K-antagonists (VKAs) 

(4%) and it increased with the use of unfractionated 

heparin (UFH) [4]. When warfarin treatments were 

changed to UFH, 50% of mechanical valve thromboses 

occurred in the first trimester of pregnancy [35]. 

It is a legitimate concern that anticoagulant treatments 

during pregnancy might increase the hemorrhage and 

embryo-fetotoxicity risks. A previous review estimated 

that the risk of maternal hemorrhage was 2.5% among 

women that received anticoagulants, and most episodes 

(80%) occurred in association with delivery [4]. In 

2018, a study investigated anticoagulation regimens 

in women who have mechanical valve prostheses 

using the Registry of Pregnancy and Cardiac Diseases 

(ROPAC) [27]. Table I shows the anticoagulation 

regimens used during pregnancies associated with 

mechanical valvular prostheses. These regimens included 

VKAs, warfarin, UFH, and LMWH based on actual 

recommendations [11, 15, 16, 25, 26, 31]. 

Table I 

Anticoagulation regimens during pregnancies associated with mechanical valvular prostheses 

Pre-pregnancy – VKA (warfarin) derivatives until pregnancy 

First trimester 

(6 - 12 weeks) 

– If daily dose < 5 mg warfarin or < 2 mg acenocoumarol, continue coumarin derivative 

adjusted to standard INR 

– If daily dose greater than those limits, substitute twice daily subcutaneous LMWH dose 

(peak anti-Xa 4 h post-dose, 0.7 to 1.2 U/mL) 

– However, if peak levels are therapeutic but trough levels sub-therapeutic, dose three times 

daily 

– Weekly check of anti-Xa 

– If LMWH is unavailable, consider UFH, given at doses to maintain an aPTT) of 2- to 2.5-

fold above control 

Second and third trimester 

(13 - 35 weeks) 

– OAC (warfarin) derivative, dosed to achieve standard INR (2.5 - 3.5) 

– Otherwise, twice daily subcutaneous LMWH at an adjusted dose (peak anti-Xa 4 h post-

dose, 1.0 to 1.2 U/mL) 

36 weeks and later – Substitute coumarin derivative with twice daily subcutaneous LMWH (target anti-Xa 4 - 6 h 

post-dose, 1.0 to1.2 U/mL) 

– or substitute coumarin with intravenous UFH, dosed to achieve an aPTT 2- to 2.5-fold 

above control 

– Adjust the LMWH dose for peak anti-Xa 4 h post-dose (0.7 to 1.2 U/mL) 

– If peak levels are therapeutic but trough levels sub-therapeutic, dose three times daily 

– Weekly check of anti-Xa 

Delivery – Stop UFH 4 - 6 h prior 

– Stop LMWH 12 - 24 h prior 

Postpartum period – If no bleeding occurs, start prophylactic intravenous UFH after 6 h, or subcutaneous LMWH, 

and gradually increase the dose to achieve therapeutic anticoagulation over 24 to 48 h 

– After 7 - 10 days, UFH or LMWH should be switched to OAC 

 

UFH therapy is usually restricted to use in a hospital 

setting to allow monitoring of the pregnant patients, 

including laboratory assessments to guide dosage. 

In the late 1980s, LMWH became more widely used 

because of its relative superiority to UFH, but is an 

expensive therapy when compared with UFH. Chan 

et al. reported that maternal thromboembolic events 

occurred in 3.9% of women that used OACs (oral anti-

coagulants), compared to 9.5% of women that used 

UFH [4]. In the ROPAC registry (2007 - 2018), valve 

thrombosis was recorded for 7% of patients with 

mechanical valves; of these, 18% died [11]. Preferably, 

OAC doses target an INR within the range of 0.5 units 

per patient. Variations in INR were associated with 

a high complication rate [16]. Various reviews have 

shown a low risk of adverse maternal complications 

with OAC treatment, compared to UFH or LMWH, 

during the first trimester [11, 15, 29, 31, 33]. However, 

the risks of miscarriage and late fetal death were 

increased when an OAC was taken in the first trimester, 

particularly when taken between 6 and 9 weeks of 

pregnancy [15, 16, 26, 31]. Due to the short half-life 

of UFH, it is safe for pregnancy when physiological 

glomerular filtration rates are modified, and the anti-

coagulant effects are reversible under typical circumstances 

using protamine sulphate. Warfarin and heparin require 

laboratory monitoring (target INR, aPTT) and dose 

adjustments to ensure antithrombotic protection while 

minimizing the risk of haemorrhage. Because warfarin 

crosses the placenta, it can cause miscarriage (15% 

to 56%), embryopathy (up to 10% of cases), and major 

central nervous system abnormalities (1%) during 

the first 6 - 12 weeks of pregnancy [5, 36]. Most 

systematic reviews concluded that OACs during the 

first trimester present a higher foetal malformation 

risk (6.4%) than heparin (3.4%) [4, 33]. Several other 

studies demonstrated that, at 6 - 9 weeks of gestation 

[26, 27, 31], warfarin is associated with teratogenicity 

and foetal loss [31, 33]. Continuation of OAC is 

recommended before pregnancy. In addition, current 

evidence supports OAC use throughout pregnancy, 

but under strict control of the INR because OACs are 

considered the safest regimen, in terms of maternal 

risks [15, 16, 25, 33]. In contrast, warfarin predisposes 
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the foetus to intracranial bleeding and high rates of 

foetal loss [15, 33]. Consequently, warfarin use prior 

to delivery is an indication for a Cesarean section 

delivery. The long-term sequelae reported for warfarin 

include minor neurological dysfunctions and IQ scores 

below 80 [21]. Some studies demonstrated no foetal 

toxicity related to warfarin, but other studies have 

reported a high complication rate [4, 7, 33]. Continuing 

OAC is considered safe with daily warfarin doses 

below 5 mg (acenocumarol < 2 mg, phenprocoumon < 3 

mg), due to the low embryopathy risk [11, 15, 22, 35, 

38]. A series of studies demonstrated that the incidence 

of embryopathy was 2.6%, when mothers took < 5 mg 

warfarin daily, and it was 8%, when mothers took > 5 

mg warfarin daily [5, 29]. Use of a VKA for anti-

coagulation until achieving an INR of 2.5 is recommended 

in patients who no risk factors other than mechanical 

valves. The haemorrhage risk is reduced when the 

INR is between 2 and 3 [15, 33]. 

During pregnancy, UFH additionally increases the 

risks of thrombocytopenia and maternal osteoporosis. 

The use of UFH is associated with the worst fetal and 

maternal outcomes [36]. Thromboembolic complications 

can occur, despite the use of therapeutic subcutaneous 

UFH [15, 26, 31, 36]. Comparing intravenous (iv) to 

subcutaneous (sc) therapeutic UFH administration, iv 

UFH might be better for preventing thromboembolism, 

but its efficacy and safety have not been proven 

satisfactory [4,15]. 

Substituting OAC with UFH during the 6
th

 - 12
th

 

week of gestation during 6 - 12 weeks reduced the 

risks associated with OAC. Switching to UFH/LMWH 

under strict dose control during this time period can be 

considered in patients with low dose requirements, 

on an individual basis [15, 16]. 

LMWH regimens using enoxaparin and dalteparin 

are available in many hospitals. No teratogenic effects 

occur because LMWH do not cross the placenta. Fixed 

doses of LMWH were also associated with valve 

thrombosis [7, 18]. Special attention must be paid 

to adjusting doses according to the anti-Xa levels in 

order to obtain therapeutic sc LMWH [7, 10, 15, 16, 

18, 23, 24, 35, 37]. LMWH is cleared renally. As such, 

the increased glomerular filtration rate contributes to 

requiring a higher therapeutic dose during pregnancy. 

Throughout pregnancy, doses must be increased to 

achieve and maintain a therapeutic effect. Pre-dose 

levels are often sub-therapeutic; the therapeutic dose 

of subcutaneous LMWH is adjusted to reach a target 

anti-Xa activity of 0.8 to 1.2 units/mL [10, 23, 37]. 

Using LMWH during pregnancy in women who have 

mechanical heart valves is currently controversial due 

to the few patients who have been studied and the 

lack of accurate data. In a recent review, the rate of 

valve thrombosis in 81 pregnancies (75 women) 

treated with LMWH was 8.6% [18]. They concluded 

that appropriately adjusting the dose reduced the 

thromboembolism frequency. This therapeutic option 

was approved in clinical practice for use in pregnancy 

when mechanical valves are present, but their use 

must be limited during the first trimester. The starting 

dose of enoxaparin is 1 mg/kg body weight and for 

dalteparin 100 UI/kg body weight twice a day. This 

regimen can be used for patients who refuse VKAs [36]. 

Compared to UFH/VKAs, foetal wastage occurs 

significantly less with LMWH, and maternal outcomes 

are similar (based on a study of 2113 pregnancies) 

[36]. A study that included 111 pregnant women 

treated with an anti-Xa-adjusted dose of LMWH 

revealed that 9% of pregnancies developed valve 

thrombosis [26, 31]. 

When a high dose of OAC is needed, OACs can be 

replaced with UFH, at a dose adjusted to maintain 

the aPTT ≥ 2 - 2.5-fold above control; or with twice 

daily LMWH, adjusting the dose for anti-Xa. The 

anti-Xa level should be as recommended within 4 - 6 

h of LMWH administration. If the regimen is refused, 

or LMWH is not available, OAC can be considered, 

after obtaining the fully informed consent. 

When UFH is administered, weekly monitoring is 

needed. After reaching a stable aPTT 4 - 6 h after 

the starting dose, aPTT should be maintained at  2 

to 2.5-fold above control. Heparin is considered 

safe during pregnancy because it does not cross the 

placenta, but it is less effective in thromboprophylaxis 

than other drugs, particularly in the presence of 

metallic valve prostheses [4]. When additional risk 

factors are present, a VKA regimen must provide an 

INR of 3 [11, 15, 26, 31]. 

The estimated risks of anticoagulation therapy during 

pregnancy are summarized in Table II. 

Table II 

Estimated maternal and foetal risks of anticoagulation therapy associated with mechanical valvular heart 

prostheses [1, 24, 36] 

  VKAs UFH LMWH VKAs + UFH 

Maternal Haemorrhage  

Death 

Thromboembolism 

Prosthetic valve thrombosis  

0.18 - 1.21% 

0.48 - 1.60% 

2.01 - 3.84% 

0 - 4% 

2.15 - 11.57% 

0.05 - 5.51% 

19.60 – 42.43% 

9 - 33%  

1.31 - 10.71% 

0.31 - 6.88% 

1.64 - 10.52% 

4.4 - 8.8% 

0.11 - 2.42% 

0.22 - 2.70% 

4.95 - 10.9% 

–  

Foetal  Teratogenic effect  

Foetal death  

2.13 - 6% 

29.65 - 35.55% 

0 - 4.41% 

41.28 - 65.55% 

0 - 4.69% 

6.76 - 20.78% 

0.19 - 2.33% 

18.38 - 27.55%  

VKAs: vitamin K antagonists; UFH: unfractionated heparin; LMWH: low-molecular-weight heparin   
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A prospective cohort study (1998 - 2008) that included 

pregnant women left-sided mechanical heart valves 

and were treated with LMWH reported incidences of 

valve thrombosis, the need to replace a valve, or stroke, 

during pregnancy. Among a total of 23 pregnancies, 

they reported 1 thromboembolic event (4%) that caused 

both maternal and foetal deaths; 22% of patients 

developed cardiac complications; and 43% new-borns 

exhibited neonatal adverse effects, but nearly 50% 

had favourable outcomes. Postpartum haemorrhages 

occurred in 3 pregnancies. Valve thrombosis resulting 

in maternal death despite proper monitoring and 

maintaining anti-Xa levels at a therapeutic level 

highlighted the limitation of anticoagulation in this 

group. Nearly half of the thrombosis episodes involving 

prosthetic valves occurred during the first trimester, 

followed by a consistent percent [37]. 

Steinberg et al.’s meta-analysis evaluated associations 

between different methods of anticoagulation and 

foetal and maternal outcomes [33]. The overall risk 

associated with using VKA was 39%, compared to the 

13% associated with LMWH therapy. Similar results 

were reported for LMWH and VKA treatment (23%) 

compared to UFH and VKA treatment (34%). No 

significant difference was found in risk between the 

use of < 5 mg warfarin and LMWH. LMWH therapy 

had the lowest rate of adverse foetal outcomes, 

whereas the risk of adverse maternal outcomes was 

lowest with a VKA regimen.
 
This study reaffirmed 

that low-dose warfarin can be as safe as or safer 

than LMWH in pregnant women; these data were 

also supported by international guidelines [11, 38]. 

 

Mode of delivery, postpartum and anticoagulation 

therapy 

Anticoagulant therapy should be 24 h before inducing 

labour or performing Caesarean section, UFH 4 - 6 h 

before delivery and LMWH 12 - 24 h before delivery. 

After 36 weeks gestation, warfarin should be withheld. 

Replacement options are UFH and LMWH. 

Vaginal delivery, after spontaneous or induced labour 

with epidural analgesia, is recommended for women 

with cardiac valve prostheses. Checking the aPTT 

before epidural anaesthesia can obviate a spinal 

hematoma [11]. A caesarean section delivery with 

endotracheal intubation under general anaesthesia is 

indicated when severe cardiac symptoms occur during 

the latter half of the pregnancy. A caesarean section 

is also indicated when high valve thrombosis risk is 

present to ensure that VKAs are withdrawn for as 

short as possible times. Additionally, caesareans are 

indicated when onset of labour coincides with VKA 

treatment due to the risk of foetal intracranial bleeding. 

Dramatic hemodynamic alterations occur immediately 

postpartum, within the first 12 - 24 h [14]. Early 

postpartum haemorrhage can cause volume overload 

and fluctuations in the haemodynamics and blood 

pressure, with catastrophic results. Obstetric management 

also includes the management of fluid administration 

and anticoagulant-induced bleeding. Fluid management 

includes protamine, fresh frozen plasma, or four-factor 

prothrombin complex concentrate [15]. 6 h after delivery, 

anticoagulation with therapeutic enoxaparin can be 

initiated. Warfarin can be recommended at 5 to 7 

days postpartum, at the normal pre-pregnancy doses. 

Prophylactic doses of subcutaneous LMWH, followed 

(12 h later) by half the therapeutic dose (based on 

maternal postpartum weight), can be administered 

twice daily [15]. One study showed that 7% of heart 

failures occurred within the first postpartum week 

[35], when hemodynamic parameters are changing. 

 

Conclusions 

Anticoagulation therapy should be closely and strictly 

monitored in pregnancies associated with mechanical 

heart valves. Studies have demonstrated the efficacy 

and safety of several anticoagulant regimes, when 

properly used. During pregnancy, hypercoagulability 

increases the incidence of mechanical valve thrombosis, 

and a multidisciplinary team should perform the follow-

up at a tertiary centre every trimester. In women with 

severe mitral or aortic disease or who have a mechanical 

valvular prosthesis, pregnancy is contraindicated when 

effective anticoagulation is not possible. 

VKAs administered during pregnancy increase foetal 

risks, but they are preferred up to 36 weeks, to 

reduce maternal risks. After discontinuing anticoagulants 

prior to delivery, maternal haemodynamic during 

labour, delivery, and postpartum periods should be 

closely monitored, being crucial for the effective 

haemostatic or thromboembolic events management. 
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