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Abstract
Objectives: Measuring of antenatal care utilization is important from a public health perspective. The Content and Timing of care in Pregnancy tool (CTP) focuses on the care process and includes aspects on quality of care. The aim of the study is to gain insight in the applicability of the CTP tool across Europe. 
Methods: National guidelines for routine antenatal care were examined, analysing the degree to which the four items in the CTP tool were included in these guidelines. 
Results: From the 30 countries, 22 had a national guideline for routine antenatal care. The CTP tool is applicable in over 60% of the European countries with a national guideline. 
Conclusions: The CTP tool can be used to measure antenatal care delivery in Europe. The tool is useful to evaluate the care process, focusing on rates of interventions as the closest approximation to the delivery of health care, with a focus on content of visits rather than simply the number of visits. Together with indicators measuring structure and outcome of health care, conclusions about the quality of care can be made.
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Introduction 
The provision of antenatal care is universally accepted to be of great importance in preventing poor pregnancy outcomes (Taylor et al., 2005). Different aspects of antenatal care have been used as a measure of uptake in the literature. Some focus on single aspects of the received care e.g. initiation of care (Nothnagle et al., 2000), number of visits (Petrou et al., 2001;Raatikainen et al., 2007), others include a combination of initiation of care, number of visits and at what point in the  pregnancy these take place, such as the Adequacy of Prenatal Care index (Kotelchuck, 1994). The Adequacy of Prenatal Care Use (APNCU) index and the Kessner Index are the most frequently used measures (Ng et al., 2015;Partridge et al., 2012;Tayebi et al., 2013;Vanderweele et al., 2008). With these measures the more visits a woman receives the better the care use is judged to be. These tools, therefore, are not applicable to high risk women because they necessarily generate more visits assigning them automatically to the most adequate care group (Vanderweele et al., 2008). Another critique of these tools is that one can receive the same content of care in fewer visits (McDuffie, Jr. et al., 1996). A reduced number of  visits does not necessary lead to poor outcome when the content of care is good (McDuffie, Jr. et al., 1996). Therefore only focussing on pregnancy duration and number of visits is not enough in itself to adequately evaluate the quality care received in pregnancy (Alexander and Kotelchuck, 2001;Kogan et al., 1998). Internationally the need for tools that consider more qualitative, content aspects of antenatal care has been expressed (Handler et al., 2012;Kogan et al., 1998;Korenbrot et al., 2005;Ricketts et al., 2005;White et al., 2006).  For example, EURO-Peristat, a group that has defined perinatal indicators, concluded that indicators measuring ‘content of care’ needed further development (EURO-PERISTAT project, 2008). In order to evaluate the care use and include the content dimension of care (that is what kind of care and or intervention is offered), a tool was developed by the first author that included both the content and timing of healthcare interventions during pregnancy (Beeckman et al., 2011). The development of the Content and Timing of Care in Pregnancy (CTP) tool has been described in detail in Beeckman et al. (Beeckman et al., 2011). The tool  was developed by examining the evidence for different key antenatal interventions during pregnancy and drew on two international robust and representative guidelines for antenatal care,  (the National Institute for Health and Care Excellence (NICE) 2008; the American College of Obstetrics and Gynaecologists (ACOG) guidelines , American Academy of Pediatrics and the American College of Obstitricians and Gynecologists, 2007). In order to include pregnant women regardless parity or risk status, the Content and Timing of Care in Pregnancy (CTP) tool focusses on a minimal care package recommended for every woman. The CTP tool includes four items:
1.	the initiation of care in pregnancy  
and the number and timing of three interventions in pregnancy:
2.	blood samples 
3.	ultrasound 
4.	blood pressure measurement 
The CTP tool is an ordinal scale representing four categories going from inadequate, intermediate, and sufficient to appropriate antenatal care. The CTP tool, therefore, provides a useful starting point for evaluating the quality of antenatal care use.
The CTP tool has been found to more accurately evaluate antenatal care trajectories compared to tools that only focus on the number of visits corrected for the pregnancy duration (Beeckman et al., 2011). Beeckman et al. showed a significantly higher predictive value of the tool with regard to preterm birth (Beeckman et al., 2013a). Women in the appropriate care category are at least risk of preterm birth (Adjusted OR 0.21, 95%CI 0.06-0.68) compared with women in the inadequate care group. Further, the CTP tool was used in a Belgian study to examine social determinants of antenatal care use. Women  of Maghreb origin (adjusted OR 0.38; 95%CI 0.22-0.66) and those without higher education (adjusted OR 0.58; 95%CI 0.37-0.92) were less likely  to have an appropriate antenatal care trajectory(Beeckman et al., 2013b). Besides these applications, the CTP tool is relevant to the evaluation of the impact of actions/interventions developed to improve the uptake of care in disadvantaged women for example. Furthermore, the CTP tool can be used to compare the appropriateness of antenatal care use between or within countries and evaluate implementation strategies to augment adherence to guidelines for antenatal care.
This study aims to gain insight in the applicability of the CTP tool across Europe. National guidelines for routine antenatal care were examined and we looked at the degree to which the four items in the CTP tool were included in the national guidelines for antenatal care in the member states of the European Union.	

Methods
A structured questionnaire on the existence and content of national guidelines for routine antenatal care was sent to national experts from the current 28 member states of the European Union plus Norway and Iceland. The questionnaire included three tables with pre-suggested screening tests  in which the expert could tick the tests recommended by their national guideline, and at what time(s) during pregnancy (boxes with ‘first visit’ and gestational weeks 6 to week 40 as a time line in the row were provided). This was to map the recommendations in the guidelines. Three separate tables were included for recommendations for physical tests, such as the measurement of blood pressure, technical tests, such as abdominal or vaginal ultrasound, and laboratory tests, such as taking blood samples for a HIV test to be logged. The questionnaire is  based on a questionnaire used in previous studies (Bernloehr et al., 2005) and is available on request from the authors.
Data collection
National experts on antenatal care were approached through a snowball sampling method using international organisations (EURO-PERISTAT project, the European Midwives Organisation (EMA) and the European Board and College of Obstetricians and Gynaecologists (EBCOG)) to distribute the survey invitations.  By the end of January 2014, the responses covered the 30 countries, 28 member states of the European Union, plus Norway and Iceland. No ethical approval for this study was required according to the rules and regulations for ethical clearance in the country, Belgium, where the lead author is based.
Data preparation
After data collection (end of January 2014) all responses were checked for completeness and plausibility. Incomplete responses were removed from the dataset. In case of multiple responses for one country, the responses were compared. In the case of inconsistencies, the differences in the answers were sent for clarification to a national contact person, identified through a number of routes: the COST action IS0907, `Childbirth Cultures, Concerns and Consequences: Creating a dynamic EU framework for optimal maternity care´; the EBCOG; and international personal contacts of the investigators. After this process of checking and cross-checking, a complete and approved dataset was obtained.
Data analysis
In order to gain insight in the applicability of the CTP tool, we examined the similarities and dissimilarities across the countries in recommendations relating to the four items in the CTP tool (1. initiation of care, and number and timing of: 2. blood samples taken, 3, ultrasound and 4. blood pressure measurement). Figure 1 provides details of the construction of the CTP tool. Item one, initiation of care is defined in the first step of the construction of the CTP tool. Items two, three and four can be read off as the last step of the construction. For example, with regard to the first item: we examined the degree to which initiation of care is advised before the 14th week of gestation in the guidelines.  Countries without any national guidelines were excluded from the analysis.

Figure 1: construction of the CTP tool

The aim of this analysis was to determine if the recommendations in the national guidelines for antenatal care corresponds with the content of the CTP tool. The main question was whether all four items from the CTP tool were recommended in all national guidelines on antenatal care. The first item we checked was whether the initiation of care was recommended before 13 weeks + 6 days of gestation. The second item was the similarity with recommendations for ultrasound scans (is one recommended in the first and second trimester), thirdly we checked recommendations for blood samples taken (is one advised in the first and second trimester) and fourth we evaluated recommendations for blood pressure measurement (is at least one in the first, two in the second and three measurements in the third trimester advised).
In the first step of the data analysis, we extracted all the variables related to the four items from the CTP tool. With regard to recommendations for both initiation of care and blood pressure measurement, respondents were asked to mark the recommended gestational age limit for a first antenatal visit. For the recommendations for blood pressure measurement, respondents were asked to mark the gestational weeks when a blood pressure measurement should occur in pregnancy. In order to analyse the recommendations for ultrasound screening we included three questions: recommendations for the number and timing of Doppler ultrasound; abdominal ultrasound; and transvaginal ultrasound during the course of the pregnancy. In order to count the number and timing of blood samples recommended in pregnancy, the following questions were included in the analysis: atypical red cell antibodies; blood group; and haemoglobin screening. 
While this first step was sufficient to define the country specific recommendations for initiation of care in pregnancy, a second step was necessary for the analysis of the other variables in order to compare their correspondence with the three other items of the CTP tool (number and timing of blood sample taken, ultrasound and blood pressure measurement). For each pregnancy trimester (trim 1, trim 2 and trim 3) we counted the recommended number of blood pressure measurements, doppler ultrasounds, abdominal ultrasounds, transvaginal ultrasounds, tests for atypical red cell antibodies, determination of the maternal blood group and haemoglobin measures. In accordance with the definitions used to construct the CTP tool, the end of the first trimester is defined at 13 weeks + 6 days of gestation and the third trimester starts at week 27. 
In a final step, for each country we examined whether the recommended number of the three interventions (ultrasound, blood sample and blood pressure) per trimester, defined in the second step of the analysis, were similar to the minimum numbers set in the CTP tool. When all four items of the CTP tool were in line with the recommendations in the national guideline, it can be concluded that the tool is applicable in that specific European country. This means that the CTP tool can be used to measure antenatal care uptake and check adherence to the national guidelines. Further, the CTP tool can be used to measure antenatal care use within these counties, enabling (inter)national comparison of health care utilisation, analyses of determinants of uptake of care and evaluation of the impact of antenatal care use on different outcome measures.



Results 
Countries with a national guideline for routine care in a normal pregnancy
We received responses from 30 countries; eight have no national guideline for routine antenatal care in low risk women (Austria, Cyprus, Greece, Ireland, Malta, Slovakia, Slovenia and Sweden). All other EU member states, as well as Norway and Iceland have national guidelines; most of these have been issued or revised in 2010 or later.

Congruence between the items of the CTP tool and the recommendations in the guidelines
All 22 national guidelines recommend a first antenatal visit before week 14.  With regard to the recommendations on the number of the three selected interventions in pregnancy, we found that 20 out of the 22 countries recommend at least two ultrasound scans in routine care for normal pregnancies; 18 out of the 22 countries recommended at least two blood samples throughout a routine pregnancy (focusing on atypical red cell antibodies, blood group or haemoglobin levels). All countries recommend at least six measures of blood pressure in routine antenatal care program (the number ranges from six to at every consultation). 
When taking into account the timing of these interventions in the respective trimesters, we found that 20 countries recommended at least one ultrasound in the first trimester and 21 countries recommend a second trimester ultrasound scan (table 1). All countries recommend at least one blood sample in the first trimester and 18/22 in the third trimester. Eighteen out of the 22 countries recommend at least one blood pressure measurement in the first trimester, 21 countries recommend at least two in the second trimester and all 22 at least three in the third trimester.

Table 1: Overview of the number out of the 22 national guidelines that have recommendations according to the items of the CTP tool

Applicability of the CTP tool across Europe
At country level we found that the CTP tool can easily be applied in 14 out of the 22 countries with a national guideline, as recommendations for routine antenatal care are in line with the four items (reflected in eight variables) of the tool presented in table 2. These countries are Belgium, Bulgaria, Czech Republic, Estonia, France, Germany, Hungary, Iceland, Latvia, Lithuania, the Netherlands, Poland, Romania and the United Kingdom.
The main reasons why CTP is not applicable in eight of the 22 countries is that there is no recommendation for a blood sample to be taken in the third pregnancy trimester (n=4) and a first trimester blood pressure measurement (n=4) is not recommended. In six out the eight countries, the CTP tool does not fit with the recommendations in the guidelines for routine antenatal care because of incompatibility on one item. For Denmark and Italy, respectively three and two items in the CTP tool are not in line with the national recommendations (see table 2).

Table 2: overview of the applicability of the CTP tool in the 22 countries with national guidelines for antenatal care 
 


Discussion 
Health in pregnancy and appropriate follow-up influence health in later life, both for the mother and the baby (Braeken et al., 2013;Loomans et al., 2013;Loomans et al., 2014;Otte et al., 2015). Measuring adequacy of antenatal care use, especially with a focus on content, is important from a public health perspective. This paper evaluated the degree to which the CTP tool, including elements of content of care can be applied across Europe. 
Our results show that in 14 countries out of the 22 (63%) European countries with guidelines, the CTP tool can be used to measure antenatal care use because the elements to construct the tool reflect the national recommendations for antenatal care. In those countries the antenatal care trajectories can be measured and compared by using the CTP-tool. This information can be used to hypothesize differences in health outcomes for example. Furthermore, determinants of health care utilisation can be analysed and compared between countries. Differences in the organisation of antenatal care between the countries could help to explain the findings and inspire care providers and policy makers to develop strategies for improvement (Catling et al., 2015). When evaluating the CTP items in depth, we found that in four of the guidelines a third trimester blood sample, which is recommended for screening for anaemia, was not advised. The WHO states that Iron deficiency is the most common cause of anaemia in pregnancy worldwide (Reveiz L  et al., 2007). Low and very low levels of haemoglobin are related  to worse pregnancy outcomes for mother and baby ( National Institute for Health and Clinical Excellence, 2008). Severe iron-deficiency anaemia can lead to cardiac failure and less tolerance of blood loss associated with birth (Lodewyckx, 2004). Therefore screening in the third pregnancy trimester for anaemia is a strong recommendation according to the GRADE tool (Guyatt et al., 2011). Secondly, a first trimester blood pressure measurement was only recommended in 18 out of the 22 countries, while a third trimester blood pressure measurement was advised in all guidelines. This finding is somewhat surprising since measurement of the blood pressure at the first visit can detect chronic hypertension (Australian Health Ministers' Advisory Council.Clinical PracticeGuidelines, 2015). Furthermore, higher blood pressure at the first booking visit was found to be significantly associated with an increased incidence of pre-eclampsia (Odegard et al., 2000;Sibai et al., 1995;Stamilio et al., 2000). Routine measuring of the blood pressure is crucial for identifying the new onset of hypertension ( National Institute for Health and Clinical Excellence, 2008;Australian Health Ministers' Advisory Council.Clinical PracticeGuidelines, 2015;Gyselaers W et al., 2015;Lodewyckx, 2004) and hypertension in pregnancy is related to morbidity such as preterm labour (Australian Health Ministers' Advisory Council.Clinical PracticeGuidelines, 2015;Gyselaers W et al., 2015;Lodewyckx, 2004).

The CTP tool includes content of care, reflecting service delivery and as such measures the care process. These service processes and the structure of the service delivery characterize the way in which care is organized and are two key components in determining quality of care (Al-Qutob et al., 1996;Donabedian, 1997). Donabedian’s categorisation of health care indicators is one of the earliest described and most widely applied, emphasising the importance of examining structure, process and outcome (Donabedian, 1997). The resources available for service delivery relate to structural indicators according to Donabedian. The activities within a service, and how these are performed, such as rates of interventions and the use of protocols, are examples of process indicators. These process indicators represent the closest approximation to how actual health care is delivered (Donabedian A, 2003;Donabedian, 1997), and therefore are important when measuring health care utilisation. Inclusion of process indicators in the CTP tool enables the measurement of one component of quality of care. While both outcomes and the measurement of the structure of care are important in the evaluation of quality of care, they were outside the main focus of this paper. 
A limitation of the study was that due to language restrictions, the researchers were unable to review all 22 national guidelines themselves, and this could have introduced some misunderstanding.  However, we attempted to overcome this by involving obstetricians and midwives who were native speakers, recruited through national professional organisations across Europe to cross check the interpretation of the guidelines and we argue that this is a robust strategy to gain insight in the content of national guidelines. Moreover, the intra-, as well as the inter-rater reliability was found to be sufficiently robust to justify the selection of the instrument (Bernloehr A., 2007). Together with the quality checks that were set up, contacting representatives of the specific countries to address concrete questions the responses, we argue our analysis can be seen as accurate representation of the national guidelines’ content.
In order to evaluate whether the CTP tool is applicable across Europe, we focused on national guidelines. Although audits of national guidelines are often missing or not available in the international literature, it can be argued that national guidelines reflect the care use that is most likely to be standard practice in that country. Secondly, guidelines often describe the minimal care that should be offered strengthening the choice of using them in our examination. Furthermore, data on actual care provision is not often routinely collected and as a result cannot be used for instrument development. So examining national guidelines are a way of assessing what antenatal care is provided, while recognising the limitations of this – how far provision complies with the guidance- and the degree to which economic costs of antenatal care use affect the uptake of (different) recommendations in the national guidelines. For eight of the 30 countries that participated in the study (28 member states of the European Union plus Norway and Iceland) there are no national guidelines for routine antenatal care. Therefore we are not able to conclude if the CTP tool is applicable in these countries. If however there is evidence that the items in the CTP tool are in line with the current practice, regional or institutional guidelines, the CTP tool can be applied in these countries, regions, institutions as well. We did not examine the reasons for not having a national guideline on routine antenatal care, it might be that those countries use other guidelines such as the NICE guideline and in these cases the CTP is applicable. To conclude we acknowledge that there are more aspects of antenatal care, compared to the content dimension of care delivery, that reflect the quality of the antenatal care. Aspects such as information provision, informed decision making, satisfaction, continuity of care etc. are process indicators that are not included in the CTP tool. Such a comprehensive tool however would ask for a lot detail that is often not routinely registered and collected and therefore would be difficult to implement on a large scale or used for international comparisons. The pregnancy duration at the first visit, the timing of the first and second ultrasound scan, the timing of blood analyses and the dates of blood pressure measurement in pregnancy however are variables available in the pregnant women’s’ medical records and therefore the CTP tool is an easy and practical way to assess  practice. 

This study shows that the CTP tool is applicable in over 60% of the European countries with a national guideline for routine antenatal care, as the items of the CTP tool are part of the national guidelines. The CTP tool therefore is valuable for measuring and comparing antenatal care delivery. The tool is a first attempt to evaluate the care process, focusing on rates of interventions as the closest approximation to the delivery of health care, with a focus on content of visits rather than simply the number of visits (that was the sole measure in earlier measurement tools). Together with indicators measuring structure and outcome as defined in Donabedian’s categorisation of health care (Donabedian, 1997), conclusions about the quality of care can be made. Research that includes process, structure and outcome indicators is a challenge for the future.  Insights about the relationship between quality of antenatal care and pregnancy outcome of care could be used to inform the organization of care in practice. Tools such as CTP enable comparisons of antenatal care use over time, between care settings and countries. Since the CTP tool reflects a minimal care package that every women regardless parity or risk status should receive, the tool can be used alongside medical records and applied in the whole pregnant population.
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Table 1: Overview of the number out of the 22 European national guidelines that have recommendations according to the items of the Content and Timing of care in Pregnancy (CTP) tool (Europe, Norway and Iceland, 2014)
	
	Ultrasound
	Blood sample
	Blood pressure

	Trimester 1
	At least one
	At least one
	At least one

	
	20
	22
	18

	Trimester 2
	At least one
	*
	At least two

	
	22
	
	21

	Trimester 3
	*
	At least one
	At least three

	
	
	18
	22


*These are not recommended in the CTP tool


Table 2: overview of the applicability of the Content and Timing of care in Pregnancy (CTP) tool in the 22 European countries with national guidelines for antenatal care (2014)
	 
	first visit    < 14 w
	Ultrasound
	Blood sample
	Blood pressure
	CTP applicable

	 
	
	trim 1
	trim 2
	Trim 1
	Trim 3
	trim 1
	trim 2
	trim 3
	

	Belgium 
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Bulgaria
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Croatia
	yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	yes
	No

	Czech Republic
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Denmark
	yes
	Yes
	Yes
	Yes
	No
	No
	No
	yes
	No

	Estonia
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Finland
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	France
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Germany
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Hungary
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Iceland
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Italy
	yes
	No
	Yes
	Yes
	yes
	No
	Yes
	yes
	No

	Latvia
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Lithuania
	yes
	Yes
	Yes
	Yes
	yes
	No
	Yes
	yes
	No

	Luxembourg
	yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	yes
	No

	Netherlands
	yes
	Yes
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	Yes

	Norway
	yes
	No
	Yes
	Yes
	yes
	Yes
	Yes
	yes
	No

	Poland
	yes
	Yes
	Yes
	yes
	yes
	Yes
	Yes
	yes
	Yes

	Portugal
	yes
	Yes
	Yes
	yes
	yes
	No
	Yes
	yes
	No

	Romania
	yes
	Yes
	Yes
	yes
	yes
	Yes
	Yes
	yes
	Yes

	Spain
	yes
	Yes
	Yes
	yes
	No
	Yes
	Yes
	yes
	No

	United Kingdom
	yes
	Yes
	Yes
	yes
	yes
	Yes
	Yes
	yes
	Yes

	Total
	22
	19
	22
	22
	18
	18
	21
	22
	14
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