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In this chapter we present the summary of the results, as well as the implications for 
clinical practice and future research.  
 

Recurrent miscarriage 
Improving the quality of obstetric care is one of the most important challenges to 
achieve the Millenium Development Goals in 2015 (1). Within the field of reproductive 
medicine, recurrent miscarriage is a special clinical entity, affecting women of all ages 
and social background. The condition of recurrent miscarriage -at that time named 
habitual abortion- was first described by Malpas in 1938 (2). He stated a theoretical 
model that in women with three or more consecutive miscarriages, as a matter of 

chance, with reasonable certainty an underlying recurrent factor would be present. 
Recurrent factors in his population were early leasions in the developing embryo and 
poor condition of the mother. 

Since then, in epidemiologic cohort and case-control studies balanced 
chromosomal abnormalities in one of the partners, Antiphospholipid Syndome, 
inherited thrombophilia (Antithrombin III, protein C, protein S, Factor V Leiden, Factor 
II, Factor VIII), hyperhomocystenaemia, uterine malformations, increased Body Mass 
Index (BMI), and smoking have been identified as risk factors for recurrent miscarriage 

(3-10). 
The definition used by Malpas “three or more consecutive miscarriages” is 

often still used as the definition of recurrent miscarriage. 
 

Implementation of a guideline 
Ideally, new evidence on risk factors as described above would be integrated in advices 
on diagnostic tests in guidelines within a short period of time after publication, and 
then implemented directly into clinical practice, followed by monitoring to see 
whether the new evidence indeed leads to better patient care. 

This so-called quality circle would induce a continuous uptake of new evidence 
in daily clinical practice (Figure 1). Unfortunately, new evidence and guidelines are not 

self-implementing (11). Often, clinical reality is different and guidelines are not 
followed automatically (12;13). 
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Figure 1. Quality circle for guideline development 

 
One of the first known struggles in implementation was the introduction of the hand 

washing protocol by Semmelweis (14;15). Despite the decrease in maternal mortality 
due to puerperal fever after introduction of the hand washing protocol, it took years to 
achieve implementation of his protocol in clinical practice. 

After the publication of his results, Semmelweis expected that the washing 
procedure would be widely adopted (16). However, this turned out differently, not 
least because of his own stubbornness while spreading his results. Even nowadays, the 
implementation of hand-washing is still an issue in many hospitals (17;18). 

Studies on implementation of guidelines in obstetrics and gynaecology have 

revealed ample room for improvement. Implementation of guidelines on diagnostic 
work-up in subfertile couples, intra uterine insemination (IUI) and single embryo 
transfer in in vitro fertilization (IVF) have been investigated systematically, all showing 
low adherence to several aspects of the guidelines (19;20). Implementation strategies 
to improve guideline adherence for couples with subfertility and IVF were tested with 
varying success. 
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A Randomised Clinical Trial (RCT) with a multi-faceted strategy directed at 
professionals and patients did not achieve an improvement in guideline adherence to 
10 Dutch subfertility guidelines on diagnostics and treatment (21). An implementation 
strategy to increase the number of single embryo transfers instead of multiple 
(double/triple) embryo transfers resulted in more couples to choose for single embryo 
transfer (22). It should be mentioned that the strategy consisted of a decision aid, 

support of a nurse, but also the offer of reimbursement by way of an extra treatment 
cycle. 

Review of implementation strategies for guidelines in obstetrics showed that 
interventions including audit and feedback, reminders and multi-faceted strategies 
were most effective and that identification of barriers prior to development of the 
strategy lead to better adherence (23).  
 
Adherence to the first Dutch guideline on recurrent miscarriage, published in 1999 
proved to be poor as well. Questionnaires were sent to gynaecologists, asking about 

their adherence to the guideline. Only 3% of the respondents used to the definition 
from the guideline (  3 consecutive miscarriages) (24). Over- and underuse of 
diagnostic tests were performed; while not advised, 55% of the respondents tested 
glucose levels in all patients, and 75% determined protein C in all patients, while APTT 
(advised to test in all patients) was only tested by 53% of the respondents. Resection 
of the septum in a septate uterus was performed by 74% of the respondents, while the 
guideline indicated there was no evidence to perform this surgery. 

The Dutch guideline on recurrent miscarriage was revised and published in 2007 

(25). An important change in the revised guideline for recurrent miscarriage was the 
advice to perform karyotyping selectively, instead of in all couples with two or more 
miscarriages (28). Furthermore, it was advised to test only for inherited thrombophilia 
in case of increased risk, ie history of venous thrombosis or positive family history of 
thrombosis and thrombophilia. 

The revised guideline was not accompanied by an implementation strategy. 
Implementation of the first guideline was only measured through questionnaires 
addressed to gynaecologists. An instrument to measure guideline adherence in 

recurrent miscarriage was not available and barriers and potential facilitators for 
guideline adherence were unknown. The definition of recurrent miscarriage was three 
or more consecutive miscarriages in the 1999 guideline, and changed in 2007 into at 
least two non-necessarily consecutive miscarriages (25;27). 
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After the first guideline Franssen et al. showed that only 3% of the responding 
gynaecologists used the definition from the guideline, others used a random variety of 
definitions. (International) uniformity on the definition of recurrent miscarriage would 
probably facilitate implementation of new evidence in clinical guidelines and new 
guidelines in clinical practice. 
 

Chapter 1 gives an outline and described the objectives of this thesis. 
 

Part I. The definition of recurrent miscarriage: an enigma? 
 
Adding “consecutive” to the definition of recurrent miscarriage, like Malpas did, 

suggests that an underlying cause or risk factor causes a 100% miscarriage rate. While, 
for example for genetic abnormalities, one could imagine a Russian roulette, resulting 
in a non-consecutive series of miscarriages, interspersed with live births. Furthermore, 
a 100% direct relationship would be strange since also women with an underlying 
associated risk factor have high chances of a successful ongoing next pregnancy, even 
without treatment (28;29). 

In Part I of this thesis, we studied the relationship between obstetric history – 
sequence and number of preceding miscarriages- and the risk of underlying 

chromosome abnormalities and antiphospholipid syndrome, as an attempt towards 
better defining the still elusive clinical entity of recurrent miscarriage. 
 
In chapter 2 we studied the relationship between the sequence of preceding 
miscarriages in couples with recurrent miscarriage, and balanced chromosome 
abnormalities in one of the parents. It was so far unknown whether the risk of being 
carrier of a chromosomal abnormality was the same in couples with consecutive –i.e. 
miscarriages not interspersed with live birth- as in couples with non-consecutive 

miscarriages. 
In order to investigate the relationship between sequence of miscarriages and 

risk of carrier status, we performed a case-control study, in which couples referred for 
chromosome analysis after two or more miscarriages were included: Cases were 279 
couples with a carrier of a structural chromosomal abnormality and controls were 428 
non-carrier couples with recurrent miscarriage. Consecutive miscarriage was defined 
as at least two or three preceding miscarriages in a row, not interspersed with any 
other pregnancy. We determined the association between the sequence of preceding 
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pregnancies and parental chromosomal abnormalities by performing multivariable 
logistic regression analyses, corrected for known risk factors for carrier status – 
maternal age at time of second miscarriage, two versus three or more miscarriages, a 
family history of recurrent miscarriage. 

256 Carrier couples (92%) and 381 non-carrier couples (89%) had experienced 
consecutive miscarriages (p = 0.21). A history of two or three consecutive miscarriages 

did not alter the probability of carrier status when compared with two (Odds Ratio 
(OR) 0.90, 95% confidence interval (CI) 0.48-1.7) or three (OR 0.71, 95% CI 0.39-1.3) 
non-consecutive miscarriages.  

In other words, the risk of carrier status in couples with recurrent miscarriage 
was defined by the known four risk factors and not influenced by the sequence –
consecutive or non-consecutive- of the preceding miscarriages. The sequence of 
preceding miscarriages should therefore not be incorporated in the identification of 
high risk or low risk couples. 
 

In chapter 3 we studied the relationship between obstetric history and the underlying 
risk factor antiphospholipid syndrome (APS). Obstetric history was defined as: 
maternal age at the time of presentation, number of preceding miscarriages, first-
trimester and second-trimester miscarriages, the presence and number of preceding 
live births at >24 weeks gestational age, and the sequence (consecutive vs. 
nonconsecutive) of miscarriages. Miscarriages were considered to be consecutive 
when not interspersed with a successful pregnancy. APS was defined as the presence 
of antiphospholipid antibodies. 

In a cohort of 1719 women with recurrent miscarriage defined as two or more 
miscarriages, underlying risk factors were tested. We included 312 women with 
recurrent miscarriage and APS (18%), and 1,407 with unexplained recurrent 
miscarriage (82%). Univariable and multivariable binary logistic regression analyses 
were performed to calculate differences in obstetric history between the women with 
recurrent miscarriage and APS and women with unexplained recurrent miscarriage.  

The mean maternal age (32.6 years) did not differ between women with and 
without APS (OR 1.00, 95% CI 0.98–1.02). The median number of miscarriages was 

three in both groups. A total of 865 women (50%) had a history of at least one live 
birth, with no difference between the two groups (OR 1.17, 95% CI 0.91-1.50). In both 
groups, 97% of the women had a history of consecutive miscarriages (OR 0.73, 95% CI 
0.33-1.62). The number of preceding miscarriages (OR 1.02, 95% CI 0.94-1.10), type 
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and sequence of previous pregnancies (OR 1.02, 95% CI 0.94-1.10), and maternal age 
(OR 1.00, 95% CI 0.98-1.02) were not associated with underlying APS in women with 
recurrent miscarriage.  
 We showed that the risk of underlying antiphospholipid syndrome and carrier 
status of chromosomal abnormalities in couples with recurrent miscarriage is not 
related to obstetric history. The sequence – consecutive or non-consecutive- of 

preceding miscarriages in patients with APS or carrier couples, was not different from 
controls with unexplained recurrent miscarriage. In patients with APS, the number of 
preceding miscarriages and maternal age were not different from controls with two or 
more unexplained recurrent miscarriages. It can therefore not be justified that only 
women with three or more consecutive miscarriages are identified as “recurrent 
miscarriage patients” and are eligible for diagnostic testing to identify underlying risk 
factors. Consecutive should therefore not be part of the definition of recurrent 
miscarriage. Studies on diagnostics and therapy in recurrent miscarriage should also 
include couples with two first trimester recurrent non-consecutive miscarriages. 

 

Part II. Implementation of the Dutch guideline on recurrent 
miscarriage 
 
In this part of the thesis, we describe the results of the studies on implementation of 
the revised Dutch guideline on recurrent miscarriage (2007) (25). 
 
Chapter 4 described the development of the set of quality indicators from the Dutch 
guideline of recurrent miscarriage, to be able to measure guideline adherence. 

A systematic RAND-modified Delphi method was used to identify 39 
recommendations on diagnostics, therapy and counseling from the guideline. 
Questionnaires with the recommendations composed as score sheets, were sent by 
surface mail to 15 gynaecologists with expertise in recurrent miscarriage. The score 
sheet presented all recommendations from the guideline, accompanied by their 
evidence level and an appraisal was requested for each recommendation. The experts 
appraised the recommendations on a nine-point Likert scale with respect to their 
impact on both ‘health gain’, and/or ‘overall efficacy’. Selected recommendations were 

rated valid if they had an overall high (8 or 9) panel median score on the Likert scale 
and showed ‘agreement’ between the ratings of the independent experts. A consensus 
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round followed, to reach consensus on the set of key recommendations resulting from 
the questionnaires. 

A representative set of 23 key recommendations was selected and defined as 
the set of quality indicators for the guideline. All recommendations of evidence level A 
(high) and D (consensus based) were accepted as quality indicators, while 64% of level 
B and 22% of level C recommendations was accepted. 

 
Measurement of the implementation of selective karyotyping in clinical practice is 
described in chapter 5. The advice to perform karyotyping only in couples with a high 
risk for carrier status was the most rigorous change in the revised guideline. We 
performed a retrospective cohort study, including 530 couples with recurrent 
miscarriage who visited nine Departments of Obstetrics and Gynaecology in the 
Netherlands in 2006. Selective karyotyping was defined as offering karyotyping to high-
risk couples and refraining from karyotyping in low-risk couples. Data were collected 
for cytogenetic results and risk factors as described in the model for selective 

karyotyping. 
186 high-risk couples (74%) were offered karyotyping. Although not advised, 

karyotyping was still performed in 198 low-risk couples (71%). Overall, selective 
karyotyping was offered to 50% of the couples. Multi-level logistic regression analysis 
was applied to examine the associations between the characteristics of individual 
patients, doctors or hospitals (independent variables) on one hand, and the 
implementation of selective karyotyping (dependent variables) on the other hand. 

The main determinants for implementation of the model were maternal age, 

obstetric history, and treatment by specialists in recurrent miscarriage and the number 
of patients per centre. 

The potential reduction in the number of karyotyping tests was calculated by 
comparing the number of chromosome tests actually performed with the number of 
tests that would have been performed had the model been strictly followed. By 
applying selective karyotyping in agreement with the guidelines, a potential saving of 
1,240,716 euro annually could be achieved nationwide. 
 

In chapter 6 we presented the measurement of guideline adherence in 530 couples 
with recurrent miscarriage. During a 12-month study period (2006), couples from 
departments of obstetrics and gynaecology in The Netherlands were included. Actual 
care was assessed with 23 guideline-based quality indicators (covering diagnostics, 
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therapy and counselling) by calculating per indicator the percentage of women for 
whom the indicator was followed. Thereafter we performed multilevel analyses, to 
relate the adherence to the indicator to determinants of women, professionals and 
hospitals. 

For nine indicators we found that appropriate care was administered in <50% of 
women. Homocysteine and antiphospholipid antibodies were determined in 39% and 

47%, respectively. Thrombophilia screening (54%) and karyotyping (50%) were offered 
to women regardless of their underlying risk for inherited thrombophilia or 
chromosome abnormalities. Higher maternal age at the time of presentation and a 
lower number of preceding miscarriages were improperly used to decide on diagnostic 
tests and were both associated with lower guideline adherence by professionals. 
Professionals with a subspecialisation in recurrent miscarriage provided better 
standard care, i.e. screening for antiphospholipid antibodies (OR 19, 95% CI 7.6-46) 
and homocysteine (OR 16, 95% CI 6.8-36), but also showed overuse of diagnostics in 
women at low risk of inherited thrombophilia (OR 0.06, 95% CI 0.03-0.15). Multilevel 

analyses did not show one clear determinant related to high adherence. 
This measurement of guideline adherence revealed poor adherence on the 

majority of aspects of the guideline. 
 
With this knowledge, barriers for low adherence to the guideline were explored, as 
described in chapter 7. A qualitative study was performed by way of semi-structured 
interviews. Six focus group interviews were performed with 42 gynaecologists, 
residents in obstetrics and gynaecology, fertility doctors and clinical geneticists. Ten 

individual in-depth explorative interviews with women who had experienced recurrent 
miscarriage were conducted. Two theoretical models were used to structure the 
interviews. These models categorize barriers according to four similar domains 
including characteristics of: (I) the guideline, (II) professionals, (III) patients, and (IV) 
organization. Two members of the study group extracted separately barriers and 
facilitators from the interviews transcribed. We identified 96 barriers for guideline 
adherence among professionals at all four domains. The guideline being too 
complicated in the consultancy room and finding it difficult to refuse demands of 

insistent patients were mentioned frequently as barriers. During the individual in-
depth interviews with 10 patients, 40 barriers were found, of which lack of up-to-date 
patient information and lack of detailed knowledge about family history were most 
frequently mentioned. 
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Both professionals and patients mentioned an electronic decision tool and patient 
questionnaires prior to their first visit as potential facilitators. All participants agreed 
that complete adherence to the guideline was theoretically achievable. 
 
Based on the measurement of guideline adherence and the existing barriers, an 
implementation strategy was developed. Chapter 8 showed the results of the 

evaluation of this implementation strategy on feasibility (use and preferences), 
effectiveness, and costs-consequences. 

The strategy consisted of 11 elements and was introduced in four departments 
of obstetrics and gynaecology that also participated in the actual care measurement in 
2006. We measured guideline adherence in patients with recurrent miscarriage before 
and after the introduction of this implementation strategy, using the set of quality 
indicators from the guideline, by calculating per indicator the percentage of women for 
whom the indicator was followed. Multilevel logisetic regression analyses were 
performed to compare the change in guideline adherence after the introduction of the 

strategy. For the feasibility study professionals and patients documented preferences, 
usage and self-estimated effectiveness of the different elements of the strategy. We 
performed multilevel logistic regression analyses to study the relationship between 
use of the elements of the strategy and guideline adherence. A cost-consequence 
analysis was performed from a health care perspective. 

All women with recurrent miscarriage that visited the participating hospitals 
prior to the strategy (2006) and after the introduction of the strategy (2009) were 
included for analysis; 356 patients were included before and 243 after introduction of 

the strategy. Professionals had their own preference for the different elements of the 
strategy, with great variance. The use of four elements was directly related to a higher 
adherence; the specified medical chart file, patient questionnaire, pocketcard and 
electronic decision tool. These four elements could be used on a wider scale to 
improve nation-wide implementation of the guideline. 

The percentage of adherence was significantly higher after the introduction of 
the implementation strategy for ten indicators on diagnostics and therapy. The highest 
increase was measured for selective screening for thrombophilia (+37%, OR 5.2, 95% CI 

3.6-7.6). None of the indicators showed a decrease in adherence. During the 6-month 
study period after the strategy, a reduction of 93,056 euro was achieved. In the four 
participating centres, 535 patients with recurrent miscarriage were seen annually, 
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which would result in a saving of -206,916 euro. Throughout the Netherlands, annual 
saving of at least 734,841 euro would be achievable using the strategy. 
 

Clinical implications and suggestions for future research 
Couples that experience more than one miscarriage might have underlying risk factors, 
but there is no consensus on when they should be identified as “recurrent miscarriage” 
patients. 

The studies in this thesis showed that the incidence of some underlying risk 
factors –APS and carrier status of a chromosomal abnormality- is already increased 
after two non-consecutive miscarriages. With the growing number of national and 

international randomised clinical trials (T4Life, NTR 3364; Alife 2, NTR 3361; TRUST, 
NTR 1676, Promise, ISRCTN 92644181; Tablet study, ISRCTN 15948785), more evidence 
will become available about when to start diagnostic and therapeutic interventions, 
which may help to get more insight into the pathophysiology of recurrent miscarriage.  

We emphasize that a consensus on the definition should be based on data 
obtained in these studies, rather than on beliefs. If these and future trials would 
perform predefined subgroup analyses on the number and the sequence of preceding 
miscarriages, i.e. consecutive or not, this will make it possible to study the relationship 

between number and sequence of miscarriages and effect of therapy. Studies on 
underlying risk factors should incorporate these as independent variables in their 
analyses. 

Since no study has ever proven that women with non-consecutive miscarriages 
have a lower incidence of underlying risk factors than women with consecutive 
miscarriages, we consider it unethical to withhold diagnostics or to exclude these 
women from studies on recurrent miscarriage. “Consecutive” should not be part of the 
definition of recurrent miscarriage until the contrary is proven. 

When a woman with recurrent miscarriage – i.e. more than one miscarriage- is 
first seen, gynaecologists need to take into account her complete individual risk profile 
– age, number of preceding pregnancies and miscarriages, history of thrombophilia, 
family history of recurrent miscarriage and thrombophilia, other diseases - in order to 
decide what diagnostic tests to perform.  
 
The first Dutch guideline on recurrent miscarriage was poorly adopted in clinical 
practice (24). After revision of the guideline, we performed the implementation studies 

described in this thesis. With the developed implementation strategy a significant 
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increase in adherence to most aspects of the guideline was achieved (30). Although 
the strategy is relatively simple and easily adjustable, the implementation process was 
time consuming; with repetitive feedback and consultation during indicator 
development, focusgroup interviews, and feedback after the first measurement of 
guideline adherence let alone the effort needed to identify the patients in retrospect.  

It would be undoable and highly ineffective to start a new implementation 

study every time new evidence becomes available. Let us consider here how the 
process of gathering new evidence and improvement of clinical care as a consequence 
of newly acquired evidence is organized at the moment. The most valuable instrument 
to test effectiveness of medical interventions is the Randomised Controlled Trial (RCT), 
but the main obstacle is that recruitment of patients is often problematic and usually 
slower than expected (31). 

The evidence laboriously obtained from RCTs is then adopted in guidelines. 
Development of these guidelines is more and more structured but also very time-
consuming with often few available financial resources (32). And then, despite all these 

efforts and,-usually public, funding, these carefully revised guidelines are not followed 
by clinicians (11-13). We feel that this is unacceptable and that doctors have the 
obligation to the patient and society to integrate evidence based medicine in their 
daily clinical practice. 

From this point of view, implementation should be embedded in the process of 
guideline revision. It is a relatively small effort to adjust the set of quality indicators 
and the implementation package together when revising a guideline and to provide 
new guidelines with practical tools (AGREE II) (33). 

In the example of the guideline on recurrent miscarriage from the Dutch Society 
of Obstetrics and Gynaecology (NVOG), this would be: the specified medical chart file, 
patient questionnaire, pocketcard and electronic decision tool. Considering the 
barriers for implementation that were found at the patient level and their outspoken 
ideas on good quality of care, we emphasize that patients should be heard in the 
implementation process (34;35). Within the NVOG, patients are already involved in 
guideline development. Their knowledge and experiences should be taken into 
account for implementation as well. Digital medical files are upcoming and will be 

standard part of patient care in the near future. This will provide clinicians and 
guideline developers with the opportunity to measure guideline adherence and quality 
of care by using a digital algorithm for quality indicators.  

In short, instead of performing studies like the ones described in this thesis,  
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implementation should be integrated in guideline development, providing 
professionals with time, energy and financial resources to focus on gaining new 
evidence in the future. 
 

Conclusion 
 
The studies described in this thesis provide a tool to keep the circle of quality running 
for couples with recurrent miscarriage. Although no gold standard exists for 
implementation strategies, the basic principle is that doctors pay attention to new and 
updated guidelines and their accompanying implementation tools. This is not a 
shocking new insight, but a self-evident moral obligation of any professional. It is 

shocking that so many doctors feel that they can practice differently. 
The findings described in this thesis might function as a framework for 

implementation of other guidelines in obstetrics and gynaecology, but also other fields 
of patient care. 

It is time to implement guidelines before they are even published: the moment 
a guideline is revised, the implementation package is released simultaneously, 
followed by short-term feedback based on the digital files. Doctors of the future 
should incorporate reflection of quality of care in their daily professional practice as 

part of the circle of quality.
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