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INTRODUCTION 
One of the most common complications of pregnancy is a miscarriage, 
dened as the spontaneous demise of a pregnancy before the foetus reaches 
viability. It can lead to great distress, especially when miscarriages are 
recurring. Recurrent miscarriages, or internationally dened as recurrent 
pregnancy loss (RPL), is a clinical disorder with several known underlying 
factors, although an identiable factor is often not found. Today many 
questions are still unanswered regarding RPL, despite the shear amount of 
RPL studies published in the previous years. Foetal karyotyping of 
miscarriage tissue shows that more than half of the foetuses are aneuploid. 
It is thought that this aneuploidy is associated with increasing age, smoking 
and obesity, although couples with higher number of pregnancy losses tend 
to have more euploid pregnancy losses (3). e underlying mechanism of 
these miscarriages are currently not completely understood. Clinicians are 
therefore still unable to explain couples suffering from RPL why some 
pregnancies are successful and others are not. 

As early as the 1930s, the rst literature describing women with RPL started 
to emerge. Malpas described a population of women in which “sequential 
abortions” or “abortion sequences” could be identied (4). He hypothesized 
that two main groups exist, namely those who experience “sequential 
abortions” merely due to chance, and those due to recurrent factors. Using 
a mathematical equation assuming both accidental and recurring factors, he 
calculated that the proportion of pregnancy losses became almost constant 
after three consecutive pregnancy losses, regardless of the ratio of 
accidental and recurring factors. Ever since Malpas introduced the idea of 
“abortion sequences”, there has been extensive discussion regarding RPL as 
a condition from both clinical point of view and from research. An 
agreement in dening, investigating and managing RPL is lacking, despite 
recommendations from recent guidelines, such as the guideline published 
by the European Society for Human Reproduction and Embryology 
(ESHRE). is is even more true for unexplained RPL, when an etiological 
factor cannot be identied, and treatment is not recommended (1). 
Differences in these aspects of RPL impact the level of evidence in this eld. 
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e aim of this thesis is to identify variation in current RPL practice, to 
appraise existing evidence that could impact counselling of RPL couples in 
order to individualize RPL care and management.  

RECURRENT PREGNANCY LOSS 
EPIDEMIOLOGY 

A substantial proportion of conrmed pregnancies are lost prior to live 
birth, making pregnancy loss the most common pregnancy complication, 
occurring in 10 to 15% of pregnant women (5, 6). is number could be 
even higher, as many conceptions are lost before women are aware of their 
pregnancy (7). Recurrence of pregnancy losses is much less common, the 
population prevalence of couples with 2 miscarriages is estimated as 1.9% 
(1.8–2.1%), for couples with 3 or more miscarriages it is estimated as 0.7% 
(0.5–0.8%) (5, 6, 8). e exact RPL incidence is however difficult to 
estimate. Both numerator and denominator are subject to uncertainty as it 
is difficult to estimate the number of couples that suffer from RPL at risk for 
RPL (all women at fertile age, or all women who try to get pregnant) (1). 
Moreover, these numbers are often derived from retrospective data in 
which selection bias is probable to occur. It is more likely that registry-based 
data could provide the true incidence of RPL. A substantial number of 
miscarriages however go unnoticed, as early pre-clinical pregnancies are 
often undetected. Furthermore, biochemical pregnancies are often not 
available in national registries. is means that women with non-clinical 
pregnancies do not visit healthcare professionals, and thus are not 
registered. Besides registry-based issues, time period plays an important 
role as well. Currently, family planning starts at older ages compared to 
previous generations (9). As age is an important risk factor to miscarriages, 
this could lead to a higher incidence of RPL. Furthermore, pregnancy tests 
are evolving and enable very early detection, leading to the ability to 
diagnose miscarriages that otherwise would not have been detected. And 
nally, a societal trend to discuss miscarriages has created more openness 
and probably more willingness to share information that could help clarify 
the exact magnitude of RPL (10). 
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DEFINITION 

Although three pregnancy losses as denition for RPL is still being 
considered, dening RPL as two pregnancy losses onwards is currently 
increasingly being used. Actually, there is no consensus on the number of 
pregnancy losses, nor whether the losses have to be consecutive (11). 
Furthermore, the gestational age of pregnancy losses counted in the 
denition is still being discussed. e Royal College of Obstetricians and 
Gynaecologists (RCOG) denes RPL as three or more consecutive pregnancy 
losses (12), while the American Society for Reproductive Medicine Practice 
Committee denes RPL as two or more pregnancy losses conrmed by 
ultrasound or histology, not necessarily consecutive (13, 14). e most 
recent RPL guideline from ESHRE set the denition after a signicant 
debate. It states that RPL could be considered after the loss of two or more 
pregnancies and stresses the importance of the need for further scientic 
research, including epidemiological studies on the effect of various RPL 
denitions on diagnosis, prognosis and treatment (15). Literature does not 
show differences in the prevalence of abnormal test results for the 
conditions associated with RPL (antiphospholipid syndrome (APS), uterine 
anomalies, thyroid disorders and chromosomal abnormalities), and 
therefore, there is no clear evidence of a pathophysiological difference 
between couples with two and couples with three or more pregnancy losses. 
Similarly, the consecutiveness of pregnancy losses does not seem to have a 
different pathophysiological pathway. As the burden of RPL on couples is 
aggravated by each loss, the argument for including two pregnancy losses in 
the denition could be made, knowing that timing of investigations does 
not play a role in nding underlying factors. On the other hand, the chance 
of a successful pregnancy after two losses is still very high. It is therefore 
debatable whether these couples suffer from an underlying condition. 
Knowing that these discussions will continue until epidemiological studies 
have unravelled the puzzle of dening RPL, the ESHRE argues that two or 
more pregnancy losses will facilitate research, shared decision-making and 
psychological support to couples. 
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RISK FACTORS 
Multiple risk factors and underlying causes for RPL are known, and will be 
set out in the next paragraphs. It is important to understand the evidence-
proven risk factors for RPL, in order to correctly identify and appraise 
differences in RPL literature. As the RPL denition varies between studies, 
so does the denition of unexplained RPL. It is important when comparing 
studies to understand what was meant by “unexplained” RPL, as this 
concept has evolved with time. Box 1 contains an overview of the known 
RPL risk factors.  

 
Box 1 | Risk factors and etiological factors for recurrent pregnancy loss 

- Maternal age 
- Previous number of pregnancy losses 
- Lifestyle factors (smoking, alcohol, stress) 
- Abnormal parental karyotypes 
- Congenital uterine anomalies 
- Antiphospholipid syndrome (APS) 
- yroid antibodies (thyroid peroxidase antibodies) 
- Hypothyroidism 
- Obesity 
- Endometritis 
- Male lifestyle factors 

 

MATERNAL AGE 

As is the case for women with sporadic pregnancy losses, age plays an 
important role (5, 16). e chance of a live birth decreases with increasing 
female age, and increasing female age is associated with more foetal 
chromosomal abnormalities (17-19). ese abnormalities are present in 
most miscarriages (20). 

PREVIOUS NUMBER OF PREGNANCY LOSSES 

e number of previous pregnancy losses is a major risk factor for RPL. Age-
adjusted odds ratios for pregnancy loss have been shown to increase 
subsequently after each pregnancy loss. Women with three or more 
pregnancy losses have an increased risk by a factor of 4.5 compared to 
women without pregnancy losses (3, 21-23). is relationship is possibly 
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explained by underlying factors (that may or may not be identied), due to 
which pregnancy losses keep occurring. 

LIFESTYLE FACTORS 

Although lifestyle factors such as smoking, alcohol consumption, as well as 
stress are not conclusively shown to cause RPL, they are associated with a 
negative impact on the chances of a live birth (15). Smoking and alcohol 
consumption are modiable risk factors that are shown to increase 
maternal and foetal complications during pregnancy, and are shown to be 
dose-dependent. Although there is no direct evidence showing that these 
lifestyle factors cause RPL and there are no studies evaluating the role of 
smoking and/or alcohol cessation on live birth in RPL couples, it is 
established that these factors cause poor obstetric outcomes and are in 
general harmful. Obesity (BMI ≥30 kg/m2) is an independent RPL risk factor, 
but overweight women are not at risk of RPL (15, 24, 25). Obesity is 
associated with other endocrine disorders, such as hypothyroidism, 
diabetes mellitus and Polycystic Ovary Syndrome (PCOS). ese 
comorbidities however do not show a clear association with RPL, 
individually (26, 27).  

GENETIC FACTORS 

Couples with RPL show more translocations, inversions and copy number 
variations when compared to the general population (2–5% vs 0.7%). If one 
of the partners carries a structural chromosome abnormality, products of 
conception can have a normal karyotype, but could also have an unbalanced 
karyotype. It is known that unbalanced karyotypes can lead to miscarriage, 
stillbirth and major congenital malformations. In addition to the general 
association of unbalanced karyotypes, four susceptibility loci on 
chromosome 9 and 13 that play a role in placentation, gonadotropin 
regulation and progesterone production were identied in sporadic and 
recurrent pregnancy losses (28). A familiar component seems to play a role, 
as women with a history of pregnancy losses are more likely to have a family 
history of pregnancy losses, and siblings of women with RPL were found to 
have a twofold higher frequency of pregnancy loss compared to the general 
population (29, 30). 
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As mentioned, embryonic aneuploidy explains most of the pregnancy 
losses. e proportion of aneuploidy decreases from 60.9% to 24.4% in 
women with two pregnancy losses compared to women with six or more 
previous miscarriages (3). is could support the hypothesis that lower 
number of pregnancy losses could be more attributed to temporary 
unfavourable conditions, while higher number of pregnancy losses could be 
caused by permanent underlying conditions that are yet unknown. 

CONGENITAL UTERINE ANOMALIES 

Congenital uterine abnormalities are more prevalent in women with a 
history of pregnancy losses compared to the general population (13.3%; 
95% CI 8.9–20.0% vs 5.5%, 95% CI 3.5–8.5%), with septate uterus being 
the most prevalent anomaly (31). Congenital uterine abnormalities more 
often lead to late rst trimester and second trimester losses instead of early 
rst trimester pregnancy losses (32). Acquired uterine abnormalities, such 
as uterine myoma’s, might be associated with RPL, but the evidence is not 
clear (33).  

AUTOIMMUNE DISORDERS 
ANTIPHOSPHOLIPID SYNDROME 

APS is an acquired thrombophilia syndrome characterized by vascular 
thrombosis and/or obstetric complications, including pregnancy losses, pre-
eclampsia, preterm birth and foetal growth restriction. APS is the most 
prevalent treatable cause of RPL and is prevalent in 10–20% of RPL couples 
(23, 34, 35). Studies have suggested that the inammatory effects of 
phospholipid antibodies caused by excessive complement activation affect 
placental and endothelial cells, however the precise mechanism that leads 
to obstetric complications is still unclear (36, 37). 

ANTI-THYROID ANTIBODIES 

Studies have found anti-thyroid antibodies more frequently in RPL couples 
compared to the general population, even in the absence of thyroid 
dysfunction (38, 39). Whether anti-thyroid antibodies cause RPL is unclear, 
as well as the mechanisms by which they possibly cause RPL.  
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ENDOCRINE FACTORS 
THYROID FUNCTION  

e prevalence of overt hypothyroidism seems higher in couples with RPL 
compared to a control group, as shown by one study, but the risk of RPL in 
hypothyroid women compared with euthyroid women was no different 
(40). High-quality evidence is lacking. Subclinical hypothyroidism however 
is not a risk factor for RPL (41). 

DIABETES 

Although the prevalence of diabetes in women with RPL is low, it is known 
that higher sugar-levels in the rst trimester are associated with 
miscarriage, while women with well-controlled diabetes are not at risk (42, 
43). e association between diabetes and RPL is unknown. 

INHERITED THROMBOPHILIAS 

Inherited thrombophilias such as Factor II and Factor V Leiden mutations, 
protein C, protein S and anti- thrombin deciencies were marked as RPL 
risk factors in early studies. More recent analyses however have not 
conrmed these associations (44-46).  

MANAGEMENT OF RPL COUPLES 

Differences in the concepts of denition, investigations and treatments 
cause practice variations between clinics. is variation in RPL care is 
reected in RPL couples wanting to go abroad for more extensive work-up 
and possible treatment, although evidence is often lacking for these 
practices. Cross border care has been studied in the context of reproductive 
care, and provided insight in its possible benets and risks (47, 48). 
Although cross border care in the context of RPL has not been studied yet, 
clinical experience tells that RPL couples intending to go abroad often do it 
to undergo investigations and treatments that are not offered locally, mostly 
because these are deemed non-evidence-based. Offering such 
investigations and treatments goes in against the principle of “do no harm”, 
as there is no foundation of evidence to perform them. e psychological 
and physical burden on the women is troublesome, and the burden on 
couples is aggravated with each further experienced pregnancy loss. It is 
understandable that they seek medical care to provide them with hope for 
their reproductive future. It is therefore important to provide RPL couples 
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with sufficient supportive care. In the following paragraphs, evidence-based 
and later non-evidence-based treatments will be discussed. 

EVIDENCE-BASED THERAPIES 
ANTIPHOSPHOLIPID SYNDROME 

APS treatment for the improvement of live birth in women with RPL is 
recommended, and consists of heparin (low molecular weight or 
unfractioned) and low dose aspirin (15, 49, 50). Heparin alone has a lower 
efficacy than combined with low dose aspirin, and aspirin alone has no 
effect on live birth rates (50, 51). It is thought that heparin acts through its 
complement blocking action rather than its anticoagulant effect (52). e 
treatment regimen usually consists of starting low dose aspirin before 
conception, and adding heparin on the date of a positive pregnancy test. 
is regimen is continued throughout pregnancy until delivery (15). 
Although one of the criteria for APS is “three or more pregnancy losses”, one 
study showed that there was no difference in the number of pregnancy 
losses between women with RPL and APS and women with unexplained 
RPL (53). Testing and treatment is therefore advised from two pregnancy 
losses onwards. 

OVERT HYPOTHYROIDISM 

Although evidence on the association between overt hypothyroidism and 
RPL is not conclusive, it is recommended to treat overt hypothyroidism with 
hormone replacement therapy as hypothyroidism is associated with 
adverse pregnancy complications and detrimental effects on foetal 
neurodevelopment (15). ere is conicting evidence on treatment of 
subclinical hypothyroidism in RPL couples, and there is insufficient 
evidence for hormone replacement therapy in euthyroid RPL women with 
thyroid antibodies (41, 54-56). 

THERAPIES WITH LIMITED EVIDENCE 
SURGICAL TREATMENT OF UTERINE ABNORMALITIES 

During embryological development, incomplete fusion of Müllerian ducts 
results in an avascular uterine septum which divides the uterus into two 
cavities (57, 58). e goal of surgical treatment is to restore the uterine 
cavity by removing the septum to improve implantation. Reconstruction of 
these anomalies have been long debated in the context of improving live 
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birth in this group of RPL, but the results of a recent randomized trial 
(TRUST) showed that surgical interventions do not improve reproductive 
outcomes in women with septate uterus (59). Surgical interventions for 
other uterine anomalies are not recommended either (15).  

MANAGEMENT OF UNEXPLAINED RPL 
In the absence of identied RPL risk factors, some clinicians start empirical 
therapies, such as intravenous immunoglobulin (IVIG), aspirin and heparin 
(alone or combined), glucocorticoids and other therapies. ese therapies 
that lack scientic base and are not supported in the management of 
unexplained RPL will be briey discussed in the following paragraphs (15).  

PROGESTERONE SUPPLEMENTS 

e use of progesterone has been extensively studied for patients with 
unexplained RPL. Although a recent meta-analysis of 12 clinical trials 
suggested that there may be a reduction in the number of miscarriages for 
women given progestogen supplementation compared to placebo, this 
meta-analysis included 4 small studies with high risk of bias. e ESHRE 
guideline therefore bases its recommendation that vaginal progesterone 
does not improve live birth rates in women with unexplained RPL on the 
most recent and high-quality trial (60). Still, in recent trials a possible 
benecial effect is shown for the use of progesterone in women with three 
or more pregnancy losses presenting with early bleeding in a next 
pregnancy (<AD16weeks) (61, 62). is was however a subgroup and 
requires further validation. One study showed that threatened miscarriage 
is associated with lower serum progesterone levels (63). e question 
remains however whether serum progesterone levels are low because of the 
pregnancy loss, or whether the pregnancy loss is caused by low serum 
progesterone levels. Further research is needed to clarify mechanisms by 
which progesterone improves pregnancy outcomes and to identify groups 
that can benet from this treatment.  

LYMPHOCYTE IMMUNIZATION THERAPY 

Immunization with allogeneic lymphocytes of women with RPL is based on 
the hypothesis that women with RPL lack antibodies that protect the foetus 
from rejection by the woman (64). A systematic review however has 
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showed that no signicant effect of lymphocyte immunization therapy is 
present on live birth rate in women with RPL (65).  

INTRAVENOUS IMMUNOGLOBULIN THERAPY 

Intravenous immunoglobulin (IVIG) therapy targets the reduction of 
symptoms in autoimmune diseases and has been studied in several trials in 
the context of improving live birth in couples with RPL (66). e studies 
were found to be underpowered and used different dosages and treatment 
regimens. erefore, IVIG treatment cannot be recommended for clinical 
use in RPL care.  

GLUCOCORTICOID TREATMENT 

Treatment with glucocorticoids have a benecial effect on auto-immune 
inammatory diseases. It is hypothesized that women with RPL might have 
an immune aetiology and could therefore benet from glucocorticoid 
therapy (67). Limited trials are preformed and although evidence points 
towards benecial effects on live birth rate, adverse events appear higher in 
glucocorticoid treated patients (67, 68). It is therefore not recommended to 
use glucocorticoids as treatment in unexplained RPL, but new trials are 
needed to assess the effect lower doses of glucocorticoids. 

ANTICOAGULANT TREATMENT 

Although recent studies have shown that inherited thrombophilias are not 
associated with and RPL, anticoagulant treatment is still being administered 
to women with unexplained RPL. A Cochrane review studied live birth after 
anticoagulant therapy in women with RPL with or without thrombophilia 
and showed no benecial effects regarding live birth rate for the studied 
anticoagulants (aspirin, heparin or a combination of both) (69). It is 
therefore not recommended to use anticoagulant therapy in women with 
unexplained RPL. 

INTRALIPID THERAPY 

Intralipids are intravenous lipid emulsions that are reported to lower 
Natural Killer cell cytotoxicity in women with recurrent implantation 
failure. e authors extrapolated these results and theorized that intralipids 
could be benecial in couples with unexplained RPL (70). Although studies 
using low dosages have not reported serious adverse events, higher dosages 
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were associated with a series of a serious adverse events such as acute 
kidney and lung injury, and cardiac arrest (70-72). ere is insufficient 
evidence to support intralipid treatment in RPL care.  

ENDOMETRIAL SCRATCHING 

Endometrial scratching has become popular prior to IVF interventions, and 
has been theorized to be of benecial effect in embryo implantation. No 
trial has been performed so far in women with RPL and thus it is not 
recommended to be performed in RPL care. 

THYROXINE TREATMENT IN EUTHYROID WOMEN WITH THYROID 
ANTIBODIES 

Although pregnancy loss and thyroid auto-immunity have been associated, 
a recent systematic review and meta-analysis concluded that levothyroxine 
treatment in this group of women with RPL does not increase live birth 
rates and should thus not be recommended outside of clinical trials (41).  

SUPPORTIVE CARE 
Even though pregnancy loss is a common complication, it often has a 
negative impact on mental health. Understandably, the recurrence of these 
life events could further increase a negative impact. A cross-sectional study 
performed in Denmark showed that depression rates are higher in couples 
with RPL compared to healthy controls (73). International guidelines have 
therefore recommended specialised RPL units with dedicated specialists 
where supportive care could be offered to couples with RPL, focussing on 
both medical and psychological aspects. 

Supportive care for women and their partners is thus central to the 
management RPL, especially in couples with no identiable factor. 
Supportive care and intensive pregnancy surveillance in the rst weeks of 
gestation are assumed to be of inuence in the prevention of new 
pregnancy loss (74). It is important that individualized support should be 
provided in a dedicated clinic, that acknowledges pregnancy loss as a life 
event. 

Part of this supportive care is counselling on the prognosis and live birth 
rate of subsequent pregnancies in couples with RPL. is information 
manages the expectations of the couple and improves their ability to make 
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an informed decision regarding further pregnancy attempts. ere are two 
main prediction models implicated in RPL care, the model of Lund, et al., 
which is adapted by the American Society for Reproductive Medicine 
(ASRM), and the model of Brigham, et al., which has been implicated in RPL 
care in the Netherlands and the United Kingdom (12, 14, 75, 76). ese 
models provide an estimate of a successful pregnancy, based on age and 
number of previous pregnancy losses. Although these models were both 
reviewed with high methodological quality by the ESHRE and both studies 
have consistent results, these models did not follow the nowadays 
recommended TRIPOD guideline in the development and reporting of a 
prediction model, which assures transparent reporting, and acts as a tool for 
reminding authors of all necessary prediction components, such as 
measuring the predictive performance of the study internally and/or 
externally (15, 77). 

To be able to deliver the best possible (supportive) care, it is important to 
be aware of the latest evidence regarding RPL. Guidelines and their updates 
are usually published every so many years, but implementation of these 
guidelines that summarize the latest evidence and recommendations that 
follow from it often lacks, leading to large RPL practice variation. e ESHRE 
practice guidelines for example are intended to maximize implementation 
at clinics, by following an extensive procedure consisting of evidence 
review, quality assessment and translation of a set of best practice 
recommendations (78). Besides implementation, dissemination and 
promotion of guidelines should increase awareness of medical professionals 
about new practice recommendations. e ultimate goal of this process is 
to reduce inappropriate practice variation (78). A recently conducted ESHRE 
study however concluded that implementation strategies are lacking and 
that on average only one-fourth of clinicians that are aware of new 
guidelines go on and make changes in their routine practice (79). It is 
therefore important to understand the magnitude of RPL practice variation, 
and to study barriers for guideline implementation in order to reduce 
inappropriate practice variation. is is especially the case for the Dutch 
RPL guideline, which has not been updated since 2007 and is currently 
undergoing revision.  
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PREDICTION 
Prediction models are tools that aim to provide information about the 
likelihood of uncertain outcomes (80). Prediction models combine 
characteristics of individual patients to predict the presence of a disease or 
a future outcome. e use of these models aims to assist clinicians and 
patients with informed decision making, based on individual proles of 
prognostic factors. ere are four key steps to making prediction models 
useful: development, validation, impact evaluation and model updating 
(81).  

Usually, prediction models are derived from multivariable regression 
models for dichotomous outcomes. In the development phase, missing 
data, prognostic factors and model complexity should be addressed (82, 83). 
It is important for the development dataset to be large enough to develop a 
model that is reliable when applied to new individuals. In other words, the 
sample size needs to be large enough to avoid overtting (84). An 
established rule of thumb is to ensure at least 10 events for each predictor 
parameter being considered for inclusion in the prediction model (84). e 
adequacy of this rule of thumb has been debated, as the required events per 
predictor parameter is context specic and relies on a number of factors. A 
four-step procedure was therefore developed by Riley, et al. to ensure a 
precise estimate of the overall outcome risk, a small mean error for 
predicted values across all individuals, a small required shrinkage of 
predictor effects and a small optimism in apparent model t (84).  

When evaluating the predictive ability of the model on the same data that 
was used to develop the model, overtting will lead to an optimistic 
estimate of model performance. is occurs when too few events relative to 
the number of selected predictors are included (77). It is therefore 
important when developing a new prediction model to include internal 
validation. is quanties the optimism in the performance of the 
prediction model, and adjusts it for overtting (77). Methods such as cross-
validation and bootstrapping are often used as internal validation 
techniques, which is a necessary step in prediction model development 
(81).  

Prediction models need to be validated with patient data that was not used 
for the development process, as it is most probable that the original model 
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will show optimistic results (80). By validating the original model in a 
different dataset, model generalizability can be conrmed. External 
validation consists taking the original model with its predictors and 
assigned weights and applying them in new individuals, after which the 
predictive performance of the model can be quantied (85). e 
performance of a prediction model is typically measured in two dimensions, 
namely calibration and discrimination. Calibration analyses the agreement 
between the predicted and observed pregnancy success rates, while 
discrimination examines the ability of the model to separate between 
women with a successful pregnancy and those without (85).  

When prediction models are implemented in clinical management, their 
impact should be evaluated as patient outcomes and cost-effectiveness of 
clinical practice could be inuenced (86, 87). Prognostic models have a cost 
in their implementation and might even have adverse consequences on 
clinical outcomes if they lead to decisions that withhold benecial 
treatments.  

Lastly, it is desirable to update the prediction model, as systemic 
miscalibration is common when models are developed in a different setting 
(80). Updating models include recalibration, or investigating the addition 
of new prognostic factors (81).  
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THESIS OUTLINE 
In an attempt of improving the quality of RPL care, this thesis will focus on 
two main areas. In Part I, the existence of various guidelines and their use 
in clinical practice are central in understanding current day RPL care. It is 
important to study (inter)national differences in RPL care, as high levels 
practice variation might lead to an increasing number of patients seeking 
care in various (inter)national centres, to be offered more extensive 
investigations and various non-evidence-based treatments. By studying 
possible barriers in implementing evidence-based guideline and adapting 
implementation strategies to avoid these barriers, new tools can be 
developed to help overcome these barriers. Part II of this thesis focusses on 
the use of prognostic tools in supportive care for RPL couples. As 
counselling on future pregnancies plays a key role in RPL practice, it is 
important that clinicians provide accurate information. After reviewing 
available prognostic tools and evaluating them, a new prognostic tool will 
be introduced. 

PART I – GUIDELINES AND IMPLEMENTATION 

In chapters 2 and 3, national and international RPL guidelines are studied 
regarding denitions, investigations and treatments offered to couples with 
RPL.  

In chapter 4, results of a nationwide survey conducted under medical 
professionals linked to RPL care are presented. In this survey, barriers for 
the implementation of a new evidence-based RPL guidelines in the 
Netherlands are identied. 

In chapter 5, results of an implementation strategy to improve adherence 
to the RPL guideline are presented. Various tools are suggested for 
consideration to be used in future guideline implementations.  

PART II – PROGNOSIS IN RECURRENT PREGNANCY LOSS 

In chapter 6, differences and similarities between couples with two and 
three or more pregnancy losses are explored in an effort to provide insight 
in the discussion how RPL should be dened. Additionally, prognostic 
details of the studied cohort are presented. 
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In chapters 7 and 8 we focus on the role of prognostic counselling in 
couples with RPL. e current literature of prognostic models providing 
individual risk assessment for future pregnancies in couples with RPL are 
studied and evaluated in chapter 7. In chapter 8, we zoom in on one of the 
most widely used prognostic models that predict the live birth chance in 
couples with RPL in the rst pregnancy after intake.  

In chapter 9, we conclude the prognosis part of this thesis by presenting a 
study protocol that aims to predict pregnancy success in couples with both 
unexplained and explained RPL, involving both prospective and 
retrospective cohorts (OPAL-prediction model). 

Finally, in chapter 10 presents a summary of all studies included in this 
thesis, followed by a general discussion and recommendations for future 
research. 

  



 

26 CHAPTER I 

REFERENCES 

1. Eshre Guideline Group, Bender Atik R, Christiansen OB, Elson J, Kolte AM, 
Lewis S, et al. ESHRE guideline: recurrent pregnancy loss. Human 
Reproduction Open. 2018;2018(2):hoy004-hoy. 

2. Quenby S, Gallos ID, Dhillon-Smith RK, Podesek M, Stephenson MD, Fisher 
J, et al. Miscarriage matters: the epidemiological, physical, psychological, and 
economic costs of early pregnancy loss. Lancet. 2021;397(10285):1658-67. 

3. Ogasawara M, Aoki K, Okada S, Suzumori K. Embryonic karyotype of 
abortuses in relation to the number of previous miscarriages. Fertility and 
sterility. 2000;73(2):300-4. 

4. Malpas P. A Study of Abortion Sequences. BJOG: An International Journal of 
Obstetrics and Gynaecology. 1938;45(6):932-49. 

5. Nybo Andersen AM, Wohlfahrt J, Christens P, Olsen J, Melbye M. Maternal 
age and fetal loss: population based register linkage study. BMJ (Clinical 
research ed). 2000;320. 

6. Salat-Baroux J. [Recurrent spontaneous abortions]. Reproduction, nutrition, 
developpement. 1988;28(6b):1555-68. 

7. Macklon NS, Geraedts JP, Fauser BC. Conception to ongoing pregnancy: the 
'black box' of early pregnancy loss. Human reproduction update. 
2002;8(4):333-43. 

8. Rasmark Roepke E, Matthiesen L, Rylance R, Christiansen OB. Is the 
incidence of recurrent pregnancy loss increasing? A retrospective register-
based study in Sweden. Acta obstetricia et gynecologica Scandinavica. 
2017;96(11):1365-72. 

9. CBS. Women continue to postpone motherhood 2018 [Available from: 
https://www.cbs.nl/en-gb/news/2018/05/women-continue-to-postpone-
motherhood]. 

10. Markle M. e losses we share New York: New York Times; 2020 [cited 2022 
19-09-2022]. Available from: 
https://www.nytimes.com/2020/11/25/opinion/meghan-markle-
miscarriage.html. 

11. Youssef A, Vermeulen N, Lashley E, Goddijn M, van der Hoorn MLP. 
Comparison and appraisal of (inter)national recurrent pregnancy loss 
guidelines. Reproductive biomedicine online. 2019. 

12. RCOG. e Investigation and Treatment of Couples with Recurrent 
Firsttrimester and Second-trimester Miscarriage. 2011. 

13. Practice Committee of American Society for Reproductive M. Denitions of 
infertility and recurrent pregnancy loss: a committee opinion. Fertility and 
sterility. 2013;99(1):63. 

https://www.cbs.nl/en-gb/news/2018/05/women-continue-to-postpone-motherhood
https://www.cbs.nl/en-gb/news/2018/05/women-continue-to-postpone-motherhood
https://www.nytimes.com/2020/11/25/opinion/meghan-markle-miscarriage.html
https://www.nytimes.com/2020/11/25/opinion/meghan-markle-miscarriage.html


 

INTRODUCTION  27 

14. Practice Committee of the American Society for Reproductive M. Evaluation 
and treatment of recurrent pregnancy loss: a committee opinion. Fertility 
and sterility. 2012;98(5):1103-11. 

15. e ESHRE Guideline Group on RPL, Bender Atik R, Christiansen OB, Elson 
J, Kolte AM, Lewis S, et al. ESHRE guideline: recurrent pregnancy loss. Hum 
Reprod Open. 2018;2018(2):hoy004. 

16. Magnus MC, Wilcox AJ, Morken NH, Weinberg CR, Håberg SE. Role of 
maternal age and pregnancy history in risk of miscarriage: prospective 
register based study. BMJ (Clinical research ed). 2019;364. 

17. Gabriel AS, Hassold TJ, ornhill AR, Affara NA, Handyside AH, Griffin DK. 
An algorithm for determining the origin of trisomy and the positions of 
chiasmata from SNP genotype data. Chromosome research. 2011;19(2):155-
63. 

18. Hassold T, Hunt P. To err (meiotically) is human: the genesis of human 
aneuploidy. Nature Reviews Genetics. 2001;2(4):280-91. 

19. Nagaoka SI, Hassold TJ, Hunt PA. Human aneuploidy: mechanisms and new 
insights into an age-old problem. Nature Reviews Genetics. 2012;13(7):493-
504. 

20. Popescu F, Jaslow C, Kutteh W. Recurrent pregnancy loss evaluation 
combined with 24-chromosome microarray of miscarriage tissue provides a 
probable or denite cause of pregnancy loss in over 90% of patients. Human 
Reproduction. 2018;33(4):579-87. 

21. Knudsen UB, Hansen V, Juul S, Secher NJ. Prognosis of a new pregnancy 
following previous spontaneous abortions. European Journal of Obstetrics & 
Gynecology and Reproductive Biology. 1991;39(1):31-6. 

22. Maconochie N, Doyle P, Prior S, Simmons R. Risk factors for rst trimester 
miscarriage — results from a UK-population-based case–control study. BJOG: 
an international journal of obstetrics and gynaecology. 2007;114. 

23. Youssef A, Lashley L, Dieben S, Verburg H, van der Hoorn ML. Dening 
recurrent pregnancy loss: associated factors and prognosis in couples with 
two versus three or more pregnancy losses. Reproductive biomedicine 
online. 2020;41(4):679-85. 

24. Boots C, Stephenson MD, editors. Does obesity increase the risk of 
miscarriage in spontaneous conception: a systematic review. Seminars in 
reproductive medicine; 2011: © ieme Medical Publishers. 

25. Lashen H, Fear K, Sturdee D. Obesity is associated with increased risk of rst 
trimester and recurrent miscarriage: matched case–control study. Human 
reproduction. 2004;19(7):1644-6. 

26. Cocksedge K, Saravelos S, Metwally M, Li T. How common is polycystic ovary 
syndrome in recurrent miscarriage? Reproductive biomedicine online. 
2009;19(4):572-6. 



 

28 CHAPTER I 

27. Sugiura-Ogasawara M. e polycystic ovary syndrome does not predict 
further miscarriage in Japanese couples experiencing recurrent miscarriages. 
Am J Reprod Immunol. 2009;61. 

28. Laisk T, Soares ALG, Ferreira T, Painter JN, Censin JC, Laber S, et al. e 
genetic architecture of sporadic and multiple consecutive miscarriage. Nat 
Commun. 2020;11(1):5980. 

29. Kolte AM. A genome-wide scan in affected sibling pairs with idiopathic 
recurrent miscarriage suggests genetic linkage. Mol Hum Reprod. 2011;17. 

30. Woolner AM, Nagdeve P, Raja EA, Bhattacharya S, Bhattacharya S. Family 
history and risk of miscarriage: A systematic review and meta-analysis of 
observational studies. Acta obstetricia et gynecologica Scandinavica. 
2020;99(12):1584-94. 

31. Chan Y, Jayaprakasan K, Zamora J, ornton J, Raine-Fenning N, 
Coomarasamy A. e prevalence of congenital uterine anomalies in 
unselected and high-risk populations: a systematic review. Human 
reproduction update. 2011;17(6):761-71. 

32. Saravelos SH, Cocksedge KA, Li T-C. e pattern of pregnancy loss in women 
with congenital uterine anomalies and recurrent miscarriage. Reproductive 
biomedicine online. 2010;20(3):416-22. 

33. Turocy JM, Rackow BW, editors. Uterine factor in recurrent pregnancy loss. 
Seminars in perinatology; 2019: Elsevier. 

34. Kutteh WH. Antiphospholipid antibody–associated recurrent pregnancy 
loss: treatment with heparin and low-dose aspirin is superior to low-dose 
aspirin alone. American journal of obstetrics and gynecology. 
1996;174(5):1584-9. 

35. Jaslow CR, Carney JL, Kutteh WH. Diagnostic factors identied in 1020 
women with two versus three or more recurrent pregnancy losses. Fertility 
and sterility. 2010;93(4):1234-43. 

36. Meroni PL, Borghi MO, Grossi C, Chighizola CB, Durigutto P, Tedesco F. 
Obstetric and vascular antiphospholipid syndrome: same antibodies but 
different diseases? Nature Reviews Rheumatology. 2018;14(7):433-40. 

37. Regal JF, Gilbert JS, Burwick RM. e complement system and adverse 
pregnancy outcomes. Molecular immunology. 2015;67(1):56-70. 

38. Bliddal S, Feldt-Rasmussen U, Rasmussen AK, Kolte AM, Hilsted LM, 
Christiansen OB, et al. yroid Peroxidase Antibodies and Prospective Live 
Birth Rate: A Cohort Study of Women with Recurrent Pregnancy Loss. 
yroid. 2019;29(10):1465-74. 

39. D'Ippolito S, Ticconi C, Tersigni C, Garofalo S, Martino C, Lanzone A, et al. 
e pathogenic role of autoantibodies in recurrent pregnancy loss. American 
Journal of Reproductive Immunology. 2020;83(1):e13200. 



 

INTRODUCTION  29 

40. Rao VR, Lakshmi A, Sadhnani MD. Prevalence of hypothyroidism in 
recurrent pregnancy loss in rst trimester. Indian J Med Sci. 2008;62(9):357-
61. 

41. Dong AC, Morgan J, Kane M, Stagnaro-Green A, Stephenson MD. Subclinical 
hypothyroidism and thyroid autoimmunity in recurrent pregnancy loss: a 
systematic review and meta-analysis. Fertility and sterility. 
2020;113(3):587-600. e1. 

42. Clifford K, Rai R, Watson H, Regan L. An informative protocol for the 
investigation of recurrent miscarriage: preliminary experience of 500 
consecutive cases. Human reproduction (Oxford, England). 1994;9(7):1328-
32. 

43. Mills JL, Simpson JL, Driscoll SG, Jovanovic-Peterson L, Van Allen M, Aarons 
JH, et al. Incidence of spontaneous abortion among normal women and 
insulin-dependent diabetic women whose pregnancies were identied 
within 21 days of conception. e New England journal of medicine. 
1988;319(25):1617-23. 

44. Bradley LA, Palomaki GE, Bienstock J, Varga E, Scott JA. Can Factor V Leiden 
and prothrombin G20210A testing in women with recurrent pregnancy loss 
result in improved pregnancy outcomes?: Results from a targeted evidence-
based review. Genetics in medicine. 2012;14(1):39-50. 

45. Matsukawa Y, Asano E, Tsuda T, Kuma H, Kitaori T, Katano K, et al. 
Genotyping analysis of protein S-Tokushima (K196E) and the involvement 
of protein S antigen and activity in patients with recurrent pregnancy loss. 
European journal of obstetrics, gynecology, and reproductive biology. 
2017;211:90-7. 

46. Rey E, Kahn SR, David M, Shrier I. rombophilic disorders and fetal loss: a 
meta-analysis. Lancet. 2003;361(9361):901-8. 

47. Salama M, Isachenko V, Isachenko E, Rahimi G, Mallmann P, Westphal LM, 
et al. Cross border reproductive care (CBRC): a growing global phenomenon 
with multidimensional implications (a systematic and critical review). 
Journal of assisted reproduction and genetics. 2018;35(7):1277-88. 

48. Lasheras G, Mestre-Bach G, Clua E, Rodriguez I, Farre-Sender B. Cross-Border 
Reproductive Care: Psychological Distress in A Sample of Women 
Undergoing In Vitro Fertilization Treatment with and without Oocyte 
Donation. Int J Fertil Steril. 2020;14(2):129-35. 

49. Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos A-M, Vandvik PO. 
VTE, thrombophilia, antithrombotic therapy, and pregnancy: antithrombotic 
therapy and prevention of thrombosis: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2):e691S-
e736S. 

50. Lu C, Liu Y, Jiang H-L. Aspirin or heparin or both in the treatment of 
recurrent spontaneous abortion in women with antiphospholipid antibody 



 

30 CHAPTER I 

syndrome: a meta-analysis of randomized controlled trials. e Journal of 
Maternal-Fetal & Neonatal Medicine. 2019;32(8):1299-311. 

51. Empson MB, Lassere M, Craig JC, Scott JR. Prevention of recurrent 
miscarriage for women with antiphospholipid antibody or lupus 
anticoagulant. Cochrane database of systematic reviews. 2005(2). 

52. Girardi G, Redecha P, Salmon JE. Heparin prevents antiphospholipid 
antibody–induced fetal loss by inhibiting complement activation. Nature 
medicine. 2004;10(11):1222-6. 

53. van den Boogaard E, Cohn DM, Korevaar JC, Dawood F, Vissenberg R, 
Middeldorp S, et al. Number and sequence of preceding miscarriages and 
maternal age for the prediction of antiphospholipid syndrome in women 
with recurrent miscarriage. Fertility and sterility. 2013;99(1):188-92. 

54. Dhillon-Smith RK. Levothyroxine in women with thyroid peroxidase 
antibodies before conception. N Engl J Med. 2019;380. 

55. Bernardi LA, Cohen RN, Stephenson MD. Impact of subclinical 
hypothyroidism in women with recurrent early pregnancy loss. Fertility and 
sterility. 2013;100(5):1326-31. 

56. Lazarus J, Brown RS, Daumerie C, Hubalewska-Dydejczyk A, Negro R, Vaidya 
B. 2014 European thyroid association guidelines for the management of 
subclinical hypothyroidism in pregnancy and in children. Eur yroid J. 
2014;3(2):76-94. 

57. Akhtar M, Saravelos S, Li T, Jayaprakasan K, Obstetricians RCo, 
Gynaecologists. Reproductive implications and management of congenital 
uterine anomalies: scientic impact paper No. 62 November 2019. BJOG: An 
International Journal of Obstetrics & Gynaecology. 2020;127(5):e1-e13. 

58. Rikken JF, Kowalik CR, Emanuel MH, Mol BWJ, Van der Veen F, van Wely M, 
et al. Septum resection for women of reproductive age with a septate uterus. 
Cochrane Database of Systematic Reviews. 2017(1). 

59. Rikken JFW, Kowalik CR, Emanuel MH, Bongers MY, Spinder T, Jansen FW, 
et al. Septum resection versus expectant management in women with a 
septate uterus: an international multicentre open-label randomized 
controlled trial. Human reproduction (Oxford, England). 2021;36(5):1260-7. 

60. Coomarasamy A, Williams H, Truchanowicz E, Seed PT, Small R, Quenby S, 
et al. A randomized trial of progesterone in women with recurrent 
miscarriages. New England Journal of Medicine. 2015;373(22):2141-8. 

61. Coomarasamy A, Devall AJ, Brosens JJ, Quenby S, Stephenson MD, Sierra S, 
et al. Micronized vaginal progesterone to prevent miscarriage: a critical 
evaluation of randomized evidence. American journal of obstetrics and 
gynecology. 2020;223(2):167-76. 

62. Coomarasamy A, Devall AJ, Cheed V, Harb H, Middleton LJ, Gallos ID, et al. A 
randomized trial of progesterone in women with bleeding in early 
pregnancy. New England Journal of Medicine. 2019;380(19):1815-24. 



 

INTRODUCTION  31 

63. Ku CW, Allen Jr JC, Lek SM, Chia ML, Tan NS, Tan TC. Serum progesterone 
distribution in normal pregnancies compared to pregnancies complicated by 
threatened miscarriage from 5 to 13 weeks gestation: a prospective cohort 
study. BMC pregnancy and childbirth. 2018;18(1):1-6. 

64. Beer AE, Quebbeman JF, Ayers JW, Haines RF. Major histocompatibility 
complex antigens, maternal and paternal immune responses, and chronic 
habitual abortions in humans. Am J Obstet Gynecol. 1981;141(8):987-99. 

65. Wong LF, Porter TF, Scott JR. Immunotherapy for recurrent miscarriage. e 
Cochrane database of systematic reviews. 2014(10):CD000112. 

66. Egerup P, Lindschou J, Gluud C, Christiansen OB, ImmuRe MIPDSG. e 
Effects of Intravenous Immunoglobulins in Women with Recurrent 
Miscarriages: A Systematic Review of Randomised Trials with Meta-Analyses 
and Trial Sequential Analyses Including Individual Patient Data. PloS one. 
2015;10(10):e0141588. 

67. Gomaa MF, Elkholy AG, El-Said MM, Abdel-Salam NE. Combined oral 
prednisolone and heparin versus heparin: the effect on peripheral NK cells 
and clinical outcome in patients with unexplained recurrent miscarriage. A 
double-blind placebo randomized controlled trial. Archives of gynecology 
and obstetrics. 2014;290(4):757-62. 

68. Laskin CA, Bombardier C, Hannah ME, Mandel FP, Ritchie JW, Farewell V, et 
al. Prednisone and aspirin in women with autoantibodies and unexplained 
recurrent fetal loss. e New England journal of medicine. 1997;337(3):148-
53. 

69. de Jong PG, Kaandorp S, Di Nisio M, Goddijn M, Middeldorp S. Aspirin and/or 
heparin for women with unexplained recurrent miscarriage with or without 
inherited thrombophilia. e Cochrane database of systematic reviews. 
2014(7):Cd004734. 

70. Roussev RG, Acacio B, Ng SC, Coulam CB. Duration of intralipid's suppressive 
effect on NK cell's functional activity. American journal of reproductive 
immunology (New York, NY : 1989). 2008;60(3):258-63. 

71. Hayes BD, Gosselin S, Calello DP, Nacca N, Rollins CJ, Abourbih D, et al. 
Systematic review of clinical adverse events reported after acute intravenous 
lipid emulsion administration. Clin Toxicol (Phila). 2016;54(5):365-404. 

72. Meng L, Lin J, Chen L, Wang Z, Liu M, Liu Y, et al. Effectiveness and potential 
mechanisms of intralipid in treating unexplained recurrent spontaneous 
abortion. Archives of gynecology and obstetrics. 2016;294(1):29-39. 

73. Hedegaard S, Landersoe SK, Olsen LR, Krog MC, Kolte AM, Nielsen HS. Stress 
and depression among women and men who have experienced recurrent 
pregnancy loss: focusing on both sexes. Reproductive biomedicine online. 
2021;42(6):1172-80. 

74. Liddell HS, Pattison NS, Zanderigo A. Recurrent miscarriage--outcome after 
supportive care in early pregnancy. e Australian & New Zealand journal of 
obstetrics & gynaecology. 1991;31(4):320-2. 



 

32 CHAPTER I 

75. Brigham SA, Conlon C, Farquharson RG. A longitudinal study of pregnancy 
outcome following idiopathic recurrent miscarriage. Human reproduction 
(Oxford, England). 1999;14(11):2868-71. 

76. Lund M, Kamper-Jorgensen M, Nielsen HS, Lidegaard O, Andersen AM, 
Christiansen OB. Prognosis for live birth in women with recurrent 
miscarriage: what is the best measure of success? Obstetrics and gynecology. 
2012;119(1):37-43. 

77. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a 
multivariable prediction model for individual prognosis or diagnosis 
(TRIPOD): the TRIPOD Statement. BMC Med. 2015;13:1. 

78. Vermeulen NLC, N; Mcheik, S; D’Angelo, A; Tilleman, K; Veleva, Z; Nelen, W. 
Manual for ESHRE guideline development [PDF]. ESHRE; 2020 [Available 
from: https://www.eshre.eu/-/media/sitecore-
les/Guidelines/ESHRE_Manual_Guidelines_2020.pdf?la=en&hash=46076B
F17F060EAD753F08DF615A2547DC5136C6]. 

79. Gameiro S, Sousa-Leite M, Vermeulen N. Dissemination, implementation 
and impact of the ESHRE evidence-based guidelines. Hum Reprod Open. 
2019;2019(3):hoz011. 

80. Steyerberg EW. Clinical Prediction Models. 2nd ed: Springer; 2019. 

81. Steyerberg EW, Moons KG, van der Windt DA, Hayden JA, Perel P, Schroter S, 
et al. Prognosis Research Strategy (PROGRESS) 3: prognostic model research. 
PLoS Med. 2013;10(2):e1001381. 

82. Sauerbrei W, Royston P, Binder H. Selection of important variables and 
determination of functional form for continuous predictors in multivariable 
model building. Stat Med. 2007;26(30):5512-28. 

83. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. 
Multiple imputation for missing data in epidemiological and clinical 
research: potential and pitfalls. BMJ (Clinical research ed). 2009;338:b2393. 

84. Riley RD, Ensor J, Snell KIE, Harrell FE, Jr., Martin GP, Reitsma JB, et al. 
Calculating the sample size required for developing a clinical prediction 
model. BMJ (Clinical research ed). 2020;368:m441. 

85. Riley RD, Ensor J, Snell KI, Debray TP, Altman DG, Moons KG, et al. External 
validation of clinical prediction models using big datasets from e-health 
records or IPD meta-analysis: opportunities and challenges. BMJ (Clinical 
research ed). 2016;353:i3140. 

86. Moons KG, Altman DG, Vergouwe Y, Royston P. Prognosis and prognostic 
research: application and impact of prognostic models in clinical practice. 
BMJ (Clinical research ed). 2009;338:b606. 

87. Reilly BM, Evans AT. Translating clinical research into clinical practice: 
impact of using prediction rules to make decisions. Ann Intern Med. 
2006;144(3):201-9. 

 

https://www.eshre.eu/-/media/sitecore-files/Guidelines/ESHRE_Manual_Guidelines_2020.pdf?la=en&hash=46076BF17F060EAD753F08DF615A2547DC5136C6
https://www.eshre.eu/-/media/sitecore-files/Guidelines/ESHRE_Manual_Guidelines_2020.pdf?la=en&hash=46076BF17F060EAD753F08DF615A2547DC5136C6
https://www.eshre.eu/-/media/sitecore-files/Guidelines/ESHRE_Manual_Guidelines_2020.pdf?la=en&hash=46076BF17F060EAD753F08DF615A2547DC5136C6


 

INTRODUCTION  33 

 

 

  


