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Abstract 

Aim 

To determine if reliable information on the survival of children born with a major congenital 

anomaly (CA) between 1995 and 2014 can be obtained through linkage to national vital statistics or 

mortality records in 13 European countries. 

Methods 

EUROCAT is a European network of population-based CA registries. Twenty-one EUROCAT registries 

agreed to participate in a EUROlinkCAT study to link live births with a CA using personal identifiers to 

either their national vital statistics (including birth records, death records, hospital records) or to 

mortality records only, depending on the data available within each region or country. 

Results 

Of the 21 registries, one registry was unable to get ethical approval to participate. Five English 

registries received approval to link their data 3 years after their initial application to do so: results for 

three of the five who have completed linkage are reported in this paper. Eleven registries linked to 

vital statistics and seven registries linked to mortality records only, one of the latter only had 

identification numbers for 78% of cases, hence it was excluded from further analysis. Deterministic 

linkage only, based on a unique identification number (ID) found in the CA file and in the local 

database, was used in seven registries. Six registries used a combination of deterministic and 

probabilistic linkage (based on agreement of common identifying variables such as name and 

address). A further two registries used probabilistic methods only, and three registries manually 

linked cases to mortality data using unique identifiers.  

For registries linking to vital statistics: six linked over 95% of their cases for all years and five were 

unable to link at least 85% of all live born CA cases in the earlier years of the study. No estimate of 

linkage success could be calculated for registries linking to mortality records. Irrespective of linkage 

method, deaths that occurred during the first week of life were over three times less likely to be 

linked compared to deaths occurring after the first week of life. 

Conclusions 

Linkage to vital statistics can provide accurate estimates of survival of children with CAs in some 

European countries. Bias arises when linkage is not successful, as early neonatal deaths were less 

likely to be linked. Linkage to mortality records only cannot be recommended, as linkage quality, and 

hence bias, cannot be assessed. 
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Introduction 

CAs are structural anomalies and genetic syndromes that occur during development of the embryo 

and are a leading cause of perinatal and infant mortality in Europe1. Around 2-3% of all children born 

in Europe every year will have a major CA. The EUROCAT network of population-based CA registries 

provides essential epidemiologic information and surveillance on CAs in Europe but information is 

mainly collected up to a baby’s first year of life2-4. There is little information on survival after one-

year of age in Europe5, with studies either analysing all anomalies combined6 or concentrating on a 

few specific anomalies, such as spina bifida or Down syndrome7,8. One study investigated 20-year 

survival for a range of CAs in the North of England, but was unable to report survival for many rare 

CAs due to small numbers9.  

Legally, all deaths must be registered therefore death certificates are considered a reliable source of 

information on the number of deaths. However, they may not be an accurate source of information 

on the causes of death in children with CAs as although death certificates may state the primary 

cause of death which may be infection, seizures or others, a US study found that they may not list 

the CA as an underlying cause of death10. Copeland et al.10 concluded that the only way to accurately 

assess mortality and survival in children with rare anomalies is to pool data across CA registries and 

link these to death certificates. Using such methods, a study from the US for children born 1992-

1998 found that mortality of children with CAs up to age 7 years was over seven times higher than 

the mortality in children without CAs11. Many countries in Europe have linked to death records to 

investigate perinatal mortality, but linking to death records as a method of assessing survival of 

older children across Europe has not been previously reported12. 

One aim of the EUROlinkCAT study is to investigate the survival of children with specific CAs for the 

first 10 years of their lives by linking livebirths with CAs in EUROCAT registries to mortality records 

from various administrative sources. This study reports on the quality and accuracy of linkage to 

national vital statistics or mortality records in order to provide information for future researchers 

considering conducting similar studies in other population groups. 

Methods 

Design and Setting 

All CA registries who were members of EUROCAT (www.eurocat-network.eu) were invited to 

participate in the HORIZON 2020-funded EUROlinkCAT study. Initially, 20 registries from 12 countries 

agreed to try to link all livebirths with a CA in their region to mortality records up to their 10th 

birthday (Table 1). An additional registry who had already linked their data also participated in 

EUROlinkCAT (Norway).  
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Table 1: Methods of linking by registry 

Country: 
Registry 

Linkage to vital 
statistics or 
mortality 

Source Data Linkage Identifiers Method 

Belgium: 
Antwerp 

Mortality records Flemish Agency for Care and 
Health, Belgian Mortality 
records 

Birth weight, infant sex, residence, 
birth date of mother (National ID 
numbers could not be used) 

A third party conducted linkage of CA file to the Belgian 
Mortality records. Probabilistic linkage 

Croatia: 
Zagreb 

Mortality records Republic of Croatia Bureau of 
Statistics 

Unique identification number (OIB) CAs using a unique identification number were sent to the 
National Statistics Bureau for information on mortality 
Manual linkage 

Denmark: 
Funen 

Vital statistics Statistics Denmark (SD) Pseudonymised personal ID (PNR) SD created a pseudonymised personal ID (PNR) used to link 
information in different registers. A combination of 
deterministic and probabilistic linkage was used. The Child’s 
PNR did not link all the children and matching of maternal PNR, 
birth date, maternal age, gestational age, birth weight and sex 
were used to link these. 

Finland Vital statistics Cause-of-Death Register held 
by Statistics Finland 

Unique identification PIN number 
for each death registered  

Registry conducted their own linkage between the Finnish 
Register of Congenital Anomalies and the Cause-of-Death 
Register held by Statistics Finland. Deterministic linkage 

France: Paris Vital statistics Civil register and mortality 
records at the French National 
Institute of Statistics and 
Economic Studies (INSEE) 

Unique ID INSERM linked their CA dataset to the civil register and 
mortality records 
Deterministic linkage 

Germany: 
Saxony-Anhalt 

Mortality records Death records Birth month and year, infant sex, 
birth weight, birth year of mother, 
residence  

Manually 

Italy: Emilia 
Romagna 

Vital statistics Regional Mortality Registry 
(RMR), Regional Inhabitant 
Registry (RIR), and Report for 
National Institute of Statistics 
(ISTAT) 

Unique identification number CA cases were matched to the baby’s birth record data 
(CeDAP), the baby’s hospital record data (SDO) and the 
mother’s hospital record data (SDO) which was matched with 
the baby’s hospital data (SDO) which was then matched to the 
mortality record. Probabilistic linkage was used between the 
EUROCAT dataset and CeDAP.  
Deterministic linkage was used between CeDAP, SDO and 
Mortality datasets 
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Italy: Tuscany Vital statistics Regional Registry Office, 
Mortality database, Regional 
discharge database 

Unique ID (unique identifier 
number) based on five variables 
(first name, last name, date of 
birth, place of birth, and sex) 

Cases have a unique ID, which was used for linkage to all the 
regional health databases. 
Deterministic linkage 

Malta Mortality records Malta Congenital Anomalies 
Register, Mortality Register 

Unique identification number Cases manually linked using unique identification number. 
Deterministic linkage 

Netherlands: 
Northern 
Netherlands 

Vital statistics Central Bureau of Statistics 
(CBS, also known as Dutch 
Statistics) 

Date of birth, sex, postal code and 
year of validity of postal code used 
to obtain national identification 
number 

The encrypted national identification number (rinnumber) is 
used to link all available datasets at CBS. 
Deterministic linkage 

Norway Vital statistics Medical Birth Registry of 
Norway (MBRN), Cause of 
Death registry 

Unique national ID number given at 
birth 

Used a linked dataset that was originally created for another 
project. This dataset linked the Medical Birth Registry of 
Norway (MBRN) with the Cause of Death registry. 
Deterministic linkage 

Spain: Basque 
Country 

Mortality records Registro de Mortalidad, 
Spanish mortality database 

A case’s first name and its two 
surnames combined with different 
combinations of other variables 
(i.e. date of birth and sex of child) 

A unique identifier that consists of key words (and phonetic 
translators) from a case’s first name and its two surnames 
combined with different combinations of other variables (i.e. 
date of birth and sex of child) was created so cases could be 
linked. Reviewed individually, manually if low confidence. 
Probabilistic linkage. 

Spain: 
Valencian 
Region 

Mortality records Regional Mortality database, 
National Mortality database 

Identification number, date of 
birth, name of child, and sex of 
child 

The CA file was linked first with the Regional Mortality 
database and then with the National Mortality database (to 
capture deaths outside of the Valencian Region) 
Deterministic linkage 

Ukraine Mortality records Mortality records at the State 
Statistics Service of Ukraine 
(Derzhkomstat), Newborn 
registry contained in the 
Regional Children Hospital 
Statistics 

Child’s date of birth, child’s birth 
order in multiple births, mother’s 
date of birth, mother’s surname 
name, father’s surname, and child’s 
patronymics) 

Registry linked their CA cases to the mortality records and the 
newborn registry. 
Deterministic linkage 

UK: Thames 
Valley; East 
Midlands and 
South 
Yorkshire; 
Wessex 

Vital statistics Personal Demographics 
Service, Hospital Episode 
Statistics (HES) and HES-ONS 
linked mortality data 

NHS Number, Child’s surname, 
given names, postcode, date of 
birth and gender 

A demographic trace is performed on the supplied personal 
identifiers; traced individuals are passed to HES for extraction 
of civil registrations data. 
Both deterministic and probabilistic linkage methods are used 
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UK: Wales Vital statistics Secure Anonymised 
Information Linkage Databank 
(SAIL), Office for National 
Statistics (ONS), National 
Health System Wales 
Informatics Service (NWIS) 

NHS Number, Child’s surname, 
forename, postcode, date of birth 
and gender 

The SAIL databank linked datasets from ONS , Welsh 
Demographic Survey, and NWIS with the EUROCAT CA file, 
using an anonymised linking field which has been encrypted for 
its use within SAIL. 
Both deterministic and probabilistic linkage is used in the SAIL 
algorithm 

CA=Congenital Anomaly; CeDAP= birth records; SDO=hospital data
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Population 

All live births with a CA born between 1st January 1995 and 31st December 2014 in the areas 

surveyed by the CA registries were followed up to 10 years of age or to the study end date. Mortality 

records were obtained from 1st January 1995 to 31st December 2015 so that at least one-year 

survival could be estimated for the entire cohort of children with CAs. 

Data available in the EUROCAT registries 

In addition to personal identifiers, all EUROCAT registries collect a core set of data elements (see 

Guide 1.4 (https://eu-rd-platform.jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-

registration_en#inline-nav-2)) which include diagnoses of CAs, date of birth, infant sex, maternal 

age, gestational age at delivery, birth weight, number of babies in the pregnancy and survival for the 

first week of life. Some registries also collect information on survival up to the first year of life and 

beyond. Other sociodemographic variables such as maternal education, marital status, and maternal 

country of birth were collected locally by some registries.  

Data available for Linkage 

There were two different types of data available for linkage: (i) vital statistics containing civil 

registrations data such as birth and death registrations, where each liveborn baby would be 

expected to have a record; and (ii) mortality records containing only death registrations. Registries 

linking to vital statistics databases are able to determine the proportion of successful and 

unsuccessful matches; i.e. if a EUROCAT case is identified in vital statistics, a match has occurred; if a 

EUROCAT case is not identified in the vital statistics, a match has not occurred. However, when 

linking to mortality records the number of successful and unsuccessful matches cannot be 

quantified, as if a EUROCAT case is not identified in the mortality records, it is likely to be because 

the child is still alive, but it may also be because the linkage failed (a missed match). 

Methods of Linkage 

The method of linkage was generally electronic and determined by the institution providing the 

mortality data, who also specified the linkage identifiers (see Table 1). Some registries linked cases 

manually using an ID number. Independent of type of data source, there were two methods of 

electronic linkage: deterministic and probabilistic linkage. In deterministic linkage a match is said to 

occur when the values for a set of variables are identical in both data sets. Deterministic linkage is 

often based on just an identification number (ID) which uniquely identifies each individual in a 

country. Probabilistic linkage involves calculating the probability of agreement of several common 

identifying variables found in data files such as name, address and date of birth and a match is said 

to occur when the probability is over a fixed level (often 90%). Probabilistic methods are useful when 

data are incomplete (truncated names) or mistyped and are often employed after performing the 

deterministic method.  

Assessment of Quality of Linkage 
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Linkage errors occur when an individual is matched to another person’s record (false match) or fails 

to be matched with their record (missed match). Researchers from Ulster University (UU) worked 

with registries to standardise their data to a common data model (CDM), details of which are given 

in an earlier paper (Protocol paper submitted). The use of a CDM enabled a central linkage quality 

syntax script to be developed by the St George’s, University of London (SGUL) team which were 

distributed to all registries to evaluate the accuracy of the linkage by comparing characteristics of 

matched and not matched records in order to identify any factors leading to missed matches. For 

example, deaths within the first day of life may be less likely to be linked if a unique ID was not 

allocated at birth. The institutions performing the linkage were asked to specify for each matched 

case if the match was considered “strong” (i.e. confidence in matching coded as excellent or good) 

or “weak” (i.e. confidence in matching coded as fair or poor), with guidance provided based on the 

combination of identifiers used. Some of the linking institutions used their own local definitions, 

usually based on a scoring system, as to what constituted a ‘strong’ or ‘weak’ match. 

Ethics 

The EUROCAT registries have ethics permissions and procedures for routine surveillance, data 

collection and transmission of anonymised data to a central database, according to national 

guidelines. Local registries follow national legislation as to whether parental consent is needed for 

registration of babies with anomalies13. A common study protocol was provided to all EUROCAT 

registries, who were responsible for making any necessary local amendments and submitting to the 

relevant authorities for additional ethics and other permissions required to link their data and 

provide aggregate and analytic results to the Central Results Repository (CRR) at UU. This was a 

lengthy process in some countries as the original data collection did not include expectation or 

consent for the data to be used in research, and a new legal basis had to be established. UU 

obtained ethics permission for the CRR. Additional assurances and procedures were adopted by 

registries (for example, the publication of privacy notices) to ensure compliance with the General 

Data Protection Regulation (GDPR) which came into force on 25 April 2018 in EU countries. A 

checklist of minimum specifications for data storage/backup was completed by each registry. 

Statistical Analysis 

For registries that linked to vital statistics, the odds of linkage occurring were examined by fitting 

univariate logistic regression models to all EUROCAT cases being linked to vital statistics with linkage 

failure as the outcome and each of the specific factors measured in EUROCAT as the independent 

variable. For registries linking only to mortality records, the odds of known deaths in the EUROCAT 

data being identified in the mortality records were examined by fitting univariate logistic regression 

models to all known deaths amongst EUROCAT cases with linkage failure as the outcome and specific 

factors measured in EUROCAT as the independent variables. 

The values for maternal age, gestational length, number of babies in the pregnancy, infant sex and 

birth weight in the EUROCAT data were compared with those in the linked data. Maternal age was 

judged to agree if the values differed by 1 year or less, birth weight was judged to agree if the values 
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differed by <100 g and gestational length was judged to agree if the values differed by less than 1 

week. 

Small Number Restrictions (Statistical Disclosure Control) 

Five countries had limitations on the release of aggregate data and analytic results if the numbers of 

births involved are very small. The Northern Netherlands released data if all exported results were 

rounded to the nearest five. Rounding all frequencies ensures that original numbers cannot be 

inferred. For Denmark, a few named researchers at SGUL and UU were allowed access to the 

aggregate data for the purpose of collating and including in pooled-analysis, on condition that it was 

securely stored and processed, that any individual results involving fewer than five people were not 

released; and that personal identification was not possible from any released results. The SAIL 

databank (Wales) provided data to the CRR with the requirement that aggregate data on fewer than 

five people were not released, and could not be calculated from any information in the public 

domain. The registry from Antwerp, Belgium could not release any information on three or fewer 

cases. NHS Digital (England) allows small numbers to be published if the analysis is national, 

otherwise numbers below eight need to be suppressed. 

Results 

Methods of Linkage 

Out of 21 registries who agreed to participate in the study and to link their data, one registry from Île 

de la Réunion was unable to obtain ethics permissions to perform the linkage. Five English registries 

received approval to link their data 3 years after the initial application to do so; at the time of writing 

only three registries have completed linkage and their results are reported in this paper. Table 1 

gives details of the methods of linkage in the remaining 18 participating registries. Eleven registries 

linked to vital statistics sources and seven registries linked only to mortality records. 

Seven registries linked using only deterministic methods. Six registries used a combination of 

deterministic and probabilistic methods i.e. they linked cases first using deterministic methods, and 

then resorted to probabilistic methods for unlinked cases. Two registries used probabilistic methods 

only. Three registries linked all cases manually to mortality records (Malta, Saxony Anhalt and 

Zagreb). Zagreb could only obtain identifiers for 78% of cases, born between 2011 and 2014 hence 

the registry was excluded from survival analysis due to the potential for bias. Ukraine reviewed all 

their cases manually and Basque Country reviewed their cases in the first few years of data 

collection due to concerns about too few mortality records being linked. 

Success of Linkage to Vital Statistics 

Table 2 and Figure 1 show the linkage success for registries linking to vital statistics. Two registries 

(Norway, and Denmark: Funen) were able to link all cases for all years; Finland was able to link over 

99.9% of cases but 60 cases had incorrect ID numbers so they could not be linked with vital statistics. 

Paris linked over 99% of cases for all years, Wales and the Northern Netherlands linked over 95% of 
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their cases. The two Italian registries (Emilia Romagna and Tuscany) and all three UK English 

registries were unable to link >85% of cases in the earlier years (Figure 1). The proportion of linked 

deaths during the first week of life out of all deaths in the first year of life were lower in the Italian 

and Spanish registries which indicates potential data linkage issues (Figure 2). 
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Table 2: Linkage and follow up performance for registries linking their data to national vital statistics  

Country: Registry Earliest 
years of 

birth 

Children 
with CA 

  

Linked 
births   
(% all 

births) 

Not linked 
births  

(% all births) 

Births with 
incomplete 
follow up* 

(% all births) 

Deaths in 
linked births  

(% linked 
births) 

Known deaths in 
unlinked births† 

(% unlinked 
births) 

Notes including reasons not linked 

Denmark: Funen  1995 2,425 2,425 (100) 0 (0) 63 (2.6) 149 (6.1) 0 (0)-  

Finland.  1995 42,921 
42,861 
(99.9) 

60 (0.1) 218 (0.5) 1,770 (4.1) 0 (0) 
Non-linkage occurred when cases had 
incorrect or incomplete PINs 

France: Paris 1997 11,724 
11,623 
(99.1) 

101 (0.9) 24 (0.2) 585(5.0) 0 (0) 
Non-linkage occurred when there was no 
match on unique ID and child’s date of birth 

Italy: Emilia 
Romagna 

1995 8,019 
7,327 
(91.4) 

692 (8.6) N/A 256 (3.5) 45 (6.5) 

Errors in SDO ID numbers, errors in the 
registration of the Fiscal Code from which the 
child identification number is created, some 
children not registered with CeDAP 

Italy: Tuscany 1995 5,951 
5,187 
(87.2) 

764 (12.8) 75 (1.4) 147 (2.8) 46 (6.0) 
Invalid ID, due to one of the 5 matching 
variables being incorrect 

Netherlands: 
Northern 

1995 8,605 
8,325 
(96.7) 

280 (3.3) 105 (1.2) 551 (6.6) 74 (26.0) 

Using date of birth, sex, postal code (6 digits) 
and year of validity of the postal code, did not 
result in a unique match with encrypted 
national identification number (rinnumber). 
From 1995-2012 the coding was done by 
hand without a rinnumber, with three 
different codebooks 

Norway 1995 27,201 
27,201 
(100) 

0 (0) 448 (1.6) 1034 (3.8) 0 (0) 
NA 

UK: Thames 
Valley 

1995 4776 
4,191 
(87.8) 

585 (12.2) 319 (6.7) 317 (6.6) a (1.0) 

Insufficient personal identifiers in original 
register data, e.g. missing NHS Numbers and 

names. These were often not available for 
babies who die soon after birth. Names were 

not always recorded particularly in earlier 
years. Postcodes were those at birth and not 

current postcodes. 

UK: East 
Midlands and 
South Yorkshire 

1998 16,363 
14,645 
(89.5) 

1718 (10.5) 799 (4.9) 1251 (7.6) 114 (6.6) As above 
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UK: Wessex 1995 7,839 
6,774 
(86.4) 

1065 (13.6) 281 (3.6) 538 (6.9) 39 (3.7) As above 

UK: Wales  1998 18,188 
18,128 
(99.7) 

60 (0.3) 1777 (9.8) 796 (4.4) 49 (81.7) 
Non-linkage occurred when a valid NHS 
number was not present or linkage to the 
Welsh Demographic Service was unsuccessful     

*Incomplete follow up: children who were lost to follow up/linkage due to adoption or emigration/ leaving the region covered by the Vital statistics 

database. 

†Known deaths in unlinked children: cases known to have died by the EUROCAT registry, but not linked to a mortality record in the vital statistics database. 

CA= congenital anomaly, NA=not applicable 
a Number of Known deaths in unlinked births is <8 and hence is suppressed 
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Figure 1: Percentage of live births linked to vital statistics in each registry by birth year 

Figure 2: Linked deaths occurring during the first week as a percentage of deaths occurring during 

the first year of life according to registry 

The registries were asked to classify the strength of the linkage. The linking institutions for the 

eleven registries that linked their CA data to vital statistics classified all their matches as strong, with 

the exception of the UK English registries, where strong matches accounted for between 92% - 99% 

of all matches.  

Table 2 also provides information on the proportion of children who were not followed up for the 

full 10 years of life or to 31st December 2015 due to adoption or to leaving the region or country 

covered by the vital statistics database. Ten of the eleven registries that linked to vital statistics had 

information on loss to follow-up, seven with national coverage (Finland, Norway, Denmark: Funen, 

UK: Thames Valley, East Midlands, Wessex and Wales). The Emilia Romagna registry did not have 

loss to follow-up information. The proportion of births lost to follow-up was under 2% for five 

registries, 2.6% for Denmark: Funen, 3.6%-6.7% for the UK English registries and 9.8% for Wales.  

For four registries (Emilia Romagna, Tuscany, Northern Netherlands and Wales), the proportion of 

known deaths occurring in the unlinked cases was higher than the proportion of deaths in the linked 

cases (Table 2).  

Success of Linkage to Mortality Records 

Table 3 shows the numbers of deaths identified by linking the EUROCAT data with mortality records. 

The success of registries linking to mortality records only cannot be estimated since registry 

differences in the proportions of deaths amongst all CA cases may be explained by differences in 

mortality rates in the registries or may reflect the ability to link and the accuracy of the linkage in the 

registries. Table 3 shows that for three registries (Antwerp, Basque Country and Valencian Region) 

around 10% of all deaths were deaths recorded in the EUROCAT registry that had not been linked to 

the mortality records. In the Valencian Region registry, the majority of the unlinked deaths were 

premature and were identified in the Perinatal Mortality registry but were not recorded in the 

mortality registry. Half of the unlinked deaths in the Valencian Region registry died within the first 

24-48 hours of life. 
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Table 3: Success of linkage for registries linking their data to mortality records only  

Country: 

Registry 

Earliest 

years of 

birth 

Children 

with CA 

Total deaths 

(linked deaths and 

unlinked known 

deaths) * 

(% all live births) 

Unlinked 

known deaths* 

(% total 

deaths) 

Linked deaths 

considered 

“weak” linkage 

(% all linked 

deaths) 

Notes including reasons not linked 

Belgium: 

Antwerp 
1997 7,865 412 (5.2) 55 (11.8) 357 (100) 

Only deaths during the first year of life were identified. 

All linkage considered weak as national id numbers could 

not be used 

Germany: 

Saxony-Anhalt 
1995 8,698 209 (2.4) 0 (0.0) 0 (0.0) 

Due to German Statistics Law, the Federal Office of 
Statistics would not link individual CA case data to their 

mortality or other records. 

Croatia: Zagreb 1995 441 3 (0.9%) - - 
Analysis of linkage quality was not performed as only 345 
of 441 cases (78%) had an identifier, 2011-2014. Years 
1995-2010 dropped because no identification numbers. 

Malta 1995 2718 238 (8.8) 3 (1.2) 0 (0.0) 
Unlinked known deaths not on mortality register due to 

mortality in first days of life or if death occurred abroad 

Spain: Basque 

Country 
1995 5,904 369 (6.2) 42 (10.2) 56 (15.2) 

Problems with identification data in the database form 
1995-1999 led to very low linking, had to be done 

manually 

Spain: 

Valencian 

Region 

2007 7,389 366 (5.0) 50 (12.8) 0 (0.0) 

The majority of unlinked deaths were premature and were 

identified in the Perinatal Mortality registry but not in the 

mortality database; half of the unlinked deaths died within the 

first 24-48 hours of life 

Ukraine: 

OMNI-Net 
2005 5,835 755 (12.9) 0 (0.0) 0 (0.0) 

All non-matching IDs were manually reviewed and 

matched 

*Unlinked known deaths: cases known to have died by the EUROCAT registry, but not linked to a mortality record 
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Potential Bias from Missed Linkages 

In registries that linked to vital statistics, characteristics of the live births recorded in the CA 

registries can be compared to live births that were linked and those that were not to determine if 

linkage success is associated with any specific risk factors. For registries that linked to mortality 

records no such comparison is possible. However, EUROCAT registries report survival for the first 

week of life and many also have survival in the first year of life. Therefore, the characteristics of live 

births known to have resulted in a death but not linked can be compared to those live births who 

were linked to the mortality records. This will give an indication of any factors associated with 

linkage success, but the estimates will be much more imprecise as the sample sizes are much smaller 

and there is bias as the EUROCAT registries are more likely to have a death recorded if it occurs 

within the first week of life.  

Table 4 shows that when linking to vital statistics, live births were more likely not to be linked if they 

died within the first week of birth (odds ratio = 3.44; 95% CI: 2.92-4.04). In addition, babies born 

before 37 weeks and babies with birth weights <2,500 g were more likely not to be linked with odds 

ratios of around 1.3. Babies to younger mothers and also twins were less likely to be linked. Infant 

sex was not associated with linkage success. The results from linking to mortality records were very 

similar, though only statistically significant for deaths within the first week of life (odds ratio 3.44; 

95%CI 2.23-5.30). Figure 2 plots, the linked deaths occurring during the first week of life as a 

percentage of all deaths occurring during the first year of life. Those registries with high linkage rates 

to vital statistics recorded over 40% of deaths occurring in the first week of life. Registries below 40% 

included those with poor linkage to vital statistics and those linking only to mortality records. 
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Table 4: Comparison of linkage failure according to characteristics of the mother and baby (i) In all 

births in nine registries linking to Vital statistics† and (ii) in all births resulting in a death in four 

registries linking to mortality records‡.  

Variable Category 

Odds (95% CI) of live births 

not being linked compared 

to baseline†  

Odds (95% CI) of deaths 

not being linked 

compared to baseline‡ 

Maternal age 

(years) 

 

<20 1.73(1.54-1.94) 4.17 (1.47-11.85) 

20-34 1 1 

≥35 0.82(0.76-0.89) 0.90 (0.56-1.45) 

    

Gestational age 

at delivery 

(weeks) 

24-27 1.2(0.88-1.63) 2.07 (0.90-4.8) 

28-31 1.55(1.31-1.83) 1.67 (0.85-3.28) 

32-36 1.21(1.11-1.32) 1.26 (0.76-2.09) 

≥37 1 1 

    

Number of 

babies 

Singleton 1 1 

Multiple 1.22(1.06-1.42) 0.74 (0.36-1.52) 
    

Infant sex 

Male 1 1 

Female 

0.99(0.93-1.05) 

 1.19 (0.78-1.82) 
    

Survival in 1st 

week 

Survived 1st Week 1 1 

Died within 1st 

week 

3.44(2.92-4.04) 

 3.44 (2.23-5.3) 
    

Birth weight (g) 

<1000 1.37(1.06-1.77) 1.29 (0.57-2.96) 

1000-1499 1.37(1.14-1.64) 1.22 (0.57-2.61) 

1500-2499 1.21(1.11-1.32) 1.06 (0.66-1.71) 

2500-3999 1 1 

≥4000 0.95(0.83-1.09) 0.42 (0.05-3.39) 

†: Registries included: Finland, Paris, Emilia Romagna, Tuscany, Northern Netherlands, Wales, 

Thames Valley, Wessex, East Midlands and South Yorkshire; Excluded registries: Norway and 

Denmark: Funen as no unlinked live births 

‡: Registries included: Basque Country, Valencian Region, Malta and Antwerp; Excluded registries: 

Saxony Anhalt and Ukraine as no known unlinked deaths. 
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Accuracy of Linked Variables 

Figure 3 compares the values of specific variables in the EUROCAT data and in the linked data. Some 

of the variables, such as maternal age and infant sex, would have been used to perform the 

probabilistic linkage. Registries that linked to mortality records only were much more likely to have a 

large proportion of data missing in the mortality records for maternal age, gestational length, 

number of babies and birth weight, as this information is not normally recorded on death certificates 

unless the region has a separate death certificate for recording neonatal/infant deaths. The 

agreement was very good for maternal age and infant sex. The EUROCAT variable for infant sex was 

not included in the Paris CA case file. The accuracy and completeness of most variables improved 

over time in four registries in whom the overall accuracy and completeness was lower. 

Figure 3: Accuracy of linked variables by registry 

Discussion 

We report the accuracy and completeness of record linkage when linking CA registry data to national 

vital statistics or mortality records in 18 registries in 13 European countries to examine survival of 

children born with a CA over a 20-year period from 1995 to 2014. For registries linking to vital 

statistics, the accuracy of the linkage was assessed over time and was shown to be excellent for 

Finland, Norway and Denmark: Funen and good for Paris, Wales and the Northern Netherlands, with 

very few children having incomplete follow-up periods. Although the linkage improved over time for 

the two Italian and three UK English registries, they were unable to link at least 85% of all live born 

cases in the early years. As a result, Italian and English data for the early years will be excluded from 

future analyses, as it was not sufficiently accurate. In contrast, it was extremely difficult to assess the 

accuracy of the linkage for registries that only linked to mortality records.  

For both types of linkage there was an indication that live births resulting in deaths within the first 

week of life were less likely to be linked. Preterm births and those with low birthweights were also 

less likely to be linked, possibly as these are risk factors for neonatal deaths. A low proportion of 

deaths occurring in the first week of life compared to the first year of life, particularly if below 40%, 

may be an indication of unsuccessful matching, regardless of the type of linkage. For Saxony-Anhalt, 

another indication that some deaths may be unlinked was that the survival, particularly of anomalies 

associated with high fatality rates, was significantly higher than that of any other registry (data not 

shown).   

There are several reasons why early deaths, particularly those occurring during the first hours and 

days of life, were less likely to be matched. Firstly, assigning national ID numbers can take several days 

and may not be completed before the death certificates are completed. Secondly, if the child dies 

within minutes of birth they may also be incorrectly classified as a stillbirth or even a spontaneous 

abortion (for extremely preterm births with uncertain last menstrual periods) and hence may not 

receive an ID number. Thirdly, a birth in a maternity unit immediately transferred to a neonatal 

intensive care unit, possibly in another region, where the child dies may not be linked. Studies have 

shown that those who die in the first week are less likely to receive a death certificate than those who 
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die later. Also, extremely preterm newborn babies are less likely to get either birth or death 

certificates compared to full-term newborn babies, even in high-income countries14,15.  

Overall, only five registries distinguished between strong and weak links because for most other 

registries a successful match required exact agreement on several identifiers, such that all matches 

were by definition strong. Of these two registries linked to mortality records and three are the UK 

English registries linking to the same Vital Statistics. Linkages defined as “weak” in one registry were 

reclassified as “not linked”. One registry classified all their links as weak due to permission not being 

given to use a unique national ID for matching. The UK English linkage score measures the strength of 

match to a hospital admissions database but all matched individuals have already been successfully 

traced through the personal demographics service. In the context of this study, a measure of linkage 

strength did not appear to be useful.  

If a child with a CA was linked, the linked data, if present, were found to be accurate in most registries 

for maternal age, gestational length (except for Tuscany, Antwerp and Wales), multiple birth status, 

infant sex and birth weight. For governance reasons, Wales is only able to provide week of birth, which 

explains the lower accuracy found between the Welsh EUROCAT and linked variables for gestational 

age.  In nine registries, more than 20% of information was missing for at least one variable in the linked 

mortality data. With the exception of infant sex, the other linked data for the UK English registries 

(extracted from hospital birth records) were missing more than 20% overall. Valencian Region was 

excluded from this analysis as their mortality records held no information on these variables. In all 

registries, the accuracy and completeness improved over time. 

Studies involving data from the Nordic countries, where unique national ID numbers are used to 

identify individuals in their national databases, have obtained the high levels of linkage observed in 

this study. Comparing the linkage results from this EUROlinkCAT study with those from other countries 

is difficult as many have not reported any information about the accuracy of the linkage16. Some 

studies have made general comments such as “There may have been deaths that could not be tracked 

due to limitations in administrative data linkages, or if they occurred outside the programme 

surveillance area” but they did not quantify the proportions of deaths missed7. 

Other studies have examined the survival of children with CAs by linking to mortality records17. In a 

study linking cases in birth defects surveillance programs to death certificate data files in the US, the 

authors concluded that “There was a potential for incomplete ascertainment of deaths possibly from 

missed matches of the study cohort to state death certificate files or under ascertainment of out of 

state deaths”. Again, the authors did not quantify the proportion of deaths that may have been 

missed. 

Future studies planning identification of mortality during and after the neonatal period via linkage 

with mortality records should take into account that linkage to vital statistics is the method of choice. 

Linkage to mortality records alone does not enable an accurate assessment of linkage quality to be 

performed. There was evidence that poor linkage could bias survival estimates as those deaths 

occurring in the first week of life were less likely to be linked. Therefore, the accuracy and 
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completeness of information must be considered when determining the inclusion of data into an 

analysis.  
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Abstract 46 

Aim 47 

To determine if reliable information on the survival of children born with a major congenital 48 

anomaly (CA) between 1995 and 2014 can be obtained through linkage to national vital statistics or 49 

mortality records in 13 European countries. 50 

Methods 51 

EUROCAT is a European network of population-based congenital anomaly (CA) CA registries. Twenty-52 

one EUROCAT registries agreed to participate in a the EUROlinkCAT study to determine if reliable 53 

information on the survival of children born with a major CA between 1995 and 2014 can be 54 

obtained through linkage to national vital statistics or mortality records. link lLive birth childrens 55 

with a CA could be linked using personal identifiers to either their national vital statistics (including 56 

birth records, death records, hospital records) or to mortality records only, depending on the data 57 

available within each region or country.  58 

Results 59 

In total, 18 of 21 registries with data on 192,862 children born with congenital anomalies 60 

participated in the study. One registry was unable to get ethical approval to participate and linkage 61 

was not possible for two registries due to local reasons. Of the 21 registries, one registry was unable 62 

to get ethical approval to participate. Five English registries received approval to link their data 3 63 

years after their initial application to do so: results for three of the five who have completed linkage 64 

are reported in this paper. Eleven registries linked to vital statistics and seven registries linked to 65 

mortality records only;, one of the latter only had identification numbers for 78% of cases, hence it 66 

was excluded from further analysis. Deterministic linkage only, based on a unique identification 67 

number (ID) found in the CA file and in the local database, was used in seven registries. Six registries 68 

used a combination of deterministic and probabilistic linkage (based on agreement of common 69 
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identifying variables such as name and address). A further two registries used probabilistic methods 70 

only, and three registries manually linked cases to mortality data using unique identifiers.  71 

For registries linking to vital statistics: six linked over 95% of their cases for all years and five were 72 

unable to link at least 85% of all live born CA cases children in the earlier years of the study. No 73 

estimate of linkage success could be calculated for registries linking to mortality records. Irrespective 74 

of linkage method, deaths that occurred during the first week of life were over three times less likely 75 

to be linked compared to deaths occurring after the first week of life.  76 

Conclusions 77 

Linkage to vital statistics can provide accurate estimates of survival of children with CAs in some 78 

European countries. Bias arises when linkage is not successful, as early neonatal deaths were less 79 

likely to be linked. Linkage to mortality records only cannot be recommended, as linkage quality, and 80 

hence bias, cannot be assessed.  81 
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Introduction 82 

Congenital anomaliesCAs are structural anomalies and genetic syndromes that occur during 83 

development of the embryo and are a leading cause of perinatal and infant mortality in Europe1. 84 

Around 2-3% of all children born in Europe every year will have a major congenital anomaly (CA). 85 

The European surveillance of congenital anomalies (EUROCAT) network of population-based CA 86 

registries provides essential epidemiologic information and surveillance on CAs in Europe but 87 

information is mainly collected up to a baby’s first year of lifeThe EUROCAT network of population-88 

based CA registries provides essential epidemiologic information and surveillance on CAs in Europe 89 

but information is mainly collected up to a baby’s first year of life2-4. There is little information on 90 

survival after one-year of age in Europe5, with studies either analysing all anomalies combined6 or 91 

concentrating on a few specific anomalies, such as spina bifida or Down syndrome7,8. One study 92 

investigated 20-year survival for a range of CAs in the North of England, but was unable to report 93 

survival for many rare CAs due to small numbers9.  94 

Death certificates are a reliable source of information on the number of deaths, as all deaths must 95 

be registered. However, although the primary cause of death such as infection is listed, a US study 96 

found that CAs are often not listed as an underlying cause of death10. This means that death 97 

certificates may not be an accurate source of information on the causes of death in children with 98 

CAs. For example, the death certificate of a child with microcephalus who died as a result of an 99 

infection may list the infection as a cause of death, but the underlying condition i.e. microcephalus is 100 

not statedLegally, all deaths must be registered therefore death certificates are considered a reliable 101 

source of information on the number of deaths. However, they may not be an accurate source of 102 

information on the causes of death in children with CAs as although death certificates may state the 103 

primary cause of death which may be infection, seizures or others, a US study found that they may 104 

not list the CA as an underlying cause of death10. Copeland et al.10 concluded that the only way to 105 

accurately assess mortality and survival in children with rare anomalies is to pool data across CA 106 
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registries and link these to death certificates. Using such methods, a study from the US for children 107 

born 1992-1998 found that mortality of children with CAs up to age 7 years was over seven times 108 

higher than the mortality in children without CAs11. Many countries in Europe have linked to death 109 

records to investigate perinatal mortality, but linking to death records as a method of assessing 110 

survival of older children across Europe has not been previously reported12. 111 

One aim of the EUROlinkCAT study is to investigate the survival of children with specific CAs for the 112 

first 10 years of their lives by linking livebirths with CAs in EUROCAT registries to mortality records 113 

from various administrative sources. This study reports on the quality and accuracy of linkage to 114 

national vital statistics or mortality records in order to provide information for future researchers 115 

considering conducting similar studies in other population groups. 116 

 117 

Materials and Methods 118 

Design and Setting 119 

All CA registries who were members of EUROCAT (www.eurocat-network.eu ) were invited to 120 

participate in the HORIZON 2020-funded EUROlinkCAT study. Initially, 20 registries from 12 countries 121 

agreed to try to link all livebirths with a CA in their region to mortality records up to their 10th 122 

birthday (Table 1). An additional registry who had already linked their data also participated in 123 

EUROlinkCAT (Norway).  124 

http://www.eurocat-network.eu/
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Table 1.: Methods of linking by registry 125 

Country: 

Registry 

Linkage to vital 

statistics or 

mortality 

Source Data Linkage Identifiers Method 

Belgium: 

Antwerp 

Mortality records Flemish Agency for Care and 

Health, Belgian Mortality 

records 

Birth weight, infant sex, residence, 

birth date of mother (National ID 

numbers could not be used) 

A third party conducted linkage of CA file to the Belgian 

Mortality records. Probabilistic linkage 

Croatia: 

Zagreb 

Mortality records Republic of Croatia Bureau of 

Statistics 

Unique identification number (OIB) CAs using a unique identification number were sent to the 

National Statistics Bureau for information on mortality 

Manual linkage 

Denmark: 

Funen 

Vital statistics Statistics Denmark (SD) Pseudonymised personal ID (PNR) SD created a pseudonymised personal ID (PNR) used to link 

information in different registers. A combination of 

deterministic and probabilistic linkage was used. The Child’s 

PNR did not link all the children and matching of maternal PNR, 

birth date, maternal age, gestational age, birth weight and sex 

were used to link these. 
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Finland Vital statistics Cause-of-Death Register held 

by Statistics Finland 

Unique identification PIN number 

for each death registered  

Registry conducted their own linkage between the Finnish 

Register of Congenital Anomalies and the Cause-of-Death 

Register held by Statistics Finland. Deterministic linkage 

France: Paris Vital statistics Civil register and mortality 

records at the French National 

Institute of Statistics and 

Economic Studies (INSEE) 

Unique ID INSERM linked their CA dataset to the civil register and 

mortality records 

Deterministic linkage 

Germany: 

Saxony-Anhalt 

Mortality records Death records Birth month and year, infant sex, 

birth weight, birth year of mother, 

residence  

Manually 

Italy: Emilia 

Romagna 

Vital statistics Regional Mortality Registry 

(RMR), Regional Inhabitant 

Registry (RIR), and Report for 

National Institute of Statistics 

(ISTAT) 

Unique identification number CA cases were matched to the baby’s birth record data 

(CeDAP), the baby’s hospital record data (SDO) and the 

mother’s hospital record data (SDO) which was matched with 

the baby’s hospital data (SDO) which was then matched to the 

mortality record. Probabilistic linkage was used between the 

EUROCAT dataset and CeDAP.  

Deterministic linkage was used between CeDAP, SDO and 

Mortality datasets 
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Italy: Tuscany Vital statistics Regional Registry Office, 

Mortality database, Regional 

discharge database 

Unique ID (unique identifier 

number) based on five variables 

(first name, last name, date of 

birth, place of birth, and sex) 

Cases have a unique ID, which was used for linkage to all the 

regional health databases. 

Deterministic linkage 

Malta Mortality records Malta Congenital Anomalies 

Register, Mortality Register 

Unique identification number Cases manually linked using unique identification number. 

Deterministic linkage 

Netherlands: 

Northern 

Netherlands 

Vital statistics Central Bureau of Statistics 

(CBS, also known as Dutch 

Statistics) 

Date of birth, sex, postal code, and 

year of validity of postal code used 

to obtain national identification 

number 

The encrypted national identification number (rinnumber) is 

used to link all available datasets at CBS. 

Deterministic linkage 

Norway Vital statistics Medical Birth Registry of 

Norway (MBRN), Cause of 

Death registry 

Unique national ID number given at 

birth 

Used a linked dataset that was originally created for another 

project. This dataset linked the Medical Birth Registry of 

Norway (MBRN) with the Cause of Death registry. 

Deterministic linkage 

Spain: Basque 

Country 

Mortality records Registro de Mortalidad, 

Spanish mortality database 

A case’s first name and its two 

surnames combined with different 

combinations of other variables 

(i.e. date of birth and sex of child) 

A unique identifier that consists of key words (and phonetic 

translators) from a case’s first name and its two surnames 

combined with different combinations of other variables (i.e. 



 

10 
 

date of birth and sex of child) was created so cases could be 

linked. Reviewed individually, manually if low confidence. 

Probabilistic linkage. 

Spain: 

Valencian 

Region 

Mortality records Regional Mortality database, 

National Mortality database 

Identification number, date of 

birth, name of child, and sex of 

child 

The CA file was linked first with the Regional Mortality 

database and then with the National Mortality database (to 

capture deaths outside of the Valencian Region) 

Deterministic linkage 

Ukraine Mortality records Mortality records at the State 

Statistics Service of Ukraine 

(Derzhkomstat), Newborn 

registry contained in the 

Regional Children Hospital 

Statistics 

Child’s date of birth, child’s birth 

order in multiple births, mother’s 

date of birth, mother’s surname 

name, father’s surname, and child’s 

patronymics) 

Registry linked their CA cases to the mortality records and the 

newborn registry. 

Deterministic linkage 

UK: Thames 

Valley; East 

Midlands and 

South 

Vital statistics Personal Demographics 

Service, Hospital Episode 

Statistics (HES) and HES-ONS 

linked mortality data 

NHS Number, Child’s surname, 

given names, postcode, date of 

birth and gender 

A demographic trace is performed on the supplied personal 

identifiers; traced individuals are passed to HES for extraction 

of civil registrations data. 

Both deterministic and probabilistic linkage methods are used 
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Yorkshire; 

Wessex 

UK: Wales Vital statistics Secure Anonymised 

Information Linkage Databank 

(SAIL), Office for National 

Statistics (ONS), National 

Health System Wales 

Informatics Service (NWIS) 

NHS Number, Child’s surname, 

forename, postcode, date of birth 

and gender 

The SAIL databank linked datasets from ONS , Welsh 

Demographic Survey, and NWIS with the EUROCAT CA file, 

using an anonymised linking field which has been encrypted for 

its use within SAIL. 

Both deterministic and probabilistic linkage is used in the SAIL 

algorithm 

CA=Congenital Anomaly; CeDAP= birth records; SDO=hospital data126 
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Population 127 

All live births with a CA born between 1st January 1995 and 31st December 2014 in the areas 128 

surveyed by the CA registries were followed up to 10 years of age or to the study end date. Mortality 129 

records were obtained from 1st January 1995 to 31st December 2015 so that at least one-year 130 

survival could be estimated for the entire cohort of children with CAs. 131 

Data available in the EUROCAT registries 132 

In addition to personal identifiers, all EUROCAT registries collect a core set of data elements (see 133 

Guide 1.4 (https://eu-rd-platform.jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-134 

registration_en#inline-nav-2 ) which include diagnoses of CAs (see S1 file), date of birth, infant sex, 135 

maternal age, gestational age at delivery, birth weight, number of babies in the pregnancy and 136 

survival for the first week of life. Some registries also collect information on survival up to the first 137 

year of life and beyond. Other sociodemographic variables such as maternal education, marital 138 

status, and maternal country of birth were collected locally by some registries.  139 

Data available for Linkage 140 

There were two different types of data available for linkage: (i) vital statistics containing civil 141 

registrations data such as birth and death registrations, where each liveborn baby would be 142 

expected to have a record; and (ii) mortality records containing only death registrations. Registries 143 

linking to vital statistics databases are able to determine the proportion of successful and 144 

unsuccessful matches; i.e. if a EUROCAT case is identified in vital statistics, a match has occurred; if a 145 

EUROCAT case is not identified in the vital statistics, a match has not occurred. However, when 146 

linking to mortality records the number of successful and unsuccessful matches cannot be 147 

quantified, as if a EUROCAT case is not identified in the mortality records, it is likely to be because 148 

the child is still alive, but it may also be because the linkage failed (a missed match). 149 

Methods of Linkage 150 

https://eu-rd-platform.jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-registration_en#inline-nav-2
https://eu-rd-platform.jrc.ec.europa.eu/eurocat/data-collection/guidelines-for-data-registration_en#inline-nav-2
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The method of linkage was generally electronic and determined by the institution providing the 151 

mortality data, who also specified the linkage identifiers (see Table 1). Some registries linked cases 152 

manually using an ID number. Independent of type of data source, there were two methods of 153 

electronic linkage: deterministic and probabilistic linkage. In deterministic linkage a match is said to 154 

occur when the values for a set of variables are identical in both data sets. Deterministic linkage is 155 

often based on just an identification number (ID) which uniquely identifies each individual in a 156 

country. Probabilistic linkage involves calculating the probability of agreement of several common 157 

identifying variables found in data files such as name, address and date of birth and a match is said 158 

to occur when the probability is over a fixed level (often 90%). Probabilistic methods are useful when 159 

data are incomplete (truncated names) or mistyped and are often employed after performing the 160 

deterministic method.  161 

Assessment of Quality of Linkage 162 

Linkage errors occur when an individual is matched to another person’s record (false match) or fails 163 

to be matched with their record (missed match). Researchers from Ulster University (UU) worked 164 

with registries to standardise their data to a common data model (CDM), details of which are given 165 

in an earlier paper (Protocol paper submitted). The use of a CDM enabled a central linkage quality 166 

syntax script to be developed by the St George’s, University of London (SGUL) team which were 167 

distributed to all registries to evaluate the accuracy of the linkage by comparing characteristics of 168 

matched and not matched records in order to identify any factors leading to missed matches. For 169 

example, deaths within the first day of life may be less likely to be linked if a unique ID was not 170 

allocated at birth. The institutions performing the linkage were asked to specify for each matched 171 

case if the match was considered “strong” (i.e. confidence in matching coded as excellent or good) 172 

or “weak” (i.e. confidence in matching coded as fair or poor), with guidance provided based on the 173 

combination of identifiers used. Some of the linking institutions used their own local definitions, 174 

usually based on a scoring system, as to what constituted a ‘strong’ or ‘weak’ match. 175 
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Ethics 176 

The EUROCAT registries have ethics permissions and procedures for routine surveillance, data 177 

collection and transmission of anonymised data to a central database, according to national 178 

guidelines. Local registries follow national legislation as to whether parental consent is needed for 179 

registration of babies with anomalies13. A common study protocol was provided to all EUROCAT 180 

registries, who were responsible for making any necessary local amendments and submitting to the 181 

relevant authorities for additional ethics and other permissions required to link their data and 182 

provide aggregate and analytic results to the Central Results Repository (CRR) at UU. This was a 183 

lengthy process in some countries as the original data collection did not include expectation or 184 

consent for the data to be used in research, and a new legal basis had to be established. UU 185 

obtained ethics permission for the CRR. Additional assurances and procedures were adopted by 186 

registries (for example, the publication of privacy notices) to ensure compliance with the General 187 

Data Protection Regulation (GDPR) which came into force on 25 April 2018 in EU countries. A 188 

checklist of minimum specifications for data storage/backup was completed by each registry. 189 

Statistical Analysis 190 

For registries that linked to vital statistics, the odds of linkage occurring were examined by fitting 191 

univariate logistic regression models to all EUROCAT cases being linked to vital statistics with linkage 192 

failure as the outcome and each of the specific factors measured in EUROCAT as the independent 193 

variable. For registries linking only to mortality records, the odds of known deaths in the EUROCAT 194 

data being identified in the mortality records were examined by fitting univariate logistic regression 195 

models to all known deaths amongst EUROCAT cases with linkage failure as the outcome and specific 196 

factors measured in EUROCAT as the independent variables. 197 

The values for maternal age, gestational length, number of babies in the pregnancy, infant sex, and 198 

birth weight in the EUROCAT data were compared with those in the linked data. Maternal age was 199 

judged to agree if the values differed by 1 year or less, birth weight was judged to agree if the values 200 
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differed by <100 g and gestational length was judged to agree if the values differed by less than 1 201 

week. 202 

Small Number Restrictions (Statistical Disclosure Control) 203 

Five countries had limitations on the release of aggregate data and analytic results if the numbers of 204 

births involved are very small. The Northern Netherlands released data if all exported results were 205 

rounded to the nearest five. Rounding all frequencies ensures that original numbers cannot be 206 

inferred. For Denmark, a few named researchers at SGUL and UU were allowed access to the 207 

aggregate data for the purpose of collating and including in pooled-analysis, on condition that it was 208 

securely stored and processed, that any individual results involving fewer than five people were not 209 

released; and that personal identification was not possible from any released results. The SAIL 210 

databank (Wales) provided data to the CRR with the requirement that aggregate data on fewer than 211 

five people were not released, and could not be calculated from any information in the public 212 

domain. The registry from Antwerp, Belgium could not release any information on three or fewer 213 

cases. NHS Digital (England) allows small numbers to be published if the analysis is national, 214 

otherwise numbers below eight need to be suppressed. 215 

 216 

Results 217 

Methods of Linkage 218 

Out of 21 registries who agreed to participate in the study and to link their data, one registry from Île 219 

de la Réunion was unable to obtain ethics permissions to perform the linkage. Five English registries 220 

received approval to link their data 3 years after the initial application to do so; at the time of writing 221 

only three registries have completed linkage and their results are reported in this paper. Table 1 222 

gives details of the methods of linkage in the remaining 18 participating registries. Eleven registries 223 

linked to vital statistics sources and seven registries linked only to mortality records. 224 
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Seven registries linked using only deterministic methods. Six registries used a combination of 225 

deterministic and probabilistic methods i.e. they linked cases first using deterministic methods, and 226 

then resorted to probabilistic methods for unlinked cases. Two registries used probabilistic methods 227 

only. Three registries linked all cases manually to mortality records (Malta, Saxony Anhalt, and 228 

Zagreb). Zagreb could only obtain identifiers for 78% of cases, born between 2011 and 2014 hence 229 

the registry was excluded from survival analysis due to the potential for bias. Ukraine reviewed all 230 

their cases manually and Basque Country reviewed their cases in the first few years of data 231 

collection due to concerns about too few mortality records being linked. 232 

Success of Linkage to Vital Statistics 233 

Table 2 and Figure 1 show the linkage success for registries linking to vital statistics. Two registries 234 

(Norway, and Denmark: Funen) were able to link all cases for all years; Finland was able to link over 235 

99.9% of cases but 60 cases had incorrect ID numbers so they could not be linked with vital statistics. 236 

Paris linked over 99% of cases for all years, Wales and the Northern Netherlands linked over 95% of 237 

their cases. The two Italian registries (Emilia Romagna and Tuscany) and all three UK English 238 

registries were unable to link >85% of cases in the earlier years (Figure 1). The proportion of linked 239 

deaths during the first week of life out of all deaths in the first year of life were lower in the Italian 240 

and Spanish registries which indicates potential data linkage issues (Figure 2). 241 
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Table 2.: Linkage and follow up performance for registries linking their data to national vital statistics  242 

Country: Registry Earliest 

years of 

birth 

Children 

with CA 

  

Linked 

births   

(% all 

births) 

Not linked 

births  

(% all births) 

Births with 

incomplete 

follow up* 

(% all births) 

Deaths in 

linked births  

(% linked 

births) 

Known deaths in 

unlinked births† 

(% unlinked 

births) 

Notes including reasons not linked 

Denmark: Funen  1995 2,425 2,425 (100) 0 (0) 63 (2.6) 149 (6.1) 0 (0)-  

Finland.  1995 42,921 
42,861 

(99.9) 

60 (0.1) 218 (0.5) 1,770 (4.1) 0 (0) 
Non-linkage occurred when cases had 

incorrect or incomplete PINs 

France: Paris 1997 11,724 
11,623 

(99.1) 

101 (0.9) 24 (0.2) 585(5.0) 0 (0) 
Non-linkage occurred when there was no 

match on unique ID and child’s date of birth 

Italy: Emilia 

Romagna 

1995 8,019 
7,327 

(91.4) 

692 (8.6) N/A 256 (3.5) 45 (6.5) 

Errors in SDO ID numbers, errors in the 

registration of the Fiscal Code from which the 

child identification number is created, some 

children not registered with CeDAP 

Italy: Tuscany 1995 5,951 
5,187 

(87.2) 

764 (12.8) 75 (1.4) 147 (2.8) 46 (6.0) 
Invalid ID, due to one of the 5 matching 

variables being incorrect 
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Netherlands: 

Northern 

1995 8,605 
8,325 

(96.7) 

280 (3.3) 105 (1.2) 551 (6.6) 74 (26.0) 

Using date of birth, sex, postal code (6 digits) 

and year of validity of the postal code, did not 

result in a unique match with encrypted 

national identification number (rinnumber). 

From 1995-2012 the coding was done by 

hand without a rinnumber, with three 

different codebooks 

Norway 1995 27,201 
27,201 

(100) 

0 (0) 448 (1.6) 1034 (3.8) 0 (0) 
NA 

UK: Thames 

Valley 

1995 4776 

4,191 

(87.8) 
585 (12.2) 319 (6.7) 317 (6.6) a (1.0) 

Insufficient personal identifiers in original 

register data, e.g. missing NHS Numbers and 

names. These were often not available for 

babies who die soon after birth. Names were 

not always recorded particularly in earlier 

years. Postcodes were those at birth and not 

current postcodes. 
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UK: East 

Midlands and 

South Yorkshire 

1998 16,363 

14,645 

(89.5) 
1718 (10.5) 799 (4.9) 1251 (7.6) 114 (6.6) As above 

UK: Wessex 1995 7,839 

6,774 

(86.4) 
1065 (13.6) 281 (3.6) 538 (6.9) 39 (3.7) As above 

UK: Wales  1998 18,188 
18,128 

(99.7) 
60 (0.3) 1777 (9.8) 796 (4.4) 49 (81.7) 

Non-linkage occurred when a valid NHS 

number was not present or linkage to the 

Welsh Demographic Service was unsuccessful     

*Incomplete follow up: children who were lost to follow up/linkage due to adoption or emigration/ leaving the region covered by the Vital statistics 243 

database. 244 

†Known deaths in unlinked children: cases known to have died by the EUROCAT registry, but not linked to a mortality record in the vital statistics database. 245 

CA= congenital anomaly, NA=not applicable 246 

a Number of Known deaths in unlinked births is <8 and hence is suppressed 247 
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Figure 1.: Percentage of live births linked to vital statistics in each registry by birth year 248 

Figure 2.: Linked deaths occurring during the first week as a percentage of deaths occurring during 249 

the first year of life according to registry 250 

The registries were asked to classify the strength of the linkage. The linking institutions for the 251 

eleven registries that linked their CA data to vital statistics classified all their matches as strong, with 252 

the exception of the UK English registries, where strong matches accounted for between 92% - 99% 253 

of all matches.  254 

Table 2 also provides information on the proportion of children who were not followed up for the 255 

full 10 years of life or to 31st December 2015 due to adoption or to leaving the region or country 256 

covered by the vital statistics database. Ten of the eleven registries that linked to vital statistics had 257 

information on loss to follow-up, seven with national coverage (Finland, Norway, Denmark: Funen, 258 

UK: Thames Valley, East Midlands, Wessex, and Wales). The Emilia Romagna registry did not have 259 

loss to follow-up information. The proportion of births lost to follow-up was under 2% for five 260 

registries, 2.6% for Denmark: Funen, 3.6%-6.7% for the UK English registries and 9.8% for Wales.  261 

For four registries (Emilia Romagna, Tuscany, Northern Netherlands, and Wales), the proportion of 262 

known deaths occurring in the unlinked cases was higher than the proportion of deaths in the linked 263 

cases (Table 2).  264 

Success of Linkage to Mortality Records 265 

Table 3 shows the numbers of deaths identified by linking the EUROCAT data with mortality records. 266 

The success of registries linking to mortality records only cannot be estimated since registry 267 

differences in the proportions of deaths amongst all CA cases may be explained by differences in 268 

mortality rates in the registries or may reflect the ability to link and the accuracy of the linkage in the 269 

registries. Table 3 shows that for three registries (Antwerp, Basque Country, and Valencian Region) 270 

around 10% of all deaths were deaths recorded in the EUROCAT registry that had not been linked to 271 

the mortality records. In the Valencian Region registry, the majority of the unlinked deaths were 272 

premature and were identified in the Perinatal Mortality registry but were not recorded in the 273 
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mortality registry. Half of the unlinked deaths in the Valencian Region registry died within the first 274 

24-48 hours of life. 275 
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Table 3: Success of linkage for registries linking their data to mortality records only  276 

Country: 
Registry 

Earliest 
years of 

birth 

Children 
with CA 

Total deaths 
(linked deaths and 

unlinked known 
deaths) * 

(% all live births) 

Unlinked 
known deaths* 

(% total 
deaths) 

Linked deaths 
considered 

“weak” linkage 
(% all linked 

deaths) 

Notes including reasons not linked 

Belgium: 
Antwerp 

1997 7,865 412 (5.2) 55 (11.8) 357 (100) 
Only deaths during the first year of life were identified. 

All linkage considered weak as national id numbers could 
not be used 

Germany: 
Saxony-Anhalt 

1995 8,698 209 (2.4) 0 (0.0) 0 (0.0) 
Due to German Statistics Law, the Federal Office of 

Statistics would not link individual CA case data to their 
mortality or other records. 

Croatia: Zagreb 1995 441 3 (0.9%) - - 
Analysis of linkage quality was not performed as only 345 
of 441 cases (78%) had an identifier, 2011-2014. Years 
1995-2010 dropped because no identification numbers. 

Malta 1995 2718 238 (8.8) 3 (1.2) 0 (0.0) 
Unlinked known deaths not on mortality register due to 
mortality in first days of life or if death occurred abroad 

Spain: Basque 
Country 

1995 5,904 369 (6.2) 42 (10.2) 56 (15.2) 
Problems with identification data in the database form 

1995-1999 led to very low linking, had to be done 
manually 

Spain: 
Valencian 
Region 

2007 7,389 366 (5.0) 50 (12.8) 0 (0.0) 

The majority of unlinked deaths were premature and were 
identified in the Perinatal Mortality registry but not in the 

mortality database; half of the unlinked deaths died within the 
first 24-48 hours of life 

Ukraine: 
OMNI-Net 

2005 5,835 755 (12.9) 0 (0.0) 0 (0.0) 
All non-matching IDs were manually reviewed and 

matched 

*Unlinked known deaths: cases known to have died by the EUROCAT registry, but not linked to a mortality record 277 
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Potential Bias from Missed Linkages 278 

In registries that linked to vital statistics, characteristics of the live births recorded in the CA 279 

registries can be compared to live births that were linked and those that were not to determine if 280 

linkage success is associated with any specific risk factors. For registries that linked to mortality 281 

records no such comparison is possible. However, EUROCAT registries report survival for the first 282 

week of life and many also have survival in the first year of life. Therefore, the characteristics of live 283 

births known to have resulted in a death but not linked can be compared to those live births who 284 

were linked to the mortality records. This will give an indication of any factors associated with 285 

linkage success, but the estimates will be much more imprecise as the sample sizes are much smaller 286 

and there is bias as the EUROCAT registries are more likely to have a death recorded if it occurs 287 

within the first week of life.  288 

Table 4 shows that when linking to vital statistics, live births were more likely not to be linked if they 289 

died within the first week of birth (odds ratio = 3.44; 95% CI: 2.92-4.04). In addition, babies born 290 

before 37 weeks and babies with birth weights <2,500 g were more likely not to be linked with odds 291 

ratios of around 1.3. Babies to younger mothers and also twins were less likely to be linked. Infant 292 

sex was not associated with linkage success. The results from linking to mortality records were very 293 

similar, though only statistically significant for deaths within the first week of life (odds ratio 3.44; 294 

95%CI 2.23-5.30). Figure 2 plots, the linked deaths occurring during the first week of life as a 295 

percentage of all deaths occurring during the first year of life. Those registries with high linkage rates 296 

to vital statistics recorded over 40% of deaths occurring in the first week of life. Registries below 40% 297 

included those with poor linkage to vital statistics and those linking only to mortality records. 298 

  299 
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Table 4.: Comparison of linkage failure according to characteristics of the mother and baby (i) In all 300 

births in nine registries linking to Vital statistics† and (ii) in all births resulting in a death in four 301 

registries linking to mortality records‡.  302 

Variable Category 

Odds (95% CI) of live births 

not being linked compared 

to baseline†  

Odds (95% CI) of deaths 

not being linked 

compared to baseline‡ 

Maternal age 

(years) 

 

<20 1.73(1.54-1.94) 4.17 (1.47-11.85) 

20-34 1 1 

≥35 0.82(0.76-0.89) 0.90 (0.56-1.45) 

    

Gestational age 

at delivery 

(weeks) 

24-27 1.2(0.88-1.63) 2.07 (0.90-4.8) 

28-31 1.55(1.31-1.83) 1.67 (0.85-3.28) 

32-36 1.21(1.11-1.32) 1.26 (0.76-2.09) 

≥37 1 1 

    

Number of 

babies 

Singleton 1 1 

Multiple 1.22(1.06-1.42) 0.74 (0.36-1.52) 

    

Infant sex 
Male 1 1 

Female 0.99(0.93-1.05) 1.19 (0.78-1.82) 

    

Survival in 1st 

week 

Survived 1st Week 1 1 

Died within 1st 

week 3.44(2.92-4.04) 3.44 (2.23-5.3) 
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Birth weight (g) 

<1000 1.37(1.06-1.77) 1.29 (0.57-2.96) 

1000-1499 1.37(1.14-1.64) 1.22 (0.57-2.61) 

1500-2499 1.21(1.11-1.32) 1.06 (0.66-1.71) 

2500-3999 1 1 

≥4000 0.95(0.83-1.09) 0.42 (0.05-3.39) 

†: Registries included: Finland, Paris, Emilia Romagna, Tuscany, Northern Netherlands, Wales, 303 

Thames Valley, Wessex, East Midlands and South Yorkshire; Excluded registries: Norway and 304 

Denmark: Funen as no unlinked live births 305 

‡: Registries included: Basque Country, Valencian Region, Malta, and Antwerp; Excluded registries: 306 

Saxony Anhalt and Ukraine as no known unlinked deaths. 307 

 308 

Accuracy of Linked Variables 309 

Figure 3 compares the values of specific variables in the EUROCAT data and in the linked data. Some 310 

of the variables, such as maternal age and infant sex, would have been used to perform the 311 

probabilistic linkage. Registries that linked to mortality records only were much more likely to have a 312 

large proportion of data missing in the mortality records for maternal age, gestational length, 313 

number of babies and birth weight, as this information is not normally recorded on death certificates 314 

unless the region has a separate death certificate for recording neonatal/infant deaths. The 315 

agreement was very good for maternal age and infant sex. The EUROCAT variable for infant sex was 316 

not included in the Paris CA case file. The accuracy and completeness of most variables improved 317 

over time in four registries in whom the overall accuracy and completeness was lower. 318 

Figure 3.: Accuracy of linked variables by registry 319 



 

26 
 

 320 

Discussion 321 

We report the accuracy and completeness of record linkage when linking CA registry data to national 322 

vital statistics or mortality records in 18 registries in 13 European countries to examine survival of 323 

children born with a CA over a 20-year period from 1995 to 2014. For registries linking to vital 324 

statistics, the accuracy of the linkage was assessed over time and was shown to be excellent for 325 

Finland, Norway, and Denmark: Funen and good for Paris, Wales, and the Northern Netherlands, 326 

with very few children having incomplete follow-up periods. Although the linkage improved over 327 

time for the two Italian and three UK English registries, they were unable to link at least 85% of all 328 

live born cases in the early years. As a result, Italian and English data for the early years will be 329 

excluded from future analyses, as it was not sufficiently accurate. In contrast, it was extremely 330 

difficult to assess the accuracy of the linkage for registries that only linked to mortality records.  331 

For both types of linkage there was an indication that live births resulting in deaths within the first 332 

week of life were less likely to be linked. Preterm births and those with low birthweights were also 333 

less likely to be linked, possibly as these are risk factors for neonatal deaths. A low proportion of 334 

deaths occurring in the first week of life compared to the first year of life, particularly if below 40%, 335 

may be an indication of unsuccessful matching, regardless of the type of linkage. For Saxony-Anhalt, 336 

another indication that some deaths may be unlinked was that the survival, particularly of anomalies 337 

associated with high fatality rates, was significantly higher than that of any other registry14 (data not 338 

shown).   339 

There are several reasons why early deaths, particularly those occurring during the first hours and 340 

days of life, were less likely to be matched. Firstly, assigning national ID numbers can take several days 341 

and may not be completed before the death certificates are completed. Secondly, if the child dies 342 

within minutes of birth they may also be incorrectly classified as a stillbirth or even a spontaneous 343 

abortion (for extremely preterm births with uncertain last menstrual periods) and hence may not 344 
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receive an ID number. Thirdly, a birth in a maternity unit immediately transferred to a neonatal 345 

intensive care unit, possibly in another region, where the child dies may not be linked. Studies have 346 

shown that those who die in the first week are less likely to receive a death certificate than those who 347 

die later. Also, extremely preterm newborn babies are less likely to get either birth or death 348 

certificates compared to full-term newborn babies, even in high-income countries14,15,16.  349 

Overall, only five registries distinguished between strong and weak links because for most other 350 

registries a successful match required exact agreement on several identifiers, such that all matches 351 

were by definition strong. Of these two registries linked to mortality records and three are the UK 352 

English registries linking to the same Vital Statistics. Linkages defined as “weak” in one registry were 353 

reclassified as “not linked”. One registry classified all their links as weak due to permission not being 354 

given to use a unique national ID for matching. The UK English linkage score measures the strength of 355 

match to a hospital admissions database but all matched individuals have already been successfully 356 

traced through the personal demographics service. In the context of this study, a measure of linkage 357 

strength did not appear to be useful.  358 

If a child with a CA was linked, the linked data, if present, were found to be accurate in most registries 359 

for maternal age, gestational length (except for Tuscany, Antwerp, and Wales), multiple birth status, 360 

infant sex, and birth weight. For governance reasons, Wales is only able to provide week of birth, 361 

which explains the lower accuracy found between the Welsh EUROCAT and linked variables for 362 

gestational age.  In nine registries, more than 20% of information was missing for at least one variable 363 

in the linked mortality data. With the exception of infant sex, the other linked data for the UK English 364 

registries (extracted from hospital birth records) were missing more than 20% overall. Valencian 365 

Region was excluded from this analysis as their mortality records held no information on these 366 

variables. In all registries, the accuracy and completeness improved over time. 367 

Studies involving data from the Nordic countries, where unique national ID numbers are used to 368 

identify individuals in their national databases, have obtained the high levels of linkage observed in 369 

this study. Comparing the linkage results from this EUROlinkCAT study with those from other countries 370 
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is difficult as many have not reported any information about the accuracy of the linkage1617. Some 371 

studies have made general comments such as “There may have been deaths that could not be tracked 372 

due to limitations in administrative data linkages, or if they occurred outside the programme 373 

surveillance area” but they did not quantify the proportions of deaths missed7. 374 

Other studies have examined the survival of children with CAs by linking to mortality records1718. In a 375 

study linking cases in birth defects surveillance programs to death certificate data files in the US, the 376 

authors concluded that “There was a potential for incomplete ascertainment of deaths possibly from 377 

missed matches of the study cohort to state death certificate files or under ascertainment of out of 378 

state deaths”. Again, the authors did not quantify the proportion of deaths that may have been 379 

missed. 380 

Future studies planning identification of mortality during and after the neonatal period via linkage 381 

with mortality records should take into account that linkage to vital statistics is the method of choice. 382 

Linkage to mortality records alone does not enable an accurate assessment of linkage quality to be 383 

performed. There was evidence that poor linkage could bias survival estimates as those deaths 384 

occurring in the first week of life were less likely to be linked. Therefore, the accuracy and 385 

completeness of information must be considered when determining the inclusion of data into an 386 

analysis.  387 
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 449 

S1 file. List of EUROCAT congenital anomaly subgroups used 450 

in the survival study. 451 

EUROCAT Subgroups ICD10-
BPA 

ICD9-
BPA† 

Comments Subgroup binary 
variable number 
(al) 

All anomalies * Q-chapter, 
D215, D821, 
D1810^, P350, 
P351, P371 

74, 75, 27910, 
2281^, 76076, 
76280, 7710, 
7711, 77121 

 al1 

Structural anomalies     

      Spina Bifida Q05 741 Exclude if 
associated with 
anencephalus or 
encephalocele 
subgroups 

al6 

   Hydrocephalus Q03 7423   Exclude 
hydranencephaly 
74232.  Exclude 
association with 
NTD subgroup 

al7 

  Severe microcephaly Q02 7421 Exclude association 
with NTD subgroup 

al8 

   Congenital cataract Q120 74332  al13 

Congenital Heart Defects Q20-Q26 745, 746, 
7470-7474 

Exclude PDA with 
GA <37 weeks  
Exclude peripheral 
pulmonary artery 
stenosis  with GA < 
37 weeks 

al17 

   Severe CHD Q200, Q201, 
Q203, Q204, 
Q212, Q213, 
Q220, Q224, 
Q225, Q226, 
Q230, Q232, 
Q233, Q234, 
Q251, Q252, 
Q262 

74500, 74510, 
7452, 7453, 
7456, 7461, 
7462, 74600, 
7463, 7465, 
7466, 7467, 
7471, 74720, 
74742 

ICD9-BPA has no 
code for HRH and 
double outlet right 
ventricle 

al97 

   Transposition of great vessels Q203 74510  al19 

   VSD Q210 7454  al21 

   ASD Q211 7455  al22 

   AVSD Q212 7456  al23 

   Tetralogy of Fallot Q213 7452  al24 

   Pulmonary valve stenosis Q221 74601  al27 
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   Aortic valve  atresia/stenosis Q230 7463 ICD9-BPA has no 
code for atresia 

al29 

   Mitral valve anomalies Q232, Q233 7465, 7466  al110 

   Hypoplastic left heart Q234 7467  al30 

   Coarctation of aorta Q251 7471  al32 

   PDA as only CHD in  term infants (GA  
+37 weeks) 

Q250 7470 Livebirths only al100 

  Cystic adenomatous malf of lung Q3380 No code  al36 

   Cleft lip with or without cleft  
      palate 

Q36, Q37 7491, 7492  al102 

   Cleft palate Q35 7490  al103 

   Oesophageal atresia with/ without  
trachea-oesophageal fistula 

Q390-Q391 75030-75031  al41 

   Duodenal atresia or stenosis Q410 75110  al42 

   Atresia or stenosis of other    parts of 
small intestine 

Q411-Q418 75111-75112  al43 

   Ano-rectal atresia and stenosis Q420-Q423 75121-75124  al44 

   Diaphragmatic hernia Q790 75661  al48 

   Gastroschisis Q793 75671  al50 

   Omphalocele Q792 75670  al51 

   Multicystic renal dysplasia Q6140, Q6141 75316  al54 

   Cong hydronephrosis Q620 75320  al55 

   Hypospadias Q54 75260  al59 

   Limb reduction defects Q71-Q73 7552-7554  al62 

   Craniosynostosis Q750 75600  al75 

Chromosomal anomalies     

   Down syndrome  Q90  7580  With or without 
al17 and al40 

Al89 

All subgroups below analysed 
as rare 

    

Chromosomal anomalies     

  Trisomy 13 Q914-Q917 7581  Al90 

  Trisomy 18 Q910-Q913 7582  Al91 

   Turner syndrome  Q96  75860, 75861,  
75862, 75869  

 Al92 

   Klinefelter  syndrome  Q980-Q984  7587   Al93 

Rare structural anomalies with a 
EUROCAT subgroup 

    

      Encephalocele Q01 7420 Exclude if ass with 
anencephalus 
subgroup 

al5 

   Arhinencephaly /   holoprosencephaly Q041, Q042 74226  al9 

   Anophthalmos /     microphthalmos Q110, Q111, 
Q112 

7430, 7431  al11 

      Anophthalmos Q110, Q111 7430  al12 

   Congenital glaucoma Q150 74320  al14 

   Anotia Q160 74401  al16 

   Common arterial truncus Q200 74500  al18 

   Double outlet right  ventricle Q201 No code  al109 

   Single ventricle Q204 7453  al20 

   Triscuspid atresia  and stenosis Q224 7461  al25 

   Ebstein’s anomaly Q225 7462  al26 

   Pulmonary valve  atresia Q220 74600  al28 

   Hypoplastic right heart Q226 No code  al31 

   Aortic atresia / interrupte aortic  arch Q252 74720  al111 

   Total anom pulm venous return Q262 74742  al33 

   Choanal atresia Q300 7480  al35 

   Hirschsprung’s  disease Q431 75130-75133  al45 

   Atresia of bile ducts Q442 75165  al46 

   Annular pancreas Q451 75172  al47 
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   Indeterminate sex Q56 7527  al60 

   Situs inversus Q893 7593  al79 

   VATER/VACTERL Q8726 759895  al112 

New subgroups for 
EUROlinkCAT 

    

Structural anomalies     

Anomalies of corpus callosum Q040 74221  aud1 

Anomalies of intestinal fixation Q433 7514  aud3 

Unilateral renal agenesis Q600 No code  aud4 

Accessory kidney Q630 75330  aud5 

Bladder exstrophy   Q641 7535  aud6 

Epispadia Q640 75261  aud7 

Posterior urethral valves Q6420 75360  aud8 

Prune Belly Q794 75672  aud9 

Arthrogryposis multiplex congenita Q743 75580  aud10 

Genetic syndromes     

Di George syndrome  D821 27910  aud14 

Goldenhar syndrome Q8704 75606  aud15 

Cornelia de Lange syndrome Q8712 759821  aud16 

Noonan syndrome Q8714 759896  aud17 

Prader-Willi Q8715 759872  aud18 

Beckwith Wiedeman syndrome Q8730 759874  aud20 

Williams syndrome Q8784 No code  aud21 

Angelman syndrome Q8785 No code  aud22 

Chromosomal anomalies     

Wolff-Hirschorn syndrome Q933 75832  aud23 

Cri-du chat syndrome Q934 75831  aud24 

Karyotype XXX Q970 75885  aud25 

Sequences     

Pierre-Robin sequence Q8708 75603  aud27 

*All Anomalies = ALL cases of congenital anomaly, excluding cases with only minor anomalies as 452 
defined in Section 3.2 in Guide 1.4 for cases born post-2005. Cases with more than one anomaly are 453 
only counted once in the “All Anomalies” subgroup.  454 
†EUROCAT ICD-9 codes are used with the British Paediatric Association (BPA) extension code: 455 
http://www.eurocat-network.eu/content/EUROCAT-ICD9-with-BPA-Extension.pdf  456 
 457 

http://www.eurocat-network.eu/content/EUROCAT-ICD9-with-BPA-Extension.pdf

