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Chapter 1 
Introduction 

Recurrent miscarriage 
 
Miscarriage is the most common complication in pregnancy (incidence 10-15%) (1). 

Approximately 3% of women trying to conceive experience two miscarriages, and 1% 
three miscarriages (2).  Couples that experience more than one miscarriage might have 
an underlying risk factor, but there is no consensus when couples should be identified 
as “recurrent miscarriage” patients. In other words, it is unclear what recurrent 
miscarriage actually defines; a fact that has received remarkable little attention in the 
literature. 

In 1938, Malpas was the first to publish a theoretical model on recurrent 
miscarriage (3). His theory was that women with “abortion sequences” could be 

divided into women with successive pregnancies that fail because of the chance of 
succession of random factors – “bad luck”- and women with recurrent factors, the 
“recurrent aborters”. Based on the assumed risk of a sporadic miscarriage of 17% per 
pregnancy, and 1% of women having “recurrent factors” –i.e. risk factor-, he stated as 
a matter of chance that a recurrent factor was with reasonable certainty present in 
women with a “3-abortion sequence”, i.e. three consecutive miscarriages. He studied 
115 women with three consecutive miscarriages, and found “early lesions of the 
developing embryo, poor condition of the mother and chronic nephritis”, which he 

considered to be underlying recurrent factors, in 58% of women. Women with non-
consecutive miscarriages, being women with three or more miscarriages interspersed 
with a live birth were not included in his analysis. His theory predicted that women 
with three consecutive miscarriages had a 73% chance of their next pregnancy also 
ending in a miscarriage. 
 Although this concept of three consecutive miscarriages is often still used as the 
definition of recurrent miscarriage, there is no consensus on the number of preceding 
miscarriages (2 versus 3 or more) as well as on the sequence of previous pregnancies 

(consecutive versus non-consecutive miscarriages) (4-8). The theoretical model has 
never been tested or validated. The sticking point is that in the majority of women, no 
underlying risk factor is found. The question has arisen whether it is possible to 
identify any difference in underlying pathology in “unexplained recurrent miscarriage” 
–i.e. couples with underlying risk factors that are so far unknown, and couples with 
recurrent miscarriage by chance, “bad luck” (9). In other words, it is unclear whether 
the condition of “real recurrent aborters” exists.  
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Although the concept of recurrent miscarriage has rarely been subject of study, the 
definition as described above is used to identify those women that do have an 
increased risk for underlying risk factors and therefore do qualify for additional 
investigations.  

Since research on this topic is limited, it is important to find out in whom, and 
when to start which investigations for underlying risk factors, based on clinical 

presentation. In other words, the definition of recurrent miscarriages should be 
evidence based, rather than just consensus based. 

 
For sporadic miscarriage we do know that maternal age is a strong risk factor, based on 
increased prevalence of fetal aneuploidy (10). The incidence of miscarriage for women 
aged 20-24 is 9%, while the incidence in women aged 45 is > 50% (1). The risk of 
recurrent miscarriage is consequently also higher in women of higher age. 
Epidemiologic cohort and case control studies have tried to identify risk factors for 
recurrent miscarriage and nowadays carrier status of chromosomal abnormalities in 

one of the parents, antiphospholipid syndrome (APS), inherited thrombophilia, 
hyperhomocysteinaemia, thyroid antibodies and uterine abnormalities have been 
demonstrated to be associated with increased prevalence of recurrent miscarriage (11-
22). Associations have also been described for life style factors -Body Mass Index (BMI) 
and smoking (23-26). 

In the general population 0.7% of men and women is carrier of a balanced 
chromosomal abnormality. After one, two or three miscarriages the prevalence 
increases up to 2.2%, 4.8% and 5.2% respectively (11;12). Compared to non-carrier 

couples, carriers of a balanced chromosomal abnormality have an increased risk of 
another miscarriage, but chances of a live birth in the subsequent pregnancy is 60%, 
and 83% after more than one pregnancy (27-29).  

Chromosomal abnormalities –mainly numeric- can be detected in around 50% 
of the foetus of early miscarriage (10;12). The incidence of cytogenetic abnormal 
miscarriage tissue is not different in couples with recurrent miscarriage than in 
sporadic miscarriage, and there is no increased risk for recurrence of these 
abnormalities (30-31). Therefore, testing products of conception on chromosomal 

abnormalities has no consequences in finding underlying risk factors, and has no 
therapeutic consequences. 
 Antiphospholipid syndrome is an acquired thrombophilia disorder, defined as: 
recurrent miscarriage (  three first-trimester miscarriages or  one second trimester 
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miscarriage of a fetus > 10 weeks Gestational Age (GA) without morphological 
abnormalities), or pregnancy related morbidity (pre-eclampsia, intra uterine growth 
retardation < 34 weeks GA), and/or venous or arterial thrombosis, combined with the 
presence of antiphospholipid antibodies (13). Antiphospholipid antibodies are: 
lupusanticoagulans (LAC), or medium/high titers (>40 GPL of MPL units of > 99th 
percentile) antibodies against cardiolipine (ACA, IgG and IgM). Anti-beta 2 glycoprotein 

1 (anti- 2GP1) antibodies are also antiphospholipid antibodies, but it is so far unclear 
how these antibodies influence the risk of miscarriage (13;32). Without treatment, 
ongoing pregnancy rates in the subsequent pregnancy of 30-40% have been described 
(33-36). Clinical trials have shown a positive effect of anticoagulant therapy with 
unfractionated heparin on the chance of live birth in women with APS; the 
combination of unfractionated heparin combined with low dose aspirin improved the 
chance of a live birth, compared to monotherapy with low dose aspirin (33). In women 
with at least three consecutive miscarriages, the combined therapy resulted in an 
increase of live birth in the next pregnancy from 41% up to 72%. The effect of low 

molecular weight heparin (LMWH) is less certain, but small studies did not show a 
difference between unfractionated heparin and LMWH (34). A large cohort study 
showed a similar prognosis in the next pregnancy in women with APS treated with 
LWMH and low dose aspirin, as in women with unexplained recurrent miscarriage (37). 
The prevalence of APS after two miscarriages is less evident, as well as the effect of 
anticoagulant treatment. 

An association exists between inherited thrombophilia (presence of Factor V 
Leiden, and prothrombin 20210G/A mutation, or deficiency of antithrombin, protein C, 

and protein S) and adverse pregnancy outcome; miscarriage, recurrent miscarriage and 
intra uterine death (14-16). Women with inherited thrombophilia have an up to two-
fold increased risk of miscarriage compared to women without inherited 
thrombophilia (14;15;38). There is no evidence available that anticoagulant therapy 
would reduce the risk of miscarriage in the next pregnancy (39). 

Women with hyperhomocysteinaemia are facing a 2-4-times increased risk of 
recurrent miscarriage (17;18). Increased homocysteine levels induce a disturbed 
vascular development of the placenta. Hyperhomocysteine is mainly the result of 

vitamin deficit; folid acid, vitamin B12, vitamin B 6 or combinations. In case of low 
vitamin levels, these should be supplemented to reduce the risk of another miscarriage 
(18;40;41). 
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It has been shown in a large meta-analysis, that the presence of thyroid antibodies is 
associated with an increased risk of recurrent miscarriage (OR 2.3, 95% CI 1.5-3.5), 
compared with the absence of thyroid antibodies, also in women with normal thyroid 
function (20).  There is no evidence available that treatment of thyroid autoimmunity 
will reduce the risk of miscarriage (42). 

Comparative research in women with recurrent miscarriage and a control group 

show more congenital uterine anomalies in women with recurrent miscarriage (21;22). 
The prevalence of uterine abnormalities (septate uterus, bicornuate uterus, arcuate 
uterus) is 5.5 % (95% CI, 3.5-8.5%) in the general population (43). In women with a 
history of miscarriage, this is 13.3% (95% CI, 8.9-20). The highest prevalence of 24,5% 
(95% CI, 18.3-32.8) is observed in women with a history of subfertility and miscarriage 
(43). In women diagnosed with a septate uterus, the risk of miscarriages is increased, 
compared to women without uterine abnormalities (RR 2.89 (95% CI, 2.02-4.14)). A 
septate uterus is also associated with other negative obstetric outcomes: less clinical 
pregnancies (RR 0.86 (95% CI, 0 .77-0.96)), and premature delivery (RR 2.14 (95% CI, 

1.48-3.11)) (44). No randomised studies exist with a non-treated control group that 
prove benefit of a surgical correction of uterine anomalies in women with recurrent 
miscarriage.  

Smoking, actively as well as passively, is associated with an increased risk of 
miscarriage (OR 1.67; 95% CI 1.17-2.38 and OR 2.11; CI 1.36-3.27)) respectively, 
compared to non-smokers (25;45). The risk of recurrent miscarriages is increased in 
smokers, compared to non-smokers (OR 2.1; CI 1.1-4.1)(26). An increased BMI (25-30 
kg/m2) is associated with (recurrent) miscarriage (23;24). 

 

Guidelines and implementation 
 
The first clinical guideline on recurrent miscarriage was published in the Netherlands in 

1997, named “Habitual Abortion” (46). Until that time no consensus existed on the 
definition, diagnosis and treatment of habitual abortion in the Netherlands (47). The 
guideline consisted of advises on diagnostics for underlying risk factors as described 
above, therapy and counseling.  

In 2003 the Royal College of Obstetricians and gynaecologists (RCOG) and in 
2006 the European Society of Human Reproduction and Embryology (ESHRE) released 
their guidelines on recurrent miscarriage (48;49). The Dutch guideline was thoroughly 
revised and published in 2007, translated and adopted by the National Guideline 
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Clearinghouse (NGC) (5;50). Such national and international clinical guidelines enable 
to guide clinical practice and to optimize evidence based medicine. Guidelines are now 
well-structured documents to guide doctors through up to date evidence and to 
translate this evidence into practical application. Nevertheless, publication of 
guidelines alone has proven to be insufficient to bring evidence into practice (51;52). In 
other words, guidelines are not self-implementing, they need an implementation 

trajectory themselves (53). 
 
It is not an insight recently obtained that significant hurdles need to be overcome 
when new evidence is introduced into clinical practice. A well-known example in the 
field of obstetrics and gynaecology is the introduction of a hand-washing protocol by 
Semmelweis.  After his training as a doctor, Ignaz Philip Semmelweis (1818-1865) 
started to work in the new academic clinic “Allgemeines Krankenhaus” in Vienna (54). 
Medical students and midwives were trained in Obstetrics in separate wards. 
Semmelweis observed that the mortality rate due to puerperal fever was four times as 

high in the doctors’ ward (10%) as it was in the midwivery ward (2%) (55). Semmelweis 
then made the observation that one of the pathologists had the same symptoms as 
women with puerperal fever after he got wounded during an anatomic lesson. Since 
medical students did and midwives did not visit anatomic lessons he concluded that 
some unknown "cadaverous material" had to be the cause of childbed fever. 
Semmelweis found that chlorinated solutions worked best to remove the putrid smell 
of infected autopsy tissue, and thus perhaps destroying the causal "cadaverous 
material" (56). He introduced the procedure of washing hands with chlorinated lime 

solutions, before entering the maternity ward after anatomic lessons (55;57). Mortality 
rate dropped from 18% in May to 1% in August 1847 (58;59). 

In 1848, one of Semmelweis’ former students presented the results on 
mortality rate at the Royal Medical Society on London and a review was published in 
the Lancet (60). Semmelweis then expected that his washing procedure would be 
widely adopted. To his astonishment, his ideas met with great resistance (61). The first 
problem was that doctors did not believe Semmelweis’ idea that there was one overall 
cause –lack of cleanliness- for the puerperal sepsis. At that time, the established 

medical opinion was that each case was considered to be unique and to have its own 
unique cause (55). Secondly, it was believed that puerperal fever was contagious, 
meaning that only infected persons could pass infections to others (62). Semmelweis’ 
findings were misinterpreted, and were fobbed off as non-innovative (63;64). Also, 
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doctors were offended by the idea that they should wash their hands, as if they were 
part of the problem (55). 

Assuming that the spreading of the reports and publication on drop of mortality 
rates by his students alone would be enough to implement his protocol, it was not 
until 1858 that Semmelweis published his own account of his work, an essay entitled 
“The Etiology of childbirth fever” (65;66). His main work “Die Aetiology, die Begriff und 

die Prophylaxis des Kindbettfiebers” followed in 1861 (61). The unfavorable reactions 
to his book resulted in frustration; Semmelweis chose the attack by addressing his 
opponents in a series of Open Letters (67). These offensive letters were addressed to 
prominent European obstetricians and to “all obstetricians”, who were depicted as 
irresponsible murderers. Semmelweis was declared mentally ill, admitted to a 
psychiatric hospital and died in August 1865, due to a gangrenous wound, after he got 
injured in a fight with the psychiatric nurses (68).  

 
Nowadays, the introduction of the hand-washing protocol and its application by 

Semmelweis in the clinic could be referred to as quick local implementation of a new 
clinical intervention. The wider response to the findings of Semmelweis shows a 
general pattern, which can now be classified as possible barriers for implementation of 
the hand washing protocol at the level of the professionals (69). Semmelweis’ own 
stubbornness can now be marked as an important – if not the most important- barrier 
for implementation. It is not surprising that his letters were not helpful for a successful 
acceptance and implementation. 
 Only after Louis Pasteur (1822-1895) had formulated his germ theory of disease 

could Semmelweis’ clinical observations be underpinned with theoretical evidence and 
was his washing procedure more widely accepted (70;71). Despite the initial 
resistance, the hygiene protocol from Semmelweis has become an indispensable part 
of everyday medical practice. Its widespread implementation took decades. But even 
today, despite strict hospital protocols and current knowledge of hygiene among 
doctors, nurses and patients themselves, following the protocols is still problematic 
(72;73). 
 Currently, the process of evidence based medicine is more clearly described 

than in the 19th century. New evidence is gained and published in international 
journals to communicate results systematically. Guidelines are the next step to 
summarize and translate the best available evidence. Publication of guidelines should 
be followed by their implementation process. 
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Background of the research described in this thesis 
 

The first aim of our research was to make a step forwards to decipher the enigma of 
the definition of recurrent miscarriage. International guidelines all use different 
definitions for recurrent miscarriage, as do clinical trials (5;6;48;74). Decades after 
Malpas’ publication on recurrent miscarriage, definitions vary with regard to the 
number of preceding miscarriages (2 versus 3 or more) as well as the sequence of 
previous pregnancies (consecutive versus non-consecutive) (3). The definition is mainly 
consensus or authority based and not based on data supported evidence. As 
discussions on results of trial on recurrent miscarriage often result in discussions on 

the correct definition, evidence rather than consensus on the definition was needed. 
To decipher the enigma, we studied the relationship between the sequence of 

preceding pregnancies, i.e. whether the miscarriages appeared consecutively or 
interspersed with ongoing pregnancies, and the most established underlying risk 
factors for recurrent miscarriage, i.e. carrier status and antiphospholipid syndrome. 
 
When we started the studies described in this thesis, the Dutch Society of Obstetrics 
and Gynaecologists (NVOG) accepted the revised guideline on recurrent miscarriage 

(50). It had been demonstrated that the first Dutch guideline on recurrent miscarriage 
was poorly incorporated in clinical practice (75). Regarding gestational age, only 3% of 
the respondents used the definition as advised in the guideline, and therapies not 
advised in the guideline were still applied. Despite the rapid progress in evidence 
based knowledge and the systematic revision of the guideline, it was uncertain if this 
revised guideline would find its way into the consultancy rooms. It was also not known 
how quality of care for couples with recurrent miscarriage could be improved. The 
second aim of our research was to implement the revised guideline on recurrent 

miscarriage (50). 
 Compared to the first version of the guideline, several changes on diagnostic 
tests were introduced: it was now recommended to start all diagnostic tests after two 
miscarriages, compared to after three miscarriages in the first guideline. The most 
radical and potentially cost-reducing change in the guideline was the introduction of 
the model for selective karyotyping of the parents. Couples with recurrent miscarriage 
have an increased risk that one of the partners is carrier of a balanced chromosomal 
abnormality. The first guideline contained the advice to perform parental karyotyping 
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in all couples after two miscarriages. Franssen et al. identified four independent risk 
factors that influence the risk of carrier status: 2 versus 3 or more miscarriages, 
maternal age at the time of the second miscarriage, history of recurrent miscarriage in 
the parents of either partner, history of recurrent miscarriage in brother or sister of 
either partner (76). Based on these four risk factors, a couples’ risk for carrier status in 
one of the partners could be calculated. When incorporating this model, it became 

clear that not all couples with recurrent miscarriage do indeed have an increased risk 
of carrier status, as compared to the general population (0.7%) or couples with a 
history of a sporadic miscarriage (2.2%). With the model, it became possible to limit 
karyotyping to couples with an actually increased risk ( 2.2%). As it was unclear 
whether doctors really used the model, we aimed to measure adherence to this model 
for selective karyotyping and its clinical consequences. 

No strategy for implementation of the first guideline had been available, let 
alone a strategy for the revised guideline. To be able to measure guideline adherence, 
a valuable instrument was necessary. Such an instrument - a set of quality indicators - 

was lacking at the time we started our research. Once insight into actual care was 
obtained, it would be possible to develop an implementation strategy to improve 
adherence. We aimed to develop a set of quality indicators for the guideline and 
measure actual care. Potential reasons for non-adherence to the first guideline were 
suggested, but barriers for implementation of the revised guideline were not clear 
(75). We aimed to explore systematically the reasons for adherence as well non-
adherence to the guideline among professionals and patients. We intended to use the 
results of the actual care study combined with the obtained knowledge on barriers for 

adherence to systematically develop a multi-faceted implementation strategy and test 
its feasibility and cost effectiveness. 
 

Outline of the thesis 
Chapter 2 reports on a case control study among 279 couples with recurrent 
miscarriage who were carrier of a structural chromosomal abnormality, and 428 non-
carrier couples who served as controls. We studied the relationship between carrier 
status and the sequence of preceding pregnancies, whether consecutive or non-
consecutive. 

Chapter 3 provides the results of a cohort study on 1719 women with recurrent 
miscarriage, in which we studied the relationship between the presence of 

antiphospholipid antibodies in women with recurrent miscarriage and parameters of 
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their obstetrical history: number of preceding miscarriages, type and sequence of 
previous pregnancies and maternal age. 

Chapter 4 describes the development of a set of guideline based quality 
indicators to measure guideline adherence. We used the RAND-modified Delphi-
method to select the most important recommendations from the guideline. 

Chapter 5 evaluates to which extent the model for selective karyotyping is 

applied in clinical practice in 530 couples with recurrent miscarriage. Furthermore, the 
genetic and financial consequences of the application of the model are described. 

Chapter 6 reports on the measurement of guideline adherence using quality 
indicators by multilevel analysis. Actual care in 530 couples with recurrent miscarriage 
as well as the determinants of care at patient, doctor and hospital level are assessed. 

Chapter 7 describes the barriers and facilitators that exist among patients and 
doctors for clinical use of the guideline. Focusgroup interviews were performed with 
17 gynaecologists, 13 registrars in Obstetrics and Gynaecology, six fertility doctors and 
six clinical geneticists. In depth interviews were held with ten couples with recurrent 

miscarriage. 
Chapter 8 provides the results of the study on the development and 

introduction of a multi-faceted implementation strategy. Effectiveness, feasibility and 
cost-effectiveness on guideline adherence was measured in four hospitals; 356 women 
with recurrent miscarriage before and 243 women after introduction of the 
implementation strategy. 

Chapter 9 and 10 provide a summary of the data presented in this thesis and 
gives implications for clinical practice and future research. 
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