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Abstract. We present the results of a pilot project of the Spanish Ministry of 
Health, Social Services and Equality, envisaged to the development of a national 
integrated data repository of maternal-child care information. Based on health 
information standards and data quality assessment procedures, the developed 
repository is aimed to a reliable data reuse for (1) population research and (2) the 
monitoring of healthcare best practices. Data standardization was provided by 
means of two main ISO 13606 archetypes (composed of 43 sub-archetypes), the 
first dedicated to the delivery and birth information and the second about the infant 
feeding information from delivery up to two years. Data quality was assessed by 
means of a dedicated procedure on seven dimensions including completeness, 
consistency, uniqueness, multi-source variability, temporal variability, correctness 
and predictive value. A set of 127 best practice indicators was defined according to 
international recommendations and mapped to the archetypes, allowing their 
calculus using XQuery programs. As a result, a standardized and data quality 
assessed integrated data respository was generated, including 7857 records from 
two Spanish hospitals: Hospital Virgen del Castillo, Yecla, and Hospital 12 de 
Octubre, Madrid. This pilot project establishes the basis for a reliable maternal-
child care data reuse and standardized monitoring of best practices based on the 
developed information and data quality standards. 
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1. Introduction 

Integrated Data Repositories (IDRs) are becoming an essential resource enabling the 
biomedical data reuse on larger amounts and sources of data [1]. Several initiatives 
have been carried out on IDRs to provide access to biomedical research data, either as 
federated query tools [2,3] or as centralized repositories [4]. In most solutions, the 
adoption of a common data format was key. However, to our knowledge, the use of 
specific health information standards was limited [5]. Besides, it is agreed that the 
reliability of data reuse depends greatly on its Data Quality (DQ) [6].  Certainly, DQ 
assessment is considered a key component to any IDR [7], where some successful 
examples can be found in the recent literature [4,8]. 

We present the results of a pilot project of the Spanish Ministry of Health, Social 
Services and Equality (2015/07PN0010), envisaged to the development of a National 
IDR of maternal-child care information. The project had two main motivations. First, 
the evaluation of maternal and child health strategies [9,10] with the ultimate aim of 
disseminating best practices (BPs). Second, to provide a repository for population-
based research, with a special focus on breastfeeding, as one of the main determinants 
for maternal and child health [10]. An IDR was developed as solution, which, based on 
health information standards, ensured a common interface for monitoring BPs of 
different hospitals and regions, and having its DQ assessed ensures a reliable data reuse. 

2. Materials and Methods 

The pilot was divided in three main workpackages: (1) definition of clinical 
information models and standardization of data, (2) DQ assessment and (3) definition 
of a proposal of BPs indicators. Clinical and data support was provided by the two 
participating hospitals: Virgen del Castillo Hospital, Yecla (VCH) and 12 de Octubre 
Hospital, Madrid (12OH). Figure 1 shows the architecture of the proposed solution. 

Regarding to standardization, we used ISO 13606 archetypes [11] to provide the 
IDR with an information model about the data structure (how data is organized) and the 
data constrains to be fulfilled (which values are valid). To create the required 
archetypes, a multidisciplinary group of professionals was arranged. A proper 
information modelling is crucial to ensure that the relevant clinical information will be 
available for the particular data reuse purposes. Hence, the archetype creation 
methodology included the identification of the main clinical data structures, the 
selection and aggrupation of relevant data items for the required clinical domains, the 
search of reusable archetypes, the creation of new archetypes or adaptation of existing 
ones, and their validation by clinical experts. Finally, archetypes were mapped to the 
maternal-child care data extracted from the original data sources, which were 
transformed into the ISO 13606 archetype-compliant documents. Archetype edition 
and data transformation were performed using LinkEHR Studio [12]. The IDR was 
implemented in ExistDB, and queries were defined using native XQuery language. 

The DQ assessment was carried out with a dedicated procedure based on seven 
dimensions [13]. Data completeness (non-missing data, weighting obligatory and 
optative elements), consistency (conformance to schema rules) and uniqueness (non-
replicated identifiers) were calculated according to the archetype conformance 
requirements and based on our previous studies [14]. The multi-source and temporal 
variability of data (degree of data concordance among different sources and over time) 
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were assessed based on our probabilistic DQ methods [15-17]. Data correctness 
accounted for the number of possibly anomalous records (multivariate outliers). Finally, 
the predictive value dimension measured the baseline dataset potential to predict the 
breastfeeding continuity at one month as the AUC of a Naïve Bayes classifier with a 
10-fold cross-validation estimation, as a measure of the data usefulness for this task. 

Lastly, the BPs workpackage included two tasks. First, the formal definition of a 
set of BPs indicators based on an extensive review of literature. And second, the 
operative definition of the indicators and mapping of their variables to the archetype 
information for their automatic calculation. 

 
Figure 1. Architecture of the IDR solution for a standardized and reliable maternal-child care data reuse 

3. Results 

Two main archetypes were created as the basis for (1) a report of perinatal health 
information (Figure 2), including information about family history, gestation, delivery, 
birth, and maternity, and (2) a report of the infant feeding up to two years, including 
information about breastfeeding and the dates of introduction of different types of food. 
The two main archetypes were composed of 43 sub-archetypes. The two archetypes can 
be accessed at http://mm.linkehr.com/ (currently available in Spanish only). 

To populate the IDR, the archetypes were mapped to the hospitals data sources and 
data were transformed to ISO 13606 instances. The VCH provided data from 3781 
records for the newborn report and 2133 for the infant feeding report. The 12OH 
provided 1949 records for the newborn report, but only from their neonatal database. 

DQ was assessed on the VCH and 12OH data separately for the perinatal and 
infant feeding datasets, evaluating the original EHR data (PRE) and after its 
standardization in the IDR (POST). A DQ report was generated, including the 
following main findings. Uniqueness: 100%, no replicated patient identifiers found. 
Completeness: in POST, completeness decreased due to stricter information 
requirements by the archetypes. Particularly, despite the higher completeness of the 
PRE 12OH neonatal dataset (77%), this filled a minor part of the more detailed 
perinatal archetype in POST (8%), whilst the average completeness of the VCH 
remained more stable (56% to 52%), filling in a higher degree the information required 
by the archetype. Consistency: in this pilot, due to the large amount of variables, data 
types and range checks were not included, thus, consistency results accounted for the 
un-conformance to data obligatoriness, and high measurements were obtained in 
general. Temporal stability: the method warned about a minor number of wrongly 
dated records in 12OH, showing up as an anomalous temporal subgroup; the VCH 
perinatal data showed three temporal subgroups (showing non-concordant data among 
their periods) related to two changes in the original EHR system; the VCH infant 
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feeding data was stable over time. Multi-source stability: a low stability between the 
VCH and 12OH perinatal data was found (0.08 out of 1), as expected due to their 
different populations (maternity vs neonatal units) and completeness derived from this 
reason. Correctness: an average of 1% of outlier records were found in all the datasets. 
Predictive value: an AUC of 0.60 was obtained using all the variables of VCH perinatal 
dataset. Six records did not pass the standardization process due to strong quality faults. 

Finally, a set of 127 BPs indicators, grouped in six categories involving different 
clinical processes (from gestation to primary-care follow-up), was defined according to 
national and international recommendations (Euro-Peristat, WHO, UNICEF). All the 
variables in the operative definitions of indicators were mapped to the archetypes. A 
BP monitoring system was developed using XQuery programs on the standardized data. 

 
Figure 2. Contents of the perinatal report archetype 

4. Discussion 

The defined archetypes should be considered as an initial version, candidate to be 
revised by further professionals, towards a harmonized detailed clinical model. Further 
versions should also incorporate terminology bindings (e.g., to SNOMED-CT) to 
provide the semantics of the information structures and data values, not covered in this 
pilot. Mapping the local vocabularies of the two hospitals to the controlled vocabulary 
used in the archetypes was an intense task. Using standard terminologies in both the 
archetypes and the original data sources can solve this problem in the future. 

The DQ assessment provided novel insights about the effect on DQ of data 
standardization using health information standards. Stricter information requirements 
can improve DQ in terms of completeness and consistency, and improve the usability 
of data given their contextualization. However, the change of the variable space given 
by the standardization must be considered in comparing PRE and POST measurements: 
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archetypes defined a larger set of information compared to the existing data.  
Consistency assessment can be improved including data type and range checks, what 
can be supported by the use of terminologies. The temporal variability results can be of 
utmost utility to support the mapping of data with variable representations over time. 

The BPs monitoring based on standardized data would allow further enrolled 
hospitals getting instant BPs monitoring, comparison, and DQ assessment, just by 
providing equivalent standardized data. Finally, other repository technologies are to be 
explored to support advanced query needs and to improve the efficiency of the IDR. 

5. Conclusion 

This pilot project established the basis for a national IDR for a reliable maternal-child 
data reuse and standardized monitoring of BPs. The discussed lessons learned can 
facilitate the scaling-up of the project in national and international actions. The 
developed approach can be replicated in additional healthcare domains. 
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